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Content Abstract

This book is the first academic monograph on the history of the development of firearms in the world. The entire work comprises 14 chapters and approximately 600,000 characters. It covers the more than 1,100 years from the invention of gunpowder in China’s Tang dynasty in the year 808 CE down to the use of the atomic bomb in warfare by American forces in August 1945 — a history of the development of the world’s firearms with gunpowder energy as the destructive motive force. The book adopts a method of focusing multidisciplinary knowledge, making full use of documentary materials from archaeology, metallurgy, the history of warfare, and the history of science and technology, and offers discussion of major questions such as the historical origins of China’s invention of gunpowder and firearms, the Western nations’ promotion and development of firearms, the exchange of firearms between East and West, the major achievements in the course of firearms development, and the military and social transformations brought about by the use of firearms in war. The book offers both a general historical overview and synthesis, and category-by-category analysis, further illustrated by vivid accounts of battles. The book includes 290 precious historical illustrations. The entire work is rich in content, with text and illustrations complementing each other; the language is fluent, its exposition concise yet substantial, its analysis incisive, and its arguments original. It may serve as a reference for researchers and teachers in the history of firearms, the history of military technology, and the history of science and technology, as well as for readers with an interest in the history of firearms; young readers may also read it as a work of popular science, to broaden their knowledge and improve their grounding in history and science and technology.



Preface

History of Firearms of the World is a history of the development of firearms in the world, with gunpowder as their destructive motive force, from the invention of gunpowder in China’s Tang dynasty down to the end of the Second World War in 1945. It is an extension and expansion of my earlier book, History of Firearms of China.

History of Firearms of China is a history of the development of firearms in China, with gunpowder as their destructive motive force, from the invention of gunpowder in China’s Tang dynasty down to before the 1911 Xinhai Revolution. It was a key research project listed under the national “Seventh Five-Year Plan” for philosophy and the social sciences, a work of authorship I undertook under the leadership of the Academy of Military Science, and it was published by the Military Science Publishing House in March 1991. In this revised and re-published edition, while retaining the basic content of the original work, I have extended and expanded it into History of Firearms of the World. In terms of content, the lower time-limit of firearms development has been extended to the end of the Second World War and the period just before the founding of the People’s Republic of China; and the geographic coverage of firearms development has been expanded to other countries of the world. This extension and expansion is based mainly on three considerations:

First, in August 1945, when American forces used the atomic bomb in war, it marked mankind’s entry into a new stage in the weapons used in warfare — the development of nuclear weapons with nuclear energy as their destructive motive force. Compared with firearms, their destructive power increased by several orders of magnitude, and qualitative leaps appeared in many aspects of research, development and use technique. Therefore, taking this as the marker for bringing the history of firearms development to a close is a natural and logical step.

Second, the history of the development of firearms in the world shows that China is the country that invented gunpowder and created firearms, and in the technology of firearms research, development and use it achieved many “world firsts” and was “first in the world,” playing a pioneering and leading role in the history of firearms development. After European nations mastered firearms research, development and use technology in the fourteenth century, beginning in the fifteenth century they continuously innovated on firearms, raising the scientific level of firearms research, development and use technology, and advancing the development of firearms to an advanced stage, thereby playing an innovative and driving role in the history of firearms development. Therefore, encompassing the achievements attained by firearms researchers and developers in China and other countries over more than 1,100 years, and sketching out the historical trajectory of firearms development during that time, ought rightly to constitute the main content of History of Firearms of the World.

Third, owing to the limitations of the conditions at the time, the original work, History of Firearms of China, contained no account of the history of firearms from after the Xinhai Revolution down to before the founding of the People’s Republic of China, and touched only briefly, in passing, on the history of firearms development in other countries. This revision and re-publication provides a good opportunity to complete that unfinished road.

The extension in time-period and expansion in coverage of History of Firearms of China has finally made it into a complete History of Firearms of the World, and will also allow me to bring my research into the history of firearms to a complete close.

History of Firearms of the World is not simply a stacking-together of the histories of firearms of various countries; rather, it takes the many innovative achievements attained by firearms researchers and developers of various countries over more than 1,100 years and links them together scientifically as points of brilliance, so as to form a historical trajectory that correctly reflects the laws governing the development of firearms. These greater and lesser points of brilliance are what form the supporting points for the structure of chapters, sections, points, and items in History of Firearms of the World. On this basis, History of Firearms of the World can roughly be divided into the following four stages of development.

The first stage, from the ninth century to the mid-fourteenth century CE, covers the invention of gunpowder and firearms during China’s Tang and Song dynasties and their spread abroad, including their westward transmission to Europe and to China’s neighboring countries and regions in Asia. This is the content of Chapters One, Two, and Three of this book.

The second stage, from the early fourteenth century to the fifteenth century, covers the creation, development, and outward spread of the first generation of metal-tube projectile-firing firearms during China’s Yuan and Ming dynasties, as well as the rise and initial development of firearms research and use technology in some countries of Asia and Europe. This is the content of Chapters Four, Five, and Six of this book.

The third stage, from the sixteenth century to the early nineteenth century, covers the eastward transmission of new-style European guns and cannon and the slowing of new-style firearms research and development in Asia; and the substantial development of China’s traditional firearms and the fusion of Asian and European firearms. This is the content of Chapters Seven, Eight, and Nine of this book.

The fourth stage, from the latter half of the nineteenth century to the early twentieth century, covers the rapid, leaping development of firearms research, development and use technology in the European and American countries, together with the continual escalation of international warfare. This is the content of Chapters Ten and Eleven of this book.

The tortuous course of the development of firearms in modern China, together with the birth and development of the people’s “gun-barrel industry” led by the Chinese Communist Party, form the content of Chapters Twelve, Thirteen, and Fourteen of this book.

The entire work comprises 14 chapters and more than 600,000 characters, with 30 photographic plates at the front of the book and 230 illustrations within it.

Because the pace of firearms development in different countries has been uneven and intricately interwoven, it has been difficult to divide the stages cleanly, and instances of overlap at the points of transition are unavoidable; these are explained as they arise in the text.

History of Firearms of the World takes the historical trajectory of the development of firearms themselves as its main thread, takes the development of the military industry — the higher-level content underlying firearms development — as its foundation, cross-references the scientific theory and military-technical content related to firearms development, and takes the military and social transformations brought about by the use of new-type firearms as its lower-level content, so as to display their social effects. It is through this organic combination and logically coherent linkage of content above, below, and on all sides that the entire content of History of Firearms of the World is constituted.

All the extraordinary feats and great achievements of history must be accomplished by people. Over more than 1,100 years, a great many countries produced large numbers of military technologists and commanding generals who researched, developed, and used firearms, achieving outstanding successes and making distinguished contributions. This book, in the form of brief biographies or introductions, offers an extremely concise account of their historical achievements, so that readers may gain some understanding of them.

The entire book opens with this “Preface,” which gives an overview of the purpose and task of the writing, the periodization of the history of world firearms, the key points of each stage, and the gist of the whole book. A “General Discussion” then offers a comprehensive discussion of a number of important, shared academic questions in the history of firearms development, so that readers may grasp the essentials of the whole book, hold on to its most refined points, and gain a thorough understanding of the reasons for the rise and fall, prosperity and decline, in the development of firearms in the world from ancient times to the present.

In the course of writing this book, I drew on a great variety of materials in English, French, German, Russian, Japanese, and even Korean. The style of writing and editorial conventions of these materials differ greatly and are difficult to unify or reconcile with one another. For example, Western countries all use the Common Era for dating, while China, Korea, and Japan use reign-title or sexagenary-cycle dating, the latter supplemented with the Common Era date in parentheses. Likewise, the weights and measures customarily used by each country differ greatly, and it is difficult to give elaborate parenthetical conversions within the running text; I have therefore appended a table of comparative weights and measures at the end of the book for readers’ reference.

After the names of well-known military technologists and related military and political figures, I have given their birth and death years in parentheses, so as to convey the period in which the persons discussed were active in the relevant events. For place-names in ancient China, I have, wherever possible, given the present-day place-name in parentheses; for place-names in other countries, I have given the original foreign-language name in parentheses where necessary and possible.

Among the texts and illustrations I have drawn upon, some are of great reference value and high reliability, while others have passed through several removes of re-citation and their original versions are difficult to trace. In all such cases, I have treasured them and have not let them go lightly, selecting those that could be used and citing them and noting their sources wherever possible, so that they might be transmitted onward without being lost. I wish to express my sincere admiration and gratitude to the authors, compilers and editors, and transcribers of the cited materials (some of whom have already passed away owing to the passage of time) — without the rich accumulation of their painstaking labor, even with the strength to uphold a great tripod, it would have been impossible to complete the writing of History of Firearms of the World.

Although I am already advancing in years, I still feel that the mulberry and elm of my later years are not too late, that the evening glow is especially beautiful, and I hope to leave behind a History of Firearms of the World as a mirror for those who come after. What gives me great comfort is that there were many favorable conditions that made the completion of this book possible: first, the warm support and great assistance of the leadership at every level of the Academy of Military Science; second, the encouragement of academic friends in all circles; third, the lively academic atmosphere and the publication in recent years of many related works; and fourth, the discovery of the Yuan-dynasty Dade second-year (1298) bronze hand cannon in Inner Mongolia, and the investigations of the ancient saltpeter mines at Jiangyou in Sichuan and of the sites of the ancient battlefields of Jinchuan, which provided precious physical remains and archaeological evidence never available before.

To this day, among the works of firearms-history researchers of various countries that I have seen, most are specialized histories (such as A History of the Machine Gun, A History of Light Weapons of the World, and A History of Artillery) or period-specific histories (such as The Origin and Spread of Artillery); a comprehensive history of world firearms remains a blank space. That a scholar from the country that invented gunpowder and created firearms should write a History of Firearms of the World to fill this gap is a duty that cannot be shirked.

The needs and possibilities described above have spurred me to summon my courage and, in the spirit of “a red candle” and “the spring silkworm,” with the resolve of one whose heart is not yet spent, to devote in full the fruits of more than 20 years of research to the nation and to the cause of firearms-history research, laying a rung of stone steps for those scholars who come after with an interest in firearms-history research, on their way to scaling the summit of world firearms-history research.

Wang Zhaochun August 1, 2006



Table of Contents

Preface … (1)

Chapter One China’s Invention of Gunpowder … (1) - Section 1 The Ancient People’s Knowledge of the Distribution of Saltpeter and Sulfur Deposits … (2) 1. The Long and Shu Roads Were the Earliest Saltpeter-Producing Areas Known to the Ancient Chinese People … (2) 2. The Long Road and Shu Road of Ancient China … (2) 3. Saltpeter Came from the Long Road and the Shu Road … (5) 4. Native Sulfur and Charcoal Were Distributed Everywhere … (8) - Section 2 The Ancient People’s Research into the Properties of Saltpeter and Sulfur … (9) 1. Research into the Medicinal Properties of Saltpeter and Sulfur … (9) 2. Understanding of the Chemical Properties of Saltpeter and Sulfur … (11) 3. The Invention of the Flame-Color Method for Distinguishing True Saltpeter … (11) - Section 3 The Alchemists’ Contribution to the Invention of Gunpowder … (12) 1. The Practice of Refining the “Elixir of Long Life” and Its Theoretical Basis … (12) 2. The “Method of Subduing Fire” in Alchemy … (13) - Section 4 The Three Gunpowder Formulas Published in the Wujing Zongyao … (15) 1. The Author of the Wujing Zongyao … (16) 2. The Three Gunpowder Formulas … (16) - Summary … (18)

Chapter Two The Creation of Early-Stage Firearms in China’s Song Dynasty … (21) - Section 1 The Military Handicraft Industry of the Various Powers of the Song Period … (21) 1. The Military Handicraft Industry of the Northern and Southern Song … (21) 2. The Military Handicraft Industry of the Liao, Xia, Jin, and Mongols … (23) - Section 2 The Fire Ball and Gunpowder Arrow Created in the Northern Song … (24) 1. The Fire Ball … (24) 2. The Gunpowder Arrow … (25) 3. Improvements to Ancient Chinese Fire-Attack Implements and the Advancement of Fire-Attack Technique … (26) 4. The First Use of Fire Balls and Gunpowder Arrows in Warfare … (27) 5. The Development of the Fire Ball and the Gunpowder Arrow … (28) - Section 3 The Fire Lance and Iron Fire Bomb Created in the Southern Song … (31) 1. General Survey of the Development of Firearms … (31) 2. The Creation and Use of the Bamboo Fire Lance … (32) 3. The Creation and Use of the Iron Fire Bomb … (34) - Section 4 Famous Battles in Which Early-Stage Firearms Were Used … (36) 1. The Song–Jin Naval Battle of Chenjiadao … (36) 2. The Song–Jin Naval Battle of Caishi … (36) 3. Wei Sheng’s Campaign of Resistance Against the Jin … (37) 4. The Song Army’s Defense of Xiangyang … (37) 5. Zhang Shun and Zhang Gui’s Relief Dash to Xiangyang … (38) 6. The Song Army’s Defense of Jingjiang … (38) 7. The Yuan Army’s Use of Firearms to Burn the Song Fleet at Yashan … (39) - Section 5 The Creation and Development of Civilian Fireworks … (39) 1. The Creation of the Fuse … (39) 2. The Development of Fireworks and Firecracker Manufacturing and Use Technique … (40) 3. Fireworks Technology as the Forerunner of the Birth of Rocket Technology … (42) - Summary … (43)

Chapter Three The Outward Transmission of Firearms During China’s Mongol Yuan Period … (44) - Section 1 Genghis Khan’s Western Campaigns and the Westward Spread of Firearms … (44) 1. The Formation and Development of Gunner Corps … (44) 2. The Use of Firearms in Genghis Khan’s Western Campaigns … (46) - Section 2 The Western Campaigns of Batu and Hulagu and the Westward Spread of Firearms … (47) 1. The Use of Firearms in Batu’s Western Campaign … (47) 2. The Use of Firearms in Hulagu’s Western Campaign … (48) - Section 3 The Rise of Firearms Research Among the Arabs … (49) 1. Arab Science and Culture … (49) 2. The Spread of Chinese Alchemy to the Arabs … (50) 3. The Spread of Chinese Saltpeter-Refining Technique to the Arabs … (51) 4. Gunpowder Formulas Studied by the Arabs … (53) 5. Early-Stage Firearms Manufactured by the Arabs … (54) - Section 4 The Spread of Chinese Firearms to Asia … (58) 1. Spread to Goryeo … (58) 2. Spread to Japan … (59) 3. Spread to Annam … (60) 4. Spread to Cambodia … (60) 5. Spread to Java … (61) 6. Spread to India … (61) - Summary … (63)

Chapter Four The Creation of the Hand Cannon in China’s Yuan Dynasty and the Beginnings of Firearms in Europe … (66) - Section 1 The Hand Cannon Created in the Yuan Dynasty … (66) 1. Improvement in the Performance of Gunpowder in the Early Yuan … (66) 2. Surviving Examples from the Early Period of the Hand Cannon and Related Military Questions … (67) 3. A Few Critical Remarks on the Yuan Hand Cannon … (72) - Section 2 The First Use of the Hand Cannon in Warfare … (73) 1. Use of the Hand Cannon in Siege Warfare … (73) 2. Use of the Hand Cannon in Defense of Cities … (74) 3. Use of the Hand Cannon in Naval Warfare … (74) - Section 3 The Beginnings of Firearms in Europe … (75) 1. The Beginnings of Firearms in Spain … (75) 2. Various Theories Concerning the Beginnings of Firearms in Italy … (76) 3. The Beginnings of Firearms in France … (80) 4. The Beginnings of Firearms in England … (80) 5. The Beginnings of Firearms in Germany … (82) 6. The Beginnings of Firearms in Russia … (84) - Summary … (84)

Chapter Five The Outward Spread of the Hand Cannon from Ming-Dynasty China and the Rise of Firearms Research in the Countries of Asia … (85) - Section 1 Hand Cannon Manufactured in the Hongwu Reign … (85) 1. Hand Cannon Manufactured by the Baoyuan Bureau … (86) 2. Hand Cannon Manufactured by the Bureau of Military Weapons and the Bureau of Military Equipment … (88) 3. Hand Cannon Manufactured by Garrison Troops and Government Systems in Various Localities … (88) 4. Interpretation of the Inscriptions on Hongwu- and Jianwen-Era Hand Cannon … (92) 5. The Types and Construction of Hongwu-Era Hand Cannon … (93) 6. Improvements to the Hongwu-Era Hand Cannon … (95) - Section 2 Hand Cannon Manufactured from the Yongle to the Zhengde Reigns … (95) 1. The Unified Hand-Cannon-Manufacturing Institutions and Related Systems … (95) 2. Types of Hand Cannon of the Yongle-to-Zhengde Period … (96) 3. Improvements to Hand Cannon of the Yongle-to-Zhengde Period … (101) 4. Interpretation of the Inscriptions on Yongle-Era Hand Cannon … (102) - Section 3 The Development of the Hand Cannon and Military Transformation in the Early Ming … (103) 1. Transformation in the Structure of Army Organization and Equipment … (103) 2. The Establishment of the Divine Engine Battalion … (104) 3. Improvement of National Defense Installations … (105) 4. The Creation and Development of New Tactics … (106) - Section 4 The Rise of Firearms Research on the Korean Peninsula … (108) 1. The Rise of Firearms Research in the Goryeo Dynasty … (109) 2. The Establishment of the Directorate of Fire Tubes and the Firearms It Manufactured … (110) 3. The Initial Development of Firearms Manufacture in Korea … (110) 4. Types of Korean Firearms … (112) - Section 5 The Rise of Firearms Research in the Countries of Indochina … (113) 1. The Rise of Hand-Cannon Research in Burma … (113) 2. The Rise of Hand-Cannon Research in Annam … (116) 3. The Rise of Firearms Research in the Kingdom of Lan Na … (117) - Section 6 Zheng He’s Voyages to the Western Oceans and the Spread of Firearms to the Coastal Countries of Southeast Asia … (118) 1. Zheng He’s Voyages to the Western Oceans and the Yongle Emperor’s Grand Strategy for Governing the Realm … (118) 2. Organization of Fleet Personnel According to the Ming Military Garrison System … (118) 3. An Investigation into the Weapons and Equipment of Zheng He’s Fleet … (119) 4. The Combat Operations of the Escorting Ming Forces and the Spread of Firearms … (120) 5. The Rise of Gunpowder and Firearms Technology in India … (121) - Summary … (122)

Chapter Six The Development of Firearms Research in Europe and Colonial Plunder Carried Out with Matchlock Guns and Cannon … (123) - Section 1 The Rise of Firearms Research in Europe … (123) 1. The Rise of Gunpowder Manufacture … (123) 2. General Survey of Firearms Research and Development … (126) 3. Early-Stage Firearms Manufactured by Various European Countries … (127) 4. The Use of Firearms in Combat Training … (129) 5. Reference Materials on Early-Stage Firearms … (130) - Section 2 The Development of the Hand-Held Gun and the Creation of the Matchlock … (132) 1. The Development of the Hand-Held Gun … (132) 2. The Creation and Development of the Matchlock Gun … (135) 3. The Establishment of Matchlock-Gun Troops … (137) 4. The Tactics of Matchlock-Gun Troops … (137) - Section 3 Early Artillery in Europe … (138) 1. Early Giant Bombards in Europe … (138) 2. Improvements to Artillery in Germany and France … (142) 3. The Lag in Artillery Research and Development in Italy and England … (143) 4. Early Breech-Loading Guns in the European Countries … (144) 5. Advances in the Manufacturing and Use Technique of Artillery and Its Accessories … (145) 6. The Use of Artillery in War … (147) - Section 4 The Folangji of Europe and Its Use in Colonial Expansion Abroad … (149) 1. The European Folangji (Breech-Loading Swivel Gun) … (149) 2. Shipboard Firearms Used in Early European Colonial Expansion … (152) 3. Portuguese Colonizers’ Use of Matchlock Guns and Cannon to Plunder Countries in Asia, Africa, and Latin America … (156) 4. Spanish Colonizers Brought Matchlock Guns and Cannon to Asia and Latin American Countries … (157) - Summary … (158)

Chapter Seven The Beginning of the Fusion of Asian and European Firearms and the Development of China’s Traditional Firearms … (159) - Section 1 The Folangji of Ming-Dynasty China … (159) 1. The Introduction of the Folangji … (159) 2. Folangji Manufactured in the Ming Dynasty … (160) 3. The Types and Construction of the Folangji … (162) - Section 2 The Bird Gun (Musket) of Ming-Dynasty China … (166) 1. Structural Features of the Bird Gun … (166) 2. Bird Guns Manufactured by the Ming Bureau of Military Equipment … (167) 3. The “Mother-and-Child” Bird Gun Created in the Ming Dynasty … (168) 4. The Matchlock Gun Developed by Zhao Shizhen … (168) - Section 3 The Renewal of Traditional Guns and Cannon … (173) 1. Single-Barreled Guns … (174) 2. Multi-Barreled Guns … (175) 3. Light Artillery … (177) 4. Heavy Artillery … (178) - Section 4 Innovations in Rockets and Other Firearms … (181) 1. Rocket-Type Firearms … (181) 2. Fire-Tube-Type Firearms … (184) 3. Fire-Ball-Type Firearms … (185) 4. Fire-Attack Combat-Vehicle-Type Firearms … (185) 5. Explosive-Type Firearms … (186) - Section 5 The Formation of Ancient China’s Theoretical System of Gunpowder Technology … (189) 1. The Theoretical Codification of Gunpowder-Compounding Technique … (189) 2. Summation of Gunpowder Formulas … (190) 3. Elaboration of Gunpowder Theory … (192) - Section 6 The Formation of Ancient China’s Theoretical System of Firearms Technology … (194) 1. Theoretical Works … (194) 2. Theory Concerning Firearms Manufacture … (195) 3. Theory Concerning Firearms Use … (197) - Section 7 The Deepening of Military Transformation in Ming-Dynasty China … (200) 1. Transformation in the Structure of Army Organization and Equipment … (200) 2. Renewal of the Content of Military Training … (202) 3. Improvement of National Defense Installations … (204) - Section 8 The Hand Cannon of Korea … (207) 1. Two Ministers Who Championed the Development of Firearms … (207) 2. The “Seung”-Series Hand Cannon … (208) 3. Multi-Barreled Hand Cannon … (214) - Section 9 The Artillery of Korea … (216) 1. The “Heaven”-Series Artillery … (217) 2. The “Earth”-Series Artillery … (218) 3. The “Mystery”-Series Artillery … (219) 4. The “Yellow”-Series Artillery … (220) 5. Accessories and Projectiles for the “Heaven, Earth, Mystery, Yellow” Series Gun Tubes … (221) 6. The Bowl-Mouth-Gun Series of Artillery … (222) 7. The Weiyuan-Gun (“Awe-Inspiring-at-a-Distance”) Series of Artillery … (224) 8. The General-Gun Series of Artillery … (225) 9. The Crouching-Tiger Gun … (226) - Section 10 The Use of Firearms by Korea in the Imjin and Jeongyu Wars of National Defense … (226) 1. Korea’s Wars of National Defense … (226) 2. Changes in the Weapons and Equipment Structure of the Korean Army … (227) 3. The Use of Firearms in the Wars of National Defense … (229) - Section 11 The Firearms of Japan … (233) 1. The Chinese Origin of Japanese Firearms Technology … (233) 2. The Portuguese Origin of Japanese Firearms Technology … (235) 3. The Rise of a Boom in Matchlock-Gun Manufacture in Japan … (235) 4. Japanese Artillery … (237) 5. The Use of Firearms in War … (238) - Summary … (239)

Chapter Eight The Creation of the Flintlock Gun and the Development of Field Artillery … (240) - Section 1 Advances in Gunpowder-Manufacturing Technique and the Creation of the Flintlock Gun … (240) 1. Advances in Gunpowder-Manufacturing Technique … (240) 2. Evolution of Gunpowder Formulas and Their Mixing Ratios … (242) 3. The Creation of the Flintlock Gun … (243) - Section 2 The Development of Firearms and Rockets … (245) 1. The Creation and Development of the Pistol … (245) 2. The Development of the Multi-Barreled Gun … (246) 3. The Development of the Rocket … (248) - Section 3 Reform of the Artillery System and Artillery Warfare … (248) 1. Reform of the Artillery System … (248) 2. The Use of Artillery in Land Warfare … (253) - Section 4 Naval Guns and Naval Warfare … (254) 1. The Development of Naval Guns … (254) 2. Famous Battles at Sea … (255) 3. The Eastward Transmission of Field Artillery … (258) - Section 5 Innovation in Firearms and the Rise of Military Transformation … (260) 1. Innovation in Firearms Manufacturing Technique and Use Theory … (261) 2. The Rise of Military Transformation in Europe … (263) - Summary … (268)

Chapter Nine The Circuitous Development of Firearms in Asia … (270) - Section 1 The Introduction and Imitation of Western Cannon by Late-Ming China … (270) 1. The Bridging Role of European Missionaries … (270) 2. The Group of Late-Ming Firearms Researchers and Developers and Their Contributions … (271) 3. The First Batch of Introduced Western Cannon … (274) 4. The Use and Manufacture of the “Red Barbarian” Cannon … (276) 5. The Later Jin Regime’s Imitation and Use of the Red Barbarian Cannon … (280) - Section 2 The Renewal of Chinese Firearms-Technology Theory … (283) 1. The Shift in Theoretical Foundations … (283) 2. Advances in Design Thinking … (284) 3. Adoption of New Gun-Casting Methods … (286) 4. Mass Imitation of Western Cannon … (286) 5. Mass Manufacture of the “Divine Engine” Cannon … (288) 6. The Development of Gunnery Science … (289) 7. The Exploration of the Phenomenon of Shock Waves … (290) - Section 3 The Military Handicraft Industry of the Early Qing and the Evolution of Gunpowder Research and Development … (292) 1. The Military Handicraft Industry of the Early Qing … (292) 2. The Evolution of Gunpowder Research and Development … (294) - Section 4 The Stagnation of Firearm Research and Development … (296) 1. Principal Types of Guns … (297) 2. The Equipping of Matchlock Guns in the Qing Army … (299) - Section 5 The High Tide of Red Barbarian Cannon Development in the Early Qing and the Kangxi Emperor’s Wars Against Separatism and Foreign Aggression … (300) 1. The Use of Artillery by the Various Southern Ming Regimes in Their Resistance Against the Qing … (300) 2. Artillery Used by Zheng Chenggong’s Forces in the War of Resistance Against the Qing and the Dutch … (301) 3. The Suppression of the Three Feudatories and Ferdinand Verbiest’s Gun-Casting … (303) 4. The Suppression of Taiwan and the Captured Taiwanese Cannon … (304) 5. Artillery Used in the Campaign to Recover Yaksa … (305) 6. The Suppression of Galdan and the Establishment of the Firearms Camp … (308) - Section 6 The Manufacture and Use of Firearms in the Campaigns to Pacify the Northwest … (309) 1. The Use of Artillery by Qing Forces in the Campaign to Suppress Lobsang Danjin … (309) 2. The Use of Artillery by Qing Forces in the Campaigns to Suppress Jinchuan and the Khojas … (310) 3. The Backwardness of Firearms Technology and the Obsolescence of Coastal-Defense Installations … (313) - Section 7 The Classification of Early-Qing Artillery and the Development of Coastal-Defense Firearms … (319) 1. Heavy Artillery … (319) 2. Light Artillery … (320) 3. Short-Barreled Guns … (321) 4. Improvements in Shell-Casting Methods … (322) 5. The Manufacture of New Gun Carriages and Gun-Transport Equipment … (323) 6. Improvements in Land-Mine Casting Methods … (323) - Section 8 The Stagnation of Firearms Manufacture in Korea … (325) 1. Matchlock Guns … (325) 2. The Folangji … (326) 3. The Red Barbarian Cannon … (329) 4. The Use of Korean Firearms in War … (329) - Section 9 The Stagnation and Advancement of Firearms Manufacture in Japan … (330) 1. Matchlock Guns and Flintlock Guns … (331) 2. The Folangji … (333) 3. Artillery … (334) 4. Advances in Artillery Manufacture … (335) - Summary … (336)

Chapter Ten Europe Enters the Firearms Age in the History of Military Technology … (338) - Section 1 Historic Breakthroughs in Gun Research and Development … (338) 1. The Creation of the Percussion-Lock Gun … (338) 2. The Cutting of Rifling … (339) 3. The Creation of the Breech-Loading Gun … (339) 4. Improvements to Ammunition … (340) 5. The Use of Rifled Breech-Loading Needle Guns in War … (340) - Section 2 The Deepening of King Gustav II Adolf of Sweden’s Reform of the Artillery System … (341) 1. The Purpose of Deepening Artillery-System Reform … (341) 2. The Creation of the Leather Gun and Unitary (Fixed) Ammunition … (342) 3. The Classification of Artillery … (342) 4. The Use of Artillery in the Battle of Breitenfeld … (342) - Section 3 The Deepening of King Frederick II of Prussia’s Reform of the Artillery System … (344) 1. Further Reduction in Gun Types and Standardization of Artillery Specifications … (344) 2. The Establishment of Horse Artillery and Echeloned Artillery Organization … (344) 3. Strengthening of Artillery Training and Promotion of Artillery-Science Research … (345) 4. The Use of Artillery in the Battles of Rossbach and Leuthen … (346) - Section 4 The Deepening of Artillery-System Reform in France … (346) 1. Gribeauval’s Deepening of Artillery-System Reform … (346) 2. Napoleon I’s Deepening of Artillery-System Reform … (348) 3. The Use of Artillery in the Napoleonic Wars … (349) - Section 5 The Deepening of Artillery-System Reform in Britain … (350) 1. Seventeenth-Century Artillery-System Reform and the Artillery Corps … (350) 2. New Guns Manufactured from the Eighteenth to the Early Nineteenth Century … (351) 3. Reform of the Artillery Corps’ Organizational System … (352) 4. Advances in Gun-Casting Technique and the Creation of the Shrapnel Shell … (352) 5. The Use of Artillery in the Battle of Waterloo … (353) - Section 6 Artillery and Artillery Corps of Other European Countries … (353) 1. The Artillery and Artillery Corps of Russia … (353) 2. The Artillery and Artillery Corps of Austria … (355) 3. The Artillery and Artillery Corps of the Kingdom of Sardinia, Italy … (356) 4. The Artillery and Artillery Corps of Spain … (356) - Section 7 The Zenith of the Sailing Warship and Naval Gunnery on an Unprecedented Scale … (357) 1. The Zenith of the Sailing Warship and the Formation of Shipboard Firepower Systems … (357) 2. The Creation of the Steamship and the Renewal of Naval Guns … (359) 3. Famous Battles at Sea … (360) - Section 8 The Deepening of Research into Firearms Development and Use Theory … (362) 1. The Deepening of Research into Ballistic Theory … (362) 2. Research into the Relationship Between Shell Charge Weight and the Ratio of Barrel Length to Caliber … (363) 3. Theoretical Research into the Safe Operation of Artillery and the Selection of Firing Positions … (364) 4. Theoretical Research into Maximizing the Effectiveness of Artillery … (364) - Summary … (364)

Chapter Eleven The Rapid Advance of World Firearms and the Continually Escalating International Wars … (366) - Section 1 The Rapid, Leaping Development of the Military Industry … (366) 1. The Vast Military Industry Before the First World War … (366) 2. The World Military Industry Between the Two World Wars … (369) 3. Innovations in Firearms-Manufacturing Equipment … (371) - Section 2 The Leap from Black Powder to Smokeless Powder … (372) 1. The Shortcomings of Black (Smoky) Powder … (372) 2. Several Improved Types of Black Powder … (372) 3. The Invention and Development of Smokeless Powder and High Explosives … (373) - Section 3 The Continuous Innovation of the Rifle … (377) 1. The Advent of the Bolt-Action Rifle … (377) 2. Improvements to Ammunition … (378) 3. The Creation of the Repeating Rifle … (380) 4. Famous Repeating Rifles of the World … (380) 5. The Creation of the Automatic Rifle … (381) - Section 4 The Development of the Multi-Barreled Gun and the Pistol … (382) 1. The Multi-Barreled Gun … (382) 2. The Pistol … (384) - Section 5 The Creation of the Machine Gun … (386) 1. The Principle of Continuous Machine-Gun Fire … (386) 2. The Machine Gun Created by Maxim … (387) 3. The Basic Construction of the Machine Gun … (388) 4. Famous Heavy Machine Guns of the World … (388) 5. Famous Light Machine Guns of the World … (391) 6. Famous General-Purpose Machine Guns of the World … (393) 7. Special-Purpose Machine Guns … (393) 8. The Submachine Gun … (394) - Section 6 Famous Guns of the World Before and After the Franco-Prussian War … (394) 1. Britain’s Armstrong Built-Up Gun … (394) 2. Germany’s Krupp Breech-Loading Gun … (395) 3. France’s Three Famous Guns … (396) 4. America’s Rodman Gun … (396) 5. The Use of Artillery in the Austro-Prussian War … (397) 6. The Use of Artillery in the Franco-Prussian War … (397) - Section 7 The Creation of the Recoil-Absorbing Gun and the Classification of Artillery … (398) 1. Research into Eliminating Artillery Recoil Force … (398) 2. The Successful Creation of the Recoil-Absorbing Gun … (398) 3. The Creation of the Recoilless Gun … (398) 4. The Classification of Artillery … (399) - Section 8 Special-Type and Special-Purpose Artillery … (401) 1. Special-Type Artillery … (401) 2. Special-Purpose Artillery … (405) - Section 9 The Use of Artillery from the Russo-Japanese War to the Second World War … (407) 1. The Use of Artillery in the Russo-Japanese War … (407) 2. The Use of Artillery in the First World War … (408) 3. The Use of Artillery in the Second World War … (413) - Section 10 The Comprehensive Development of Ammunition … (415) 1. Rifle Ammunition … (415) 2. Artillery Shells … (416) 3. Mortar Shells … (416) 4. Hand Grenades … (416) 5. Land Mines … (418) 6. Naval Mines … (419) 7. Torpedoes … (420) 8. Aerial Bombs … (422) 9. Guided Missiles … (423) - Summary … (424)

Chapter Twelve The Tortuous Course of Development of China’s Modern Military Industry … (425) - Section 1 The Modern Military Industry Established in the Late Qing … (425) 1. The Late Qing Court’s Establishment of Arsenals for Self-Strengthening and National Survival … (425) 2. The Policy of “Borrowing Talent from Abroad” and Introducing Technology in Establishing Arsenals … (426) 3. The Contribution of Yung Wing … (426) 4. Arsenals Established by the Late Qing Court … (427) 5. Outstanding Military Technologists … (428) - Section 2 Arsenals Established Concurrently by Multiple Parties During the Beiyang Government Period … (433) 1. The Beiyang Government’s Attempts and Measures to Control the Arsenals … (433) 2. The Various Warlords’ Competing Establishment of Arsenals … (435) 3. Famous Weapons Researchers and Developers … (436) - Section 3 The Military Industry During the Nationalist Government Period … (438) 1. The Military Industry Before the War of Resistance Against Japan … (438) 2. The Military Industry During the War of Resistance Against Japan … (441) 3. The Military Industry After Victory in the War of Resistance Against Japan … (446) 4. Famous Weapons Researchers and Developers … (448) - Section 4 Arsenals Established in Modern China … (451) 1. The Anqing Internal Arms Bureau … (451) 2. The Jiangnan Arsenal … (451) 3. The Jinling Arsenal … (453) 4. The Tianjin Arsenal … (455) 5. The Hanyang Gun and Cannon Factory … (456) 6. The Gongxian Arsenal … (457) - Section 5 The Historical Significance of the Establishment of China’s Modern Military Industry … (458) 1. General Survey of the Establishment and Development of Modern China’s Arms-Research Institutions … (458) 2. Characteristics of the Development of China’s Modern Military Industry … (458) 3. Reasons Why China’s Modern Military Industry Could Not Develop Healthily … (471) - Summary … (473)

Chapter Thirteen The Munitions Products of Modern China … (474) - Section 1 Explosives and Propellants of Modern China … (474) 1. Black Powder … (474) 2. Brown Powder … (475) 3. Smokeless Powder … (475) 4. High Explosives … (477) - Section 2 Firearms of Modern China … (478) 1. Rifles … (478) 2. Multi-Barreled Guns … (482) 3. Machine Guns … (482) 4. Pistols, Submachine Guns, and Signal Guns … (484) - Section 3 Artillery of Modern China … (486) 1. Muzzle-Loading Smoothbore Guns … (486) 2. Armstrong-Type Muzzle-Loading Guns … (486) 3. Breech-Loading Guns … (486) 4. Recoil-Absorbing Guns … (488) - Section 4 Ammunition of Modern China … (492) 1. Rifle Ammunition … (493) 2. Artillery Shells … (493) 3. Rockets and Rocket Shells … (494) 4. Hand Grenades … (495) 5. Rifle Grenades … (495) 6. Mortar Grenades … (496) 7. Explosive Munitions … (496) - Section 5 The Use of Modern Chinese Guns and Cannon and Military Transformation … (497) 1. Transformation in the Organization and Equipment of the Army … (497) 2. The Founding of the Navy and the Evolution of Its Organization and Equipment … (499) 3. The Founding and Development of the Air Force … (499) 4. Transformation of Modes of Combat … (500) 5. Transformation of Fortress Defense Installations … (503) - Summary … (504)

Chapter Fourteen The Gun-Barrel Industry of the Chinese People’s Revolution … (505) - Section 1 The Establishment of Arsenals During the Agrarian Revolutionary War … (505) 1. The Lianhua Repair Workshop … (505) 2. The Ordnance Department of the Fourth Red Army … (505) 3. The Northeast Jiangxi Arsenal … (506) 4. The Central Arsenal … (506) 5. The Northern Fujian Arsenal … (506) 6. The Chinese Communist Party’s Leadership over the Arsenals of the Soviet Areas … (507) - Section 2 The Development of the People’s Gun-Barrel Industry During the War of Resistance Against Japan … (508) 1. The Establishment and Development of Arsenals in the Yan’an Region … (508) 2. Arsenals of the Military Industry Department of the Jin-Ji-Lu-Yu Base Area … (510) 3. Arsenals of the Shandong Base Area … (510) 4. The Shanxi Huangyadong Arsenal … (510) 5. Arsenals of the Jin-Cha-Ji Base Area … (511) 6. The Repair Shop and Jianhua Industrial School of the New Fourth Army’s Military Industry Department … (512) - Section 3 The Growth of the People’s Gun-Barrel Industry During the War of Liberation … (514) 1. Preparing to Resist the Nationalist Army’s Offensive … (514) 2. The Handover and Adjustment of Arsenals in the Shaanxi-Gansu-Ningxia Border Region … (514) 3. The Growth of the People’s Gun-Barrel Industry in the Jin-Ji-Lu-Yu Military Region … (514) 4. The Growth of the People’s Gun-Barrel Industry in the Various Shandong Military Regions … (515) 5. The Growth of the People’s Gun-Barrel Industry in the Jin-Cha-Ji Military Region … (516) 6. The Growth of the People’s Gun-Barrel Industry in the Jin-Sui Military Region … (516) 7. The Reorganization and Relative Unification of the Nationwide People’s Gun-Barrel Industry … (516) 8. Table of Munitions Production by the Three Great Military Regions in 1949 … (518) 9. Famous Weapons Researchers and Developers … (520) 10. Characteristics of the Development of China’s People’s Gun-Barrel Industry … (521) - Summary … (522)

General Discussion … (523) 1. Taking the Economy as the Foundation … (523) 2. Taking Science as the Guide … (525) 3. Growing Together with War … (526) 4. Triggering Military Transformation … (527) 5. Serving Politics While Constrained by Politics … (528) 6. People Are the Deciding Factor in the Outcome of War … (529)

Appendix I Principal Reference Materials … (532) Appendix II Index of Gunpowder, Explosives, and Firearms Terms … (543) Appendix III Table of Comparative Weights and Measures … (547) Afterword … (551)



Plates

Plate 1. The Wujing Zongyao (“Complete Essentials from the Military Classics”), the earliest Chinese text to publish three gunpowder formulas (1044)

Plate 2. The fire ball (huoqiu) and fire caltrop (huojili) published in the Wujing Zongyao

Plate 3. A Chinese Yuan-dynasty Dade second-year (1298) bronze hand cannon, inscribed with ’Phags-pa script

Plate 4. The barrel of a Ming-dynasty Hongwu eighth-year (1375) model large cannon of the Laizhou Guard, China

Plate 5. A Ming-dynasty Yongle-era (1403–1424) bronze hand cannon, China

Plate 6. Fifteenth-century Korean-made jar-type and ball-type “Heaven-Shaking Thunder” (jindeungnoe) bombs

Plate 7. A Ming-dynasty Yongle-era model naval bronze hand cannon inscribed “Shark” character no. 640, China

Plate 8. The great bombard used by Mehmed II in 1453

Plate 9. A shipboard gun from the English warship Mary Rose, early sixteenth century

Plate 10. A Ming-dynasty Jiajing twenty-fourth-year (1545) model small folangji, China

Plate 11. A model of the “Divine Fire Flying Crow,” a device made in Ming-dynasty China

Plate 12. Korean No. 1 gun barrel (chongtong), 1609

Plate 13. A matchlock gun manufactured in Japan, 1544

Plate 14. A “Red Barbarian” (Red-Coat) cannon manufactured in China in the late Ming and early Qing period

Plate 15. The battle in which forces under Zheng Chenggong of China used artillery to recover Taiwan, April 1611 [as printed in the source]

Plate 16. A “Wucheng Yonggu Grand General” cannon manufactured by the Qing dynasty of China in 1698

Plate 17. A bronze cannon manufactured by the various feudal lords of the Japanese Tokugawa shogunate

Plate 18. A German 1864-model Krupp breech-loading gun

Plate 19. A French 1887-model 57 mm Hotchkiss quick-firing gun

Plate 20. A French 1890-model 270 mm-caliber de Bange gun [as printed in the source]

Plate 21. A model of the German 1918-model β (Beta) gun

Plate 22. The gun-factory building erected in 1891 at the Shanghai Jiangnan Arsenal

Plate 23. The Hanyang Arsenal of China, early twentieth century

Plate 24. A 1912-model rifle manufactured by the Guangdong Arsenal, China

Plate 25. A “Thirtieth-Anniversary” (Sanshijie) heavy machine gun manufactured by the Hanyang Arsenal of China in 1921

Plate 26. An Armstrong gun at the Wusongkou fort, Shanghai, late nineteenth century

Plate 27. A 75 mm-caliber mountain gun manufactured by the Shanghai Arsenal in 1920

Plate 28. An anti-aircraft machine gun modified by the Yan’an Arsenal, exhibited at the First Border-Region Industrial Exhibition on May 1, 1939

Plate 29. A mortar shell manufactured by an arsenal in the Jin-Ji-Lu-Yu base area during the War of Resistance Against Japan

Plate 30. Ruins of the arsenal built by the headquarters of the Eighth Route Army at Huangyadong, Shanxi, in 1939





Chapter One China’s Invention of Gunpowder

In the latter part of the tenth century CE, military technologists and commanding generals of China’s Northern Song dynasty, drawing on gunpowder formulas that alchemists had previously used in the course of refining elixirs, adjusted and corrected those formulas to compound the earliest military gunpowder and make it into firearms for use in war, thereby inaugurating an age in the history of human warfare in which firearms and cold weapons were used side by side. From then on, upon battlefields glinting with blade and sword-light, there also appeared the report of firearms and the drifting smoke of saltpeter. Engels (Friedrich Engels, November 28, 1820 – August 5, 1895) gave full recognition to this great invention of ancient China. In his famous essay “Artillery,” published in 1857, he wrote: “It is now admitted by almost everyone that the invention of gunpowder, and the use of it to propel heavy bodies in a given direction, came from the East… In China, gunpowder-like compositions made from saltpeter mixed with other combustible agents were already being used in very early times, both for military purposes and in grand ceremonies.”¹

The development of history proves eloquently that the invention of gunpowder and the creation of firearms were not the product of a sudden flash of inspiration by some individual genius, but were rather accomplished by the laboring people, physicians, pharmacologists (that is, scholars of materia medica), alchemists, military strategists, and commanding generals of ancient China, through repeated experimentation and testing in the course of long-term productive practice, scientific experiment, and military activity — and were continually improved and refined as social productive forces developed and the level of science and technology steadily advanced.

The gunpowder invented in ancient China was a compound gunpowder formed by artificially mixing and blending, in certain quantities and according to a certain mixing ratio,² saltpeter (KNO₃), sulfur (S; also written 硫黄. Ancient texts mostly write it as 硫黄; in modern usage, including in some reference works, the two forms are also found used interchangeably, and this book does not standardize between them), and charcoal or carbon-bearing (C) material. Unlike ordinary combustible substances, which can only burn by relying on oxygen (O₂) from the surrounding air, gunpowder, once ignited, relies on the large quantity of oxygen released by the saltpeter itself to complete its combustion process — a self-oxygen-supplying combustion system, that is, an internal-combustion system — and can therefore burn inside a sealed container. During combustion, oxidation and reduction reactions proceed violently in an instant, rapidly releasing physical and chemical energy and producing a great quantity of high-temperature, high-pressure gas whose volume expands abruptly to tens or even many hundreds of times the volume of the original gunpowder, bursting the container and producing a tremendous report, destroying the surrounding medium. Because saltpeter releases a large quantity of oxygen in the course of the reaction, it acts as the oxidizing agent; because the sulfur and charcoal receive this large quantity of oxygen and thereby sustain combustion, they act as the reducing agents. The reaction equation is:

16KNO₃ + 3S + 21C → 5K₂CO₃↓ + 2K₂S↓ + K₂SO₄↓ + 13CO₂↑ + 3CO↑ + 8N₂↑

From the combustion process and the oxidation–reduction reaction equation given above, it can be seen that, besides producing a great quantity of gas and thick, dense smoke, gunpowder also produces a great quantity of residue upon burning, and for this reason it has been called “black powder” or “smoky powder.” The reaction above also shows that saltpeter is the decisive material in the compounding of gunpowder, and that without saltpeter it would have been impossible for the great drama of the invention of gunpowder to unfold. It was precisely for this reason that the British historian of science and technology J. (Joseph) Needham, who devoted his life’s work to researching the history of Chinese science and technology, concluded — on the basis of the historical fact that, before the thirteenth century, the Arabs and the Western nations did not yet know of saltpeter — that they could not yet have invented gunpowder. The very reason gunpowder was invented in China is likewise due to the fact that the ancient Chinese people

¹ [Germany] Engels: “Artillery,” in Military Writings of Marx and Engels, Vol. 1, Zhanshi Publishing House, 1981 edition, p. 417. ² Mixing ratio: refers to the percentage that each of saltpeter, sulfur, and charcoal respectively occupies within the gunpowder.

were the first to discover the existence of saltpeter, to come to understand the distribution of its producing areas, to recognize its properties, and to make use of saltpeter as a medicine for treating illness.


Section 1 The Ancient People’s Knowledge of the Distribution of Saltpeter and Sulfur Deposits

Saltpeter and sulfur are richly deposited in China, and some two thousand-odd years ago the ancient Chinese people already had a certain understanding of the distribution of their producing areas. In later ages, numerous records of this are also found in various classical texts.


1. The Long Road and the Shu Road Were the Earliest Saltpeter-Producing Areas Known to the Ancient Chinese People

Pure, refined saltpeter takes the form of a colorless, transparent crystal; when heated to 335°C it melts into a paste, and at 400°C it begins to decompose, releasing a great quantity of oxygen, according to the reaction equation: 2KNO₃ → 2KNO₂ + O₂↑.

Before saltpeter was refined by artificial methods, it existed in a naturally occurring, dispersed state. In the records of ancient Chinese texts, because it is soluble in water, it is also written as “消石” (xiaoshi, “dissolving stone”); and because it can be compounded into gunpowder and fireworks, it is also called “焰硝” (yanxiao, “flame saltpeter”) or “火硝” (huoxiao, “fire saltpeter”). Natural saltpeter is a mineral substance found in soils containing potassium, sodium, calcium, and magnesium; when there is sufficient air and moisture, nitrogen-bearing organic matter is decomposed and oxidized by the action of bacteria into nitric acid, which then combines with the potassium in the soil to form saltpeter. Besides potassium nitrate, such soils also contain sodium sulfate (Na₂SO₄·10H₂O), magnesium sulfate (MgSO₄·7H₂O), sodium nitrate (Na₂NO₃), and the like. All of these have a bitter taste, are white in color like frost or snow, form needle-like crystals, and are all soluble in water; for this reason they were all given the name “消” (xiao, “dissolving [salt]”), and since they long coexisted together in nature, they bore such names as “朴消” (puxiao, “crude xiao”), “消石” (xiaoshi), and “芒消” (mangxiao, “awned xiao”). In ancient times, people were able to refine relatively pure saltpeter from soil containing natural saltpeter by such methods as leaching with water, evaporation, and crystallization.

In China, natural saltpeter is mostly produced in the regions of Gansu and Sichuan through which the “Long Road” and the “Shu Road” passed — regions suited to the conditions under which it forms — as well as in such regions as Qinghai, Shanxi, Hebei, and Inner Mongolia. These producing areas gradually became known to the ancient Chinese people. According to the Fanzi Jiran, during the Spring and Autumn period (roughly the sixth century BCE) a man named Ji Ran said that “saltpeter comes from the Long Road.”¹ Although opinions still differ today as to who this man was and about the authenticity of the book attributed to him — some scholars holding that the Fanzi Jiran was a work of the Han dynasty falsely attributed to the Spring-and-Autumn-period Ji Ran, and not necessarily a pre-Qin work — even so, this account shows that the ancient Chinese people had, at the latest by the Han dynasty, already discovered that the places through and along which the ancient Long Road passed were a region rich in saltpeter deposits and production. Many classical texts on medicine and materia medica from after the Han dynasty offer compelling proof of this fact.



2. The Long Road and Shu Road of Ancient China

What ancient China called the Long Road and the Shu Road were also called the Long–Shu Road and the Qin (referring to the state of Qin, one of the feudal states of the Spring and Autumn and Warring States periods, comprising parts of both Gansu and Shaanxi) – Shu Road. They were, respectively, the main traffic arteries running from Gansu and from Shaanxi to Sichuan.

(1) The Long Road

This consisted principally of the Yinping Road and the Xixia Road (also called the Tianjingshan Road).

The Yinping Road began in the north at Wen County, Gansu, followed the Bailong River, the Baishui River, and the Fu River southward to Pingwu and Jiangyou in Sichuan, and connected eastward at Zitong with the Jinniu Road of the Shu Road, for a total length of 840 li. It was one of the important routes among the ancient Long and Shu Roads,

¹ Northern Song, Li Fang et al., compilers: Taiping Yulan, Juan 987, “Section on Medicines, 5 — Mineral Medicines, Part 2 — Xiaoshi,” citing the Fanzi Jiran, Shanxi Education Publishing House, 1994 edition, collated edition of Taiping Yulan, Vol. 8, p. 842. Subsequent citations of this work follow this same edition.

and it takes its name from the fact that Wen County, Gansu, was the site of the Yinping County established under the Han dynasty (Figure 1-1).¹ In the tenth month of the fourth year of the Jingyuan era of the Wei kingdom during the Three Kingdoms period (263 CE), the Wei general Deng Ai (197–264), leading more than 30,000 men, advanced southward from Yinping along the Jinggong Road, crossing more than 700 li of desolate, uninhabited trails, cutting roads through the mountains, building plank roads and bridges, and even having his men wrap themselves in felt and roll down mountain slopes — catching the Shu army completely by surprise — until he reached Jiangyou (present-day north Jiangyou, Sichuan), an area dense with saltpeter deposits, then marched south to Fu County (present-day east Mianyang, Sichuan), advanced on and took Luo County (present-day Guanghan, Sichuan), and pressed directly on Chengdu, receiving the surrender of Liu Shan (207–271), the last ruler of Shu Han; the state of Shu was thereby extinguished.

**[Figure 1-1: The Course of the Yinping Road.** Legend: dotted line — Jiang Wei’s route of retreat; dash-dot-dot line — Deng Ai’s route into Shu; dash-dot line — remains of the Pingwu plank road; solid line — the Jinniu Road.]

The Xixia Road, also called the Tianjing (or Tianjingshan) Road, lay west of Wudu Commandery (in present-day Gansu), an area rich in saltpeter, running as a mountain road flanked by the two peaks of Wujie and Ju County — an extremely precipitous route.

(2) The Shu Road

The Shu Road comprised the Baoxie Road, the Chencang Road, the Tangluo Road, the Ziwu Road, the Jinniu Road, the Yinping Road (its Sichuan section), and the Micang Road,

¹ Figures 1-1, 1-2, and 1-3 are selected from Tang Huancheng, History of Science and Technology in China: Bridges Volume, pp. 186, 140, and 172, Science Press, January 2000 edition. That work offers a quite detailed textual investigation of the Yinping Road, the Qin–Shu Road, and the Jinniu Road.

seven main arteries in all. Of these, the first four were the main routes from Chang’an to Hanzhong, collectively called the “Northern Four Roads” (Figure 1-2); the last three were the main routes from Hanzhong to the Sichuan interior, collectively called the “Southern Three Roads.” These seven arteries were by no means a level, easy path but rather rugged mountain trails winding through the lofty peaks between Long and Shu; along the passages traversed by these routes, the ancient people chiseled holes into sheer cliff faces and steep precipices and erected timber structures, building bridge-like roadways, which people called “plank roads” (棧道, zhandao).

**[Figure 1-2: The Course of the Qin–Shu Road.** Names in parentheses are present-day place-names.]

The Baoxie Road ran from Xiegu Pass in Mei County, Shaanxi, in the north, south to Baocheng (50 li from Hanzhong), a total length of 470 li. It was first opened around the time King You of Zhou campaigned against the state of Bao (before 781–771 BCE), and took its finished form in the sixth year of the Yongping era of the Han dynasty (63 CE).

The Chencang Road ran from Chencang, Shaanxi (present-day Baoji) in the north, south to Hanzhong Commandery in Sichuan. In the thirteenth year of Duke Hui of Qin (387 BCE), the Qin army passed along this road when it campaigned against Shu and took Nanzheng (present-day Hanzhong, Sichuan). In the first year of the reign of the King of Han, Liu Bang (247–195 BCE, according to one account 256–195 BCE) (206 BCE), the Han general Han Xin (d. 196 BCE), employing the stratagem of “openly repairing the plank road while secretly crossing at Chencang,” slipped out from Nanzheng via Chencang in the eighth month, “returned and pacified the Three Qins,” defeated the King of Yong, Zhang Han, and forced the surrender of the King of Sai, Sima Xin, and the King of Zhai, Dong Yi, thereby laying the foundation for the House of Han.

The Tangluo Road ran from the point in Shaanxi where the Tang and Luo Rivers emerge from the mountains, north to where the Luo River joins the Han River, and takes its name from this.

The Ziwu Road was an important ancient artery running from the Guanzhong region to Hanzhong across the Qinling Mountains. The ancient people called the area north of the Qinling “Zi” and the area south of it “Wu,” and the road takes its name from this.

The Jinniu Road (“Golden Ox Road”) was the most important artery running from Qin into Sichuan and on to Chengdu, also called the Shiniu Road (“Stone Ox Road”) (Figure 1-3). In the second year of the King of Han’s reign (205 BCE), the chancellor Xiao He (d. 193 BCE) carried out a large-scale renovation of the Jinniu Road.

The Yinping Road has already been discussed above.

The Micang Road ran from Nanzheng, Shaanxi, in the north, south to Bazhong in Sichuan, and was a branch road (spur route) of the Jinniu Road; its plank road has today vanished.

These seven roads were all simple yet perilous passageways built by human effort under conditions in which travel was as difficult as ascending to heaven. Even so,

[Figure 1-3: The Course of the Jinniu Road.]

it was also because the Yinping Road of the Long Road and the Jinniu Road of the Shu Road intersected and joined together to form a transport network that this network became the sole passage by which the ancient peoples of Gansu, Shaanxi, and Sichuan could travel as merchants and transmit information northward as far as Chang’an and southward as far as Chengdu, and it was likewise a place that military strategists were bound to contest. For this reason, the abundant and richly deposited saltpeter found between Long and Shu also spread far and wide along with merchandise and information as they traveled, and came to be used by physicians in treating illness and studied by scholars of materia medica. The writings of physicians and scholars of materia medica across several dynasties all attest to this.



3. Saltpeter Came from the Long Road and the Shu Road

Concerning the matter of saltpeter coming from Long and Shu, the following several categories of classical texts contain relatively abundant records.

(1) Records in Medical and Materia Medica Texts

Records of this kind are very numerous; the principal ones are as follows.

Records from the Mingyi Bielu: Tao Hongjing (456–536) of the Liang dynasty of the Southern Dynasties period, in his Mingyi Bielu (“Supplementary Records of Famous Physicians”), states: “Crude xiao (puxiao) grows on the sunny (south) side of salt-water areas in the mountain valleys of Yizhou; it is gathered at no fixed time, and the blue-white colored variety is the finest”¹; and “Xiaoshi… grows in Yizhou as well as in Wudu (present-day Cheng County, Gansu), Longxi (present-day Lintao, Gansu), and Xiqiang (present-day Datong, Qinghai), and is gathered at no fixed time.”²

¹ Tao Hongjing of the Liang dynasty, Southern Dynasties: Mingyi Bielu, in Bencao Gangmu, Juan 11, “Minerals, Part 5 — Puxiao,” Shanghai Guji Publishing House, 1993 edition, photolithographic reprint in Sibu Jingyao, Vol. 13, p. 585. Subsequent citations of this work follow this same edition. ² Mingyi Bielu, in Sibu Jingyao, Vol. 13, p. 587.

Records from the Xinxiu Bencao: In the fourth year of the Xianqing era of the Tang dynasty (659 CE), the Xinxiu Bencao (“Newly Revised Materia Medica”), China’s first officially compiled pharmacopoeia, compiled by imperial decree by Su Jing and twenty-two others, states: “Crude xiao (puxiao)… today comes from Wenshan Commandery in the northern part of Yizhou (the border area of present-day Chuan and Diqu[?] Counties in the Mao County Qiang Autonomous County of northern Sichuan), growing on mountain cliffs, blue-white in color, sometimes mottled with black spots”; “Xiaoshi… [comes from] the western part of Longxi, belonging to Qinzhou (present-day Tianshui, Gansu), among the mountains west of Chang’an in the Qiang territory, present-day Minchang (belonging to present-day Gansu) and the mountains to its north wherever there are salty soils, it is mixed in with them”; “Mangxiao… comes from Ningzhou (its seat at Tongle, near present-day Luliang County, Yunnan), with large yellow-white grains and an extremely bitter, acrid taste.”¹

Records from the Kaibao Bencao: During the Kaibao era of the Northern Song, the Daoist Ma Zhi and others, under imperial order, collated and annotated the Tang-dynasty Xinxiu Bencao and compiled the Kaibao Bencao, which likewise records the producing areas of saltpeter: “Crude xiao (puxiao)… today comes from Yizhou; the local people gather it, taking the liquid by leaching it with water, then boiling and refining it to make crude xiao”; “Raw xiao (shengxiao)… grows among the rocks of the western mountains of Mao Prefecture; its shape and size are not fixed, its color is blue-white, and it is gathered at no fixed time.”²

Records from the Jianyan Yilai Chaoye Zaji: Li Xinchuan of the Southern Song period also offers a relatively detailed discussion of the producing areas of sodium mangxiao: “At the stone-foot wells of Sichuan, in Mei [Prefecture]’s Mei (present-day Meishan County), Peng (present-day Pengshan County), Danling (present-day Danling County), and Jia [Prefecture]’s (seated at present-day Leshan) Hongya (present-day Hongya County), all have stone-foot well-tubes, which are in fact xiao. In [Meishan], the [well] that many favor is called the Mountain-Gate [Well]; in Pengshan, [the well] is called the Auspicious-Response [Well]; these two wells are especially productive.”³

Records from the Bencao Gangmu: Li Shizhen (c. 1518–1593), the outstanding Ming-dynasty scholar of materia medica, states in the Bencao Gangmu: “Xiaoshi is produced in all salt-marsh regions, but is especially abundant in the various counties of Qingyang, Hebei (present-day area around Qingyang County in eastern Gansu) and in the Shu region.”⁴

The producing areas of xiaoshi recorded in the above texts are mostly concentrated in the Long-Shu region, with Yizhou being especially prominent. During the Han and Jin periods, the territory under Yizhou’s jurisdiction was extremely vast, divided into southern Yizhou and northern Yizhou. The southern part corresponded to roughly the southern part of present-day Sichuan, most of Yunnan, and the central and western parts of Guizhou. The northern part corresponded to roughly parts of present-day northern Sichuan and the adjoining areas of Shaanxi, Gansu, and Qinghai. Wenshan Commandery lay in northern Sichuan. Wudu, Longxi, and Minchang lay in southeastern Gansu. Ningzhou encompassed most of Yunnan and part of Guizhou. These places belong to the western region of China, and apart from the Yunnan-Guizhou and southern Sichuan areas, most were either the locations of, or lay along, the Long Road and the Shu Road. From this it can be seen that the saying “saltpeter comes from the Long Road” was no empty claim, but a factual record of historical reality — the earliest statement of the most concentrated producing areas of saltpeter known to the ancient people, and the key that opens the door for later generations researching the producing areas of saltpeter.

(2) Records in Local Gazetteers

There are also no few records concerning the producing areas of saltpeter in Chinese local gazetteers; a few examples are given below.

Records from the Zitong County Gazetteer: The Sichuan Zitong County Gazetteer,⁵ revised in the forty-fifth year of the Qianlong reign of the Qing dynasty (1780), states: [this county] “Chaoyang Cave on Laojun Mountain lies 240 li west of the county (an error — actually 120 li), on the border with Jiangyou County. The terrain is high, steep, and precipitous; the cave lies among sheer cliffs and precipices at the central peak; one reaches it by building a ladder to heaven from Ganlu Ping in Jiangyou and descending the ladder to the cave. The cave is eight zhang high, six zhang wide, and fifteen li deep, and produces saltpeter. Mining began in the twentieth year of Qianlong [1755], administered jointly and nearby by Jiang[you] County, while Zi[tong] County stationed soldiers at the mouth of Chonghua Market to patrol and inspect it.”

¹ Su Jing of the Tang dynasty, compiler, collated and edited by Shang Zhijun: Xinxiu Bencao, Anhui Science and Technology Publishing House, 1981 edition, pp. 94–97. ² Tang Shenwei of the Song dynasty, compiler, supplemented by Cao Xiaozhong and Zhang Cunhui: Chongxiu Zhenghe Jingshi Zhenglei Beiyong Bencao, Juan 3, pp. 85–88. ³ Li Xinchuan of the Southern Song, compiler: Jianyan Yilai Chaoye Zaji (Second Collection, Juan 16), Shanghai Commercial Press, 1937 edition, Guoxue Jiben Congshu series, Vol. 840, p. 548. ⁴ Li Shizhen of the Ming dynasty, compiler: Bencao Gangmu, Juan 11, “Minerals, Part 5 — Xiaoshi,” in Sibu Jingyao, Vol. 13, p. 587. ⁵ Zhu Su (Magistrate of Zitong County) of the Qing dynasty, compiler: Zitong County Gazetteer, revised in the forty-fifth year of Qianlong.

Records from the Long’an Prefecture Gazetteer: In the twentieth year of the Daoguang reign of the Qing dynasty (1840), the Long’an Prefecture Gazetteer,¹ compiled by the prefect Deng Cunyong, was published; in it, Juan 3, “Treatise on Food and Commodities — Local Products,” records: “Saltpeter comes from two places in Jiangyou: Chaoyang Cave and Daxing Cave; Pingwu also produces saltpeter. Each year it is refined and delivered for the use of the Xiaohe Camp.” The Xiaohe Camp mentioned in the text was a military camp under the jurisdiction of the Qing-dynasty Songpan Garrison in Sichuan. The Songpan Garrison was located at the junction of Sichuan, Gansu, and Qinghai, and was divided into the Left, Central, and Right main camps together with fourteen camps including Long’an and Xiaohe, stationing in total more than 7,600 troops, and serving as the “Screen of Western Sichuan.” This garrison was adjacent to the Chuanbei Garrison (Baoning, present-day Langzhong). Jiangyou and Zitong were both located precisely at the junction of the two great military defense zones of the Qing army, and the saltpeter and gunpowder produced there, besides being transported to the Qing troops at Xiaohe Camp for their use, mostly supplied the Qing troops of the two garrisons. Songpan had always been a garrisoned place; the Tang dynasty established a military governor’s office there. The Ming dynasty first established the Songzhou Guard and the Panzhou Guard, later merged into the Songpan Guard, and later still changed this to the Songpan and Other Places Military-and-Civilian Command Office, under the jurisdiction of the Sichuan Regional Military Commission. Judging from the establishment of guard posts and command offices in the early Ming, this place ought to have had a Bureau of Military Weapons for manufacturing gunpowder and firearms; Songpan today belongs to Sichuan.

(3) Investigations by Scholars in Recent Decades into the Saltpeter Deposits of the Long-Shu Region

The natural saltpeter deposited in the Long-Shu region has often been discovered and made use of by people in recent decades.

Lu Zhaoqia’s Survey Report: In an article published in 1942, “The Geology of the Huangyagou Saltpeter Deposit in Gaolan County, Gansu,”² Lu Zhaoqia states: saltpeter deposits still exist today in such places as Wudu, Longxi, and Minchang in southeastern Gansu. At Huangyagou, in the northern district of Gaolan County, ninety kilometers northeast of Lanzhou, there is a saltpeter deposit located on a peneplain at an elevation of 2,100 meters, atop which loess strata have accumulated; through long-term erosion, numerous deep gullies have formed, and streams form in these gullies during the rainy season when rainfall is heavy. Both sides of the gullies are mostly sheer cliffs, and after long-term weathering, these cliffs have formed hanging precipices and caves; saltpeter is richly concentrated on these hanging precipices and in these caves, occurring in granular or powdery form, in white, yellow, and red colors. The local residents refine flame-saltpeter using the “yellow-ore-grain method,” and their product contains 90.82% KNO₃.

The Survey Report of Ye Lianjun and Guan Shicong: After conducting a survey and study, Ye Lianjun and Guan Shicong discovered that the Hanshui River valley west of Li County (near Tianshui, the seat of Qinzhou during the Northern Dynasties period) in southeastern Gansu also has extensive areas whose geology resembles that of Huangyagou.³ This shows that the distribution of this type of flame-saltpeter deposit is rather extensive.

The Field Investigation of Xu Xiangdong and Others: In 2003 and 2004, Xu Xiangdong and others from the Beijing Municipal Cultural Relics authorities, working successively together with the Mianyang Municipal Cultural Relics Bureau, personnel from Chonghua Township in Jiangyou City, Sichuan, and other participants, formed an investigation team and conducted a detailed investigation of the group of “saltpeter cave” sites on Laojun Mountain in Chonghua Township, Jiangyou City, Sichuan, achieving results at various stages, and submitted an investigation report to the State Administration of Cultural Heritage on January 11, 2005. The report states: Laojun Mountain is the boundary mountain of the three cities and counties of Jiangyou, Pingwu, and Qingchuan; its main peak has an elevation of 2,346 meters, with a relative height difference of 1,676 meters. Fault-block mountainous terrain interlaces with fault-basins or fault-gullies, forming a landform in which mountains, hills, and basins coexist. Dozens of large and small saltpeter caves — including Chaoyang Cave, Daxing Cave, as well as Yaojing Cave, Laojun Cave, Qianren Cave, Niujiao Cave, Gaoguan Cave, Mingyue Cave, Yanzi Cave, Xiniu Cave, and Tianyu Cave — are scattered like stars throughout the mountain. In Chaoyang Cave, they also discovered saltpeter-refining pools, work platforms, pottery shards from the daily life of saltpeter-gathering workers, and neatly stacked layers of stone blocks, as well as a paved pathway laid with stone blocks, dating from the Yuan, Ming, and Qing dynasties. These discoveries show that the numerous ancient saltpeter caves of Laojun Mountain in Chonghua Township, Jiangyou County, form the largest group of ancient saltpeter-cave sites discovered in our country to date (Figure 1-4).⁴

The site of the group of ancient saltpeter caves of Laojun Mountain in Jiangyou City lies at the point where the Yinping Road of the ancient Long Road and the Jinniu Road of the ancient Shu Road

¹ Deng Cunyong (Prefect of Long’an Prefecture) of the Qing dynasty, compiler: Long’an Prefecture Gazetteer, revised in the twentieth year of Daoguang. The date at which the prefectural gazetteer says Laojun Mountain received its name is difficult to verify with certainty, but it ought to be related to Daoism or Daoist alchemy. ² Lu Zhaoqia: “The Geology of the Huangyandong Saltpeter Deposit in Gaolan County, Gansu,” in Report of the Central Geological Survey, compiled by the Republican-era Central Geological Survey, 1942 (internal copy, unpublished). ³ Yang Xianzhu: Historical Materials on the Chemical Science and Technology of the Bai Nationality Region of Dali, internal archival survey report of the Science and Technology Section of the Dali Prefecture Economic Commission, June 1987. ⁴ Xu Xiangdong: “Can an Age-Old Mystery Be Solved? — A Brief Account of the Investigation of the ‘Saltpeter Caves’ of Laojun Mountain, Chonghua Township, Jiangyou City, Sichuan Province” (not yet published).

[Figure 1-4: Distribution Map of the Saltpeter Caves of Laojun Mountain, Chonghua Township, Jiangyou, Sichuan.]

intersect, and would easily have been discovered by anyone with a mind to look. Had the people of the Han dynasty already discovered that this was a place where great quantities of saltpeter were deposited and produced? Because, of the “Long Road” in the phrase “saltpeter comes from the Long Road,” apart from the Xixia plank road, only the Yinping Road passed through Jiangyou and its neighboring areas during the Han dynasty, and there was no other ancient Long Road — this coincidental discovery may also contain an element of inevitability. It therefore also seems not impossible that alchemists from the Han through the Tang dynasty made use of the saltpeter produced along the Long Road, obtaining sulfur and carbon-bearing substances nearby to refine their alchemical elixirs, or that alchemists in great capital cities such as Chang’an and Kaifeng transported saltpeter from the Long Road to refine their elixirs; we eagerly await new information from future archaeological excavations.



4. Native Sulfur and Charcoal Were Distributed Everywhere

Unlike saltpeter, whose producing areas are basically concentrated in the western region of China, and especially in the Long-Shu region, the producing areas of native sulfur are comparatively dispersed, being found distributed in the eastern and central parts of China as well.

Natural native sulfur exists in nature in such forms as free sulfur, sulfide ores (FeS₂), and sphalerite (ZnS), and basically derives either from natural sulfur ore in the great mountain regions or from the gypsum found in salt-and-gypsum strata, being generated as elemental sulfur through the reducing action of sulfur bacteria. This elemental sulfur was already discovered by the ancient people of China during the Qin and Han periods, and was called “石硫黄” (shi liuhuang, “mineral sulfur”), also called “矾石液” (fanshiye, “alum-stone liquid”). Its crystalline form is an irregular yellow-green crystalline lump, occurring in many crystalline forms, and it can display layered structures of varying luster; it is loose and friable in texture, crumbling at a touch, with a smooth, brightly colored fractured surface, and it gives off a noticeable odor. Its melting point is 112.8–119°C, and its boiling point is 444.624°C; it is a highly active element with fairly strong reducing properties, and has been recorded extensively in classical texts since the Han dynasty.

Records from the Mingyi Bielu: “Mineral sulfur grows in the valleys of Muniu Mountain in Donghai, as well as in the Taihang Mountains and the Hexi Mountains; it is the same as alum-stone liquid.”¹

Records from the Bencao Jing Jizhu: “Donghai Commandery belongs to Beixuzhou (present-day area around Linyi, Shandong), and Jishan (located in present-day

¹ Bencao Gangmu, Juan 5, “Minerals, Part 5 — Shi Liuhuang,” in Sibu Jingyao, Vol. 13, p. 590.

southeastern Kaifeng, Henan) also has it. Today the best comes from Hunan and Linyi (present-day central Vietnam), the color resembling that of a newly hatched goose chick, and is called “Kunlun yellow.” The next grade comes from foreign countries. That which comes from within Shu is dark in color and lustrous.”¹

Records from the Tujing Bencao: Native sulfur “comes only from the various Hainan barbarian tribes; that from the prefectures and commanderies beyond the passes, where it exists at all, is not very good. That whose color resembles a newly hatched goose chick is genuine, and is called Kunlun yellow. That which is red in color is called shi tingzhi; that which is blue-green is called dongjieshi; that which is half-white, half-black is called shenjingshi, and none of these are fit for medicinal use. There is also a kind of ‘water sulfur’ that flows out of the mountain streams of Guangnan and Rongzhou (present-day area around Rong County and Weiyuan, Sichuan); its taste is acrid, its nature is hot, and it has a rank smell. It can also be boiled and refined into a liquid and cast into molds to make vessels, likewise of a goose-chick-yellow color.”²

Records from the Bencao Gangmu, “Shi Liuhuang” entry: “Sulfur is formed by receiving the essential energy of pure-yang fire-stone; its nature penetrates and it is bright yellow in color at its core, hence its name shi liuhuang [mineral sulfur]… Wherever genuine mineral sulfur is produced, there must be hot springs, giving off a sulfurous vapor. The Book of Wei states: the Kingdom of Yueban (referring to the area around present-day Bole and Yining in northwestern Xinjiang) has volcanoes; the rocks beside the mountain are all scorched and molten, flowing for several tens of li before solidifying — this is mineral sulfur. Zhang Hua’s Bowuzhi³ states: the sulfur of the Western Regions comes from Mount Jumi, eight hundred li from Gaochang (east of present-day Ürümqi); there is a mountain there several tens of zhang high, from whose crevices smoke issues by day and lamp-like light by night. The Gengxin Yuce states: there are two kinds of sulfur — mineral sulfur, which grows in the mountains of Liuqiu (Ryukyu) in the South Sea, and earth sulfur, which grows in Guangnan, the finest being that which makes no sound when chewed. Sulfur from foreign ships is also of good quality. Today people use it, compounded with saltpeter, to make signal-fire smoke for beacon fires — it is an essential item in the army.”⁴

Charcoal is a solid fuel of good quality produced everywhere, made by carbonizing or dry-distilling wood; its main component is carbon (C), it has a very low ash content, and its calorific value is 6,500–7,300 kilocalories per kilogram. It is highly porous and acts as the reducing agent among gunpowder’s fuel components. In compounding gunpowder, charcoal made from fine willow branches is considered best, while charcoal made from other kinds of wood is somewhat inferior. The carbon-bearing substances first used by the alchemists were other materials such as the seeds of Caesalpinia (mading) and honey-locust pods (zaojiaozi).




Section 2 The Ancient People’s Research into the Properties of Saltpeter and Sulfur

As the producing areas of saltpeter and sulfur were continually discovered, the understanding that scholars of materia medica, physicians, and alchemists had of their properties also gradually deepened; through repeated, in-depth research and experimentation, they wrote down a great many documents of scientific value, providing precious material for the research of later generations.


1. Research into the Medicinal Properties of Saltpeter and Sulfur

The research that the ancient people of Han-through-Tang-dynasty China conducted into the properties of saltpeter and sulfur began, first of all, with physicians treating illness and scholars of materia medica approaching the subject from the standpoint of pharmacology.

(1) The Medical Prescriptions on Silk Manuscripts Unearthed from the Han-Dynasty Tomb at Mawangdui, Changsha

In 1973, a great quantity of silk manuscripts was unearthed from the Han-dynasty tomb at Mawangdui, Changsha, among which were no few medical prescriptions for treating illness, containing more than 270 prescriptions for treating 52 kinds of ailments. The original text bore no title; the Mawangdui Han Tomb Silk Manuscripts Editorial Group gave it the title Fifty-Two Prescriptions. Among these, Prescription 22 of the “Various Injuries” category is a prescription using saltpeter to treat illness: “Place saltpeter (硝, xiao) into warm water and use it to bathe the sore.”⁵ According to scholarly textual research, this medical prescription probably came into being during the Warring States period, before the compilation of the Huangdi Neijing, and was copied out around the Qin-Han transition,

¹ Bencao Gangmu, Juan 5, “Minerals, Part 5 — Shi Liuhuang,” in Sibu Jingyao, Vol. 13, p. 590. ² Su Song of the Song dynasty, compiler, collated and edited by Hu Naichang and others: Tujing Bencao, Fujian Science and Technology Publishing House, 1988 edition; also found in Sibu Jingyao, Vol. 13, p. 590. ³ Zhang Hua of the Western Jin, compiler: Bowuzhi, in the Baizi Quanshu edition, Vol. 7, Zhejiang People’s Publishing House, 1984 photolithographic reprint; also see the Fan Ning-collated edition of the Bowuzhi, Zhonghua Book Company, 1980 edition. ⁴ Li Shizhen of the Ming dynasty, compiler: Bencao Gangmu, Juan 5, “Minerals, Part 5 — Shi Liuhuang,” in Sibu Jingyao, Vol. 13, p. 590. ⁵ Mawangdui Han Tomb Silk Manuscripts Editorial Group: “Transcription of the Medical Texts Unearthed from the Mawangdui Han Tomb (II),” in Wenwu, 1975, No. 9, p. 36.

which shows that physicians already existed at that time who used saltpeter as a medicine for treating sores and ulcers.

(2) Bian Que Cang Gong’s Use of Saltpeter as a Medicine to Treat Illness

According to the Shiji, “Biographies of Bian Que and Cang Gong,” in the state of Qi at Linzi (present-day Linzi, Shandong), there was a famous physician called Cang Gong, surnamed Chunyu, given name Yi, born in the thirty-second year of Qin Shi Huang (215 BCE), skilled in treating illness. Bian Que [sic; referring to Cang Gong himself in the first person in the quoted memorial] related of himself: “The beautiful consort of the King of Zichuan was pregnant but could not deliver, and I was summoned. I went, and gave her a pinch of the herb pugu [wild ginger] to drink dissolved in wine, whereupon she promptly gave birth. I then examined her pulse again, and found it dry [feverish]. Where the pulse is dry there is a residual illness, so I then gave her a dose of saltpeter (xiaoshi) to drink; she passed blood, in clots about the size of five or six beans.”¹ In the end the illness was cured by the medicine, and this was handed down by historians as a fine tale.

(3) The Early Eastern Han Medical Bamboo-and-Wood Slips Discovered at Wuwei, Gansu

In November 1972, Chinese archaeologists discovered at Hantanpo, Wuwei, Gansu, a batch of early Eastern Han medical bamboo-and-wood slips, 92 pieces in all, recording more than 30 prescriptions covering acupuncture and moxibustion, internal medicine, surgery, ENT medicine, and gynecology; the medicines listed number 100 kinds in name, divided among the three great categories of plant, animal, and mineral. Among these are 16 kinds of mineral medicines, saltpeter being among them.²

(4) Scholars of Materia Medica Research into the Medicinal Properties of Saltpeter

Besides using saltpeter to treat illness, scholars of materia medica also collected specimens of medicinal substances, and, having gathered these specimens, carefully classified and rationally arranged them according to their properties; it was under these circumstances that the medicinal properties of saltpeter and sulfur were first recognized.

It is recorded that the Western Han scholar Liu Xiang (c. 77–6 BCE), in his Liexianzhuan (“Biographies of Immortals”), states: “Chi Fu was a man of Ba and Rong. He served as registrar of the Bi Ji Shrine, and was able to make mercury into an elixir; he took it together with saltpeter, and after thirty years returned to the appearance of a child.”

During the Eastern Han period, someone, writing under the pseudonym “Shen Nong,” compiled China’s earliest classic of medicinal substances, the Shennong Bencao Jing.³ In this book, 365 medicinal substances are divided into three classes: those without toxicity are ranked as the superior class, honored as “sovereign” (jun) remedies, numbering 120 kinds, chiefly for nourishing life and fit for long-term use; those with slight or no toxicity are ranked as the medium class, called “minister” (chen) remedies, numbering 120 kinds, chiefly for nourishing the constitution, mostly having tonifying and therapeutic effects; and those with severe toxicity are ranked as the inferior class, named “assistant and courier” (zuoshi) remedies, numbering 125 kinds, chiefly for treating illness, not fit for long-term use, and mostly substances for dispelling cold and heat and breaking up accumulations and masses. According to this classification method, saltpeter (xiaoshi) is ranked sixth among the superior-class medicines, and sulfur is ranked second among the medium-class medicines, and detailed records are given of their medicinal properties: “Xiaoshi has a bitter taste and a cold nature; it chiefly [treats] accumulated heat in the five viscera, distension and blockage of the stomach, and washes away accumulated, stagnant food; it promotes the expulsion of the old and generation of the new, and dispels malign qi. When refined it becomes paste-like; long-term use lightens the body. It has another name, mangxiao (supplemented according to a citation in the Taiping Yulan).” “Puxiao has a bitter taste and a cold nature; it chiefly [treats] the hundred illnesses, dispels cold and heat and malign qi, and drives out accumulations, hardenings, and lingering ailments in the six bowels. It can transmute seventy-two kinds of minerals; when refined and taken as a paste, it lightens the body like an immortal. It grows in mountain valleys.”⁴

Tao Hongjing, in the Mingyi Bielu, likewise mentions the medicinal properties of saltpeter: “Puxiao has an acrid taste, is intensely cold, and is non-toxic. It chiefly treats stagnant, heat-bound food accumulated in the stomach, breaks up stagnant blood and blockages, resolves phlegm accumulation and fullness, and promotes the expulsion of the old and generation of the new. When refined it is like white silver; it can be cold, hot, slippery, astringent, acrid, bitter, salty, or sour [in its effects]. Buried in the earth it does not change for a thousand years; that which is blue-white in color is best, while the yellow variety harms people and the red variety kills people.” “Xiaoshi has an acrid taste, is intensely cold, and is non-toxic. It chiefly treats one hundred and twenty ailments among the five viscera and twelve meridians. It is a most numinous substance of Heaven and Earth, and can transmute (seventy-)two kinds of minerals.” “Mangxiao has an acrid, bitter taste, and is intensely cold.”

¹ Sima Qian of the Han dynasty, compiler: Shiji, Juan 105, “Biographies of Bian Que and Cang Gong,” Zhonghua Book Company, 1973 edition, collated edition of the Shiji, Vol. 9, p. 2806. Subsequent citations of this work follow this same edition. ² Gansu Provincial Museum et al.: “Brief Report on the Excavation of the Han Tomb at Hantanpo, Wuwei,” in Wenwu, 1973, No. 12. ³ Shennong Bencao Jing: the original text has been lost; its content survives through citations in later materia medica works. In its discussions of the nature, taste, function, use, and efficacy of medicinal substances, the book is for the most part reliable, and it is generally believed to have been compiled during the Eastern Han. ⁴ Sun Xingyan and Sun Fengyi of the Qing dynasty, compilers: Shennong Bencao Jing, People’s Medical Publishing House, 1963 edition, p. 6.

Because physicians and scholars of materia medica alike said that saltpeter could not only cure illness but, taken over a long period, could lighten the body and refresh the spirit, bringing joy as if one were an immortal, this became the motive that led alchemists to use saltpeter to refine elixirs of long life. Thus the conscious research into the medicinal properties of saltpeter unwittingly became the motive cause behind the invention of gunpowder. And it was precisely because saltpeter and sulfur were medicinal substances that could be used to treat illness that later generations came to call the combustible, explosive substance compounded from saltpeter, sulfur, and charcoal “gunpowder” (huoyao, literally “fire medicine”).



2. Understanding of the Chemical Properties of Saltpeter and Sulfur

From the Western Han onward, the alchemists’ research into the properties of saltpeter and sulfur advanced a further step, some of it already touching upon the chemical properties of saltpeter and sulfur.

Records from the Sanshiliu Shuifa** (“Thirty-Six Water Methods”)**:¹ This book lists numerous so-called properties by which saltpeter can “transmute” metals, silver, and various minerals. It is said that Liu An, King of Huainan (179–122 BCE) of the Western Han, was passionately devoted to the arts of immortality, and that his teachers, the “Eight Elders” (referring to eight fangshi masters), presented him with a Sanshiliu Shuifa. This is an alchemical text purporting to be able to transmute various metals and minerals into liquid form; it contains 36 “water methods” and 59 elixir formulas, of which 32 formulas make use of saltpeter. Although those metals and minerals were not truly transformed into liquid, the alchemists genuinely had the idea and practice of trying to explore the properties of saltpeter.

Records from the Zhouyi Cantong Qi: The Zhouyi Cantong Qi mentions an experiment combining sulfur with mercury. The alchemist Wei Boyang (active during the reign of Emperor Huan of the Eastern Han, i.e., 147–167 CE) mentions the results of this experiment in his book, thereby extending people’s research to the chemical properties of sulfur. After this, people repeatedly discovered, through further experiments, that sulfur, once ignited, would leap and dance upward — a property of extreme reactivity. Before long, people also discovered that scattering saltpeter onto burning charcoal would produce flame; and they further discovered the phenomenon that saltpeter would react with many substances, so that alchemists commonly combined it with other substances in their refining, in order to alter and adjust the properties of certain medicinal substances. Because the saltpeter that people observed bore such various names as puxiao, xiaoshi, mangxiao, and mayaxiao (“horse-tooth xiao”), and because these all shared a bitter taste, were white in color like frost or snow, formed needle- or awn-shaped crystals, and were all readily soluble in water, and were very similar in outward appearance, for a very long time people were unable to find a scientific method for telling them apart.



3. The Invention of the Flame-Color Method for Distinguishing True Saltpeter

Tao Hongjing took the first step in creating such a method, unraveling a mystery that had gone unsolved for many years. In the Bencao Jing Jizhu, on the basis of accounts he had collected, he set out a method for distinguishing genuine saltpeter: “In earlier times someone obtained a substance whose color was much the same as, yet slightly different from, that of puxiao; soft and yielding like grasping at salt or snow, does not freeze even in intense cold. When strongly burned, a purple-blue smoke rises from it; it is said that this is genuine xiaoshi.” The meaning is that if genuine saltpeter (KNO₃, that is, xiaoshi, written in ancient times as 消石) is placed over a flame and burned, a purple-blue smoke will rise from it; if this does not happen, then it is not genuine saltpeter but rather puxiao (Na₂SO₄·10H₂O, that is, sodium sulfate).

After a long process of evolution, this method gradually developed into the modern chemical flame test for distinguishing potassium nitrate from sodium nitrate. The modern physical and chemical principle behind this test is as follows: when potassium nitrate is placed over a flame and burned, its outer-shell electrons are excited to a higher energy state; when the electrons fall back from the higher energy level to a lower one, they emit visible light in the purple range, thereby producing a purple flame. Sodium sulfate, however, when burned over a flame under the same conditions, produces only a yellow flame. Because Tao Hongjing’s method accords with scientific principle, he is thereby recognized in the history of chemistry as the originator of the flame test for distinguishing potassium nitrate from sodium nitrate.

Following Tao Hongjing, a similar record also appears in the Kongshi Jiesan Fang (“Mr. Kong’s Prescription for Dissolving Pellets”),² which appeared during the Sui dynasty: “The shape of xiaoshi closely resembles that of puxiao, [but is] somewhat softer; one should first place a small piece on burning charcoal — if smoke rises from it, then that which turns to ash is of the finest quality.”

¹ Sanshiliu Shuifa: this book was later photolithographically reprinted by the Shanghai Hanfenlou in 1926; it is found within the Zhengtong Daozang, “Dongshen Section, Various Techniques” category, Vol. 597. Subsequent citations of this work follow this same edition. ² Kongshi Jiesan Fang: this book is found within the Huangdi Jiuding Shendan Jingjue; see the Zhengtong Daozang, “Dongshen Section, Various Techniques” category, Vols. 584–585.

Later still, the Danfang Jingyuan (“Mirror-Source of the Alchemical Chamber”),¹ which appeared before the Baoying era (762–763) of the mid-Tang, records the “yellow-saltpeter method” that arose in the technique for manufacturing red lead (Pb₃O₄, also called huangdan, “yellow elixir”): “In manufacturing red lead, use one jin of lead, two liang of sulfur, and one liang of saltpeter. First melt [the lead] into a liquid, add vinegar drop by drop; when it is boiling vigorously, add a small lump of mineral sulfur, then add a little more saltpeter; once it stops boiling, add more vinegar drop by drop again, then, as before, add a little more saltpeter and sulfur; when the boiling has ceased and the yellow color is fully developed, grind it into powder to produce huangdan [red lead].”

The method employed here is first to use sulfur together with molten lead to produce black, brittle lead sulfide, and then to add saltpeter as an oxidizing agent, so that the lead sulfide rapidly turns into bright-red or orange-red red lead. If sodium mangxiao (Na₂SO₄·10H₂O) or magnesium xiao (MgSO₄·7H₂O) were mistakenly used in place of saltpeter, the red lead could not be produced. This technique therefore also provided a new method for identifying potassium nitrate (KNO₃).

The Huangdi Jiuding Shendan Jingjue (“Yellow Emperor’s Instructions on the Divine Elixir of the Nine Tripods”),² compiled during the mid-Tang period, provides one of the most important, most convenient, and most reliable methods for distinguishing potassium xiao, sodium xiao, and magnesium xiao. According to Juan 8 of this work, the “Chapter on Clarifying Minerals,” it states: “[The genuine substance] (referring to potassium saltpeter) closely resembles puxiao (referring to sodium mangxiao) in shape. One should first place a piece of it on burning charcoal; if a purple smoke (flame) issues from it, and it then turns into ash, this is the superior kind.” Juan 16 of the same work, “Method for Making Puxiao Stone,” states: “Xiaoshi and puxiao are much the same, with only slight differences. Soft to the touch, like grasping salt or snow, not freezing [even in intense cold]. When strongly burned, a purple-blue smoke and flame rise from it, and it then (nai) turns to ash without boiling or producing liquid — this is xiaoshi. If, upon boiling, it produces liquid, then this is puxiao.” “As for puxiao, when it is burned, liquid boils forth from it, in a form resembling alum stone.”

These two experimental results show that sodium mangxiao, upon heating, releases its water of crystallization and itself also dissolves into it to form a liquid solution; once the water has boiled away entirely, it becomes a white powder of anhydrous mangxiao. Potassium saltpeter, however, when subjected to intense heat (care being taken that it not come into contact with charcoal), melts like oil and does not boil. By this point, Chinese alchemists had essentially mastered the method for selecting potassium saltpeter, thereby providing a basic and necessary condition for the invention of gunpowder.

Before the Tang dynasty, the understanding and research into the various properties of saltpeter and sulfur had already, in its principal direction, touched upon the basic properties of saltpeter and sulfur; and it was the research into the medicinal properties of these two substances that spurred the alchemists to refine “elixirs of long life,” which in turn became the motive cause leading to the invention of gunpowder.




Section 3 The Alchemists’ Contribution to the Invention of Gunpowder

The activity that led to the invention of gunpowder in our country began, at the outset, with the activity of alchemists using saltpeter and sulfur to refine elixirs.


1. The Practice of Refining the “Elixir of Long Life” and Its Theoretical Basis

Alchemical activity mainly comprised three aspects: first, using various inorganic substances, including metals and minerals, subjected to certain chemical treatments, to refine an “elixir of long life”; second, seeking a plant-based “elixir of long life,” conducting research into medicinal plants; and third, conducting research into the smelting of metals. The various activities by which alchemists refined the “elixir of long life” developed rapidly, owing to the emphasis placed on them by successive rulers from the Qin through the Tang dynasties. In the latter part of the Eastern Han, Wei Boyang, in the Zhouyi Cantong Qi, established the theoretical foundation and guiding thought of alchemy upon the yin-yang theory then in vogue, holding that only when yin-natured medicinal substances and yang-natured medicinal substances were brought into union and mutually constrained could a miraculous, wondrous immortal elixir be refined. By the end of the Tang dynasty, alchemists had already accumulated rich experience concerning the yin-yang attributes of the various categories of medicinal substances. They classed as yin those substances that were somber and dark in color, stable and quiescent in nature, not easily combustible, and that grew in shaded mountain areas, by water, or in cold places — such as saltpeter, horse-tooth saltpeter, mercury, and lead. Conversely, they classed as yang those substances that were reddish-yellow or blue-green in color, that readily volatilized (“took flight”) on contact with fire, that were easily combustible, and that were readily sublimated — such as sulfur, realgar, cinnabar, and gold. If the two categories of substances were placed together,

¹ Danfang Jingyuan: this book is found within the Qiangong Jiageng Zhibao Jicheng; see the Zhengtong Daozang, “Dongshen Section, Various Techniques” category, Vol. 595. ² Huangdi Jiuding Shendan Jingjue: this book is found within the Zhengtong Daozang, “Dongshen Section, Various Techniques” category, Vols. 584–585.

and refined together, then: “one takes the marrow of yin and yang, following the pattern of Heaven and Earth’s transformative work, water and fire mutually completing one another (that is, applying fire beneath the alchemical furnace to heat it, while the upper, outer part is cooled with water, producing a violent chemical reaction),”¹ and thereby a miraculous immortal elixir would be refined.

Saltpeter, together with sulfur, realgar, and orpiment, are, respectively, typical yin medicines and yang medicines; if they are placed together and refined, then a combustion-explosion phenomenon will occur. Ge Hong (c. 283–343), an alchemist of the Eastern Jin period, records in the “Immortal Medicines” chapter of his Baopuzi an experiment combining saltpeter, “black pig intestine,” and pine resin to refine realgar together: “Also, realgar ought to be that which comes from Mount Wudang… one may steam and boil it, or steep it in wine, or first dissolve saltpeter into liquid and then coagulate it [with the realgar]; or one may wrap it in black pig intestine and steam it beneath red earth; or one may mix it with pine resin, or refine all three substances together; when drawn out it is like cloth, white as ice. Taken, it in every case grants long life and cures the hundred illnesses.”²

What is here called “black pig intestine” (also written “original pig intestine”) was, at that time, another name for pig’s large intestine, and in fact refers to pig’s fat; pine resin is a mixture of rosin and turpentine; realgar is the arsenic sulfide compound of sulfur, As₂S₂, a naturally occurring mineral combustible substance. Among these substances, saltpeter is the oxidizing agent; pig’s large intestine and pine resin are both carbon-bearing substances and act as reducing agents; realgar, too, acts as a reducing agent. When these three substances are evenly mixed and blended, the resulting ice-white compound is arsenic trioxide (As₂O₃). If the saltpeter used were sufficiently abundant, then igniting the resulting compound with fire would cause an explosion. Because Ge Hong did not pass down to later generations the exact quantitative ratio in which he combined saltpeter and realgar, it is impossible to know for certain whether, in the course of his experiments, he discovered the combustion-explosion phenomenon that occurs when the three substances are refined together; nevertheless, his alchemical activities played an important role in the invention of gunpowder.



2. The “Method of Subduing Fire” in Alchemy

Tang-dynasty alchemists, building upon the alchemical techniques handed down by their predecessors, developed the “method of subduing fire” (fuhuo fa). From the standpoint of refining elixirs, the purposes of “subduing fire” were roughly threefold: first, “killing toxicity” (shadu), that is, using the method of roasting over fire to eliminate the inherent toxicity of certain medicinal substances; second, taming the property, in certain medicinal substances, of readily volatilizing and escaping upon heating; and third, taming the explosive combustibility of certain substances when refined together. Before using herbal medicines to “subdue” the “Four Yellows” (sulfur, realgar, orpiment, and arsenolite), Tang-dynasty alchemists would often first “carbonize while preserving the nature” of these substances, so as to enhance the efficacy of the fire-subduing process. If, in the course of subduing fire with herbal medicines, one further applied the principle of yin-yang mutual constraint by adding an appropriate quantity of the yin-natured medicinal substance saltpeter, so as to further strengthen the force of the fire-subduing process, then one could avoid suffering harm from it in the course of alchemical refining. The most primitive gunpowder was precisely compounded, unwittingly and by chance, in the course of alchemists’ application of the fire-subduing method. There were many fire-subduing methods current at that time, among which three are related to the invention of gunpowder: first, the “method of subduing sulfur by fire” in the Zhujia Shenpin Danfa (“Various Masters’ Sacred Elixir Methods”);³ second, the “method of subduing alum by fire” in the Qiangong Jiageng Zhibao Jicheng (“Complete Compendium of the Treasures of Lead, Mercury, Metal, and Earth”);⁴ and third, the method of “burning saltpeter, sulfur, realgar, and honey together” in the Zhenyuan Miaodao Yaolüe (“Essential Summary of the Wondrous Way of True Origin”).⁵

The “method of subduing sulfur by fire” was current chiefly around the eighth century CE. According to the record in the Zhujia Shenpin Danfa, “Method of Subduing Sulfur by Fire” section, the method is as follows: “Sulfur and saltpeter, two liang each, ground together. Take the above (referring to the substances just listed) and place them inside a saltpeter-refining pot or an earthenware jar, putting the medicinal substances inside it. Dig a pit in the ground, and place the pot in the pit so that its rim is level with the ground; fill in the earth solidly on all four sides. Take three honey-locust seeds that have not been eaten by insects, roast them until they are charred yet retain their form, and insert them one by one [into the pot] with tongs. Wait until the flames have entirely died down, then place two jin of raw and cooked charcoal at the mouth of the pot, and fan it to make it glow. Wait until one-third of the charcoal has been consumed, then remove and discard the remaining fire; when it has cooled, take out [the contents] — this is what is meant by ‘subduing fire.’”

¹ Zhang Jiupo of the Tang dynasty, compiler: Jinshi Lingsha Lun, in the Zhengtong Daozang, “Dongshen Section, Various Techniques” category, Vol. 586. ² Ge Hong of the Eastern Jin, compiler: Baopuzi Neipian, Juan 11, pp. 48–49, “Immortal Medicines,” photolithographic reprint in Zhuzi Jicheng, Vol. 8, Zhonghua Book Company, 1959 edition. Subsequent citations of this work follow this same edition. ³ Meng Yaoshi of the Song dynasty, compiler: Zhujia Shenpin Danfa, Juan 5, “Method of Subduing Sulfur by Fire,” in the Zhengtong Daozang, “Dongshen Section, Various Techniques” category, Vol. 594. This work may well be recorded within the Sun Zhenren Danjing, compiled during the mid-Qianyuan era of the Tang (758–760), though the “Sun Zhenren” of that title is not Sun Simiao. ⁴ Qiangong Jiageng Zhibao Jicheng, Juan 2, in the Zhengtong Daozang, “Dongshen Section, Various Techniques” category, Vol. 595. ⁵ Attributed to Zheng Siyuan: Zhenyuan Miaodao Yaolüe, in the Zhengtong Daozang, “Dongshen Section, Various Techniques” category, Vol. 596.

Although the special substance refined by this “fire-subduing” method cannot yet be called gunpowder, it had already become the earliest form in which saltpeter was introduced into a self-oxygen-supplying combustion system, and represents the first step by which gunpowder — with saltpeter, sulfur, and charcoal as its principal components — entered its stage of invention.

The “method of subduing alum by fire” is another important piece of historical material frequently referenced in research into the history of the invention of gunpowder; from the standpoint of the process of gunpowder’s invention, it represents a further major advance beyond the “method of subduing sulfur by fire.” The “method of subduing alum by fire” is recorded in the Taishang Shengzu Jindan Mijue (“Secret Instructions on the Golden Elixir of the Most High Sacred Ancestor”), composed by the fangshi master Qingxu Zi of Jinhua Cave, a work completed in the third year of the Yuanhe era of Emperor Xianzong of the Tang (808 CE), and later incorporated into Juan 2 of the Qiangong Jiageng Zhibao Jicheng. Its content is as follows: “Sulfur, two liang; saltpeter, two liang; Caesalpinia seeds (mading), three and a half liang. Take the above (referring to the substances just listed) and grind them into powder, mix them evenly, dig a pit, and place the medicine inside a jar set level with the ground. Take a piece of glowing charcoal (referring to red-hot charcoal) the size of a bullet and place it inside; as smoke gradually rises, cover it with four or five layers of damp paper, press down with two square bricks, and bank it over with earth; wait until it has cooled, then take it out. The sulfur is thereby ‘subdued’ (in fact, this refers to the mixture of potassium oxide, potassium sulfide, potassium carbonate, potassium sulfate, and the like generated after the reaction).”¹ Judging from the apparatus used in this method, the quantities of the substances employed, and the refining process, this ought to be a new “fire-subduing method” that developed and evolved out of the “method of subduing sulfur by fire.”

Compared with the “method of subduing sulfur by fire,” the “method of subduing alum by fire” represents a further great advance. The “method of subduing sulfur by fire” mixed together two liang each of saltpeter and sulfur, forming a self-oxygen-supplying combustion system composed of these two substances, saltpeter and sulfur. Although these two substances could combust rapidly once ignited, because no carbon-bearing material directly participated in the reaction, and because sulfur’s melting point is very low, the combustion reaction was quickly interrupted by a coating of molten sulfur that blocked the combustion surface. In order to make the two substances burn fully, the alchemists therefore adopted a remedial measure, fanning the mouth of the pot with three jin of raw and cooked charcoal, and adding three honey-locust seeds one after another, providing repeated assistance to combustion so as to carry the combustion reaction through to completion. But the speed and force of its combustion were both quite limited. The improvement made by the “method of subduing alum by fire” lay in evenly mixing a carbon-bearing material — powdered Caesalpinia seeds — together with equal quantities of saltpeter and sulfur, thereby forming a complete self-oxygen-supplying combustion system, one that possessed the conditions of a prototype gunpowder. Once ignited, this medicinal compound could burn rapidly without needing to draw on oxygen from the surrounding air, releasing a great quantity of heat and gas, and even resulting in the calamity of a combustion-explosion. It was precisely out of consideration of this danger that the alchemists all stressed, when subducing fire, burying the medicinal compound underground, and devising methods such as covering it with damp cloth and slowly feeding in red-hot charcoal, so as to slow the speed of the reaction and prevent the medicinal compound from bursting into flame and shooting upward once ignited. From this it can be seen that the original gunpowder compounded by our country’s alchemists from the three substances of saltpeter, sulfur, and charcoal, together with its formula, had already been made public and published to the world by the year 808 CE — and it therefore follows quite naturally that the finished product itself must have come into being sometime between the end of the eighth century and the beginning of the ninth century CE.

However, because the alchemists’ purpose in refining elixirs was singular, and because they confined themselves to conducting their own experiments in refining medicinal compounds — remaining only at the level of subduing fire in and compounding their medicinal materials, and attending only to describing the many phenomena that occurred in the course of experimentation without probing deeply into the underlying principles — they did not give this momentous invention the attention it deserved; on the contrary, in their writings they repeatedly cautioned people that, in the course of refining elixirs, one must guard against the fire hazard caused by refining saltpeter, sulfur, and charcoal together. In the Zhenyuan Miaodao Yaolüe, in the section “Discerning the False and Verifying the True, No. 1,”² two records concerning the method of subduing fire with saltpeter serve as an example. (The first states:) “There were those who combined sulfur and realgar with saltpeter and honey and burned them together; the flame flared up, burning their hands and faces and even their houses.” (The second states:) “Saltpeter is fit to be used as an assistant to other medicinal substances; used in excess it spoils the medicine. It must never be combined and burned together with the raw, unrefined ‘Three Yellows’ (referring here to sulfur, realgar, and orpiment); (if combined and burned) disaster will follow instantly.”

The above records show that if these three substances were combined in a fire-subduing experiment, then upon ignition a combustion-explosion far more violent and dangerous than that produced by the two-component combination of saltpeter and the “Three Yellows”

¹ Qingxu Zi, fangshi master of Jinhua Cave, compiler: Taishang Shengzu Jindan Mijue, Juan 2, “Method of Subduing Alum by Fire,” recorded in the Qiangong Jiageng Zhibao Jicheng, Juan 2, in the Zhengtong Daozang, “Dongshen Section, Various Techniques” category, Vol. 595. ² Zhenyuan Miaodao Yaolüe, “Discerning the False and Verifying the True, No. 1,” in the Zhengtong Daozang, “Dongshen Section, Various Techniques” category, Vol. 596, p. 3.

might occur — one not only capable of burning people’s hands and faces, but capable of sending flame leaping upward and burning down houses — and for this reason the alchemists urged people to take this lesson to heart and by all means avoid being burned by fire.

As alchemical activity and fire-subduing experimentation continued without interruption, the readily combustible and explosive nature of saltpeter, sulfur, and charcoal, once burned together, was gradually put to use by perceptive men of insight. In contrast to the alchemists’ “hazard-avoidance experiments,” conducted for the purpose of refining elixirs, military technologists, proceeding from the practical needs of warfare, boldly made use of the combustion-explosion effect produced when the three substances saltpeter, sulfur, and charcoal were burned together, to manufacture firearms possessing lethal and incendiary effects, for use in combat. By the beginning of the Northern Song, the gunpowder invented by the alchemists, after being improved upon by military technologists, was made into the first batch of firearms. However, owing to gaps in the records left by historians, or their failure to attach sufficient importance to this scientific invention, the term “gunpowder” (huoyao) is not found recorded in any historical text before the early Northern Song. It was not until the first year of the Tiansheng era of the Northern Song (1023 CE), when a gunpowder workshop was established at Kaifeng, that the term “gunpowder” first appears in historical records. In the fourth year of the Qingli era of the Northern Song (1044 CE), the Wujing Zongyao (“Complete Essentials from the Military Classics”), compiled and published by Zeng Gongliang (999–1078), Ding Du (active c. 1008–1063), and others, formally published the three earliest gunpowder formulas in the world: the “fire-caltrop gunpowder formula,” the “poison-and-smoke fire-caltrop gunpowder formula,” and the “poison-smoke-blinding fire-caltrop gunpowder formula.”

The historical process by which gunpowder was invented in China shows that the invention of gunpowder was a long process of scientific experimentation and practice, and can by no means be dismissed with a single phrase, as the Englishman Henry Wilkinson’s “spontaneous-generation theory” attempts to do. Wilkinson states: “The earliest invention of gunpowder possibly originated in India, China, and similar places, generated through the method of burning food on hard, saltpeter-bearing ground. I myself have often speculated that this is entirely possible. The local inhabitants of these countries, once they had left off eating raw food, would necessarily have adopted the method of cooking food by burning it. Then, when extinguishing the campfire, pieces of wood that had become more or less charcoal would be left behind, and at the same spot, fires would often flare up again upon subsequent burning, this kind of mild deflagration phenomenon occurring repeatedly. That the two most reactive components of this mixture (gunpowder) should have come into contact by chance is indeed entirely possible.… As for the period in which gunpowder was put to practical use, it is probably the case that, from the time of its discovery, it continued to be used right down to the present day; might it not be, then, that gunpowder was invented through just such a coincidence as I have just described? This too cannot be known for certain.” Arima Seiho [有马成甫], a Japanese researcher into the history of firearms, having cited the above view, proceeds to reject it. He holds that this speculation is baseless conjecture; although it is possible that people in high antiquity encountered certain deflagration phenomena and sought to investigate their causes, the synthesis of gunpowder was the result of scientific progress and of human reasoning capacity reaching a relatively high level, and by no means a chance discovery arrived at accidentally through natural coincidence. For this reason, this view is naturally bound to be rejected by people — moreover, only a small number of people, such as Wilkinson, hold this view in the first place.¹




Section 4 The Three Gunpowder Formulas Published in the Wujing Zongyao

The Wujing Zongyao is the first officially compiled encyclopedic military treatise in ancient China (see photographic plate); because it published the world’s earliest three gunpowder formulas as well as such firearms as the fire caltrop and the gunpowder arrow, it has come to be regarded by firearms-history researchers of every country as an exceedingly precious and rare source of material.

From the time Zhao Kuangyin (927–976) launched the Chenqiao (present-day north Kaifeng) mutiny in the seventh year of the Xiande era of the Later Zhou (960 CE), down through the several decades in which Emperor Renzong of Song, Zhao Zhen (1010–1063), held court, the Song dynasty faced serious challenges from the Western Xia and the Liao dynasty. In order to safeguard the security and unity of the state and achieve lasting order and stability, the court attached great importance to

¹ [Japan] Arima Seiho, Kahō no Kigen to sono Denryū (“The Origin of Gunpowder and Firearms and Their Transmission”), pp. 1–3, Tokyo, Yoshikawa Kōbunkan, 1962 edition. Subsequent citations of this work follow this same edition and render the title in Chinese as Huopao de Qiyuan ji qi Liuchuan, or abbreviated as Liuchuan. This work collects a considerable body of source material on the history of firearms in both East and West before the seventeenth century, and is of considerable reference value.

the pursuit of research into military theory and military technology among civil and military officials alike. Zhao Zhen, in the “Emperor Renzong’s Imperial Preface” to the Wujing Zongyao,¹ reveals this strategic intent with the utmost clarity: he required that the book, regarding “the governance of armies and campaigns of chastisement, as recorded in the classics and in the historical annals, honor benevolence and righteousness first and strategic calculation second, and, as for the suppression of rebellion, border defense against invasion, and stratagems of the present dynasty, all be given in outline”; and that, regarding “the laws of camp and battle formation, the names and numbers of weapons and equipment, the implements of attack and defense, and the uses of defensive resistance, all be accompanied by illustrations and diagrams, and be thoroughly explained and annotated.” That is to say, he required that civil and military officials and the generals commanding troops not only be thoroughly versed in the military strategies of past dynasties and of the reigning dynasty, so as to prevail over their adversaries through military strategy, but also be well acquainted with matters relating to military technology and military engineering, so as to surpass those who came before and prevail over their opponents in technique and tactics, achieving what was called “combining an understanding of the strategic situation” with “employing technical skill” — making innovations and breakthroughs in the manufacture and use of weapons, and remedying the state of affairs in which commanding generals were “little versed in the learning of past and present” while also being ignorant of military technology and military engineering. The compilation and publication of the Wujing Zongyao was precisely a concentrated reflection of this strategic vision. According to the “Imperial Preface” written by Emperor Renzong of the Northern Song for this book, the entire work was compiled under the overall direction of the Vice Minister of the Ministry of Works and Councilor of State Ding Du, who headed the editorial bureau and was responsible for leading the compilation of the entire work, while the task of finalizing the text was completed by Zeng Gongliang, Awaiting Appointment at the Tianzhang Pavilion.


1. The Author of the Wujing Zongyao

Zeng Gongliang and Ding Du were the men who headed the compilation of the Wujing Zongyao.

Zeng Gongliang, courtesy name Mingzhong, was a native of Quanzhou (in present-day Fujian). He was born in the second year of the Xianping era (999 CE), and became a jinshi during the Tiansheng era (1023–1032). He first served as magistrate of Kuaiji County, and because he governed the flooding of Mirror Lake effectively, the people benefited from his measures and he won deep popular support. In the tenth month of the fourth year of the Qingli era (1044 CE), while serving in the post of Collator at the Jixian Academy, he was appointed to compile the Wujing Zongyao. He organized the compilation staff to gather into the book, in their entirety, the cold weapons, gunpowder, firearms, and siege-and-defense equipment manufactured by the early Northern Song weapons-manufacturing agencies — the Southern and Northern Workshops, the Bow-and-Crossbow Institute, and the Guangbei Attack-City Institute — thereby, for the first time in the history of Chinese military scholarship, systematically bringing together military theory and military technology within a single book, compiling China’s first encyclopedic military treatise, a work of precious and rare documentary value for later research into the invention of gunpowder and the creation of firearms. He subsequently held a succession of further posts, all with distinguished achievements. In the last year of Emperor Renzong’s reign (1063 CE), he and Chancellor Han Qi jointly deliberated on the matter of establishing an heir apparent. When the Khitans encroached upon the border river, Zeng Gongliang firmly advocated prohibiting and eliminating [the source of friction], thereby removing the border threat. In the ninth month of the third year of the Xining era, he was appointed Minister of Works concurrently Vice Director of the Chancellery, Military Commissioner of the Three Cities of Heyang, and Overseer of the Jixi Watchtower, making many contributions to the governance of the military. He later retired from office with the rank of Grand Guardian. Before his retirement, Zeng Gongliang recommended Wang Anshi for the chancellorship. He died in the first year of the Yuanfeng era (1078 CE). Emperor Shenzong of Song posthumously bestowed on him the rank of Grand Preceptor and Secretariat Director, with the posthumous title “Xuanjing,” and had him enshrined alongside Emperor Yingzong’s ancestral temple, personally inscribing on the top of his stele the words “Stele of the Meritorious Statesman Who Determined Policy and Received the Final Charge of Two Reigns.” Throughout his life, Zeng Gongliang was learned in both letters and arms, and made distinguished contributions to the stability of the Northern Song.

Ding Du, courtesy name Gongya, his year of birth unknown. His ancestors were from Qinghe in Enzhou (present-day Qinghe, Hebei), and his family later moved to Xiangfu (present-day Kaifeng, Henan). He was born in the first year of the Chunhua era (990 CE), and was fond of learning from a young age. During the reign of Emperor Renzong, he submitted the “Ten Strategies for Border Defense Preparedness” (Beibian Yaolan), and rose through a succession of offices to become Academician of the Duanming Hall and Overseer of the Court of Judicial Review. He was later promoted to Vice Minister of the Ministry of Works, in charge of weapons manufacture, and was also deeply versed in military technology and military engineering, serving as Zeng Gongliang’s most capable assistant in compiling the Wujing Zongyao. He had previously submitted the five-juan Qingli Bing Lu (“Record of Military Affairs of the Qingli Era”) and the one-juan Shanbian Lu (“Record for Aiding Border Defense”), setting forth incisive views on border-defense preparedness; before long he was promoted to Councilor of State, and later transferred to Academician of the Guanwen Hall, and further promoted to Left Vice Director of the Department of State Affairs. He died in the fifth year of the Huangyou era (1053 CE). Emperor Renzong of Song posthumously bestowed on him the rank of Minister of Personnel, with the posthumous title “Wenjian.” His writings include the ten-juan Chiying Shenglan, the three-juan Guijian Jingyi, and the eight-juan Biannian Zonglu.



2. The Three Gunpowder Formulas

The Wujing Zongyao set a model for the compilation of encyclopedic military treatises in ancient China, and inaugurated a new style in the writing of ancient military texts,

¹ Zeng Gongliang and Ding Du of the Song dynasty, compilers: Wujing Zongyao Qianji, “Emperor Renzong’s Imperial Preface,” pp. 1–3, Zhonghua Book Company, 1959 edition, photolithographic reprint of the Ming Zhengde printed edition. See Zhongguo Kexue Jishu Dianji Tonghui: Jishu Juan, Vol. 5, pp. 41–42, Henan Education Publishing House, April 1994 edition. Subsequent citations of this work follow this same edition, with the title rendered in simplified Chinese characters as Zhongguo Kexue Jishu Dianji Tonghui: Jishu Juan (abbreviated as Tonghui: Jishu Juan).

for it no longer concentrated, as earlier military texts had done, on discussing and elaborating the application of strategy alone, but instead divided the content of military scholarship into a number of categories for discussion and elaboration, among which the content on military technology is exceedingly rich, including various cold weapons, war chariots, warships, military fortification, siege equipment, and defensive equipment for holding cities, discussed category by category according to the classification schemes of ancient military scholarship; not only does it provide written explanations of the form, construction, and method of use of each item, but it is also illustrated with numerous schematic diagrams and construction diagrams of an archaic simplicity, making it a work that represents the culmination of military technology in China before the Northern Song, and providing rich and precise material for later research. The three gunpowder formulas published in the book¹ are, to this day, the earliest gunpowder formulas that can be found anywhere in the world (Figure 1-5), and constitute the sole historic marker of both the invention of gunpowder and the use of firearms in warfare.

(1) The Fire-Caltrop Gunpowder Formula

“Jinzhou sulfur, fourteen liang;² native sulfur (woh huang), seven liang; flame saltpeter, two jin and a half; hemp fiber (maju), one liang; dry lacquer, one liang; arsenic sulfide (pihuang), one liang; lead carbonate powder (dingfen), one liang; bamboo fiber (zhuju), one liang; red lead (huangdan), one liang; yellow beeswax, half a liang; clarified oil, one fen; tung oil, half a liang; pine resin, fourteen liang; thick oil, one fen.”

Once the above raw materials were all assembled, the craftsmen, following the prescribed procedure, would on the one hand place the yellow beeswax, pine resin, clarified oil, and tung oil together and boil them into a paste; and on the other hand would separately pound and grind the other ingredients into fine powder, sift out a suitably fine powder, and add it into the paste, stirring it in evenly to form a paste-like gunpowder. This was then wrapped in five layers of paper on the outside and bound with hemp cord; finally, more pine resin was melted and applied as a coating on the outer shell. At this point, a portion of gunpowder had been successfully compounded.

Of the substances used in this formula, the Jinzhou sulfur was produced in Shanxi; the woh huang was a natural product; the flame saltpeter is simply saltpeter (xiaoshi); while pihuang is an arsenic compound, also called “cockscomb stone”; dingfen is a toxic substance; and huangdan (red lead) is a lead compound. If the various substances are separately classified and grouped according to saltpeter, sulfur, and carbon-bearing material, then the saltpeter weighs 40 liang, the sulfur (Jinzhou sulfur plus woh huang) together weighs 21 liang, and the various carbon-bearing substances together weigh 18.02 liang, the three together weighing 79.02 liang; their respective mixing ratios are 50.6%, 26.6%, and 22.8%. In addition, there are also 3 liang of toxic substances such as pihuang, dingfen, and huangdan. Therefore, to make one batch of fire-caltrop gunpowder, apart from the externally applied coating material, a total of 82.02 liang of ingredients was required.

(2) The Poison-and-Smoke Fire-Caltrop Gunpowder Formula

“Sulfur, one jin four liang; flame saltpeter, two jin and a half; coarse charcoal powder, five liang; bitumen (liqing), two liang and a half; dry lacquer, two liang and a half — pound these into powder; bamboo fiber, one liang one fen; hemp fiber, one liang one fen — cut these into small pieces; using tung oil and light oil, two liang and a half each, and wax, two liang and a half, melt them into a liquid and mix them in (this then makes the poison-and-smoke fire-caltrop gunpowder). (The externally applied coating material is:) paper, twelve liang and a half; hemp, ten liang; red lead, one liang one fen; ash powder, half a jin; melt these into a liquid together with bitumen, two liang and a half, and yellow beeswax, two liang and a half, (to serve as the coating applied to seal the outer shell of the fire caltrop).”

The flame saltpeter used in this formula, that is, saltpeter, weighs 40 liang; the sulfur weighs 20 liang; the various carbon-bearing substances together weigh 19.52 liang; the three

¹ The three gunpowder formulas: see Tonghui: Jishu Juan, Vol. 5, pp. 71, 96–101. ² Note: here calculated according to the system of the time: 1 jin = 16 liang, 1 liang = 10 qian, 1 qian = 10 fen.

[Figure 1-5: The Three Gunpowder Formulas Published in the *****Wujing Zongyao*****.]

together weigh 79.52 liang, and their respective mixing ratios are 50%, 25%, and 25%. Adding the 36.51 liang of externally applied coating material, one batch of poison-and-smoke fire-caltrop gunpowder requires a total of 116.03 liang of various materials in all.

(3) The Poison-Smoke-Blinding Fire-Caltrop Gunpowder Formula

“Weight: five jin. Use sulfur, fifteen liang; monkshood (cao wutou), five liang; flame saltpeter, one jin fourteen liang; croton seed (badou), five liang; wolfsbane (langdu), five liang; tung oil, two liang and a half; light oil, two liang and a half; powdered charcoal, five liang; bitumen, two liang and a half; arsenic trioxide (pishuang), two liang; yellow beeswax, one liang; bamboo fiber, one liang one fen; hemp fiber, one liang one fen — pound and combine these into a ball, and run through it a single hempen cord, one zhang two chi in length, weighing half a jin, to serve as the fuse-cord. For the externally applied coating: use paper, twelve liang and a half; hemp fiber, ten liang; bitumen, two liang and a half; yellow beeswax, two liang and a half; red lead, one liang one fen; powdered charcoal, half a jin — pound and combine these into a coating material (to be applied to the outside of the ball’s shell).”

In this formula, saltpeter weighs 30 liang, sulfur weighs 15 liang, and the various carbon-bearing substances together weigh 15.52 liang; the three together weigh 60.07 liang, with respective mixing ratios of 49.06%, 24.8%, and 25.6%. In addition, there are the four toxic substances monkshood, croton seed, wolfsbane, and arsenic trioxide, together weighing 17 liang, so that the entire ball requires a total of 77.52 liang of materials.

The three gunpowder formulas given above show that, by using saltpeter, sulfur, and charcoal as the basic raw materials and then blending in certain additional ingredients, gunpowder of differing performance characteristics and uses could be compounded. The coating applied to the outside of the ball’s shell to seal it was made by blending combustible substances with other ingredients; once dried, this coating served both to keep the gunpowder inside the ball dry and clean, and to allow a heated awl (huozhui) to burn through the shell and ignite the gunpowder within. Thus, in use, one had only to burn through the ball’s shell with a heated awl and hurl it into the enemy’s camp or battle formation, producing effects of burning, smoke, and the spreading of poison, thereby poisoning the enemy’s men and horses and seizing victory in battle.




Summary

China’s invention of gunpowder underwent a long historical process: the alchemists’ experimental results of 808 CE mark the invention of gunpowder, while the three gunpowder formulas published in the Wujing Zongyao are products of gunpowder’s use in warfare, and remain to this day unique and precious historical source material.

(1) The Historical Significance of the Publication of the Three Gunpowder Formulas

The three gunpowder formulas recorded in the Wujing Zongyao are the rich fruit of several hundred, or even more than a thousand, years of dedicated exploration by the laboring people, scholars of materia medica, physicians, and alchemists of ancient China. Their formal publication marks the conclusion of the invention stage of military gunpowder in our country. After passing through the entire process of scholars of materia medica researching the properties of saltpeter, sulfur, and charcoal, and of alchemists conducting combustion-explosion experiments on mixtures of saltpeter, sulfur, and charcoal, a new stage was entered in which military strategists compounded saltpeter, sulfur, and charcoal according to a fixed mixing ratio into gunpowder and made it into firearms for use in warfare — an event of epoch-making significance in the history of the development of weaponry. Thereafter, the main task of gunpowder researchers and developers was to devote themselves to improving the performance of gunpowder and increasing the variety of gunpowder types. To this day, among all the historical materials on gunpowder that can possibly be obtained, the three gunpowder formulas recorded in the Wujing Zongyao are the earliest published gunpowder formulas in the world.

(2) Opening Up New Paths and New Domains for Enhancing the Destructive Power of Weapons

The gunpowder compounded according to these three formulas was both a fine, standardized product refined through trial use and improvement by Song-dynasty armies, and a model sample for the compounding of military gunpowder in various localities. Compared with the various prototype gunpowders of earlier experimental processes, the mixing ratio among saltpeter, sulfur, and charcoal in these formulas had gradually become more rational, and the saltpeter content had increased substantially, making the military application of gunpowder possible; in terms of compounding technique, it moved from crude to refined processing; and in terms of quantity of output, it moved from scattered, small quantities to mass, batch production — thereby creating the conditions for the expanded manufacture of firearms and their supply for military use, and opening up new paths and domains for enhancing the lethal and destructive power of weapons. However, because these gunpowders still contained a considerable quantity of other materials, they remained a kind of early-stage gunpowder usable only for incendiary, smoke-producing, or poison-spreading purposes, and still awaited continual improvement and refinement in actual warfare.

(3) Clarifying Mistaken Notions Concerning the Invention of Gunpowder

Regarding the invention of gunpowder in China, misunderstandings and prejudices have existed not only among people of other countries, but mistaken notions have also existed in the understanding of no few Chinese people, even well-known scholars, giving rise to certain misjudgments and instances of leading others astray.

The Ming-dynasty scholar Qiu Jun (1420–1495) said of gunpowder: “Examining the records of institutions throughout history, none contain any account of it. It is not known who first devised this substance (huoyao), nor in what era. Perhaps [it is meant] that it was only after the Sui and Tang dynasties that it first reached the Western Regions, arriving in China together with what is popularly called ‘fireworks’ (yanhuo)?”¹ Qiu Jun evidently had never read the Wujing Zongyao; not only was he ignorant of China’s invention of gunpowder, he even erroneously claimed that China’s gunpowder and fireworks were transmitted from the Western Regions. Owing to Qiu Jun’s misleading claim, the correct understanding of the history of gunpowder’s invention among later generations was affected for more than 500 years, and it is indeed necessary to set the record straight.

The Ming-dynasty scholar Fang Yizhi (1611–1671) likewise committed the same error as Qiu Jun, going so far as to say: “Gunpowder came from foreign barbarian lands… the Tang dynasty had ‘fire trees and silver blossoms’ [fireworks] — might these already have made use of it?”² Judging from the chronology, Fang Yizhi probably gave credence to Qiu Jun’s claim.

The errors of Qiu Jun and Fang Yizhi were seized upon and exploited by certain Western sinologists. For instance, the Englishman William Frederick Mayers (1831–1878) took this as his basis for claiming that China’s gunpowder was introduced from India and Central Asia in the fifth or sixth century. The British historian Edward Gibbon (1737–1794), in his History of the Decline and Fall of the Roman Empire, likewise put forward the erroneous claim that gunpowder and firearms were invented by Europeans and only later transmitted to China. Besides these, there are others who hold this same view.

The Ming-dynasty writer Luo Qi, in his Wuyuan, “Origins of Military Affairs, No. 14,” has the statement that “Ma Jun of the Wei kingdom created the exploding firecracker (baozhang), and Emperor Yang of Sui went further and used gunpowder for entertainment,”³ and later generations have taken this as a basis for believing that gunpowder was already in use by the time of Emperor Yang of Sui. This too is a misunderstanding. In fact, the “baozhang” mentioned by Ma Jun refers to a kind of “exploding bamboo” (baozhu, firecracker). According to the Shenyi Jing (“Classic of Spirits and Marvels”), compiled by someone during the reign of Emperor Wu of Han under the pseudonym of Dongfang Shuo (154–93 BCE), it states: “In the mountains of the west there dwell people who are more than a chi tall, standing on one leg, and by nature unafraid of men. If provoked, they cause people to suffer chills and fever. (Some people) place bamboo into fire, and the fire makes a cracking, popping sound, at which the mountain-sprites (shansao) take fright and flee far away.” The meaning here is that the cracking sound produced by burning bamboo in fire could drive away evil spirits and ward off misfortune. Similarly, Zong Lin of the Liang dynasty (502–557) during the Northern and Southern Dynasties period, in his Jingchu Suishiji, when quoting the Shenyi Jing, likewise states: “On the first day of the first month… one rises at the crowing of the cock, and first sets off exploding bamboo in the courtyard, to split open the mountain-sprites and evil spirits.” The meaning of this passage, too, refers to the practice, at that time, of burning bamboo so that it exploded with a cracking sound, believed to bring good fortune and to ward off evil spirits. The Tang-dynasty Yiwen Lu states: “Li Tian resided in [a certain place]; his neighbor, old man Zhong, was possessed by a mountain demon. Tian, ordering that this be dealt with by morning, used genuine bamboo in the courtyard, setting it alight and exploding it, whereupon the demon took fright and fled.” Here too the reference is to using burning bamboo to drive away demons. The line “amid the sound of exploding bamboo, one year is swept away” (爆竹声中一岁除) in the poem “New Year’s Day” by the eminent Song-dynasty statesman Wang Anshi (1021–1086) states even more clearly the meaning of using exploding bamboo to make a sound in joyful welcome of the new year. Yuan Wen, a contemporary of Wang Anshi, records in his Wengyou Xianping the practice of “burning bamboo in the courtyard at the dawn of the new year,” and the book’s annotation to “burning bamboo” (liaozhu) states: “‘Burning bamboo’ means exploding bamboo (baozhu).” From this it can be seen that the many texts cited above all indicate that “baozhang” refers to “exploding bamboo,” and not to firecrackers made using saltpeter and sulfur.

Firecrackers manufactured using saltpeter and sulfur originated in the late Northern Song and early Southern Song, and are recorded extensively in historical texts; a few examples are given below.

In the first year of the Jingkang era of the Northern Song (1126 CE), a man named Chen Yuyi, in a poem written while traveling south to Yuezhou (present-day Yueyang, Hunan), states: “In the city, the exploding firecrackers have already sounded through the night watches; the north wind churns the river, its fury not yet spent.” Not long afterward, Wang Zhi, who served as an editor in the Bureau of Military Affairs of the Privy Council from the first to the thirty-second year of the Shaoxing era (1131–1162), in his Zazuan Xu (“Continuation of the Miscellany”), includes the content “children setting off paper firecrackers,” showing that by that time firecrackers made by rolling paper into tubes and filling them with gunpowder had already been created.

¹ Qiu Jun of the Ming dynasty, compiler: Daxue Yanyi Bu, Juan 122, pp. 9–10, Ming Hongzhi-era first printed edition, 1488 edition. ² Fang Yizhi of the Ming dynasty, compiler: Wuli Xiaoshi, Juan 8, p. 208, in the Commercial Press’s Wanyou Wenku series, general volume no. 543. ³ Luo Qi of the Ming dynasty, compiler: Wuyuan, “Origins of Military Affairs, No. 14,” in Congshu Jicheng Chubian, “General Category,” general volume no. 182.

The Southern Song writer Meng Yuanlao, in his Dongjing Menghua Lu, composed in the seventeenth year of the Shaoxing era (1147 CE), recalls in retrospect various things he himself witnessed while residing in the capital city of Bianjing (present-day Kaifeng, Henan) between the second year of the Chongning era and the second year of the Jingkang era of the Northern Song (1103–1127). Among these is a scene in which Song soldiers performed a variety of entertainments before the emperor on the Lantern Festival: when the Song emperor “ascended in his carriage to the Baojin Tower,” the assembled troops presented their various entertainments below the tower… “suddenly there was a sound like a thunderclap, which was called a ‘baozhang’ (exploding firecracker).”¹ The Qing-dynasty scholar Zhai Hao states: “[The baozhang] is not found in earlier records; only the Wulin Jiushi² states that ‘at West Lake, young men competed in skill, setting off exploding firecrackers, and staged such entertainments as fireworks display, spinning wheels, running fuses, shooting stars, and water-bursts³ … a single string of a hundred or more going off without pause; it seems that these kinds of entertainment date from the Song.’”⁴ This shows that, by that time, people had already mastered the technique of stringing individual firecrackers together on a hemp stalk to form a “string of firecrackers” (bianpao), thereby raising the manufacturing technique of firecrackers to a new level.

Some scholars, noting the statement in the Wuyuan that “Emperor Yang of Sui went further and used gunpowder for various forms of entertainment,” together with Yang Guang’s (Emperor Yang’s) own lines of poetry, “a thousand lights illuminate the lantern trees; blossoms of flame open on seven branches,” and further citing the Tang-dynasty poet Su Weidao’s lines “fire trees and silver blossoms come together; star bridges and iron chains open,” have concluded that fireworks made using saltpeter and sulfur already existed during the Sui and Tang dynasties. The contemporary scholar Feng Jiasheng, after extensive textual research, concluded that these all refer to the scene, at that time, of people hanging colored lanterns on tree branches, presenting a nighttime spectacle, and not to fireworks at all. The Tang-dynasty compilation Souyu Xiaoji explicitly states that what Su Weidao composed was a “lantern-viewing poem.”⁵

Some scholars, on the basis of the statement in the “Record” section of Wang Jia’s Shiyi Ji of the Jin dynasty that “the technique of holding thunder in the mouth and spitting fire originates from the household of Wan Bi of Huainan,”⁶ have held that “holding thunder in the mouth and spitting fire” refers to fireworks produced using saltpeter and sulfur. In fact, this fire-spitting technique was, for the most part, a performance put on by actors playing gods and demons in theatrical drama, and the substance held in the performer’s mouth was ordinary rosin powder, not fireworks made from saltpeter and sulfur, and still less can it be regarded as evidence for the invention of gunpowder. This is because holding gunpowder in the mouth to spit fire, if not done properly, could result in an explosion, whose injurious effects would endanger not only the performer but might even risk death or injury to the audience as well.

¹ Meng Yuanlao of the Song dynasty, compiler: Dongjing Menghua Lu, Juan 7, “[Emperor Zhao] Ascends to the Baojin Tower as the Assembled Troops Present Their Entertainments,” Zhonghua Book Company, 1982 edition, pp. 193–196. ² Zhou Mi of the Song dynasty, compiler. ³ Spinning wheels, running fuses, shooting stars, and water-bursts are all varieties of fireworks. ⁴ Zhai Hao of the Qing dynasty, compiler: Tongsu Bian, Juan 22, p. 249, in Congshu Jicheng Chubian, general volume no. 1223. ⁵ Emperor Yang of Sui: “Poem on Lighting the Lantern-Tower Connecting Bridges on the Fifteenth Night of the First Month,” in Quan Han San Guo Jin Nanbeichao Shi, No. 20. ⁶ Xu Jian of the Tang dynasty and others, compilers: Chuxue Ji, Juan 4. ⁷ Feng Jiasheng: The Invention of Gunpowder and Its Westward Transmission, p. 13. ⁸ Wang Jia of the Eastern Jin, compiler, recorded by Xiao Qi of the Liang dynasty: Shiyi Ji, Juan 4, p. 108, collated and annotated by Qi Zhiping, Zhonghua Book Company, 1981 edition.





Chapter Two The Creation of Early-Stage Firearms in China’s Song Dynasty

From the founding of the Song dynasty by Zhao Kuangyin in 960 CE down to the fall of the Southern Song in 1279 CE — a period of more than 300 years — warfare was frequent both within and among the various peoples of China. Conflicts were intricately interlocked and followed one upon another in succession: there were wars of annexation and unification among the various nomadic peoples of the north; there were wars in which these peoples challenged the Zhao-Song regime of the agricultural Central Plains and contended for supremacy there; and there were also numerous wars within the agricultural peoples of the Central Plains itself. In these wars, every side strove to manufacture and use advanced weapons in order to defeat its opponents and seize victory.

Because the Central Plains region ruled by the Song dynasty already possessed a highly developed foundation of science and technology inherited from the Tang, it also produced many major inventions of its own. The tremendous lethal and destructive power produced when the gunpowder invented by the alchemists was burned greatly attracted the attention of military technologists and commanding generals. They conceived the idea that if gunpowder could be made into weapons, not only would their power increase to an unprecedented degree, but they would also have broad prospects for further development — whereas cold weapons, their power no longer capable of substantial further increase, would inevitably fade into obscurity by comparison. They therefore continued to improve the performance of cold weapons while at the same time shifting the focus of weapons research, development, and use toward the vigorous exploration of the research, development, and use of firearms powered by the chemical energy released through the combustion of gunpowder. Through their efforts, a new type of weapon — early-stage firearms — finally made its appearance on the battlefields of the Northern Song. In the wars among the various ethnic regimes of Song, Xia, Liao, Jin, and Mongol (Yuan), every side further drove forward the continual development and innovation of early-stage firearms. And this continual development and innovation of early-stage firearms was, in turn, founded upon the development of the military handicraft industry of the various powers at that time.


Section 1 The Military Handicraft Industry of the Various Powers of the Song Period

In order to meet the needs of warfare and weapons development, the various powers of Song, Xia, Liao, Jin, and Mongol (Yuan) all established military handicraft industries.


1. The Military Handicraft Industry of the Northern and Southern Song

In order to carry out wars of unification and guard against border incursions, the Northern Song court, in the eighth year of the Kaibao era (975 CE), established a vast weapons-manufacturing system centered on the Eastern Capital, Bianliang (present-day Kaifeng, Henan), and spread throughout the prefectures of the entire country. According to the “Bing 11” (“Military Affairs, No. 11”) treatise of the Song Shi (“History of the Song”), in the early Northern Song a Weapons Manufacturing Bureau (Zaobing Gongshu) was established at Bianliang, under which there were the “Southern and Northern Workshops and the Bow-and-Crossbow Institute; every prefecture had its own manufacturing bureau, all supervising the artisans and setting fixed quotas of work for them.” At that time, the Southern and Northern Workshops and the Bow-and-Crossbow Institute together concentrated several thousand artisans. Among these, the Bow-and-Crossbow Institute had 1,024 weapons-manufacturing artisans, and the Bow-and-Crossbow-and-Arrow-Manufacturing Institute had 1,071 weapons-manufacturing artisans.¹ A considerable proportion of these weapons-manufacturing artisans came from the auxiliary army (xiangjun) and from soldiers who already possessed relatively high craft skill, and were called “military artisans” (junjiang) or “soldier-artisans” (bingjiang), serving in weapons manufacture for life. If the number of military artisans proved insufficient, civilian artisans (minjiang) were recruited to supplement them.

In the sixth year of the Xining era (1073 CE), during Wang Anshi’s reforms, a Directorate of Weapons (Junqi Jian) was established in imitation of the Tang-dynasty system, charged with overseeing weapons manufacture both centrally and in the localities, and a comprehensive and strict system of regulations was formulated, which can be summarized roughly as follows: first, at the weapons-manufacturing

¹ Xu Song of the Qing dynasty, compiler: Song Huiyao Jigao, Vol. 69, “Zhiguan 16, No. 24 — Bow-and-Crossbow Institute,” Zhonghua Book Company, 1975 edition, photolithographic reprint of the Song Huiyao Jigao, Vol. 3, p. 2733. Subsequent citations of this work follow this same edition.

workshops and institutes, work was to be assigned to the artisans according to the weapon patterns fixed by the Directorate of Weapons; second, artisans were to draw raw materials according to the quantity of weapons they had been assigned to manufacture; third, every weapons-manufacturing workshop and institute was to dispatch an official every ten days to tally the quantity of weapons produced, and to use this as the basis for inspection, assessment, and the administering of rewards and punishments; fourth, the content of this inspection and assessment included whether the quantity of glue, lacquer, sinew, and leather materials drawn matched the quantity of finished goods produced, whether the work was being diligently carried out, and the degree of skill involved; fifth, once weapons were finished, samples were to be submitted to such bodies as the Convenience Hall (Biandian) for inspection, and qualified products were to be sent into storage; sixth, after testing, the finest products were to be selected as models and distributed to the manufacturing institutes of every prefecture for them to manufacture accordingly; seventh, if the quality of weapons manufactured by the manufacturing institutes of any locality failed to meet the required standard, the responsible local officials were not permitted to accept them; and eighth, anyone who leaked the patterns for weapons manufacture was to be punished as for violation of imperial regulations.¹

In the first year of the Tiansheng era (1023 CE), the court established at Kaifeng the Guangbei Attack-City Institute (Guangbei Gongcheng Zuo), devoted specifically to manufacturing siege and city-defense equipment, under the direction of the Guangbei Command. Under it were twenty-one sub-workshops: “the Large Timber Workshop, the Saw-Craftsmen’s Workshop, the Small Timber Workshop, the Leather Workshop, the Large Furnace Workshop, the Small Furnace Workshop, the Hemp Workshop, the Stone Workshop, the Brick Workshop, the Clay Workshop, the Well Workshop, the Red-and-White Workshop, the Barrel Workshop, the Tile Workshop, the Bamboo Workshop, the Fierce-Fire-Oil (Petroleum) Workshop, the Nail-and-Clasp Workshop, the Gunpowder Workshop, the Metal-and-Fire Workshop, the Blue-Kiln Workshop, and the Small-Kiln Workshop.”² Every workshop had strict operating procedures, and the leaking of manufacturing techniques to the outside was strictly forbidden. The establishment of the Gunpowder Workshop shows that, by 1023 CE, the compounding of gunpowder in the Northern Song had already developed from scattered handicraft operations by individual workers into assembly-line operations carried out in large-scale workshops, entering a stage of batch production — a leap forward in the production of gunpowder munitions. The three gunpowder formulas published in the Wujing Zongyao appear to be the documentary record of products manufactured at the Guangbei Attack-City Institute.

In the latter part of the Northern Song, the court further established at Kaifeng the Yuqian Junqi Suo (Imperial Weapons Institute), which was in charge of the policy of gathering workers and assembling materials, and of manufacturing military equipment; within this institute there were 3,700 all-round skilled artisans (wanquan gongjiang). At the same time, the artisans of the Southern and Northern Workshops also grew in number to 5,000.³

After the Song court moved south, the Directorate of Weapons and its 51 subordinate workshops relocated together to Lin’an (present-day Hangzhou), and in the third year of the Jianyan era (1129 CE) were placed under the jurisdiction of the Yubu (Court of the Imperial Granaries) within the Ministry of Works, while at the same time the Southern and Northern Workshops and the manufacturing institutes were merged into the Imperial Weapons Institute. Before long, the Imperial Weapons Institute was likewise placed under the Ministry of Works, sharing responsibility for the Ministry’s weapons-manufacturing affairs;⁴ under it were vast weapons-manufacturing workshops, with more than 2,000 permanently enrolled artisans and more than 500 miscellaneous-duty soldiers; the entire institute at its largest reached more than 5,000 people, most of them drawn from Liangzhe and Fujian, manufacturing more than three million weapons of various kinds every year. In addition, the Song court also established the Weiwei Si (Court of Imperial Insignia), which was in charge of the policy on ceremonial guards’ weapons and armor, and was responsible for the acceptance and inspection of weapons manufactured by the various internal and external workshops, checking and verifying their quantity and quality of manufacture; those that passed inspection were sent to the Wuku (Military Armory) for storage, while those that failed were subject to penalty. Under it were established such arms depots as the Inner Bow-and-Arrow Storehouse, the Southern Outer Storehouse, the Military Bow-and-Spear Storehouse, and the Military Crossbow-and-Arrow Storehouse, which stored weapons, equipment, and armor by category.⁵

In order to spur the development of military technology, the Song court promoted a policy of rewarding invention and innovation in military technology. For instance, when Feng Jisheng, a Clerk of the Ministry of War in charge of weaponry, presented a new method for firearms (huoqi fa) in the third year of the Kaibao era (970 CE), Zhao Kuangyin personally rewarded him with an imperial gift of clothing and silk. When Tang Fu, a company commander of the naval marines under the court’s own Palace Command Infantry Guard, presented a self-designed firearm in the eighth month of the third year of the Xianping era of the Northern Song (1000 CE), and when the shipbuilding artisan Xiang Fu presented the design for a “sea-cockroach” style ship, both received rewards of strings of cash from the court (one thousand cash constituting one string, min); in the ninth month of the fifth year of the Xianping era, Bian Shipu, a Militia Training Officer of Jizhou, presented for trial the fire ball and gunpowder arrow he had experimentally manufactured, and was granted an audience with Emperor Zhenzong. Spurred on by the court’s policy of rewards, a situation arose in which “officials and commoners who presented models of weapons and equipment were extremely numerous,”⁶ and the military handicraft

¹ Song Shi, Juan 165, “Zhiguan 5 — Directorate of Weapons,” Zhonghua Book Company, 1977 edition, collated edition of the Song Shi, Vol. 12, p. 3809. Subsequent citations of this work follow this same edition. ² Song Huiyao Jigao, Vol. 75, “Zhiguan 30, No. 7,” photolithographic reprint, Zhonghua edition, Vol. 3, p. 2995. ³ Song Huiyao Jigao, Vol. 69, “Zhiguan 16, No. 12,” photolithographic reprint, Zhonghua edition, Vol. 3, p. 2772. ⁴ Song Shi, Juan 163, “Zhiguan 3 — Ministry of Works,” Zhonghua edition, Vol. 12, p. 3862. ⁵ Song Shi, Juan 164, “Court of Imperial Insignia,” Zhonghua edition, Vol. 12, p. 3892. ⁶ Song Shi, Juan 197, “Bing 11 — System of Weapons and Armor,” Zhonghua edition, Vol. 11, pp. 4909–4914.

industry achieved unprecedented development.



2. The Military Handicraft Industry of the Liao, Xia, Jin, and Mongols

During this period, the military handicraft industries of the Liao, Xia, Jin, and Yuan also developed to varying degrees.

The military handicraft industry of the Liao dynasty. The military handicraft industry of the Liao made great progress after Yelü Abaoji (872–926) founded the state: he established a Weapons Bureau (Junqi Fang) under the Northern Court, in charge of weapons manufacture,¹ and set up the Shaofu Jian (Directorate of the Privy Purse) and the Jiangzuo Jian (Directorate for the Palace Buildings) under the Southern Court, which also had concurrent charge of weapons manufacture.² After the Khitan founded the Liao in the first year of the Datong era (947 CE), it took the Liao’s Five Capitals — Shangjing Linhuangfu (present-day roughly two li east of Zhen Town, Bairin Left Banner, Juu Uda League, Inner Mongolia), Zhongjing (present-day Ningcheng County, Juu Uda League, Inner Mongolia), Dongjing (present-day Liaoyang, Liaoning), Nanjing (present-day Beijing), and Xijing (present-day Datong, Shanxi) — as its weapons-manufacturing centers, producing horse armor and equipment and cavalry weapons and other arms.

The military handicraft industry of the Western Xia. After founding the state of Western Xia, Li Yuanhao (1003–1048) comprehensively imitated Han customs, studied Han science and technology, employed Han Chinese to help administer the state, promoted a policy of “honoring the military and emphasizing law” (shangwu zhongfa), trained his army in imitation of Song institutions, and established handicraft-industry bodies such as the Gongji Yuan (Institute of Crafts and Techniques) and the Tiegong Yuan (Institute of Ironworking) under the Wensi Yuan (Institute of Design and Manufacture), concentrating a body of artisans of relatively high craft skill to manufacture weapons for him.

The military handicraft industry of the Jin dynasty. Even before the founding of the Jin dynasty, the Jurchen people had already applied ironworking techniques to the manufacture of bows and arrows and to the preparation of military equipment. In the more than one hundred years from the founding of the Jin dynasty by Wanyan Aguda (1068–1123) onward, the military handicraft industry developed rapidly, and its level was already on a par with that of the Song. In the fifth year of the Northern Song’s Xuanhe era (the seventh year of the Jin’s Tianfu era, 1123 CE), the Jin army “took the Yanjing Circuit… and moved the wealthy and skilled clan populations of the six prefectures in their entirety to the interior.”³ In the fourth month of that same year, Aguda further ordered that “Xiguna’i and Poluhuo should escort the Changsheng Jun (Ever-Victorious Army) and the artisans of the great clans of Yanjing, moving them to the interior by way of Songting Pass.”⁴ After these artisans had been relocated to Shangjing Huiningfu (present-day south of Acheng, Heilongjiang), they both transmitted weapons-manufacturing techniques to the Jurchen people and directly manufactured weapons and equipment for the Jin. In the seventh year of the Northern Song’s Xuanhe era (1125 CE), after the Jin had destroyed the Liao, it harbored the ambition of taking possession of the Central Plains, and, following up on its victory, attacked the Northern Song. In the first year of the Jingkang era (1126 CE), when the Jin army attacked the Song capital of Kaifeng, it employed all manner of cold weapons and siege equipment, and on the battlefield it learned the Song army’s techniques for manufacturing and using firearms, and captured Kaifeng. In order to further expand its weapons manufacture, and to contend with the Song army for control of the lands south of the Yangzi, the Jin court, in the second year of the Cheng’an era (1197 CE), established a Directorate of Weapons (Junqi Jian), charged with weapons manufacture. In the fourth year of the Taihe era (1204 CE), the Directorate of Weapons was abolished, and the Office of Armor Workshops (Jiafang Shu) was merged with the Office of Sharp Weapons (Liqi Shu) to form the Bureau of Weapons (Junqi Shu), directly subordinate to the Ministry of War. In the first year of the Zhining era (1213 CE), the Directorate of Weapons was re-established, with the Weapons Storehouse (Junqi Ku) and the Office of Sharp Weapons (Liqi Shu) under its jurisdiction, “in charge of the manufacture and repair of the state’s military weapons.” These adjustments to and establishments of institutions made the management of weapons manufacture more effective and stringent, and it was stipulated that manufactured weapons must bear “(engraved) the name and date of the original supervising official; should damage occur, or should the weapon be used in error, the original supervising official would be dealt with according to law (punished), without leniency,” so that “(the weapons thus manufactured) accorded with regulations in every particular.”⁵ From the end of the twelfth century to the beginning of the thirteenth, the Jin army not only took the Song army’s fire ball as its model in creating the iron-shelled fire ball known as the “iron fire bomb” (tiehuo pao), and developed it further into a more powerful type of iron fire bomb, the “Heaven-Shaking Thunder” (zhentianlei), but also created the single-soldier “flying fire lance” (feihuoqiang), making an important contribution to the development of military technology.

① Liao Shi (“History of the Liao”), Juan 46, “Baiguan Zhi 2 — Northern Court, Tribal Officials,” Zhonghua Book Company, 1987 edition, collated edition of the Liao Shi, Vol. 3, p. 730. Subsequent citations of this work follow this same edition, abbreviated as the Zhonghua edition. ② Liao Shi, Juan 47, “Baiguan Zhi 3 — Southern Court, Directorate for the Palace Buildings,” Zhonghua edition, Vol. 3, p. 789. ③ Jin Shi (“History of the Jin”), Juan 46, “Shihuo Zhi — Households,” Zhonghua Book Company, 1975 edition, collated edition of the Jin Shi, Vol. 4, p. 1033. Subsequent citations of this work follow this same edition. ④ Jin Shi, Juan 2, “Annals of Taizu,” Zhonghua edition, Vol. 1, p. 41. ⑤ Hua Yue of the Southern Song, compiler: Cuiwei Beizheng Lu (“Records of the Cuiwei Northern Campaign”), Juan 8, “On Governance and Remedies — the Manufacture of Bows and Arrows,” in Zhongguo Bingshu Jicheng (“Compendium of Chinese Military Texts”), Vol. 6, People’s Liberation Army Publishing House and Liaoshen Publishing House, 1991 edition, p. 688. Subsequent citations of this work follow this same edition, abbreviated as the Zhongguo Bingshu Jicheng edition.

The military handicraft industry of the Mongols (Yuan). After Genghis Khan (1162–1227) rose to power in the Mobei (Outer Mongolia) region and made himself supreme through arms, in the course of besieging cities and seizing territory the Mongol army carried out its policy that “only artisans shall be spared,”¹ relocating the artisans of the various peoples it captured to ironworking centers such as Khara Khorum in Mobei, and, northeast of Khara Khorum, Bilihedu, Hulanchijin, the Tuturahe and Wuliyanghuan garrison districts’ Zhenhai City, and Qianqianzhou (present-day the southern bank of the upper Yenisei River), where they manufactured various kinds of weapons. In the fourth year of the reign of Ögedei (d. 1242) (1232 CE), the Mongol army attacked Kaifeng. When the city fell, Subutai, acting in accordance with instructions, spared the artisans within the city as well as 1.47 million inhabitants.²

After Kublai Khan (1215–1294) assumed the throne of the Mongol state, he established a Directorate of Weapons (Junqi Jian) at Dadu (the Yuan capital) in the fifth year of the Zhiyuan era (1268 CE), “in charge of the manufacture and repair of military weapons,” employing captured artisans to manufacture weapons for the Mongol army. By the time the Southern Song fell, in the sixteenth year of the Zhiyuan era (the second year of the Southern Song’s Xiangxing era, 1279 CE), a system for the management and manufacture of weapons extending from Dadu down to the various circuits in the localities had already taken shape. In the third month of that year, the Yuan court ordered that the 600 newly surrendered artisans who had been manufacturing hui-hui (Muslim) trebuchets in the Lianghuai region, together with Mongols, Muslims, Han Chinese, and other newly surrendered persons skilled in trebuchet manufacture, should all be sent to the capital, so that they could be brought under control and management, or gathered together to take on the task of researching and developing new types of weapons. Thereafter, through continuous adjustment, development, and refinement, weapons manufacture in the Yuan dynasty entered a new period of development.

① Yuan Shi (“History of the Yuan”), Juan 163, “Biography of Zhang Xiongfei,” Zhonghua Book Company, 1987 edition, collated edition of the Yuan Shi, Vol. 13, p. 3819. Subsequent citations of this work follow this same edition. ② Yuan Shi, Juan 146, “Biography of Yelü Chucai,” Zhonghua edition, Vol. 11, p. 3459.




Section 2 The Fire Ball and Gunpowder Arrow Created in the Northern Song

As for the presentation to the court of fire balls (huoqiu; hereafter written as qiu) and gunpowder arrows by such firearms researchers as Feng Jisheng, Tang Fu, and Shi Pu, although the accounts in the Song Shi and the Xu Zizhi Tongjian Changbian are too brief for us to know the details with certainty, the records in the Wujing Zongyao allow us to gain a rough picture of their form and construction and their methods of manufacture and use.


1. Fire Balls

There were quite a few varieties of fire-ball-type firearms; in the eleventh and twelfth juan of the Wujing Zongyao alone, illustrations of eight kinds of fire balls are recorded, together with written explanations of their construction and methods of use. They are: the fire ball, the igniting fire ball, the caltrop fire ball, the thunderclap fire ball, the smoke ball, the poison-smoke ball, the iron-beaked fire kite, and the bamboo fire kite.

The Igniting Fire Ball. This was a trial fire ball used to gauge throwing distance before other fire balls were launched. It was manufactured by first pasting paper into a spherical outer shell, filling the shell with broken fragments of brick and stone, to a weight of three to five jin. The outside was coated with a paste made by boiling together a mixture of three substances — yellow wax, pitch, and charcoal powder — and applied to the outer surface of the ball’s shell. A hemp cord was tied to the gunpowder inside the ball and passed out through the shell, with a small ring attached to its outer end for ease of carrying (Plate 2).

The Caltrop Fire Ball. This was a fire ball for scattering the obstacle device known as the iron caltrop. It was made by wrapping caltrop-fire-ball gunpowder around iron blades of “three prongs and six points” (san zhi liu shou), through which was threaded a hemp cord about twelve chi long; the outside was coated with paper and various medicinal substances, and eight iron caltrops (each fitted with barbs) were placed on the ball. In use, an iron branding awl was first heated red-hot, and this awl was used to burn through the ball’s outer shell; the ball was then launched at the enemy by trebuchet. At this point the gunpowder inside the ball would begin to burn, producing flame that burst the ball’s shell apart, so that the iron caltrops scattered in all directions and fell on the enemy’s line of approach, obstructing the movement of enemy men and horses (Plate 2). The “fire caltrop” (huo jili) presented by Shi Pu, the Regional Militia Commissioner of Jizhou, was probably a fire ball of this type.

The Thunderclap Fire Ball. To make the thunderclap fire ball, one first selected a length of dry bamboo, two or three internodes long and 1.5 cun in diameter, free of any holes, cracks, or breaks, and then mixed thirty thin porcelain fragments, each about the size of an iron coin, together with three or four jin of gunpowder; an oval-shaped paper shell was then used to wrap around the bamboo section, leaving more than one cun of it exposed at each end, protruding from the ball’s shell. The outside of the shell was then coated with an easily combustible paste and sealed, ready for use. This type of fire ball was used entirely in the defense of cities under siege. When a besieging enemy dug tunnels outside the city walls to attack it, the defending soldiers would use a listening device called the “ground listener” (diting) to detect the enemy’s tunneling routes, and then, having chosen the best spot, would dig a vertical shaft downward to intersect the tunnel; a thunderclap fire ball, its shell first burned open with a branding awl, would be thrown down into the tunnel, where it would burst with a thunderclap-like report, and bamboo fans would be used to fan its smoke and flame, choking and scorching the besieging enemy troops. The “thunderclap cannon” (pili pao) used by the Vice Director of the Left of the Department of State Affairs, Li Gang (1083–1140), when he commanded the Song army in the defense of Bianliang at the start of the Jingkang era (1126 CE), was probably a fire ball of roughly this type (Figure 2-1).

[Figure 2-1: The Thunderclap Fire Ball — a reproduction of the illustration from the Wujing Zongyao showing the branding-awl tools and the fire ball itself]

The Smoke Ball. This was a fire ball that released smoke to screen the enemy’s line of sight. It was made by filling a paper ball-shell with three jin of gunpowder, coating it on the outside with about one jin of yellow mugwort (huanghao), and then sealing the outer shell with an easily combustible paste. In use, the shell was first burned through with a branding awl, and then the ball was launched at the enemy by trebuchet, where it would burst; the smoke inside the ball would then disperse in all directions, screening the enemy’s line of sight.

The Poison-Smoke Ball. This was a fire ball that released toxic substances to poison enemy men and horses. It was made by filling a paper ball-shell with a certain quantity of gunpowder, adding five jin of poisonous substances such as wolfsbane (langdu), croton seeds (badou), aconite root (cao wutou), and arsenic (pishuang), and then sealing the outer shell with an easily combustible paste. The poison-smoke ball was used mainly in the defense of cities under siege: when the enemy came to attack the city, the defending soldiers would first burn through the shell with a branding awl, and then launch it at the enemy with a trebuchet mounted on the city wall, where it would burst; the gunpowder packed inside the ball would then burst into flame, burning the enemy’s siege equipment, while at the same time the poisonous gas given off by the toxic substances inside the ball would disperse in every direction; any enemy men and horses that breathed it in would be poisoned, bleeding from the mouth and nose and losing their capacity to fight, and in severe cases it could cause death.

The Fire Bomb (huopao). This was simply the fire ball (huoqiu) — an incendiary fire ball made of gunpowder. Aside from saltpeter, sulfur, and charcoal, its ingredients were mostly combustible substances, such as shredded bamboo fiber (zhuru), light oil, tung oil, yellow wax, and pitch; it was therefore a fire ball that, once launched at the enemy by trebuchet and burst open, would ignite a fire.

The Iron-Beaked Fire Kite. This was an incendiary firearm shaped like a kite (yao), somewhat different in form from the fire ball: its body was made of wood, with an iron beak fitted to the head, and a bundle of straw bound to the tail, with gunpowder packed into the straw tail. The iron-beaked fire kite was used mainly in the defense of cities: when the enemy came to attack the city, its gunpowder would be ignited, and it would be launched by trebuchet into the ranks of the enemy’s besieging soldiers or onto their stores of grain and fodder, setting them ablaze (Plate 2).

The Bamboo Fire Kite. This too was a kite-shaped incendiary firearm: it used strips of bamboo woven into an oval-shaped cage as its outer shell, with several layers of paper pasted over the outside; the cage was packed with one jin of gunpowder, and three to five jin of straw were bound to the tail of the cage. Its method of use and its incendiary effect were the same as those of the iron-beaked fire kite (Plate 2).



2. Gunpowder Arrows

The gunpowder arrow was another type of early-stage firearm created in the early Northern Song. The Wujing Zongyao, in its twelfth and thirteenth juan, records two kinds: the bow-and-crossbow gunpowder arrow and the gunpowder whip arrow.

The Bow-and-Crossbow Gunpowder Arrow. This differed both from the ordinary fire arrows of earlier times, which used mugwort, oil, or pine resin as their combustible material and were shot from a bow or crossbow after being lit, and from arrows propelled by the combustion gases of gunpowder; rather, it was an arrow that used gunpowder as its combustible material and, once lit, was shot with a bow or crossbow. It was in turn divided into the bow gunpowder arrow and the crossbow gunpowder arrow.

The Wujing Zongyao records the form and construction of the bow gunpowder arrow in two separate passages. The first states: “The fire arrow: gunpowder is applied at the head of the arrow, and it can be used with either bow or crossbow; the weight of gunpowder applied is determined by the strength of the bow.” The second states: “When short-range troops discharge a gunpowder arrow, it is fletched like the birch-bark-feathered arrow (huapi yu); five liang of gunpowder are strung on behind the arrowhead, and it is lit and then shot.” From the above records we can see that the bow gunpowder arrow was made by attaching, behind the head of an ordinary arrow, a spherical gunpowder packet encircling the shaft — or, put another way, the arrow shaft passed through the central axis of a spherical gunpowder packet. The gunpowder packet was bound symmetrically around the arrow shaft as its axis, so that the arrow would remain balanced in flight (Figure 2-2). The quantity of gunpowder wrapped inside the packet was determined by the strength of the bow: a bow of greater strength carried a larger charge, and one of lesser strength a smaller charge. According to the book’s records, a standard-pattern bow gunpowder arrow used at the time, the “birch-bark-feathered arrow,” carried a gunpowder packet weighing five liang. Gunpowder arrows of this type of construction could be discharged with either a bow or a crossbow. Since gunpowder arrows at this time did not yet make use of a slow-match fuse, when discharging them one had first to light the combustible outer covering of the gunpowder packet, and only then shoot the arrow; once it struck and lodged in the enemy’s stores of grain and fodder, the burning packet-covering would ignite the gunpowder inside the packet, and this would in turn set off a fierce conflagration.

[Figure 2-2: The Bow-Shot Gunpowder Arrow, labeled “iron arrowhead” (tie jiantou) and “gunpowder packet” (huoyao bao)]

Apart from those types usable with either bow or crossbow, crossbow gunpowder arrows generally had thicker and longer shafts. Common types included the “tadpole arrow” (douzi jian) shot from the “three-bow tadpole crossbow” (san gong douzi nu), the iron-feathered “large chisel-head arrow” (tie yu da zaotou jian) shot from the double-bow bed crossbow and the “great compound cicada crossbow” (da hechan nu), and the “large chisel-head arrow” shot from the “small compound cicada crossbow” (xiao hechan nu). These too were made by attaching a gunpowder packet behind the arrowhead. As the Wujing Zongyao states, these arrows “can all be fitted with gunpowder for use, the amount depending on the strength of the crossbow.” Their methods of discharge and their incendiary effect were roughly similar to those of the bow-shot gunpowder arrow.

The Gunpowder Whip Arrow. This too was a kind of gunpowder arrow, named because its gunpowder packet was bound to the front part of an arrow shaft shaped like a bamboo whip. The twelfth juan of the Wujing Zongyao states: “The whip arrow (bianjian) uses a length of fresh green bamboo one zhang long and half a cun in diameter as its shaft-pole, with an iron cable fitted at the lower end and a six-chi silken cord tied at its tip; separately, a length of tough bamboo six chi long is carved into the whip arrow proper, which is fitted with an arrowhead, and at its exact midpoint is fitted a bamboo toggle (also called the ‘whip catch,’ bianzi). When discharged, the cord is hooked to the toggle, the arrow is attached to the shaft-pole, one man swings the pole to build up momentum, and another holds the tail end of the arrow; it is then released with a sudden jerk, and its advantage lies in shooting high and hitting men [on walls or towers].” (Figure 2-3) From this we can see that this was a gunpowder arrow made of a bamboo pole and discharged by means of a throwing device; because the record of this device is too brief, its exact form cannot be known in detail. Because the gunpowder whip arrow had a gunpowder packet bound near its head, it was, like the ordinary gunpowder arrow, first lit and then mounted on a spring-powered discharging device, operated by two men, who used the throwing action to launch it at the enemy and set it ablaze.

[Figure 2-3: The Whip Arrow and the Gunpowder Whip Arrow]

Fire balls and gunpowder arrows shared one common feature in their use: both relied on the mechanical power of long-range cold weapons — trebuchets, bows, crossbows, and spring-throwing devices — to launch or carry their warhead, whether fire ball or gunpowder packet, to the enemy and burst it open, achieving such combat purposes as burning, obstruction, poisoning, and choking with smoke. It can therefore be said that the weapons researchers of the early Northern Song had already skillfully combined the long-range capability of light and heavy long-range cold weapons with the incendiary effect of firearms, creating a new type of weapon that both enhanced the killing and destructive power of long-range cold weapons and extended the effective range of firearms, and that was employed in every manner of combat on both water and land. The use of firearms marked the point at which our ancestors had already begun to take the first step in applying gunpowder to military affairs, gradually bringing new changes to traditional methods of warfare, and making an outstanding contribution to the epoch-making development of ancient weaponry.



3. The Improvement of Ancient Chinese Fire-Attack Equipment and the Advancement of Fire-Attack Techniques

Although fire balls and gunpowder arrows had a variety of specific uses, their principal and fundamental use was incendiary — that is, to burn the enemy’s men and horses and their stores of grain and fodder. The creation of these firearms therefore represented both a continuation and a development of the fire-attack equipment used in ancient Chinese warfare, and the use of these firearms in war in turn created the conditions for the advancement of ancient fire-attack techniques.

Fire attack, as an important method of warfare, was already given a dedicated discussion in the “Huogong” (“Attack by Fire”) chapter of Sun Tzu’s Art of War. In wars before the Song dynasty, there were not a few military strategists who achieved victory by using fire attacks.¹ In order to sum up the historical experience and methods of achieving victory through fire attack, the Northern Song court, in the eleventh through nineteenth juan of the Wujing Zongyao, recorded the fire-attack equipment created and used throughout past ages, and drew nearly twenty types of illustrations of it; among these, representative pieces of fire-attack equipment included the bow-and-crossbow gunpowder arrow, the fire soldier (huobing, also called the fire man, huoren), the fire bird, and the fire ox (Figure 2-4). But with the exception of the fire ball and the gunpowder arrow, all of these relied on mugwort, oil, or pine resin as their combustible or igniting material, and were thrown by manpower, or discharged and hurled with the aid of devices such as bows and crossbows, or else made use of birds, beasts, disguised straw men, and other conveyances: once the igniting material was lit, these served as a carrier of fire to be conveyed into the enemy’s formation to start a blaze, or to charge into the enemy’s ranks. There can be no doubt that the igniting material attached to this fire-attack equipment relied on the oxygen in the air in order to burn, and so a considerable portion of it was inevitably dissipated or blown out by the wind while it was in flight, weakening or even extinguishing its incendiary effect, and thereby reducing its destructive efficiency.

The fire ball and the gunpowder arrow, however, which used gunpowder as their combustion source, overcame the shortcomings of the fire-attack equipment described above. Because gunpowder, unlike igniting materials such as mugwort, oil, and pine resin, is a self-oxidizing combustion system, it does not need to rely on the oxygen in the air in order to burn; there was therefore no need to light the gunpowder itself directly when launching it — it was enough to burn through the ball’s shell or the gunpowder packet with a branding awl, and then to hurl or discharge it at the enemy by trebuchet, bow, or crossbow. During flight, only the shell or packet — serving as the igniting material — was lit, while the gunpowder itself, serving as the combustion source, had not yet begun to burn; consequently, while these weapons were traveling through the air, there was no problem of the gunpowder’s chemical energy dissipating into the air. It was only once they struck their target on the enemy side that the gunpowder inside the fire ball or the gunpowder packet was ignited, producing a comparatively intense flame; as a result, combustion was comparatively swift and fierce, and destructive efficiency was far higher than that of the ordinary igniting materials used previously. From this we can see that the use of the fire ball and the gunpowder arrow improved the performance of fire-attack equipment and advanced the technique of fire attack. This improvement in the performance of fire-attack equipment and advancement in fire-attack technique in turn drove the emergence of new methods of warfare — just as Engels said, gunpowder was “a new factor destined to change the whole method of warfare.”² The many fire-attack battles fought between Song and Jin forces at the end of the Northern Song and the beginning of the Southern Song are the best evidence of this.

[Figure 2-4: The Fire Ox]

① For example, the case of the Qi general Tian Dan (a figure of the Warring States period), who in the thirty-sixth year of the reign of King Nan of Zhou (279 BCE) used a “fire-ox formation” to inflict a crushing defeat on the Yan army and recover lost territory. Another example is the case of the allied forces of Sun Wu, who in the thirteenth year of the Jian’an era of the Eastern Han (208 CE) inflicted a crushing defeat on Cao Cao’s army at Chibi (Red Cliffs; present-day northwest of Puqi, Hubei, though some say northeast of present-day Jiayu). ② [Germany] Friedrich Engels: “Army” (Armee), in Collected Works of Marx and Engels, Vol. 14, p. 28, People’s Publishing House, 1964 edition.



4. The First Use of the Fire Ball and Gunpowder Arrow in Warfare

Once the fire ball and the gunpowder arrow had been successfully created, the military-industrial bodies of the Northern Song court continuously expanded their manufacture, increased production, and distributed them throughout the country, improving the weaponry and equipment of garrison troops in every locality to meet the needs of warfare. These firearms played an important role in every manner of combat in which the Song army resisted the attacks of foreign armies, and especially in the defense of besieged cities.

In the first month of the first year of the Jingkang era of the Northern Song (1126 CE), the Jin dynasty’s Eastern Route Army crossed the Yellow River and advanced to besiege Bianliang. Li Gang, Vice Director of the Left of the Department of State Affairs and Military Governor of the Eastern Capital, was ordered to organize the city’s defense, and on the renyin day of the second month personally ascended the Xianfeng Gate to direct the fighting. He ordered the troops that anyone who struck a Jin soldier with a bed-crossbow (chuangzi nu) or a fire bomb (huopao) would receive a generous reward. That night, the soldiers accordingly launched thunderclap bombs against the besieging Jin troops; when the bombs went off and caught fire, the report was like thunder, and the Jin troops, thrown into confusion by the bombardment, cried out in alarm without cease.¹ Finding themselves with no way to take the city, the Jin army, with no other recourse, demanded a great quantity of gold and silver from the Song court and the cession of some territory, and then withdrew northward.

After the Jin army lifted its siege, it learned the methods of manufacturing and using firearms from the Song soldiers and artisans it had captured, and promptly set about imitating them for use in warfare. In the ninth month of that year, after the Jin’s Western Route Army had captured Taiyuan, it attacked Huaizhou (present-day Qinyang, Henan) at the start of the eleventh month using scaling ladders, “goose-cart tunnel-shelters” (echedongzi), and other equipment. The defending soldiers threw fire balls and other incendiary objects down from the city walls, burning the Jin army’s siege equipment; the Jin army in turn deployed trebuchets in a ring around the city to batter the city towers, and the Song defenders used blue-cloth curtains to block them; the Jin army then set fire to the blue-cloth curtains and the rope netting, and captured Huaizhou.

At the start of the intercalary eleventh month, the Jin’s Eastern and Western Route Armies launched a second attack on Bianliang, concentrating on the eastern side of the city; their siege capability was no longer what it had been before, and the siege equipment they used now included, besides fire ladders, scaling ladders, goose-cart tunnel-shelters, ramming poles, and hook poles and various trebuchets, firearms such as fire bombs and gunpowder arrows as well. The Song army likewise combined firearms with cold weapons, waging a stubborn defense of the city. They used torches to burn the Jin army’s siege tunnel-shelters, and ramming poles to knock down scaling ladders; when the Jin army dug tunnels to attack the city, the Song army dug vertical shafts down to meet the tunnels and threw dry grass, tallow and wax, poison, and fire bombs into them, setting them ablaze and producing smoke and flame that choked and scorched the Jin troops inside the tunnels, so that the Jin soldiers were badly burned about the head and face and suffered heavy casualties. Yao Zhongyou, a Song army Military Commissioner who fought with all his strength in the resistance, proposed, on the basis of the Song army’s stock of firearms, that three hundred stalwart soldiers be selected and stationed on the five defense towers along the city’s eastern wall, each man to be issued twenty fire arrows and fifty ordinary arrows, together with a number of fire basins, each containing ten branding awls, in readiness for lighting fires; then, each day at the fourth watch, when the Jin troops were sound asleep, at the signal of a drum they were to light and shoot their arrows, burning the Jin troops. At the same time, he also proposed organizing five hundred brave and sturdy soldiers, each to be given twenty gunpowder arrows and a number of various fire bombs; when the Jin army attacked the city, ten thousand arrows would first be loosed all at once, followed by a fierce bombardment of the Jin troops with caltrop bombs and “gold-juice” (poison-liquid) bombs, then grass bombs would be launched to burn their siege equipment, and finally ordinary arrows would again be shot at the enemy — and the enemy would certainly, without doubt, be defeated. But his proposal was not adopted,² and so the advantage in firearms that the Song army possessed went unrealized.

In contrast to the Song army, the Jin army, in its assault on Bianliang, made full use of the advantages of firearms such as the gunpowder arrow and the fire bomb. They first “built observation towers outside the city, a hundred chi in height, from which to look down into the city, and then launched bombs, burning the towers and turrets.”³ In their attack on the Xuanhua Gate, the Jin troops sent “fire bombs like rain, and arrows too numerous to count.”⁴ Under this fierce Jin onslaught, the befuddled Northern Song court fell for the heterodox claim of a man named Guo Jing, who professed to be able to repel the enemy with “spirit soldiers of the Six Jia,” and ordered him to open the gates and go out to fight; the Jin army seized the opportunity and breached Bianliang on the twenty-fifth day of that month.

The battles at the end of the Southern Song in which Jin and Song forces attacked and defended Huaizhou and Bianliang are the earliest instances in the ancient Chinese documentary record of the use of firearms to be recorded in detail. The fire balls and gunpowder arrows used in these battles were, by this time, already more than a hundred years removed from the era of their creation, and the properties of the gunpowder used in them had undergone a certain degree of improvement, so that their incendiary effect, too, was far greater than in the period of their first creation. The besiegers used them to burn down defensive structures such as towers and turrets atop the city walls, while the defenders used them to burn the besiegers’ siege equipment and men and horses, and to choke and scorch the enemy soldiers attacking through tunnels; each side used them to achieve its own combat objectives. Although their combat function was expressed only through their incendiary properties, they nonetheless provided the earliest theoretical inspiration and practical experience for the subsequent expansion of the range of uses of firearms and the creation of new types of firearms.

① Li Tao of the Song, compiler: Xu Zizhi Tongjian Changbian Shibu (“Supplementary Compilation to the Long Draft Continuation of the Comprehensive Mirror for Aid in Government”), Juan 53, Jiankang 1, second month, renyin day, 1986 photolithographic reprint edition of the Xu Zizhi Tongjian Changbian · Fu Shibu, Shanghai Guji Chubanshe, Vol. 5, p. 548. Subsequent citations of this work follow this same edition. ② Xu Mengxin of the Song, compiler: Sanchao Beimeng Huibian (“Compiled Accounts of the Northern Alliance under Three Reigns”), Juan 68, quoting Shi Maoliang’s Bi Rong Ye Hua (“Evening Talk on Avoiding the Rong”), 1987 photolithographic reprint edition, Shanghai Guji Chubanshe, upper volume, pp. 512–514. Subsequent citations of this work follow this same edition. ③ Xu Zizhi Tongjian Changbian Shibu, Juan 58, Jingkang 1, eleventh month, guimao day, Shanghai Guji edition, Vol. 5, p. 592. ④ Sanchao Beimeng Huibian, Juan 68, “Jingkang Zaolu · Jinren Gong Xuanhua Men” (“Record of the Jingkang Catastrophe: The Jin Forces Attack the Xuanhua Gate”), Shanghai Guji edition, upper volume, p. 518.



5. The Development of the Fire Ball and the Gunpowder Arrow

After fire balls and gunpowder arrows were put to use in combat in the early Northern Song, they underwent considerable further improvement through their use in actual warfare. Among these, in addition to the paper-shelled fire balls recorded in the Wujing Zongyao, fire-ball-type firearms also came to include pottery-cased and porcelain-cased firearms. Although these are not found recorded in the documentary sources, examples of them have nevertheless been discovered in numerous archaeological excavations; most of these examples were manufactured and used in the latter part of the Northern Song, and not a few of them come from areas under the jurisdiction of the Liao, Xia, and Jin in the north at that time. Several relevant pieces of physical evidence are listed below.


(1) The Pottery Fire Caltrop of the Song Dynasty

The National Museum of Chinese History (i.e., the National Museum of China; the same applies below) holds a “Song pottery fire caltrop” (Song tao huo jili). Its body is jar-shaped, 10 centimeters in height, with a small raised round mouth at the top and a round bottom; its widest diameter (including the length of the spikes) is 16 centimeters. Twenty-eight spikes, pointed at the tip and thicker at the base, are arrayed over its outer surface, evenly distributed in four rows, of which ten are badly damaged. The mouth of the jar is hollow, with an aperture 2 centimeters in diameter, and the wall is 1.5 centimeters thick.¹ From its shape it can be seen that this is a pottery fire caltrop with a small mouth and a large belly, containing gunpowder inside and studded with caltrop spikes on the outside, evolved from the caltrop fire ball. In 1983, 594 similar pottery caltrops, ranging from 10 to 20 centimeters in diameter, were unearthed all at once in Ji County, Tianjin.²



(2) The Pottery Caltrop Jars and the Grey-Green-Glazed Gunpowder Throwing-Bomb of the Liao Dynasty

The National Museum of China holds two “Liao pottery caltrop jars” (Liao tao jili guan) and one “Liao grey-green-glazed gunpowder throwing-bomb” (Liao huiqingyou huoyao toudan), all manufactured in the Liao dynasty.³ The first Liao pottery caltrop jar was made of sand-tempered red pottery, 14 centimeters in height, with a widest diameter (including the length of the spikes) of about 20 centimeters; its body is jar-shaped, with a small raised round aperture at the top, the aperture 2 centimeters in diameter, and a wall about 2 centimeters thick; its bottom is round and flat, and the jar is hollow inside. Thirty-five spikes, pointed at the tip and thicker at the base, are arrayed on its body, evenly distributed in five staggered rows of seven spikes each, of which twenty-three are badly damaged. The second type of Liao pottery caltrop jar was made of the same material, 18 centimeters in height, with a widest diameter (including the length of the spikes) exceeding 25 centimeters; its body is jar-shaped, with a mouth aperture 2.8 centimeters in diameter and a wall 1.8 centimeters thick, and the jar is hollow inside; the thirty-five caltrop spikes originally arrayed on its body have all been lost, leaving only thirty-five round scars, arranged in the same manner as on the previous piece. The third type, the Liao grey-green-glazed gunpowder throwing-bomb, is a piece of green-glazed porcelain, 13.1 centimeters in height and 8.1 centimeters in maximum diameter; its body is shaped like a porcelain vase with a narrowed mouth and a pointed base, unable to stand upright on its own, with a round constricted mouth; there is a small hole at its middle, 0.8 centimeters in diameter, and its wall is about 1.2 centimeters thick; inside the vase there is a solidified substance that makes a sound of striking against the vase’s wall when shaken. These three pieces should be jar- and vase-shaped firearms used by the Liao army.

To date, although no record has yet been found relating to the Liao army’s use of firearms in battle, an entry in the Xu Zizhi Tongjian Changbian records that, during the Xining era of the Northern Song (1069–1077, corresponding to the fifth year of Xianyong through the third year of Taikang of Liao Daozong), the Military Command of Hedong memorialized the throne: “People from north of the border (referring to the Liao) say that at Yanjing (that is, the Liao’s Nanjing, present-day Beijing) fire bombs are drilled with daily, and men are sent to the government trading posts south of the border (referring to the Song side of the Song-Liao border) to privately purchase sulfur and refined saltpeter. We fear that the border prohibitions are not being strictly enforced, and request that a scale of rewards for informants be re-established.”⁴

In response to the Liao side’s use of smuggling to purchase the raw materials used in manufacturing gunpowder, the Song court ordered the Shenxing Yuan and the Dali Si to reaffirm the earlier prohibition on trading in saltpeter and sulfur. This memorial shows that the Song court’s officials submitted their petition and requested that preventive measures be taken only after smuggling of sulfur and refined saltpeter across the Song-Liao border had already become fairly frequent. From this it can be seen that it is quite possible that the Liao dynasty’s military-industrial bodies had already mastered firearms-manufacturing technology during the reign of Liao Daozong (1055–1100). If so, then the discovery of the several pieces of Liao-manufactured firearms mentioned above would be entirely consistent with the historical circumstances.

① Wang Yucheng: “An Investigation into Ancient Chinese Cannon” (Zhongguo Gu Pao Kaosuo), in Zhongguo Shi Yanjiu (“Chinese Historical Studies”), No. 4, 1993, pp. 27–29. ② Cheng Dong and Zhong Shaoyi: Zhongguo Gudai Bingqi Tuji (“Illustrated Compendium of Ancient Chinese Weapons”), People’s Liberation Army Publishing House, 1990 edition. ③ Wang Yucheng: “An Investigation into Ancient Chinese Cannon,” in Zhongguo Shi Yanjiu, No. 4, 1993, pp. 27–29. ④ Xu Zizhi Tongjian Changbian, Juan 275, Xining 9 (the second year of Taikang of Liao Daozong, 1076 CE), fifth month, xinyou day, Shanghai Guji edition, Vol. 3, p. 2589. The Song Shi, Juan 186, “Shihuo Zhi” (“Treatise on Food and Money”), also records a similar prohibition promulgated in Xining 9.



(3) Porcelain Caltrops Discovered in Liao and Jin Territory

Archaeological units have excavated a number of porcelain caltrop artifacts in what were then Liao and Jin territories. Among these are tea-green-glazed porcelain caltrops manufactured in the early Jin period at Daguantun, Fushun, Liaoning, and black-glazed porcelain caltrops unearthed at the Xiamoshigou kiln site in Shuo County, Shanxi. The porcelain caltrops from Fushun, Liaoning, are shaped like a steamed bun (mantou), with three rows of nipple-shaped caltrop spikes on their outer surface, a wall 2.5 centimeters thick, and two small holes at the top for loading gunpowder and for ignition.¹ The porcelain caltrops from Shuo County, Shanxi, are 13 to 14 centimeters in height, with a belly diameter of about 20 centimeters, a mouth inner diameter of 2.5 centimeters, and a wall 2.5 to 3.5 centimeters thick; their outer surface bears three tiers of nipple-shaped caltrop spikes, five to a tier, and both the inside and outside are glazed black. Inside the south gate of Shuo County, in the 1960s, a hundred porcelain caltrops were excavated all at once, their form and construction, paste, and glaze color all similar to the artifacts unearthed at Xiamoshigou. The Cultural Relics Management Office of the Fogong Temple in Ying County, Shanxi, also preserves two porcelain caltrops similar to those from Xiamoshigou in Shuo County. Archaeological investigation has established that the Xiamoshigou porcelain kiln was a kiln of the Liao-Jin period, and that the porcelain caltrops it produced likewise date to the Liao-Jin period.² If the Liao dynasty’s military-industrial bodies had already mastered gunpowder-manufacturing technology during the reign of Liao Daozong, then these porcelain caltrops would have been made no later than the sixth year of Shouchang of Liao Daozong (1100 CE). The Liao was destroyed by the Jin in the fifth year of Bao’da (1125 CE, the seventh year of the Northern Song’s Xuanhe era), and porcelain caltrops made after that date would have been manufactured by the Jin dynasty’s military-industrial bodies. From this it may be inferred that the Jin dynasty’s firearms-manufacturing technology was obtained either from the Liao after the fifth year of Bao’da, or from the Song at the time of its attack on Kaifeng in the first month of the first year of the Northern Song’s Jingkang era (1126 CE). It can thus be seen that the Jin dynasty’s military-industrial bodies had mastered firearms-manufacturing technology no later than the first year of Jingkang.



(4) Porcelain Caltrops Discovered in Western Xia Territory

Between 1984 and 1986, two porcelain caltrops were excavated at the Ciyaobu porcelain kiln site in Lingwu County, Ningxia. One of them bears a “tea-dust” glaze (chayemo you; the base is unglazed), is round and thick-walled, with a small hole at the top; the outer surface of the sphere bears three rows of nipple-shaped caltrop spikes, six in the upper row and ten each in the two lower rows; the porcelain caltrop is 12.4 centimeters in outer diameter, with the small round hole 1.4 centimeters in diameter. The other piece is identical in form and construction, but with a brown glaze on its outer surface;³ its shape resembles that of the pottery caltrops unearthed at Ji County, Tianjin, in 1983 mentioned above (Figure 2-5).

[Figure 2-5: An Excavated Porcelain Caltrop]

These two porcelain caltrops were unearthed in Lingwu County, a place where Song-Xia warfare was once frequent, and which was later held by the Western Xia. Whether these two porcelain caltrops were manufactured by the military-industrial bodies of Western Xia or of the Northern Song requires further investigation. To date, no documentary record has been found of the manufacture of firearms by Western Xia’s military-industrial bodies or of the use of firearms by Western Xia’s forces,⁴ so it cannot be shown that they were manufactured by Western Xia’s military-industrial bodies.

If we look at the course of the Song-Xia wars, in the first month of the fourth year of the Northern Song’s Zhiping era (1067 CE), Emperor Shenzong of Song, Zhao Xu, succeeded to the throne and resolved to advance against the Western Xia, continually shipping weapons and equipment to the front. In the eighth month of the sixth year of the Yuanfeng era (1083 CE), the court, in response to a request from Zhao Xie, Military Commissioner of the Huanqing Circuit, dispatched 1,000 “divine-arm bows” (shenbi gong) and 100,000 arrows.¹ In the first month of the seventh year of Yuanfeng (1084 CE), it further dispatched 250,000 gunpowder arrows to the Lanhui Circuit.² In the second month, in order to strengthen the defenses of Xizhou (present-day Lintao, Gansu) and Hezhou (present-day Lianhua, Gansu), the court shipped a large quantity of weapons and equipment from Kaifeng. Besides a large amount of cold weapons, these included 2,000 gunpowder arrows, 2,000 gunpowder-and-fire-bomb arrows, and 2,000 fire bombs.³ The above circumstances show that this was a large-scale operation to deploy weapons and equipment, with a fairly comprehensive range of matériel dispatched; among these, the 2,000 fire bombs were probably jar-type firearms of the porcelain-caltrop kind. After the second month, Song and Xia forces fought at Fuyan, Jingyuan, Huanqing, Xihe, and other circuits (whose seats were, respectively, at present-day Yan’an, Shaanxi, and Lintao, Pingliang, and Qingyang, Gansu); it is not impossible that these two porcelain caltrops were relics left behind by the Song army on the battlefield.

The extensive use of fire-ball-type and fire-arrow-type weapons gave military technologists and field commanders a heightened intuitive appreciation of the power of firearms, strengthened their resolve and confidence in researching new types of firearms, and laid the foundation for the development of new types of firearms.





Section 3 The Fire Lance and the Iron Fire Bomb Created in the Southern Song

Building on the gunpowder arrow and the fire ball created in the Northern Song, the firearms of all sides — Song, Jin, and Mongol — underwent considerable further development during the Southern Song period.


1. General Survey of the Development of Firearms

After the fall of the Northern Song, Zhao Gou, Prince of Kang (1107–1187), established the Southern Song at Shangqiu (in present-day Henan), and in the second month of the third year of the Southern Song’s Jianyan era (1129 CE) made Lin’an (present-day Hangzhou) his capital. In order to resist the southward advance of the Jin army, the court established weapons-manufacturing workshops at Lin’an and at a good many other major military strongholds, to manufacture gunpowder and firearms. According to a report by Li Zengbo, who in the fifth year of the Baoyou era (1257 CE) investigated the stocks of weapons at Jingjiang (present-day Guilin, Guangxi), the region of Jing and Huai regularly kept on hand more than 100,000 iron fire bombs (that is, iron-shelled fire balls), and Jiangling Prefecture (present-day Jiangling, Hubei) was able to manufacture a thousand iron fire bombs every month.⁴ The Jingding Jiankang Zhi further records that Jiankang Prefecture (its seat south of present-day Jiangning County, Jiangsu) at that time, within the two years and three months from the fourth month of the first year of the Kaiqing era (1259 CE) to the seventh month of the second year of the Jingding era (1261 CE), newly created and repaired a considerable number of firearms. As it records: “The fire-attack equipment newly created and repaired together totaled 63,754 pieces, of which 38,359 were newly created: iron-bomb shells of ten jin in weight, four; of seven jin, eight; of six jin, one hundred; of five jin, 13,104; of three jin, 22,044; fire bow-arrows, one thousand; fire crossbow-arrows, one thousand; ‘rushing-fire’ tubes (tuhuotong), 333; fire caltrops, 333; gunpowder ‘trouser’ spearheads (huoyao bingku qiangtou), 320; thunderclap-fire-bomb shells, one hundred. Of those repaired, 25,980 pieces: ‘rushing-fire’ tubes, 502; gunpowder ‘trouser’ spearheads, 1,396; gunpowder caltrops, 404; small iron bombs, 208; iron fire buckets, 74; and iron fire hammers, 23.”⁵

The above statistics show that the handicraft weapons-manufacturing bodies of Jiankang Prefecture already possessed an impressive capacity for manufacturing firearms at that time: they not only manufactured, in large quantities, the bow gunpowder arrow, the crossbow gunpowder arrow, the thunderclap fire ball, and the caltrop fire ball first created in the Northern Song, as well as the five specifications of iron fire bomb first created in the Southern Song, but also created the new “rushing-fire” tube (tuhuotong), whose form, construction, and purpose must have made it the same type of tube-shaped projectile-firing firearm newly created as the “rushing-fire lance” (tuhuoqiang) recorded in the Song Shi. Because of the great quantity of gunpowder and firearms manufactured at Jiankang Prefecture, Emperor Duzong of the Southern Song, Zhao Qi (1204–1274; reigned 1265–1274), even had a gunpowder-and-ordnance storehouse rebuilt there, for the storage of gunpowder and firearms.

During this period, in the course of destroying the Liao and conquering the Northern Song, the Jin army, having occupied Kaifeng and many other centers of gunpowder and firearms manufacture, retained Han Chinese artisans in its service to manufacture firearms for it, and developed the paper-shelled fire ball into the iron-shelled fire ball known as the “iron fire bomb” (tiehuo pao), and created the single-soldier “flying fire lance” (feihuoqiang).

The Mongol (Yuan) army, in the course of fighting against both the Jin and Song armies, likewise learned the techniques of manufacturing and using firearms, and made extensive use of them in wars both internal and external.

The important markers of the development of firearms in the Southern Song period were the creation of the bamboo fire lance and the iron fire bomb.



2. The Creation and Use of the Bamboo Fire Lance

Military technologists and field commanders of the Southern Song period, even as they improved the gunpowder arrow and the fire ball, were also developing new types of firearms, so as to free them from dependence on the bow, crossbow, and trebuchet, and to expand the range of uses of firearms. Thus the long bamboo-pole fire lance, the flying fire lance, and the rushing-fire lance came into being, one after another, to meet the needs of the time.


(1) The Creation of the Long Bamboo-Pole Fire Lance and the Defense of De’an

The long bamboo-pole fire lance was created by the Southern Song military technologist Chen Gui. Chen Gui, styled Yuanze, was a native of Anqiu, Mizhou (in present-day Shandong), born in the fifth year of the Xining era (1072 CE); in his youth he loved to read military treatises and placed great importance on the study of military affairs. As an adult he combined civil learning with military strategy. In the first year of the Jingkang era (1126 CE), Chen Gui served as magistrate of Anlu (present-day Anlu, Hubei), and was once ordered to lead troops to Kaifeng to aid the emperor, but turned back after being obstructed en route. At that time a portion of the defeated Song forces turned to banditry, harassing and besieging the city of De’an Prefecture (present-day Anlu, Hubei) and menacing the common people. In the first year of the Jianyan era (1127 CE), Chen Gui, holding the rank of Tongzhi Lang, served as prefect of De’an. During his tenure, rebel forces attacked De’an on nine occasions, and Chen Gui led the army and the people in resistance: “nine attacks, nine repulses; the enemy was met without limit; whether a hundred thousand or a million strong, there was none that did not retreat.”¹

In the sixth month of the second year of the Shaoxing era (1132 CE), while Chen Gui was still serving as prefect of De’an, the rebel forces, having long besieged De’an without taking it, recruited artisans to build a large siege engine called the “sky bridge” (tianqiao). The sky bridge stood 3.5 zhang high and 2 zhang wide, with a base 6 zhang long, supported on the ground by six huge leg-posts; its body was divided into three tiers, and its front, sides, and top were all covered with thick ox-hide felting as a roof and hanging screens, to ward off arrows and stones; soldiers could mount the sky bridge from its rear in three tiers to attack the city. On the fourth day of the eighth month, the sky bridge was completed, and the forces under Li Heng pushed it up to the city walls to attack.

Chen Gui, resolutely defending De’an, had beforehand strengthened his defensive preparations in a number of ways. First, he built temporary large defense sheds atop the city walls, from which soldiers could push out two great supporting poles, each 2.5 zhang long, to prop against and obstruct the sky bridge, preventing it from approaching the city walls. Second, he stationed trebuchets, capable of hurling stone shot of 30 to 60 jin, at key points all around the city, in order to destroy the sky bridge and other large siege engines. Third, he prepared dry bamboo, firewood and grass, and more than 300 fire oxen, in readiness for a fire attack. Fourth, he had “more than twenty long bamboo-pole lances made using fire-bomb gunpowder,” in readiness to burn the sky bridge. When the siege had gone on for more than seventy days, Chen Gui, seizing the moment when the sky bridge tilted and began to collapse, on the one hand directed his soldiers to push firewood and grass beneath the sky bridge and set it ablaze,² and on the other organized a unit of long bamboo-pole fire lances — “sixty men, bearing fire lances, went out from the western gate and burned the sky bridge; with the fire oxen aiding them, it was consumed within moments, and [the rebels] scattered and abandoned their encampment”³ — and Chen Gui thereby won the battle for the defense of the city.

① Song Shi, Juan 377, “Biography of Chen Gui,” Zhonghua edition, Vol. 33, p. 11643. ② Chen Gui of the Southern Song: Shoucheng Lu (“Record of City Defense”), Juan 4, “De’an Shouyu Lu (Xia)” (“Record of the Defense of De’an, Part 2”), People’s Liberation Army Publishing House, 1990 edition, Shoucheng Lu Zhushi (“Annotated Record of City Defense”), pp. 148–149. ③ Song Shi, Juan 377, “Biography of Chen Gui,” Zhonghua edition, Vol. 33, p. 11643.

As for the exact form and construction of the long bamboo-pole fire lance, the historical texts give no description. But from the record of the siege we can tell that the barrel of the long bamboo-pole lance was fairly thick and long, and that it took three men to operate a single lance — one to hold it, one to light and discharge it, and one to assist; the fire-bomb gunpowder loaded inside the lance was already more than 150 years removed from the fire-bomb gunpowder used in the early Northern Song, and its properties must have undergone considerable improvement, burning faster and with greater force than the gunpowder recorded in the Wujing Zongyao. Because the barrel was thick and long and held a large charge, it could be aimed at a target and could sustain a concentrated jet of flame for a relatively long time, and so was able to burn down the large sky bridge quickly. Because the long bamboo-pole fire lance represented so considerable an improvement over the fire ball and the gunpowder arrow, Chen Gui thus became the military technologist who, earliest in the world, created and used a tube-shaped firearm. In the twelfth year of the Shaoxing era, Chen Gui died in office while serving as Prefect of Luzhou concurrently with Pacification Commissioner of Huaixi.



(2) The Creation of the Flying Fire Lance and the Jin-Mongol Battle of Guide

The flying fire lance was another tube-shaped firearm following the long bamboo-pole fire lance, suited to use by a single soldier. The “Biography of Pucha Guannu” in the Jin Shi describes the flying fire lance as follows: it “used sixteen layers of chi huang paper (a superior grade of paper) to form a tube, about two chi in length, filled with willow charcoal, iron slag, magnetite powder, sulfur, arsenic (possibly an error for saltpeter), and similar substances, tied to the end of a spear-shaft. Each soldier carried a small iron canister in which fire was kept; when battle was joined, this was used to light the tube, and flame shot out more than a zhang in front of the spear; once the charge was spent, the tube itself remained undamaged.”¹ The “Biography of Chizhan Hexi” likewise states: “As for the flying fire lance, the charge is ignited with fire, and it shoots forward several tens of paces; men dare not approach it.”²

From this we can see that the flying fire lance was a hand-held tube-shaped firearm charged with gunpowder and ignited with fire; the gunpowder was mixed together with iron slag and magnetite powder and loaded inside the tube, its principal killing method being the ejection of a jet of flame; after firing, the tube remained intact, and the flame shot (flew) out to a distance of about one or two zhang — a fact from which its name (feihuoqiang, “flying fire lance”) seems likely to derive.

In the first month of the sixth year of the Shaoding era (1233 CE, the second year of the Jin’s Tianxing era), Emperor Aizong of Jin, Wanyan Shouxu (1198–1234), led his Loyal and Filial Army (Zhongxiao Jun) in retreat to Guide (present-day south of Shangqiu, Henan), with the Mongol army pursuing close behind. Pucha Guannu, commander of the Jin Loyal and Filial Army, secretly prepared flying fire lances and various pieces of combat equipment, in readiness to attack the Mongol army. On the fifth day of the fifth month, Pucha Guannu led 450 men of the Loyal and Filial Army, organized into a flying-fire-lance unit, each man carrying one flying fire lance and an iron fire canister containing a source of fire, and launched a night raid on the Mongol army’s camp. The Mongol troops, startled awake from sleep, were for a time thrown into complete confusion. The flames of 450 flying fire lances erupted all at once, and fires broke out on every side of the camp; the Mongol troops fled in disorder in all directions, and “those who drowned numbered more than 3,500 in all”; the Jin forces “burned the enemy’s stockade completely and then withdrew,” achieving victory in this night raid on the Mongol army.³

The flying fire lance used by the Jin army was small and light, easy for a single soldier to carry, and could be used to fight independently; it could shoot a jet of flame, burning enemy soldiers more than one zhang away. Once its jet was spent, its sharp spearhead could then be used to stab and kill enemy troops — making it, in the history of the development of Chinese firearms, the first single-soldier firearm to be issued for combat to massed troops, and also the earliest dual-purpose single-soldier weapon to be used. Its creation and use marked the formal emergence of the single-soldier firearm in China.



(3) The Creation and Use of the Rushing-Fire Lance

After the fall of the Jin, the Mongol army reneged on the Song-Mongol agreement, forcibly occupying the territory that the Jin forces were to have returned to the Southern Song, and raised an army to attack the Southern Song forces; this war in turn spurred both the creation of new types of firearms and the further development of the various existing types. The creation of the rushing-fire lance (tuhuoqiang) was the most outstanding achievement in the development of firearms during this period.

[Figure 2-6: The Rushing-Fire Lance, showing flame, smoke, and pellets discharged from the muzzle of a bamboo tube]

The flying fire lance created by the Jurchen people did not yet possess the capability of directly killing enemy soldiers by projectile. The single-soldier firearm capable of directly killing the enemy was the rushing-fire lance (tuhuoqiang) created in the first year of the Kaiqing era (1259 CE) by firearms researchers at Shouchun Prefecture (present-day Shou County, Anhui) (Figure 2-6). According to the Song Shi, the rushing-fire lance “used a length of thick bamboo as its tube, with a pellet-wad (zike) placed inside; when it was set alight and the flame died out, the pellet-wad was then discharged, with a sound like a cannon that could be heard from more than a hundred and fifty paces away.”¹

Although the exact form and construction of the rushing-fire lance cannot be known with certainty, because the record of it is too brief, it already possessed the three basic elements of a tube-shaped projectile-firing firearm: first, a barrel; second, gunpowder; and third, a projectile (the pellet-wad, zike). Because the rushing-fire lance used a length of thick bamboo as its tube, gunpowder and the pellet-wad could be loaded inside it; because gunpowder was loaded in the tube, the propulsive force of the gas produced when it burned inside the tube could discharge the pellet-wad along the axis of the lance, producing a killing effect. Although the construction of the pellet-wad still awaits further study, from the phrase “the pellet-wad was discharged” we can tell that it was a relatively large particle of a certain geometric shape, rather than a powder or fine grit; Mr. Feng Jiasheng’s judgment, made in the 1950s, that it was the earliest form of bullet, has a certain basis. Even before the rushing-fire lance recorded in “Bing 11” of the Song Shi, a similar rushing-fire tube (tuhuotong) had already appeared; as noted earlier, Jiankang Prefecture manufactured 333 rushing-fire tubes and repaired 502 rushing-fire tubes within a span of two or three months. The rushing-fire lance was a major creation of the firearms researchers of the Southern Song: not only did it produce good combat effects in the fighting of the late Southern Song, but it had already become the forerunner of the metal tube-shaped projectile-firing firearm created in the Yuan dynasty — the hand cannon (huochong). The creation of the rushing-fire lance has received the attention of firearms historians of every country in later ages, and it is generally recognized as the earliest tube-shaped projectile-firing firearm in the world to spontaneously apply the principle of firing a projectile, one that may fittingly be called the ancestor of guns and cannon the world over.




3. The Creation and Use of the Iron Fire Bomb

The iron fire bomb developed out of the paper-shelled fire ball of the early Northern Song and the pottery and porcelain fire caltrops and fire jars of the late Northern Song; these fire caltrops and fire jars were, by the Southern Song period, further popularized and put into use.


(1) The Creation of the Ceramic Explosive Jar

According to the Xu Yijian Zhi (“Continuation of the Records of the Listener”), in Zhongshe, Beizheng Village, Yangqu, Shanxi (present-day Taiyuan), there lived a man named Tie Li, who made his living by trapping foxes. At the end of the Dading era of Jin Shizong (1161–1189), one day he set up [a trap] at the foot of an old tomb north of Liang Gou, tying up a pigeon as a lure (bait), while he himself lay in wait up in a tree. …Before the second night watch had ended, the foxes arrived…. Tie Li had a fire jar hanging (xuan) at his waist; he took a rolled fuse (juanbao; seemingly a slow-match) and secretly heated it, then threw [the jar] down beneath the tree. It went off with a violent report, and the pack of foxes scattered wildly in all directions, becoming caught in the net, and lay with eyes shut awaiting death…. He then killed them with an axe.”²

The above account shows that what Tie Li carried was a small pottery jar filled with gunpowder; in use, once the fuse was lit, the gunpowder would ignite and the jar would explode, producing a loud report that startled the foxes into scattering in every direction. This was, in effect, a pottery-jar type of fire ball. Inspired by this, the Jurchen created a firearm made by filling an iron fire jar with gunpowder, for use in warfare. Before long, this new type of firearm came to be called the “iron fire bomb” (tiehuo pao), and was used by the Jin army in its raids on Southern Song territory. Shortly before Liberation, similar Song- and Yuan-period pottery gunpowder jars were discovered by certain individuals.



(2) The Jin Army’s Use of the Iron Fire Bomb in the Attack on Qizhou

In the fourteenth year of the Southern Song’s Jiading era (1221 CE), the Jin army, bringing iron fire bombs with them, attacked Qizhou. The defending commander of Qizhou, Zhao Chengzhi, and the Sili (Judicial Officer) Zhao Yurong, led their forces in a resolute defense. Although the city at that time still had in store 7,000 crossbow gunpowder arrows, 10,000 bow gunpowder arrows, 3,000 caltrop fire bombs in all, and 20,000 leather large-bombs, none of these matched the destructive power of the iron fire bomb. The Xinsi Qi Qi Lu (“Record of Weeping over Qizhou in the Xinsi Year”) states that the iron fire bomb was “shaped like a gourd, with a small mouth, cast of pig iron, and more than two cun thick in the wall”; when it exploded, “its report was as loud as a thunderclap,” and it “shook the city walls.”

After the Jin army arrived before Qizhou, it first deployed trebuchets in a ring outside the city and launched iron fire bombs into the city, causing explosions in many places: where one struck atop the city wall, any defending soldier hit by the bomb died on the spot, in some cases with “his head and face shattered, less than half of it left visible”; where one struck a city tower, the gate tower too was destroyed; where one struck a residential dwelling, it caused deaths and injuries among the inhabitants. After a siege of twenty-five days, the Jin army took Qizhou. Zhao Chengzhi’s entire household and his subordinate officials all perished; fifteen members of Zhao Yurong’s household likewise died in the disaster of war, and he himself alone escaped with his life; afterward he wrote the Xinsi Qi Qi Lu to record these events.

① Song Shi, Juan 197, “Bing 11 — System of Weapons and Armor” (“Military Affairs, No. 11”), Zhonghua edition, Vol. 14, p. 493. ② Yuan Haowen (styled Yishan) of the Jin dynasty: Xu Yijian Zhi (“Continuation of the Records of the Listener”), Juan 2, p. 1.

Through repeated improvement in the course of warfare, the iron fire bomb became the more powerful “Heaven-Shaking Thunder” (zhentianlei). In the fourth year of the Shaoding era (1231 CE, the eighth year of Zhengda of Jin Aizong), the Jin general Ban Ehe, after being defeated by the Mongol army at Hezhong Prefecture (its seat at present-day Yongji County, Shanxi), led the remnants of his force, 3,000 men, to seize boats and flee; during the rout, he used Heaven-Shaking Thunder to destroy the warships with which the Mongol army tried to block his escape, and fled to Tongguan. This is the earliest record in the historical texts of the use of the Heaven-Shaking Thunder.¹



(3) The Jin Army’s Use of the Heaven-Shaking Thunder in the Defense of Kaifeng

In the third month of the fifth year of the Shaoding era, the Mongol army advanced to press upon Kaifeng, which the Jin forces held resolutely. Outside the city they set up siege equipment, erecting wooden palisades along the city moat and filling the moat with firewood and grass; beyond the moat they further built a siege perimeter 150 li in circumference, using trebuchets to hurl stone shot and fire balls onto the city walls, battering the towers and turrets atop the walls and burning the defensive works on top of the walls. In order to shield their soldiers as they dug at the base of the walls, the Mongol army also prepared a large, movable protective siege engine, the “ox-hide tunnel-shelter” (niupi dongzi): the ox-hide tunnel-shelter had a wooden frame covered on top with raw ox-hide, shaped like a ridge-roofed wooden hut; soldiers pushed it up to the foot of the city wall and, sheltered within it, carried out their digging.

In order to destroy the Mongol army’s ox-hide tunnel-shelters, the Jin defenders suspended Heaven-Shaking Thunder bombs on iron chains from the city wall, lit their fuses, and lowered them down the wall to explode at the spot where the Mongols were digging, so that “both men and ox-hide were shattered to fragments, leaving no trace.” The “Biography of Chizhan Hexi” in the Jin Shi states that the Heaven-Shaking Thunder used “an iron jar to hold the charge; it was lit with fire, and when the bomb went off, fire burst out, its report like thunder, audible from a hundred li away.”² Its combustion was so fierce that it could melt through armor woven of iron wire, and its explosion so violent that it could shatter both men and ox-hide to fragments, leaving no trace. There was at that time a renowned Jin Confucian scholar, Liu Qi, who personally witnessed the destructive power of the Heaven-Shaking Thunder’s explosions within the city: “The northern troops (the Mongols) pressed their attack on the city ever more fiercely, and bombs flew like rain…. The great bomb within the city (also written as huopao, ‘fire bomb’), called the ‘Heaven-Shaking Thunder,’ answered them; when the northern troops encountered it, fire broke out, and several men at a time were reduced to ash.”³ This record shows that, although the Mongol army also used fire balls in its siege of the city, their power was far inferior to the Heaven-Shaking Thunder used by the Jin forces. Because they could not take the city, the Mongol army withdrew its troops in the fourth month.

The iron fire bomb created by the Jurchen later developed into four different shapes (Figure 2-7).

[Figure 2-7: Four Types of Iron Fire Bomb, labeled “joined-bowl style” (he wan shi), “jar style” (guan shi), “gourd style” (hulu shi), and “spherical style” (yuanqiu shi)]

The Xinsi Qi Qi Lu states that the iron fire bomb resembled a gourd with a small mouth, “cast of pig iron, more than two cun thick.”⁴

He Mengchun, of the Jiajing era of the Ming dynasty, wrote: “Atop the walls of Xi’an there were formerly stored iron fire bombs called Heaven-Shaking Thunder, shaped like a joined bomb, with a single hole at the top just wide enough to admit a finger; the army had long ceased to use them. I believe these were objects used by the Jurchen in the defense of Bian (Kaifeng).”⁵ From this it can be seen that the iron fire bomb used by the Jin army in the defense of Kaifeng was a jar-shaped Heaven-Shaking Thunder, with a small mouth and large belly, a fairly thick iron shell, gunpowder packed inside, and a fuse passed out through the mouth.

There was also a spherical type of iron fire bomb, found recorded in Japanese documents such as the Taiheiki and the Hachiman Gudōkun, which was the iron fire bomb used by the Mongol army in its fighting against Japanese forces.

① Jin Shi, Juan 111, “Biography of Wanyan Ehe,” Zhonghua edition, Vol. 7, p. 2446. ② Jin Shi, Juan 113, “Chizhan Hexi,” Zhonghua edition, Vol. 7, pp. 2496–2497. ③ Liu Qi of the Jin dynasty: Guiqian Zhi (“Record of Return to Reclusion”), Juan 11, Zhonghua Book Company, 1983 edition, p. 123. ④ Zhao Yurong of the Southern Song, compiler: Xinsi Qi Qi Lu, p. 23. ⑤ He Mengchun of the Ming dynasty: Yudong Xulu Zhaichao (“Excerpted Copy of the Yudong Xulu”), Waipian, Juan 5.

The creation and use of the iron fire bomb shows that explosive firearms had already developed from a paper shell to an iron shell, thereby increasing their killing and destructive power, and it became the forerunner of the iron-shelled explosive bombs created in later ages.





Section 4 Famous Battles Employing Early-Stage Firearms

In the Southern Song period, as the quantity of firearms manufactured increased and their performance improved, the use of firearms in the wars among Song, Jin, and Mongol — Song against Jin, Jin against Mongol, and Song against Mongol — showed a trend of growing use with each passing day.


1. The Song-Jin Naval Battle at Chenjia Island

This was a large-scale naval battle in which the fleet of the Southern Song annihilated the Jin dynasty’s naval forces in the waters off Chenjia Island (also said to be Tang Island), Jiaoxi (present-day Jiao County, Shandong), in the thirty-first year of the Shaoxing era (1161 CE). In the twenty-ninth year of Shaoxing (1159 CE), the Jin commander-in-chief Wanyan Liang (1122–1169) ordered the Minister of Works, Su Baoheng, to supervise the construction of a great number of warships, in preparation for a southward campaign against the Song. By the eighth month of the thirty-first year, Wanyan Liang commanded 600,000 troops (some say 400,000), advancing on the Song in a massive four-pronged offensive. On the naval route, Su Baoheng and the Vice Commander-in-Chief of the Zhedong Circuit, Wanyan Zhengjia, led a naval force straight toward Lin’an (present-day Hangzhou, Zhejiang), the capital of the Southern Song; when their forces reached Songlin Island in Jiaozhou Bay, they were caught by adverse winds and anchored there. The Song general Li Bao, Deputy Commander-in-Chief of the Cavalry and Infantry of the Zhexi Circuit, had already been ordered to lead a naval force of 3,000 men aboard 120 warships, and had arrived and anchored near Shijiu Island in Jiaozhou Bay ahead of Wanyan Zhengjia, awaiting his chance to strike back at the invading Jin forces. When Li Bao learned that the Jin naval force had reached Songlin Island, he at once directed his naval forces, taking advantage of a favorable wind, to fire gunpowder arrows and hurl fire bombs at the Jin warships. Where the arrows struck the ships’ rigging and equipment, smoke and flame at once rose up; where the fire bombs struck, fierce flames leapt into the air. Most of the Jin warships were reduced to ashes. Finally, Li Bao ordered his bravest men to leap aboard the remaining ships, annihilating the Jin force. The Jin commander, Wanyan Zhengjia, lost his life.

This battle is recorded both in the “Biography of Li Bao” in the Song Shi and in the “Biography of Zhengjia” in the Jin Shi, though the specific details differ slightly. The former states that the Song forces used “fire arrows shot in an encircling volley; wherever the arrows struck, smoke and flame at once rose up, and the fire spread to several hundred ships,”¹ while the latter states that the Song army “hurled fire bombs at them; Zhengjia, looking about, saw that the ships to his left and right were all ablaze, and, judging that he could not escape, threw himself into the water and died.”² But the two accounts agree in the essential fact that the Song forces won by means of firearms. The historical record shows that this naval battle, fought between the Song and Jin fleets in the waters off Chenjia Island, was the earliest naval battle in the history of world warfare to combine the gunpowder arrow and the fire ball with cold weapons, and it holds great significance for the development of naval combat tactics. The Song general Li Bao commanded outstandingly in this engagement: skilled at seizing the moment, he took advantage of the favorable circumstance that the Jin warships, caught by the wind, had anchored at Chenjia Island in a downwind position, and swiftly directed the Song naval force to bear down with the wind and surround the Jin ships; he first used the more numerous and fiercely burning gunpowder arrows and fire balls to fire in an encircling volley from a greater distance, setting the enemy ships ablaze, and then, once the Jin ships had lost their fighting capacity, promptly directed the Song forces to leap aboard the enemy vessels and destroy the enemy at close quarters with hand weapons, seizing victory in the battle. Li Bao was, in the history of world warfare, the first commander to combine firearms with cold weapons in naval combat, and he fully deserves to be honored as the originator of this tactic.



2. The Song-Jin Naval Battle at Caishi

This was a river-defense battle fought in the thirty-first year of the Shaoxing era by the Southern Song military commander Yu Yunwen (1110–1174) at Caishi (present-day southwest of Ma’anshan, Anhui), to block the Jin army from crossing the Yangzi and advancing south. In the tenth month of that year, the Jin sovereign Wanyan Liang’s Eastern Route Army, having seized a great swath of territory north of the Huai River, advanced straight to the northern bank of the Yangzi, intending to cross the river and take Caishi, and thereafter to march north and attack Jiankang (present-day Nanjing, Jiangsu). At that time the Song forces at Caishi numbered barely more than 18,000; their commander-in-chief, Wang Quan, had been dismissed after suffering defeat, morale had collapsed, there was no one to take command, and the situation was extremely critical. It happened that Yu Yunwen, in his capacity as Zhongshu Sheren charged with military affairs, arrived at Caishi to distribute provisions to the troops; he thereupon volunteered, took upon himself the task of directing the battle, and roused the officers and men to resist the enemy and repay their country, so that the troops were stirred to action and rose as one to resist the enemy with all their strength. Yu Yunwen first concentrated all the Song army’s large “covered assault” warships (mengchong), “sea-loach” paddle-wheel warships, and thunderclap bombs (that is, thunderclap fire balls) and other weapons and equipment. He then “ordered his generals to form a great line of battle and hold it fast, dividing the warships into five divisions: two to advance abreast along the eastern and western banks, one to remain in mid-stream, concealing crack troops in readiness for battle, and two to conceal themselves in small inlets against the unexpected.” The Song forces stood in strict formation, arrayed according to Yu Yunwen’s dispositions, awaiting battle. In the eleventh month, Wanyan Liang, relying on his superior numbers, advanced arrogantly and in haste; as he crossed the river, “Liang held a small red flag and directed several dozen ships to cross the river; in an instant, seventy ships reached the southern bank and pressed directly upon the Song forces; as the [Song] troops began to give a little ground, Yu Yunwen rode into the battle line,”¹ directing the Song warships, and concentrated his forces to attack the seventy Jin warships that had become separated from their main body, hurling thunderclap bombs at them. The thunderclap bomb was filled with lime; once it exploded, a cloud of lime dust spread out, blinding the Jin troops, and the Song forces, seizing the moment, drove their swift paddle-wheel warships, the “sea-loach ships,” to ram into the Jin fleet. The Jin ships sank one after another, half their soldiers fell into the water, and they suffered a crushing defeat and fled.

Not long after the battle, the Jin army, owing to a mutiny at the front, was forced to withdraw, and Wanyan Liang was killed, reversing the military situation of the time and allowing the Southern Song to escape, for the moment, the danger of destruction.

Yu Yunwen had originally held no responsibility for commanding troops against the Jin, but when he found himself at the front, facing the challenge of a powerful enemy, he took it upon himself, of his own accord, to shoulder the duty of defending the territory and protecting the state: he made meticulous dispositions for defense and battle, encouraged his officers and men, and directed operations with composure, using the new-model firearm stored with the army, the thunderclap bomb, to burn the Jin warships and win victory, turning the crisis at Caishi for the Song forces into safety and reversing the course of the war. Compared with those of the time who would have ceded territory and sued for peace, content merely to survive, Yu Yunwen fully deserves to be honored as one of the Southern Song’s patriotic ministers.



3. Wei Sheng’s Campaign of Resistance against the Jin

Wei Sheng (1120–1164), a Southern Song general who fought against the Jin, in the course of preparing for the campaign against the Jin in the first year of the Longxing era (1163 CE), created several dozen “bomb-carts” (paoche) for launching fire balls and several hundred “as-you-wish carts” (ruyi zhanche), each fitted with several dozen fire lances. At the front of each cart was a wooden shield carved with a beast’s face, with felt curtains hanging at the sides for cover; each cart was pushed by two men and could shelter fifty soldiers. On the march, the carts carried baggage, matériel, and armor; when the army made camp, the carts were linked together like a city rampart, so that the enemy could not approach; when drawn up in battle formation, the as-you-wish carts were arrayed at the front of the line, and crossbow-carts (nuche) formed the gates of the formation (each mounted with a bed-crossbow whose bolts were as large as chisels and could strike down several men with a single shot); the bomb-carts stood within the formation, launching fire balls and stone shot to a range of up to two hundred paces. In battle, the weapons on the three types of cart were used in coordination: as the two sides drew near each other, fire balls were launched from within the formation, bringing into play the long-range killing and destructive effect achieved by combining the fire ball with long-range cold weapons; as the enemy approached the gates of the formation, soldiers wielding sabers, axes, and spears engaged the enemy in close combat; and once the enemy broke and fled, the camp would be struck and a pursuit launched. The bomb-carts and as-you-wish carts created by Wei Sheng repeatedly defeated the Jin forces at Haizhou and other places. His invention received the attention of the court, which ordered every army to copy and adopt it.

The bomb-cart created by Wei Sheng was in effect a cart-mounted trebuchet: it could launch not only stone shot but also fire balls. Once the fire ball was mounted on a trebuchet, its mobility was increased, so that it could “advance and withdraw with advantage” and “wait for the right moment to sortie.” When sallying out, fire balls and bows and crossbows formed the first wave, and sabers, axes, and long spears the second wave, inflicting casualties in succession and bringing the various weapons’ effectiveness in field combat fully into play, achieving the effect of mutual support and combined destruction of the enemy.



4. The Song Army’s Defense of Xiangyang

In the first and second months of the third year of the Kaixi era (1207 CE), the Song army’s Military Commissioner of Jing’e, Zhao Chun, led his forces in a resolute defense of Xiangyang, using firearms such as the thunderclap bomb and the gunpowder arrow to mount three counterattacks against the Jin army, and in the end repelled an assault by 200,000 Jin troops.

In the first counterattack, Zhao Chun led more than a thousand defending troops in a night sortie against the Jin forces, “discharging thunderclap bombs, so that the enemy troops (lu ren) outside the city were thrown into panic and confusion, and their men and horses were routed.”²

In the second counterattack, when the Jin forces massed together to attack the city, Zhao Chun at once ordered the defenders atop the wall to “beat the drums and raise a shout, and discharge thunderclap bombs out beyond the city, so that the enemy cavalry were startled and fled in retreat.”¹

In the third counterattack, Zhao Chun commanded 1,500 Song troops who, on a rainy night, manned more than thirty boats equipped with thunderclap bombs and gunpowder arrows, and stealthily sailed to the bank by the enemy camp; taking advantage of the enemy’s lax defenses, they suddenly hurled thunderclap bombs and shot gunpowder arrows into the enemy camp, throwing the enemy’s men and horses into panicked confusion, so that they trampled one another underfoot: “two to three thousand were killed or wounded, and eight or nine hundred horses [were lost].”²

After about three months and thirty-six engagements, the Song army achieved victory in the defense of Xiangyang. The thunderclap bomb used in this fighting had, by this time, developed from the incendiary firearm recorded in the Wujing Zongyao into an explosive firearm, its killing power greatly increased, and it provided practical experience toward the creation of the iron-shelled fire ball, that is, the iron fire bomb.



5. Zhang Shun and Zhang Gui’s Relief of Xiangyang

In the eighth year of the Xianchun era (1272 CE), Xiangyang had already been under Mongol siege for five years. Southern Song commanders, at the Qingni River to its northwest, “built a hundred light boats, three boats lashed together to form one raft,” and, offering a great reward, recruited 3,000 death-defying volunteers, together with resourceful and brave men such as Zhang Shun and Zhang Gui, in order to relieve the siege of Xiangyang. After receiving their orders, Zhang Shun (d. 1172) and Zhang Gui (d. 1172) took advantage of the moment when the Han River was just rising, and led 3,000 death-defying volunteers aboard a hundred boats to relieve Xiangyang; at that time “each boat was fitted with fire lances, fire bombs, glowing charcoal, great axes, and powerful crossbows.”³ With Zhang Gui in the lead and Zhang Shun bringing up the rear, they broke through the Mongol army’s blockade and sped 120 li, driving straight for Xiangyang, and completed their mission of relief. Judging from the weapons with which the warships were equipped, one category consisted of long-range cold weapons such as the powerful crossbow, together with fire bombs and fire lances ignited with glowing charcoal; from this we can see that, by this time, the fire bomb was no longer burned through with a branding awl and then launched by trebuchet, but was instead first lit with glowing charcoal and then thrown by hand. The other category consisted of close-combat, ship-boarding weapons for hacking and slashing, such as the great axe, showing that the level of combining firearms with cold weapons had advanced yet another step at this time.



6. The Song Army’s Defense of Jingjiang

In the fifth year of the Baoyou era of Emperor Lizong (the seventh year of Möngke Khan of the Mongols, 1257 CE), the Mongol army advanced north from Vietnam, raiding and seizing Southern Song territory, and the army and people of Jingjiang City (present-day Guilin, Guangxi) were thrown into great alarm. To resist the Mongol advance, Li Zengbo was ordered to go to Jingjiang to investigate the state of its military preparedness and city defenses, and afterward submitted an itemized report to the court. In it he stated: “At present Jingjiang has on hand only eighty-five iron fire bombs, large and small, in all; as for fire arrows, there are ninety-five; and fire lances number only one hundred and five tubes — on this basis it would not be enough to equip even a single sortie of a thousand or ten thousand men.”⁴ This record shows that, at that time, the more important large and medium-sized walled cities were already combining substantial numbers of iron fire bombs, gunpowder arrows, and fire lances in the defense of their cities, and that a single engagement involving a thousand or ten thousand men would exhaust the entire firearms stock then held in storage at Jingjiang Prefecture — from which it can be seen that local prefectures at that time already possessed a fairly considerable capacity for manufacturing firearms, in order to meet the firearms needs of their own prefecture and the surrounding region in resisting the Mongol advance.

Although the Southern Song army made great efforts to strengthen its city defenses, it was nonetheless unable to halt the advance of the Yuan (Mongol) forces. In the second year of the Southern Song’s Jingyan era (1277 CE), the Yuan Pingzhang (Left Chancellor) Ariq Qaya (1227–1286) led the Yuan army in an attack on Jingjiang (present-day Guilin), Guangxi; the Southern Song’s General of the Left Martial Guard, Ma Ji (d. 1276), held the city jointly with others in its defense. The Yuan army besieged the city for three months and thereupon breached it. Ma Ji’s subordinate commander, the Qianxiaguan (Garrison Commissioner) Lou (d. 1276; Qianxia was a military office, his personal name is unknown), continued to lead 250 Song soldiers in a resolute defense of the “moon city” (a secondary defensive enclosure) and refused to surrender. After more than ten days of assault, Lou’s unit, having run out of provisions and unable to hold out any longer, sounded horns and beat drums, and detonated a large iron fire bomb, dying together for their country. When this bomb exploded, “its report was like a thunderclap, and the earth of the city walls was shaken to pieces; smoke and vapor rose beyond the sky; most of the soldiers there were among the dead, and when the fire died down and people went to look, not so much as ashes remained.”⁵ This is more than enough to show how great the destructive power of the iron fire bomb had become by this time.

① See Xiangyang Shoucheng Lu, p. 6. ② See Xiangyang Shoucheng Lu, p. 10. ③ Song Shi, Juan 450, “Biography of Zhang Shun,” Zhonghua edition, Vol. 38, p. 13248. ④ Li Zengbo: Kezhai Xugao Houji, Juan 5, “Tiaoju Guangnan Beiyu Shiyi.” ⑤ Song Shi, Juan 451, “Biography of Ma Ji,” Zhonghua edition, Vol. 38, p. 13270.



7. The Yuan Army’s Use of Firearms to Burn the Song Warships at Yashan

In the second month of the sixteenth year of the Yuan’s Zhiyuan era (1279 CE), the Yuan army’s Commander-in-Chief, Zhang Hongfan (1238–1280), led his forces in an attack on Yashan (present-day south of Xinhui, Guangdong), the last foothold of the Song court. The Song general Zhang Shijie (d. 1279) led his forces in resistance, using fire bombs. Under the assault of the Yuan army’s fire bombs and gunpowder-propelled bows and crossbows, seven Song warships were burned. As Zhang Hongfan pressed upon the Song central force, the Song official Lu Xiufu (1236–1279), Vice Minister of Rites, carried the Song emperor Zhao Bing (1271–1279) on his back and threw himself into the sea, and both drowned; the Southern Song thereby came to an end.¹

The more than 150 years of the Southern Song constitute, in the history of the development of Chinese firearms, a transitional period from early-stage incendiary firearms such as the fire ball, the gunpowder arrow, and the fire lance toward iron-shelled explosive weapons and metal tube-shaped projectile-firing firearms; the iron fire bomb and the rushing-fire lance created during this period laid the foundation for the creation and development of every kind of explosive firearm and the hand cannon (huochong).

① Yuan Shi, Juan 156, “Biography of Zhang Hongfan,” Zhonghua edition, Vol. 12, p. 368.




Section 5 The Creation and Development of Civilian Fireworks

In the Northern Song period, gunpowder was not only made into firearms by military strategists and field commanders for use in war, but was also made by pyrotechnicians and performers into fireworks and firecrackers for use in entertainment and theatrical performance; this practice appears to have begun around the end of the Northern Song and the beginning of the Southern Song.


1. The Creation of the Fuse

The fire arrow and fire ball created in the early Northern Song were ignited by hand. There were two methods: the first was for a soldier to hold a lit object and directly ignite the gunpowder inside the firearm; the second was for a soldier to use a red-hot iron awl to burn through the ball’s shell and ignite the gunpowder inside, producing a killing and destructive effect. As experience in the use of firearms accumulated, ignition technology gradually improved, and by the end of the Northern Song the technique of using a fuse (yaoxian, a “medicine-line”) to ignite gunpowder had already been developed: that is, the soldier using the firearm would first light the fuse embedded in the gunpowder, and the lit fuse would then ignite the gunpowder, producing a killing and destructive effect. The “rolled fuse” (juanbao) used by Tie Li of Beizheng Village, Yangqu (present-day Taiyuan, Shanxi), mentioned above, when he detonated his pottery fire jar, was precisely such an igniting fuse for the gunpowder inside the jar. Zhou Mi (1232–1298) of the Southern Song, in his Wulin Jiushi (“Old Affairs of Wulin”), written in the sixth year of the Xianchun era (1270 CE), notes that every year at the Lantern Festival, the imperial palace at Lin’an (present-day Hangzhou), the Southern Song capital, would be decked out with lanterns and colored streamers, and firecrackers, fireworks, spinning wheels, running lines, shooting stars, water-bombs, ground-mice, and rack-mounted fireworks of every kind would be set off, to enhance the festive, bustling atmosphere of the occasion; among these, “as for firecrackers, there were various kinds, made in the shape of fruit, human figures, and the like; and the folding screens presented by the Dianzhi Si (Palace Bureau) were painted on the outside with such subjects as Zhong Kui catching ghosts, while hidden within them were ‘fuse-lines’ (yaoxian), one set alight after another, more than a hundred in unbroken succession.”² This passage explicitly attests to the use of the “fuse-line” in the “fireworks screen” (yanhuo pingfeng). Zhou Mi also described, in his book, the splendor of the Lantern Festival as celebrated in the palace: “When the night had grown deep (i.e., it was already late at night), more than a hundred racks of fireworks would at last be set off; at this the sound of music rose on every side, and the light of candles crossed and mingled, and only then did the imperial carriage return.”³ Zhou Mi remarked that the fireworks set off in the palace at the Lantern Festival were an “emulation of the splendor of the Xuanhe era,” only “grown ever more exquisite,” surpassing what had come before.

Zhou Mi, moreover, in his Qidong Yeyu (“Rustic Words from East of Qi”), written in the twenty-seventh year of the Yuan’s Zhiyuan era (1290 CE), recounts that when Emperor Lizong of the Southern Song accompanied the Empress Dowager to view fireworks in the first year of the Baoqing era (1225 CE), “there was a so-called ‘ground-mouse’ (a type of firework) that shot straight toward the seat where the Empress Dowager sat. The Empress Dowager was startled and alarmed by it, and rose abruptly, brushing at her robes”; amid the ensuing confusion, the banquet broke up in an unhappy mood. Emperor Lizong wished to punish severely those responsible for arranging the display. When Empress Dowager Yang learned of this, she laughed and said that the one who had set off the fireworks had not intended to frighten her, and that he could be pardoned. Emperor Lizong, in accordance with her wishes, declared that those who had arranged the fireworks display be released without punishment.⁴ This record shows that the “fireworks racks” (yanhuo jia) and “ground-mice” and other fireworks set off in the imperial palace at Wulin (present-day Hangzhou), the Southern Song capital, were in imitation of the established practice of the Northern Song’s Xuanhe era (the reign title of Emperor Huizong, 1119–1125). From this it can be seen that firework technology had already become quite mature by 1125 at the latest.

② Zhou Mi of the Song, compiler: Wulin Jiushi (“Old Affairs of Wulin”), Juan 3, “Suichu” (“Year’s End”), China Commerce Publishing House, 1982 edition, p. 51. ③ Wulin Jiushi, Juan 2, “Yuanxi” (“Lantern Festival Eve”), same edition, p. 35. ④ Zhou Mi of the Song, compiler: Qidong Yeyu (“Rustic Words from East of Qi”), Juan 11.



2. The Development of the Techniques of Making and Using Fireworks and Firecrackers

Like firearms, the techniques of manufacturing and using fireworks and firecrackers arose in the early Northern Song, and developed rapidly from the late Northern Song through the Southern Song. Besides the Dongjing Menghua Lu (“Dreams of Splendor in the Eastern Capital”) and the Wulin Jiushi already mentioned above, accounts are also found in the Ducheng Jisheng (“Description of the Splendors of the Capital”), written by Naide Weng of the Southern Song in the second year of the Duanping era (1235 CE); the Xihu Laoren Fansheng Lu (“Record of the Splendor and Prosperity by the Old Man of West Lake”), written by the Old Man of West Lake around 1200–1230; and the Mengliang Lu (“Record of the Splendor of a Dream”), written by Wu Zimu in the tenth year of the Xianchun era (1274 CE). These works mainly touch on the following several aspects.


(1) The Emergence of Fireworks Workshops and Fireworks Craftsmen

According to “Jingwa Jiyi” (“Skilled Performances of the Capital’s Tile-Yards”) in the Dongjing Menghua Lu, the Northern Song’s Eastern Capital, Bianliang, already had fireworks theaters, and famous fireworks designers and performers such as Suo Waining, Zhang Zhenmiao, and Wengenu all became well known through their performances in fireworks shows. The clever names of the various minor arts listed under “Washe Zhongji” (“The Many Performing Arts of the Tile-Yards”) in the Ducheng Jisheng include “burning fireworks, setting off firecrackers, fire shows, water shows, sacred flowers, sleight-of-hand with medicines, and hidden pressed medicines,” and the performances themselves were mostly “tales of romance and the supernatural, or cases of mounted constables” — stories more fanciful than factual. The Xihu Laoren Fansheng Lu states: “Many young men, on the slopes of Huoshan by Hangzhou, set off five-colored fireworks and firecrackers.” “Zhuse Yiren” (“Performers of Every Kind”) in the Wulin Jiushi lists the names of the famous fireworks craftsmen of Hangzhou, Chen Taibao and Jia Daozi; “Xihu Youxing” (“Excursions on West Lake”) in the Wulin Jiushi further records that those who designed and performed fireworks displays produced firecrackers, fireworks, spinning wheels, running lines, shooting stars, water-bombs, ground-mice, and the like of every color; at the Lantern Festival, great fireworks displays were set off both within the imperial palace and by wealthy and powerful households, including “rack-mounted fireworks” (chengjia yanhuo) and “fireworks screens” (yanhuo pingfeng); and among the common people as well, on New Year’s Eve, “elegant firework displays were noisily set up, by flowers and by the water’s edge, with lanterns and candles shining brilliantly.” “Chuye” (“New Year’s Eve”) in the Mengliang Lu describes the bustling scene of fireworks and firecrackers being set off within the palace: “That night, firecrackers within the palace resounded with cries of long life, audible throughout the lanes and alleys…. The fireworks screens and all their various contrivances…. The sound of the firecrackers roared like thunder… as bright as broad daylight.”



(2) The Combination of Setting Off Fireworks and Firecrackers with Military Drills

This is described in fairly great detail in “Jia Deng Baojin Lou Zhu Jun Cheng Baixi” (“The Emperor Ascends Baojin Tower to Watch the Army’s Massed Entertainments”) in the Dongjing Menghua Lu. The soldiers taking part in the exercise, organized into five to seven squads, would perform mock-combat displays in pairs, and then, at the signal of a firecracker being set off, the scene would change. After the first firing, fireworks would erupt in profusion: “there would appear men wearing masks, their hair loose, breathing out wolf-fang fireworks from their mouths (these fireworks were made of pine-resin fire), taking the form of ghosts and spirits… circling the arena several times, or setting off fireworks where they stood”; after the second firing, the music office would play the tune “Bai Xinyue Man” (“Slow Air: Paying Homage to the New Moon”), and “there would appear men with green-painted faces, wearing golden-eyed masks, adorned with leopard-skin and embroidered sashes and the like,” bearing various weapons to perform; after the third firing, “there would appear a masked figure with a long beard… resembling an image of Zhong Kui,” performing a ghost-catching dance together with four others; after the fourth firing, “fireworks would gush forth, so that people’s faces could not be made out; within the fireworks there were seven men, all with loose hair and tattooed bodies, wielding real blades, grappling and striking at one another”; after the fifth firing, “fireworks would once again appear… all figures masked and strangely garbed, resembling the sculpted images of gods and ghosts in a temple, called ‘xiezhang’ (a pause in the display)”; after the sixth firing, more than a hundred men in various costumes would come onto the field, each gripping an oar-shaped blade, in postures of snatching blades and striking and thrusting… with several dozen pairs of performers in this manner; the performance ran to as many as ten-odd scenes in all. From the above record we can see that this type of fireworks display arranged the exercises of military drill into a fireworks performance, using the firing of firecrackers as the signal for a change of scene — an activity combining military drill and fireworks display into one.

The Southern Song period likewise combined the setting off of firecrackers and fireworks with naval drills. According to the account in “Guanchao” (“Watching the Tidal Bore”) in the Wulin Jiushi, the naval forces of Zhejiang would, every year, take advantage of the arrival of the Qiantang River’s tidal bore to hold naval exercises. Once the exercise began, “several hundred war-junks would be drawn up in ranks along both banks; before long they would race about, forming and re-forming into the configurations of the Five Formations, and there were men who rode and brandished flags, or hurled javelins and wielded blades upon the surface of the water, as easily as if walking on level ground. Suddenly yellow smoke would rise up on every side, so that people and objects could scarcely be made out from one another; water-bombs exploded with a thunderous roar, their sound like a mountain collapsing. When the smoke cleared and the waves grew calm, not a single boat would be seen — only the enemy ships, consumed by fire, would vanish along with the display. Several hundred men of Wu, skilled swimmers, all with loose hair and tattooed bodies, holding great ten-panel colored banners, would advance to meet the tide, appearing and disappearing amid waves ten thousand ren high, twisting and turning their bodies in a hundred different ways, yet with scarcely a wisp of the banners’ tails ever dampened — and by this they displayed their skill.” “Qianchun Fengqin” (“Attending on One’s Parents in the Qiandao and Chunxi Eras”) in the Wulin Jiushi likewise contains a similar account.



(3) An Advanced Product of Fireworks-Manufacturing Technology: Rack-Mounted Fireworks

Rack-mounted fireworks (chengjia yanhuo) were composite fireworks in which individual fireworks of many different kinds were linked together according to a designed arrangement and bound to a tall, multi-tiered wooden frame shaped like a ship’s mast, to be lit and set off as a single display. This kind of composite firework is described in detail in Chapter 42 of the Jin Ping Mei Cihua, a Ming-dynasty work attributed to Lanling Xiaoxiao Sheng, in its depiction of the scene in which the local wealthy man Ximen Qing set off fireworks in front of his gate while a crowd of onlookers watched. Ximen Qing’s household servants set up the fireworks in the middle of the street, and the onlookers crowding both sides, shoulder to shoulder, were beyond counting (Figure 2-8).

[Figure 2-8: The Fireworks Rack of Chapter 42 of the Jin Ping Mei]

Behold: a flower bridge fifteen zhang high, with a hill-shaped scaffold in a lively bustle all around it; at its very top a pair of immortal cranes held a pair of vermilion scrolls in their beaks — this was a single “rising fire” (a type of skyrocket), which shot up in a flash straight to the Milky Way, a streak of cold light boring right through to the region of the Ox and Dipper constellations; then, right in the center, a “watermelon bomb” (pao — a kind of fire ball) burst open, and all around, figures and objects caught fire, as if ten thousand claps of thunder had all gone off together in a blaze; “lotus-gathering barges” and “rival to the bright moon,” one chasing after another, like golden lanterns scattering the stars of the blue sky; “purple grapes,” a thousand clusters on ten thousand vines, like strings of pearls hanging upside-down before a crystal curtain; the “hegemon’s whip” sounded loudly everywhere; the “ground-mouse” wound itself around people’s clothes; the “ring-of-eyes jade platform” spun round most delightfully to watch; “silver moths and golden pellets” whirled about with such skill that the eye could not follow; the “Eight Immortals Offering Longevity” each displayed a different marvel; the “Seven Sages Subduing Demons” were fire from head to foot; yellow smoke and green smoke billowed and swirled into ten thousand banks of coloured cloud; lotuses that spat forth their fire in quick bursts and lotuses that spat it forth slowly competed in splendor, unfolding like a “ten-piece brocade”; the “chrysanthemum a zhang tall” faced the “smoke orchid,” and the “fire pear” fell together with the “ground peach,” each vying for the glory of spring; towers and halls and pavilions — in an instant their towering grandeur would vanish; the drums of village wards and community altars seemed, in the din, scarcely to be heard for the general uproar of merriment; the “peddler’s carrying-pole” blazed with light from top to bottom all at once; the “whirling wind-wheel” shattered to powder from end to end; “Five Demons Vexing the Judge” showed scorched heads and burnt foreheads in fearsome guises; “Ambush on Ten Sides” had horses charging and men racing with neither side able to gain the upper hand; and after all this expenditure of untold effort and craft, in the end there remained only the fading of the fire’s power and the dispersal of its smoke into nothing at all.¹

The Jin Ping Mei Cihua is, admittedly, a work of the late Ming period (the late sixteenth century), but the story of Wu Song’s fight to the death with Ximen Qing, as found in the Water Margin, is set roughly in the era shortly after the Northern Song’s Xuanhe period; the scene of setting off rack-mounted fireworks described in this Ming-dynasty work may thus be regarded as a reconstruction of the fireworks-display scenes described by Zhou Mi in the Wulin Jiushi. The successful setting off of rack-mounted fireworks at the end of the Northern Song and the beginning of the Southern Song reflects the advancement, at that time, of fireworks-manufacturing technology.



(4) Advances in Fireworks Formulation Technique

By this time, more than 300 years had passed since the invention of gunpowder, and through the accumulated experience of many years of use, gunpowder had already evolved from a glue-paste form into a solid powder and granular form, its properties considerably improved; understanding of the safety of igniting gunpowder had increased, and the means of controlling it had grown stronger. Gunpowder craftsmen had already mastered the use of different proportions and combinations of saltpeter, sulfur, and charcoal (that is, the percentage each of the three occupied within the gunpowder mixture), formulating gunpowders of differing burn rates and combustion-explosion effects; and, adding to this other ingredients and adopting different combinations and arrangements, they compounded gunpowders that differed in the timing of ignition, in the speed of burning, in the layered spatial distribution of the fireworks’ jets, in bright and dazzling variety of color, and in the varied shapes of the figures and objects they formed, producing anywhere from several dozen up to several hundred distinct kinds of fireworks; the rack-mounted firework described above, for instance, was made up of twenty-three individual firework items of different colors. Among these: yellow fireworks were made from a gunpowder compounded of one liang of saltpeter, one qian of sulfur, and five fen of ash, with iron filings then added; green fireworks were made from a gunpowder compounded of one liang of saltpeter, one qian of sulfur, and five fen of charcoal, with verdigris (copper rust) then added; “purple grape” fireworks were made from a gunpowder compounded of one liang of saltpeter, two qian of talc, and 1.5 qian of ash, with purple powder then added; red fireworks were made from a gunpowder compounded of one liang of saltpeter and five qian of sulfur, with one liang of red lead (huangdan) and two liang of pine resin then added; and blue-green fireworks were made from a gunpowder compounded of two liang of saltpeter, five fen of sulfur, and 1.1 liang of charcoal, with three qian of indigo (qingdai) then added.



(5) The Basic Principles of Fireworks Manufacturing and Use Technique

The fireworks craftsmen of the period from the late Northern Song through the Southern Song had already mastered the technique of making the fuse-line used to ignite gunpowder, and it was only this that made it possible to link the various individual firework items together by means of fuse-lines. Their method was first to pack the various fireworks separately into different boxes, called “box lanterns” (hezi deng) or “casket flowers” (xiazi hua). Fireworks would be loaded into each “casket flower” according to the design requirements, and a fuse-line would then be threaded through the fireworks and firecrackers within a number of “casket flowers,” linking them, together with the fuse-lines of the other firework items and firecrackers, in the predetermined sequence in which they were to go off. Finally, the linked-together fireworks and firecrackers would be bound in tiers, from bottom to top, onto a tall frame — this was what people called the rack-mounted firework display that “gathered a hundred marvels onto a single rack” (the principle of the fireworks screen being much the same). In setting it off, the lowest tier’s starting fuse-line was lit first; once the fuse-line caught, it would in turn ignite each “casket flower” and firecracker one after another; each “casket flower,” once ignited, would then detonate with a great report, and once the “casket flower” split open, the flowers, fruits, human figures, and images of immortals, spirits, and demons preset within it, made of colored paper, would each display its own form, and, driven by the recoil force of the burning gunpowder gas, would perform certain movements, even managing to give a rough performance of such well-known dramatic scenes as “Zhong Kui Catching Ghosts,” “The Eight Immortals Crossing the Sea,” and “Five Demons Vexing the Judge.” In the course of the display, once the first “casket flower” or firecracker had finished burning and fallen to the ground, the linked fuse-line would continue to burn upward and ignite the second “casket flower,” and so on in succession, until all the fireworks on the entire rack had finished burning, at which point a single loud report from a firecracker would signal that the whole display had come to an end. The time taken to set off a rack-mounted firework display could be long or short, the longest lasting as much as an hour. Rack-mounted fireworks consumed a great deal of money and took a long time to make, and only the imperial palace, the wealthy and powerful, and government offices could afford to make and set them off. If unforeseen weather struck while a rack-mounted firework display was being set off, all the effort invested in it would be wasted, and safety problems could even arise. Despite this, rack-mounted fireworks and fireworks theater continued to develop through the Yuan, Ming, and Qing dynasties.




3. Fireworks Technology as the Forerunner of the Birth of Rocket Technology

During the period from the late Northern Song through the Southern Song, when fireworks technology flourished, there appeared such firework products as the ground-mouse, the spinning wheel, the running line, the shooting star, and the water-bomb, all of which, once lit, were driven by the recoil force produced by the combustion gas of the gunpowder.

The “ground-mouse” that Zhou Mi describes in “Yuyan Yanhuo” (“Fireworks at the Imperial Banquet”) in the Qidong Yeyu, once lit, was driven, by a kind of recoil force formed by the rapid outward jetting of the gunpowder’s combustion gas, to move around a central axis, in the manner of a mouse scurrying along the ground — producing the scene in which it “went straight to the seat of the Great Mother (probably meaning Empress Dowager Yang), so that the Great Mother was startled and alarmed by it.”

“Rising fire” (qihuo) was a tube-shaped firework made by packing a paper tube with a propellant charge and a certain quantity of metallic powders and other coloring agents. The tube’s mouth was sealed with clay, a vent was left at its tail, and the fuse-line passed out through the tube. In use, the fuse-line was lit, igniting the gunpowder inside the tube; the gunpowder’s combustion gas jetted out through the vent at the tail, producing a recoil force that propelled the paper tube up into the sky, sending out a streak of colored flame, its flight path resembling exactly that of a shooting star crossing the heavens. If a certain quantity of explosive charge was further added in front of the propellant charge in the paper tube, then, once airborne, the explosive charge would be ignited and produce a loud report — becoming what people commonly call the “double-report bomb” (shuangxiang pao) or “double-kick” (er tijiao).

Inspired by the phenomena of the “rising fire” and the shooting star’s ascent into the sky, military technologists improved upon the bow-shot gunpowder arrow first created in the early Northern Song, transforming it into a rocket propelled by the recoil force of burning gunpowder gas; this type of rocket was extensively used in warfare in the latter part of the Ming dynasty, and it was for this reason that China came to be regarded by the world as the birthplace of the modern rocket, a fact universally acknowledged by every nation in the world.




Summary

The gunpowder invented by China was not only made by military technologists and field commanders into firearms for use in war, but was also made by fireworks craftsmen into civilian fireworks, enhancing the festive atmosphere of holidays. It was likewise used by performers in fireworks theater, giving rise to a new form of theatrical culture. Military and civilian use are the two important aspects of the application of gunpowder; though proceeding along different paths from the same underlying principle, they have spurred each other’s development, and this remains true to this day, nor will it change in the future. ① Lanling Xiaoxiao Sheng: Jin Ping Mei Cihua, Chapter 42, “A Wealthy Household Blocks the Gate to Enjoy Fireworks; a Noble Household Savors the Lanterns,” Hong Kong Taiping Shuju, August 1982 edition, Vol. 3, pp. 1116–1117.
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Chapter Three The Outward Transmission of Firearms During China’s Mongol Yuan Period

In the second year of the Kaixi era of the Southern Song (1206 CE), Temüjin (1162–1227), chieftain of the Kiyad tribe of the Mongols, was elevated to the throne as the great khan of the Mongols by the nobles of the various tribes under him at the Onon River, and honored with the title Genghis Khan. After the rise of the Mongols, they at once made themselves supreme through arms, waging wars both within the country and abroad in intertwined succession: internally they unified Mobei, destroyed the Western Xia, crushed the Western Liao, annihilated the Jin state, and overthrew the Southern Song, establishing the Yuan dynasty; and abroad they campaigned east and west. In the course of more than a hundred years of warfare, they vigorously developed military technology, carrying the gunpowder and firearms invented in China to a good many countries and regions across the continents of Europe and Asia, and spurring the research personnel of these countries and regions to research, develop, and imitate the gunpowder and firearms transmitted there from China. The westward transmission of China’s gunpowder and firearms began, first of all, with Genghis Khan’s western campaigns.


Section 1 Genghis Khan’s Western Campaigns and the Westward Spread of Firearms

Over a long span of history, people’s praise of Genghis Khan has tended to dwell on the archery and horsemanship of the Mongol cavalry he commanded, and talk of “drawing a mighty bow to shoot down the great eagle” has all but submerged the side of him that valued advanced military technology. The main reason for this is that in his campaigns to unify the various Mongol tribes and the various nomadic peoples, he needed only to give full play to his mastery of mounted archery in order to dominate a region unrivaled. Once the fighting advanced, however, into the Central Plains of China proper and into West Asia and Europe, battles to reduce well-fortified cities became unavoidable, and the use of firearms to defeat the enemy and win victory had already become a necessary course of action. Thus, upon hearing the Mongol Anmuhai’s dictum that “in attacking cities, catapult-stones come first, for though heavy in force they can reach far,” he at once began organizing “gunner corps” (paoshoujun). From the fourteenth year of Taizu’s reign (1219 CE), when Genghis Khan first led his troops on the western campaign, he began organizing gunner corps; the generals placed in charge of organizing them were for the most part personally chosen by Temüjin himself in the course of campaigning, and the rulers of every subsequent generation followed this same system, so that the leadership of the gunner corps was handed down from generation to generation, while the trebuchets with which it was equipped followed the pattern set by the Song army.


1. The Formation and Development of the Gunner Corps

In the ninth year of Taizu’s reign (1214 CE), Genghis Khan ordered Muqali (1170–1223) to lead troops southward, and ordered Anmuhai to accompany the campaign in the capacity of daruɣači (overseer) of the itinerant gunner corps — that is, as commander-in-chief of the gunners. Before long, “Anmuhai selected more than five hundred men and drilled them; thereafter, in the pacification of the various states, much depended on his strength — this was the first establishment of the gunner corps.” In the second year of Xianzong’s reign (1252 CE), Anmuhai was promoted to commander-in-chief (du yuanshuai), and died the following year. His son Mamutai’er succeeded to his post on the strength of his merit. In the fourteenth year of the Zhiyuan era (1277 CE), Mamutai’er’s son Hudu Da’er was promoted to myriarch (wanhu) of the gunners. Three generations of a single family thus held office within the gunner corps.①

In the sixth year of Taizu’s reign, Zhang Batu, a man of Changping, led his followers in submitting to Genghis Khan, and accompanied the imperial confidant Handuhu on the western campaign. In the sixth year of Taizong’s reign, Handuhu was promoted to commander of the gunners of all the miscellaneous peoples and civilian artisans. When Handuhu died without an heir, Zhang Batu took over his post in his stead.②

After Genghis Khan had taken up arms in the Central Plains of China, he also made a regular practice of selecting men skilled in casting trebuchets and operating them, and enrolling them in the gunner corps. Jia Talahun, a man of Jizhou, was thus registered as a soldier for this reason, and before long was appointed commander of the Four Routes, commanding the gunner corps. In the sixteenth year of Taizu’s reign (1221 CE), Jia Talahun died, and his son Chao’erchi succeeded to his post. After Chao’erchi died, his son Jilü succeeded him. After Jilü died, Jilü’s younger brother Liushiba succeeded to the post; in the fifth year of the Zhiyuan era he led the gunner corps in the attacks on Xiangyang and Fancheng, and in the twentieth year of the Zhiyuan era was promoted to the office of myriarch of the gunner-corps artisans, a rank surpassing that of his forebears.③

In the seventh month of the eighteenth year of Taizu’s reign, Zhang Rong, a man of Qingzhou, was promoted to marshal of the naval gunners for his merit in accompanying Genghis Khan on the western campaign. In the second year of Taizong’s reign, Zhang Rong died, and his son Nubi succeeded to his post. In the third year of the Zhongtong era, Nubi died, and his son Junzuo succeeded to his post; in the fifth year of the Zhiyuan era, he accompanied the commander-in-chief Aju in leading the gunner corps in attacks on Xiangyang and Fancheng — three generations achieving merit on numerous occasions.④

The “Treatise on Military Affairs” of the Yuan Shi offers a general account of the organization and development of the Mongol gunner corps, noting that the Mongols’ itinerant gunner corps “at the time when Taizu and Taizong were campaigning, was raised from wherever the army happened to be; whenever a prefecture or county was taken by storm, ironworkers, woodworkers, saltpeter-workers, and fire-workers were recruited to fill out the gunner corps.” Under this method of expanding the corps in the course of campaigning, in the second year of Xianzong’s reign (1252 CE) it was “formally registered as gunners,”⑤ and thereby organized into a regular military unit. Because the gunner corps had played so decisive a role in the western campaigns, every one of the first several generations of Mongol commanders-in-chief made it into a strategic force under their own direct command. The experience of war proved that when cavalry charging across open country could not, before a solid fortress, bring its power of furious assault to bear, only the great stones and gunpowder projectiles (that is, fire balls) hurled by the gunner corps could bring down the towers and breach the walls of a city that stood in the way of the charging cavalry, throwing open its gates so that the fierce cavalry could immediately follow behind and unleash the full force of its onrush, storming into the city like a bolt of lightning. This was precisely the strategic intent behind Genghis Khan’s decision, at the very start of his western campaign, to have Anmuhai lead the gunner corps along with him.

In the autumn of the fourteenth year of Taizu’s reign, Genghis Khan led the Mongol army on the start of its western campaign. At that time the Khwarazmian empire (Khoracm, also written Khwarizm), then at the height of its power (1200–1220), was ruled by its king, Ala ad-Din Muhammad (‘Ala’ ad-Din Muhammad, ?–1220). Ala ad-Din pursued abroad a policy of aggressive expansion: in 1206 he defeated the Ghurid dynasty, seizing Balkh, Herat, and other places, and forcing the Ghurid dynasty into submission. In 1209 he turned his spearhead of aggression against the Western Liao (Kara-Khitan), putting the Western Liao’s tribute-collecting envoy to death and proclaiming the Western Liao’s independence. That same year he further led his troops into territory belonging to the Western Liao, occupying Bukhara and advancing on Samarkand (also called Xunsigan). Uthman, khan of the Western Kara-Khanid dynasty, rebelled against the Western Liao and submitted to Ala ad-Din. In 1210, Ala ad-Din defeated the Western Liao, seizing the cities of Otrar (on the middle reaches of the Syr Darya) and Yezhihan. In 1212 he put to death Uthman, who had submitted to him, and destroyed the Western Kara-Khanid dynasty. He then further plotted to march his armies eastward and conquer China, in order to found a world empire without precedent — yet his mad ambition met with a check from the Mongol khanate that Genghis Khan was, at that very time, raising in the East.

In 1218, Genghis Khan dispatched a merchant caravan of 450 men, made up of Muslims from within Mongol territory, carrying precious goods to the Khwarazmian empire in order to trade for merchandise. On arriving at Otrar, the empire’s border city, they suffered

① Yuan Shi, Juan 151, “Biography of Xuetacihai,” Zhonghua edition, Vol. 12, pp. 3563–3564. ② Yuan Shi, Juan 151, “Biography of Zhang Batu,” Zhonghua edition, Vol. 12, p. 3580. ③ Yuan Shi, Juan 151, “Biography of Jia Talahun,” Zhonghua edition, Vol. 12, pp. 3577–3578. ④ Yuan Shi, Juan 151, “Biography of Zhang Rong,” Zhonghua edition, Vol. 12, pp. 3581–3582. ⑤ Yuan Shi, Juan 98, “Bing 1 — System of Military Affairs,” Zhonghua edition, Vol. 8, p. 2514.

insult and were massacred at the hands of the city’s defending commander; of the 450 men, only a single one made it back east to report what had happened. Genghis Khan and his commanders, then at the height of their pride and ambition, were enraged: how could they tolerate a powerful rival running roughshod and committing wanton slaughter at the very side of their own resting-place, and how could they tolerate a challenge to their own dignity!



2. The Use of Firearms in Genghis Khan’s Western Campaign

In the autumn of 1219, Genghis Khan personally commanded an army of 200,000 men into Central Asia; gunner-corps commanders such as Anmuhai, Xuetacihai, and Zhang Rong, together with Chaomadu, the pacification commissioner Guo Baoyu (a descendant of Guo Ziyi, Secretariat Director under Emperor Xuanzong of Tang, whose dates were 697–781), led troops equipped with gunpowder-arrow units to accompany the campaign, as an act of vengeance. The Mongol army advanced on the Khwarazmian empire in four columns: one column took the city of Otrar; one column moved south to take Hutan (present-day Leninabad, Tajikistan) and the various places along the upper Syr Darya; one column moved north to take Zhandi and the various places along the lower Syr Darya; and Genghis Khan personally led one column of the main army straight at the enemy’s heartland, the great city of Bukhara (in present-day Uzbekistan).

Although Ala ad-Din possessed an army of 400,000, because he was at odds with the powerful nobles of the Qangli Turks, he did not dare entrust the larger part of his forces to his generals, and, rejecting his subordinates’ proposal to concentrate their forces along the Syr Darya and, resting at ease, strike a decisive blow against the exhausted Mongol army, he instead dispersed the greater part of his army among the various fortress-cities to hold them separately, while he himself commanded an army of 110,000 men to hold the new capital, Samarkand, hoping through a scorched-earth strategy and prolonged defense of every city to exhaust the Mongol army’s ability to sustain the siege, so that, its provisions cut off, it would be unable to continue fighting and would be forced to withdraw. However, the ferocity of the Mongol onslaught turned Ala ad-Din’s plan to naught, as one fortress-city after another was broken separately within the span of a few months. Thereafter, the four Mongol columns swept all before them, and in the spring of 1220 converged to besiege the new capital, Samarkand. According to the Histoire des Mongols by the Swedish historian C. d’Ohsson (1780–1855): in the fighting to reduce the city, the Mongol army made use of a weapon called Matière Combustible①, which Feng Chengjun, in his translation of this work, rendered as “fire-attack instrument,”② and which was in fact a kind of fire ball (fire bomb) hurled by trebuchet by the gunner corps. Howorth, in his History of the Mongols from the 9th to 10th Century, states that in the western campaign the Mongol army made use of a weapon called Stink-Pots as well as one called Primitive Cannon (also called Balistas)③; Feng Chengjun, in the Histoire des Mongols, translates this as “fire arrow,” while Tu Ji, in his Meng-wu-er Shi Ji: Biographies of the Western Regions, renders it as “fire-attack instrument”; Mr. Feng Jiasheng says it was a “poison fire jar.”④ Judged in light of the continuity of firearms development from the Song through the Yuan, Mr. Feng’s assessment seems the more apt.

Under the Mongol army’s fierce onslaught, Ala ad-Din’s defending forces were routed and the city’s inhabitants surrendered in great numbers; Ala ad-Din himself had already fled to a small island in the Caspian Sea, where he died of illness not long after. His son Jalal ad-Din (Djedal-ed-Din) succeeded him, and was defeated by the Mongol army at Ghazni (in present-day Afghanistan). The Mongol commanders Jebe (?–1224) and Subutai (1186–1241) pursued the victory, and Jalal ad-Din’s remaining forces fled in defeat to India. In the spring of 1222, the Mongol army crossed the Indus River and advanced as far as Multan and Lahore (both within present-day Pakistan) and the northern part of India. Jalal ad-Din retreated further, to Delhi (India’s present-day capital). Once the Mongol army had advanced into India, it turned back for home, unable to endure the fierce summer heat. Howorth states that the Mongol army, in the course of this campaign, used an incendiary device called Pots de naphte, which he translates as “Greek fire,”⑤ while the Meng-wu-er Shi Ji: Biographies of the Western Regions renders it “fire jar” — an incendiary apparatus that sprayed burning oil. Another scholar, R. Maclagan,

① C. d’Ohsson, Histoire des Mongols, depuis Tchinguiz-khan jusqu’à Timour Beg ou Tamerlan, Tome I, p. 225, 1940, Tianjin, photolithographic reprint of the 1834 Amsterdam edition. ② Trans. Feng Chengjun: Duosang Menggu Shi (Histoire des Mongols), Vol. 1, Commercial Press, 1936 edition, p. 103. ③ B. H. Howorth, History of the Mongols from the 9th to 10th century, Pt. I, p. 79, London. ④ Feng Jiasheng: “Did the Mongol Western-Campaign Army Use Gunpowder?”, in Feng Jiasheng Lunzhu Jicui (“Collected Essays of Feng Jiasheng”), pp. 345–346. ⑤ See Duosang Menggu Shi, Vol. 1, p. 123.

says that Naphte was originally called “Greek fire,” but after the emergence of gunpowder it came to be used as the name for a firearm.①

From the autumn of 1222 to the summer of 1223, the Mongol army advanced in turn upon the Caspian Sea, took Kipchak, and crushed the combined army of Halich Rus’ (that is, Russia) and Kipchak; the following year, it withdrew eastward from the northern shore of the Caspian Sea. On 25 August 1227, Genghis Khan fell ill and died at Qingshui County (in present-day Gansu), below the Liupan Mountains. His third son, Ögedei (1186–1241), was elevated by the assembled princes and nobles as great khan in 1229; before long he dispatched the general Chormaqan to continue the western campaign, and in 1231 destroyed the Khwarazmian empire, leaving him to garrison the region. According to the “Biography of Guo Baoyu” in the Yuan Shi, the Mongol general Guo Baoyu once made use of fire arrows in battle: “[Guo Baoyu] advanced his troops and took the city of Wusigan (that is, Samarkand), and next reached the Anmu River (that is, the Amu Darya). He built more than ten ramparts and lined up his boats in the river. When a sudden storm arose, Baoyu ordered fire arrows to be shot at the enemy’s ships, which caught and spread in flame in no time. Following up on his victory he pressed straight on, breaking the defense of the riverbank, taking fifty thousand [prisoners], beheading the enemy general Zuoli, and thereupon destroying the various ramparts and taking the four cities of Mali. In the xinsi year (1221 CE), the ruler of the Kefucha kingdom, the Sultan Khan, having broken the Naiman kingdom, led troops to occupy Tuosigan (Samarkand)…. Baoyu pursued him, and he fled to India.”②

The above records show that Genghis Khan’s generals Subutai, Jebe, and Guo Baoyu, in the course of pursuing the remnants of Jalal ad-Din’s forces into northern India in 1221–1222, made use of fire arrows, and that the Indian military and populace thus caught sight of fire arrows on this occasion.




Section 2 The Western Campaigns of Batu and Hulagu and the Westward Spread of Firearms

After Genghis Khan’s death, his successors, in order to carry his testament forward, went on leading the Mongol army on further western campaigns.


1. The Use of Firearms in Batu’s Western Campaign

In the sixth year of Taizong Ögedei’s reign (the third year of the Jin’s Tianxing era, the first year of the Southern Song’s Duanping era, 1234 CE), the Mongols destroyed the Jin dynasty. The following year, Ögedei convened an assembly of the various princes and ministers to plan the western campaign, and resolved to appoint Batu (1209–1256), son of his elder brother Jochi, as commander-in-chief, in command of Subutai, the various sons of Jochi, Ögedei’s eldest son Güyük (1206–1248), Tolui’s eldest son Möngke (1206–1259), and Baidar, son of Chagatai (?–1242), among others, mustering an army of 150,000 Mongol troops and marching west equipped with a great quantity of bamboo fire lances, iron fire bombs, and gunpowder arrows, among other firearms, newly captured from the Jin. In the autumn of 1236, the various columns of the Mongol army rendezvoused at the Yayi River (that is, the Ural River). Subutai’s column took the lead in seizing Bulgaria on the middle reaches of the Yidi River (that is, the Volga River), while Möngke’s column took Kipchak. In the autumn of 1237, the various Mongol columns entered Russian territory and seized the city of Ryazan. In 1238, the Mongol army divided and struck out in four directions, using iron fire bombs to take Moscow, Rostov, Vladimir, and more than ten other cities, and thereafter moving south to take the western part of Kipchak. In the winter of 1239, Batu led part of the Mongol army in taking the city of Chernigov with giant trebuchets. In the winter of 1240, Batu’s forces further took Kiev with iron fire bombs. In 1241, the Mongol army under Baidar entered Poland, occupying the city of Kraków; thereafter the Mongol army further entered Silesia (in present-day central Europe) and the territory of the Germans (Niemtsy).

Henry, King of Silesia in Germany, together with the Polish king Mieszko, who had retreated into his territory, formed a German–Polish allied force of 30,000 men to resist the assault of Baidar’s Mongol column. On 9 April 1241, the two armies fought a fierce battle near the city of Liegnitz in Poland. In the course of the fighting, the Mongol army used gunpowder arrows and poisonous

① R. Maclagan, “On Early Asiatic Fire Weapons” (in the Journal of the Asiatic Society of Bengal), Vol. XIV, No. I, p. 39, 1876. ② Yuan Shi, Juan 149, “Biography of Guo Baoyu,” Zhonghua edition, Vol. 12, p. 3521. The book records the year of Guo Baoyu’s first participation in the western campaign as the jiaxu year (1214 CE); this is in fact an error, and should be 1219 (the jimao year).

smoke balls to defeat the German–Polish allied army.① Because Polish and West Asian historians did not understand the firearms used by the Mongol army, they mistakenly took them to be a species of sorcery employed by the Mongol army, and said that the Mongol army’s great banner bore an “X”-shaped monster capable of spewing smoke from its mouth, giving off an unbearable stench. Under cover of this screen of smoke, the Mongol army could not be seen by the Polish forces, so that their dead and wounded piled up in heaps.② The Hungarian historian Lajos Ligeti says that the records people made at the time of the Mongol army’s campaigns were, for the most part, laden with myth and legend, for two reasons: first, people lacked understanding of the firearms used by the Mongol army and found it difficult to describe them accurately; and second, people were unwilling to admit that the defeat of their own countries had been quite so disastrous, and so used tales of the Mongol army’s use of sorcery to cover it up.③ Later, in a church near Liegnitz, people painted a mural depicting the Mongol army’s use of the firearm known as the “flying dragon” (Chineses dragon, that is, fire arrows) in that year’s battle.

That same year, the Mongol army further entered the territories of Austria, Hungary, and Italy, and raided as far as the territories of Serbia and Bulgaria. The Hungarian historian H. D. Martin says that in the Battle of the Sajó River in Hungary, the Mongol army used “fire of Catapults and archers,”④ that is, employed both trebuchet-launched firebombs and gunpowder arrows. Ligeti likewise holds that the Mongol army used firearms in this engagement.⑤ Since both of these historians are themselves Hungarian, their accounts carry a certain degree of reliability. In that period, the Mongol army withdrew to the lower reaches of the Volga River, and, taking Sarai (present-day the mouth of the Volga at the Caspian Sea) as its capital, founded the Kipchak Khanate. Because its tent-palace was golden in color, the Russians also called the Kipchak Khanate the Golden Horde.

During the Mongol army’s second western campaign into Europe, it used firearms in nearly every engagement, so that the Europeans were struck with terror and regarded them as monstrous things. Because European science and technology at that time still remained in a backward state, they were unable immediately to imitate and make use of the firearms the Mongol army had brought to Europe. It was not until a hundred years later that China’s firearms-manufacturing and firearms-use technology at last reached Europe by way of the Arabs.



2. The Use of Firearms in Hulagu’s Western Campaign

Hulagu (1219–1265) led the Mongol army’s third western campaign, which began in 1252. In 1251, Möngke, son of Tolui, Genghis Khan’s fourth son, succeeded to the throne as khan. The following year, in order to carry forward the will of his father and grandfather, Khan Möngke ordered his younger brother Hulagu to command the troops, and Hulagu began the western campaign in 1253. His army was made up of soldiers of many different kinds; according to the Persian historian Rashid al-Din, it included Naphte-men and crossbow-gunners numbering 1,000 in all; Howorth states that it included naphtha-throwers (Naft andaz), fire-arrow men (Charkh andaz), crossbowmen (Charkhi kamans), and trebuchet operators (Manjanik chis),⑥ among others — which gives some sense of just how many different kinds of firearms his forces employed.

The Mongol army’s third western campaign, conducted under Hulagu, had as its chief objectives the destruction of the state of the Nizari Ismailis (Mulahida, on the southern shore of the present-day Caspian Sea) and of the Abbasid Caliphate, together with the Abbasid capital, Baghdad (present-day Baghdad, Iraq). The terrain of the Nizari state was intricate, with a great deal of mountain country, easy to defend and difficult to attack, and the Mongol vanguard forces met with resistance in their assault. In the summer of 1256, Hulagu personally led his main force to the Nizari state, and used firearms operated by the gunner corps to breach the walls of its capital city. According to Rashid al-Din, the firearms used by the Mongol army included Vases sem-

① [Pol.] T. Urbański, trans. Ouyu Xiang et al.: The Chemistry and Technology of Explosives, Vol. 3, p. 258, National Defense Industry Press, 1976. ② B. H. Howorth, History des Mongols, Pt. 1, p. 88. ③ M. Prawdin, The Mongol Empire, p. 259, New York, 1940. ④ See Journal of the Royal Asiatic Society, p. 67, 1943. ⑤ M. Prawdin, The Mongol Empire, p. 263, New York, 1940. ⑥ Feng Jiasheng: “Did the Mongol Western-Campaign Army Use Gunpowder?”, in Feng Jiasheng Lunzhu Jicui, p. 348, and the note to that essay on p. 351.

plis naphte,① that is, bottles or jars filled with naphtha gunpowder — in other words, gunpowder jars or jars packed with gunpowder — belonging to the same category of explosive firearm as the Jin army’s “Heaven-Shaking Thunder.” Under the ferocious assault of this firearm, the Nizari state was at last destroyed by the Mongol army. In the summer of 1257, Hulagu sent an envoy to the Abbasid Caliphate to call on it to surrender, and was refused; he therefore, together with the Mongol generals Baiju and Kitbuqa, led part of the Mongol army in a three-pronged advance on Baghdad. Baghdad was at that time the political and cultural center of the Islamic world, as well as the seat of the Caliph (Khalifah), and the Arabs defended it with all their strength. In the spring of 1258, the Mongol forces under Guo Kan and others besieged Baghdad, breaching its walls with catapult-stones, gunpowder arrows, and other firearms,② and destroying the Abbasid Caliphate. Although the “Biography of Guo Kan” in the Yuan Shi records the firearms used by Guo Kan’s forces under somewhat different specific names, both accounts agree that firearms were used in reducing the city, and, moreover, since these firearms had already been extensively manufactured within the Mongol military-industry departments, this should occasion no surprise. In April 1260, Hulagu’s forces further occupied Aleppo and Damascus, drawing close to Egypt. It was then, on receiving news of Khan Möngke’s death, that he turned his army back to Persia. In 1260, Kublai succeeded to the khanate, and in the territory Hulagu had conquered he founded the Ilkhanate, with Tabriz as its capital, its domain covering roughly the territory of present-day Iran, Iraq, Syria, Turkey, Afghanistan, and other countries.

The three western campaigns conducted by the Mongols not only deployed vast numbers of armored cavalry, demonstrating the formidable might of the mounted-archery skill of the nomadic peoples of northern China, but also made use of the gunner corps and gunpowder-arrow units, equipped with the most advanced firearms then created by the Chinese nation — gunpowder arrows, fire balls, iron fire bombs, and the like — giving wings, as it were, to a Mongol cavalry already possessed of tremendous striking power. The ferocity of the Mongol cavalry and the great power of its firearms undeniably brought war and calamity to every place they reached, causing damage to the economies and cultures of a number of countries and grievous suffering to their peoples; and yet, objectively, they also opened up communication between East and West, expanding cultural exchange between China and the West, and increasing contact between China and many countries of Arabia and Europe. In the course of the western campaigns, Chinese firearms-manufacturing technicians and artisans, and soldiers skilled in the handling of firearms, carried the technology of manufacturing and using firearms to many countries in Arabia and Europe. Because the science and technology of the Arabs at that time was comparatively advanced, and had been deeply influenced by traditional Chinese science and technology, and because the Arabs, in fighting against the Mongol army, had also directly obtained firearms used by the Mongols, the efforts of Arab firearms researchers at home led to the creation of a wooden tubular discharge weapon, the “madfa” (Madfa or Madfaa), opening the path for the imitation of Chinese firearms; and, more importantly still, the Arabs, in the latter part of the thirteenth century, entered into a new phase of research into and use of firearms.




Section 3 The Rise of Firearms Research Among the Arabs

The Mongol army’s three western campaigns carried the gunpowder and firearms invented by the Chinese nation westward to Arabia and Europe, and, together with the peaceful exchange of science, technology, and culture between China and the West, spurred the firearms technicians and military commanders of these regions to study Chinese firearms technology and to create new types of firearms suited for use by their own countries’ armies. The Arabs’ madfa and the Europeans’ hand gun were both successfully imitated under these circumstances, between the end of the thirteenth and the early fourteenth centuries. Thereafter, the Europeans, building further on this foundation, created the new-style matchlock arquebus, advancing firearms technology to a new stage of development. The westward transmission of Chinese firearms technology began first with the Arabs, and only thereafter spread onward from Arabia to Europe. Hence Mr. Feng Jiasheng, China’s modern-day scholar of the history of firearms, says that Arabia was the bridge by which Chinese firearms technology was transmitted to Europe.


1. Arab Science and Culture

The Arab empire was a multi-ethnic state, which China called the “Black-Robed Tashi” (Heiyi Dashi); between the eighth and eleventh centuries it created a flourishing new Arab scientific and technological culture, one that encompassed both the indigenous scientific and technological heritage of the Arabs themselves and the influence of the scientific and technological cultures of the peoples it had conquered, and further absorbed nourishment from the scientific and technological cultures of ancient Greece, Rome, India, and China. Baghdad, Damascus, Cairo, Jerusalem, Tripoli, and Córdoba, capital of the Umayyad dynasty within Spanish territory, were all cities where science, technology, and culture were comparatively advanced in that era. The Arabs achieved a great many important results in such fields as mathematics, astronomy, physics, chemistry, and medicine,

① See Feng Jiasheng Lunzhu Jicui, pp. 293–294. ② Yuan Shi, Juan 149, “Biography of Guo Kan,” Zhonghua edition, Vol. 12, p. 3523.

and Arab military technology likewise made considerable strides forward. Building on a well-developed foundry and metalworking industry, they manufactured sharp steel blades and cavalry equipment. Building on a well-developed shipbuilding industry, they assembled great fleets. During the Seventh Crusade’s eastern invasion (1248–1254), they compounded incendiary agents containing saltpeter, and thereby repelled the enemy’s assault.



2. The Spread of Chinese Alchemy to the Arabs

According to historical records, in the time of Emperor Suzong of Tang (756–761) there was a Persian chemist, Li Xuan, who came to China to study works on alchemy, practicing alchemy in Sichuan and known by the people as Li Silang, having also adopted the Tang imperial surname Li.① The Maoting Kehua calls Li Xuan an alchemist who made his living selling fragrant medicines, and says he had considerable expertise in the arts of “roasting autumn stone” transmitted by Liu An, Prince of Huainan. According to the Taiping Guangji, moreover, in the Yuanhe era of the Tang (806–820) there was a certain Wang Silang, an alchemist, whose refined “medicinal gold” was “purchased exclusively by merchants from the Western Regions, at no fixed price — it was Silang himself who set the price.”② From this it can be seen that the Arabs began studying alchemy in China as early as the middle of the eighth century, transmitting the materials used in alchemy and the elixirs thereby refined into Arabia by way of commercial channels, so that alchemical terminology bearing meanings similar to those of Chinese alchemical terms, along with medicinal materials originating in China, came to appear in works on alchemy compiled by the Arabs.

The representative figure of eighth-century Arab alchemy was Jabir ibn Hayyan (c. 721–815), a physician of broad learning who, at the end of the eighth century, served as tutor to the Caliph’s crown prince, Khalid, and who authored more than twenty works, including the Kitab al-Khawas al-Kabir (“Great Book of Properties”) and Eastern Mercury, laying the foundations of Arab alchemy. In his alchemical writings he mentions a substance from China called tou (輸) stone③ (tutia); tou-stone is brass — that is, zinc oxide — the naturally occurring form of which was called “true tou,” while that smelted from copper and calamine (that is, zinc-carbonate ore) was called “tou-stone,” a fact recorded in the Chinese work Jingzhou Suishi Ji, compiled in the sixth century. That book states that mercury can bring the dead back to life, and can transform copper, iron, and tin into gold — a claim consistent with what the Chinese alchemist Wei Boyang says in the Zhouyi Cantong Qi, namely that mercury can be used to transform copper, iron, and tin into gold and silver; the book also refers to the “philosopher’s stone” or “elixir of the sages” as “red sulfur,”④ which is what Chinese alchemists called “the golden elixir” or “the reverted elixir”; and the elixir of longevity spoken of in the book is what the Chinese alchemist Ge Hong, in the “Huangbai Pian” chapter of his Baopuzi, calls “the essence of the elixir.” The book’s theory that the four elements — air, earth, water, and fire — give rise through their transformations to the myriad things⑤ bears a resemblance to the Chinese alchemists’ doctrine that metal, wood, water, fire, and earth generate and transform the myriad things.

The Persian physician al-Razi (Abu Bakr Muhammad ibn Zakariya al-Razi, 850–923), who once served as head physician of the Baghdad hospital, was a celebrated ninth-century alchemist; among his alchemical writings, the Kitab al-Asrar (“Secret of Secrets”) is the most renowned. In it he states that tou-stone came from China, and mentions “Chinese metal” and “Chinese copper” (that is, Chinese white copper/cupronickel).

Ibn Sina (Abu Ali al-Husayn ibn Abdallah ibn Sina, 980–1037), whom the Arabs called the “Prince of Physicians,” was a celebrated tenth-century physician, naturalist, philosopher, and alchemist,⑥

① Fang Hao: Zhong-Xi Jiaotong Shi (1953), 6th edition, Vol. 2, p. 190, Taiwan Hua Kang Publishing Co., 1977. ② Liu Xiaobiao of the Liang, annot.: Taiping Guangji, Juan 35, “Shenxian 35,” quoting the Jiyi Ji; see Sibu Beiyao 14, p. 146. “Merchants from the West” refers to Arab merchants. ③ B. Laufer, Sino-Iranica, p. 511 (B. Laufer: Zhongguo Yisilan Zhi). ④ P. K. Hitti, History of the Arabs, p. 432 (P. K. Hitti: Alabo Shi). ⑤ L. Thorndike, The History of Magic and Experimental Science, vol. I, p. 763 (L. Thorndike: Mo Shu yu Shiyan Kexue Shi). ⑥ Because the Arabic Ibn Sina means “son of China,” later Latin literature also rendered his name in Latin as the “son of China,” Avicenna; his representative work, the Canon of Medicine, is a landmark of the level Arab medicine had achieved by this time, and it gathered together a great deal of Chinese medical material; from the twelfth to the sixteenth century, it was regarded by the Western medical world as an authoritative work.

Besides his celebrated Canon of Medicine, he also wrote the Kitab al-Shifa (“Book of Healing”), a study of ancient chemistry. In the chapter “Physics” of that work, he classes mercury among the soluble substances, holding that mercury is the essence of metals, while sulfur endows metals with their variable outward appearance, and that every metal is composed of mercury and sulfur together with other constituents that determine a metal’s particular nature.

Arab alchemy spread, in the tenth century, to Spain under the rule of the Umayyad dynasty,① and among the Moors of Spain there likewise arose a body of alchemists who compiled a number of works on alchemy. From the eleventh to the thirteenth century, Arab alchemists went on compiling works on alchemy, and transmitted alchemy to Europe, where, through European adaptation and development, it became the foundation from which modern chemistry arose and developed.

The above records show that there exist many points of resemblance between Arab alchemy and Chinese alchemy, reflecting the historical course by which Chinese alchemy spread to the Arabs and, by way of the Arabs, on to Europe. Mr. Feng Jiasheng, after careful research, concludes that the English word for chemistry, “chemy,” derives from “alchemy” with the “al-” prefix removed, while the English word “alchemy” is in turn a translation of the Arabic word for alchemy, al-kimiya②; al is the Arabic definite article, while kim is thought to be the “golden liquid” (jinye) spoken of in the “Jindan Pian” chapter of the Baopuzi, the Arabic pronunciation of the character jin (“gold”) being kim.③ It can thus be seen that the formation of the English word “chemistry” bears a definite genetic relationship to Chinese alchemy, a relationship that likewise reflects the general course of the transmission of Chinese alchemy to Arabia and Europe. One important aspect of Arab alchemy was the refining of the elixir of longevity, and this is not unconnected with the fact that the gunpowder invented in China was the first thing to be transmitted to Arabia.



3. The Spread of Chinese Saltpeter-Refining Technique to the Arabs

The third western campaign, conducted by the Mongol army under Hulagu, together with the establishment of the Ilkhanate, carried the technology of manufacturing and using Chinese gunpowder and firearms to Arabia, and the Arabs thereby gained, through the practical experience of war, a sensory acquaintance with gunpowder and firearms. And in the course of their contact with the Chinese from the seventh to the thirteenth century, they had also acquired knowledge of the medicinal and chemical properties of saltpeter, and had mastered the technique of refining saltpeter — laying the theoretical and practical groundwork for the Arabs’ imitation of the gunpowder and firearms transmitted from China. This was, however, a process that unfolded over the course of historical development.


(1) Arabia’s Emergence, in the 1240s, of Incendiary Agents Containing Saltpeter

Because firearms were vastly more powerful than cold weapons, the Song court kept extremely tight control over saltpeter, the principal raw material for the manufacture of gunpowder, forbidding its dissemination to other regions, and in 1076 (the ninth year of the Xining era) explicitly proclaimed a prohibition against “the private trading of sulfur, refined saltpeter, and calamine [lugan shi] across the border.”④ For this reason the Arabs, over a long period, were unable to obtain Chinese saltpeter or gunpowder, and the weapons they used in war were chiefly blades, spears, bows and crossbows, and trebuchets, together with incendiary agents that did not contain saltpeter. It was not until the Seventh Crusade⑤ of the European Crusaders invaded Arab lands (1248–1254) that incendiary agents containing saltpeter came into use, to repel the Crusaders’ assault.

① The Umayyad dynasty of the Arab empire held power from 661 to 750. After the Abbasids seized power, they suppressed the imperial clan of the Umayyad dynasty, and only the prince Abd al-Rahman escaped to Spain, where he founded the later Umayyad dynasty (756–1036), with Córdoba as its capital, lasting twenty-four generations over 280 years. ② N. A. Faris, The Arab Heritage, pp. 2–5, lists thirty Western words deriving from Arabic, chemistry being one of them. ③ A note on p. 371 of Feng Jiasheng Lunzhu Jicui states: in the summer of 1951, the Chinese Academy of Sciences received an article on alchemy from a certain Indian scholar, who likewise held that alchemy was transmitted from China to Arabia, and said that the Arabic word al-kimiya was formed from the Arabic definite article al plus the “golden liquid” (jinye) mentioned in the “Jindan Pian” chapter of the Baopuzi. Yang Shiguang, Liu Guanggang, Yuan Hanqing, and Jiang Xianyou, in compiling the entry “Chemistry” for the Zhongguo Da Baike Quanshu: Huaxue (“Chinese Encyclopedia: Chemistry”), hold that Arab alchemy was a discipline formed from the fusion of Chinese alchemy and ancient Greek philosophy. ④ Song Shi, Juan 186, “Shihuo Zhi 8, Xia — Law of Mutual Trade,” Zhonghua edition, Vol. 14, p. 4563. ⑤ The Crusades: in medieval Europe, reactionary armies organized by the worldly feudal rulers under the leadership of the Roman Catholic papacy, used to suppress the various countries’ peoples’ movements against feudalism and against the Catholic Church. So called because the participants had a cross sewn onto their clothing.

At the same time, the military treatises compiled before this date likewise make no mention of incendiary devices containing saltpeter. This state of affairs can be glimpsed in an Arabic military treatise held by the library of Leiden University in the Netherlands. This work, catalogued as No. 29, bears neither a title nor an author’s name; on the verso of its first page is written, “Ingenious schemes of war, soldiers’ equipment, the encirclement of fortresses, the throwing of projectiles by hand, and the manufacture of bâroud.” Bâroud is the Arabic word for saltpeter, yet nowhere else in the entire work is there any mention of the technique of refining saltpeter. Another work of the same kind held by the same library, catalogued as No. 489, likewise contains nothing about saltpeter. On this basis, J. T. Reinaud (1795–1867), professor of Arabic at the University of Paris, holds that the word bâroud “appears but this once in the entire work, from which it may be surmised that this was added later by an unpracticed hand,” because “the whole work has a great deal to say about methods of fire-attack, yet nowhere does it so much as mention the single word ‘saltpeter.’”① From the words at the end of the work, “finished in the seventh month of the 622nd year of the Hijra (1225 CE),” it may be judged that the Arabs had not yet, before 1225, developed incendiary agents containing saltpeter. Hence the British historian of firearms James Riddick Partington (1886–1965) holds that “there is no evidence that the Muslims used firearms, or gunpowder as an explosive, throughout the entire period of the Crusades (1097–1291).”② It can thus be seen that the Arabs’ use of incendiary agents containing saltpeter cannot, in all likelihood, be dated any earlier than 1248.



(2) The Content Concerning Saltpeter in Arabic Literature

The earliest work to mention saltpeter is the Kitab al-Jami li-Mufradat al-Adwiya wa’l-Aghdhiya (“Comprehensive Book of Simple Drugs and Foods”), completed in 1240, whose author was the celebrated Arab pharmacologist Ibn al-Baitar (1197–1248). Born in Málaga, Spain, he loved plants and medicine from childhood, and as an adult took up his father’s profession as a veterinarian; he traveled to Greece, Egypt, and Asia Minor, and was well versed in the medicinal substances of Arabia, Persia, India, and the countries of the East, dying in Damascus in 1248.③ The Comprehensive Book records more than 1,400 medicinal substances, of which 300 were newly added,④ making it the most complete medical compendium compiled by the Arabs. The manuscript of this work is held in the Bibliothèque nationale in Paris, catalogued as No. 1071. Between 1840 and 1842 the German scholar J. von Sontheimer translated it into a two-volume German edition. In 1877 the Frenchman L. Leclerc translated it further into French. Later still it was translated into Latin as well. In 1895 the German historian of firearms J. von Romocki, in the first volume of his Geschichte der Explosivstoffe, likewise introduced a summary of the Comprehensive Book, with the Arabic original appended.⑤

The Comprehensive Book gives three Arabic names for saltpeter: “Asian stone” (asiyus), “bârud,” and “Chinese snow” (thalj al-sin, or neige de Chine). “Asian stone” originally meant limestone, a term al-Baitar borrowed to refer to saltpeter. Bârud is an Arabic word, sometimes used to mean saltpeter and sometimes to mean gunpowder. “Chinese snow” was a new name the Arabs gave to saltpeter, because of its snow-like whiteness and because it came from China. In explaining “Asian stone,” Avicenna said it was a kind of stone capable of producing salt. Romocki, on the basis of the material provided by al-Baitar, holds that “saltpeter was transmitted from China to Arabia between 1225 and 1250, and the Arabs in turn introduced this knowledge to the Europeans, thereby enabling the Englishman Roger Bacon (1214–1292) to become acquainted with the substance.”⑥

① J. T. Reinaud, De l’Art Militaire chez les Arabes au Moyen Âge (JA IVe Ser., t. 12, 1848), pp. 198–199. ② J. T. Reinaud, De l’Art Militaire chez les Arabes au Moyen Âge (JA IVe Ser., t. 12, 1848), pp. 198–199. ③ J. R. Partington, A History of Greek Fire and Gunpowder, pp. 189–190 (Cambridge: Heffer and Sons, 1960). ④ J. R. Partington, A History of Greek Fire and Gunpowder, pp. 309–313. ⑤ D. Campbell, Arabian Medicine, vol. I, p. 101. ⑥ S. J. von Romocki, Geschichte der Explosivstoffe, Bd. I, pp. 37–39 (Berlin, 1895).

An Iraqi named al-Kutubi (Yusuf ibn Isma’il al-Kutubi), in abridging the Comprehensive Book into the Ma la Yasa’u al-Tabib Jahluh (“What the Physician Cannot Afford Not to Know”), gave an account of the medical and military uses of saltpeter: “Bârud is the name used in North Africa for Asian-stone efflorescence; in the common speech of Iraq it is called ‘wall-salt.’ This salt is extremely violent, and can injure the intestines.… They use this salt to make ‘rising fire’ and ‘running fire,’ so as to increase their brightness and combustibility.”① The French historians of firearms Reinaud and Favé hold that what is referred to here is a propellant charge, and that “rising fire” may refer to a fire arrow; the bârud mentioned in the text is the saltpeter recorded in the thirteenth-century Arabic manuscript, that is, the “Chinese snow” spoken of by al-Baitar, and was transmitted, whether directly or indirectly, from China.② The view of Reinaud and Favé has been accepted by the great majority of historians of firearms.

The Arabic work that discusses the technique of refining saltpeter in the greatest detail is generally considered to be the al-Furusiyya wa al-Manasib al-Harbiyya (“Book of Horsemanship and Stratagems of War”), by al-Hasan al-Rammah Najm al-Din al-Ahdab (1265–1295), completed at some point between 1280 and 1295. Al-Hasan was born in the Syrian territory under the Ilkhanate, and, from the tactical questions concerning the use of firearms such as fire guns, flying fire, and fire arrows discussed in his book, along with his discussion of other military matters, it may be inferred that he had once served in the army. There exist two Arabic-language manuscripts of the work, both held in libraries in Paris. Of these, the manuscript catalogued as No. 1127 describes fire guns, fire arrows, and fireworks, along with gunpowder formulas and the question of refining saltpeter, and cites a number of pieces of Chinese documentary material.③ The French historians of firearms Reinaud and Favé, the German historian of firearms Romocki, the British historian of firearms Partington, and others have all attached great importance to the arguments put forward in this work, and have made a fairly thorough study of much of its content. The book sets out the method for refining saltpeter as follows: “First burn dry willow wood to ash, and, following the method for making lye, put the ash into water; then mix saltpeter and fine wood-ash in a ratio of 9 to 1, place it in a jar, add water, and heat it, until the wood-ash and saltpeter no longer stick together, taking care to prevent it from catching fire.”④ This method is essentially identical to the traditional technique for refining saltpeter described in such Chinese works, compiled in the early Northern Song, as the Kaibao Bencao and the Wujing Zongyao, and from it we can catch a glimpse of the Song-dynasty method of refining saltpeter. Although this method is first recorded in writing only at the end of the thirteenth century, it nonetheless shows that the Arabs, in the latter half of the thirteenth century, had already fully mastered the technique and technology of refining saltpeter — a technique and technology that formed, moreover, one component part of the technique and technology of compounding gunpowder.




4. Gunpowder Formulas Studied by the Arabs

In the Book of Horsemanship and Stratagems of War, al-Hasan further sets out a good many gunpowder formulas devised by the Arabs of his time, in which the proportion of saltpeter is somewhat higher than in modern black powder, yet which are similar or close to the traditional Chinese gunpowder formulas; the ingredients used include “Chinese red letter” (that is, realgar, As₂S₂), “Chinese iron” (iron filings), white lead, ammonium chloride (referred to in the text as “sal ammoniac” [xiaosha]), and frankincense. Among the names given to the finished products are: Chinese flower, Chinese wheel-of-fire, jasmine flower, moon flower, sunlight, yellow tongue, wheel-of-fire, shooting star, white water-lily, and five-colored smoke, among others. Partington arranges the various gunpowder formulas given in the book in order of their proportional composition of saltpeter, sulfur, and charcoal;⑤ several of the principal formulas are as follows: flying fire, 10:1:3; Chinese flower, 10:2:3.25, plus Chinese iron; fire-arrow powder, 10:1.5:3, or 10:1.5:2.5; sunlight, 10:1.125:2; jasmine flower, 10:2:3, plus 5 or 6 parts iron filings; moon flower, 10:3:0.5, plus 0.5 parts fragrant stone.

In the 71 formulas listed in the entire work, 61 have a ratio of saltpeter to sulfur of between 10:0.5 and 10:3; and 52 formulas

① J. R. Partington, A History of Greek Fire and Gunpowder, pp. 309–313. ② J. T. Reinaud et L. Favé, De Feu Grégeois et des Origines de la Poudre à Canon des textes nouveaux, pp. 13–15 (Paris, 1845). ③ See Feng Jiasheng Lunzhu Jicui, pp. 293–294. ④ J. R. Partington, A History of Greek Fire and Gunpowder, p. 201. ⑤ J. R. Partington, A History of Greek Fire and Gunpowder, pp. 200–204.

mention charcoal, in which the ratio of charcoal to saltpeter is for the most part 3:10.

In another manuscript of al-Hasan’s work, catalogued as No. 1128, there is further set out a gunpowder formula for “Chinese arrows,” in which saltpeter, sulfur, and charcoal stand in the proportion 10, 1.125, or 1.25, and 2.625 respectively, giving proportional percentages of 72.7%:8.2%:19.1%, or 72.7%:9.9%:17.4%. Besides saltpeter, sulfur, and charcoal, these formulas also contain such materials as iron filings, realgar, and white lead, in the same way that Chinese formulas for gunpowder in ancient times added various other ingredients, the purpose being to enhance combustion, toxicity, or lethality. Partington holds that “the most notable characteristic of al-Hasan’s work is its extensive use of Chinese materials, even though he does not use the term ‘Chinese snow’ to refer to saltpeter.”①

A somewhat later Arabic-language military treatise, the Kitab al-Anwa’ (“Comprehensive Book of the Arts”), was compiled for a sultan of the Mamluk dynasty (1250–1517) in Egypt; the manuscript is held in the library of St. Petersburg, Russia, and Reinaud and Favé hold that it was completed at some point between 1300 and 1350; its author, Shams al-Din Muhammad, died in Syria in 1350. The book quotes content from al-Hasan’s work, and also mentions the Ilkhanate ruler Ghazan Khan (r. 1295–1304). The book calls gunpowder “dawa,” likewise the Arabic word for “medicine”; it further sets out a gunpowder formula in which saltpeter, sulfur, and charcoal are given as 10, 1.5, and 2 parts respectively, with proportional percentages of 74%, 11%, and 15%.②

The Arabic sources cited above show that Arab researchers into gunpowder, from 1248 or 1249 onward until the early fourteenth century, on the basis of studying Chinese gunpowder formulas, made improvements and refinements, adapting them into a variety of gunpowder formulas suited to Arab use, thereby advancing the development of early-stage gunpowder and creating the conditions for the further development, among the Arabs, of the technology of manufacturing and using firearms.



5. Early-Stage Firearms Manufactured by the Arabs

The document that discusses the early-stage firearms manufactured by the Arabs is a work written in Latin, the Liber Ignium ad Comburendos Hostes (“Book of Fires for Burning Enemies”), commonly abbreviated as the Liber Ignium (“Book of Fires”).


(1) The Arab Firearms Recorded in the Book of Fires

The Arabic-language original text of the Book of Fires has never been found; its author is an Arab writing under the pseudonym of a Greek, “Marcus Graecus.” There exist three comparatively complete manuscripts, copied at different times. The first is a manuscript held in the Bibliothèque nationale de France, copied at around the end of the thirteenth century, containing 35 formulas across 16 pages. The second is a manuscript held in a library in Munich, Germany, copied at around 1438, containing 22 formulas. The third is a manuscript held in a library in Nuremberg, Germany, copied at around 1400, containing 25 formulas. There exist, in addition, other incomplete manuscripts, differing from one another in the length of their text and their dates of copying; the Paris manuscripts, catalogued as Nos. 7156 and 7158, are comparatively complete in content and were also composed at the earliest date.③ In 1804, the French scholar Du Theil (1742–1815), at the command of Napoleon I, collated and published the Paris manuscript. In 1893, the French historian of chemistry Marcelin Berthelot (1827–1907) translated it into French and included it in his La Chimie au Moyen Âge. In 1895, the German historian of firearms Romocki translated it further into German. In 1960, Partington also produced an English translation.④

The order of the 35 formulas contained in the Paris manuscript is chaotic, with the dates at which the various formulas came into being differing from one another by

① J. R. Partington, A History of Greek Fire and Gunpowder, p. 202, pp. 204–205. ② J. R. Partington, A History of Greek Fire and Gunpowder, pp. 204–205. ③ See Feng Jiasheng Lunzhu Jicui, p. 287. Partington says this book was completed in 1300. ④ Pan Jixing: Zhongguo Huojian Jishu Shigao (“Draft History of Chinese Rocket Technology”), p. 33, Science Press, 1987.

several hundred years; the original text is not written in Greek but mixes in Arabic words such as alambic, alkitran, and zembac, showing that this work is not the product of a single hand and a single period, that of the Greek Marcus in the eighth or ninth century, but rather a work successively supplemented and compiled by Arabs from the end of the thirteenth into the early fourteenth century. According to the content of the 35 formulas, they may be divided, broadly, into four major categories: the first is made up of various formulas for lamp-fuels, the second of various formulas for phosphorescent fires, the third of various formulas for Greek fire, and the fourth of a handful of gunpowder formulas. Of these, 14 formulas belong to military application, 11 are formulas used for lighting fires, 6 are formulas used for treating burns and extinguishing inflammation, and 4 are formulas discussing chemical combination. Among the 14 military-use formulas, 9 are used for fire-attack but contain no saltpeter at all; only formulas 12, 13, 14, 32, and 33 — five formulas in all — contain a saltpeter component, and are gunpowder formulas matched for use with firearms, touching on the extraction of pure saltpeter and pure sulfur and the method of compounding gunpowder. From the process of manufacture and the technical details recorded in these five formulas, it can be seen that the Arabs of the late thirteenth century, in the refining of saltpeter and sulfur, the mixing of ingredients, and the technique of manufacturing early-stage firearms, closely resembled the methods used for making early-stage gunpowder and firearms in the Song–Yuan period; let us examine the specific contents of formulas 12, 13, 14, 32, and 33.

Formula 12 records one of two kinds of “flying fire” (feihuo), compounded from 6 parts saltpeter, 1 part native sulfur, and 1 part rosin. These are ground fine and dissolved in linseed oil or laurel oil, laurel oil being preferred. Once mixed into gunpowder, it is placed inside a tube, and ignited with fire; shot at the target, it produces an incendiary effect. (“Flying fire” is the term used by Reinaud, Favé, and Partington; Berthelot, however, calls it “fire arrow.” In this formula the proportional composition of saltpeter, sulfur, and charcoal is 75%, 12.5%, and 12.5% respectively. The text gives no detailed account of the process of refining, selecting, and mixing the saltpeter, sulfur, and charcoal.)

Formula 13 records the method of manufacturing a second kind of “flying fire,” made up of 6 pounds of saltpeter, 1 pound of native sulfur, and 2 pounds of powdered willow charcoal, in a proportional composition of 66.7%, 11.1%, and 22.3% respectively. The three substances are ground together on a marble slab, mixed into gunpowder, and placed inside a tube, which can then be made into “flying fire” or a “thunderclap” (xiangléi). It should be noted that the tube used to make flying fire (fusée) should be comparatively thin and long, and the gunpowder packed inside it should be rammed firm and tight, so as to achieve a better jetting effect; the tube used to make a thunderclap (pétard) should be comparatively short and thick, and the gunpowder packed inside it may be reduced by half, to suit the requirements of an explosive burst; both ends of both kinds of tube must be tightly bound with iron wire① to seal them; one end of each of the two kinds of tube should be left with a small hole, through which the fuse passes, for ease of ignition; to increase lethal power, two fusée tubes or two petard tubes may respectively be used together, making a double fusée or a double petard. Reinaud holds that flying fire originated in China, and was transmitted to Arabia at some point around 1250 in the course of the Mongol army’s western campaign, thereafter spreading onward to Europe as well,② and holds that this is the gunpowder formula the Arabs devised for the primitive fire arrow, the fusée.

Formula 14 records the method for refining saltpeter. The method is to take natural mineral saltpeter and dissolve it by the method of boiling, so that the impurities settle to the bottom of the vessel; the saltpeter solution is then slowly poured off and filtered, and boiled again for a full day and night, so that it congeals, whereupon transparent crystalline flakes of saltpeter can be taken from the vat or basin.③ This method is identical to the method used in China during the Song–Yuan period for extracting pure saltpeter, except that it lacks, in the process of boiling again for a full day and night, any description of the technique of adding an absorbent material to draw off impurities; yet, judging from the overall sequence of the process, this method may reasonably be concluded to have been derived from China.

Formula 32 records the first of three gunpowder formulas used for flying fire, compounded of saltpeter, sulfur, and linseed oil; the three substances are mixed together thoroughly, placed inside a tube, and, once ignited, rise at once into the air.④ This formula’s account of the tube is rather cursory, and the proportions and percentage composition of saltpeter, sulfur, and linseed oil are not given. In this formula the charcoal component is replaced by linseed oil. Linseed oil is extracted from flax and

① J. R. Partington, A History of Greek Fire and Gunpowder, pp. 48–49. ② J. T. Reinaud et L. Favé, De Feu Grégeois des feux de guerre, et des origines de la poudre à canon chez les Arabes, persans et les chinois, Journal Asiatique (Paris), vol. XIV (1849), p. 316. ③ J. R. Partington, A History of Greek Fire and Gunpowder, p. 49, 54. ④ J. R. Partington, A History of Greek Fire and Gunpowder, p. 49, 54.

is found in production across Europe and as far as the southwest of Asia, and it was for this reason that the Arabs used it in place of a charcoal component.

Formula 33 records another kind of flying fire, made up of 9 parts saltpeter, 1 part native sulfur, and 3 parts willow charcoal.① Its proportional composition is 69.2%, 7.7%, and 23.1% respectively. The three substances, ground and mixed together, are placed inside a paper tube, and rise into the air immediately upon ignition.

Of the five gunpowder formulas discussed above, apart from Formula 14, which describes the method of extracting pure saltpeter, the remaining four all set out the compounding methods and techniques for the gunpowder formulas used in “flying fire.” Among the four gunpowder formulas for “flying fire,” the charcoal component of Formulas 12 and 32 is replaced by two adhesive combustible substances, rosin and linseed oil, used to bind together the saltpeter and sulfur; the charcoal component of Formulas 13 and 33 is made up of powdered willow charcoal, because “willow-twig ash and eggplant-stalk ash are the lightest and most readily combustible,”② allowing an easily ignited gunpowder to be compounded. It can thus be seen that the gunpowder compounded according to these four formulas is, in every case, an incendiary gunpowder; these formulas, by and large, still take as their point of origin the three gunpowder formulas recorded in the Wujing Zongyao, and are gunpowders derived from them through improvement, packed into paper or wooden tubular containers to form incendiary firearms.



(2) Firearms Recorded in Other Arabic Literature

According to the thirteenth-century French chronicler Jean de Joinville (c. 1224–1317), in his Histoire de Saint Louis of 1268, he once accompanied the French king Louis IX (Saint Louis, 1214–1270) on the Seventh Crusade (1248–1254). The French army, in 1248, on the eastern bank of the Nile, came under attack from fire arrows shot by Arabs on the opposite bank.③

Also, according to the Arab Ibn Khaldun (1332–1406), in his Kitab al-’Ibar of 1384, the Sultan of North Africa, Abu Yusuf, in the Battle of Sirmasa in 1274, made use of explosive firearms, the gunpowder used in which also contained iron filings.④

In al-Hasan’s Book of Horsemanship and Stratagems of War, cited above, there is also discussion of such firearms as flying fire, fire arrows, fire balls, and fire guns,⑤ as well as fire-pots made with earthenware, paper, and metal casings, which, packed with gunpowder, could cause an explosion upon being thrown, in the same way as the “Heaven-Shaking Thunder” of China’s Southern Song period.

The literature cited above shows that, at the latest, by no later than 1280, the Arabs had already fully mastered the technology of manufacturing and using such firearms as the fire arrow, the fire ball, the “Heaven-Shaking Thunder,” and the bamboo fire lance, created under China’s Song dynasty, and had imitated a variety of corresponding new-style firearms of their own, employed in warfare. More important still, the Arabs developed the Chinese paper and bamboo tubular discharge weapon, the rushing-fire lance, into a wooden tubular discharge weapon, the madfa.



(3) The Wooden Tubular Discharge Weapon “Madfa” Manufactured by the Arabs

The madfa is first recorded in the military treatise the Kitab al-Anwa’, compiled by Shams al-Din; besides providing a propellant gunpowder formula used for the madfa (compounded of 10 parts saltpeter, 1.5 parts sulfur, and 2 parts charcoal), the book also provides an illustration of the madfa’s shape (Figure 3-1).

The madfa used wood for its barrel, packed inside with gunpowder rammed firm and tight; the mouth of the barrel held a spherical projectile or an arrow, which was then discharged by lighting the gunpowder through a touch-hole; the tube was fitted with a wooden stock of varying length, for ease of handling. The Japanese historian of firearms Arima Seiho holds that the madfa and the Chinese fire-lance and rushing-fire-lance belong to one and the same lineage of tubular discharge weapons; it had already developed from the tube-

① J. R. Partington, A History of Greek Fire and Gunpowder, p. 54. ② Wubei Zhi, Juan 119, “Junzi Cheng, Huo 1 — Rhapsody on Gunpowder,” see Tonghui: Jishu Juan 5, p. 988. ③ It is stated in Japan that Arima Seiho holds that this refers to an incendiary agent containing saltpeter, or what is called a saltpeter-containing “Greek fire.” ④ J. R. Partington, A History of Greek Fire and Gunpowder, pp. 190–191. ⑤ J. R. Partington, A History of Greek Fire and Gunpowder, pp. 200–204.

type flying-fire-lance and the bamboo-tube rushing-fire-lance into the wood-tube fire gun; the gunpowder used had already developed from a paste-like incendiary gunpowder into a powdered propellant gunpowder; once the madfa was transmitted to Europe, it was in turn developed by the Europeans into a metal-barreled discharge weapon, the “hand gun”; the madfa is incontestable evidence of the transmission of the Chinese fire-lance to Arabia and Europe.①

Figure 3-1 The Arab Madfa

The British historian of firearms H. L. Blackmore states: “It is a generally accepted view that the formula for gunpowder, and the knowledge associated with its propulsive power, was transmitted from China to Europe by Arab scholars.” In an Arabic document copied at some point between 1300 and 1350,② there is an Arabic illustration that “clearly shows a tube loaded with gunpowder, with a round loading-plug on the tube, and, at the top, an arrow. A second arrow is about to leave the muzzle of the tube. Another illustration shows, mounted on a wooden pole, a short, thick, round tube, with a spherical projectile about to be shot from the mouth of the tube — this may follow the pattern of the fire lance or [fire] tube. Unfortunately, the account given in this manuscript is rather confused. Both of these tubular devices for discharging arrows and projectiles are, in the text, described by the term midfa (that is, madfa).”③

Professor Ayalon, in his work Gunpowder and Firearms in the Mamluk Kingdom, discusses the meaning of this term at some length. He points out that from the second half of the fourteenth century onward, Mamluk documentary records increasingly refer to a weapon as midfa’an-naft, or, for short, midfa. From this it can be seen that the madfa had already become standard equipment of the Arab armies of the fourteenth century.



(4) Arab Firearms in the Works of Reinaud and Favé

The French historians of firearms Reinaud and Favé, in the plates of their 1845 work Du Feu Grégeois des Feux de Guerre et des Origines de la Poudre à Canon, drew the various types of firearms manufactured by the Arabs. Mr. Feng Jiasheng excerpted these in his Feng Jiasheng Lunzhu Jicui, and, because they give a fairly comprehensive picture of the general course of the development of Arab firearms, three of the illustrations are reproduced below.

Figure 3-2 lists 22 kinds of firearms, which may broadly be divided into three types: numbers 1–6 are small fire-ball-type firearms, which could be thrown by hand; numbers 7–14, 19, and 20 are madfa-type fire guns, each with a projectile at its muzzle; numbers 15–18, 21, and 22 are shot by means of a bow; and the three fire guns numbered 8, 10, and 18 have projectile heads called “Khitan fire-wheels” (Sahm Khata’i); the barrels of the fire guns are in some cases of paper, in others of wood.

① See the “Liuchuan” (“Transmission”) section, pp. 105–106. ② That is, the Arabic manuscript mentioned above, held in the Asiatic Museum of St. Petersburg. ③ H. L. Blackmore, Guns and Rifles of the World (London, 1965), p. 3.

Figure 3-2 Arab Fire Arrows and Fire Guns

Figure 3-3 lists 11 kinds of firearms, which may broadly be divided into two types: numbers 1–8 and 10 are fire-ball-type firearms, capable of producing a screening, blinding, or poisoning effect, and could be thrown by hand or launched by trebuchet; numbers 9 and 11 are trebuchets, capable of hurling stone projectiles and fire balls, of a form and construction considerably more advanced than the Song-dynasty trebuchet.

Figure 3-3 Arab Fire Balls and Fire Guns

Figure 3-4 depicts two warships, each carrying bottle-shaped firearms that could be thrown by hand, adapted for use in naval warfare. Viewed as a whole, the historical process by which the Arabs imitated and adapted Chinese gunpowder and firearms may broadly be divided into four stages of development: the first, after 1248, the Arabs were already able to manufacture gunpowder, creating the conditions for the manufacture and use of such “flying fire” as the fusée and the petard, and began to use firearms of this kind in warfare; the second, after 1250, the varieties of firearms increased, and their use in warfare likewise grew with each passing day; the third, after 1280, the Arabs began to use jar-type and bottle-type explosive firearms, considerably enhancing the power of firearms in warfare; the fourth, in the early fourteenth century, the Arabs imitated the wooden tubular firearm, the madfa, bringing the development of firearms into a new stage, and, in the course of fighting against the Spanish, transmitted the technology of manufacturing and using firearms to Europe. After the middle of the fourteenth century, there is no more exciting news to report of the Arabs’ manufacture and use of firearms.

Figure 3-4 Arab Firearm Warships





Section 4 The Spread of Chinese Firearms to Asia

When the Mongol (Yuan) army fought against its neighboring countries in Asia, it likewise transmitted the technology of manufacturing and using gunpowder and firearms to these countries.


1. Spread to Goryeo

Korea is situated in the eastern part of the Asian continent, bordering China to the north, and the peoples of the two countries have, since ancient times, maintained frequent contact in many respects; Chinese characters were transmitted to Korea at a very early date. In 1231–1232, when the Mongol army was attacking Kaifeng, the Jin capital, the Mongol court, on the pretext that its envoy had been killed in Goryeo, raised an army equipped with fire cannon and gunpowder arrows and entered Goryeo, and between the ninth month of 1231 and the first month of 1232, the Mongol army used fire cannon to attack the city of Guizhou (present-day Guicheng). Before long, the Mongol army occupied the Goryeo capital, Kaesong. The king of Goryeo fled to an offshore island. In 1280, the Yuan court, on the pretext of a punitive campaign against Japan, established the Branch Secretariat for the Conquest of the East (Zhengdong Xingsheng) in Goryeo, and levied, within Goryeo, 15,000 infantry and sailors and 900 warships, for use in the invasion of Japan. Goryeo soldiers thereby became familiar with knowledge relating to firearms, but the gunpowder and firearms themselves were chiefly allocated by the Yuan court.

After the Mongol army completely destroyed the Southern Song forces in 1279 and annihilated the Southern Song, large numbers of Chinese fled to Goryeo to settle, and there was much trade between the coastal regions and Goryeo, with Goryeo monks, students, merchants, and envoys coming and going frequently, ushering in a high tide of technological and scientific exchange between China and Goryeo. During this period, the Yuan court also allocated firearms to equip the Goryeo army. At the end of the Yuan dynasty, when peasant

rebellion broke out in China, the Yuan court, with troubles enough of its own, was no longer able to allocate firearms to the Goryeo army, and, at the same time, because of the Yuan court’s close surveillance, the Goryeo army’s study of Chinese gunpowder and firearms technology was likewise cut short; it was not until after the founding of the Ming dynasty in 1368 that the study of Chinese gunpowder and firearms technology once again began to develop.



2. Spread to Japan

After Kublai succeeded to the khanate in the Mongol Zhongtong era (1260), he several times dispatched envoys bearing formal letters to Japan; the Japanese Kamakura shogunate (1186–1334) paid them no heed, whereupon Kublai wished to raise an army to call Japan to account. In 1274 (the eleventh year of the Yuan Zhiyuan era, the eleventh year of the Japanese Bun’ei era), Kublai ordered Hindu, the military-administration commissioner stationed in Goryeo, together with Hong Dagu, the Goryeo commander-in-chief of military and civilian affairs, to lead a garrison force, Jurchen troops, and naval forces totaling 15,000 men, embarking on 300 warships to cross the sea and invade Japan. Another column of the Yuan army, commanded by the Yuan general Hudun and the Goryeo commander-in-chief Jin Fangqing, set out from Hapo to attack Tsushima, Iki, and other Japanese islands. The Yuan army numbered some 30,000 men in all, while Japan met them with 100,000. The Yuan army, relying on its firearms, gained the upper hand, swiftly occupying the two islands of Tsushima and Iki, and advanced its troops on Hakata Bay. Afterward, a typhoon suddenly arose, and the Yuan army was forced into a hasty retreat. Japanese history records this campaign as the “Bun’ei Invasion.” In 1281 (the eighteenth year of the Yuan Zhiyuan era), Kublai, on the pretext that Japan had put a Yuan envoy to death, mustered Han Chinese, Mongol, and Goryeo forces totaling 140,000 men, and launched a second invasion of Japan in two columns. One column, made up of 40,000 Mongol, Goryeo, and Han Chinese troops under the command of Hindu and Hong Dagu, crossed the sea from Goryeo, and used fierce cannon-fire to defeat the Japanese forces at Iki Island. The other column, made up of 100,000 newly surrendered Southern Song troops under the command of Fan Wenhu, set out from Qingyuan and Dinghai in China, intending to join forces with Hindu and Hong Dagu in a combined assault on the Japanese forces, but this force, too, was in the end defeated and forced to withdraw on account of a typhoon.

A number of Japanese historical records preserve accounts of the Yuan army’s use of the iron fire bomb in fighting against Japanese forces.

According to the Japanese work Heiki-kō: Kahō-hen (“Study of Weapons: On Firearms”): “The term ‘iron cannon’ [teppō] first appears, in Japanese history, in the records concerning the Mongol invasion contained in the Taiheiki and the Hachiman Gudōkun.”

The Hachiman Gudōkun records the fighting of the Mongol army’s land forces on the twentieth day of the eleventh month of the eleventh year of Bun’ei: “Light and nimble, mounted on horseback, with fierce fighting spirit, they went wherever they pleased.… The flying iron cannon flashed with fire and its thunderous report shook the earth, so that men’s livers and gallbladders were rent within them, their eyes darkened and ears deafened, and they were left dazed, not knowing what to do.”

The Taiheiki contains a passage describing the Yuan soldiers’ assault on the Japanese forces: “After the drums of battle had sounded, blade met blade. The iron cannon hurled forth spherical projectiles, which rolled down the hillside like cartwheels. Their sound was like a clap of thunder, their light flashed like lightning, and as many as two or three fire-projectiles could be discharged at once. Many Japanese soldiers were burned and injured, and the storehouses atop the city caught fire, which should have been extinguished, yet there was no time to attend to it.”①

Besides the two literary sources cited above, there is also, in Japan, a warrior-painter, Takezaki Suenaga, who, in his Mōko Shūrai Ekotoba (“Illustrated Account of the Mongol Invasion”) of 1292, depicted the scene of the Yuan army’s use of the iron fire bomb against Japanese forces at Hakata Bay on the twentieth day of the tenth month of 1281 (the fourth year of the Japanese Kōan era): after the iron fire bomb exploded, fragments flew toward the Japanese warriors, giving off black smoke and a flash of light, accompanied by an ear-splitting explosion. The Japanese warriors were thrown into panicked confusion, and men and horses were killed and wounded in great numbers; the Japanese called this weapon the “iron fire cannon” (tetsuhau). Among the several scrolls painted by Takezaki Suenaga, one painting depicts, on its left-hand side, a spherical iron fire bomb in the act of exploding, its flames flashing in every direction (Figure 3-5). It was only after these two engagements against the Yuan army that the Japanese came to know that there existed, in the world, people who used firearms.② Thereafter, the Japanese, by every means they could devise, sought by way of Goryeo to learn about and study Chinese gunpowder- and firearms-manufacturing technology. Once the Yuan authorities learned of this state of affairs, they ordered the coastal circuits to guard strictly against the transmission of gunpowder- and firearms-manufacturing secrets to the Japanese, and forbade the refining of saltpeter anywhere along the coast. Because of the Yuan blockade, it was not until the sixteenth century that the Japanese began to manufacture gunpowder and firearms.

① [Japan] Arisaka Toshimichi: Heiki-kō: Kahō-hen, Ch. 3, “The Origins of Japanese Firearms,” Sōzankaku, Tokyo, 1937, p. 35. Subsequent citations of this work follow this same edition. The two pieces of historical material recorded in this book are the most detailed among all foreign records concerning the Yuan army’s use of firearms. ② See Heiki-kō: Kahō-hen, p. 35.

Figure 3-5 The Yuan Army’s Use of the Iron Fire Bomb in Fighting Against the Japanese



3. Spread to Annam

Vietnam was known in antiquity as Jiaozhi, or Annam; from the Qin–Han period down to the ninth year of the Southern Song Qiandao era (1173), it was in the “period of commanderies and counties.” The following year, the Southern Song court enfeoffed Ly Anh Tong as King of Annam. From the first year of the Southern Song Baoqing era to the fifth year of the Ming Zhengtong era (1225–1440) was the period of the Vietnamese Tran dynasty. In the twelfth year of the Southern Song Chunyou era (1252), Kublai and Uriyangkhadai led an army of 30,000 in the conquest of Dali, in an attempt to enter Annam by way of Yunnan. In 1257, Kublai dispatched an envoy to Annam to urge its surrender, but the envoy was imprisoned by the Vietnamese king, Trần Thái Tông; on this pretext, Kublai sent a Mongol army from Dali down the Red River to invade Thăng Long (present-day Hanoi, Vietnam); the king fled to an offshore island. The Yuan army, having subsequently met with resistance from the Vietnamese forces, withdrew back to Dali. In 1284, the Mongol army invaded Annam a second time, capturing Thăng Long, and advanced by sea to seize Champa. The following year, the Annamese army recovered Thăng Long, routing an army of 500,000 Yuan troops, and the Yuan army was defeated and withdrew home. In the first month of the twenty-second year of the Yuan Zhiyuan era (1285), and again in 1287–1288, the Yuan army launched a third campaign against Annam, and once again was defeated and withdrew; the fire cannon, gunpowder arrows, and other firearms with which the Yuan army was equipped were thereby also transmitted to Annam in the course of this campaign. Yet at this time the Annamese army and populace merely caught sight of these firearms, and did not go on to research and manufacture firearms of their own.①



4. Spread to Cambodia

Cambodia lies in the western part of the Indochinese peninsula, bordering Laos, Vietnam, and Thailand. China’s Han dynasty called it Funan; the Song dynasty called it Chenla; the Yuan dynasty called it Ganpuzhi; and it was the Ming dynasty that began to call it Cambodia (Jianpuzhai). China and Cambodia have maintained frequent contact with one another since the Yuan dynasty. The gunpowder invented by China spread to Cambodia at first not by way of war, but rather in the form of festival fireworks displays.

In the first year of the Yuan Yuanzhen era (1295), a Chinese traveler named Zhou Daguan accompanied a Yuan-court envoy on a mission to Cambodia, arriving in Chenla the following year, where he remained for two years; on returning to China in 1297 he wrote the Zhenla Fengtu Ji (“Customs of Cambodia”), a work of some 8,500 characters in total, divided, apart from a general preface, into forty sections. In the book’s thirteenth section, “The Sequence of the Calendar,” he describes a scene he witnessed at Angkor, the Cambodian capital, of watching fireworks during the period of the New Year festival in 1297: every night, three to six such racks would be erected; fire arrows and firecrackers were placed atop these racks — all the expense being shared among the various provinces and the nobility. When night fell, the king would be invited to come and watch the display. The fire arrows were lit, and the firecrackers set off. The fire arrows could be seen from as far as thirteen kilometers away. This scene closely resembles the one described by Zhou Mi in his Wulin Jiushi. From this it can be seen that, by the end of the thirteenth century, Cambodia had already introduced Chinese fireworks technology, using it to enliven the festive atmosphere of holidays.

The Zhenla Fengtu Ji further records that, at that time, Cambodia, in order to manufacture fireworks and gunpowder, purchased “sulfur and refined saltpeter” and other such materials from China.② This record shows not only that the saltpeter and sulfur so abundantly produced in China had, at the latest by the end of the thirteenth century, already been sold to Cambodia, but also that they must likewise have been sold onward to Laos, Thailand, Burma, and other countries, and even to more distant regions still, for use in the manufacture of fireworks, and possibly, in a somewhat later era, for the manufacture of firearms as well.

In 1273, the Yuan court dispatched an envoy to Burma to urge its surrender; the king of Burma sternly refused, and put the Yuan envoy to death. In 1277, the Yuan army invaded northern Burma. In 1287, the Yuan army invaded Pagan, and the Burmese king surrendered. In the course of this fighting, the Yuan army likewise made use of firearms, and the Burmese military and populace thereby witnessed the might of firearms.

① According to the Committee for the Social Sciences of Vietnam, ed., Lịch sử Việt Nam (“History of Vietnam”), Vol. 1, Ch. 6 (Hanoi: Social Sciences Publishing House, 1971): it was not until the Lê dynasty (1428–1526) that Vietnam was able to manufacture fire cannon and other such weapons. On this basis, the era in which Vietnam came to use firearms was, in all likelihood, no earlier than the end of the fourteenth century. ② [France] P. Pelliot, trans. Feng Chengjun: Zhenla Fengtu Ji Jianzhu (“Annotated Edition of the Zhenla Fengtu Ji”) (1902 edition), in Shidi Congkao Xubian, p. 91, Commercial Press, 1933.



5. Spread to Java

Java, in the ancient literature of China, India, and Arabia, refers to the Indonesian archipelago. In 1222 CE, Java established the Singhasari kingdom. In 1292 (the twenty-ninth year of the Yuan Zhiyuan era), the ruling dynasty’s king, Kertanegara (1268–1292), was overthrown, and the kingdom was destroyed. In the second month of that year, Kublai sent an envoy, Meng Qi, to Java to urge its surrender; the Javanese authorities subjected Meng Qi to the punishment of facial mutilation, and Kublai, in a fury, ordered Shi Bi, Gao Xing, Yi Hei Mishi, and others to lead more than 20,000 troops from the three provinces of Fujian, Jiangxi, and Huguang, together with a thousand warships, setting out from Quanzhou to attack Java, landing in Java the following year. Raden Wijaya, son-in-law of the former ruler of Singhasari, first feigned surrender to the Yuan army, and, using the Yuan army’s strength, overthrew the forces of Jayakatwang, who had earlier killed the king of Singhasari, defeating the restoration forces of Kertanegara’s line, and then turned and launched a surprise attack on the Yuan army, founding the Majapahit kingdom. The Yuan army withdrew from Java in 1294; in the course of its campaigning in Java, the Yuan army had made use of fire cannon, and from this time onward the Javanese came to know of firearms.



6. Spread to India

India lies on the South Asian subcontinent, and is one of the ancient civilized countries of the world. China, since Xuanzang’s Records of the Western Regions of the Great Tang, has called it Yindu (India); before this it had also been called by such names as Shendu and Tianzhu. The gunpowder and fire arrows invented by China were transmitted to India in 1221–1222, in the course of the Mongol army’s pursuit of Jalal ad-Din. According to India’s own historical records concerning gunpowder and firearms, India had, at least before 1400 CE, not yet succeeded in manufacturing gunpowder or firearms. There nevertheless exist certain unsubstantiated claims, mistakenly asserting that India was already using firearms in warfare as early as the fourth century BCE, and that India was the country in which gunpowder was invented, and so forth. These claims have been overturned by the painstaking research and rigorous argumentation of many scholars.


(1) The Indian Army Did Not Use Firearms to Resist the Invasion of the Macedonian Army

Certain Western scholars, on the basis of some of the records contained in the Life of Apollonius of Tyana by the ancient Greek writer Flavius Philostratus (c. 170–245), have held that the Indian army, in the fourth century BCE, had already made use of firearms. For this biography states that when Alexander the Great, King of Macedon (Alexander the Great, c. 356–323 BCE), leading his army eastward into the Punjab region of India (Panges) in 326 BCE (some say 325 BCE), met with fierce resistance from the Indians between the Hyphasis and the Ganges rivers, it is said that these people discharged, from the city walls, some monstrous thing resembling a raging gale and a crash of thunder, and thereby repelled the invaders’ assault. It is also said that when Hercules and Bacchus led armies to invade India, they too met with the same kind of resistance, and that the Indians hurled a kind of monstrous device that produced, above the invaders, flashes of lightning and peals of thunder and a storm that covered the sky and blanketed the earth, forcing the invaders to retreat. The rocketry researcher J. W. Sily, on this basis, inferred that these weapons, which produced sounds like a raging gale and a crash of thunder, were firearms.① Yet a great deal of literature demonstrates that this inference does not hold.

In the A History of India by the Indian historians Sinha and Banerjee, an account is given of the Indian resistance to the invasion of the Macedonian army. It states that, in 326 BCE, Alexander advanced toward the region of the Hyphasis, annexing certain small states along the way. He had originally intended to press onward as far as the Ganges basin, but because of the scorching heat and the spread of plague, found it difficult to advance further. At the same time, King Nanda, who ruled the Ganges basin, was leading a force possessed of

① J. W. Sily, “The Early History of Rocket Research,” Scientific Monthly, lxxi: 236 (November, 1950).

80,000 cavalry, 200,000 infantry, 8,000 chariots, and 6,000 war elephants, arrayed in strict battle order; the King of Macedon, on receiving this intelligence, voluntarily withdrew.① From this it can be seen that the Indian army did not, on this occasion, make use of firearms.

The Soviet-published World History, in its account of this engagement, likewise states that the Indian army’s chief shock force in this battle was war elephants, and not firearms.②

Engels, in his essay “Artillery,” points out: “According to the evidence adduced by the Greek writers Aelian, Ctesias, Philostratus, and Themistius, the Indians appear, in the age of Alexander the Great, to have already made military use of some kind of pyrotechnic agent.… but it was certainly not gunpowder.”③



(2) There Is No Record of Firearms in Ancient Indian Literature

Certain Western scholars, owing to mistranslations and misunderstandings of ancient Indian texts, have come to believe that India already possessed firearms as early as 300 BCE.

In 1776, the British orientalist Nathaniel Brassey Halhed (1751–1830), in translating into English the ancient Indian Manusmriti (Laws of Manu), compiled around 300 BCE, used, in certain relevant passages, such terms as “cannon” and “gun or any kind of firearms.”④ Thereafter, some people, passing the story from mouth to mouth, gradually formed the notion that India had already been using firearms as early as 300 BCE. The reason for this, on examination, is that Halhed himself did not know Sanskrit, and was obliged to translate into English from a Persian-language text of the Manusmriti, so that mistakes were unavoidable. The key phrase in the mistranslation referred to above was discovered in the English text of the Manusmriti, Book 7, paragraph 90. After repeated deliberation and correction of this translated passage by a number of Indian and Western scholars, a substantially more accurate translation has been established: “When engaged in battle with the enemy, one should not use treacherous weapons, nor barbed arrows, nor poisoned arrows, nor arrows blazing with fire at the point, to kill one’s enemy.”⑤ This corrected translation demonstrates that the arrows used in battle by the Indian armies of that time were merely arrows whose heads had been filed into barbs, or dipped in poison, or heated red-hot and shot while ablaze — with not the slightest hint of a gunpowder-based firearm. And so the claim that ancient Indian literature contains a record of firearms as early as 300 BCE loses its foundation.

There is, moreover, a French missionary who once resided in India, Jean-Antoine Dubois (1765–1848), who, in his Description of the Character, Manners and Customs of the People of India, holds that the term vana or bana, mentioned in the Indian epic Ramayana — a work composed around 300 BCE — refers to a fire arrow, vana being a projectile weapon used by the epic’s hero, Rama, and also one of the thirty-two traditional weapons of ancient India.⑥ Scholars, however, upon investigation, have concluded that Rama is a deified, legendary figure, and that the vana he used was a projectile shot by means of a bow, not a fire arrow. More importantly still, the word vana only acquired the meaning of “fire arrow” after India began to manufacture gunpowder and firearms in the sixteenth century.⑦ From this it can be seen that Dubois’s claim regarding a record of the fire arrow in India in 300 BCE is nothing more than a mythic legend, and not historical fact.

① [India] Sinha and Banerjee, trans. Zhang Ruoda and Feng Cheng et al.: Yindu Tongshi (A History of India), p. 74, Commercial Press, 1964. ② [USSR] Shijie Tongshi (World History), Vol. 2, Part 2, p. 758, Sanlian Bookstore, 1962. ③ [Germany] Engels: “Artillery,” in Marx and Engels: Collected Military Writings, Vol. 1, pp. 417–418. ④ N. B. Halhed, A Code of Gentoo (Hindu) Laws, pp. 53–55 (London, 1776). ⑤ Zhou Yiliang and Wu Yujin, eds.: Shijie Shi Ziliao Xuanji: Shanggu Bufen (“Selected Historical Sources on World History: Ancient Section”), p. 225, Commercial Press, 1964. The Manusmriti is a compilation of documents on the religion, philosophy, and law of ancient India; this passage belongs to its articles on warfare. ⑥ J. A. Dubois, Description of the Character, Manners and Customs of the People of India, vol. 2, pp. 329–347 (Philadelphia, 1818). ⑦ J. R. Partington, A History of Greek Fire and Gunpowder, p. 227.

In 1880, the British writer W. Egerton, in his writings, cited the term agni astra (an ordinary arrow), mentioned in the hymns of the ancient Indian Vedas, as an example, attempting to demonstrate that a record of firearms already existed at that time. Another scholar, E. Moor, likewise echoed this view. However, a certain historian of Indian chemistry, P. C. Ray, has pointed out that in Sanskrit, agni astra is often confused with “fire arrow,” but that in fact it is not a fire arrow, but rather a kind of incendiary arrow capable of discharging something resembling “Greek fire.”① Moreover, what the hymn refers to as Agni is the fire god of Indian mythology, and by no means an actual, historical person. To take mythic legend as established historical fact naturally leads to error of this kind.



(3) The Indian Army Was Still Not Equipped with Firearms in the Thirteenth to Fifteenth Centuries

Lieutenant-Colonel Hime of the British Royal Artillery, in his work The Origin of Artillery, claims that the Indian army, in engagements of the fourteenth and fifteenth centuries, had already made use of firearms. A scholar named Ferishta (?–1611) states that the Indian army, in 1363, in fighting against Muslim forces at Bihar, made use of a kind of gun-carriage called the “arabah,” which, it may be said, is evidence of the Indian army’s use of firearms and invention of gunpowder. Arima Seiho, however, after careful examination, concludes that the so-called arabah gun-carriage was nothing more than an ordinary two-wheeled war chariot, having no connection whatsoever with the gun-carriages of later ages.

In 1441, the Indian ambassador to Shah Rukh states that the Indian army, between 1290 and 1300, in the siege of the fortress of Ranthambore, used war elephants to launch “naphtha throwers” against Muslim troops, producing a great shower of sparks. Thereafter, the Indian army, in the defense of Bhatnair between 1398 and 1399, likewise used naphtha throwers against the enemy, so that arrows, stones, and flames poured down upon the besieging enemy forces like torrential rain. Shah Rukh, on this basis, holds that the naphtha throwers used by the Indian army in these two engagements are evidence that the Indian army was, at that time, already using firearms. Arima Seiho has refuted the above claim, pointing out that the naphtha thrower referred to by Shah Rukh is called, in the Indian language, Naghribiha, meaning “a thing from the West” — that is, something resembling the “Greek fire” transmitted from the West, and not gunpowder. Arima Seiho’s conclusion, from his research, is that before the Portuguese invasion of 1498, the people of India were not yet able to compound gunpowder, still less to make use of firearms.②



(4) The Earliest Firearms to Appear on Indian Soil Were Fire Arrows Left Behind on the Battlefield by the Mongol Army

These fire arrows were the gunpowder arrows used by the forces of the Mongol general Guo Baoyu in 1221–1222, in pursuing the Indian forces under Jalal ad-Din. The Indian historian of ancient culture P. K. Gode holds that gunpowder and the fire arrow were inventions of the Chinese people, and that the era in which they were transmitted to India still awaits further research.③ India’s historical record concerning gunpowder and firearms cannot be dated any earlier than 1400 CE.

At this point, the conclusion that India was not the country in which gunpowder was invented admits of no further doubt.





Summary

The gunpowder and firearms invented by China, apart from being transmitted by way of peaceful exchange, were, in the main, transmitted to a number of countries and regions across Europe and Asia through the medium of the Mongol Yuan army’s campaigns against foreign lands. Over a long stretch of history, because the fog surrounding the question of the invention of gunpowder had not yet been dispelled, the routes by which China’s gunpowder and firearms were transmitted abroad were likewise confused by a certain amount of ungrounded claims. The outward transmission of China’s gunpowder and firearms proceeded in two directions: the first was the westward transmission to Arabia and Europe; the second was to China’s neighboring countries in Asia. As for the westward route, Western scholars have, in the past, held two differing views.

① P. C. Ray, A History of Hindu Chemistry, 2nd ed., Vol. I, pp. 174–181 (London, 1904). ② See “Liuchuan” (“Transmission”), pp. 4–5. ③ R. K. Gode, The History of Fireworks in India between 1400–1900, p. 20.


(1) The Route by Which China’s Gunpowder and Firearms Were Transmitted Westward

One view holds that the technology of manufacturing and using gunpowder and firearms originated in Europe, and was thereafter transmitted to China by way of the Arabs. The other view holds precisely the opposite, namely that the technology of manufacturing and using gunpowder and firearms originated in China, and was thereafter transmitted to Europe by way of the Arabs.

The chief basis for the former view is certain content recorded in the Book of Fires for Burning Enemies. But with the passage of time, and as research into the Book of Fires for Burning Enemies has grown ever more thorough, this view has gradually melted away like ice, and the latter view has come to occupy the dominant position.

The German historian of firearms Romocki, after thorough research, arrived at the following important conclusion: “Saltpeter was first transmitted from China to Arabia between 1225 and 1250, and was thereafter introduced to Europe by way of the Arabs, enabling the English scholar Roger Bacon to become acquainted with this salt in 1248.”①

The British historian of firearms Partington likewise holds that “there is no evidence to show that, throughout the entire period of the Crusades (1097–1291), the Muslims made use of firearms, or of gunpowder as an explosive.”②

Engels, on the subject of the route by which the technology of manufacturing and using gunpowder and firearms was transmitted from China to Europe, offered a number of brilliant accounts on several occasions, of which two are the most celebrated.

The first: Engels, in “The Army,” says: “France and the rest of Europe learned the manufacture and use of gunpowder from the Arabs of Spain, while the Arabs had learned it from the peoples further to their east, who had in turn learned it from the original inventors — the Chinese.”③

The second: Engels, in “Artillery,” says: “In the Arab names for saltpeter, there are two names that mean ‘Chinese salt’ and ‘Chinese snow’; ancient Arab writers even mention ‘Chinese red fire and white fire.’… That the Byzantine Greeks first learned to compound pyrotechnic agents (later developed into ‘Greek fire’) from their Arab enemies is beyond doubt.… The Arabs, it appears, very quickly enriched the knowledge they had obtained from the Chinese.… And by the beginning of the fourteenth century the knowledge of artillery was transmitted by the Arabs to the Spaniards.… In the assaults of 1326 at Martos, and of 1331 at Alicante, artillery was used in both instances; in the sieges mentioned above, artillery even discharged incendiary shells on several occasions. The knowledge of the use of artillery was transmitted, in turn, from the Spanish to other countries of Europe. The French made use of artillery in the siege of Cividale in 1338. That same year, the German knights of Prussia likewise made use of artillery. By 1350, firearms had already spread to the countries of Western, Southern, and Central Europe.”④

Engels’s essay on the history of the development of artillery, “Artillery,” written on the basis of a wealth of material, was completed in draft between mid-October and the 26th of November 1857, and published in Volume 2 of the 1858 edition of The New American Cyclopaedia. In it, the historical process by which firearms originated in China and were transmitted to Europe by way of the Arabs is treated in detailed discussion, and it stands as a masterpiece among works of this kind written by European scholars, one that most faithfully reflects the historical reality, and a precious resource for later researchers into questions of this kind.

In the middle of the twentieth century, the late Chinese scholar Professor Feng Jiasheng of Peking University, in his examination and discussion of the route by which China’s gunpowder and firearms were transmitted westward to Europe, arrived at conclusions bearing a striking resemblance to those of Engels, each reaching, by different paths, the same conclusion.

Naturally, as for the most compelling evidence concerning the invention and westward transmission of gunpowder, this remains, above all, the

① S. J. Romocki, Geschichte der Explosivstoffe, Bd. I, pp. 37–38 (Berlin, 1895). ② J. R. Partington, A History of Greek Fire and Gunpowder, pp. 189–190 (Cambridge: Heffer and Sons, Ltd., 1960). ③ See Marx and Engels: Collected Military Writings, Vol. 1, pp. 418–419. ④ See Marx and Engels: Collected Military Writings, Vol. 1, pp. 365–366.

practical activity, on the part of China’s Tang-, Song-, and Yuan-dynasty alchemists, of inventing gunpowder; the activity of military strategists in putting it to use in actual warfare; the three gunpowder formulas published in the Wujing Zongyao; the historical fact that the Mongol army, in the course of its western campaigns, carried firearms to Arabia and Europe; and the record of the Arabs and, following them, the Europeans, making successive use of firearms in warfare. All of this constitutes an unassailable historical truth, one that no one can deny or alter.



(2) The Route of the Spread of China’s Gunpowder and Firearms Within Asia

Unlike the westward-facing course of the westward transmission, the route by which China’s gunpowder and firearms spread within Asia radiated outward from China in a fan-shaped pattern, along three routes — East Asia, Southeast Asia, and South Asia — a view that is likewise accepted within the scholarly community.



(3) The Historical Significance of China’s Westward Transmission of Gunpowder and Firearms

History tells us that gunpowder was the fourth of the great inventions to be transmitted to Europe, following papermaking, printing, and the compass; and, like these, its route of transmission likewise passed from China, by way of the Arabs, into the various countries of Europe. These four great inventions were transmitted to Europe between the twelfth and early fourteenth centuries, at a time that happened to precede the European Renaissance and the budding of capitalism, and they exerted an enormous influence in propelling Europe’s transformation and the advance of human civilization. It was for this reason that Karl Marx (5 May 1818 – 14 March 1883) said: “Gunpowder, the compass, and printing — these were the three great inventions that heralded the coming of bourgeois society. Gunpowder blew the knightly class to pieces, the compass opened up the world market and founded the colonies, and printing became the instrument of Protestantism, and, generally speaking, the means for the revival of scholarship, the most powerful of levers for creating the intellectual prerequisites for [further] development.”

The celebrated English scholar Francis Bacon (1560–1626), in his famous work the Novum Organum, says: “By the discovery of [printing, gunpowder, and the compass], the whole face and state of the world have been changed; first in literature, then in warfare, and lastly in navigation; and innumerable changes have been thereby brought about — so that no empire, no sect, no star, appears to have exercised a greater power and influence on human affairs than these mechanical discoveries.”

In May 1982, Professor Yabuuchi Kiyoshi, professor emeritus of Tokyo University in Japan, gave the following high estimation of the historical effects produced by the westward transmission of China’s gunpowder and the other three great inventions: “The westward transmission of China’s four great inventions, including gunpowder, all occurred before the European Renaissance; without the westward transmission of China’s four great inventions, there would have been no European Renaissance.”

To this day, there has yet to be any weapon in the world transmitted as widely as China’s gunpowder and firearms, nor one that has exerted so tremendous a driving force on the course of the development of world history.






Chapter Four The Creation of the Hand Cannon in China’s Yuan Dynasty and the Beginnings of Firearms in Europe

After the founding of China’s Yuan dynasty, military technologists and commanding generals, at the end of the thirteenth century, building on the rushing-fire lance and bamboo fire tube created in China during the Southern Song period, created the metal tubular discharge weapon, the hand cannon, becoming the world’s first generation of metal firearms and pushing the development of the world’s ancient firearms forward into a new stage. The other countries of Asia had not yet seen the emergence of an independent handicraft industry for the research and manufacture of firearms, and the firearms used by their armies remained, for the most part, under the control and allocation of the Mongol Yuan army. Apart from the Arabs’ use of the wooden tubular firearm, the madfa, in their fighting against the Spanish, there was very little creation of new-style firearms.

Some European historians of firearms, although in certain of their writings they have put about a variety of claims that Europeans used firearms in the early fourteenth century, have, after years of repeated examination by scholars, had these claims judged to be without foundation, unable to withstand rigorous scrutiny and scrutiny. The Japanese historian of firearms Arima Seiho, in his work The Origin of Artillery and Its Transmission, lists a great mass of convincing documentary and physical evidence, and, with respect to the several dozen claims put forward by Europeans concerning the research, manufacture, and use of gunpowder and firearms, carries out a careful discrimination of the true from the false, clarifying what people had seen and heard.

Nevertheless, it is a basic historical fact that the Arabs, in the early fourteenth century, carried firearms to southern Europe, and thereafter transmitted them onward to other countries of Europe. But because the European research into and use of gunpowder and firearms in this period still remained at a crude and scattered early stage, lacking well-substantiated records, some works on the history of firearms, in their accounts and depictions of this matter, are for the most part based on individual hearsay and personal opinion, unavoidably containing elements of misjudgment and mistaken belief, so that it is very difficult to form a scientific understanding of them. At the same time, on the battlefield, the use of gunpowder and firearms was only an isolated occurrence, not yet displaying the fighting power it ought to have had, and in this respect it plainly fell short by comparison with China and Arabia.

During this period, there were also certain scholars who, out of particular biases and particular needs, put forward in their writings a number of “inventions of gunpowder” that were contrary to historical fact and had no basis whatsoever, and these require careful clarification.


Section 1 The Hand Cannon Created in the Yuan Dynasty

The historical facts of the Mongol army’s extensive use of the iron fire bomb, the rushing-fire lance, the bamboo fire tube, and the gunpowder arrow in fighting both at home and abroad, from the end of the Song into the early Yuan, show that the explosive performance and discharge power of gunpowder at that time had already been considerably strengthened, providing the conditions for the creation of the metal hand cannon.


1. Improvement in the Performance of Gunpowder in the Early Yuan

Historical sources concerning the Yuan dynasty, although they contain no direct record of the gunpowder formulas of the time, nevertheless allow us to obtain, indirectly, from a number of related events, information about the development of Yuan-dynasty gunpowder.


(1) The “Yangzhou Cannon Disaster” and the Power of Early Yuan Gunpowder

In the seventeenth year of the Yuan Zhiyuan era (1280 CE), a great explosion occurred at the cannon depot of Yangzhou, known to history as the “Yangzhou Cannon Disaster.” Zhou Mi, who lived at the Song–Yuan transition, in his Guixin Zashi: Paohuo (“Miscellaneous Records of Guixin: The Cannon Disaster”), gives a detailed account of the severe destruction caused by the explosion of the cannon depot:

after the cannon depot caught fire, “the fire guns leapt up of themselves, swift as startled snakes.… The various cannon detonated together, with a great noise like a mountain collapsing or the sea roaring.… As far as a hundred li away, the roof-tiles of houses all shook.… When the matter was settled and an inspection made, it was found that the hundred-odd defending soldiers had all been smashed to pieces, leaving nothing behind; beams and pillars were shattered into fragments an inch long, or were blown by the blast of the cannon to a distance of more than ten li. Level ground everywhere turned into pits and gullies, in places more than a zhang deep. Around the vicinity, more than two hundred households among the populace suffered this bizarre calamity.”①

From this description by the author, it can be seen that the fire guns then in storage were already loaded with well-compounded discharge gunpowder, so that once ignited, ten thousand rounds went off at once, swift as flying serpents; and the cannon then in storage were all wrapped in explosive gunpowder, so that when the various cannon detonated together, they not only caused roof-tiles to shake, beams and pillars to shatter, and soldiers to be blown to pieces, with more than two hundred households among the populace suffering harm, but also produced a powerful shock wave (the “cannon-wind”), which blew beams and pillars a distance of more than ten li. The severe destructive consequences of the Yangzhou Cannon Disaster, therefore, reflect the fact that early-Yuan gunpowder had, in its performance, undergone a considerable improvement and enhancement over that of the Song.



(2) The Proportional Composition of Yuan-Dynasty Gunpowder

In August 1974, a bronze hand cannon was unearthed in Xi’an; on preliminary examination, it was determined to be a product of the early fourteenth-century Yuan dynasty, and there still remained, within its powder chamber, a dense, solid, block-shaped mass of gunpowder. On scientific analysis by the relevant department, the proportional composition of saltpeter, sulfur, and charcoal in this gunpowder was found to be approximately 60%, 20%, and 20%. Compared with Song-dynasty gunpowder, the saltpeter content had already increased markedly, and, apart from sulfur and charcoal, the various impurities had already been eliminated, making it a comparatively good granular discharge gunpowder.② Compared with the proportional composition of gunpowder used in Europe in the mid-fourteenth century — 62%, 16.5%, and 16.5% — the two are, broadly speaking, similar, reflecting, to a certain extent, the circumstances of the westward transmission of Chinese gunpowder.



(3) Reasoning Backward from Arab Gunpowder Formulas

The French historians of firearms Reinaud and Favé, in their 1845 publication, Histoire de l’Artillerie: Du Feu Grégeois et des Origines de la Poudre à Canon, published a number of gunpowder formulas of the Arab countries dating from the end of the thirteenth century, some of which had been transmitted directly from China. For instance, in the gunpowder formulas used for the “Khitan fire arrow” and “Khitan fire gun,” employed between 1285 and 1295 CE, the proportional composition of saltpeter, sulfur, and charcoal was 63.2%, 21%, and 15.8% (including 9.5% “Khitan flower”). This differs hardly at all from the proportional composition of the gunpowder that remained in the Xi’an hand cannon.

The several kinds of material cited above reflect, from different angles, the fact that Yuan-dynasty gunpowder had undergone certain improvements in performance and manufacturing technique over Song-dynasty gunpowder; summed up, these may be set out, broadly, under the following points:

First, the refining purity of saltpeter and sulfur was improved, reducing impurities and improving the performance of the gunpowder;

Second, the slow-burning substances contained in gunpowder were eliminated, so that it contained only the three components of saltpeter, sulfur, and charcoal;

Third, the saltpeter content had already reached upward of 60%, the finished product was for the most part granular, possessed of considerable power, and thereby satisfied the basic conditions required of a discharge gunpowder.

These improvements to Yuan-dynasty gunpowder provided the most important material foundation for the creation of the hand cannon.




2. Surviving Examples from the Early Period of the Hand Cannon and Related Military Questions

The hand cannon was first created in our country in the Yuan dynasty, and was made according to the discharge principle of the Southern Song fire gun, and especially of the rushing-fire lance. Although, for a long period, there was no evidence on which to base a determination of the era of the hand cannon’s creation, since the founding of the People’s Republic of China, thanks to the growing number of excavated and heirloom Yuan-dynasty hand cannon (hereafter abbreviated as “Yuan hand cannon”) that have been gathered, precious physical evidence has been provided for analyzing the era of their creation and related questions.

In the nearly twenty years from the latter part of the reign of Kublai, Emperor Shizu of Yuan, down through the Chengzong reign (1287–1307), the Mongol court conducted, in succession,

① [Song] Zhou Mi, annot. [Ming] Mao Jin: Guixin Zashi: Paohuo (“Miscellaneous Records of Guixin: The Cannon Disaster”), Ming Jilu Zhutang collection, p. 15. ② Min Huashan: “The Yuan-Dynasty Hand Cannon and Black Gunpowder Unearthed at Xi’an,” in Kaogu yu Wenwu, 1981, No. 3, pp. 73–75. “Discharge gunpowder” refers to the gunpowder used in a tubular discharge weapon to fire a projectile, which has a comparatively high saltpeter content.

wars to pacify the rebel princes of the eastern and western Mongol lines, yet the records concerning the use of firearms, and hand cannon in particular, in these wars are extremely scanty. In recent decades, however, a number of bronze hand cannon have been discovered in the regions of the Northeast, Inner Mongolia, and the Northwest, some bearing a date of manufacture and some not; if the places where they were unearthed are examined in connection with the dates and places of the wars mentioned above, certain points of convergence can be found, providing a certain basis for determining the era in which these hand cannon were made.


(1) The Acheng Hand Cannon and Kublai’s War to Suppress the Rebellion of the Eastern-Line Princes

In July 1970, at Banlachengzi, on the bank of the Ashi River in Acheng County, Heilongjiang Province, a bronze hand cannon was unearthed (hereafter called the “Acheng hand cannon”; Figure 4-1). Mr. Wei Guozhong, in his article “The Bronze Hand Cannon Unearthed at Banlachengzi, Acheng County, Heilongjiang,” published in Wenwu, 1973, No. 11, gave a comprehensive introduction to and analysis of the Acheng hand cannon.① The barrel is 34 cm long, its caliber 2.6 cm, and it weighs 3.55 kg; it is made up of three parts — the front chamber, the powder chamber, and the tail socket — with the front chamber measuring 17.5 cm; the powder chamber rises up in the shape of a lantern-cage, with a small hole opened in the wall of the chamber through which the fuse could be passed; the tail socket is hollow, for ease of fitting a wooden handle. The barrel bears no date of manufacture. On the basis of the general circumstances of the excavated object and the record, in the “Biography of Li Ting” in the Yuan Shi, of Kublai’s war to pacify Nayan (?–1287), Mr. Wei holds that the Acheng hand cannon is very likely a relic of the Mongol army’s fighting against the forces of Nayan at Sa’erduolu (present-day Shaertole, southeast of Lake Hulun), between the twenty-fourth and twenty-seventh years of the Zhiyuan era (1287–1290).

Figure 4-1 The Acheng Hand Cannon

If we examine further Kublai’s campaign against the rebel princes and Nayan, and the battle of Sa’erduolu, it will be seen that Mr. Wei’s inference is not without reason. In the twenty-fourth year of the Zhiyuan era, Nayan (grandson of Tacha’er), the rebel prince of the eastern line, together with Hadan, in order to free themselves from Kublai’s control, formed an alliance and rebelled, at the same time sending an envoy to make contact with the prince Qaidu (grandson of Taizong Ögedei), whose fief lay at Yaya Ya (present-day northwest of Wenquan, Xinjiang), plotting to attack the Yuan army in a pincer movement from east and west. Kublai urgently reinforced the defenses of Qara Qorum (Karakorum) (present-day Kharkhorin, Mongolia), a key strategic point in Mobei, cutting off Nayan’s line of communication with Qaidu, and winning over the various rebel princes so as to isolate Nayan’s forces; he ordered the Censor-in-Chief Bolohuan to serve as vanguard, while he himself personally led the Mongol and Han Chinese troops under the Censor-in-Chief Yushi Tiemu’er and the Left Chancellor of the Secretariat Li Ting, setting out in separate columns at forced march from Shangdu (present-day north of the Xar Moron River, Zhenglan Banner, Inner Mongolia Autonomous Region). When the army reached Sa’erduolu, Nayan led a force of 60,000 to bar its way. Kublai adopted Li Ting’s stratagem of feint troops to confuse Nayan, and Nayan, fearing an ambush, did not dare to send out his troops. Li Ting, judging that the enemy had already fallen for the ruse, led “ten stalwart soldiers, carrying fire cannon, into [Nayan’s] camp by night, where the cannon were fired, and the enemy, panic-stricken, scattered and fled among themselves” under cover of night. Following this up, Kublai further ordered Li Ting to lead the Han Chinese infantry in a charge, decisively defeating the rebel force and pursuing it, in the wake of victory, as far as Shilie Menlin (present-day the Xar Moron River), where Nayan was captured. In the twenty-fifth year of the Zhiyuan era, the prince Hadan rebelled anew, and Li Ting was again ordered to go on campaign, pursuing Hadan “to a great river (the Guanlie’er River, present-day the Guiliu River), where he selected an elite force, secretly carried fire cannon on their backs, and, fording the river by night upstream, discharged them, so that the enemy’s horses were all thrown into panic, while the main army secretly forded downstream.”② In the twenty-eighth year of the Zhiyuan era, Hadan, his strength exhausted, took his own life, and Kublai’s war to pacify the rebellion of the eastern-line princes came to its conclusion.

From the record in the “Biography of Li Ting” in the Yuan Shi, it can be determined that the fire cannon used by the Mongol army was a lightweight tubular discharge weapon that could be “carried” on the march and “borne on the back” in fording a river, and that, once discharged, could throw a warhorse into a panicked “stampede” — and not the cumbersome trebuchet that hurled fire balls; apart from the bamboo-tube fire gun, this kind of discharge weapon could only be the metal firearm, the “hand cannon.” Moreover, Qara Qorum was, at that time, a strategic center of the first importance, and was also one of the earliest military-handicraft bases Genghis Khan had established; after more than sixty years of development, its capacity to manufacture weapons had already been considerably enhanced, and it was quite capable of casting hand cannon to equip the Yuan army for battle close at hand. Naturally, the weapons

① Wei Guozhong: “The Bronze Hand Cannon Unearthed at Banlachengzi, Acheng County, Heilongjiang,” in Wenwu, 1973, No. 11, pp. 52–54. ② Yuan Shi, Juan 162, “Biography of Li Ting,” Zhonghua edition, Vol. 13, pp. 3798–3799.

manufacturing bodies established at the Yuan capital, Dadu, would have possessed an even greater capacity to cast hand cannon and transport them to Mobei to equip the Yuan army for battle.



(2) The Bronze Bowl-Mouth Cannon of the Second Year of Dade and Kublai’s War to Pacify the Rebel Princes of the Western Line

The Shangyuan Museum of Ethnic Art in the Inner Mongolia Autonomous Region has in its collection a bronze bowl-mouth hand cannon (also called the “goblet-mouth hand cannon”; discovered in July 1987 by Li Chunxiao, former president of the Inner Mongolia School of Geology, in the home of a herding family east of Tesuchun, northeast of the site of the Yuan-dynasty capital of Kaiping at Shangdu). The barrel bears casting marks, is 34.7 cm in overall length, has a caliber of 9.3 cm, a wall thickness of 0.5 cm, and weighs 6,210 g; it is made up of four parts — the bowl-mouth, the barrel bore, the powder chamber, and the tail socket — and closely resembles, in shape, the “Zhishun 3rd-Year Hand Cannon” (1332 CE) held in the National Museum of China; the bowl-mouth section is 6.2 cm long. Because of its resemblance to a large bowl (or goblet), this type of hand cannon has come to be called the “bowl-mouth hand cannon” (or “goblet-mouth hand cannon”); the barrel bore is also called the “front chamber,” and, measured from the base of the bowl-mouth to the front of the powder chamber, is 17.5 cm in length. The powder chamber is 4.5 cm long, and rises in the shape of a lantern-cage, for the packing of gunpowder; the wall of the chamber has a small hole, called the touch-hole, through which the fuse can be passed out from the gunpowder inside the chamber, for the purpose of igniting the gunpowder. The tail socket runs from the base of the powder chamber to the rear of the barrel, and is 6.5 cm long; it is hollow, in the shape of an inverted bowl-mouth, and the wall of the socket has, on either side, a symmetrical small round hole, through which a round axle-pin can be passed, by means of which the barrel can be mounted on a gun-carriage, allowing the barrel to be rotated so as to adjust its elevation (that is, its angle of fire), the size of the elevation being determined by how many wooden blocks were placed beneath the front part of the barrel. The barrel bears an inscription in ’Phags-pa script (the script created by ’Phags-pa, who, after Kublai ascended the throne, was honored as the National Preceptor) reading “Dade 2nd Year” (1298 CE) and other characters, making it the earliest-dated bowl-mouth hand cannon yet found (34 years earlier than the “Zhishun 3rd-Year” goblet-mouth hand cannon); the barrel remains in excellent condition to this day (Photograph 3), and should be a relic of the Mongol army of that time.① Its manufacture appears to be connected with the Yuan court’s campaign, between the twenty-sixth year of the Zhiyuan era and the eighth year of the Dade era (1289–1304), to pacify the rebellion of the western-line princes.

In the twenty-sixth year of the Zhiyuan era, the western-line prince Qaidu, taking advantage of the moment when Kublai was engaged in fighting Nayan, repeatedly raided the northwest, and in the sixth month of that year led his forces to a great victory over Kublai’s grandson Gammala’s army at Hanghai Mountain (present-day Hangai Mountain), advancing to occupy Qara Qorum. The seventy-five-year-old Kublai personally led a great army of Mongol and Han Chinese troops, commanded by Antong, the fourth-generation grandson of Muqali, together with Bayan, Li Ting, and other generals, in a campaign against Qaidu’s rebel forces; on hearing this news, Qaidu led his forces in a scattered retreat. Kublai thereupon recovered Qara Qorum, leaving Bayan behind to hold and garrison it. Thereafter he repeatedly defeated the rebel forces on several further occasions. In the twenty-ninth year of the Zhiyuan era, Yushi Tiemu’er took over from Bayan in garrisoning the northwest. In the thirty-first year, Kublai passed away; by this time the Yuan army had already firmly established control over the vast region of the Jinshan (present-day the Altai Mountains), and the fighting in the northwest had somewhat quieted. After Temür (posthumous title Chengzong), grandson of Genghis Khan’s line, ascended the throne, he stationed Kublai’s eighth son, Köketemür, and the imperial son-in-law Kölgen, among others, in the northwest to continue the campaign against the rebel princes. In the second year of the Yuanzhen era (1296 CE), the rebel general Yaomuhu’er and others surrendered with their forces to the Yuan court. In the winter of the second year of Dade (1298 CE), the descendants of the House of Chagatai, Duwa, led his troops in a surprise attack on the Yuan army at Antai Mountain, capturing Kölgen. The following year, Chengzong dispatched Haishan (who ascended the throne in 1308, with the posthumous title Wuzong) to take overall command of the army in Mobei, replacing Köketemür. In the fifth year of Dade, Qaidu again led his forces across the Jinshan in an attack on Qara Qorum, but was defeated and withdrew westward, dying on the way home. In the ninth month of the eighth year of Dade, the Yuan court reached a peace agreement with the remnants of the rebel forces.

During the course of the wars described above, it stands to reason that the military-handicraft departments the Yuan court had established at Qara Qorum, Shangdu, Dadu, and elsewhere would have manufactured hand cannon with which to equip the Yuan army for battle.



(3) The Manufacture of the Xi’an Hand Cannon and the Military Activities of the Prince of Anxi in Garrisoning Chang’an

In August 1974, a bronze hand cannon was unearthed outside the south entrance of Jinglongchi Lane, in the eastern district of Xi’an (hereafter called the “Xi’an hand cannon”). Mr. Huang Huashan, in his article “The Yuan-Dynasty Bronze Hand Cannon and Black Gunpowder Unearthed at Xi’an,” published in Kaogu yu Wenwu, 1981, No. 3, gave a comprehensive introduction to and analysis of the Xi’an hand cannon. The barrel is 265 mm long, with a caliber of 23 mm, and weighs 1,780 g; it is made up of three parts — the front chamber, the powder chamber, and the tail socket — with six reinforcing rings encircling the barrel; the front chamber is 140 mm long, the powder chamber, and

① Zhong Shaoyi, Chimd Dorj, Yan Hong, Wang Zhaochun, and Yang Hong: “A Newly Discovered Yuan-Dynasty Bronze Hand Cannon in Inner Mongolia and Its Significance,” in Wenwu, 2004, No. 11, pp. 65–67.

the tail socket resemble those of the Acheng hand cannon, and the barrel bears no date of manufacture (Figure 4-2). On the basis of the material found at the site where the hand cannon was unearthed, which matched the material found at the site of the residence of the Prince of Anxi in the northeastern suburbs of Xi’an, Mr. Huang inferred that the Xi’an hand cannon was quite possibly cast during the Dade era (1298–1307). This inference is not without basis, for three successive Princes of Anxi garrisoned Xi’an, holding military power, and would frequently have led troops into battle, matters that could hardly fail to be connected with the manufacture and use of Yuan-dynasty weapons and firearms, including the hand cannon. The unearthing of the Xi’an hand cannon is thus by no means an isolated or accidental matter. Judging by the structural feature of the barrel already having reinforcing rings, the era of manufacture of this hand cannon should be somewhat later than that of the Dade 2nd-Year hand cannon, and probably a product of the early fourteenth century.

Figure 4-2 The Xi’an Hand Cannon

Because of the frequent occurrence of warfare in Mobei, the Northwest, and the Southwest, Kublai adopted the ministers’ proposal that imperial sons and princes be enfeoffed to garrison Shaanxi, Yunnan, and other regions, and in the tenth month of the ninth year of the Zhiyuan era (1272 CE) dispatched his third son, Mangghala, to garrison Shaanxi, stationing troops at Mount Liupan and overseeing Shaanxi, Sichuan, Gansu, Ningxia, and other regions, with the title Prince of Anxi, establishing his princely residence at Chang’an (present-day Xi’an). In the fourteenth year of the Zhiyuan era, the Prince of Anxi led troops out from Mount Liupan and annihilated the rebel forces of Tulu (Tulu, a descendant of Empress Dowager Guiyou of the Dingzong line, had once been enfeoffed as Prince of Nanping, and had later rebelled at Mount Liupan). In the sixteenth year of the Zhiyuan era, Mangghala died, and his son Ananda succeeded him, continuing to garrison Shaanxi. Ananda, from his youth, had devoutly followed Islam, and was thoroughly versed in the Qur’an. In the seventeenth year of the Zhiyuan era he inherited the princely title of Prince of Anxi, and styled himself the Prince of Qin, establishing his princely residence at both Xi’an and Kaicheng (present-day Kaicheng Township, Guyuan County, Ningxia Hui Autonomous Region), residing in the capital area in winter and moving to Kaicheng in summer. His forces numbered 150,000 troops, half of whom professed Islam. Temür, grandson of Yuan Chengzong, was a devout Buddhist, and, deeming that Ananda had strayed from the scriptures and betrayed the faith, had him arrested and imprisoned, later releasing him back to his fief. In the eleventh year of Dade (1307 CE), Yuan Chengzong died of illness, and Ananda was put to death by Wuzong in the struggle over the succession to the throne. In the third year of the Yuan Zhizhi era (1323 CE), Yuelu Temür succeeded to the princely title of Anxi.



(4) The Heicheng Hand Cannon

This hand cannon was unearthed in the autumn of 1971 at the site of the former Heicheng Commune, Togtoh County, Inner Mongolia Autonomous Region, hereafter called the “Heicheng hand cannon” (Figure 4-3). The barrel is 295 mm in overall length, with a caliber of 25 mm; the barrel bore is 175 mm long, the powder chamber 40 mm, and the tail socket 80 mm, and it weighs 2.3 kg. Its outward shape closely resembles that of the Xi’an hand cannon, except that it lacks one of the reinforcing rings in front of the powder chamber, and there is a certain gap between the two remaining rings, unlike the Xi’an hand cannon, where the three rings sit closely adjacent to one another.① Judging from its structural features, this hand cannon’s era of manufacture is roughly close to that of the Xi’an hand cannon, though it may be somewhat later.



(5) The Tongxian Hand Cannon

This hand cannon was unearthed in 1970 at Tongxian, Beijing, hereafter called the “Tongxian hand cannon.” It has an overall length of 367 mm, a caliber of 26 mm, a barrel-bore length of 181 mm, a powder-chamber length of 63 mm, a tail-socket length of 109 mm, a tail-socket diameter of 26 mm, and a weight of 2.13 kg. This hand cannon differs somewhat in structure from the three types described above: the barrel bore and the tail section are made to flare in the shape of a trumpet-bell, and there is one reinforcing ring both in front of and behind the powder chamber; the workmanship is rough, and the form archaic. The barrel bears no inscription, and its year of manufacture cannot be determined with certainty, but, compared with the several other bronze hand cannon described above, it should broadly be a product of the end of the thirteenth or the early fourteenth century.

Figure 4-3 The Heicheng Hand Cannon



(6) The Zhizheng 11th-Year Hand Cannon

① Yang Hong: “A Newly Discovered Early-Ming Bronze Hand Cannon in Inner Mongolia,” in Wenwu, 1973, No. 11, pp. 55–56.

This hand cannon is held in the Military Museum of the Chinese People’s Revolution, with an overall length of 435 mm, a caliber of 30 mm, and a weight of 4.75 kg; the barrel has six reinforcing rings running from the muzzle to the tail. The front part of the barrel bears the inscribed characters “shooting pierces a hundred targets, its report shakes the nine heavens” (an eight-character inscription); the middle section bears the two characters “shen fei” (“divine flight”); and the tail section bears the six characters “Zhizheng xinmao” (that is, the eleventh year of the Yuan Zhizheng era, 1351 CE) and “Tianshan,” and so it is called for short the “Zhizheng 11th-Year hand cannon” or the “Zhizheng xinmao hand cannon.” The wall of the tail socket bears two rivet-holes, apparently for fitting a handle (Figure 4-4).

Figure 4-4 The Zhizheng Xinmao Hand Cannon

According to material preserved by the collecting institution, this hand cannon was discovered in 1737 (the second year of the Qianlong era) at a garrison in Yidu (present-day Yidu, Shandong). In 1951 it was transferred to Beijing, and in 1958 it was moved to the Military Museum of the Chinese People’s Revolution. This hand cannon is finely made, its surface smooth, its form handsome, its preservation excellent, and its inscribed characters clear and distinct. These qualities are not only lacking in the various hand cannon described above, but are not inferior even to the bronze hand cannon made during the Hongwu era (1368–1398). It may therefore not be a weapon meant to equip the ordinary soldier, but rather protective equipment for a senior military officer or the palace. Judging from its structural features and workmanship, it demonstrates that it is a product of the transition from the Yuan hand cannon to the Hongwu hand cannon.



(7) The Zhishun 3rd-Year Hand Cannon

The National Museum of China holds a mid-sized bronze firearm distinct from the hand cannon (Figure 4-5), called the “goblet-mouth hand cannon” or “goblet-mouth cannon” because the shape of its muzzle resembles a wine goblet. The barrel is 353 mm in overall length, with a muzzle caliber of 105 mm and a tail-base caliber of 77 mm, and it weighs 6.94 kg. It is comparatively large and thick in form, and made up of the goblet-shaped muzzle, the barrel bore, the powder chamber, and the tail socket. The goblet-shaped muzzle is comparatively wide, suited to holding a larger stone spherical projectile; behind the goblet-shaped muzzle is the barrel bore, straight and cylindrical in shape, with a bore diameter of 80 mm; behind the barrel bore is the powder chamber, which rises somewhat in the shape of a lantern-cage, its wall pierced with a touch-hole for inserting the fuse; behind the powder chamber is the tail socket, the wall of the socket having square holes on either side, through which an axle could be passed crosswise, for the purpose of moving and transporting the hand cannon. When fired, the elevation angle could be adjusted by the number of wooden blocks placed beneath the barrel. The barrel is inscribed with the characters “Zhishun 3rd Year, 14th day of the 2nd month, the frontier-pacification bandit-suppression army, No. 300, Mashan” and other characters, and so it is called the “Zhishun 3rd-Year” (1332 CE) hand cannon. Because the barrel is comparatively heavy, it was for the most part mounted on a stand, for use in guarding a strategic pass.

Figure 4-5 The Zhishun 3rd-Year Goblet-Mouth Hand Cannon

According to relevant experts, this hand cannon was discovered and collected before the Liberation by an antiquities enthusiast at the Yunju Temple in the southwestern suburbs of Beijing; after Liberation it passed into the possession of the Capital Museum, and was later transferred to the National Museum of China.



(8) The Tianyou Bingshen-Year Hand Cannon

In December 1983, the Cultural Relics Administration Committee of Yuhang County (present-day Yuhang District, Hangzhou), Zhejiang Province, acquired a bronze hand cannon cast in the Tianyou Bingshen year (1356 CE) of the Zhang Shicheng regime. The barrel has an overall length of 32.6 cm, a front-chamber length of 16.5 cm, a caliber of 2.8 cm, a powder-chamber circumference of 18.8 cm, a tail-socket length of 10.2 cm, and a weight of 3.665 kg. The outer surface of the front chamber bears the inlaid inscription “Tianyou Bingshen, cast by the Zhu

Bureau.” According to the preliminary examination of the collecting institution, this hand cannon was very likely manufactured by the Zhu Bureau, the weapons-manufacturing organ of the forces of Lü Zhen, a great general of the Zhang Shicheng regime. The discovery of this hand cannon shows that the Zhang Shicheng regime, too, in the closing years of the Yuan, possessed the capacity to manufacture hand cannon.①

Of the eight hand cannon described above, seven were discovered in the north during the Mongol Yuan period, of which three bear inscriptions and four do not; five are hand cannon for use by an individual soldier, forerunners of the rifles of later ages; two are bowl-mouth hand cannon mounted on a stand for firing, forerunners of the artillery pieces of later ages; and the remaining one, manufactured by the Zhang Shicheng regime, is likewise a hand cannon that is a forerunner of the rifles of later ages. It follows, therefore, that the bronze hand cannon created during the Mongol Yuan period should have been the most advanced firearm in the world at that time. Compared with the earlier bamboo-tube fire guns, such as the rushing-fire lance, they are at once the inheritors of the earlier weapons and a product of their further development and improvement, and possess a considerable degree of superiority.




3. A Few Critical Remarks on the Yuan Hand Cannon

The hand cannon, created and used during the Yuan dynasty, brought about, in our country’s tubular discharge weapons, a leap-like transition from the bamboo fire gun to the metal fire gun. If we compare the several surviving excavated and heirloom Yuan hand cannon with the rushing-fire lance created under the Southern Song, we find that they resemble one another closely in structure, reflecting the hand cannon’s inheritance from the rushing-fire lance, and it may likewise be held that the Yuan hand cannon is a product of the further development of the rushing-fire lance.


(1) The Hand Cannon’s Inheritance from the Rushing-Fire Lance

First, the rushing-fire lance took a length of natural, large-diameter bamboo as its barrel, while the Yuan hand cannon took metal as its barrel, both belonging to the category of tubular discharge weapons.

Second, the barrel of the rushing-fire lance can broadly be divided into the tail end, the powder-loading section, and the barrel-bore section where the projectile was placed, while the Yuan hand cannon, in its external structure, can clearly be distinguished into the three parts of the tail socket, the powder chamber, and the barrel bore.

Third, the tail ends of both could be fitted with a suitable handle, for ease of handling by the person discharging it.

Fourth, the method of ignition and discharge was the same for both: in each case a burning object was used to light the fuse passed out through the tube (or barrel), igniting the gunpowder, and the expansive force of the gas produced by the burning of the gunpowder shot out the projectile, killing the enemy.

Fifth, the rushing-fire lance was the earliest tubular discharge weapon spontaneously to make use of the discharge principle, and the Yuan hand cannon was likewise a comparatively advanced tubular discharge weapon spontaneously making use of the discharge principle. For this reason, compared with the rushing-fire lance, the Yuan hand cannon shows a great many points of improvement, and its superiority is quite pronounced.



(2) The Superiority of the Yuan Hand Cannon

Compared with the bamboo-tube fire gun, the Yuan hand cannon possessed clear advantages.

First, the Yuan hand cannon had a longer working life. The sturdiness of the rushing-fire lance was determined by the quality of the bamboo, and its barrel was, for the most part, easily scorched, burned through, or split. If a larger quantity of gunpowder was used, and its performance comparatively good, then the chamber pressure produced after combustion would necessarily increase, and it was quite possible that after one or two discharges the barrel would be damaged and rendered useless. The metal walls of the Yuan hand cannon’s barrel, by contrast, had a high melting point, good resistance to scorching, and strong resistance to pressure, and were not easily split, being able to accommodate the increased chamber pressure that resulted from the improvement of gunpowder’s performance and the increase in the charge loaded; a single Yuan hand cannon could therefore be used many times over without needing replacement, considerably extending its working life.

Second, the manufacturing specifications of the Yuan hand cannon were easier to standardize. Because the rushing-fire lance was limited by its manufacturing material, its barrel could only be made from whatever bamboo happened to be at hand, of varying size, with no uniform specification, so that the various barrels differed in size and length, and could not be mass-manufactured to a single standard. At the same time, because the specifications of the barrel were not uniform, this brought about an inconsistency in the amount of gunpowder loaded. An inconsistent powder charge would affect both the power and the safety of the discharge: a barrel too large with too little powder would result in a weak discharge, unable to achieve the intended lethal effect, while a barrel too small with too much powder would likely cause the barrel to split, injuring the person firing it. The Yuan hand cannon, by contrast, was cast in batches according to a fixed specification, with the dimensions of every part of a given batch of hand cannon designed in advance, so that, apart from the errors produced by the limitations of manufacturing technique, other errors were minimal,

this made it possible to strictly control the dimensions of the hand cannon’s powder chamber, ensuring that the powder charge met the standard, which both guaranteed the power of the discharge and enhanced the safety of firing.

Third, the structure of the Yuan hand cannon was comparatively rational. The rushing-fire lance, from muzzle to tail end, was essentially of uniform thickness throughout, in the shape of a straight tube, with no clear distinction among the barrel bore, the powder chamber, and the tail section, and the cross-section of each part was an irregular circle — all factors affecting the power of the discharge. The structure of the Yuan hand cannon, by contrast, showed a great improvement: in its external form it already clearly distinguished the barrel bore, the powder chamber, and the tail socket as three separate parts, the cross-section of each part being circular in form, and although there was no precise numerical ratio among the caliber, the overall length of the hand cannon, the length of the barrel bore, and the length of the powder chamber, their external structure nevertheless reflected a rough numerical relationship suited to the requirements of discharge. For instance, the powder chamber rose in the shape of a lantern-cage, its inner and outer diameter being greater than the inner and outer diameter of the barrel bore, so that the powder chamber possessed a comparatively large volume and cross-section; this structural feature enabled the gunpowder to burn rapidly within the powder chamber, which had a comparatively large cross-section, increasing the lateral burning surface and enhancing the instantaneousness of combustion, so that, in an instant, a large quantity of high-temperature gas at comparatively high pressure was generated, which was then forced (compressed) into the barrel bore, of smaller cross-section, causing the pressure to increase once again, thereby enhancing the discharge force, the projectile’s flight velocity, and its lethal power.

Fourth, the Yuan hand cannon had a faster rate of fire. The inner wall of the rushing-fire lance was, for the most part, uneven and lacking in smoothness, so that the powder residue left adhering to the wall of the tube after firing required a comparatively long time to clear away, and, if the barrel was damaged, it would need to be replaced. All of this slowed down the process of reloading and refiring, affecting the rate of fire. The inner wall of the Yuan hand cannon, by contrast, was comparatively smooth, and the powder residue remaining within the barrel bore after firing was comparatively easy and quick to clear away, thereby increasing the rate of fire.

Because it possessed the several advantages described above, the Yuan hand cannon, once successfully created, was put into service equipping the army for use in warfare — used not only by the Yuan army, but also, in considerable numbers, adopted by the peasant rebel armies of the late Yuan, and above all by the rebel army led by Zhu Yuanzhang, which made the most extensive use of it.





Section 2 The First Use of the Hand Cannon in Warfare

The hand cannon, once created in the Yuan dynasty, was immediately put to use in warfare, and its use grew gradually more frequent as the Yuan dynasty entered its final years. The Yuan army used it both in fighting against the anti-Yuan forces and in fighting amongst itself. For instance, in the thirteenth year of the Yuan Zhizheng era (1353 CE), Zhang Shicheng (1321–1367), a man of Baijuchang, Taizhou (within present-day Dongtai County, Jiangsu), raised troops in rebellion against the Yuan, and in the first month of the fourteenth year occupied Gaoyou. The Yuan court sent Nasu Ladin, the Pacification Commissioner of Huaidong, to lead troops there to suppress the rebellion that same year, and his forces, in the course of the fighting, “discharged fire tubes and fire canisters,” shooting down large numbers of Zhang Shicheng’s men.① Also, according to the “Biography of Dalimashi Li” in the Yuan Shi, in the twenty-fourth year of the Zhizheng era, Dalimashili, the Yuan Grand Defender of Shangdu and concurrently Governor of Kaiping, once commanded a force in which “the hand cannon were linked, squad by squad,” in the course of internecine warfare.

Because the historical records are comparatively sparse, instances of the Yuan army using the hand cannon in battle are extremely few. By contrast, instances of the peasant rebel armies using the hand cannon in battle are extremely numerous, among which the army of Zhu Yuanzhang was especially prominent, and there already appear, in embryonic form, the beginnings of new tactics.


1. Use of the Hand Cannon in Siege Warfare

In siege warfare at the end of the Yuan, the hand cannon was chiefly used to strike down individual targets among the officers and soldiers defending a city. There are two comparatively well-known engagements of this kind.

The first is the battle in which Zhu Yuanzhang’s subordinate general Hu Dahai (?–1362) led his army in an assault on Shaoxing. According to the account given by Xu Mianzhi, a Confucian instructor of Hangzhou at the end of the Yuan, in his Baoyue Lu (“Record of the Defense of Yue”): in the second month of the nineteenth year of the Yuan Zhizheng era, Hu Dahai’s forces attacked Shaoxing, which was firmly defended by Lü Zhen, a general under Zhang Shicheng. On the fifth day of the third month, Hu’s forces used fire tubes to fire on the defending officers and soldiers, and Qian Bao, a commandant serving under Lü Zhen, was wounded in the arm by a fire tube; on the fourteenth day of the fifth month, Hu’s forces surrounded the city on every side and mounted a fierce assault, discharging

① Lu Wenbao: “A Brief Study of the Newly Discovered Hand Cannon Bearing the ‘Tianyou’ Reign-Title Inscription of Zhang Shicheng,” in Zhongguo Gudai Huoyao Huoqi Shi Yanjiu (“Studies in the History of Ancient Chinese Gunpowder and Firearms”), Chinese Academy of Social Sciences Press, October 1995, pp. 143–146.

arrows and stones “like rain, and firing fire tubes, fire cannon, fire arrows, stone cannon, and iron shot into the city, with a swiftness and force that could not be withstood.”①

The second is the battle in which Zhu Yuanzhang’s subordinate general Xu Da (1332–1385) advanced on and captured Pingjiang (present-day Suzhou, Jiangsu). In the eleventh month of the twenty-sixth year of the Yuan Zhizheng era (1366 CE), Xu Da led an army of 200,000 in a siege of Pingjiang, fighting the decisive, annihilating battle against the forces of Zhang Shicheng. For this purpose he built a long encircling wall outside the city, “erecting wooden towers level with the floating structures within the city, and building three-tiered platforms, from which arrows were shot down into the city — these were called ‘watchtowers’; on every level, crossbows and hand cannon were emplaced, and, in addition, ‘Xiangyang cannon’ were set up to bombard the city, so that the city was struck with terror.”② Under this bombardment of crossbow bolts and hand-cannon fire, Zhang Shicheng’s forces were repeatedly cut down; even his younger brother, Zhang Shixin, in the second year of the siege of Pingjiang, was killed by a projectile fired from a comparatively large hand cannon called the “Bronze General,” which struck him in the skull. After nearly a year of encirclement, the soldiers of the city were starving and without food, even the rats having been eaten; in the end Zhang Shicheng’s forces were defeated and the city fell; he was taken prisoner and sent under escort to Jinling (present-day Nanjing, Jiangsu), where, in the ninth month of the following year, he took his own life.③



2. Use of the Hand Cannon in Defense of Cities

As in siege warfare, the hand cannon, in the defense of cities, was likewise used chiefly to strike down individual targets among the besieging attackers. For instance, in the second month of the nineteenth year of the Yuan Zhizheng era, when Hu Dahai led his forces to attack Shaoxing, Lü Zhen commanded the defending garrison, and on the eighth day of that month, “used cannon-stones and fire tubes against the enemy’s vanguard from atop the city wall,” killing two of Hu’s men;④ on the twelfth day of the third month, the defenders, with Ma Jun taking the lead, led a body of stalwart soldiers out of the city in a sortie, “discharging several dozen fire tubes all at once, so that the enemy army could not withstand it”;⑤ on the seventh day of the fourth month, Hu’s forces attacked the Shan Gate of Shaoxing, charging straight at the Chunbo Bridge, and the defending force under Lü shot down several of the attacking soldiers with fire tubes;⑥ on the ninth day, Hu’s forces blockaded the Chang’an Gate, intending to cut off the city’s grain supply, whereupon Lü’s forces, under “Marshal Bao Yu and Commandant Ni Ang, urgently attacked them, the sound of fire tubes and cannon-stones unceasing day and night.”⑦ It can thus be seen that the fire tube played an important role in the defense of cities.

In the defense of cities, the combination of hand cannon and cold weapons was also frequently used, to beat back the besieging enemy forces. For instance, in the second month of the twenty-second year of the Zhizheng era, Zhang Shicheng ordered his younger brother Zhang Shixin and his subordinate general Lü Zhen to lead 100,000 troops in an attack on Zhuquan City. Zhu Yuanzhang’s subordinate general Xie Zaixing led his troops in holding the city for twenty-nine days without being overrun. At this time it happened that Hu Deji led his troops from Xinzhou to relieve the siege. The two generals, having reconnoitered the enemy’s dispositions, divided the gates between them and held them. At midnight, they had the soldiers eat their fill and then made a sortie; for a time, “the drums and gongs and iron cannon shook heaven and earth”⑧ within the city, and the enemy army was struck with terror; Hu Deji then led his troops out of the city in a counterattack, and Zhang Shixin’s forces trampled over one another in their own ranks, suffering a great rout and fleeing.

A comparable instance is that of Zhu Yuanzhang’s subordinate general Deng Yu (1336–1377), who, in the defense of Nanchang from the fourth to the seventh month of the twenty-third year of the Zhizheng era, directed the defending garrison in a defensive tactic combining hand cannon with cold weapons, keeping Chen Youliang’s besieging forces pinned down before the city for as long as eighty-five days.⑨



3. Use of the Hand Cannon in Naval Warfare

The most celebrated battle in which the hand cannon was combined with cold weapons in naval warfare was the decisive engagement at Lake Poyang.

In the seventh month of the twenty-third year of the Yuan Zhizheng era, Zhu Yuanzhang led a fleet of 200,000 men to Lake Poyang, to fight a decisive battle against the main force (said to number 600,000) of Chen Youliang (1320–1363). Before the battle, Zhu Yuanzhang observed Chen Youliang’s naval formation of great ships chained together, and judged that it would be

① Xu Mianzhi of the Yuan: Baoyue Lu, pp. 8, 21. ② Ming Taizu Shilu, Juan 21, “Bingwu, 11th month, guisi day,” Institute of Historical Research, Taipei, 1962 edition, photolithographic reprint of the Ming Shilu, p. 309. Subsequent citations of this work follow this same edition, abbreviated as the Taipei Institute of Historical Research edition. ③ [Qing] Gu Yingtai, comp.: Mingshi Jishi Benmo, Juan 4, “Taizu Ping Wu” (“Taizu Pacifies Wu”), Zhonghua Book Company, 1977 edition, collated edition of the Mingshi Jishi Benmo, p. 75. Subsequent citations of this work follow this same edition. ④ Baoyue Lu, p. 4. ⑤ Baoyue Lu, p. 11. ⑥ Baoyue Lu, p. 16. ⑦ Baoyue Lu, p. 17. ⑧ Mingshi Jishi Benmo, Juan 4, “Taizu Ping Wu,” Zhonghua edition, Vol. 1, p. 60. ⑨ Mingshi Jishi Benmo, Juan 3, “Taizu Ping Han,” Zhonghua edition, Vol. 1, p. 41.

disadvantageous for advancing or retreating; he therefore divided his own naval force into twenty squadrons (some say eleven), arranging the “firearms and crossbows aboard the ships in tiered ranks,” and instructed his officers and men in the tactics of attacking the enemy: “As we approach the bandit ships, first discharge the firearms, next the crossbows, and when we close with their ships, engage them at close quarters with short weapons.”① Once the battle began, Zhu’s forces, following this deployment, attacked Chen’s naval formation, and the “cannon, hand cannon, fire arrows, fire lances, large and small fire guns, large and small ‘General’ cannon…”② and other firearms mounted on their ships were fired and hurled all together onto Chen’s warships, burning more than twenty of them and inflicting heavy casualties on Chen’s forces. Thereafter, the two sides fought a number of further fierce engagements, until Chen Youliang’s forces were routed; Chen himself was struck by an arrow and killed at the mouth of the Jiujiang River on the ninth day of the eighth month.

The decisive battle at Lake Poyang between the forces of Zhu and Chen was the first naval engagement in the history of our country’s warfare fought with the use of the hand cannon (that is, the earliest form of naval gunfire). In this battle, three methods were used together: first, at long range, the enemy’s ships were bombarded with cannon fire, so as to destroy and burn the enemy’s ships and diminish their combat power and mobility; next, crossbows were used to shoot down the enemy’s soldiers, further diminishing the enemy ships’ fighting strength; and finally came close engagement and boarding, hand-to-hand combat, annihilating the enemy’s forces and bringing the battle to its conclusion. The firearms used in this battle, compared with those used by the Song forces in the naval battle at Chenjiadao in the Southern Song, had already progressed from merely burning the enemy’s ships to using the hand cannon to strike down the enemy’s officers and men aboard ship and to destroy and burn the enemy’s ships and equipment, creating the tactic of combining the hand cannon with cold weapons in naval warfare — and it was Zhu Yuanzhang who was the commander who first led his forces in adopting this tactic.

The initial use of the hand cannon, at the end of the Yuan, in siege warfare, the defense of cities, and naval warfare, had already displayed its own particular superiority, becoming the foundation on which the tactic of combining the hand cannon with cold weapons was created in these various forms of warfare, and providing important experience for the expanded manufacture and use of the hand cannon in the early Ming.




Section 3 The Beginnings of Firearms in Europe

Once the Arabs had mastered the technology of manufacturing and using firearms, in 1325, in their fighting against the Spanish, they brought firearms to Spain, and thereafter set off a wave of enthusiasm in other European countries for the research and use of firearms, and the beginnings of firearms in Europe.


1. The Beginnings of Firearms in Spain

The Spanish were the first to learn the technology of gunpowder and firearms from the Arabs, and there are historical reasons for this.


(1) The Arab Invasion and Rule of Spain

In 711 CE, the Arabs and the Moors invaded Spain, establishing on the Iberian Peninsula a territory governed by a viceroy subordinate to the Arab Caliphate. In 756, Abd ar-Rahman I (Abd ar-Rahman I, 731–788) founded the later Umayyad dynasty at Córdoba in Spain, breaking away from the Baghdad Caliphate to become independent, and in 929 formally took the title of Caliph, establishing, under Abd ar-Rahman III (912–961), a centralized rule.

While the Arabs strengthened their rule over the Spanish, they also brought with them the advanced science, technology, and culture and productive techniques of the countries of the East, promoting the development of agriculture and handicraft industry. At the same time, China’s silk-reeling and porcelain-manufacturing techniques, as well as the compass, papermaking, and printing, were successively transmitted to Spain. At the beginning of the eleventh century, the Arab Caliphate within Spanish territory began to split into more than twenty large feudal domains, and this gave the Spanish an opportunity, and created the conditions, for their struggle against Arab rule and the recovery of their lost homeland. The Spanish term for the “recovery of lost territory” is Reconquista, meaning “reconquest.” In the course of the many engagements of the Reconquista, the Spanish obtained advanced firearms from the Arabs, and imitated them into Europe’s earliest handguns, also called “cannon locks” (Cannon lock).



(2) The Arabs Brought Firearms to Spain

In their fighting against the Spanish in the early fourteenth century, the Arabs made repeated use of such firearms as the madfa, and there are several documented instances of this.

According to Engels’s account in “Artillery,” the Arabs used firearms such as the madfa in their attack on Baza in Spain in 1325 (some say 1324), in their attack on the city of Martos in southern Spain in 1326, and in their attack on the southeastern Spanish port city of Alicante in 1331.① In 1340, the Arabs used the madfa in an attack on the Spanish city of Tarifa.② Between 1342 and 1344, the Moors used the madfa in their assault on the city of Algeciras.③ The Russians, in their work Artillery, included an appendix depicting the scene of the Arabs conducting warfare using the madfa (Figure 4-6);

Figure 4-6 The Arabs Fighting with the Madfa

at that time the word for thunder (trueno) was used to describe the sound made by firearms.

① [Germany] Engels: “Artillery,” in Marx and Engels: Collected Military Writings, Vol. 1, p. 419. ② See Heiki-kō: Kahō-hen, p. 4. ③ J. Lavin, “An Examination of Some Early Documents Regarding the Use of Gunpowder in Spain,” Journal of the Arms and Armour Society, London, vol. IV, 1964, pp. 163–169. ④ J. R. Partington, A History of Greek Fire and Gunpowder, p. 158.

According to Partington, the Spanish monk Adam Ferrarius (Adam Ferrarius, ?–1383) once mentioned, in a letter to Anselm, a formula for “flying fire,” but, judging from its content, this was for the most part drawn from the Arabs’ Book of Fires for Burning Enemies.③

As in other European countries, once the Spanish had adapted the Arabs’ madfa into the touch-hole gun, they went on, after the accumulation of practical experience and thorough theoretical research, to develop the touch-hole gun further into the matchlock arquebus (the Matchlock) and various types of artillery (Artillery), advancing, together with the other countries of Europe, the development of firearms technology.




2. Various Theories Concerning the Beginnings of Firearms in Italy

In the twelfth and thirteenth centuries, having won their struggles against the feudal lords, the citizens of the northern cities of Italy established such independent republics as Venice, Genoa, and Florence. There exist in Italy certain documents and physical objects said to date from the early fourteenth century relating to firearms, some of which are not to be trusted.


(1) Three Questionable Documentary Sources

In 1326, three pieces of documentary material appeared in Italy: the first states that on 11 February of that year, certain cities of the Republic of Venice used iron-shot-loaded cannon for the defense of the city; the second states that on that same day, the Republic of Florence manufactured guns firing iron shot and cannon firing iron shot together with arrow-shafts; the third states that the headquarters of the Council of Elders appointed two officers to make use of cannon firing iron shot, for the defense of the towns and villages of the republic.

Arima Seiho, after careful examination, has pointed out that these three pieces of documentary material are, in fact, three differing accounts of one and the same event, and are the product of erroneous transmission, and so are difficult to credit with confidence.①



(2) The Authentication of Italy’s “1322” Ancient Cannon

This cannon originally belonged to the S. Ursula monastery at Mantua; after the monastery was dissolved in 1786, it passed to Count Arco. The cannon is named “T. D. Mantora” (“Mantua”), and the barrel bears cast the coat of arms of the city of Mantua along with the characters “PPPF1322” (Figure 4-7).② Arima Seiho holds, however, that the “1322” cast on the barrel was the work of a later hand, because Arabic numerals only came into use in the middle of the sixteenth century. This ancient cannon, therefore, is purely a later forgery, its purpose being to make the world acknowledge Italy as the first country in Europe to use firearms.



(3) The Touch-Hole Gun of 1331

The Japanese historian of firearms Arisaka Toshimichi states that a touch-hole gun appeared at Venice in Italy in 1331.③

Figure 4-7 Italy’s Forged Ancient Cannon

In 1343, the celebrated Italian master artist Paolo del Maestro Neri painted, on a mural at the church of Lecceto near Siena, Italy, a picture of a person holding a gun to besiege a fortress.④ Although this mural is crude and schematic in style, it nonetheless appears to reflect the circumstances of the use of touch-hole guns in attacking fortresses at that time. Judging from the picture, the barrel of the hand-held gun is in the shape of a straight tube, with a round hole at the rear of the barrel, called the touch-hole. Through the touch-hole, a person could use a burning object to ignite the gunpowder within the tube, discharging the projectile. A handle was fitted to the tail end of the barrel, for ease of handling by the person firing it. In use, the person firing held the gun in one hand and a burning object in the other, igniting and discharging the weapon — making it Europe’s earliest personal-use firearm.



(4) The Italian Valturio’s Mistaken Identification of “Greek Fire” as a Firearm

“Greek fire” (Greek fire) is a kind of saltpeter-free incendiary agent, and it has no basis whatsoever for certain Western historians of firearms in the West to call it an early form of gunpowder. “Greek fire” was first created by the Arabs, and was thereafter refined by the Greeks, also being called “Wild fire” (Wild fire); it was used in warfare from the fifth to fourth centuries BCE, remaining in use for more than a thousand years, and was employed in a number of countries of both East and West, being a chief incendiary weapon used before the invention of gunpowder. “Greek fire” had numerous formulas, little known to people. In 350 BCE, the Greek tactician Aeneas Tacticus recorded one formula, whose ingredients included sulfur, pitch, and rosin, among other kindling agents, and hemp fiber and other easily combustible materials. “Greek fire,” after being improved by the Greeks, was in turn transmitted back to Arabia and India. It is said that the Indians, in 326 BCE, used “Greek fire” to effectively resist the invasion of Alexander the Great (Alexander the Great, 356–323 BCE). Comparatively early records of the use of “Greek fire” on European battlefields include the siege of Motya in 424 BCE and the siege of Rhodes in 304 BCE. During the invasion of Arab lands by the European Crusaders in the eleventh to thirteenth centuries, both sides made use of “Greek fire” as an incendiary weapon in their fighting. However, after careful investigation, it has been found that the principal ingredients of the “Greek fire” used at that time were beeswax,

① See “Liuchuan” (“Transmission”), pp. 338–339. ② See “Liuchuan,” p. 345. ③ See Heiki-kō: Kodai-hen (“Study of Weapons: Ancient Section”), p. 7. ④ W. H. B. Smith, Small Arms of the World, 6th edition, The Stackpole Company, U.S.A., 1960, pp. 7–8.

sulfur, plant fiber, mutton fat, rosin, naphtha, pitch, and powdered metal, among other things — but saltpeter is entirely absent.

The first person to claim that “Greek fire” was a firearm was the Italian Roberto Valturio (Robert Valturius, 1413–1482). In his De Re Militari (“On the Art of War,” in twelve books), completed in 1450, he mentions that the Byzantine emperor Leo VI (Leo VI, 866–912), during his reign, once ordered his soldiers to use a “fire-throwing device” to repel the enemy, and claims that this “fire-throwing device” was a gunpowder-based fire arrow.① But at that time the Europeans did not yet know of the substance saltpeter, and so could not possibly have used a gunpowder fire arrow. Valturio’s claim, therefore, amounts to nothing more than mistaking an ordinary “fire-throwing device” for a gunpowder fire arrow.

Down to the eleventh through twentieth centuries, some Western scholars, in their writings, still held that the “Greek fire” used by the Byzantines was an improved firearm discharging a fire arrow. Scholars such as the French orientalist Reinaud and the artillery colonel Favé,② the French historian of chemistry Ferdinand Hoefer,③ the Frenchman Maurice Mercier,④ and the Englishman Oliver C. Ellis⑤ all held views of this kind.

In the Soviet Military Encyclopedia, published in complete form in 1980, the entry “Greek Incendiary Agent” likewise mistakenly holds that the components of the Greek incendiary agent “may have included saltpeter, sulfur, petroleum, resin, and so forth,” and further states that “the Greeks, in 673 CE, successfully made use of this incendiary agent.” However, the compilers of that work failed to take note that the Soviet scholar Feodosyev had already refuted this view, holding that “‘Greek fire’ was not yet a mixture resembling gunpowder, because its composition contained no potassium nitrate. It was neither the Byzantines nor the Egyptians who discovered potassium nitrate — it is most likely that it was learned from the Chinese or the Arabs.”⑥

Also, according to Joinville’s Histoire de Saint Louis, it was not until the Seventh Crusade of the Europeans (1248–1254) that the Arabs began to use a saltpeter-containing “Greek fire,” using arrows with long feathered tails shot into the enemy’s ranks, whose power far exceeded that of the saltpeter-free “Greek fire” — one could only see the flying arrow, like a fire-dragon crossing the sky, flashing like lightning, its fiery light illuminating everything, turning night into day, and the Crusaders were at last driven back. Given that the Arabs did not begin using a saltpeter-containing “Greek fire” until the middle of the thirteenth century, whereas China, by this time, not only had over two hundred years of history in the use of gunpowder and firearms, but had already developed early-stage firearms to the stage of the tubular firearm — from this it can be seen that even the saltpeter-containing “Greek fire” cannot be counted as an early form of gunpowder, still less the saltpeter-free “Greek fire.”

Another basis on which Western scholars have claimed “Greek fire” to be an early form of gunpowder is the Book of Fires for Burning Enemies, attributed to the Greek Marcus and said to have been written in the eighth or ninth century CE, which lists a number of gunpowder formulas. But after years of research, scholars have refuted this claim on the following several grounds: first, the so-called Greek Marcus was not a real person, but a pseudonym; second, this work is not the product of a single hand and a single period, but was successively supplemented by a number of Arabs; and third, the work was in fact composed at the end of the thirteenth century into the early fourteenth century, and not in the eighth or ninth century. At this point, the claim that “Greek fire” was an early form of gunpowder has lost any foothold whatsoever.



(5) “Sea Fire” Is Not an Early Form of Gunpowder

Resembling “Greek fire,” and often confused with “Greek fire,” is another incendiary agent, “Sea

① W. von Braun and F. I. Ordway, History of Rocketry and Space Travel, pp. 22–23 (London, 1967). ② J. T. Reinaud et L. Favé, Histoire de l’Artillerie, Partie 1: Du Feu Grégeois, pp. 106–110 (Paris: J. Dumaine, 1845). ③ F. Hoefer, Histoire de la Chimie, vol. 1, p. 302 (Paris, 1866). ④ M. Mercier, Le Feu Grégeois, passim (Paris, 1952). ⑤ O. C. Ellis, A History of Fire and Flame, p. 249 (London, 1932). ⑥ [USSR] N. A. Feodosyev, trans. Zheng Ting et al.: A Course in Pyrotechnics, p. 10, Chinese People’s Liberation Army Military Engineering Institute, 1956 edition.

Fire” (Sea fire, or Wet fire).

“Sea fire” differs from “Greek fire”: “Greek fire” was used in a number of countries of both East and West, and was an incendiary agent used for throwing, whereas “Sea fire” was known only to the Greeks, and was never transmitted to the East, being an incendiary agent used in naval warfare, discharged by means of a siphon tube. “Sea fire” first appeared between 670 and 680 CE, more than a thousand years later than “Greek fire.” According to the chronicle of Theophanes (811–815), in 673 CE a technician named Kallinikos, born in Syria, fled from Heliopolis in Cilicia to Constantinople, the Byzantine capital, and there presented the secret formula for “Sea fire” to the Byzantine emperor Constantine IV (Constantine IV, called Pogonatus, 648–685). At that time Constantinople was under attack from the Arab army, and the Byzantines were, at that very moment, suffering from a lack of any weapon capable of repelling the enemy. “Sea fire” came like a divinely bestowed sword, and was accorded special importance. Over the five years from 673 to 677, the Arab army mounted a combined land-and-sea assault on the city. Constantinople, surrounded on three sides by the sea and backed on the fourth by land, held out through the stubborn, unyielding defense of its entire military and civilian population, so that the Arab army was checked before its solid walls, whereupon the Byzantines watched for their opportunity to counterattack. The opportunity at last arrived, and the Byzantine imperial fleet, in the waters near the island of Cyzicus, used “Sea fire” to inflict a great defeat on the Arab fleet, lifting the siege of Constantinople. Between 716 and 718, the Arab fleet again attacked the city, and had more than 1,800 of its warships burned by the Byzantine fleet’s “Sea fire,” with only five ships managing to escape. In 941 and 1043 CE, the Russian fleet twice attacked the city, and on both occasions was defeated by the Byzantine fleet’s use of “Sea fire.”①

From the course of these engagements, it can be seen that “Sea fire” was an incendiary agent of formidable burning power used in naval warfare, sprayed onto the enemy’s ships by means of a discharging apparatus; when it burned, the fierce flame was accompanied by dense smoke and a roaring sound, leaving the enemy’s ships with no means of extinguishing it and no way to defend against it. Precisely because of this, the Byzantine Empire adopted the strictest measures of secrecy, and all the secrets concerning the formula, the manufacturing technique, and the construction of the discharging apparatus of “Sea fire” were known only to the emperor of the Eastern Roman Empire and to the Kallinikos family; all others, and the Arabs above all, were kept absolutely outside this secret, and anyone who leaked the secret would be severely punished. After the fall of the Byzantine Empire, “Sea fire,” too, was extinguished along with it, its light going out forever.

Nevertheless, concerning the general construction of the discharging apparatus for “Sea fire,” matters are not entirely without a trace. From the end of the ninth to the beginning of the tenth century, the Byzantine emperor Leo VI, in his own work, the Tactica, still let slip certain clues concerning the discharging apparatus. The book states: “‘Sea fire’ is discharged by means of a kind of siphon tube, the body of the tube made of bronze, mounted at the bow of the ship, able to spray flame in every direction, up, down, left, and right. The soldiers, meanwhile, held small hand-tubes, a recent invention, spraying flame from behind an iron shield.”

From this it can be seen that this apparatus was, in effect, a kind of hand-held bellows-tube, in which the compressed air within a bellows housed inside the siphon tube was used to spray out the liquid flame. In a Byzantine Greek-language manuscript by Skylitzes, there is printed an illustrative diagram of a Byzantine warship engaged in naval combat with an Arab warship (Figure 4-8);

Figure 4-8 Naval Warfare Using “Sea Fire”

the picture shows a Byzantine soldier holding a spray-tube, spraying “Sea fire” onto an Arab warship, vividly reflecting the scene of naval warfare at that time.①

Over the years, Europeans have made repeated attempts to unravel the mystery of “Sea fire.” In the eighteenth century, the English antiquarian Francis Grose (1731–1791), in his work Military Antiquities, determined through textual research that the composition of “Sea fire” consisted only of sulfur, pitch, and petroleum. In the nineteenth century, the British Royal Artillery colonel Henry W. L. Hime, in his work The Origin of Artillery, held that the principal components of “Sea fire” were pitch, sulfur, naphtha, resin, quicklime, oil, wax, and charcoal, among other things — that is, it was a mixture of fluids, and contained no saltpeter.② From this it can be seen that “Sea fire,” like “Greek fire,” was not an early form of gunpowder.




3. The Beginnings of Firearms in France

The Republic of France lies at the western extremity of Europe; at the time when the gunpowder and firearms invented by China were transmitted to Europe, England and France happened to be engaged in a war lasting more than a hundred years (1337–1453), known to history as the “Hundred Years’ War.” The war spurred the development of French firearms, and records of the use of firearms in warfare are frequently to be found.

In 1338, the arsenal at Lyon in France was already able to manufacture gunpowder using saltpeter and sulfur; in 1340, French forces used firearms to repel an English assault on the city of Cambrai;③ in 1342, an arsenal at the fortress of Riethauville, Artois, in France, held in store 400 arrow-shafts for discharge by firearms.④



4. The Beginnings of Firearms in England

From the thirteenth to the fourteenth century, England’s handicraft industry had already developed considerably, with hand-woven textiles and the metallurgical industry serving as the vanguard of England’s industrial development, and cities such as London and Oxford had already become centers of economic, scientific, and technological culture, producing celebrated scientists one after another. The natural scientist Roger Bacon (Roger Bacon, c. 1214–1294), in his later years, began to disseminate knowledge of gunpowder. The English–French “Hundred Years’ War” (1337–1453) likewise spurred the development of firearms, a matter of which the history books have much to say.


(1) King Edward III of England and Firearms

Edward III (Edward III, 1312–1377) was a king of England’s Plantagenet dynasty. He ascended the throne in 1330, and in October 1337, on the strength of being the grandson of the French king Philip IV le Bel (Philippe IV le Bel, 1268–1314), styled himself King of France, and in November led an army into France, winning a succession of victories and setting off the Hundred Years’ War between England and France. In the course of the war, he gathered firearms in preparation for an assault.

In an English royal document that survives from 1338, it is recorded that a warship on which the English king traveled, the “Bernard de Tour,” was equipped with the mounts for two small iron cannon, along with two powder chambers belonging to one small iron cannon and one powder chamber belonging to one bronze cannon. On another royal ship of the English king, the “Christofre de la

① W. Y. Carman, A History of Firearms from Earliest Times to 1914, pp. 3–6 (London, 1955). ② Henry W. L. Hime, The Origin of Artillery, p. 34 (London, 1915). ③ See “Liuchuan,” p. 342. ④ H. L. Blackmore, Guns and Rifles of the World, p. 5.

Tour,” were mounted three small cannon and five powder chambers, along with one touch-hole gun. This is the first appearance, in a documentary source, of the English word for a hand-held firearm (handgun, Figure 4-9). That year, Edward directed the English army in the use of siege guns in an attack on the French-held ports of Harfleur and Le Crotoy.⑤ In June 1340, the English fleet inflicted a great defeat, at the Battle of Sluys, on the fleet dispatched by the French king Philip VI (Philippe VI, 1293–1350). In 1344, Edward III enrolled, within his royal bodyguard, six master gunners, six gunners, and fifty-seven sappers, strengthening the bodyguard’s equipment of firearms. At the same time, someone discovered, in his account-books,

Figure 4-9 The English Hand-Held Gun

a record of the purchase of saltpeter.①

On 10 May 1346, it is learned from the records of the keeper of King Edward III’s royal armory that he had already dispatched to the English army in France a shipment of 912 pounds of saltpeter and 846 pounds of sulfur, for the manufacture of gunpowder to meet the needs of the English army’s operations.② This shows Edward III to have been a commander who well understood the principle that “before troops move, provisions go first.” By the end of that year, the English forces on the front at Calais had received these goods.

In August 1346, Edward III, leading an English army that included gunners, crossed the English Channel, and after landing in Normandy pressed straight on toward the outskirts of Paris, then turned north, crossing the Seine and the Somme, and, near high ground close to Crécy, north of Abbeville, met in battle the French forces under Philip VI de Valois. On the evening of 26 August, 10,000 English troops encountered 30,000 French troops, and a fierce battle was joined. In the course of the fighting, the English forces, in addition to a dense frontal barrage of longbow fire against the French, also discharged, on the flank of their position, a kind of two-pound Bombard shell capable of producing a loud report,③ inflicting a heavy defeat on the French heavy cavalry. Later researchers, examining the firearms Edward III used at the Battle of Crécy, have variously held them to be a large-caliber piece of artillery, a kind of small gun, or, as some call it, a “scattered volley of grapeshot”; judging from the quantity of saltpeter and sulfur transported to the front at the time, the theory of a small-caliber gun or cannon seems closer to the actual circumstances. By the end of 1346, the English forces on the Calais front, having received the saltpeter and sulfur, went on, in August 1347, to occupy the port of Calais. According to a record of the time, the English forces made use of three small cannon, consuming, on average, 86.5 grams of gunpowder, twenty projectiles, 204 lead balls, and 120 blocks of lead every day. In 1347, the two firearms-related terms “gun” (Gunnis) and “bombard” (Bombarde) made their formal appearance, for the first time, in an official English document.④



(2) The Groundless Claim Concerning Roger Bacon’s Invention of Gunpowder

Roger Bacon was a celebrated English natural scientist who, in his later years, disseminated knowledge of gunpowder within England, and left behind such works as the Epistolae, the Opus Majus, the Opus Minus, and the Opus Tertium. Some Western scholars, and Hime the colonel above all, have taken isolated fragments of these works as their evidence for claiming that he was the inventor of gunpowder. In fact, this is not so.

Bacon studied in his early years at Oxford University, and around 1236 lectured on Aristotelian philosophy at the University of Paris, returning to Oxford around 1251. He was thoroughly versed in astronomy, the calendar, medicine, mathematics, alchemy, and other disciplines, as well as in Greek, Latin, Arabic, and other languages, and was hailed as an encyclopedic scholar of medieval Europe; between 1266 and 1267 he completed the three works mentioned above, in which he mentions such matters as saltpeter, gunpowder, and the explosive power of gunpowder.

In 1905, Hime, an English specialist in the history of artillery, taking as his evidence the final passage of the first chapter, “Epistle,” of Bacon’s Epistolae, a passage written in a secret code, added his own conjectural supplementary reconstruction, and thereupon claimed this to be “the earliest gunpowder formula.” The original text of this coded passage reads:

① See “Liuchuan,” pp. 342–343. ② See “Liuchuan,” p. 343. ③ See “Liuchuan,” p. 344. ④ Lloyd and Hadcock, Artillery, p. 15. ⑤ Greener, W. W., The Gun and Its Development, London, 7th ed., 1899, p. 18.

LURU VOPO VIR CAN VTRIET

As to what this original text actually means, for a considerable period no one succeeded in deciphering it. Hime, however, like a conjuror, after rearranging this coded passage and adding a few words, turned it into an English gunpowder formula:

But take 7 parts of saltpeter, 5 of young hazelwood, and 5 of sulphur.

Translated into Chinese, this becomes a gunpowder formula containing 7 parts saltpeter, 5 parts charcoal, and 5 parts sulfur, and, compounding gunpowder according to this formula, one obtains a gunpowder with a proportional composition of saltpeter, charcoal, and sulfur of 41.2%, 29.4%, and 29.4%.① Hime, in this way, artificially placed the crown of the invention of gunpowder upon Bacon’s head. Even so, Hime’s ingenuity was wasted effort, and his method was, quite rightly, subjected to criticism by historians of firearms in every country.

The eminent American authority on the history of science, G. Sarton, pointed out: “As for Bacon, there is no reason to attribute the invention of gunpowder to him. The portion of the Epistolae on which this attribution rests is itself problematic — even though the Epistolae as a whole is not. The coded passage said to contain a gunpowder formula has no manuscript basis whatsoever, and the decipherment made of this coded passage is nothing more than sheer fancy.”②

The Japanese historian of firearms Arima Seiho, in his work The Origin of Artillery and Its Transmission, lists a great mass of historical fact and ample reasoning, thoroughly refuting the claim that Bacon was the inventor of gunpowder.

The Chinese specialist in the history of firearms, Mr. Feng Jiasheng, states in his own writings that the passage in which Colonel Hime claimed to have found a gunpowder formula within Bacon’s writings is, in its textual details, riddled with flaws, containing elements of his own fancy, conjecture, supplementation, and alteration. For instance, at the beginning of Chapters 10 and 11, there occur, respectively, the phrases “Transactis annis Arabum Sexcentis et duobus” and “Annis Arabum 630 Transactis,” which, translated into Chinese, mean, respectively, “in the Arab year 602” and “in the Arab year 630.” The “Arab year” referred to in the text is the Islamic Hijri calendar; the Hijri years 602 and 630 correspond to 1205 CE and 1233 CE respectively. At that time the Europeans still did not know what saltpeter was, and moreover Bacon had not even been born in 1205, and would have been only nineteen years old even by 1233 — how, then, could Bacon already have invented gunpowder? If we reckon from China’s invention of gunpowder in 808 CE, this would already lag more than 400 years behind; and if we reckon from the publication of the three gunpowder formulas in the Wujing Zongyao, it would still lag more than 160 years behind. For this reason, Bacon was in no way the inventor of gunpowder.③

If it is said that Bacon was a scientist who understood the knowledge of gunpowder and firecrackers, and who disseminated this knowledge among the English people, this is beyond doubt; but to call him the inventor of gunpowder is a very great error indeed. The firearms used by the English in warfare, likewise, had nothing to do with Bacon himself.




5. The Beginnings of Firearms in Germany

Germany remained, over a long period, in a state of feudal fragmentation, its territory divided among many separate states, and its economy and scientific culture were comparatively backward. In April 1241, the Mongol army on its western campaign attacked the German forces with fire arrows and poison-smoke balls, and it was through this that the Germans first came to know of firearms; nevertheless, Germany’s own manufacture of firearms began quite late. Not only this, but there also circulated a number of stories passed from mouth to mouth, of which the tale — one that has troubled scholarly circles for many years — of Schwartz’s invention of gunpowder and firearms is the most prominent.


(1) The Baseless Legend Concerning Schwartz’s Invention of Gunpowder

Europeans, and German historians of firearms in particular, have held that there was, in Germany, a monk named Berthold Schwartz

① See “Liuchuan,” pp. 321–322. ② G. Sarton, Introduction to the History of Science, vol. II, pt. 2, p. 1038. See the note on p. 135 of Pan Jixing’s Zhongguo Huojian Jishu Shigao. ③ See Feng Jiasheng Lunzhu Jicui, pp. 330–332.

(Berthold Schwartz), who was the inventor of gunpowder. But the various pieces of material concerning Schwartz’s invention of gunpowder are, with respect to his surname, his native place, the religious order to which he belonged, and the era and place of his invention of gunpowder, thoroughly inconsistent and contradictory, with no consensus whatsoever.

The earliest German documents to mention Schwartz say that he was a Greek engaged in alchemy, and not a monk at all. Later, some said he was a Dane, a man of Prague, a man of Cologne in Germany, a man of Freiburg, a man of Brunswick, a man of Metz, and so on, living in Germany in the thirteenth or fourteenth century. As for his religious affiliation, some say he belonged to the Franciscan order of Christianity, some say the Dominican order, and some say the Augustinian order — as to which order he truly belonged to, no one can say for certain.

The British historian of firearms Colonel Hime states that Schwartz was a man versed in chemistry, who once conducted certain chemical experiments, and that when he placed mercury, sulfur, and saltpeter together in a sealed jar and heated it, an explosion resulted. It is further said that Schwartz later conducted the same experiment with mercury, sulfur, and saltpeter in a metal vessel, and that this, too, resulted in an explosion, damaging even the foundation walls of his laboratory. After this was repeated a number of times, Hime made the extravagant claim that Schwartz had invented gunpowder at some point around 1250. Before long, someone erected a bronze statue of him at Freiburg. Because Hime’s extravagant claim had no factual basis whatsoever, once it had been passed from mouth to mouth, the era of Schwartz’s invention of gunpowder came to be variously given as 1250, 1313, 1348, 1354, 1372, 1380, and 1393 — a discrepancy, from first to last, of as much as 143 years — from which it can be seen that the story of Schwartz’s invention of gunpowder is nothing more than a groundless legend. Historians of firearms in every country accordingly came forward, one after another, to deny the existence of this person and the truth of this tale.

In 1819, the German historian of chemistry M. Berthelot held that if Schwartz first appeared in 1354, then the firearm had already been in use in Europe for many years, and could certainly not have been his invention.① In 1909, the English historian of firearms Clephan pointed out that Schwartz was very likely a figure invented by certain Germans, their purpose being to secure for their own nation the priority of having invented gunpowder and artillery.② Partington, after a comprehensive review of the various documentary sources, concluded that Schwartz was purely a legendary figure, the purpose being to make people believe that gunpowder and artillery originated in Germany, and that the monument built to his memory in 1353 has no historical basis whatsoever.③ Later, the memorial installations to Schwartz built at Ghent in Belgium and at Metz in France were finally dismantled, being purely fabrications, and the so-called claim that Schwartz invented gunpowder thereby collapsed of its own accord.



(2) The Falsity of the Claim That Schwartz Created Firearms

Between 1326 and 1327, a certain scholar named Walter de Milemete presented a hand-copied manuscript to Edward III, King of England; this work had been written by Milemete himself in 1326, and was later preserved in the Bodleian Library at Oxford; the book contains an illustration. Hime, after examining this book, stated, in his work The Origin of Artillery, on the basis of this illustration, that what is depicted is a bottle-shaped cannon, made by the German monk Schwartz in 1313. In the picture, a bottle takes the place of a crossbow for loading the gunpowder, and the projectile discharged is an iron-feathered arrow bearing four feather-shaped tail fins, its shape and construction broadly similar to those of the bottle-shaped cannon Pot de fer and Vasi, first created in France and Italy.

Arima Seiho, in his work Liuchuan (“Transmission”), refutes Hime’s claim: this hand-copied manuscript does indeed exist, but the creator of the firearm depicted in it is a fictitious figure; what is depicted in the picture is not a real cannon at all, but rather a winged angel, and a demon with a human face and a beast’s body, wearing full armor, bearing an arrow-shaft and an iron ball (Figure 4-10). This is recorded on page 36 of the work by the French historian of firearms L. Lacabane, Recherches sur la Poudre à Canon et sur son Introduction en France, published in 1845.① At this point, the reader’s doubts are entirely resolved.

Figure 4-10 An Illustration of a Cannon in Walter de Milemete’s Hand-Copied Manuscript




6. The Beginnings of Firearms in Russia

According to a Russian chronicle, in 1342 the Bishop of Novgorod brought Boris, a celebrated craftsman of Moscow, to that city to engage in the work of cannon-casting. In 1446, the cannon-maker Mikula Kremeneshkoi enjoyed great renown, and began casting bronze cannon to take the place of iron ones.

Apart from the countries described above, other countries, before the fourteenth century, have left very little information concerning the manufacture and use of firearms for later ages to know.




Summary

In the early fourteenth century, the military technologists and commanding generals of China’s Yuan dynasty took the hand cannon, created at the end of the thirteenth century, into batch manufacture and used it in warfare, so that the tactic, born under the Song, of combining firearms with cold weapons was further developed, and China remained at the forefront of the world in the research and use of firearms.

During this same period, although the countries of Europe had already taken their first steps in the research and use of firearms, they still remained at a stage of learning to walk. The country whose achievements were comparatively notable was England, under the rule of Edward III. England, at the very outset of its efforts to research and develop firearms, already had the firearms it had developed play a role at the Battle of Crécy; although the quantity of firearms it used was not great, nor the scale particularly large, it nonetheless foreshadowed for the world that a Europe on the rise in the research and use of firearms was soon to make its appearance.





Chapter Five The Outward Spread of the Hand Cannon from Ming-Dynasty China and the Rise of Firearms Research in the Countries of Asia

In the late fourteenth to fifteenth centuries, China’s Ming dynasty advanced the hand cannon created under the Yuan dynasty to a high stage of development, and it came into broad use in warfare of every kind, bringing about not only a transformation in every aspect of ancient military affairs at home, but also promoting neighboring countries’ understanding, use, and imitation of the hand cannon, so that a high tide of Asian countries using and imitating China’s hand cannon took shape. Under China’s support, the Korean peninsula established firearms-manufacturing institutions. The various countries of Indochina, in their peaceful relations or wars with China, learned the techniques of researching and using China’s hand cannon. The maritime countries of Southeast Asia likewise came to know of China’s hand cannon through Zheng He’s great feat of sailing the seas. The development of hand cannon under China’s Ming dynasty was manufactured within the four great firearms-manufacturing systems established at the beginning of the Ming: the Bureau of Treasure Sources (Baoyuan Ju) and the Bureau of Military Weapons (Junqi Ju) under the Ministry of Works; the Bureau of Military Equipment (Bingzhang Ju) under the Palace Domestic Service; the Bureau of Military Weapons under the Provincial Administration Commission; and the Bureaus of Military Weapons under the garrisons and guard stations of the Chief Military Commissions. These systems had clear regulations governing the manufacture, inspection and acceptance, requisitioning, transfer, and safekeeping of firearms.


Section 1 Hand Cannon Manufactured in the Hongwu Reign

Because the hand cannon had shown considerable superiority in the wars at the end of the Yuan dynasty, it received considerable development in the early Ming period, which may in turn be divided into two stages of development: the Hongwu-to-Jianwen period (1368–1402) and the Yongle-to-Zhengde period (1403–1521).

The first stage began with Zhu Yuanzhang (1328–1398) founding the Ming dynasty and ended with the Jianwen Emperor’s loss of the throne. At the founding of the Ming, the overall military situation in the realm was extremely severe: the Xia regime, which held Sichuan as its base, possessed military strength that could not be overlooked, and, holding natural strategic terrain, harbored ambitions of rivaling the court on equal terms; the Prince of Liang of the Yuan, entrenched in Yunnan, still took his orders from the Northern Yuan; although the remnant forces of the Northern Yuan had withdrawn to the great desert, they still had hundreds of thousands of bow-drawing soldiers, ready at any time to regroup their banners and drums and scheme to restore their rule over the Central Plain; and the depredations of the Wo pirates [Japanese pirates] along the coastal regions were growing worse by the day. All of this compelled Zhu Yuanzhang to remain constantly on guard, and, on the basis of the rapid recovery and development of agriculture, handicrafts, and mining and smelting, to adopt continually a variety of effective measures to develop the manufacture of weapons, taking the hand cannon created under the Yuan dynasty, standardizing and unifying it, and, according to the needs of actual warfare, developing it into the Hongwu series of hand cannon, comprising three types—large, medium, and small.

The second stage began with the enthronement of Zhu Di (1360–1424) and ended just before the introduction of the Portuguese breech-loading cannon (folangji) in the early Jiajing reign. During this period, major military actions occurred repeatedly: due to the needs of the wars and national-defense construction occasioned by the repeated use of troops in Jiaozhi (also written Jiaozhi 交阯), the several personal campaigns against the northern desert, the guarding against Wo pirates along the coast, the strengthening of defenses in the northwest, and the establishment of the Nurgan Regional Military Commission in the northeast, Zhu Di vigorously promoted the development of the hand-cannon-manufacturing industry. Those researching and developing firearms likewise, according to the needs and possibilities of the time, placed the emphasis of their research on improving the structure of the hand cannon, raising its quality, increasing the variety of types, and strengthening its power, so that the hand cannon thereby achieved considerable development, becoming a standard-issue weapon of the Ming army. Each successive ruler after Zhu Di likewise made use of these achievements, continually developing them further, until eventually hand-cannon-artillery weighing as much as a thousand catties were cast, thereby forming a Yongle series of standard-issue hand cannon combining large, medium, and small types, and advancing the hand cannon of the Hongwu period to its most flourishing period. It was only after the Portuguese breech-loading cannon and the matchlock musket were introduced beginning in the Jiajing reign (1522–1566) that the hand cannon of China, having flourished for more than two hundred years, retreated to a secondary position in the equipment of the Ming army.


1. Hand Cannon Manufactured by the Baoyuan Bureau

The Baoyuan Bureau was a coin-minting institution established by Zhu Yuanzhang in the second month of the twenty-first year of the Yuan Zhizheng era (1361), whose principal task was the manufacture of the “Da Zhong Tongbao” coin currency; owing to the needs of war it also manufactured hand cannon as a secondary task. To date, inscription data have been gathered for 9 hand cannon manufactured by the Baoyuan Bureau, as set out in detail in Table 5-1.

Table 5-1 Hongwu-Era Hand Cannon Manufactured by the Baoyuan Bureau














	No.
	Year (CE)
	Reign Year
	Caliber (mm)
	Length (mm)
	Weight (kg)
	Inscription
	Notes





	Hong 1
	1372
	Hongwu 5
	20
	430
	1.6
	Jiangyin Guard, character Quan, No. 38, long hand-cannon barrel, weight 3 catties 2 taels, made on an auspicious day in the fifth month of Hongwu 5, at the Baoyuan Factory
	See Transmission; in the inscription, “Baoyuan Factory” should read “Baoyuan Bureau”



	Hong 2
	1372
	Hongwu 5
	22
	442
	—
	Left Guard of the Valiant Cavalry, character Sheng, No. 401, long hand-cannon barrel, weight 2 catties 12 taels, made on an auspicious day in the twelfth month of Hongwu 5, by the Baoyuan Bureau
	Unearthed in 1964 in the Chicheng region of Hebei Province; see Collected Cultural Relics Unearthed in Hebei Province



	Hong 3
	1372
	Hongwu 5
	20
	448
	1.6
	Jiaoshan Pianzhen garrison, No. 130, long hand-cannon barrel, weight 2 catties 12 taels, made on an auspicious day in the twelfth month of Hongwu 5, by the Baoyuan Bureau
	Unearthed after Liberation beside the left city wall near the Donghua Gate in Nanjing; later housed in the Nanjing Museum



	Hong 4
	1372
	Hongwu 5
	22
	445
	1.7
	Right Guard of the Valiant Cavalry, character Sheng, No. 401, long hand-cannon barrel, weight 2 catties 12 taels, made on an auspicious day in the eighth month of Hongwu 5, by the Baoyuan Bureau
	Selected in 1964 by the Zhangjiakou District Local Products Sales Office; see Cultural Relics Spring and Autumn, No. 6, 2002, published by the Hebei Provincial Bureau of Cultural Relics



	Hong 5
	1372
	Hongwu 5
	134
	317
	9
	Divine Strategy Guard, character Shen, No. 75, secondary bowl-mouth barrel, weight 18 catties, made on an auspicious day in the eighth month of Hongwu 5, weighed by the Baoyuan Bureau
	Unearthed after 1975 in Daming Town, Chifeng City, Inner Mongolia; excavation report in Archaeology, No. 8, 1990



	Hong 6
	1372
	Hongwu 5
	110
	365
	15.75
	Left Guard of the Naval Forces, character Jin, No. 42, large bowl-mouth barrel, weight 26 catties, made on an auspicious day in the twelfth month of Hongwu 5, by the Baoyuan Bureau
	Currently housed in the Military Museum of the Chinese People’s Revolution



	Hong 7
	1373
	Hongwu 6
	20
	445
	—
	Dingliao Guard, character Qi, No. 586, long hand-cannon barrel, weight 3 catties 2 taels, made on an auspicious day in the third month of Hongwu 6, by the Baoyuan Bureau
	Housed in the Hebei Provincial Bureau of Cultural Relics; data same as Hong 4



	Hong 8
	1375
	Hongwu 8
	230
	630
	73.5
	Laizhou Guard, character Lai, No. 7, large cannon barrel, weight 120 catties, made in the second month of Hongwu 8, by the Baoyuan Bureau
	China Cultural Relics News, No. 18, May 6, 1988; housed in the Penglai County Cultural Relics Hall



	Hong 9
	1375
	Hongwu 8
	230
	630
	73.5
	Laizhou Guard, character Lai, No. 29, large cannon barrel, weight 121 catties, made in the second month of Hongwu 8, by the Baoyuan Bureau
	Same as above





Of the 9 hand cannon whose data are listed in Table 5-1, 5 were single-soldier hand cannon, 2 were small bowl-mouth barrel cannon used aboard naval warships, and 2 were large bowl-mouth-shaped cannon barrels used at coastal garrison posts, basically representing the three categories of hand cannon manufactured in the early Hongwu period. Although they differed in overall size, the content inscribed upon them was, however, extremely uniform and standardized, generally including the using unit, the hand-cannon serial number, the type of hand cannon, the barrel weight, the date of manufacture, and the manufacturing unit, reflecting the characteristic that finished products were made by a single unit and then transferred to garrison troops in various places for their use. As for the using units, there were the Right Guard of the Valiant Cavalry and the Left Guard of the Naval Forces in the capital, the Jiangyin Guard, relatively close to Yingtian (present-day Nanjing in Jiangsu; the guard itself was stationed within the capital), and the garrison of the Jiaoshan Pianzhen; these played an important role in protecting the safety of the capital city.

The “Jin character No. 42” large bowl-mouth barrel that was unearthed was a medium-sized hand cannon used by the Left Guard of the Naval Forces. The Left Guard of the Naval Forces was established in the third year of Hongwu; in the seventh month of that year, the Ming court “established twenty-four naval guards, each guard to have fifty ships and 350 officers and soldiers to man them”①. After this guard was established, it was subordinate to the Chief Military Commission of the Left. Two years later, the warships of these naval guards were all equipped with large bowl-mouth barrels, and, judging from the serial numbers, in considerable quantity. If, in the twenty-third year of the Yuan Zhizheng era (1363), Zhu Yuanzhang, in leading his naval forces in the decisive battle against Chen Youliang’s naval forces on Lake Poyang, had already used the earliest “ship cannon,” then the “Jin character No. 42” large bowl-mouth barrel represents an improvement upon and development of this “ship cannon.”

Among the 9 excavated Hongwu-era hand cannon actually manufactured by the Baoyuan Bureau, 2 large cannon barrels used by the Laizhou Guard are, of the unearthed specimens, the earliest in date of manufacture among the large bowl-mouth-type barrels. The Laizhou Guard was established in the second year of Hongwu (1369); it faced onto Laizhou Bay, bordered the Dengzhou Guard to the east, and was a key post for coastal defense against Wo pirates in the early Ming. At that time the Ming court, in order to strike at the invading Wo pirates, adopted a policy combining both prevention and suppression, increasing the coastal garrisons, adding sea-going warships, and strengthening coastal defense capability, so as to form a land-and-sea joint defense system of “the army holding the land, the fleet holding the sea.” These two large cannon barrels were manufactured for the Laizhou Guard by the Baoyuan Bureau against precisely this background of the times. The inscriptions cut into the barrels show that our country was, at the latest by Hongwu 8, already using large hand cannon to guard strategic strongpoints. The two large cannon barrels used by the Laizhou Guard were numbered 7 and 29 respectively, a difference of 22 between the two. If this numbering reflected the actual number of large cannon barrels then possessed by the Laizhou Guard, then the number of large cannon barrels equipped by that garrison would not have been fewer than 22. If the other coastal garrisons handled matters the same way, then the total number of large cannon barrels equipped would have been extremely considerable. Concerning matters of coastal garrisons equipping large cannon barrels, there is no record whatsoever in the historical records and military treatises; therefore, the unearthing of these two large cannon barrels is of special and important significance for research into hand-cannon manufacture and coastal defense preparations in the early Ming.

Among the unearthed specimens, no hand cannon manufactured by this bureau after Hongwu 8 has been discovered, indicating that after that time the bureau had already returned entirely to its proper task of coin-minting.



2. Hand Cannon Manufactured by the Bureau of Military Weapons and the Bureau of Military Equipment

According to the Comprehensive Institutes of the Ming, prior to the first year of the Hongzhi reign of the Ming (1488), both bureaus were required to manufacture firearms according to fixed quotas. Among these, the Bureau of Military Weapons was established in the thirteenth year of Hongwu; every three years it was to manufacture 3,000 bowl-mouth bronze hand cannon, 3,000 hand-gripped bronze hand cannon, 90,000 hand-cannon arrowheads, and 3,000 signal cannon, together with a certain quantity of accessories; the Bureau of Military Equipment was established in the twenty-eighth year of Hongwu; every three years it was to manufacture a certain quantity of firearms such as the Great General cannon, the Second General cannon, the Third General cannon, the Gate-Seizing General cannon, the divine hand cannon, the horse-cutting hand cannon, the hand-gripped bronze hand cannon, the hand-gripped iron hand cannon, the bowl-mouth hand cannon, and the basin-mouth cannon. However, because it was stipulated at the time that, under ordinary circumstances, the military equipment used by garrison troops in various localities “was to be drawn from within the quotas allotted annually to each garrison and guard post, and, where these were insufficient to meet urgent need, application was to be made to the Ministry for a supply,”① and moreover was required to be entered into a register with the names of the officers and soldiers who received it recorded and checked①. Consequently, the firearms manufactured by the two bureaus were very rarely transferred for use by the army, so that to this day no firearms manufactured by these two bureaus have been discovered among excavated specimens.



3. Hand Cannon Manufactured by Garrison Troops and Government Systems in Various Localities

After the tenth year of Hongwu (1377), the focus of hand-cannon manufacture had already shifted to the bureaus of military weapons established by the garrison troops of the various local guard posts, as well as to the weapons-manufacturing institutions of local governments②. The 22 hand cannon listed in Table 5-2, the 4 bowl-mouth hand cannon listed in Table 5-3, and the large iron cannon manufactured in Pingyang Prefecture, Shanxi, are sufficient to reflect this shift.

Table 5-2 Hongwu- and Jianwen-Era Hand Cannon Manufactured by Garrison Troops and Governments in Various Localities














	No.
	Year (CE)
	Reign Year
	Caliber (mm)
	Length (mm)
	Weight (kg)
	Inscription
	Notes





	Hong 10
	1377
	Hongwu 10
	20
	440
	2.1
	Fengyang Branch Directorate, supervised by garrison commander Sun Ying, instructing craftsman Xie Afo, army craftsman Hua Xiaoshun, weight 3½ catties, made in Hongwu 10, month and day
	Unearthed in autumn 1971 at the Heicheng Commune, Togtoh County, Inner Mongolia; excavation report in Cultural Relics, No. 11, 1973



	Hong 11
	1377
	Hongwu 10
	20
	430
	2.0
	Fengyang Prefecture, supervised by garrison commander Sun Ying, instructing craftsman Pan Mao, army craftsman Li Jing, 3 catties 7 taels, made in Hongwu 10, month and day
	See Transmission



	Hong 12
	1377
	Hongwu 10
	20
	440
	2.05
	Fengyang Branch Directorate, made; weight 3 catties 8 taels; supervised by garrison commander Liu Ju, instructing officer Tang Xing, army craftsman Zhou, made in Hongwu 10, month and day
	Selected in 1967 by the Gaobeidian Local Products Company; unearthed in Chicheng County. Data same as Hong 4



	Hong 13
	1377
	Hongwu 10
	21
	433
	2.05
	Fengyang Branch Directorate, supervised by garrison commander Sun Ying, instructing craftsman Ren Siyi, army craftsman □□, 3 catties 6 taels, made in Hongwu 10, month and day
	Selected in 1967 by the Gaobeidian Local Products Company; unearthed in Laiyuan. Data same as Hong 4



	Hong 14
	1377
	Hongwu 10
	20
	317
	22.5
	Anlu Guard, apprentice army craftsman Wu Yu, made Hongwu 10, 3 catties 12 taels
	Entirely the same as Hong 13



	Hong 15
	1377
	Hongwu 10
	20
	435
	2.1
	Fengyang Branch Directorate, made; weight 3 catties 8 taels; supervised by garrison commander Liu Ju, instructing craftsman Chen Youcai, army craftsman Cui Yu, made in Hongwu 10, month and day
	Same as “Hong 10”



	Hong 16
	1377
	Hongwu 10
	21
	320
	2.2
	Left Guard of Nanchang, supervised by garrison commander Li Long, apprentice army craftsman Liu Shanfu of the Central-Left Chiliarchy, instructing officer Wang Jingming, made in Hongwu 10, month and day
	Same as “Hong 11”



	Hong 17
	1377
	Hongwu 10
	20
	440
	1.55
	Weiwu Guard, instructing officer Xuan Yuanbao, apprentice soldier Chen Cai, hand-cannon barrel weighing 3 catties 2 taels
	Same as “Hong 11”



	Hong 18
	1377
	Hongwu 10
	21.5
	440
	1.75
	Hangzhou Bodyguard, instructing officer Wu Zhusun, apprentice soldier Wang Huanbao, hand-cannon barrel weighing 3 catties 7 taels, made in Hongwu 10, month and day
	Unearthed in 1956 in Liangshan County, Shandong; excavation report in Cultural Relics Reference Materials, No. 9, 1956; in the inscription “ju” and “huan” should read “xue” [apprentice] and “guan” [officer]



	Hong 19
	1377
	Hongwu 10
	21
	420
	—
	Hangzhou Bodyguard, instructing officer Wu Jiasun, apprentice soldier □Chao□, hand-cannon barrel weighing 3 catties 4 taels, made in Hongwu 10, month and day
	See Cultural Relics Materials Series, No. 4, 1981, excavation report; in the inscription, after the character “Hu” [bodyguard] there should be the character “Wei” [guard], and “Wu Jiasun” should read “Wu Zhusun”



	Hong 20
	1377
	Hongwu 10
	19
	443
	1.75
	Left Guard of Shuihun, instructing officer Shen Ming’er, apprentice soldier A De, hand-cannon barrel weighing 2 catties 8 taels, made in Hongwu 10, month and day
	Unearthed in Togtoh County, Inner Mongolia; see Cultural Relics Materials Series, No. 4, 1981, excavation report



	Hong 21
	1377
	Hongwu 10
	21
	440
	—
	Left Guard of the Tiger’s Ferocity, instructing officer Zhu Yi, apprentice soldier Shang Shisan, hand-cannon barrel weighing 3 catties 9 taels, made in Hongwu 10, month and day
	Same as “Hong 20”



	Hong 22
	1377
	Hongwu 10
	20
	441
	1.8
	Tiger’s Ferocity Guard, instructing officer Cai Deng, apprentice soldier Ying Kanshou, hand-cannon barrel weighing 3 catties 11 taels, made in Hongwu 10, month and day
	This hand cannon is held in the Lüshun Museum, Liaoning Province



	Hong 23
	1377
	Hongwu 10
	23
	437
	1.8
	Henghai Guard, instructing officer Ji Dengqi, apprentice soldier Ying Kanshou, hand-cannon barrel weighing 3 catties 12 taels, made in Hongwu 10, month and day
	See Transmission; in the inscription “Jideng” should read “Cai Deng”



	Hong 24
	1377
	Hongwu 10
	24
	312
	2.5
	Jinling Guard, made in Hongwu 10
	Unearthed in 1979 in Jurong County, Jiangsu Province; excavation report in Cultural Relics, No. 7, 1986



	Hong 25
	1378
	Hongwu 11
	—
	—
	—
	Fengyang Prefecture Military Command, weight 3 catties 8 taels, supervised by garrison commander Li Chun, apprentice army craftsman Wang Zhijie, made in Hongwu 11, month and day
	See Transmission



	Hong 26
	1379
	Hongwu 12
	20
	445
	1.9
	Directing Office of the Yuanzhou Guard’s Bureau of Military Weapons, garrison commander He Xiang, civilian craftsman Xu Chengyuan, apprentice army craftsman Shi Shu□, made in Hongwu 12, month, □ day
	Unearthed in 1971 at the Heicheng Commune, Togtoh County, Inner Mongolia; excavation report in Cultural Relics, No. 11, 1973



	Hong 27
	1379
	Hongwu 12
	21
	442
	1.9
	Directing Office of the Yuanzhou Guard’s Bureau of Military Weapons, garrison commander He Xiang, civilian craftsman Xu Chengyuan, apprentice army craftsman Wang□, made in Hongwu 12, month and day
	Same as “Hong 26”



	Hong 28
	1379
	Hongwu 12
	20
	441
	1.7
	Made by the Fengyang Huaiyuan Guard, weight 3 catties 5 taels, supervised by garrison commander □□□, army craftsman □□, made in Hongwu 12, month and day
	Unearthed in 1956 from the bed of the Song-Jin River, Liangshan County, Shandong; data obtained by direct measurement



	Hong 29
	1379
	Hongwu 12
	—
	—
	—
	Fengyang Huaiyuan Guard, made in Hongwu 12, month and day
	Same as “Hong 28”



	Hong 30
	1379
	Hongwu 12
	20
	450
	—
	Ji’an Defense Chiliarchy Directing Bureau, garrison commander Li Rong, army craftsman Ma Zhouhe, weighing 3 catties 8 taels in total, made in Hongwu 12
	See Forbidden City, No. 24; held in the collection of the Palace Museum; in the inscription “Linju” [Directing Bureau] should read “Jianzao” [supervised the manufacture]



	Hong 31
	1379
	Hongwu 12
	23
	437
	—
	Supervised by garrison commander □□, apprentice army craftsman Shou Chang……
	See Transmission



	Jian 1
	1400
	Jianwen 2
	25
	402
	2.3
	Bronze hand cannon cast by the Central Guard of the Rear Guard Garrison, character Tian, No. 95, [Jianwen] 2nd year, eighth month, auspicious day
	Selected in 1964 by the Zhangjiakou District Local Products Sales Office; unearthed in Chicheng County, Hebei Province; Hebei Provincial Bureau of Cultural Relics, Cultural Relics Spring and Autumn, No. 6, 2002





Table 5-3 Hongwu-Era Bowl-Mouth Hand Cannon and Large Iron Cannon Manufactured by Garrison Troops and Governments in Various Localities














	No.
	Year (CE)
	Reign Year
	Caliber (mm)
	Length (mm)
	Weight (kg)
	Inscription
	Notes





	Hong 32
	1377
	Hongwu 10
	100
	316
	—
	Fengyang…… made in Hongwu 10, month and day
	This hand cannon is currently held in the collection of the Military Museum of the Chinese People’s Revolution; data obtained by direct measurement



	Hong 33
	1378
	Hongwu 11
	119
	364
	15.5
	Henghai Guard, instructing officer Zhu Guansun, apprentice soldier Wang Guanbao, hand-cannon barrel weighing 15 catties, made in Hongwu 11, month and day
	Unearthed in 1964 at Dawangzhuang, Zuji Commune, Guanxian County, Shandong; excavation bulletin in Archaeology, No. 10, 1985



	Hong 34
	1378
	Hongwu 11
	75
	318
	8.35
	Bureau of the Yongning Guard, directing garrison commander Zhao Wang, supervising banner-chief Xia Lianglong, foreman Zhang Xiaoxian, bronze craftsman Qian Si’er, manufactured a bowl-mouth barrel weighing 14 catties 4 taels, made in Hongwu 11, month and day
	Unearthed in 1977 in Hezhang County, Guizhou; excavation report in Guizhou Social Sciences, No. 5, 1982



	Hong 35
	1385
	Hongwu 18
	108
	520
	26.5
	Yongping Prefecture, cast on the 8th day of the second month of Hongwu 18, □□□ bronze hand cannon, weight 60 catties, manufacturing officer □□□□, casting craftsman □Baozi
	Unearthed in 1972 in Kuancheng County, Hebei; excavation report in Archaeology, No. 6, 1986; in the inscription, “jiangzao” [craftsman-made] should read “jianzao” [supervised the manufacture]



	Hong 36
	1377
	Hongwu 10
	210
	1000
	—
	In the dingsi year of Hongwu 10 of the Great Ming, □□, an auspicious day of the last month of the season, cast by the Pingyang Guard
	Held in the Shanxi Museum; see the article by Hu Zhenqi in Shanxi Cultural Relics, No. 1, 1982





Garrisons and guard posts (weisuo) were the basic organizational units of the Ming army, bearing the dual duty of garrison defense and agricultural colonization, and possessed a character combining both military and agricultural functions, uniting farming with fighting; establishing bureaus to manufacture hand cannon was likewise one form in which certain garrisons and guard posts carried out this combination, embodying Zhu Yuanzhang’s thinking on stationing soldiers among the farming populace as a basis for military organization and national defense. This measure both allowed the various garrisons and guard posts a certain division of labor apart from carrying out garrison duties, and reduced the burden on the court of centralized hand-cannon manufacture and avoided the difficulty of long-distance transport. Therefore, under the circumstances then prevailing, this was a measure that accomplished several things at once.



4. Interpretation of the Inscriptions on Hongwu- and Jianwen-Era Hand Cannon

Through interpreting the inscriptions, one may come to understand their rich content.


(1) The Manufacturing Circumstances of the Two Categories of Hand Cannon

The garrisons and guard posts that appear in the tables may be divided into two large categories: one category comprises the garrisons and guard posts that established bureaus to manufacture hand cannon, namely the Left Guard of Nanchang, the Yuanzhou Guard, the Yongning Guard, the Pingyang Guard, the Anlu Guard, the Ji’an Defense Chiliarchy, and Fengyang Prefecture and Yongping Prefecture (later respectively changed to the Fengyang Guard and Yongping Guard). The hand cannon they manufactured were not only equipped to their own garrison troops but were also transported throughout the country to equip garrison troops elsewhere. The other category comprises the garrisons stationed in the capital, at the frontier, and those charged with special duties; they did not establish bureaus to manufacture hand cannon, and the hand cannon they used were uniformly allocated by the court, such as the Weiwu Guard, the Left Guard of the Naval Forces, the Tiger’s Ferocity Guard, the Left Guard of the Tiger’s Ferocity, and Henghai Guard, all in the capital, as well as the Hangzhou Bodyguard in Zhejiang①, and so on.



(2) The Content of the Two Categories of Hand-Cannon Inscriptions Differs

Because of this difference in the division of labor among garrisons, with some manufacturing hand cannon and others not, the content of the inscriptions is likewise divided into two large categories. The content of the first category of inscriptions includes: the name of the manufacturing garrison or post, the name of the supervising garrison commander, the names of the army craftsmen and civilian craftsmen who manufactured the hand cannon, the weight of the hand cannon, and the month and year of manufacture. Examples include the specimens numbered Hong 11, Hong 15, Hong 16, Hong 25 through Hong 28, Hong 30, and Hong 34 through Hong 36. The content of the other category of inscriptions includes: the name of the using garrison or post, the names of the instructing officer and the apprentice soldier, the weight of the hand cannon, and the year of selection. Examples include the specimens numbered Hong 17 through Hong 23, and Hong 33. The content of these two categories of inscriptions basically reflects the circumstances of the manufacture and use of the hand cannon themselves.



(3) Multiple Pairs of “Sister Hand Cannon”

The supervising officers named in the inscriptions of Hong 10, Hong 11, and Hong 30 are all Sun Ying; the supervising officers named in the inscriptions of Hong 12 and Hong 15 are both Liu Ju; and the civilian craftsmen named in the inscriptions of Hong 26 and Hong 27 are both Xu Chengyuan. From this it can be seen that these are, respectively, three pairs of “sister hand cannon,” made by the same supervising officer or craftsman and transferred for use by the garrison troops of Inner Mongolia. Other similar sister hand cannon exist as well.



(4) Bowl-Mouth Hand Cannon Used to Guard Strategic Passes

From the inscribed content of the 4 large bowl-mouth hand cannon listed in Table 5-3, it can be seen that large bowl-mouth hand cannon of the mid-to-late Hongwu period, besides being used in naval warfare, were also used to guard strategic passes and strongholds.

Large bowl-mouth hand cannon used to guard strategic passes were relatively large in form, as with the “Hong 35” large bowl-mouth hand cannon manufactured by the Yongping Prefecture (seated at present-day Lulong, Hebei) in Hongwu 18 (1385), with an overall length of 520 millimeters, a caliber of 108 millimeters, and a weight of 26.5 kilograms②. This hand cannon was unearthed in Kuancheng, Hebei, in 1972, and was a defense cannon used by the Ming army in guarding Kuancheng at that time. According to the History of the Ming, Biography of Feng Sheng, in order to pacify the forces of Naghachu in Liaodong and complete the great enterprise of unification, the Ming court appointed the Duke of Song, Feng Sheng (?–1395), Great General for Suppressing the Barbarians, and in the third month of the twentieth year of Hongwu had him lead the Ming army out through Songting Pass and construct the four cities of Daning, Kuanhe, Huizhou, and Fuyu. Afterward, Feng Sheng led his army north, and, backed by military force, compelled the surrender of Naghachu, thereby accomplishing his task.



(5) Bowl-Mouth Hand Cannon Used in Mobile Campaign Warfare

Large bowl-mouth hand cannon used in mobile campaign warfare were relatively small in form, as with the “Hong 34” large bowl-mouth hand cannon manufactured by the Yongning Guard (seated at present-day Xuyong, Sichuan) in Hongwu 11, with an overall length of 318 millimeters, a caliber of 75 millimeters, and a weight of 8.35 kilograms, unearthed in the spring of 1977 in Hezhang County, Guizhou①. According to historical records, Hezhang at that time belonged to Wusa Prefecture (seated at present-day Weining, Guizhou), garrisoned by the Yongning Guard, and was the necessary route from Yongning to Wusa. The Ming court’s manufacture of bowl-mouth hand cannon at the Yongning Guard, besides improving the equipment of the garrison troops stationed there, was chiefly for the purpose of stockpiling firearms for the advance into Yunnan. In the ninth month of Hongwu 14, the Ming general Fu Youde (?–1394) and others led an army of 300,000 through Hezhang in the advance on Yunnan; this hand cannon appears to be a relic left behind by the Ming army of that year.

The manufacture of bowl-mouth hand cannon at Yongping Prefecture and the Yongning Guard shows that the Ming court was, at that time, already able to manufacture advanced hand cannon in remote border regions.



(6) The Uniquely Constructed Large Iron Cannon of Hongwu 10

The large iron cannon manufactured in Hongwu 10 (1377) is, to date, without peer among excavated specimens. Compared to other hand cannon, apart from differing in construction, its inscribed content is also distinctive in style, containing only the month and year of manufacture and the manufacturing unit, and prefacing the reign date with the two characters “Da Ming” [Great Ming]. Judging from the material, it was made of refined iron, because at that time the Pingyang Guard was located in the region of Pingyang Prefecture (seated at present-day Linfen, Shanxi), a region rich in refined iron. According to historical records, by the fourth month of Hongwu 7 the Ming court had already established 13 smelting bureaus throughout the realm, and Pingyang Prefecture alone had two smelting bureaus, Fuguo and Fengguo, smelting 221,000 catties of iron each year, providing an ample supply of refined-iron material for the casting of large-type iron cannon. Although to date only 3 such iron cannon have been discovered, given the abundance of local raw material and the great casting capacity of the region, the number actually cast would surely have exceeded this figure. Therefore, research into this type of iron cannon ought not to stop at this point.



(7) The Transitional Jianwen-Era Hand Cannon

To date only a single specimen of a Jianwen-era hand cannon has been found; its form and construction lie between those of the Hongwu hand cannon and the Yongle hand cannon, and the serial number in its inscription is already prefaced with the character “Tian” [Heaven], a practice that continued into hand cannon manufactured in the Yongle reign.

The hand-cannon-manufacturing institutions established in the Hongwu period had the characteristic of combining the central government and the localities, and simultaneously involving both the army and the localities. This was advantageous both for selecting on the spot and concentrating military craftsmen and civilian craftsmen of relatively high technical skill, for making use on the spot of relatively good equipment and materials, and for manufacturing, according to uniformly designed specifications, hand cannon sufficient for military use, while also making it convenient for the court to control finished products and allocate them uniformly.




5. The Types and Construction of Hongwu-Era Hand Cannon

Among the more than 30 excavated Hongwu-era hand cannon gathered to date, if classified by overall size, structural features, and combat purpose, they may generally be divided into three large categories: the first is hand cannon equipped for use by individual soldiers; the second is medium-sized bowl-mouth hand cannon equipped aboard warships and at strategic passes for defense; the third is large-type barrel-cannon (筒炮) used specifically for city and fortress defense. Although they have points of similarity in construction, they also have clear points of distinction. The hand cannon manufactured by the various manufacturing institutions mentioned above were, by and large, all of these three categories.


(1) The Construction of the Hand Cannon

From the manufacturing dates inscribed on the surfaces of the 28 known excavated hand cannon, although they were respectively made between Hongwu 5 and Hongwu 12, apart from slight differences in the length and thickness of their overall form, their component parts were basically identical in construction (Fig. 5-1). Compared with the Yuan-dynasty hand cannon, the construction of the Hongwu hand cannon is comparatively regularized and unified, being composed of three parts: the fore-barrel (from the muzzle to the front of the powder chamber, similar to the barrel bore of a modern rifle), the powder chamber, and the tail socket. The fore-barrel is comparatively long, generally accounting for about two-thirds of the whole length of the hand cannon; gunpowder was loaded into the powder chamber from the muzzle, and the projectile was placed within the fore-barrel; the fore-barrel connects at the rear to the powder chamber, the powder chamber taking the form of a lantern-shade-like swelling, within which the gunpowder was contained, the wall of the powder chamber being somewhat thicker than that of the fore-barrel, with a small touch-hole opened in its wall; the powder chamber connects at the rear to the tail socket, the tail socket being hollow and trumpet-shaped, into which a wooden haft could be fitted, for the convenience of the person firing it in holding and operating the weapon; generally, hand cannon all had a hoop-band at the muzzle, at the rear of the fore-barrel and in front of the powder chamber, behind the powder chamber, and at the tail end, and so on, the whole hand cannon generally having four or five such bands in all, to strengthen the barrel body (Fig. 5-2). Apart from a small number of exceptional specimens, Hongwu hand cannon were generally 420 to 445 millimeters in length, 20 to 23 millimeters in caliber, and 2.5 to 4.4 kilograms in weight.

Figure 5-1 A Hongwu Hand Cannon

Figure 5-2 Cross-Sectional Diagram of a Hongwu Hand Cannon 1. Bore diameter of the muzzle 2. Outer diameter of the muzzle 3. Fore-barrel 4. Powder chamber 5. Tail socket 6. Tail chamber 7. Touch-hole 8. Hoop-band 9. Outer diameter of the tail end 10. Bore diameter of the tail end



(2) The Construction of the Bowl-Mouth Hand Cannon

The bowl-mouth hand cannon was a medium-sized hand cannon of squat, short overall form, named for the shape of its muzzle portion, which resembled a large bowl; its construction and purpose were largely the same as those of the bowl-mouth hand cannon of the Yuan dynasty. The barrel body was composed of four parts: the large bowl-shaped muzzle, the fore-barrel, the powder chamber, and the tail socket (Fig. 5-3). The bowl-shaped muzzle was chiefly used to hold relatively large stone or iron spherical projectiles, with gunpowder loaded into the powder chamber from the muzzle; the powder chamber took the shape of a lantern-shade-like swelling, with a single touch-hole opened in its wall; the tail portion was comparatively broad, for the convenience of mounting on the fixed frames of warships and city ramparts and strategic passes; the barrel body, from front to rear, also had several hoop-bands to strengthen it. Excavated specimens of the bowl-mouth hand cannon are comparatively fewer than those of the hand cannon. Among the 6 excavated bowl-mouth hand cannon gathered to date, their length is 315 to 520 millimeters, their caliber 100 to 109 millimeters, and their weight 8.35 to 26.5 kilograms.

Figure 5-3 Cross-Sectional Diagram of a Hongwu Bowl-Mouth Hand Cannon 1. Bore diameter of the muzzle 2. Outer diameter of the muzzle 3. Fore-barrel 4. Hoop-band 5. Powder chamber 6. Touch-hole 7. Tail socket 8. Tail chamber 9. Outer diameter of the tail end 10. Bore diameter of the tail end



(3) The Construction of the Large-Type Barrel-Cannon

Large-type barrel-cannon may be divided into two categories. The first is a pair of large bronze cannon manufactured in Hongwu 8 (1375), unearthed on April 1, 1988, at Yingzili Village, Magezhuang Township, Penglai, Shandong Province. According to a report published by the Penglai County Cultural Relics Administration Office in China Cultural Relics News, No. 18, of May 6, 1988, after this pair of large bronze cannon was unearthed, experts made a preliminary determination that they belonged to the bowl-mouth-hand-cannon construction series of large-type barrel-cannon. Their overall length was 630 millimeters, their caliber 230 millimeters, and their measured weight 73.5 kilograms (Photograph 4); they are the only pair of bowl-mouth-hand-cannon-type large bronze cannon among the excavated Hongwu-era hand cannon. The second category is the 3 large iron cannon of Hongwu-10 manufacture held in the collection of the Shanxi Museum (Fig. 5-4). They were unearthed at the seat of the Pingyang Guard in the early Ming, identical in form and construction; the barrel body has four or five hoop-bands from front to rear, the wall of the barrel is comparatively thick, at the rear two handles project horizontally on each side for the convenience of carrying and transporting the barrel body, and the tail end is closed, in the shape of a hemisphere. Upon actual measurement, the barrel body has an overall length of 1,000 millimeters, a caliber of 210 millimeters, a tail length of 100 millimeters, and each of the two side handles is 160 millimeters long①.

Figure 5-4 A Large Iron Cannon of Hongwu 10

Concerning the three categories of hand cannon described above, when the firearms manufactured under the Ming are enumerated in the History of the Ming, Treatise on the Military, Part 4, the Comprehensive Institutes of the Ming, Firearms, and the Wubei Zhi, Hand Cannon, similar products are all listed, such as small-type hand cannon including the hand-gripped bronze hand cannon, the hand-gripped iron hand cannon, and the single-eyed hand cannon, as well as medium-sized firearms such as the basin-mouth cannon and the bowl-mouth cannon; mention is also made of the names of large-type barrel-cannon such as the Gate-Seizing General cannon and the Great and Small General cannon. The excavated specimens happen to serve as an excellent annotation to the barrel-cannon recorded in the historical texts.




6. Improvements to the Hongwu-Era Hand Cannon

Compared with the Yuan-dynasty hand cannon, the Hongwu hand cannon shows no small number of improvements.

First, on the whole, the manufacturing craftsmanship of the Hongwu hand cannon and bowl-mouth hand cannon is fine, the surfaces and bore walls of the finished products are smooth, the thickness of the barrel wall is uniform, and the exterior form is even and regular, some specimens remaining in excellent condition to this day.

Second, the specifications of the Hongwu hand cannon are uniform, with comparatively small dimensional error. Among the 28 excavated Hongwu hand cannon, apart from a few exceptional specimens with relatively large differences in length and caliber, the length of most hand cannon falls between 400 and 440 millimeters, and the caliber between 20 and 22 millimeters, with the margin of error for both being around 10 percent, which, under the social and technical conditions of the time, may be said to represent an extremely small discrepancy.

Third, compared with the hand cannon first created in the Yuan dynasty, the hoop-bands of the Hongwu hand cannon were increased in number, further strengthening the barrel body. Although the dimensions of the various parts of the Hongwu hand cannon still lacked a precise quantitative ratio, they had already become increasingly rational, making the weapon more convenient to hold and more suited to firing. For example, the fore-barrel generally occupied about two-thirds of the overall length of the hand cannon, which was convenient for making full use of the energy produced by the combustion of the gunpowder within the powder chamber, increasing the force with which the projectile was propelled.

Fourth, the emergence of large-type barrel-cannon shows that the hand-cannon-manufacturing capability and technical equipment and level of the Hongwu period had already achieved considerable improvement, and were foremost in the world at that time.




Section 2 Hand Cannon Manufactured from the Yongle to the Zhengde Reigns

From the Yongle reign onward, hand cannon began to be manufactured uniformly by the military-industrial departments of the court.


1. The Unified Hand-Cannon-Manufacturing Institutions and Related Systems

The Yongle court, in the manufacture of military weapons, continued to carry out the policy of the late Hongwu period, manufacturing uniformly, according to a single set of specifications, through the Bureau of Military Weapons, the Bureau of Military Equipment, and the Nanjing Bureau of Military Equipment. In Yongle 17 (1419), the court explicitly stipulated: “As for military weapons, apart from the quantity kept in reserve for use, the remainder is all to be placed in storage… private manufacture is not permitted”②. Successive courts thereafter also repeatedly reiterated similar prohibitions. Beginning in Hongzhi 4 (1491), the court also approved certain regions to manufacture, in a limited way, certain firearms, as a supplement to unified manufacture. For example, Huguang and Guangxi, approved in Hongzhi 4, Sichuan, approved in Zhengde 4 (1509), the Qingzhou Left Guard, approved in the sixth year, and Liangzhou and other places, approved in the seventh year, were permitted to manufacture firearms such as the bronze General cannon and the divine hand cannon①.

In order to strengthen control over the management of hand cannon and over those who used them, generally the characters Tian, Qi, Wu, Ying, Gong, Sheng, Shen, Dian, Wei, and Lie were respectively used as prefixes, and unified serial numbers were assigned, as in “Shen character No. 4,” and so on. In order to guarantee the quality of the hand cannon, on each occasion one item was to be drawn at random from the finished products, to be compared against the standard sample kept by the Bureau of Military Equipment, and inspection and acceptance were to be carried out jointly by an official of the Palace Domestic Service and a censor of the Censorate together with an official of the Ministry of Works. Only after strict inspection had found no problems could the item be sent to the palace storehouses for safekeeping.

Owing to the abundance of raw materials during this period and the establishment of a strict set of manufacturing and use regulations, the hand cannon achieved rapid development, forming the second great high tide of hand-cannon manufacture in the history of the development of firearms in our country.



2. Types of Hand Cannon of the Yongle-to-Zhengde Period

From documentary records and the more than 30 excavated specimens seen to date, it can be known that the hand cannon of this period were made of bronze or iron, and, classified according to overall size and combat purpose, comprised four large categories: light hand cannon for individual soldiers, medium-sized hand cannon, light hand-cannon-artillery, and large-type hand-cannon-artillery, of which the single-soldier light hand cannon were especially numerous.


(1) The Single-Soldier Light Hand Cannon

This was a standard-issue hand cannon widely equipped by the Ming army (Photograph 5), and consequently the excavated specimens are also the most numerous; their basic circumstances are set out in Table 5-4.

Table 5-4 Yongle-Era Light Hand Cannon Unearthed in Various Localities














	No.
	Year (CE)
	Reign Year
	Caliber (mm)
	Length (mm)
	Weight (kg)
	Inscription
	Notes





	Yong 1
	1409
	Yongle 7
	17
	345
	—
	Character Tian, No. 5,238, made in the ninth month of Yongle 7, day (later inscribed: the stone gate pier of the second border wall at Chicheng)
	Held in the Hebei Provincial Institute of Cultural Relics; see the article by Cheng Dong in Cultural Relics, No. 5, 1988



	Yong 2
	1409
	Yongle 7
	15
	352
	2.5
	Character Tian, No. 22,058, made in the ninth month of Yongle 7, day
	Unearthed in October 1978 in Liaoyang; excavation report in Cultural Relics Materials Series, No. 7, 1983



	Yong 3
	1409
	Yongle 7
	15
	350
	2.27
	Character Tian, No. 23,283, made in the ninth month of Yongle 7, day
	See On the Origin and Transmission of Cannon



	Yong 4
	1409
	Yongle 7
	15
	355
	2.5
	Character Tian, No. 23,625, made in the ninth month of Yongle 7, day
	Same as “Yong 3”



	Yong 5
	1414
	Yongle 12
	—
	—
	—
	Character Tian, No. 34,099, made in the third month of Yongle 12, day
	Held in the Capital Museum



	Yong 6
	1414
	Yongle 12
	14
	360
	2.2
	Character Tian, No. 34,606, made in the third month of Yongle 12, day; taken by the twentieth watchtower garrison of the stone-gorge pass in Longqing 5
	Same as “Yong 3”



	Yong 7
	1414
	Yongle 12
	16
	358
	2.45
	Character Tian, No. 39,026, third month of Yongle 12
	Selected in 1971 by the Zhangjiakou District Local Products Sales Office; Hebei Provincial Bureau of Cultural Relics, Cultural Relics Spring and Autumn, No. 6, 2002



	Yong 8
	1414
	Yongle 12
	15
	360
	2.26
	Character Tian, No. 45,554, made in the third month of Yongle 12, day
	Same as “Yong 2”



	Yong 9
	1414
	Yongle 12
	—
	—
	—
	Character Tian, No. 48,668, made in the third month of Yongle 12, day
	Held in the Capital Museum



	Yong 10
	1421
	Yongle 19
	15
	357
	—
	Character Tian, No. 41,177, made in the ninth month of Yongle 19, day
	Same as “Yong 1”



	Yong 11
	1421
	Yongle 19
	15
	358
	2.25
	Character Tian, No. 4,854, made in the ninth month of Yongle 19, day
	Same as “Yong 2”



	Yong 12
	1421
	Yongle 19
	17
	360
	—
	Character Tian, No. 50,115, made in the ninth month of Yongle 19, day
	Held in the Palace Museum; see Forbidden City, No. 24



	Yong 13
	1421
	Yongle 19
	15
	350
	—
	Character Tian, No. 53,041, made in the ninth month of Yongle 19, day; character Huang, No. 2, □ year, □ made
	Same as “Yong 1”



	Yong 14
	1423
	Yongle 21
	15
	357
	22.5
	Character Tian, No. 56,994, made in the ninth month of Yongle 21, day
	Selected in 1971 by the Zhangjiakou District Local Products Sales Office; Hebei Provincial Bureau of Cultural Relics, Cultural Relics Spring and Autumn, No. 6, 2002



	Yong 15
	1423
	Yongle 21
	14
	358
	2.2
	Character Tian, No. 62,231, made in the ninth month of Yongle 21, day
	Same as “Yong 3”



	Yong 16
	1423
	Yongle 21
	15
	357
	—
	Character Tian, No. 65,623, made in the ninth month of Yongle 21, day
	Same as “Yong 5”



	Yong 17
	1423
	Yongle 21
	15
	360
	—
	Character Tian, No. 65,876, made in the ninth month of Yongle 21, day
	Same as “Yong 5”



	Xuan 1
	1426
	Xuande 1
	14
	359
	2.2
	Character Tian, No. 67,290, made in the eleventh month of Xuande 1, day
	Same as “Yong 3”



	Xuan 2
	1426
	Xuande 1
	17
	358
	—
	Character Tian, No. 69,046, made in the eleventh month of Xuande 1, day
	See Collected Cultural Relics Unearthed in Hebei Province



	Xuan 3
	1426
	Xuande 1
	15
	360
	—
	Character Tian, No. 69,958, made in the eleventh month of Xuande 1, day; Mayukou West Daguangshan watchtower, gun No. 4, soldier Tian Ying
	Same as “Yong 3”



	Xuan 4
	1426
	Xuande 1
	14
	358
	2.2
	Character Tian, No. 73,394, made in the eleventh month of Xuande 1, day
	Same as “Yong 3”



	Zheng 1
	1436
	Zhengtong 1
	15
	345
	—
	Character Tian, No. 90,028, made in the third month of Zhengtong 1, day
	Same as “Yong 5”



	Zheng 2
	1436
	Zhengtong 1
	15
	359
	—
	Character Tian, No. 95,464, made in the third month of Zhengtong 1, day; character Yi, No. 1, watchtower No. 87 on the Yan border
	Same as “Yong 3”



	Zheng 3
	1436
	Zhengtong 1
	13
	360
	—
	Character Tian, No. 97,640, made in the third month of Zhengtong 1, day
	Same as “Yong 5”



	Zheng 4
	1436
	Zhengtong 1
	—
	—
	—
	Character Tian, No. 98,612, made in the third month of Zhengtong 1, day
	Same as “Yong 5”



	Zheng 5
	1444
	Zhengtong 9
	12
	358
	—
	Character Sheng, No. 12,775, made in the tenth month of Zhengtong 9, day
	Same as “Yong 3”



	Cheng 1
	1465–1487
	Chenghua era
	22
	365
	—
	Made in the Chenghua era, character Lie, No. 2,282
	Same as “Yong 5”



	Hong 1
	1496
	Hongzhi 9
	—
	—
	—
	Character Shen, No. 4, made in the eighth month of Hongzhi 9, day
	Same as “Yong 3”



	Hong 2
	1496
	Hongzhi 9
	—
	—
	—
	Character Shen, No. 21, made in Hongzhi 9, month and day
	Excavated after Liberation from the soil beside the left city wall near the Donghua Gate in Nanjing, together with an accompanying powder spoon



	Hong 3
	1496
	Hongzhi 9
	37
	258
	—
	Made in the eighth month of Hongzhi 9, character Shen, No. 149
	Same as “Yong 11”





The 30 bronze single-soldier light hand cannon listed in Table 5-4 are, in their form and construction, generally similar to the “single-eyed divine hand cannon” recorded in juan 126 of the Wubei Zhi, firing projectiles or arrows, and equipped to garrison troops in various regions for use in every kind of warfare, on land and on water alike.



(2) The Medium-Sized Hand Cannon

There are not many excavated specimens of this category of hand cannon; only 3 made in Yongle 13 (1415) have been discovered (Fig. 5-5), the barrel bodies being comparatively thick, long, and heavy; their basic circumstances are set out in Table 5-5.

Table 5-5 Yongle-Era Medium-Sized Hand Cannon Unearthed in Various Localities














	No.
	Year (CE)
	Reign Year
	Caliber (mm)
	Length (mm)
	Weight (kg)
	Inscription
	Notes





	Yong 8
	1415
	Yongle 13
	52
	440
	—
	Character Ying, No. 15,034, made in the ninth month of Yongle 13, day
	Same as “Yong 5”



	Yong 9
	1415
	Yongle 13
	53
	436
	8
	Character Qi, No. 12,046, made in the ninth month of Yongle 13, day
	Same as “Yong 1”



	Yong 20
	1415
	Yongle 13
	52
	440
	—
	Character Gong, No. 18,568, made in the ninth month of Yongle 13, day
	Unearthed in 1981 in Keshiketeng Banner, Inner Mongolia; excavation report in Cultural Relics, No. 7, 1982





Figure 5-5 Cross-Sectional Diagram of a Yongle Medium-Sized Hand Cannon Touch-hole Tail socket Powder chamber Barrel wall Barrel bore Bore

The form and construction of this category of hand cannon is generally similar to the iron击贼砭铳 (击贼砭铳, “brigand-striking lancet hand cannon”) recorded in juan 125 of the Wubei Zhi (Fig. 5-6), and it was generally mounted on a frame to be fired.

Figure 5-6 The Brigand-Striking Lancet Hand Cannon



(3) Other Hand Cannon

The main types seen in the historical records are the double-headed bronze hand cannon and the long-hafted hand cannon, which were improvements upon the single-soldier hand cannon, aimed at increasing the rate of fire; no excavated specimens of either have been found. The double-headed bronze hand cannon was cast at the request of the Left Chief Censor Yang Shan in Zhengtong 14 (1449). It used a single haft to connect the tail ends of two hand cannon, with the two hand-cannon heads pointing outward in opposite directions. In battle, after firing one, the other could then be fired, allowing continuous fire and increasing lethality. The long-hafted hand cannon was manufactured on the recommendation of a defending general in the Liaodong garrison in Jingtai 1 (1450). The one who made the proposal stated that the hand-gripped hand cannon then in use by the army took too long to reload after firing its projectile, so that enemy soldiers could very easily exploit the gap and close the distance; he therefore proposed lengthening the haft, to a length of 7 feet, and fitting a spearhead onto it. In this way, after the projectile was fired, if the enemy army charged, the long-hafted hand cannon could be used as a long-hafted spear to stab the enemy, thereby overcoming the weakness of the short-hafted hand cannon①.



(4) Excavated Light Hand-Cannon-Artillery

Excavated specimens of this category of hand-cannon-artillery are extremely rare; only 1 has been seen, unearthed in 1983 in Zhangye County, Gansu Province, with an overall length of 550 millimeters, a caliber of 73 millimeters, and a weight of 20 kilograms. Inscribed on the barrel body are the characters “Character Qi, No. 1,611, made in the ninth month of Yongle 7, day”② (Fig. 5-7). Judging from the findspot, this hand cannon appears to have been a light siege-defense hand-cannon-artillery used at the time by the Ming army garrisoning Zhangye City. The small-type General cannon mentioned in the History of the Ming, Treatise on the Military, Part 4 and the Comprehensive Institutes of the Ming, Firearms, ought to be of this category of hand-cannon-artillery. Moreover, according to the Continuation of the Comprehensive Examination of Literature, Military Weapons: in the fourth month of Jingtai 4 (1453), Zhang Tai, Chief Military Commissioner of Ningxia, when requesting the manufacture of small-type hand cannon, mentioned that the siege-defense hand cannon manufactured in the Yongle period, weighing 17 kilograms, fired large-type stone projectiles. This account is fairly well matched to the circumstances of the light hand-cannon-artillery unearthed in Zhangye County.

Figure 5-7 A Yongle-Type Light Hand-Cannon-Artillery



(5) Excavated Large-Type Hand-Cannon-Artillery

Excavated specimens of this category of hand-cannon-artillery are also extremely rare; only 1 has been seen, discovered in 1965 in Zhuzhou, Hunan Province, with an overall length of 810 millimeters, a caliber of 220 millimeters, and a weight of 348 kilograms. Inscribed on the barrel body are the characters “Cast, with imperial sanction, in the tenth month of Zhengde 6, by defense chiliarch Ren Lun, under the authority of Bi Zhao, Prefect of Runing Prefecture,” and so forth (Fig. 5-8). The inscription on the barrel body shows that this hand-cannon-artillery was a siege-defense cannon manufactured for Runing Prefecture (seated at present-day Runan, Henan), termed a General cannon, and had developed out of the light basin-mouth cannon, though its basin-shaped muzzle portion was already no longer very broad. According to juan 12 of the Bing Lu, by Chenghua 1 (1465) the Ming court’s military-industrial departments had already cast 300 General cannon of every type, together with 500 gun-carriages. The General cannon cast subsequently generally weighed between 150 and 1,000 catties. This large-type hand-cannon-artillery is generally also to be classed among such General cannon.

Figure 5-8 A Zhengde-Era Large-Type Hand-Cannon-Artillery




3. Improvements to the Hand Cannon of the Yongle-to-Zhengde Period

Compared with the Hongwu hand cannon, the hand cannon of this period showed even greater improvement, with the hand cannon in particular standing out; the improvement, besides being reflected in finer manufacturing craftsmanship and improved precision of the product, was chiefly reflected in improvements in construction and the addition of accessories.


(1) Improvement of the External Form

The external form of the hand cannon of this period changed most conspicuously: the fore-barrel was no longer a simple straight-cylindrical shape but instead gradually widened from the muzzle to the powder chamber, resembling in shape a present-day pencil; this resulted from the wall of the fore-barrel gradually thickening from the muzzle to the powder chamber. This improvement in construction reflects that the firearms researchers of the time had gained a certain experience and understanding of the situation whereby the pressure exerted by the combustion of gunpowder within the powder chamber upon the bore wall decreases progressively from the powder chamber to the muzzle; therefore, in designing the hand cannon, with the bore diameter held constant from front to rear, they thickened the bore wall nearer the powder chamber, so that it could withstand greater chamber pressure, while the pressure borne at the muzzle was the smallest, so that the wall there was also the thinnest. This fully reflects the state of affairs whereby hand-cannon design at the time was becoming increasingly rational.



(2) The Addition of a Touch-Hole Cover

Another important improvement in the construction of the hand cannon was the addition, outside the touch-hole of the powder chamber, of a rectangular curved movable cover, one end of the cover fixed by a chain-link to the hand cannon, so that it could be flipped open and shut. After the gunpowder was loaded, the movable cover would then be closed, keeping the gunpowder within the powder chamber free from the encroachment of wind, rain, and dust and sand, so that it remained in a dry, clean, and properly ready-to-fire state.



(3) The Addition of the Powder-Loading Spoon

The additional powder-loading spoon was supplied specifically for use in loading gunpowder into the hand cannon, and excavated specimens of it are frequently seen. Among the powder-loading spoons discovered to date, apart from those found in isolation, some were also unearthed together with hand cannon, as when the “Shen character No. 21” hand cannon was excavated near the Donghua Gate in Nanjing after Liberation, a powder-loading spoon was excavated together with it, the handle of the spoon bearing the inscribed characters “weight two taels five qian,” and so on. In addition, several Japanese researchers into the history of firearms have also gathered several similar powder-loading spoons, one of which, besides bearing on its handle the inscribed characters “weight two taels five qian,” also bears the inscribed characters “Character Tian, No. 23,259,” and so forth, indicating that this powder-loading spoon was very likely an accessory to the identically numbered hand cannon manufactured in Yongle 7 (1409). Likewise, another

spoon, bearing the inscribed characters “Character Sheng, No. 6,605,” may possibly be an accessory to the identically numbered hand cannon manufactured in Zhengtong 9 (1444). Among the several powder-loading spoons gathered to date, their principal dimensions are identical, for example an overall length of 155 millimeters, a spoon-bowl length of 84 millimeters, and a lateral width of 28 millimeters; the two sides curve inward, and the front end of the mouth portion is 5 millimeters wide, allowing it to be inserted into the muzzle of the hand cannon, so that the gunpowder within the spoon could be loaded directly into the bore, without spilling outside; the handle of the powder-loading spoon is 71 millimeters long, its cross-section at the thickest point measuring 5 by 4 square millimeters. From the fact that the weight inscribed on the handles is identical and the specifications of the spoon-bowl portion are consistent, it can be known that the quantity of gunpowder they loaded into the hand cannon was likewise without variance, which would avoid both the defect of weak firing power resulting from too small a powder charge and the danger of the hand cannon bursting from too large a powder charge, thereby guaranteeing the power and safety of firing. At the end of the handle of the powder-loading spoon there is a small hole, through which a cord loop could be attached, for the convenience of the soldier wearing it at his waist. The very use of the powder-loading spoon also indicates that the propellant gunpowder used at the time was of fine powder or granular form.



(4) The Use of the “Wooden Ramrod-Plug”

Among the excavated specimens, individual hand cannon have also been found with a “wooden ramrod-plug” (mumazi) remaining inside them. The “wooden ramrod-plug” was an accessory used, after gunpowder had been loaded into the powder chamber, to tamp the gunpowder down firmly, having the function of packing it tight and sealing it, so as to strengthen the explosive force of the gunpowder, causing the projectile placed in front of the “wooden ramrod-plug” to receive the force instantaneously and in a concentrated fashion, increasing the range. According to the Comprehensive Institutes of the Ming, Firearms, prior to Hongzhi 1 (1488) the Bureau of Military Weapons was to manufacture annually “30,000 birchwood ramrod-plugs and 90,000 sandalwood ramrod-plugs.” Therefore, the “wooden ramrod-plug” would appear to have already been manufactured at the beginning of the Ming; however, because wood is prone to rot and decay, to date the remnant of this accessory has been found only in a single hand cannon, held in the collection of the Hebei Provincial Institute of Cultural Relics, bearing the inscribed characters “Character Qi, No. 12,046, made in the ninth month of Yongle 13, day.”




4. Interpretation of the Inscriptions on Yongle-Era Hand Cannon

From the serial numbers and dates of manufacture inscribed on the surface of hand cannon of this period, one may generally discern certain basic circumstances of hand-cannon manufacture at the time.


(1) The Number of Hand Cannon Manufactured

If the serial numbers of the various hand cannon listed above were arranged according to the actual quantity manufactured, then, from the largest serial number gathered to date for each character group of hand cannon, one may estimate the approximate number of hand cannon manufactured at the time. For example, the character Tian group reaches 98,612, the character Qi group 12,046, the character Ying group 15,034, the character Gong group 18,568, the character Sheng group 12,775, the character Lie group 2,282, the character Shen group 149, and the character Dian group 640; adding together the numbers of all these character groups gives 160,740. That is to say, to date, by tallying the largest serial numbers of the various character groups of hand cannon that have been reported, it can be known that the hand cannon manufactured at the time numbered at least 160,740. In the future, hand cannon with even larger serial numbers than these may yet be discovered, so that the estimate of the number manufactured at the time may come to more closely approach the actual figure.



(2) The Monthly Output of Hand Cannon

From the difference in serial numbers of hand cannon of the same character group made in the same year and month, one may estimate the monthly output of hand cannon at the time, a fact most clearly reflected among the character-Tian hand cannon manufactured in the Yongle period. For example, among the character-Tian hand cannon made in the ninth month of Yongle 7 (1409) that have been gathered to date, the smallest serial number is 5,238 and the largest is 23,625, the difference between the two being 18,387, meaning that in that month at least 18,387 hand cannon were manufactured. Estimating by the same method, the hand cannon manufactured in the third month of Yongle 12 numbered at least 6,319. These figures fully reflect the state of monthly hand-cannon output at the high tide of hand-cannon manufacture.



(3) Hand-Cannon Manufacture Was Concentrated in Certain Years

From the inscriptions on the excavated Yongle-era hand cannon, it can be known that they were concentrated in their manufacture in Yongle 7, 12, 16, 19, and 21, Xuande 1 (1426), and Zhengtong 1 and 9, and Hongzhi 9, and so on. This concentration of manufacturing years was generally connected with major military needs of the time. For example, the concentrated years of manufacture during the Yongle reign were connected respectively with the establishment of the Divine Engine Battalion at the end of Yongle 7 and the beginning of Yongle 8, and with Zhu Di’s five personal campaigns against the northern desert in Yongle 8, 12, 19, 20, and 22.



(4) Hand-Cannon Manufacture Was Mostly Concentrated in the Third and Ninth Months

Apart from Xuande 1 and Zhengtong 9, the hand cannon manufactured in every year of the Yongle reign and in Zhengtong 1 were all made in the third and ninth months, that is, in the last month of spring and the last month of autumn respectively. These two months have suitable temperatures, being neither too cold nor too hot, which is favorable both for the operations involved and for guaranteeing the quality of the hand cannon. At the same time, the ambient temperature during these two months is basically consistent, so that bronze hand cannon, which are formed by casting, could undergo natural cooling and solidification under conditions of roughly the same temperature, so that the finished products would be uniformly dense and solid, possessing the same performance characteristics, which was favorable to the standardization of the hand cannon used by the Ming army.

The improvement in the construction of hand cannon, the increase in the number of varieties, the growth in quantity, and the expansion of use during the Yongle-to-Zhengde period exerted an important influence upon the improvement of the equipment of the Ming army and of coastal-defense installations, upon the establishment of the Divine Engine Battalion, and upon the further transformation of methods of combat training.





Section 3 The Development of the Hand Cannon and Military Transformation in the Early Ming

The development of the hand cannon brought about a major transformation in the military affairs of the early Ming period.


1. Transformation in the Structure of Army Organization and Equipment

Among the various aspects of the military transformation of the early Ming period, the transformation in the structure of army organization and equipment was the most conspicuous, causing the Ming army to develop, from a state of equipping hand cannon in indeterminate quantities, to equipping hand cannon according to a fixed proportion of the total established strength of the garrison troops of the various garrisons and guard posts. According to a regulation of the first month of Hongwu 13 (1380): “For every hundred soldiers in a company, ten shall be hand-cannon soldiers, twenty shall bear shield and saber, thirty shall bear bow and arrow, and forty shall bear the spear”①. The Comprehensive Institutes of the Ming, juan 192, also records: it was fixed in Hongwu 26 that “for every hundred households, there shall be ten hand-cannon soldiers, twenty shield-and-saber soldiers, thirty bow-and-arrow soldiers, and forty spear soldiers.” The two statements differ slightly in wording but are identical in substance. From Hongwu 13 to 26 was a relatively stable period in the early Ming, so that the proportion in which the army was equipped with the various kinds of weapons remained comparatively constant. If calculated according to the statistics of Hongwu 26, at that time the realm had “seventeen regional military commissions, one garrison command, 329 guards both within and outside the capital, and sixty-five defense chiliarchies”②. If calculated on the basis of an establishment of 5,600 soldiers per guard, then the total established strength of the Ming army at the time was approximately 1,800,000, and it ought to have been equipped with more than 180,000 hand cannon; if calculated according to the record in the Veritable Records of Ming Taizu, by the end of Hongwu 25 the Ming army had an actual total strength of more than 1,215,000 men, and it ought to have been equipped with more than 125,000 hand cannon. Therefore, throughout the Hongwu reign, the total number of hand cannon with which the garrison troops of the various garrisons and guard posts throughout the realm were equipped ought to have been between 125,000 and 180,000. If a small quantity of reserve hand cannon held in storage is added to this, the total may have been somewhat greater still. That an army equipped with so many hand cannon existed was, at that time, without parallel anywhere in the world.

As for the number of hand cannon with which the soldiers of the various naval guards and the warships were equipped, although no explicit record of this survives, according to a regulation of Hongwu 26, among the military weapons with which a single large-type ocean-going transport ship was to be equipped there were: 16 hand cannon, 4 bowl-mouth hand cannon, 20 fire-lances, 20 fire-attack arrows, 20 fire-forks, 10 basin-mouth mortars, 1,000 hand-cannon ramrod-plugs (accessories), and 20 divine-mechanism arrows. Among these, the tube-shaped shooting firearms alone—the hand cannon, bowl-mouth hand cannon, and fire-lances—numbered 40 pieces②, showing how great was the quantity of firearms with which it was equipped. The ratio of firearms to cold weapons with which the Ming army was equipped in the Hongwu period clearly reflects the state of the transformation then beginning in the structure of the organization and equipment of our country’s ancient army. This transformation not only laid the foundation for the establishment of the Divine Engine Battalion during the Yongle period (1403–1424), but also surpassed at that time what other countries could match.



2. The Establishment of the Divine Engine Battalion

Following upon the transformation that had already begun in the early Ming in the structure of army organization and equipment, between Yongle 7 (1409) and Yongle 8, moreover, a new branch of the army, the Divine Engine Battalion, was created, specially equipped with divine-mechanism hand-cannon-and-artillery weapons, which, together with the Five Armies Battalion and the Three Thousand Battalion of the time, were together called the Three Great Battalions of the Capital Army, and shouldered the mission of “guarding the capital within, and standing ready for campaigns without,” serving as a strategic mobile force under the direct command of the court①.


(1) The Organization of the Divine Engine Battalion

According to the record of “The Capital Encampments” in juan 134 of the Comprehensive Institutes of the Ming, the Divine Engine Battalion was organized under it into five armies: the Central Army, the Left Flank, the Right Flank, the Left Sentry, and the Right Sentry. The Central Army was organized under it into 4 companies, the others each into 3 companies. The commanding officers of the Divine Engine Battalion—the supervisor of the Central Army and the commanding officers of the Left and Right Flanks and the Left and Right Sentries—were all memorialized for by the Ministry of War and selected by the court from among dukes, marquises, earls, chief military commissioners, and regional military commissioners, or else served concurrently by court eunuchs. Within the Divine Engine Battalion, moreover, there were specially assigned officials charged with the management of hand-cannon-and-artillery weapons, together with eunuch supervisors of hand-cannon-and-artillery, managing within the Divine Engine Battalion divine-mechanism firearms such as the divine hand cannon, the fast hand cannon, the single-eyed hand cannon, the hand-gripped hand cannon, the basin-mouth cannon, the bowl-mouth cannon, the General cannon, the single-flying divine fire-arrow, and the divine-mechanism arrow.

After the establishment of the Divine Engine Battalion, it often accompanied the emperor on personal campaigns together with the Five Armies Battalion and the Three Thousand Battalion. In battle, the three worked in close coordination, the Divine Engine Battalion, by virtue of its superiority in firepower, inflicting heavy casualties upon the enemy army and creating the conditions for victory. Therefore, the establishment of the Divine Engine Battalion greatly raised the combat strength of the Ming army. With the establishment of the Divine Engine Battalion, the proportion of firearms with which the garrison troops of the various garrisons and guard posts throughout the country were equipped also increased. According to historical records, in the first month of Chenghua 2 (1466), the Ming court adopted the proposal of Ding Xiang Bo Du Deng that, among a company of 55 infantrymen, “10 be divine-hand-cannon soldiers, 10 bow-and-arrow soldiers, 5 each of shield-and-saber soldiers, 10 crossbow-and-fire-arrow soldiers, and 8 be in charge of the divine cannon and lifting the gunpowder, with the remaining 7 employed otherwise”②. According to this regulation, the soldiers of the Ming army’s infantry companies who used firearms at that time already accounted for about one-third of the total establishment.

After the establishment of the Divine Engine Battalion, although the organization and equipment of the Ming army underwent numerous changes, its institutional structure continued to develop, be enriched, and expand, and, together with the increase in the quantity of firearms with which the garrison troops of the various garrisons and guard posts throughout the country were equipped, brought about a major transformation in the structure of the organization and equipment of the early Ming army.



(2) The Refutation of the Theory of “Foreign Origin of Early Ming Firearms”

China is the country in the world that first used firearms in warfare, and this refers not only to the early-stage firearms created and used in the Song dynasty, but also includes the earliest use of metal-tube shooting firearms. However, there are those who, on the basis of the record in the History of the Ming that “when Chengzu of the Ming pacified Jiaozhi, he obtained the method of the divine-mechanism hand-cannon-and-artillery, and specially established the Divine Engine Battalion to practice it,” have mistakenly concluded that “the Ming dynasty’s earliest firearms came transmitted from Annam, called the divine-mechanism hand-cannon-and-artillery”③, and that “the earliest foreign firearms the Ming people encountered were at the time of the pacification of Jiaozhi during the Yongle reign”④. This is refuted both by the large quantities of excavated Yuan- and Hongwu-era hand cannon and by the records of their use, and is likewise overturned by the historical fact of the Jiaozhi campaign of Yongle 5. This is because the Ming army had already used hand cannon in battle in the first Jiaozhi campaign, while the Jiaozhi soldiers could only array elephant troops in formation, resisting with cold weapons such as large shields, bows and arrows, and javelins. Therefore, it is very difficult to imagine that the Ming army, which was already using hand cannon, could instead have obtained the method of the divine-mechanism hand-cannon-and-artillery from the Jiaozhi soldiers, who were using cold weapons.

Moreover, some necessary clarification must also be made of the record in the History of the Ming, Treatise on the Military, Part 4 concerning how “when Chengzu of the Ming pacified Jiaozhi, he obtained the method of the divine-mechanism hand-cannon-and-artillery, and specially established the Divine Engine Battalion to practice it.”

First, it must be made clear that the Divine Engine Battalion established by the Yongle court was a new branch of arms of the Ming army, and not a new hand-cannon-manufacturing institution. Therefore, the purpose of the Ming court in establishing the Divine Engine Battalion lay in raising the combat strength of the Ming army after it had made use of hand cannon, and not in the manufacture of new-type hand cannon. The manufacture of new-type firearms was already being undertaken by the Bureau of Military Weapons and the Bureau of Military Equipment. Therefore, the establishment by the Ming court of the Divine Engine Battalion amounted to expanding the technique and tactics of training the Ming army in the use of the divine-mechanism hand-cannon-and-artillery, so that, from among the Ming army units generally scattered about and equipped with divine-mechanism hand-cannon-and-artillery, certain units concentrated in equipping divine-mechanism hand-cannon-and-artillery would be organized, so that, in battle, the firepower superiority of the divine-mechanism hand-cannon-and-artillery could be fully brought into play, raising the combat strength of the Ming army to meet the needs of new modes of warfare. Therefore, the meaning of the phrase “specially established [the Divine Engine Battalion] to practice it” refers to practicing the technique of using the divine-mechanism hand-cannon-and-artillery, and not the technique of manufacturing it. When the Yongle Emperor, in the tenth month of Yongle 11, admonished the Marquis of Anyuan, Liu Sheng, he repeatedly enjoined him: as for “the sharp weapon that is the divine-mechanism hand-cannon-and-artillery soldiery,” it was necessary to “practice and drill until thoroughly proficient.” This statement is sufficient to prove that the Divine Engine Battalion was a new branch of arms for practicing and drilling with hand-cannon-and-artillery, and not a new hand-cannon-manufacturing institution.




3. Improvement of National Defense Installations

The improvement of national-defense installations in the early Ming period was chiefly reflected in the additional equipping of large and small hand cannon at inland fortified towns and stockades, at strategic passes and roads along the frontier, and at strategic ports along the coast, together with the construction of corresponding defensive works and installations, so as to guarantee the security and unity of the nation.


(1) The Additional Equipping of Defensive Hand Cannon at Inland Fortified Towns

Apart from the garrison troops of the various garrisons and guard posts being equipped with hand cannon according to their established proportions, certain special regions were additionally supplied with hand cannon, to strengthen their defense. For example, in Hongwu 20 (1387), the Ming court ordered the Marquis of Xiping, Mu Ying, to strengthen the defense of the fortified towns and stockades of Yunnan, in order to consolidate the security of that region. After receiving this order, Mu Ying accordingly gave orders to the garrison troops of Yunnan: “Along the Jinchi, Chuxiong, Pin Dian, and the middle route of the Lancang River, dig deep moats to strengthen the stockades, and place large numbers of hand cannon for defense……”①. Although this passage does not explicitly specify which types of hand cannon were to be used, judging by the records of the Ming army’s use of hand cannon on the battlefield at the time, together with the bowl-mouth hand cannon unearthed in Hezhang County, Guizhou, it can be known that the hand cannon then used by the Ming army garrisoning Yunnan for the defense of its fortified towns and stockades were chiefly hand cannon and bowl-mouth hand cannon. Apart from those transferred in from within the country, a considerable portion of these were already products manufactured locally.



(2) The Additional Equipping of Defensive Hand Cannon and the Construction of Corresponding Installations at Strategic Passes along the Frontier

Actions of this kind were carried out frequently from the beginning of the Yongle reign onward. In the fourth month of Yongle 10 (1412), Zhu Di ordered that along the frontier, “from Kaiping (within present-day Duolun, Inner Mongolia) to Huailai, Xuanfu (present-day Xuanhua, Hebei), Wanquan, and the summit of Xinghe Mountain, five gun-carriages be everywhere placed, so that upon warning they might be fired at once”②. Ten years later, he also ordered the garrison troops of Shanxi, Datong, Kaicheng, Yanghe, and Shuozhou to be additionally supplied with divine-mechanism hand-cannon-and-artillery, to strengthen their defense③. In the third month of Xuande 5 (1430), the court “supplied divine hand cannon to Xuanfu, distributed along the frontier fortified towns.” In Zhengtong 9 (1444), Emperor Yingzong ordered the Ministry of Works to manufacture additional hand cannon for the various frontier defense regions, of which “Liaodong (present-day most of Liaoning) received 525, Yansui and other places 830, Yongning 20, Xuanfu 320, Ningxia 100, and Gansu 500”④.

All of the above regions were key points where the various tribes of Mongol nobility launched their southward raids, and the Ming court’s purpose in supplementing them with hand cannon and hand-cannon-artillery lay in improving the defensive equipment of these key points. In recent years, at a number of key points along the line of the Great Wall, hand cannon, medium-sized hand cannon, bowl-mouth hand cannon, basin-mouth hand cannon, and certain medium- and heavy-type hand-cannon-artillery used by the Ming army defending the frontier in those years have frequently been discovered.



(3) The Construction of Fixed-Type Gun Platforms in Newly Built Fortified Towns along the Frontier

In order to improve the defensive installations of the frontier fortified towns and passes, certain frontier-defending generals proposed the construction of new-style gun-carriage platforms, to replace the temporarily set-up gun-carriages of the past; these fixed-type gun-carriage platforms already possessed the rudimentary form of an open-air gun platform, or may be said to be the earliest city-attached gun platforms constructed in ancient China. This type of gun platform was first proposed in the ninth month of Yongle 21 by the commanding officer of the

Juyongguan garrison, Yuan Ne. In that month, Yuan Ne memorialized the court requesting that eight beacon-mounds be newly constructed near Juyongguan, on which new-style gun-carriages were to be placed, for the purpose of mounting hand-cannon-and-artillery①. Therefore, these newly constructed beacon-mounds were no longer built purely for the purpose of setting off warning beacon-fires, but were mound-platform structures built for the purpose of installing the fixed firing frames of hand-cannon-and-artillery, possessing the function of firing artillery to strike at the enemy. Thereafter, such mound-platforms gradually increased in number.



(4) The Additional Stationing of Divine-Mechanism-Hand-Cannon-and-Artillery Troops at Strategic Frontier Points

In the intercalary first month of Jingtai 1 (1450), the court dispatched the Marquis of Wuqing, Shi Heng, from Zijingguan to garrison Datong. Before setting out, Shi Heng requested that the court reinforce him with 30,000 additional troops, and supply the Divine Engine Battalion with an additional 5,000 divine hand cannon, 500 each of large-type cannon and basin-mouth cannon, and 100 signal cannon, and, apart from the gunpowder required for the divine hand cannon, requested a further 5,000 catties of gunpowder, and also requested permission to manufacture military equipment on his own authority. The court approved these requests. From Shi Heng’s request, it can be seen that, among the Ming army then transferred to garrison Datong, the number of fully organized Divine Engine Battalions was already more than one; they were equipped with single-soldier divine hand cannon and large-type cannon (also called large-sample divine-mechanism cannon) and small-type basin-mouth cannon (also called small-sample divine-mechanism cannon), and other such hand-cannon-and-artillery. If the divine-mechanism-hand-cannon-and-artillery originally equipped to these units are added to this, then more than half the soldiers of the force led by Shi Heng were, at the least, already using divine-mechanism-hand-cannon-and-artillery. This was an important measure taken by the Jingtai court, drawing the lesson of the Tumu Crisis and adopting the recommendation of Yu Qian, to improve the frontier-defense installations of Datong and other places in Shanxi.



(5) The Additional Equipping of Hand-Cannon-and-Artillery and Defensive Installations at Strategic Coastal Ports

The two Laizhou-Guard large cannon barrels that have been excavated show that, not long after its founding, the Hongwu court was already additionally supplying large-type hand cannon to strategic coastal ports, to strengthen their defensive capability.

By the Yongle period, in order to guard against the incursions of Wo pirates, the Chief Military Commissioner for Liaodong, Liu Jiang, was, in the twelfth month of Yongle 14 (1416), commissioned to construct watchtowers at seven places—Jinzhou, Lüshunkou, Wanghaiguo, Zuoyan, Youyan, Sanshoushan, Xishazhou, and Zhuayashan—and to install every type of hand-cannon-artillery there, to strengthen coastal defense②. In the sixth month of the seventeenth year, Liu Jiang further proposed that a great stone fortification be built up at Wanghaiguo, a strategic point, that beacon-mounds be erected for observation, and that more than a thousand additional troops be stationed there in garrison③. Not long afterward, more than 2,000 Wo pirates came to invade Wanghaiguo. Liu Jiang deployed ambushing troops, and, after the enemy had come ashore, the Ming army “raised their banners, the ambush arose, the guns roared, and they struck fiercely,”④ annihilating the entire enemy force. This is, in the history of our country’s wars, the first celebrated battle in which coastal-defense hand-cannon-and-artillery were used to annihilate an enemy invading from the sea, and historians call it the “Great Victory of Wanghaiguo.” After this battle, “the Wo pirates were greatly afraid, and for more than a hundred years there was no major incursion from the sea”⑤.




4. The Creation and Development of New Tactics

In the early Ming period, the Ming army, in warfare of every kind, created and developed new tactics combining the use of hand cannon with cold weapons.


(1) The Creation, in Field Warfare, of Volley-Fire Tactics Using Hand Cannon

In the third month of Hongwu 21 (1388), Si Lunfa, the Pacification Commissioner of Luchuan in Yunnan, rose in rebellion, leading a host of his followers, said to number 300,000, in raids upon Dingbian. The Ming court sent Mu Ying with 30,000 crack cavalry, marching day and night for 15 days; upon reaching the front line, he at once dispatched 300 light cavalry to offer battle. Mu Ying (1345–1392), seeing the weakness in the Si forces’ method of warfare—elephant troops as the front formation, with infantry and cavalry following behind—thereupon ordered within the army that, on the following day when battle was rejoined, “the hand cannon and the divine-mechanism-armed troops be arrayed in three ranks, in formation; when the elephants advanced, the front rank was to fire its hand cannon and arrows together; if they did not retreat, the next rank would follow suit, and if they still did not retreat, then the third rank would follow suit”⑥. The next day, the Ming army deployed for battle according to Mu Ying’s arrangement. Once the fighting

began, the elephant troops of the Si forces charged forward in a mass. In the ranks of the Ming army, the first line of hand-cannon and divine-mechanism-arrow soldiers fired their hand cannon and arrows together in a fierce volley against the elephant troops. After firing, they at once withdrew to the rear ranks from both sides to reload, preparing to fire again. As the first line of hand-cannon and divine-mechanism-arrow soldiers finished firing, the second line advanced and continued the volley fire, and so on a third time. The elephant troops of the Si forces, struck in great numbers by hand-cannon fire and arrows, fled back in confusion in large numbers, and the whole formation collapsed in disorder. The Ming army, “pressing their advantage in pursuit, drove straight at their stockades”①, and achieved victory in the battle.

After the establishment of the Divine Engine Battalion, this tactic was much employed. In Yongle 12 (1414), Zhu Di led 500,000 Ming troops in the second personal campaign against the northern desert. On the seventh day of the sixth month, the Ming army advanced to Hulan Hushiwen (present-day Ulaanbaatar, Mongolia), engaging in battle with the Mongol noble Mahamu (?–1415), who had been harassing the Ming frontier. Mahamu led 30,000 troops in resistance. Zhu Di ordered the Marquis of Ningyang, Chen Mao, and others to attack their right flank, the Marquis of Fengcheng, Li Bin, to lead his forces in attacking their left flank, and the Marquis of Anyuan, Liu Sheng, to lead the Divine Engine Battalion in attacking their center. Once battle was joined, Liu Sheng at once used volley fire from the divine-mechanism-hand-cannon-and-artillery against Mahamu’s forces, killing several hundred cavalrymen. The Ma forces’ battle line fell into confusion and was breached. Zhu Di, seizing the advantage, commanded the infantry and cavalry in pursuit and slaughter of the fleeing enemy. Having achieved victory in the center after Liu Sheng’s forces, he then used volley fire from the divine-mechanism-hand-cannon-and-artillery against the left and right flanks of the Ma forces, who fled under cover of night②.

In the eighth month of Yongle 21, during his fourth personal campaign against the northern desert, Zhu Di, regarding the principle of coordinated action between divine-mechanism-hand-cannon-and-artillery troops and cavalry, which the Ming army had employed repeatedly in field warfare, gave a highly generalized summary. He required that, in deploying for battle, “the divine-mechanism hand cannon be positioned in front, the cavalry positioned behind,” the vanguard to be loosely spaced and the rear to be densely packed, [saying] “when the formation is dense it is solid, when the vanguard is loose it penetrates; at the moment of battle, first use the hand cannon to blunt their spearhead, then follow with cavalry to charge their strongpoint, and the enemy will not be able to withstand it”③. His meaning was that, in battle, the divine-mechanism-hand-cannon-and-artillery troops were to be arrayed at the very front of the whole formation, with a certain interval maintained between them, so as to facilitate reloading ammunition and carrying out rotating volley fire, to shatter the enemy’s spearhead; when the enemy fell into confusion and rout, the massed cavalry of the rear guard, gathering their strength together, would, with the force of a mountain collapsing and a sea overturning, charge into the enemy’s main force, pursuing and slaughtering the fleeing remnants of the defeated enemy, and seizing total victory in the battle. Zhu Di’s discussion comprehensively summarized the new tactic, of that era’s distinctive character, of the Ming army’s divine-mechanism-hand-cannon-and-artillery troops coordinating in battle with cavalry.



(2) The Use of Hand Cannon in Siege Warfare

In siege warfare, hand cannon were chiefly used to destroy the enemy’s city defenses, kill the enemy’s effective fighting strength, and breach the defending army’s lines of defense. In the seventh month of Yongle 4, because the Annamese authorities had treacherously murdered the Ming court’s envoy, Zhu Di accordingly decided to send troops against Jiaozhi. In the tenth month, the Marquis of Xincheng, Zhang Fu, the Marquis of Xiping, Mu Ying, and others led infantry and cavalry and naval forces, together with the divine-mechanism-hand-cannon-and-artillery troops under the divine-mechanism generals Cheng Kuan and Zhu Rong, on campaign to Jiaozhi. In the twelfth month, the Ming army attacked the city of Duobang; the Jiaozhi soldiers carried rattan shields and rode into battle upon war elephants. Zhang Fu ordered “the divine-mechanism general Luo Wen and others to advance with the divine-mechanism-hand-cannon-and-artillery flanking the army,” and the war elephants ridden by the Jiaozhi elephant troops “all trembled with fear, being struck in great numbers by hand-cannon fire, and all fled and stampeded in confusion”④. The Ming army won victory in the siege.



(3) The Use of Hand Cannon in City-Defense Warfare

In city-defense warfare, hand cannon were chiefly used to kill the enemy soldiers besieging the city, or to lay ambushes outside the city, repelling the densely massed infantry and cavalry charging in. In the eighth month of Zhengtong 14 (1449), the Mongol Oirat noble Esen (?–1455) led his forces south on a raiding expedition as far as Tumu Fort (southeast of present-day Huailai County, Hebei); the 500,000-strong Ming army led in person by the Emperor Yingzong, Zhu Qizhen, was annihilated, more than 50 accompanying court officials perished, and Zhu Qizhen himself was taken captive. Esen, following up on this success, advanced upon Beijing. On the twenty-first day of the ninth month, Yu Qian (1398–1457) was promoted to Minister of War and charged with defending Beijing, with the capital’s chief military commander, Shi Heng, assisting in command. Upon receiving this commission, Yu Qian gave strict orders to the various generals to prepare for battle, strengthening the city’s defenses, mounting hand cannon at the nine gates of the city of Beijing and at other key points, having the Divine Engine and other battalions stand ready to take part, and further strengthening the defense of every pass along the Great Wall, making thorough preparations for the coming battle.

In the early tenth month, Esen led 120,000 troops in two columns, east and west, to the capital. Yu Qian ordered 220,000 Ming troops out through the nine gates to resist the enemy, and, together with Shi Heng, made a special point of defending Desheng Gate. In the eleventh month, after Esen’s attack on Xizhi Gate was repulsed, he concentrated his attack on Desheng Gate. Yu Qian had already ordered the Divine Engine Battalion to lie in ambush among the villages outside Desheng Gate, while separately using a small detachment of crack cavalry to lure the enemy into the ambush zone; Regional Military Commissioner Fan Guang directed the Divine Engine Battalion in a sudden fierce volley against the enemy cavalry, killing and wounding more than 10,000 of the enemy, scattering more than 90,000 in rout, and Esen’s younger brother, Boluo, and the assistant commander, Mao Nahai, were shot dead by hand-cannon-and-artillery fire. At the same time, the Ming army also fired upon the enemy with divine-mechanism-hand-cannon-and-artillery at Xizhi Gate, Zhangyi Gate, and the alleys outside the city to the southwest. Esen, having suffered heavy losses from the hand-cannon-and-artillery fire, dared not fight further, and on the night of the fifteenth day lifted the siege and withdrew, whereupon Yu Qian directed the army in pursuit. Esen’s forces retreated beyond the frontier on the morning of the eighth day of the eleventh month.

The Defense of Beijing directed by Yu Qian is a celebrated battle of the early Ming period in which divine-mechanism-hand-cannon-and-artillery were used on a large scale to defend a strongly fortified city. The quantity of hand cannon it employed, and the skill of the new city-defense tactics used, were without parallel among all previous city-defense battles of the Ming period up to that time.

Excavated specimens and documentary records show that the early Ming period was the golden age of the manufacture and use of tube-type firearms in our country, its products numbering in the several dozens of varieties, their performance also having undergone considerable improvement and enhancement, the great majority of them possessing the value of original invention and creation. The use of these tube-type firearms exerted an enormous influence upon every aspect of the military sphere of the early Ming period, bringing about the first great transformation in China’s military affairs following the adoption of firearms. It occupied a leading position in the world at that time, and exerted a positive influence upon the development of European guns and cannon.

However, because the early Ming period was a highly centralized feudal-autocratic court, exercising strict control over the manufacture and use of firearms, prohibiting unauthorized manufacture by localities and strictly forbidding private research by individuals, this restricted the innovation of firearms, so that the hand cannon, standardized in Yongle 12 (1414), underwent no major innovation in form and construction right up until the introduction of the Portuguese breech-loading cannon and the matchlock musket in the Jiajing period; although the various heavy-type hand-cannon-artillery underwent certain improvements in structure, with large-type hand-cannon-artillery weighing close to a thousand catties appearing in physical form, there was still no great improvement in ignition equipment and method, with no new breakthrough. Therefore, when the Portuguese breech-loading cannon was introduced at the beginning of the Jiajing reign, the Ming court discovered at once the backwardness of the hand cannon, and immediately adopted the recommendations of its officials, ordering the military-industrial departments to organize firearms researchers to absorb its strengths and carry out imitation and modification, thereby bringing about the situation in the Jiajing period in which, for the first time, our country updated the equipment of the Ming army with imitations of foreign-introduced guns and cannon.





Section 4 The Rise of Firearms Research on the Korean Peninsula

In 1274, King Wonjong of Goryeo passed away, and was succeeded by his son, King Chungnyeol (1275–1308); the affairs of state remained under the supervision and control of the Yuan court. When, in the later period of the Goryeo dynasty, King Gongmin, Wang Jeon (Mongol name Bayan Temür), occupied the throne (1352–1374), the Korean coast was repeatedly beset by the Wo menace, the common people being plundered and the populace unable to make a living. At just this time China’s Yuan dynasty was in the throes of the great peasant uprisings at the end of the dynasty, and the Yuan court, unable to attend to its own affairs, had no means of aiding Goryeo in resisting the Wo pirates. In the first month of 1368, Zhu Yuanzhang established the Ming dynasty at Yingtian (that is, Jinling, present-day Nanjing), taking Hongwu as his reign title. In Hongwu 1 (1368), the Ming court dispatched an envoy bearing an imperial letter by sea route to Gaesong, the capital of the Goryeo kingdom, and the two countries established normal relations. The following year, the King of Goryeo in turn sent an envoy to the Ming court to offer congratulations. Zhu Yuanzhang further dispatched the Fuxi Gentleman Ke Si bearing an edict, together with a gold seal and letters patent, investing Wang Jeon as King of Goryeo.

King Gongmin of Goryeo devoted himself wholeheartedly to resisting and guarding against the Wo pirates; on the one hand, in the tenth month of the twenty-second year of his reign (the sixth year of Ming Hongwu, 1373), he “inspected the newly built warships, and also tested fire-arrows and fire-tubes (that is, bamboo fire-tubes)”; on the other hand he also “had Zhang Ziwen sent to the [Ming] capital to request the bestowal of gunpowder”①. From that time onward, the Goryeo court began to establish specialized institutions to research and manufacture firearms.


1. The Rise of Firearms Research in the Goryeo Dynasty

The Goryeo dynasty’s manufacture of firearms began with its requesting from the Ming the support of saltpeter and sulfur.


(1) Requesting the Ming Court to Allocate Saltpeter and Sulfur

According to juan 44 of the History of Goryeo, in the eleventh month of the twenty-second year of King Gongmin (1373), King Gongmin dispatched Deputy Envoy of the Secret Council Zhang Ziwen to China’s capital of Yingtian, requesting that the Ming court bestow “the equipment suitable for use aboard ship (referring to firearms), gunpowder, sulfur, refined saltpeter, and other such items… for use as needed.”

Zhu Yuanzhang, “greatly delighted” at the resolute anti-Wo-pirate actions of the Goryeo court, and stating that this was entirely in accord with our own [Ming] court’s thinking of relieving the people’s suffering and saving the people’s lives, in the fifth month of the following year issued an edict to the officials of the Central Secretariat, the Grand Chief Military Commission, and the Censorate, ordering them to allocate “500,000 catties of saltpeter and 100,000 catties of sulfur”①, together with such other materials as were needed, for Goryeo’s use in compounding gunpowder. Judging from the quantities allocated, saltpeter and sulfur were in a ratio of five to one. Using saltpeter and sulfur in this ratio, together with an appropriate quantity of charcoal powder, one could compound propellant gunpowder of good performance, for use by hand cannon in firing projectiles. This type of gunpowder was not only widely manufactured in the great cities of the early Ming, but could also be manufactured in large quantities even in remote border regions such as Yunnan. This gunpowder formula is also frequently found in the military treatises of the late Ming period.

After the hand cannon, gunpowder, and other items supported by the Ming court arrived in Goryeo, King Gongmin, in that same year, made arrangements for resisting the Wo pirates, appointing Zheng Di, the Pacification Commissioner of the Jeolla Circuit, together with the myriad-household office in charge of pursuing and capturing Wo pirates, to cooperate closely with the naval commander-in-chief Luo Shi in reorganizing forces to meet the enemy. In 1380, more than 300 shiploads of Wo pirates plundered the garrisons of the Jeolla Circuit. The court ordered Zheng Di and Luo Shi to coordinate closely with the firearms technologist Cui Muxuan, marshaling their troops to meet the enemy in battle. Cui Muxuan, carrying firearms aboard warships, drove directly at the Jeolla Circuit and destroyed the Wo pirates’ warships. The Wo pirates thereupon came ashore, and plundered Jeolla, Gyeongsang, and other places, then retreated and regrouped at Unbong. The Marshal of Horse and Foot led the various generals in annihilating the Wo pirates entirely, winning a great and total victory②. The commander-in-chief, Luo Shi, was a Chinese who had migrated to Korea in the Yuan dynasty; in the course of the fighting he displayed both wisdom and valor, took the lead in braving danger, and won deep admiration from the officers and men of Korea.

Among the historical materials recording Goryeo’s anti-Wo-pirate campaigns, although there is no specific record of the circumstances of the use of firearms transmitted from the Ming, there are nevertheless a number of excavated early-Ming hand cannon that can, directly or indirectly, reflect the general circumstances of the early-Ming hand cannon then used by the Goryeo army. According to the Illustrated Catalogue of Ancient Korean Firearms, among the firearms unearthed in Korea are two types of bronze hand cannon made in China in Hongwu 10 (1377) and Yongle 19 (1421)③. Judging from their form, they are, in form and construction, entirely similar to two types of hand cannon of the same respective dates unearthed in various places in China (Fig. 5-9): upper left, a Hongwu hand cannon unearthed in Korea; upper right, a Hongwu hand cannon unearthed within our own country;

Figure 5-9 Ming Hand Cannon and Specimens Transmitted to Goryeo Upper left: A Hongwu hand cannon unearthed in Goryeo Upper right: A Goryeo-unearthed hand cannon unearthed within our own country Lower left: A Yongle hand cannon unearthed in Goryeo Lower right: A Yongle hand cannon unearthed within our own country

lower left, a Yongle hand cannon unearthed in Korea; lower right, a Yongle hand cannon unearthed within our own country. During this period, the Goryeo court’s weapons-manufacturing office also began to be established and to manufacture firearms.




2. The Establishment of the Directorate of Fire-Tubes and the Firearms It Manufactured

The first person to memorialize the court requesting the establishment of the Directorate of Fire-Tubes (i.e., hand cannon; in Korean, “fire-tube,” in Ming-dynasty China called “hand cannon”) was the deputy commander of the “Great Victory at Jeolla,” Cui Muxuan.

Cui Muxuan (c. 1325–1395) was a native of Jeonju in Korea, of a wise and capable disposition, resourceful in strategy, and fond of discussing military affairs; while King Gongmin occupied the throne he served as an Assistant Officer in the Directorate of Military Weapons, and, deeply understanding the power of firearms in warfare, strongly advocated the domestic manufacture of gunpowder and firearms. At that time, there happened to be a saltpeter-refining and gunpowder-compounding craftsman from the Jiangnan region of China named Li Yuan; after the two men met, Li Yuan, at Cui Muxuan’s request, transmitted to the Korean people his method of refining saltpeter and compounding gunpowder. In the tenth month of 1377 (Ming Hongwu 10, the third year of King Sinu of Goryeo), Cui Muxuan memorialized King Sinu, requesting the establishment of the Directorate of Fire-Tubes and the manufacture of gunpowder and firearms. King Sinu at once ordered the establishment of the Directorate of Fire-Tubes, with Cui Muxuan appointed to take primary charge of the matter. This event is recorded frequently in Goryeo documents. The History of Goryeo, Treatise on the Military, states: “In the third year of King Sinu, in the tenth month, the Directorate of Fire-Tubes was first established,”① with Cui Muxuan taking charge of the matter, manufacturing gunpowder and fire-tubes (that is, imitations of China’s hand cannon) and other firearms. The same book, in juan 133 of the Biographies, records: “In the tenth month, following the proposal of Assistant Officer Cui Muxuan of the Directorate of Military Weapons, the Directorate of Fire-Tubes was first established. Muxuan happened to meet the gunpowder craftsman Li Yuan, secretly asked him for his technique, and had several members of his own household practice it in trial; thereupon he had it established.”② The Veritable Records of the [Joseon] Yi Dynasty, in an entry of the fourth year of Taejo (1395), records that a member of the Board of Reviewing Attendants and an official of the Chancellery, Cui Muxuan, died in that year, and appends a brief biography of him: Muxuan learned the method of gunpowder from a merchant of Jiangnan, and tested it, and it always proved effective. He also manufactured the Great General, the Second General, and the Third General cannon-and-firearms, fire-tubes and fire-arrows, hedgehog-and-caltrop mortars, and iron cannonballs, and so forth③.

The chief minister of the early Yi dynasty of Goryeo, Yu Seong-ryong, in his Xicheng Ji, juan 16, “Record of the Origin of Cannon-and-Fire,” likewise has a record similar to the above: “According to this, our country originally had no gunpowder. In the last years of the former dynasty (that is, the end of the Wang-clan Goryeo dynasty), there was a Tang merchant④ named Li Yuan, who came by ship to Gaeseong’s Yecheong River, and lodged in the household of a servant of Cui Muxuan of the Directorate of Military Weapons; Muxuan treated his servant generously on Li Yuan’s account. Li Yuan taught him the method of refining saltpeter; our country’s gunpowder began with Muxuan. Thereupon, when the Wo raided Jindo, Zheng Di loaded firearms aboard ship and attacked them, and the brigands suffered a great defeat and fled.”⑤ The Biographical Dictionary of Korean Persons gives high praise to Cui Muxuan’s achievements and dedication to firearms: “Muxuan, over the years, offered up his plans, his sincerity moving others deeply; he took charge as Directing Officer, refined and manufactured gunpowder, and made the Great General, Second General, and Third General cannon, the Six-Flower cannon, the Stone Cannon, the Fire Cannon, the Signal Cannon, the Fire-Tube, the Fire-Arrow, the Iron-Feathered Arrow, the Hedgehog-and-Caltrop Mortar, the Iron Bullet, the Piercing-Mountain [Rocket], the Five-Dragon Arrow, the Flowing Fire, the Running Fire, and the Solitary Heavenly Fire, and other such firearms. After they were finished being made, there was none among the observers who did not marvel in astonishment. He also sought out new-style warship designs, and proposed that the court supervise their manufacture…… When Taejo (referring to the founding King Taejo of the Korean Yi dynasty) founded the state (1392), because of his advanced age, [Muxuan] was unable to continue serving; Taejo, mindful of his achievements, granted him the position of Member of the Board of Reviewing Attendants of the Chancellery. In the yi-hai year (1395) Cui Muxuan died. In the xin-si year (1401), he was posthumously granted the title of Right Chief Councilor of the Secretariat for Deliberation on Government Affairs and Lord of Yeongseong Prefecture. His son Haishan said that when Muxuan was on his deathbed, he had a single scroll of writings which he asked his wife to keep hidden safely, and to have their son study it once he came of age. When Haishan was fifteen and had gained some knowledge of worldly affairs, he studied the method of refining gunpowder, and in the court of Taejo served as Assistant Officer of the Directorate of Military Weapons.”⑥

From the records cited above, it can be known that Cui Muxuan was the first firearms researcher of Goryeo’s own manufacture of gunpowder, and made important contributions to the study of and imitation by Goryeo of China’s gunpowder and firearms, and to advancing the development of Goryeo’s technique of manufacturing and using gunpowder and firearms.



3. The Initial Development of Firearms Manufacture in Korea

The Goryeo dynasty under King Sinu was overthrown in 1392 by the anti-Wo-pirate general Yi Seong-gye, who had won renown in the campaigns against the Wo pirates; Yi set himself up as king, and, invested by the Ming Hongwu

emperor, changed the name of the state to Joseon, while continuing to use the Ming reign titles, and this dynasty is known in history as the Korean Yi dynasty (1392–1910). When Wang-clan Goryeo had established the Directorate of Fire-Tubes, it had separated this office out from the Directorate of Military Weapons, placing it under the exclusive charge of a third-rank official responsible for the manufacture of gunpowder and firearms. By the time of Taejo of the Yi dynasty (1392–1399), the Directorate of Fire-Tubes was renamed the Bureau of Firearms, its affairs managed by a court eunuch official of the Yi dynasty, and it was later placed under the authority of the Directorate of Military Weapons. The Directorate of Military Weapons manufactured both firearms and cold weapons together①. Taejong Yi Bang-won (1400–1417), after ascending the throne, in 1400 abolished the system of private retention of soldiers, concentrating military authority in the central government, and shortly thereafter compiled the Great Code of State Administration, dividing government into the Six Boards of Personnel, Revenue, Rites, War, Punishments, and Works, so that the institutions and regulations of the entire country began to be unified. He placed the focus of firearms manufacture upon the fire-tube (Korean “hwatong,” called in Ming China the “hand cannon”). At the beginning of 1415, King Taejong ordered that the bronze bells of ruined temples be melted down and cast into fire-tubes; in the fourth month, the fire-tube army was further expanded by 400 men, joining together with the original 600 fire-tube soldiers, to form a fire-tube corps of 1,000 men, organized into a specialized branch of troops, commanded by a captain and a deputy captain; by the seventh month, the Directorate of Military Weapons had already manufactured nearly 10,000 fire-tubes and hand cannon, still insufficient to meet the demand for use②. It can be seen from this that Korean fire-tube manufacture already showed considerable development at that time, its technique also already fairly mature. The early kings of the Korean Yi dynasty, in order to protect the security of Korea and to resist the depredations of the Wo pirates, all placed great importance on the manufacture of firearms, and made use of the flourishing shipbuilding industry of the King Gongmin period to construct warships and put the navy in order, so that the scale of the navy was greatly expanded. In the fifth month of 1419, when King Sejong Yi Do (1418–1449) occupied the throne, he once led the civil and military officials of the court to the riverside to observe a trial firing of the navy’s guns. Not long afterward, he also directed the navy in an assault on the island of Tsushima in Japan, destroying the nest of the Wo pirates there. Thereafter, the Yi court repeatedly issued directives concerning the research of gunpowder and firearms, which the court historians diligently recorded in writing.

In the eleventh month of 1426, the Korean Ministry of War ordered that the coasts be strictly forbidden from refining saltpeter, so as to guard against “teaching the secret techniques of gunpowder to the Wo people.”

In the twelfth month of 1430, the court, in order to suppress bandits who were causing harm to local areas, allotted to the localities 50 sets of “issuing-fire” (a type of gunpowder-arrow firearm).

In the ninth month of 1433, Yi Do issued an edict ordering the Directorate of Military Weapons to manufacture “fire-cannon arrows,” each capable of firing 2 to 4 arrows at a time.

In the seventh month of 1433, the court ordered the circuits of Pyongan, Hamgil, Gangwon, and Hwanghae to have the craftsmen who compounded gunpowder refine saltpeter according to the Chinese method, so as to compound gunpowder whose performance would be doubly superior to that compounded locally by the old method.

In the fifth month of 1437, the court ordered that the size and length specifications of the fire-tube-arrows manufactured in all the circuits be unified.

In the sixth month of 1437, Yi Jang, the Deputy Commissioner-in-Chief of Pyongan Circuit, in his Northern Campaign Strategy, proposed a strategy for destroying the rebellion of Zhao Mingxi’s forces, recommending that, in the middle of the night, a direct strike be made on their lair, and that every household have its “good marksmen lie in ambush at the four corners, firing cannon and fire-arrows amid them, so that the houses would all catch fire. With the fire blazing bright as day, the brigands would surely be thrown into panic and lose their bearings, not knowing what to do.”

In the twelfth month of 1447, King Seongjong of the Yi dynasty instructed the Deputy Commissioner of Pyongan Circuit, Bak Xingyun, saying: now we send small “issuing-fire” devices, 8,669 units of medium “running fire,” 4,666 units of small “running fire,” to be distributed, according to regulation, at the various garrison towns along the frontier, at 2,000 units of medium “running fire,” 26,000 units of small “issuing-fire,” and 7,000 units of small “running fire.” Also sent down were 100 rolls of manufactured paper, 50 rolls of fuse paper, and 422 catties 8 taels of gunpowder, to be manufactured according to the regulated pattern③.

The kings who succeeded to the Yi throne thereafter likewise all attached great importance to the development of the firearms-manufacturing enterprise. From the 1450s to the 1520s, the gunpowder manufactured in Korea was compounded chiefly from saltpeter produced in the southern circuits of Gyeongsang and Jeolla (the Koreans only learned of these two saltpeter-producing regions in the early Yi period), together with sulfur imported from Japan. The firearms it manufactured were, by and large, the fire ball (fire cannon), the hedgehog-and-caltrop mortar, the iron fire-cannon, the fire-arrow, the bamboo tube, and the fire-tube created in China’s Song, Yuan, and Ming periods, lagging 100 to 200 years behind similar Chinese firearms of the same category, though also possessing certain innovations on the basis of imitation.

From the various Korean historical records and military treatises—such as the History of Goryeo, the Compilation of the History of Goryeo, the Complete Works of Yi Sun-sin, the Record of Chastisement, Preparations for the Border Fort, the Precious Mirror of the State, the Institutes for Instruction, the Comprehensive Compilation of the Great Compendium, the Meaning of Categories of Higher Learning, the Imperially Composed Military Instruction Manual, the Imperially Composed Guide to Military Instruction, the Comprehensive Treatise on Illustrations of Martial Arts, Imperially Ordained, the Manual of City Fortification Diagrams, the Great Compendium of Military Campaigns, the General Survey of the Three Armies, the Complete Collection of City-Plan Diagrams, the Secrets of Divine Weapons, and the Records of the Right Naval Command of the Jeolla Circuit—concerning the records of weapons, army organization and equipment, and the use of weapons in war, together with the firearms specimens, transmitted or excavated, collected in various regions and preserved in such institutions as the Government Political Affairs Hall, the Army Officer School Military Museum, the Asan Hyeonchungsa Shrine, Dong-A University Museum, Gyeonggi Palace Weapons Storehouse, Yonsei University Museum, Incheon Museum, Korea University, the Naval Officer School, the Changdeokgung Secret Garden Storehouse, Kyung Hee University Museum, Gyeongju Museum, Gyeongbuk University, Konkuk University, Busan University Museum, Gwangju Namsan Museum, the National Central Museum, Jinju Great Asian Ethnological Museum, and other institutions①, it can be known that the firearms manufactured in Korea from the Yi dynasty onward were, in the great majority of cases, close to, similar to, or identical with the firearms of China from the Song and Yuan dynasties onward, in their type and in their form and construction.



4. Types of Korean Firearms

Classified by type, they may be divided into incendiary firearms, explosive firearms, gunpowder-arrows, and metal-tube shooting firearms.

The incendiary firearms were chiefly fire balls, their products mostly made with an outer casing of pasted paper, with gunpowder loaded within. Their function was similar to that of the fire balls used by the Song army.

The explosive firearms were chiefly the hedgehog-and-caltrop mortar and the “Shaking-Heaven Thunder,” and so on.

The construction of the hedgehog-and-caltrop fire cannon was similar to the ceramic hedgehog-mortars used by the Song, Liao, and Jin armies of China, made with a ceramic shell, its outer surface bristling like the spines of a hedgehog, with gunpowder loaded within, and a fuse leading out from within; upon ignition it exploded, killing and wounding the enemy’s men and horses (Fig. 5-10).

Figure 5-10 A Korean Ceramic Hedgehog-and-Caltrop Mortar

The “Shaking-Heaven Thunder” was a firearm that Korea, at the beginning of its manufacture of firearms, imitated from China’s Southern Song “Shaking-Heaven Thunder,” its killing and destructive effect being generally similar as well (Photograph 6). By the sixteenth century, however, the “Shaking-Heaven Thunder” manufactured in Korea had already been remodeled into an iron-shelled explosive shell fired from a large bowl-mouth cannon. Its particular form and construction will be discussed later.

The gunpowder-arrow was chiefly an imitation of products of the Song, Yuan, and Ming periods, with a gunpowder tube bound to the rear portion of the arrowhead, gunpowder loaded within the tube, and a fuse leading out from the tube; upon ignition, the arrow was shot into the enemy’s formation, producing a killing and destructive effect. The Asan Hyeonchungsa Shrine Exhibition Hall holds in its collection a physical specimen of this type of gunpowder-arrow (Fig. 5-11).

Figure 5-11 A Korean Gunpowder-Arrow Held in the Collection of the Asan Hyeonchungsa Shrine

By the sixteenth century, this type was chiefly manufactured as a large-type arrow supplied for firing from hand-cannon-artillery.

The hand cannon first used in Korea were chiefly the Hongwu-type and Yongle-type hand cannon with which the Ming army was equipped; no independently manufactured hand cannon had yet come into being. Judging from the surviving physical specimens, Korea’s own manufacture of hand cannon appears to have begun in approximately the mid-sixteenth century (details to follow later).




Section 5 The Rise of Firearms Research in the Countries of Indochina

The Indochinese peninsula includes the countries and regions of Burma, Vietnam, Thailand, Cambodia, and Laos. After Zhu Yuanzhang founded the Ming dynasty, he set about improving the garrison troops and national-defense installations of the Yunnan region. From Hongwu 21 to Zhengtong 14 (1449), the Ming court, in order to maintain the security and unity of the southwestern border region, fought numerous wars with the upper strata of the Yunnan ethnic minorities and with the Annamese authorities, and the hand cannon and fire-arrows and other firearms used by the Ming army were transmitted along with these wars into these countries and regions.


1. The Rise of Hand-Cannon Research in Burma

It has already been mentioned in Section 4 of this chapter that the Ming court, in Hongwu 20 (1387), established gunpowder-manufacturing workshops in the Chuxiong region of Yunnan and elsewhere, supplying several thousand hand cannon in additional equipment for the Ming army garrisoning the frontier strongholds. In the third month of the following year, the Marquis of Xiping, Mu Ying, leading 30,000 Ming troops carrying 3,000 hand cannon, suppressed the rebellion of the forces of Si Lunfa, the Pacification Commissioner of Luchuan. After the war, Si Lunfa, using his subordinate Dao Sizhang and others as scapegoats, sent tribute to the Ming court and apologized for his crime. The Ming court, having admonished him with the principles of righteousness, pardoned him of blame. From this time on, Si Lunfa deeply appreciated the might of the hand cannon and sought by every means to obtain such weapons.


(1) Hand Cannon Flowed in Large Quantities into the Luchuan Region

According to the History of the Ming, Native Chieftaincies of Yunnan, Luchuan, between Hongwu 28 and 30, among the Ming troops garrisoning Jinchi in Yunnan, a portion of soldiers capable of manufacturing and using “hand cannon and cannon-and-artillery” fled to the Luchuan region, and helped Si Lunfa’s forces manufacture hand cannon and cannon-and-artillery. Si Lunfa was extremely pleased by this, granting them exceptional privileges, permitting these men to wear gold belts and enjoy treatment even superior to that accorded to the Han-Chinese officials who had come from within Yunnan. Thereupon, Si Lunfa’s followers rapidly gained mastery of the technique of manufacturing and using hand cannon and cannon-and-artillery. As the Minister of War Wang Ji (1378–1460) summarized, in Zhengtong 9 (1444), concerning the Luchuan campaigns: the armed rebellion that occurred in Luchuan stemmed from certain persons among the garrison troops there who, for the sake of their own private gain, illegally carried weapons and other goods and slipped secretly into Mubang, Baigu, Awa (present-day Sindwe and Bagan, in Myanmar), and Cheli (present-day Jinghong, Yunnan) and other places, exchanging goods with the local chieftains there, and some also intermarried with and settled long-term among the local people (among whom there was a portion belonging to the Burmese Mu-Shan people①), teaching the local people to manufacture and use hand cannon and other firearms.



(2) In the Luchuan Wars, Hand Cannon of the Ming Army Flowed in Large Quantities into Burma

After Mu Ying pacified the rebellion of Si Lunfa in Hongwu 21, although the Luchuan region enjoyed more than ten years of relatively settled circumstances, Si Lunfa died sometime during the Yongle reign, and his second son, Si Renfa, having succeeded to the position of Pacification Commissioner of Luchuan in Yongle 11 (1413), repeatedly stirred up trouble:

in Yongle 20 (1422) he raided Nandianzhou; in Zhengtong 1 (1436) he invaded Mengding and Wandian (both within present-day Yunnan), murdering the populace and destroying defense installations; in the third year he plundered Jingdong, Mengding, Dahou, and Mengjuan (present-day Jingdong, Mengding, Yun County, and Menglian, in Yunnan) and seized Tengchong (present-day within Yunnan).

The Ming court, in the sixth month of that year, ordered the Duke of Qianguo, Mu Sheng, to lead troops against him, but suffered a defeat. It again dispatched a campaign in the third month of Zhengtong 4, and again suffered a defeat. In the first month of the sixth year, the Ming court ordered the Minister of War Wang Ji to supervise military affairs generally, appointing the Earl of Dingxi, Jiang Gui, as Pacification General, leading 150,000 troops in a large-scale campaign of suppression; Si Renfa met them with 30,000 of his own followers and 80 war elephants; the Ming army, dividing into three columns, struck fiercely at Si Renfa’s forces with hand cannon, cannon-and-artillery, and fire-arrows, burning their stockades and breaching Shangjiang (present-day west of Wanding, Yunnan), then, pressing their advantage, broke through his elephant formation as well, and drove straight at Mengmao, the chief seat of Luchuan (present-day Ruili, Yunnan); Si Renfa’s forces were defeated and fled to Mengyang (present-day within northern Burma). In the course of the fighting, both sides used firearms: “hand cannon, crossbows, and stones fell like rain,” and more than 10,000 of the Si forces drowned in the Longchuan River (also called the Mengmao River). The Ming army returned in triumph. In the eighth month of the seventh year, because Si Renfa’s son Si Jifa again occupied Luchuan and continued to cause unrest, the Ming court repeatedly ordered Wang Ji to lead a punitive campaign; in the second month of the fourteenth year, he built warships and pontoon bridges, and, braving the natural barrier of the Jinsha River, captured Mengyang, and Si Jifa’s whereabouts became unknown thereafter. Afterward, Si Renfa’s youngest son, Si Lu, in turn occupied Mengyang and confronted the Ming army in a standoff. Wang Ji, after much deliberation, concluded a settlement with Si Lu, whereby, in consideration that the Ming army was exhausted from prolonged campaigning and difficult to bring to a swift resolution, he agreed to allow Si Lu to occupy Mengyang, with the Jinsha River set as the boundary. Si Lu, willing to abide by this agreement, thereupon prompted Wang Ji to withdraw his army in triumph. Mengyang thus became the foothold of the armed forces of Si Lu, who now possessed hand cannon.

The Ming court’s fierce fighting against the Si clan of Luchuan lasted as long as ten years, employing troop strength of between approximately 50,000 and 150,000; calculated according to the organization and equipment that the Ming army had by then developed, at least 20 percent of the soldiers used hand cannon, and the hand cannon actually used in the fighting ought to have been between 10,000 and 30,000; adding in the consumption and resupply required in every engagement, the maximum quantity of hand cannon deployed may have reached 50,000. If fire-arrows are further added to this, then the number of firearms used by the Ming army was even greater. Apart from those consumed, some of these firearms were abandoned by the Ming army on the battlefield, and some were captured by the Si forces after the Ming army’s defeats. Therefore, of the hand cannon and other firearms used by the Si clan’s forces, apart from those of their own manufacture, a considerable portion were obtained from the Ming army. It can be seen that, from the time of Si Lu onward, the Si clan’s forces entrenched at Mengyang were, at the least, an armed force equipped with a certain quantity of hand cannon. These hand cannon, as the Si clan’s forces went on to occupy Awa (present-day Ava City, Burma), were brought into Burma.



(3) Si Lu’s Use of Firearms to Overthrow the Kingdom of Ava

After occupying Mengyang, Si Lu gained an opportunity to build up his strength and accumulate resources through careful cultivation, on the one hand carrying on trade in gems and other goods with Ming merchants, thereby increasing his economic strength, and on the other hand using his growing economic resources to purchase and manufacture firearms, seeking an opportunity for expansion. From Zhengde 6 to Jiajing 6 (1511–1527), he waged repeated wars against the people of Burma using firearms. In Jiajing 6, Si Lun, the local chieftain of Mengyang, taking advantage of the moment when the Kingdom of Ava, worn down by years of continual warfare, had exhausted its national strength, joined forces with the local chieftain of Mubang, and, using firearms, occupied the city of Ava, killed the King of Ava, Mang Jisui (that is, Thohanbwa), and installed his own son Si Honfa as King of Ava, bringing about the brief period of Si-clan rule in the history of the Kingdom of Ava①. In Jiajing 22, Si Honfa was killed by the Burmese minister Mingjiyexiang, and the armed forces and firearms possessed by his followers all passed into the hands of the Burmese.



(4) Firearms Appearing in the Documents of the Burmese and the People of Mengyang

Professor Sun Laichen of the University of California, drawing on materials he has gathered over many years, has meticulously compiled and set out in detail the firearms used, according to the accounts of the Burmese and the people of Mengyang, by every party in the various wars of the Kingdom of Ava, among which the data for the firearms used in the wars between 1404 and 1527 have a certain reference value; these have now been transcribed, with slight adjustment, into Table 5-6 for reference②.

Table 5-6 Firearms Appearing in the Records of the Burmese and Mon Peoples as Used in Warfare










	Year of the War (CE)
	Combat Region
	Type of Firearms Used
	Parties to the Conflict





	1404
	Pyinya
	Hand cannon, cannon
	The people of Ava against the people of Bago



	1404
	Myede
	Hand cannon, cannon
	The people of Ava against the people of Bago



	1404
	Bago
	Unclear
	The Indians, Bharangyi



	1405
	Hlaing (Liang City)
	Hand cannon, cannon
	The people of Ava against the people of Bago



	1405
	Pyinya
	Hand cannon, cannon
	The people of Ava against the people of Bago



	1408
	Pyinya
	Hand cannon, cannon
	The people of Ava against the people of Bago



	1409
	Bago
	Hand cannon, cannon
	The people of Ava against the people of Mengyang



	1409
	Basein
	Hand cannon, cannon
	The people of Bago against the people of Ava



	1411–1412
	Pyinya
	Hand cannon, cannon
	The people of Ava



	1415
	Basein
	Hand cannon, cannon
	The people of Bago



	1415
	Dagon
	Hand cannon, cannon
	The people of Bago



	1416
	Basein
	Hand cannon, cannon
	The Indians, Bharangyi



	1418
	Mawbi
	Hand cannon, cannon
	The people of Ava



	1440
	Pyinya
	Unclear
	The people of Pyinya against the people of Ava



	1466
	Ava
	Hand cannon, cannon
	The people of Ava against the people of Bago



	1481
	Yamethin
	Hand cannon, cannon
	The people of Yamethin against the people of Ava



	1485
	Yamethin
	Hand cannon, cannon
	The people of Yamethin against the people of Ava



	1511
	Meiktila
	Hand cannon, cannon
	The Shan people against the people of Ava



	1524
	Jiaodelong
	Hand cannon, cannon
	The people of Ava against the Shan people



	1524
	Tonbilu
	Cannon
	The Shan people against the people of Ava



	1524
	Dongwu
	Hand cannon, cannon
	The people of Dongwu



	1525
	Ava
	Cannon
	The people of Ava



	1526
	Ava
	Hand cannon, cannon
	The people of Ava against the Shan people



	1527
	Ava
	Hand cannon
	The Shan people against the people of Ava





The above table shows that, owing to the introduction and use of Ming-dynasty hand cannon, Burma, from the beginning of the fifteenth century to the beginning of the sixteenth century, employed hand cannon and cannon in nearly every war (there being little distinction between the two, apart from a difference in size), and moreover displayed a trend of advancing and expanding from northern to southern Burma; this likewise reflects the geographical pattern by which the Ming army’s firearms were imitated and used by the Burmese, and the historical fact of the spread of Chinese firearms into Burma.



(5) The Interpretation of Firearms Entries in Burmese-Chinese Dictionaries

In the fifteenth century, a Burmese-Chinese dictionary was produced in Burma, in which the word “cannon” is written in Burmese as miboknye, meaning a small-type weapon; the word “hand cannon” is written in Burmese as mibokkyi, meaning a large-type weapon. The interpretation of these two words

derives from China’s hand cannon and cannon-and-artillery of the Yuan and Ming periods; “cannon-and-artillery” and “hand cannon” were the same thing, and there was no distinction between them in an academic sense. Of particular interest is that the common element shared by these two vocabulary words, mibok, means in Burmese “the spurting-forth of flame,” which brings to mind the flying-fire lance and the rushing-fire lance created in China’s Southern Song period, both of which, upon ignition and firing, spurted forth flame. Therefore, the interpretation of mibok is sufficient to demonstrate that the hand cannon and cannon used by the Burmese people, like the hand cannon used by the Ming army, both evolved and developed from the bamboo-tube flying-fire lance and rushing-fire lance of China’s Southern Song period.




2. The Rise of Hand-Cannon Research in Annam

Although China’s gunpowder and firearms technology had already been transmitted to Annam at an early date, the high tide of the hand cannon’s transmission into Annam occurred, however, in the period from the end of the fourteenth century to the fifteenth century, and this transmission proceeded chiefly by way of warfare.


(1) Hand Cannon Appeared in the War between Annam and Champa

Annam and Champa (also called Chiêm Thành) had crossed swords with one another many times in history. After Zhu Yuanzhang founded the Ming dynasty, he once mediated between the two sides over this matter: “Champa and Annam both serve the court, both receiving the true calendar; yet they attack one another on their own authority, poisoning the lives of the people, thereby both failing in the propriety due a sovereign and violating the way proper to neighbors. I have already informed the King of Annam, ordering him at once to cease hostilities. This country [meaning Champa] ought likewise to cultivate good faith and repair relations, each preserving its own territory.”① However, at the end of the fourteenth century, Champa, taking advantage of Annam’s decline, repeatedly encroached upon it, three times within seven years attacking and capturing Thang Long (present-day Hanoi), burning and plundering, so that the people of Annam bore deep resentment. In Hongwu 23 (1390), the King of Champa, Po Binasuor, died in a naval battle. The historical records of the Annamese state that Po Binasuor was killed by a hand cannon. Thereafter, Champa fell into decline from which it never recovered. It is said that the hand cannon used by the Annamese at the time were obtained from deserters of the Ming army. This was because, at that time, gunpowder- and hand-cannon-manufacturing workshops existed in the regions of Yunnan and Guangxi, capable of supplying garrison troops with fairly large quantities of gunpowder and hand cannon, and, in addition, among the garrison troops of the various guard posts of the early Ming there were not a few soldiers who, unable to bear the cruel oppression and exploitation of officers of every rank, deserted in large numbers; according to the History of the Ming, Treatise on the Military, Part 4, during the Hongwu reign the number of deserting soldiers had already reached several tens of thousands, of whom the soldiers deserting from Guangxi and Yunnan alone numbered in the tens of thousands as well. Therefore, it is nothing to be wondered at that the Annamese should have confiscated hand cannon from among their number. Moreover, according to Zhang Xie’s account in the Investigations of the Eastern and Western Oceans: in Hongwu 4, the Ming court once transferred a considerable quantity of weapons to Champa, among which were, naturally, hand cannon and other kinds of firearms②.



(2) Hand Cannon Flowed in Large Quantities into Annam through the Fighting between the Ming Army and the Annamese Army

Section 4 of this chapter has already mentioned that, when the Ming army occupied the city of Duobang in Annam in the twelfth month of Yongle 4 (1406), the hand cannon and divine-mechanism arrows used by the divine-mechanism-hand-cannon-and-artillery troops played an important role. Naturally, it was likewise nothing to be wondered at that a certain quantity of hand cannon should have been abandoned by the Ming army on the battlefield and obtained by the Annamese army.

From Yongle 6 to Xuande 3 (1408–1428), the Ming army fought numerous large-scale engagements against the Annamese (at that time called Dai Viet) army, on each occasion deploying at least thirty or forty thousand troops, and as many as sixty or seventy thousand, including not only garrison troops, naval forces, and cavalry, but also divine-mechanism-hand-cannon-and-artillery troops. In these numerous engagements, although the Ming army won victory on many occasions, its losses in men and officers, and the quantity of hand cannon and matériel it abandoned, were likewise considerable. For example, from the sixth month to the twelfth month of Yongle 6, 40,000 Ming troops were defeated at the Sheng-Sha River; in Yongle 22, the Ming army was defeated at Chaliongzhou; in the eleventh month of Xuande 1 (1426), the Ming army lost twenty or thirty thousand men in the battle of Ningqiao in Yingping County; in the ninth month of Xuande 2, the 70,000-strong Ming army led by the Marquis of Anyuan, Liu Sheng, including the crack troops of the Divine Engine Battalion, was annihilated in its entirety at Daomapo. The several tens of thousands of hand cannon with which these more than 100,000 Ming troops were equipped were, in their entirety, captured by the Dai Viet army. Le Loi (1385–1433), taking advantage of the opportunity, deposed Trần Cảo and set himself up as king, naming his state Dai Viet, and establishing his capital at Dong Kinh (present-day Hanoi); this dynasty is known in history as the Vietnamese Le dynasty.



(3) The Great Increase in Hand Cannon of the State of Dai Viet and Its Outward Expansion

After Le Loi founded the state of Dai Viet, he vigorously carried out reforms, and by the time of Le Thánh Tông (1460–1497), the

national strength had reached its zenith, and he exerted himself to the utmost to expand his army and navy; apart from a standing force of sixty or seventy thousand, he also had 220,000 reserve troops. He also recruited craftsmen from among the populace, establishing the “Hundred Workshops Bureau,” gathering raw materials such as bronze and saltpeter to manufacture hand cannon, fire-arrows, and other various kinds of firearms, so as to improve the army’s equipment①. At the same time, because the country was relatively stable internally, and relations with the Ming had eased, he thereupon concentrated his strength in expanding his territory southward. In the spring of Chenghua 7 of the Ming (1471), the Dai Viet army, already equipped with signal cannon and large numbers of hand cannon, captured Vijaya, the royal capital of Champa (present-day Quy Nhon, Vietnam), and annexed four-fifths of its territory, taking captive its king, Trà Toàn. In Chenghua 14, moreover, an army of 180,000 troops of Dai Viet invaded Laos, and, having occupied Luang Prabang, the capital city of its “Southern Palace Kingdom,” threatened China’s Xishuangbanna, penetrating as far as the Irrawaddy River basin of the Kingdom of Ava, becoming the strongest state in Indochina. It was only owing to the warnings of China’s Ming court and the resistance of the Kingdom of Lan Na (called in Chinese historical records the “Kingdom of Eight Hundred Wives,” also named the Kingdom of Muang Yonok, whose inhabitants were accordingly called “the Lan Na Thai” or “the Thai Yuan”) that it withdrew in Chenghua 20. In Zhengde 5 of the Ming (1510), after Xiangyi ascended the Dai Viet throne, the state’s power went into decline, and its momentum of expansion came to an end.




3. The Rise of Firearms Research in the Kingdom of Lan Na

The Kingdom of Lan Na was a state established by the Thai people, centered on Chiang Mai, in the thirteenth century (its territory corresponds roughly to present-day northern Thailand); it bordered China’s Xishuangbanna, and Thai historical records refer to it as “Lan Na,” meaning “the country of a million rice fields.” During the reign of King Mangrai (referred to in Chinese historical records as the “Queen’s Kingdom”), the Lan Na Thai incorporated the Lamphun region, which had originally been under its rule, into its own territory, and later annexed the Thai state of Phayao as well; from this time on the Lan Na Thai became dominant in northern Thailand, establishing its capital at Chiang Mai City in 1296. Its history is recorded in the Chiang Mai Chronicle and the Lan Na Annals.

In the eleventh month of Ming Yongle 3 (1405), the Ming court, using as pretext the fact that the Lan Na Thai had obstructed its diplomatic mission on its way to Assam (that is, ancient Kamarupa), dispatched 17,000-odd Ming troops, equipped with hand cannon, to attack Lan Na, and the Lan Na Thai assembled a force of more than 52,000 men to resist using hand cannon. The hand cannon used by the Lan Na Thai were, generally speaking, the same as those used by the Si clan of Luchuan in Yunnan, most of them obtained from deserters of the Ming army. Thereafter, records of the Lan Na Thai using hand cannon in warfare become increasingly frequent.

In Yongle 9, the army of the Kingdom of Ayutthaya (present-day north of Bangkok, Thailand, meaning “the Invincible City,” also called the “Great City”) invaded the Kingdom of Lan Na. The defenders of Pha Yao City used bronze hand cannon to shoot dead 200 men of Ayutthaya.

According to the Chiang Mai Chronicle, in Ming Zhengtong 8 (1443), King Borommarachathirat II of Ayutthaya came to Nan, and dispatched the Queen to lead an army to attack and occupy Pha Yao City. There was a Dai Viet commanding officer named Pan Sangkai (able to command 1,000 soldiers in battle, equivalent to a Ming guard-level commanding officer), who recommended himself to the Queen as capable of operating hand-cannon-and-artillery (that is, hand cannon), and offered to assist the Queen in bombarding the enemy, and, on the spot, shot off the crown of a palm tree beside the gate of Pha Yao City, then again shot down the trunk of the tree. The defenders of Pha Yao City at last surrendered. This record shows that, after the Dai Viet people had learned the technique of hand-cannon marksmanship from the Ming dynasty, they in turn transmitted it to Thailand.

It is an interesting fact that, in the Lan Na Thai historical records the Chiang Mai Chronicle and the Nan Chronicle, cannon-and-artillery are termed “Pucao.” Within this special term, part corresponds to the Chinese-character romanization “Pao” for China’s word “cannon” (炮), which would appear to be a reflection, in the formation of the word, of the transmission of the Ming-dynasty hand cannon into Thailand. The fire-arrow was likewise a type of firearm transmitted into Thailand from the Ming dynasty. Both of these categories of firearms were manufactured and used many times in Thailand’s internal and external wars in the late fifteenth century.

In the later period of the Chenla Kingdom’s Angkor dynasty (802–1431), it was repeatedly defeated by the Thai state of Ayutthaya. In 1431, the Ayutthaya army captured Angkor, the capital of Chenla. After the Crown Prince of Chenla restored the state, he moved the capital to Phnom Penh in 1434; the country’s national strength weakened, and, apart from the manufacture of fireworks, there are very few historical records concerning the use and research of firearms prior to the fifteenth century.

Laos was only unified under the rule of Prince Fa Ngum in 1353, who established the Kingdom of Lan Xang (also called the Kingdom of Muang Sua), with Luang Prabang as its capital. In the fifteenth century,

due to internal power struggles and the invasions of the Dai Viet army, it fell for a time into a period of decline, and, apart from manufacturing some fireworks, it possessed no capability of using or researching firearms.

Although Chenla and Laos left no record of their own use or research of firearms at that time, in the course of resisting the invading armies of the Lan Na Thai kingdom and of Dai Viet, they saw, or even obtained, hand cannon and fire-arrows and other such firearms.




Section 6 Zheng He’s Voyages to the Western Oceans and the Spread of Firearms to the Coastal Countries of Southeast Asia

The construction of large treasure ships, and the imperially commissioned Zheng He (1371–1433) organizing a fleet to sail the Western Oceans, was not an isolated act on the part of the Ming court, but was rather one part of the grand strategy of statecraft of the immensely talented and far-sighted Yongle Emperor, Zhu Di, for maintaining and consolidating the security and unity of a multi-ethnic state.


1. Zheng He’s Voyages to the Western Oceans and the Yongle Emperor’s Grand Strategy of Statecraft

After Zhu Di ascended the throne, in view of the domestic and international circumstances of the time and the comprehensive national strength accumulated over many years, he adopted, from the first year of Yongle onward, a strategy combining active defensive preparation with military counterstrikes, so as to maintain and consolidate, at a fundamental level, the security and unity of the multi-ethnic state: pacifying or repelling the hostile forces in the northeast, north, northwest, and southwest that endangered the unity and security of the nation; expanding the garrisons and guard posts in the coastal regions and building additional warships, so as to annihilate the invading Wo pirates and sea bandits; and commissioning Zheng He to lead a vast diplomatic mission out to the various states of the Western Ocean, to proclaim the Ming court’s policy of peaceful diplomacy of “sharing peace under Heaven together” and “common development,” and to develop friendly relations with the countries of Southeast Asia and Africa, in the hope of thereby achieving, at a fundamental level, the effects of “subduing the enemy’s troops without fighting” and clearing away the perils of the sea. The grand strategy of statecraft that Zhu Di adopted did, on the basis of the enormous price paid by the whole country, achieve a certain degree of success: it maintained and consolidated the security and unity of the nation, raised the international standing of the Ming dynasty, established the image of a great and powerful nation upholding peace, built up a powerful navy, pacified and won over the refugees who had for many years fled to the offshore islands, annihilated the bandits entrenched upon those islands, swept away the scourges menacing the various states of the Western Ocean, opened up ten thousand li of maritime territory, and removed the obstacles to the Ming dynasty’s peaceful exchanges with the states of the Western Ocean. All of these things, one and all, advanced the implementation of Zhu Di’s grand strategy of statecraft.



2. Organization of Fleet Personnel According to the Ming Military Garrison System

In the 28 years from Yongle 3 to Xuande 8 (1405–1433), Zheng He’s fleet sailed the Western Oceans seven times, and on each occasion the number of men departing on the voyage was, for the most part, above 27,000. Under the circumstances of the time, when Wo pirates and sea bandits ran rampant upon the seas and the sea routes were fraught with many hazards, a fleet lacking armed escort would certainly have met with far more misfortune than good luck; therefore, the Ming court ordered Zheng He to organize the fleet for its sea voyages according to the organizational system of the garrisons and guard posts of the early-Ming military. Taking as an example the fourth voyage to the Western Ocean, in Yongle 11 to 13 (1413–1415), the fleet had, in total, 27,670 persons, including officers, banner-soldiers, braves, interpreters, civilian porters, and buyers and clerks. Among these there were 868 civil and military officials (actual tally 896), and 26,800 soldiers (excluding officers of every rank). Of the 27,670 men, apart from the 7 members of the diplomatic mission proper and the personnel providing for the voyage’s logistical support, there were more than 26,000 escorting officers and soldiers.

Among the 896 officials, there were 2 Chief Military Commissioners, 93 Guard Commanders, 140 Chiliarchs, and 403 Centurions, forming a pyramid-shaped hierarchical sequence of officer ranks at every level. The lowest-ranking officers were the centurions, who were the most numerous in number; the highest-ranking officers were the fewest in number, there being only 1 Commander-in-Chief and 2 Chief Military Commissioners. In the fragmentary records concerning Zheng He’s fleet on its voyages to the Western Ocean found in the Veritable Records of Ming Taizong, the names also appear of 7 guards stationed in the region near the metropolitan area and Yingtian Prefecture (present-day Nanjing): among the imperial bodyguard units on duty near the emperor’s person, the Embroidered-Uniform Guard, the Right Palace Guard, and the Left Golden-Feather Guard; among those under the Chief Military Commission of the Right, the Right Guard of the Naval Forces; under the Chief Military Commission of the Front, the Left Guard of Longjiang; and under the Chief Military Commission of the Rear, the Kuanhe Guard①. The rank of the fleet’s commander-in-chief, Zheng He, and of the deputy commander-in-chief, Wang Jinghong, ought to have corresponded to that of Left and Right Chief Military Commissioners respectively.

From this, it can be seen that the ranks of the escorting military officers of Zheng He’s fleet sailing the Western Ocean corresponded, in a system of five graduated ranks, exactly to the ranks of the military officers of the garrisons and guard posts of the Ming army. Namely: Left and Right Chief Military Commissioner (including Vice Chief Military Commissioner and Assistant Chief Military Commissioner), Regional Military Commissioner (including Vice Regional Military Commissioner and Assistant Regional Military Commissioner), Guard Commander (including Vice Guard Commander and Assistant Guard Commander), Chiliarch (including Deputy Chiliarch), and Centurion. Although the two systems shared identical official ranks, the numbers of officers and soldiers within each rank differed to a certain degree, on account of the differing duties of the navy and of the garrison troops of the guards and posts, and there were likewise certain distinctions in the establishment of command and administrative organs, that is, business departments, at each level.

On this basis, Zheng He’s fleet on its voyages to the Western Ocean appears to have been organized into three regional-commission-level fleets, respectively called the Central Army, the Left Army, and the Right Army: the Central Army was directly commanded by the Commander-in-Chief and Deputy Commander-in-Chief; the Left Army and Right Army were each commanded by one Chief Military Commissioner together with several Guard Commanders (a practice of assigning higher-ranking officers to lower-level commands); each Chief-Military-Commissioner-level fleet could, as needed, be subdivided into several guard-level fleets; each guard-level fleet could be subdivided into several chiliarch-level fleets; each chiliarch-level fleet was divided into several centurion-level fleets; each centurion-level fleet commanded several vessels. The number of personnel and the armaments and equipment of the entire fleet, of all its vessels, and of the fleets at every level, were all assigned according to need①.



3. An Investigation into the Weapons and Equipment of Zheng He’s Fleet

The weapons with which Zheng He’s fleet on its voyages to the Western Ocean was equipped included both cold weapons and firearms. Although the cold weapons underwent certain innovations under the Ming, they were, in form and construction, basically the same as those of previous dynasties, and need not be listed again in detail here. The equipping of firearms is mentioned only in the Gazetteer of the Countries of the Western Ocean, without detailed record. That book states: on the fourth day of the fifth month of Xuande 5 (1430), the Xuande Emperor of the Ming, Zhu Zhanji, issued an edict to Yuan Cheng and others, the officials in charge of the storehouse of the Nanjing garrison headquarters, ordering the release of firearms for Zheng He and others, on the occasion of the seventh voyage to the Western Ocean: “Now I command Grand Eunuch Zheng He and the others to proceed to the various states of the Western Ocean, including Hormuz, aboard sixty-one large and small ships (that is, vessels)…… together with the military firearms, paper materials, oil-candles, and firewood-charcoal to be carried aboard the accompanying ships, as well as the customary annual allotment of wine, oil, and candles, and so on, for the internal officials and eunuch attendants. Upon their arrival, you are at once to release and issue these to Grand Eunuch Zheng He, Wang Jinghong, Li Xing, Zhu Liang, Yang Zhen, and Assistant Eunuch Hong Bao and others, for them to receive and apply as needed, permitting no delay or negligence.”② Apart from mentioning the firearms to be released, the edict also mentions the paper fuse-cord (fire fuse), oil-candles (for illumination), and firewood-charcoal (used, ignited within a fire-basin, as the ignition source for firing hand-cannon projectiles) supplied for use together with the firearms when fired. From the content of the edict, it can be known that the military supply storehouses under the Office of Carriage Control of the Nanjing Ministry of War at that time had in reserve large quantities of firearms, actually capable of supplying, in a single instance, the full complement of firearms equipment for 61 large and medium-sized ships, which is sufficient to show how great was the production capacity of the various firearms-manufacturing workshops of the time.

However, apart from this edict, there is very little record in the historical texts concerning the Ming dynasty relating to the circumstances of the firearms equipment of Zheng He’s fleet on its voyages to the Western Ocean. The present author, taking as a point of reference the relevant historical materials cited in Sections 1 through 4 of this chapter, has explored comparatively reliable evidence—such as the firearms used in the many wars from the end of the Yuan through the early Ming, the fixed quotas of Ming-army weapons equipment repeatedly promulgated by the Ming court, the firearms manufactured by the Ming military-industrial system, and the hand-cannon-and-artillery, transmitted or excavated, of the period—from which to deduce, in broad outline, the firearms equipment of Zheng He’s fleet on its voyages to the Western Ocean.


(1) The Firearms with Which Zheng He’s Fleet Was Equipped on Its Seven Voyages to the Western Ocean

These included incendiary fire balls of every kind (Fig. 2-1 and Photograph 2 of this book), gunpowder-arrows (Fig. 2-2, 2-3), swarm-of-bees fire-arrows (Fig. 7-20), flame-spraying lances and flame-spraying tubes (Fig. 7-23), the Hongwu hand cannon (Fig. 5-1, 5-2), the Yongle hand cannon (Photograph 5), the Yongle medium-sized hand cannon (Fig. 5-5), the brigand-striking lancet hand cannon (Fig. 5-6), the Hongwu bowl-mouth hand cannon (Fig. 5-3), the Laizhou-Guard large cannon barrel (Photograph 4), the Yongle light hand-cannon-artillery (Fig. 5-7), and so on. In addition, a “Sha” character hand cannon has recently also been gathered (Photograph 7), its barrel body bearing the inscribed characters “Sha character No. 640 bronze hand cannon,” and so forth, excavated by the Jiangsu Provincial Construction Company in March 1959 at a small market outside Zhongyang Gate in Nanjing. Although the reign-date inscribed upon this hand cannon’s inscription is illegible, it resembles in form and construction

the “Qi character No. 12,046” medium-sized hand cannon of the same type made in Yongle 13 (1415). The character “Sha” prefacing this hand cannon’s serial number would appear possibly to indicate that it was, at the time, specially equipped to the naval forces.



(2) Setting Sail with Advanced Firearms Equipment from the Very Outset

When Zheng He set sail on his first voyage to the Western Ocean in Yongle 3, Zhu Di had already firmly seated himself upon the dragon throne, wielding authority entirely by his own decision, and the newly built and refitted vessels already numbered more than 1,800; throughout the Hongwu reign, more than ten thousand hand cannon had already, in cumulative total, been manufactured. Once equipped with these hand cannon, the naval forces gained, as it were, wings added to a tiger. If it is said that, in Hongwu 26 (1393), the fixed quota of firearms with which a single ocean-going naval vessel was equipped was: 16 hand cannon, 4 bowl-mouth hand cannon, 20 fire-lances, 20 fire-attack arrows, 10 hedgehog-and-caltrop mortars, 1,000 hand-cannon ramrod-plugs (for sealing the hand-cannon muzzle), 30 divine-mechanism arrows, and 20 fire-forks, then, twelve years later, the firearms equipment of a naval warship of the same tonnage would at the very least have increased by 50 percent, that is, 24 hand cannon, 6 bowl-mouth hand cannon, 30 fire-lances, 30 fire-attack arrows, 15 hedgehog-and-caltrop mortars, 1,500 hand-cannon ramrod-plugs, 30 divine-mechanism arrows, and 30 fire-forks. It can be seen that, from the very outset of its voyage to the Western Ocean, Zheng He’s fleet weighed anchor and set sail already equipped with advanced firearms.



(3) The Upgrading of the Fleet’s Firearms Equipment on Its Voyages to the Western Ocean

From the excavated hand-cannon specimens, it can be known that, by the time of Zheng He’s fleet’s third voyage to the Western Ocean in Yongle 7, more than 23,600 Yongle-standard hand cannon had already been manufactured, and more than 2,000 Yongle-type light hand-cannon-artillery had already been manufactured, providing ample conditions for the updating and replacement of the Hongwu-type hand cannon, with which the fleet on its voyages to the Western Ocean was equipped, by Yongle-type hand cannon. Along with this updating and replacement of hand-cannon types, the quantity of hand-cannon equipment would also once again have been correspondingly increased.

The excavated hand-cannon specimens show that, by Yongle 12, the quantity of Yongle-type improved hand cannon manufactured had already approached 50,000, once again creating the conditions for a third upgrade in the quantity of hand cannon with which Zheng He’s fleet on its voyages to the Western Ocean was equipped.

By Xuande 6 (1431), when Zheng He’s fleet undertook its seventh voyage to the Western Ocean, the quantity of Yongle hand cannon manufactured had already reached 70,000 to 80,000, and the hand cannon stored in reserve at the Nanjing Ministry of War military supply storehouse alone could satisfy the need for equipping hand cannon to the 61 ships of the fleet on its voyage to the Western Ocean, and a fourth upgrade in the quantity of hand-cannon equipment ought reasonably to have taken place at this time as well. If compared with the quantity of firearms with which an ocean-going vessel of the same class was equipped in Hongwu 26, it appears possible that there was an increase of two- to three-fold, that is, 32 to 48 hand cannon, 8 to 12 bowl-mouth hand cannon, 40 to 60 fire-lances, 40 to 60 fire-attack arrows, 20 to 30 hedgehog-and-caltrop mortars, 2,000 to 3,000 hand-cannon ramrod-plugs, 40 to 60 divine-mechanism arrows, and 20 fire-forks. From this it may be inferred that the firearms equipment of a naval warship of the same tonnage at that time would not have been lower than this figure. At the same time, the quantity of cold-weapons equipment might have decreased by as much as half, with many soldiers who had used cold weapons switching instead to the use of firearms.




4. The Combat Operations of the Escorting Ming Forces and the Spread of Firearms

Zheng He’s fleet, in the course of its seven voyages to the Western Ocean, once fought two relatively large-scale battles of self-defense.

The first battle of self-defense occurred during the first voyage to the Western Ocean, from Yongle 3 to 5 (1405–1407). In the ninth month of Yongle 5, Zheng He’s fleet, on its return voyage, visited the Old Port (present-day Palembang, on the island of Sumatra, Indonesia); Zheng He dispatched men to persuade Chen Zuyi, a pirate who had for many years lain entrenched in this place, killing men and plundering goods and seriously endangering the safety of the South Sea sea routes, to reform his ways and submit to the court, whereupon he pledged loyalty to the Ming dynasty. The treacherous and deceitful Chen Zuyi outwardly professed submission while inwardly harboring rebellious intent, secretly gathering his accomplices and plotting to plunder the treasures of Zheng He’s fleet. According to the record in juan 71 of the Veritable Records of Ming Taizong, after Zheng He received a secret report from a Chinese leader named Shi Jinqing, he at once mobilized his troops and prepared for battle. When Chen Zuyi came to plunder, “[Zheng] He led his troops out and gave battle; [Chen] Zuyi’s forces suffered a great defeat, more than 5,000 of the bandit host being killed, ten of his ships burned, and seven captured, together with two counterfeit bronze seals; [Chen Zuyi] and his followers, three men in all, were taken alive and brought to the capital, where an order was given that they all be beheaded.”① This battle rid the Southeast Asian region of a great scourge, safeguarding the security of the South China Sea sea routes, and enabling the peoples of every country to enjoy peace and tranquility. This was a large-scale battle at sea,

and although the Veritable Records of Ming Taizong does not record the process of the battle nor the manner in which it was fought, to kill more than 5,000 bandits and burn ten ships in a naval battle fought at long range could not have been achieved relying on hand-to-hand combat and boarding actions using cold weapons alone; only the combined use of incendiary firearms of every kind together with hand-cannon-and-artillery could have produced such tremendous killing and destructive power.

The second battle of self-defense occurred during the second voyage to the Western Ocean, in Yongle 8 (1410), on the occasion of a second visit to Ceylon. At that time the King of Ceylon, Alagakkonara, was arrogant and overbearing, held the Ming dynasty in contempt, and sought to do harm to Zheng He’s diplomatic mission. Having become aware of this, Zheng He at once departed for another country. The King of Ceylon repeatedly invited the Ming court’s envoys to and fro. When Zheng He’s fleet, on its return voyage, again passed through Ceylon, the King of Ceylon lured Zheng He’s mission “into the interior of the kingdom, and dispatched 50,000 troops to plunder [Zheng] He’s forces and cut off his route of return. [Zheng] He thereupon led his 2,000 infantry, and, taking advantage of the enemy’s undefended rear, by a secret route seized the city [of the capital] by surprise, capturing Alagakkonara alive, together with his wife and children and chief officials, and presented them as captives to the court.”① Although this record states that Zheng He achieved victory by the strategy of avoiding strength and striking at weakness, relying on this method alone would have been difficult to achieve victory over a powerful enemy under conditions of such disparity in troop strength. That the escorting Ming forces used advanced firearms to swiftly seize the city was, in all likelihood, an important tactic employed.

In addition, the Register of Selected Garrison-and-Guard Military Officers, held in the archives of the First Historical Archives of China, further records numerous instances in which escorting Ming officers and soldiers were promoted and rewarded for their meritorious service in battle. Among the places of engagement listed in these records are the Old Port, Cotton Islet Ocean (present-day the western coast of the Malay Peninsula), and Aru Ocean (present-day the central-northern part of the island of Sumatra), and so forth②.

From the records cited above, it can be known that, in the course of its seven voyages to the Western Ocean, Zheng He’s fleet fought numerous battles of self-defense at such places as Ceylon and Java (present-day Indonesia), and the hand-cannon-and-artillery and other firearms with which the Ming army was equipped were thereby spread to these countries as well.

According to Mr. Sun Laichen: firearms technology “had already spread, through Zheng He’s voyages to the Western Ocean and maritime trade, to the maritime countries of Southeast Asia. For example, a Chinese bronze hand cannon dated to 1421 (Ming Yongle 19) has been discovered in Java. By the mid-fifteenth century, Chinese Muslims were already manufacturing cannon and fireworks there. Even so, present-day historians still point out that, although the peoples of the maritime countries (such as the Malays, the Javanese, and the Achinese) were already quite familiar with firearms before 1511, they never developed their cannon into a powerful weapon of war…… in the maritime countries of Southeast Asia, firearms were used more in their spiritual life than in actual military operations.”③



5. The Rise of Gunpowder and Firearms Technology in India

Although India is situated in South Asia, its northeastern region borders on Burma and other places, and the Indian people, in the course of their fifteenth-century contacts with the Burmese, who excelled at the use of firearms, learned this technology. At the same time, India also maintained frequent contact with China by sea route; during nearly every one of Zheng He’s fleet’s seven voyages to the Western Ocean, India was visited, the places called at including Calicut, Cochin, Coilum, Cambay, Dhofar, and Kollam, among which Calicut and Coilum were visited as many as seven times, being places visited on almost every voyage. In the trade between China and India under the Ming, India’s imports from China consisted chiefly of metals, metal products, and saltpeter used in manufacturing gunpowder.

Extant early Sanskrit or Persian manuscripts of India concerning gunpowder and rocketry technology mostly date from the later period of the Delhi Sultanate (1206–1526). Around 1500, the Odia scholar Prataparudradeva began using the word Vana to denote fireworks. On this basis, the Indian historian

Gode states that the sense of “rocket” was given to the word Vana only after 1400. Therefore, the transmission of Chinese gunpowder and firearms to India cannot be earlier than 1400. Gode holds that, around 1400, someone introduced a Chinese gunpowder formula, in which, besides saltpeter, sulfur, and charcoal, iron filings and other substances were also added. For a considerable period thereafter, the gunpowder technology of the Indian people found expression chiefly in the fireworks technology used for festive celebrations①. The rocket was first introduced by Dakhin, a man of the Bahmani Kingdom, the largest Islamic region in the northern Deccan of India, and came into use in warfare between 1435 and 1467. It was only after the mid-sixteenth century that India’s firearms technology came to see fuller application.




Summary

Following the first outward transmission of China’s ancient firearms in the Yuan dynasty, they were transmitted outward a second time in the early Ming period. The firearms transmitted on this occasion were chiefly the hand cannon of the early Ming, which spread by land and sea routes to the surrounding countries and to the maritime countries of Southeast Asia and South Asia, further expanding the influence, in these countries, of China’s ancient firearms centered upon the hand cannon.





Chapter Six The Development of European Firearms Research and Manufacture and the Use of Matchlock Guns and Cannon for Colonial Plunder

From the late fourteenth century to the fifteenth century, the productive forces of European society developed comparatively rapidly, and agriculture, handicrafts, and commerce all developed swiftly. Many prosperous cities appeared, such as Paris, Marseille, Lyon, and Normandy in France; London, Oxford, and Canterbury in England; Cologne, Augsburg, and Nuremberg in Germany; Florence, Venice, Genoa, and Milan in Italy; Barcelona, Cordova, and Valencia in Spain; Lisbon, Braga, and Bragança in Portugal; and Prague in Bohemia, among others. Of these, cities such as London, Paris, Augsburg, Nuremberg, Florence, and Venice had already become cities where the firearms manufacturing industry was comparatively concentrated and developed. Marx said: “The first beginnings of capitalist production… are to be found sporadically… in certain towns of the Mediterranean, by the fourteenth or fifteenth century.”①

From the fourteenth to the fifteenth century, the Renaissance occurred in Italy. It reflected the political demands of the newly rising bourgeoisie of the cities, criticized the feudal aristocratic system, and brought about the emancipation of people’s thinking, so that science, technology, culture, art, and education broke free of the shackles of theology and achieved great development. It drove and promoted the development of the manufacturing and use of gunpowder and firearms, while the development of firearms in turn became a weapon in the struggle of the burgher class against the feudal aristocracy. Thus Engels said: “Firearms were from the beginning the weapon of the towns and of the rising monarchy, allied against the feudal nobility. Before firearms could be invented, the stone walls of the noble’s castle, hitherto impregnable, fell before the cannon-balls of the burghers; the bullets of the burgher’s musket pierced the knight’s armour. With the armour-clad hosts of chivalry, the rule of the nobility was shattered.”②

During this period, the countries of Western Europe, whose economies were growing daily, in order to obtain the great quantity of goods and the markets of the East, saw a group of adventurers devote themselves to seafaring voyages across the ocean, carrying out colonial expansion. In order to overcome rival competitors and suppress the resistance of the plundered peoples, they competed with one another in manufacturing firearms. Whether firearms existed at all, the size of their numbers, and the quality of their manufacture, all became an important factor in determining victory over one’s rival. Therefore, need and opportunity together became the pair of wind-and-fire twin wheels on which the firearms of Europe were able to swiftly gather speed and fly forward at ever greater velocity.

① [German] Marx: Capital, Vol. 1, p. 904.

② [German] Engels: “The Force Theory (Continued),” in Anti-Dühring, see Marx-Engels Military Writings, Vol. 1, p. 13.


Section 1 The Rise of European Firearms Research and Manufacture

After Europe’s firearms took their first steps in the early fourteenth century, by the late fourteenth century they began to accelerate, an independent gunpowder manufacturing industry appeared, and the gun- and cannon-manufacturing industry likewise made evident progress.


1. The Rise of Gunpowder Manufacture

As to precisely when gunpowder manufacture began in Europe, this remains, down to the present day, obscure and cannot be determined with certainty. What can now be documented is that in places such as Augsburg, Spandau, and Regensburg in Germany, small gunpowder manufactories had already been established between 1340 and 1348, for manufacturing gunpowder.


(1) The Manufacturing Process of Gunpowder

At that time, gunpowder manufacture, from the selection and refining of raw materials to the finished making of the gunpowder, was all carried out by handicraft methods.

Selection and refining of raw materials. Saltpeter was for the most part naturally occurring crude saltpeter, generally scraped from rubble heaps, from the pens of horses, cattle, sheep, and pigs, and even from beneath the floor of household sleeping quarters, and used only after refining and purification; sulfur was for the most part gathered and purchased from the producing areas near the volcanoes of Sicily and other places in Italy, and used only after refining and purification; charcoal was for the most part made by selecting straight, evenly-formed, knot-free branches of hazel, white poplar, aspen, linden, elder, and hemp, which, after air-drying, were placed into a sealed charring kiln for carbonization, during which process great care had to be taken to prevent them from becoming over-carbonized, for otherwise they would become waste material.

Pounding and mixing the ingredients. The gunpowder-compounding methods of fourteenth- to fifteenth-century Europe were similar to those used in China’s early Northern Song. The method was: first pulverize saltpeter, sulfur, and charcoal into powder, and then, according to a fixed proportion and formula, place them into a mortar made of wood or stone and pound and mix them together using a pestle made of copper. The forms of the mortar and pestle are as shown in Figure 6-1:

Figure 6-1 Mortar and Pestle Used for Pounding and Mixing

Pounding and mixing was at first done entirely by hand labor, and later was also driven by oxen or by water wheel, which drove a stirring device, the stirring device mixing the saltpeter-sulfur-charcoal compound placed in the vessel. For the sake of safety, only 60 pounds of the mixture were placed in the stirring device at a time, and during the stirring process an appropriate amount of water was added, so that the mixture retained a certain moisture content, making it easier to knead. When stirring, the above quantity was usually divided into 6 portions for processing, and each work chamber was fitted with comparatively thick walls to serve as a barrier, so that even if an explosion occurred in one work chamber, it would not affect the safety of the other work chambers. After stirring and kneading, the gunpowder formed into lumps. These were then pulverized into coarse granules using a crushing device, and the fine powder was then sifted out, becoming powdered gunpowder.

The technological process of compounding gunpowder. The Japanese-published Scroll of Gunpowder Methods and the American-published Small Arms of the World①, both reproduce an illustration from a German pharmacopoeia, this illustration having been drawn around the year 1390, showing the technological process of handicraft gunpowder manufacture in Germany at that time (Figure 6-2).

① W. H. B. Smith, Small Arms of the World, 6th edition, The Stackpole Company, U.S.A., 1960, pp. 7–8.

In Figure 6-2-1, of the 2 people depicted, 1 holds an axe in his right hand and, in his left hand, holds something like a wooden stick that has become charcoal, and is engaged in chopping it up, so that it becomes fragments, which are then further reduced to coarse crumbs. In Figure 6-2-2 there are likewise 2 people, one of whom holds a wooden mallet in his right hand and, with his left hand, grips a wooden pestle, stirring the mixture in a stone mortar, the wooden mallet being on the point of striking the top end of the pestle so as to increase the pounding force; the other person holds a water cup in each hand and, with his left hand, is about to pour water into the mortar, so that the pounded material has a certain degree of moisture. In Figure 6-2-3, of the 2 people, 1 holds a pestle in his right hand and is stirring the material in the mortar, while 1 is adding water to the mortar. In Figure 6-2-4, a post-and-frame stands erect, on the frame is a sealed spherical vessel, inside the vessel are placed granules of the mixture of the three ingredients, which are being stirred and kneaded so as to become lumps of gunpowder. Finally the lumps are made into granules, which, after sifting, are handed over for use.

The method described above, of using hand labor and simple machinery to make gunpowder, was further improved by the fifteenth century, and the main points of this improvement can be discerned from illustrations published in certain European histories of firearms. For example, one history of firearms carries an illustration depicting the working scene of a workshop for refining potassium nitrate. This workshop was an important component part of the gunpowder-compounding manufactory, and was comparatively large in scale. In the illustration, the workers each have their own division of labor: some tend the fire, some stir the potassium nitrate solution, and some are in the process of refining it in a pot. Stored in the workshop are containers of various different shapes and sizes, holding, respectively, raw potassium nitrate material, solution, and the refined finished product (Figure 6-3). After undergoing the refining process, the impurities in the potassium nitrate were removed and its purity increased; using it to compound gunpowder then made it possible to raise the propellant power of the gunpowder. Therefore, although it is said that the formula-ratio of the gunpowder used in fifteenth-century Europe showed on the surface no great change, because the quality, that is, the purity, of the raw materials used had increased, its explosive power correspondingly rose, providing the conditions for the improvement of firearms in the fifteenth century.

Figure 6-2 Illustration of German Gunpowder Manufacture

Figure 6-3 Illustration of European Refining of Pure Saltpeter



(2) Gunpowder Formulas

From the mid-fourteenth century to the fifteenth century, gunpowder researchers in a number of European countries successively proposed a number of gunpowder formulas.

France’s early gunpowder formula. In 1338, the compounding ratio of the gunpowder formula used in France was: saltpeter 50%, sulfur 25%, charcoal 25%①. The compounding ratio of saltpeter, sulfur, and charcoal in this gunpowder formula was basically the same as that in the gunpowder formula recorded in China’s Wujing Zongyao, and still belonged to the category of an incendiary gunpowder.

Germany’s early gunpowder formula. In 1350, a German named Arderne proposed a gunpowder formula, in which the compounding ratio of saltpeter, sulfur, and charcoal was 66.7%, 22.2%, and 11.1%. That same year, England also published a gunpowder formula, whose compounding ratio was the same as this one. By the end of the fourteenth century, when German gunpowder manufactories compounded gunpowder, one batch of materials used was: saltpeter 4–6 pounds, sulfur 2 pounds, charcoal 1 pound. There were three variants of its compounding ratio: 66.7%, 22.2%, 11.1%; 62.5%, 25%, 12.5%; and 57.1%, 28.6%, 14.3%②. Among these, the compounding ratio of the first gunpowder formula was the same as the compounding ratio of Arderne’s gunpowder formula, and it may be said to be the gunpowder formula in comparatively general use in Germany, possessing a certain representativeness.

In addition, Europe used another gunpowder formula, whose compounding ratio was 66%, 16.5%, 16.5%③. Compared with the Arderne gunpowder formula, this formula has the same saltpeter content, while the ratio between the sulfur content and the charcoal content is 1:1, whereas in the Arderne gunpowder formula the ratio of sulfur to charcoal content is 2:1. The sulfur content in the latter formula is double the sulfur content in the former formula. Comparing the two, the latter ought to be a gunpowder product with greater explosive power.

① [Soviet] Kisulin, trans. Qiu Ming et al.: A Concise Course in Gunpowder, Harbin Military Engineering Institute of the Chinese People’s Liberation Army, 1955 edition.

② See Transmission, p. 469.

③ [Poland] T. Urbański: Chemistry and Technology of Explosives, Vol. 3, Chapter 3, National Defense Industry Press, 1976; also [Japan] Katō Hideharu et al., The Detonation of Explosives, Chapter 1, National Defense Industry Press, 1976.

From the gunpowder formulas introduced above, it can be seen that the gunpowder formulas adopted in Europe in the fourteenth century were roughly similar to the gunpowder formulas used in our country from the early eleventh century (Northern Song) to the late thirteenth century (early Yuan), and also reflect the general picture of the transition from incendiary gunpowder to propellant gunpowder. Because the gunpowder of Europe was mainly used for metal-tubed shooting firearms — guns and cannon — the gunpowder used was likewise mainly propellant gunpowder, with incendiary gunpowder as a supplement. Therefore the gunpowder formula researched by Arderne is representative, and was used not only in Germany but also spread to England. From the account of the development of gunpowder given in the relevant European histories of firearms, it can be known that the gunpowder formula compounded by Arderne came into use for roughly some 300 years, and was not replaced by a new gunpowder formula until the early seventeenth century.




2. General Survey of Firearms Research and Manufacture

The emphasis of firearms research and use lay mainly in the area of guns and cannon.


(1) Adoption of Reward Policies

At that time, a number of countries adopted reward policies to promote the development of firearms, for personnel who had made contributions to the research, management, and use of firearms, and among these the measures adopted by the German authorities were the most prominent.

The first was the issuing of certificates and monetary awards. For example, in 1372, the city council of Nuremberg issued 160 gulden in monetary award and a certificate to the person who had outstandingly completed the task of gun-manufacture for the priesthood, as well as to the two men, Meister and Walter, who had honestly and fairly completed the task of guarding the powder magazine of that establishment. Again, in an account book of the city of Nuremberg in 1375, it is recorded that a man named Heinrich Hujin obtained a trophy for successfully firing the shots of 5 hand-held guns. Again, at Grün near Nuremberg, there was an artillery supervisor who, because of his excellent marksmanship, received in 1378 a monetary award of 2 pounds 16 shillings sterling and a certificate of commendation from the authorities. He treasured this document issued by the authorities very much, and kept it carefully stored away.

The second was promotion in position and status. In 1382, the two artillery supervisors of the city of Konstanz, Tannegast and Tollingtelman, were both promoted to be officials of the state on account of their outstanding work.



(2) Establishment of Firearms Manufacturing Workshops

In the late fourteenth century, a number of European countries established specialized firearms manufacturing workshops. For example, the place of Bayern established in 1364 the “Office for the Management of Gun and Cannon Manufacture,” dedicated to manufacturing guns and cannon. In Nuremberg and Augsburg in Germany, gun- and cannon-manufacturing works had likewise already been established at that time.



(3) Firearms Already Had Clear Market Prices

The firearms manufacturing works of the European countries had already, in the period of the sprouting of capitalism, established a clear system of market prices. For example, in 1383, the Nuremberg firearms manufacturing works manufactured a cannon, paying altogether 173 pounds sterling and 5 shillings for material costs of copper, iron, lead, and so forth, and the remuneration of the artillery supervisor. Again, the firearms prices of the Nuremberg market published in 1386 were: 3 cannon made of copper weighing 270 pounds, for 27 gulden; 10 small hand-held guns, for 30 pounds sterling; and a two-wheeled gun-carriage, for 10 pounds sterling 6 shillings. Again, the Ulrich Grunwald firearms manufacturing works of England manufactured in 1388, for Nuremberg, a cannon capable, at a distance of 1000 paces (approximately 1666.7 meters), of piercing through a solid wall 6 inches thick, its price being 500 gulden①.

① See Transmission, pp. 354–359.

Setting clear market prices for the guns and cannon equipped and used by the army was a characteristic feature, and also a virtue, of capitalist society. The superiority of this system lay in the fact that the firearms manufacturing works could carry out cost accounting, and could carry out performance appraisal of the works and of all its members, remunerating and rewarding them according to their performance, which was conducive to the operation and development of firearms manufacture. At the same time, through mutual competition among the various works, the principle of survival of the fittest could also manifest itself, providing a market guarantee for the military in choosing the best guns and cannon to purchase. The result of the implementation of this system was that the firearms manufacturing works of that time were kept in a state of sound development, improving day by day.




3. Elementary Firearms Manufactured by Various European Countries

By the late fourteenth century, the variety of firearms manufactured in Europe had become considerably greater than before. The chief ones were: small explosive hand-guns, hand-held guns, and other light weapons; medium and small artillery pieces of 50, 70, 127, and 270 pounds②, and heavy artillery such as hundred-pound stone-ball cannon; lead shot and iron shot; and auxiliary equipment for artillery such as wooden gun-carriages, two-wheeled gun-carriages, and four-wheeled gun-carriages.

② Europe commonly named cannon by the weight in pounds of the shot fired; a “50-pound cannon” is a cannon firing a 50-pound shot.


(1) Hand-Held Firearms

At that time this term referred chiefly to hand-shooting firearms such as hand-held guns. Europe’s light weapons began in the 1340s, common ones bearing such names as Gun, Cannon, and Bombard (that is, foot-soldier’s gun or explosive hand-gun). By the late fourteenth century they had achieved further progress.

Italian-made Perugia hand-held guns. According to certain histories of firearms, in 1364 Italians manufactured, at the place called Perugia, 500 small hand-held guns, the barrels being about 20 centimeters long, with a long iron handle at the rear of the stock. The barrel was made by rolling sheet iron, with a touch-hole at the rear, fired by an iron fire-brand. A certain European researcher into the history of firearms has termed it an explosive cannon (Bombarden, Figure 6-4)

Figure 6-4 Perugia Hand-Held Gun

German-made Tannenberg hand-held gun. In 1849, on the ruins of Tannenberg, was excavated a hand-held gun manufactured by Germans, the “Tannenberger Büchsen,” showing that the Germans had, around the 1370s–1380s of the fourteenth century, already produced metal-tubed shooting firearms of a fairly high standard. Tannenberg is situated within Essen county, an area of Germany comparatively rich in mineral deposits, and was not large in scale, being destroyed in 1399. The barrel of this bronze hand-held gun is 330 millimeters long overall, with a bore of 17 millimeters, and weighs 1.24 kilograms; it is now preserved in the Germanic Museum at Nuremberg, and is the most complete such physical specimen so far excavated in Europe①. It is basically similar in form and structure to a specimen collected in the Chinese People’s Revolutionary Military Museum, the “Xin-Mao Year of Zhizheng hand cannon” (Yuan Zhizheng 11th year, 1351), the two being both composed of muzzle chamber, powder chamber, and tail-socket, with the handle in both cases no longer surviving. Comparing the two, the “Xin-Mao Year of Zhizheng hand cannon” is of comparatively refined workmanship, the barrel being 43.5 millimeters long, with a bore of 30 millimeters, and weighing 4.75 kilograms②. The German word for hand-held gun (handbüchsen) first appears in a Nuremberg document of 1388, from which it can be known that this hand-held gun had already been produced prior to that date.

① Small Arms of the World, p. 7.

② Wang Zhaochun: History of Chinese Firearms, p. 52, Military Science Publishing House, 1991 edition.

— The “Xin-Mao Year of Zhizheng hand cannon” was developed and evolved from the tuhuo qiang (fire-lance), while the Tannenberg hand-held gun was developed and evolved from China’s tuhuo qiang, by way of the Arabic madfa (Figure 6-5). The excavation of the Tannenberg hand-held gun is the most persuasive proof that China’s hand-guns were transmitted westward to Europe by way of the Arabs.

Figure 6-5 The Tannenberg Hand-Held Gun and Its Origins

The Tannenberg hand-held gun is an excavated specimen of a hand-held gun used by the German army in the late fourteenth century; people recognize it as a typical product of the hand-held guns used by the armies of Germany and other European countries at that time. Besides this, there were of course also hand-held guns of other forms, but at that time there was no reliable written record or drawing handed down, and so later generations find it difficult to know of them. Certain European researchers into firearms have, in their writings, also mentioned this or that kind of hand-held gun. For instance, in 1381 a gunsmith of a certain German city manufactured a kind of wooden-handled hand-held gun weighing 11 pounds, which the municipal government purchased for use in defending against attacks by bandits; England has historical records of a man named Ralph Heron who made a hand-held gun which he presented for the use of court officials.

The exploration by the above-mentioned scholars of the form and structure of the hand-held guns of the late fourteenth century, although it cannot accurately reflect the actual conditions of hand-held guns at that time, nevertheless this spirit of sifting for gold amid the sand is also necessary. For a precious excavated specimen such as Tannenberg is, after all, something scholars have sifted out from the sand and soil.

The hand-held guns of late-fourteenth-century Europe are similar to the hand cannon manufactured in China during the Hongwu reign of the Ming dynasty (1368–1398). Their raw material was mostly brass or bronze. Their form and structure were both cylindrical, with several reinforcing rings to strengthen the barrel; the hand-held gun (hand cannon) had a touch-hole at the rear of the barrel, and was loaded with gunpowder and projectile from the muzzle. Their method of firing was in every case for the shooter to hold the gun with the left hand, while the right hand held the ignition device to fire it. The projectiles fired were stone shot, lead shot, and iron shot, equipping infantry, cavalry, and marines, and used in field warfare, siege warfare, defensive city warfare, coastal defense warfare, and naval warfare. Their origin was in every case the bamboo fire-lance and fire-tube of China’s Song-Yuan period, which developed into these. The illustration of a hand-held gun being fired, published as Figure 4-9 in Chapter Four of this book, although schematic, approximately reflects the manner of firing of the hand-held gun, and has reference value.



(2) Artillery

The manufacture of artillery in late-fourteenth-century Europe made considerable progress compared with before, and scholars of a number of countries have, in their histories of firearms, supplied no little material reflecting the general picture of artillery manufacture at that time.

Augsburg bronze cannon. In 1378, in Augsburg, in the state of Bavaria in Germany, a cannon-founder manufactured 3 cannon, firing projectiles of 120, 70, and 50 pounds respectively, with a range reaching 1000 paces (about 1000 paces = 1555.7 meters), which at that time was already very far. That same year, the craftsmen of the Augsburg cannon-manufacturing works had also begun to use bronze smelted from copper and tin to manufacture 13 bronze cannon.

Bronze cannon held by the Germanic Museum. The Germanic Museum (Germanischer Museum) of Nuremberg, in the appended illustrations of its publication Quellen zur Geschichte der Feuerwaffen, 2 vols., Leipzig, 1877, depicts a physical specimen of a late-fourteenth-century cannon. Its barrel is 1.44 meters long overall, with a wooden gun-carriage of 33.5 pounds; it is a cannon recorded in the 1379 records of Rothenburg. However, to analyze its full appearance from this primitive record is rather difficult, while the Germanic Museum has preserved the physical specimen. Some scholars have held this to be a kind of hand-held gun (handbüchsen). However this view is not necessarily appropriate. For a barrel of such length and a gun-carriage of such weight, to expect a single soldier, or even 2 soldiers, to operate and fire it, would seem, one fears, difficult to imagine.

Heavy cannon manufactured by the city of Nuremberg. The gun- and cannon-manufacturing works of the city of Nuremberg, Germany, also manufactured no small number of cannon at that time, but among these the most worthy of mention is a heavy cannon manufactured in 1388. According to a document of that city dated 1388, in order to transport the cannon, the works mobilized numerous transport tools and horses: 12 horses were used to transport the great gun-barrel called the Kriemhild cannon (Die grosse Buchse, die kriemhild), 12 horses were used to transport 3 iron cannon firing hundred-pound stone shot, 16 horses were used to transport the great timber used for making the lever-type hoisting frame, 4 horses were used to transport the windlass, 15 carts were used to transport stone shot, and there were in addition a four-wheeled gun-carriage and a two-wheeled gun-carriage in attendance. That same year, in an artillery detachment of that city, there were organized shooters, loaders, and young and vigorous soldiers. From the numbers and division of labor of the personnel forming the artillery detachment, it can be seen that this artillery detachment was already roughly equivalent to an artillery platoon.



(3) Manufacture of Gun and Cannon Ammunition and Artillery Accessories

With the increase in the manufacture of guns and cannon, the corresponding accessories, fittings, and spare parts also successively came into being. For example, England’s Ulrich works began in 1388 to mass-manufacture lead shot and iron shot. The army of Rothenburg, in pursuing the enemy in 1379, had already mounted its cannon on well-made gun-carriages, and wooden gun-carriages had also already begun to be specially designed and manufactured. From the process of transporting cannon in the city of Nuremberg, it can be known that by that time they were already able to manufacture large-scale hoisting and transport tools and fittings for moving cannon, such as the lever-type hoisting device, the windlass, for hoisting cannon, the stone-shot transport cart, the special cart for transporting gunpowder, the four-wheeled gun-carriage, the two-wheeled gun-carriage, and so on①.

① See Transmission, pp. 354–359.




4. The Use of Firearms in Combat Training

Since the English King Edward III led the English army in using firearms at the Battle of Crécy in 1346, a number of European countries also successively followed his example, laying stress on the use of firearms in war; whereupon they began to equip their armies with the guns and cannon manufactured domestically, and to carry out firing training for shooters, in the hope of defeating their opponents in war. Some cases of battles in which firearms were used from time to time appeared, and the relevant records in the histories fully attest to this.


(1) Firing Training for Firearms Crews

Matters concerning the carrying out of gun and cannon firing training for shooters, as found recorded in the histories, are most numerous for England, France, and Germany.

Training of the French army. In the second stage of the Hundred Years’ War between England and France (1337–1453), the French King Charles V (Charles V, 1338–1380, ascended the throne 1364), in order to recover territory occupied by England, seized the opportunity to carry out reform, rebuilding the navy, strengthening the army, recruiting large numbers of infantry, and training gunners and archers, and using firearms to strengthen the defenses of Paris and other cities, achieving in 1369 victory in the war against England, and recovering almost all the territory occupied by the English army.

Training of German soldiers and civilians. In 1375, the authorities of Nuremberg, in order to strengthen the city’s defenses, paid wide attention to the training of the garrison troops, rewarding those with outstanding training results. When the Augsburg manufacturing works produced, in 1378, 3 cannon capable of firing projectiles of 127, 70, and 50 pounds, they at once engaged a patriot to carry out firing training for the shooters, and when a further 3 cannon were produced the following year, a number of the citizens also all took part in the education and training in shooting techniques. After this bureau had, in 1383, produced bronze cannon, the artillery supervisor at once personally carried out firing training for the gunners, and paid a fee to the instructors①.

Joint training by England and Germany. In 1388, after England’s Ulrich armory had manufactured 1 large cannon for the city of Nuremberg in Germany, the two sides at once organized personnel to conduct a test firing, and the result was that at a distance of 1555.7 meters, they were able to shoot through a solid city wall 6 inches thick②.

Because these countries laid stress on carrying out gun and cannon firing training for their armies and citizens, their use in actual combat was also comparatively frequent.



(2) The Use of Firearms in Combat

In the late fourteenth century, apart from the two belligerent countries England and France, the country that made the most use of firearms was Germany. Although Germany, in the late fourteenth century, was in the active period of the Hanseatic League, organizationally it was comparatively loose, having no constitution or established institutions of enforcement, and although there was mutual alliance among its members, there was also friction. For example, in 1388, when the Grand Duke of Bayern and the Kaufbeuren clashed over interests and went to war, the side attacking the city used guns and cannon to violently bombard the defenders, breaching the weak sections of the city wall by day. The defenders then used the night to repair it. At the same time they also used guns and cannon to return fire on the attackers. In 1390, the attackers used guns and cannon to capture the Brackenheim fortress and its street③. In 1399, in the royal palace of Wenceslas of the Hanseatic League, Count Rupprecht led officers and soldiers in mounting, on the city walls, cannon capable of firing hundred-pound stone shot, and ordered that each of the cannon under his command should also have 20 stone shot prepared, for defensive use. In 1399, the city of Tannenberg was captured by large-caliber cannon④.

① See Transmission, p. 354.

② See Transmission, p. 355.

③ See Transmission, p. 356.

④ Germanischer Museum, Quellen zur Geschichte der Feuerwaffen, 2 vols., p. 13, Leipzig, 1877.

The records described above show that guns and cannon were, in the late fourteenth century, both an important weapon for defending cities and fortresses, and also a destructive weapon used by attackers to breach city walls; thereupon the era in which ancient people regarded solid fortified cities as places of safety, because they were impregnable, was declared at an end. And the competition between the manufacture of ever more powerful destructive cannon, and the construction of ever more solid city defenses, chasing and catching up with each other, advanced together, step by step.




5. Reference Materials on Elementary Firearms

Because extant physical specimens of fourteenth-century European firearms are extremely few, people find it difficult to grasp the full picture, so that some of the difficult problems in the history of firearms remain, down to the present, unresolved. However, in the histories of firearms written by certain scholars, a number of physical specimens based on legend have been gathered together, and drawings of certain guns and cannon have been made, which, through being passed on from one to another, have also come to be recognized by people. Although they cannot be entirely relied upon as certain, they may nonetheless serve as reference for researchers; several are now listed below, for readers’ reference.


(1) Data on the Cannon Held by the Danzhixi Museum

This cannon is hooped together from wrought-iron plates, with 7 outer reinforcing hoops, the barrel tapering slightly in shape from front to rear, with an iron rod embedded at the breech, possessing the function of a front sight characteristic of early cannon; it is 1.11 meters long overall, with a bore length of 0.93 meters, and at the 5th hoop from the muzzle there are trunnions, used to support it on a fork-mount, for convenience in turning it left and right (Figure 6-6). A physical specimen is held in the Paris Museum⑤.

⑤ Germanischer Museum M, Quellen, p. 22.

Figure 6-6 Danzhixi Cannon



(2) Data on Guns and Cannon in Schmidt’s Writings

The German firearms researcher Captain R. Schmidt (Rud Schmidt) of the army, in his work Die Handfeuerwaffen ihre Entstehung und technische Entwicklung, supplies material on several kinds of hand-held guns made in the fourteenth century, pointing out among these material on the firearms used by the English army at the Battle of Crécy in England and France in 1346.

The first is material on the firearms of the Battle of Crécy. The illustration in Schmidt’s book depicts the firearm Cannon used by the English army at the Battle of Crécy. The firearms historian Froissart holds this to be a barrel-shaped cannon made by hooping together, with iron hoops, 14 wrought-iron strips, the barrel tapering slightly in shape from muzzle to breech①. Fifteenth-century cannon researchers held that this kind of cannon could be loaded with any stone shot of a diameter smaller than the bore and larger than the diameter at the breech of the bore, and was a most ingenious work of the cannon designers of that time. The English firearms historian Greener, in his work The Gun, gives an account of this illustration. A model of this cannon is still on display today in the visitors’ hall of the Woolwich Arsenal in England; it is the earliest breech-loading cannon used by the English army, the barrel being 28 inches long, with the breech-end fitted with a bronze-made cylinder inserted into the powder chamber, the thickness of the breech wall being 1.5 inches (Figure 6-7-2)②. Item 1 in the illustration is likewise a cannon manufactured at that time.

① R. Schmidt, Die Handfeuerwaffen ihre Entstehung und technische Entwicklung bis zur Gegenwart, Basel, Ⅰ–1875, Ⅱ–1878.

② W. W. Greener, The Gun, p. 17.

Figure 6-7-2 The Firearms of the Battle of Crécy in Schmidt’s Book

The second is a long-tailed hand-held gun. This gun was made of wrought iron in 1365; the data concerning its construction have been lost, but from the form of its construction it can be known to be a kind of hand-held gun mounted on a fork-mount for firing, whose direction of fire could be adjusted by the hand gripping the long tail.

The third is a fork-mount-fired hand-held gun. Schmidt holds that this gun was made around 1365, and, judging from the characteristics of its form and structure — the gun body having 4 reinforcing hoops, and fitted with a fork-mount — belonging to the category of fork-mount-fired hand-held guns, it was very probably imitated by the Germans in the late fourteenth century from the Hongwu-type hand cannon used by the Ming Chinese army (Figure 6-8).

The fourth is a wooden bed-stock-mounted hand-held gun. Schmidt holds that this gun was made around 1379, and is now preserved in the Germanic Museum; including the bed-stock, it is 1.44 meters long overall, and weighs altogether 17 kilograms; it is likewise a hand-held gun similar to the Hongwu-type hand cannon used by the Ming Chinese army.



(3) Ancient Cannon on Display at the Lisbon Military Museum and the Germanic Museum

In the Vasco da Gama (1460–1524) exhibition room of the Lisbon Military Museum in Portugal, is displayed a Bombarda ancient cannon made around 1370, the barrel 0.98 meters long overall, with a bore of 1.5 centimeters, mounted at the Fort of São Francisco in Évora. The barrel was made of bronze, in a tapering cylindrical shape.

Figure 6-8 Fork-Mount-Fired Hand-Held Gun

In addition, in the Germanic Museum of Berlin, Germany, are also held cannon manufactured in the late fourteenth century, but their date of manufacture is even more difficult to ascertain with certainty, and so no further account of them will be given here.

The late fourteenth century saw European countries make a certain degree of progress, compared with before, in the research and use technology of gunpowder and firearms, laying the foundation for the development of the fifteenth century. If one compares the manufacture and use of gunpowder and firearms in the late fourteenth century with the manufacture and use of gunpowder and firearms in China during the Hongwu reign of the Ming dynasty (1368–1398), one can then discern the characteristics and differences between the two.

First, China’s Hongwu court, in the early Ming, was a feudal centralized state that had only just overthrown the Yuan dynasty, and the research and use of firearms was uniformly and closely controlled by the state, so that the gunpowder formulas of the early Ming, and the manufacturing techniques and technological regulations of the hand cannon, were entirely kept hidden away in secret chambers, and other people at that time, down to people of later generations even today, remain completely ignorant of them. Europe was different. At that time, states stood side by side like a forest, and it was moreover a period in which the burgher class was beginning to struggle with the feudal aristocracy for power, and the research and use technology of gunpowder and firearms was widely disseminated without close control, and so, amid mutual competition, it also developed comparatively rapidly.

Second, China’s early Ming Hongwu court was a unified, centralized great power, whose unified command army exceeded a million men, and even if only 10% of the Ming army was equipped [with hand cannon], the number of hand cannon would still be over 100,000, and the surviving remains on the battlefield are also comparatively numerous, with people today still able to see more than a hundred surviving physical specimens. Europe’s countries were comparatively small, and their armies were also limited; although in the early period they were already able to manufacture hand-held guns, those who used them were few and far between, and down to today the surviving remains that have been seen are only a few pieces.

Third, the firearms of early Ming China were uniformly manufactured with silver disbursed by the state, without regard to cost, without any competitive capacity, and private persons were not permitted to manufacture them on their own, so that the products were updated only very slowly. Europe, from the very beginning of firearms manufacture, carried out cost accounting, regulated by the market, and observed the principle of survival of the fittest, and so innovation was comparatively rapid. This state of affairs manifested itself clearly by the fifteenth century. Although the hand cannon of Ming China did see some improvement during the Yongle reign (1399–1424, including the 4 years of the Jianwen reign), right up until before the Jiajing reign its method of firing remained unchanged. This is the reason for the sluggishness of firearms development in the late Ming period.





Section 2 The Development of Hand-Held Firearms and the Creation of the Matchlock Gun

Europe’s firearms saw evident progress in the fifteenth century, achieving notable breakthroughs in the raising of firearms manufacturing technology, the improvement of performance, the upgrading of quality, the innovation of form and structure, and the replacement of ignition devices.


1. The Development of Hand-Held Firearms

Europe’s hand-held guns achieved comparatively rapid development in the fifteenth century, their products being very numerous, and, judging from the characteristics of the basic construction of the gun body, broadly similar to the Hongwu hand cannon and Yongle hand cannon of early Ming China.


(1) Hand-Held Firearms in the Blell Collection

Blell (Herrn von Belell) was a man of East Prussia, who collected a copper octagonal-barreled gun made around 1460–1480, with a bore of 30 millimeters, the barrel 550 millimeters long, the metal handle 880 millimeters long, and a flared muzzle bore of 65 millimeters, the barrel having six reinforcing hoops, tapering slightly from breech to muzzle, the muzzle being shaped like a bowl set at the mouth, and at the touch-hole there is a movable cover, which can close the powder-chamber opening, its function being the same as the touch-hole cover of the Yongle hand cannon, namely to keep the gunpowder inside the powder chamber in a dry and clean state, ready for firing (Figure 6-9).

Figure 6-9 Hand-Held Gun in the Blell Collection



(2) Hand-Held Firearms Held by the Germanic Museum

This belongs to the breech-loading type of hand-held gun. The barrel is 640 millimeters long, with a bore of 20 millimeters, the powder chamber 250 millimeters long, and, including the tail and handle, 1070 millimeters long overall, the gun being 1960 millimeters long overall; the barrel has a tail-socket, into which a wooden handle can be fitted; this gun was made around 1460–1480, and its form and structure are similar to the hand-held gun collected by Blell①.

① See Transmission, pp. 402–403.



(3) Hook-Type Hand-Held Firearms

The hook-type hand-held gun (Hakenbüchse) has, projecting from the underside of the front part of the barrel of the hand-held gun, a hook-shaped fitting, whose function is to absorb the recoil force produced by the hand-held gun after firing. Its products are of the following several kinds.

The first is the hook-type hand-held gun held by the Germanic Museum. This gun was made of wrought iron, the gun body being similar to the Tannenberg hand-held gun, with a hoop-rim at the muzzle, and the gun body has a downward-curving hook, its outer form somewhat resembling the Chinese ge (dagger-axe). It was made roughly between 1400 and 1420. The gun body is 330 millimeters long, the handle 9067 millimeters long, 1000 millimeters long overall, with a bore of 20 millimeters, weighing 4.65 kilograms, the touch-hole being at the rear of the barrel. The name of the hook-type hand-held gun — the word Hakenbüchse — first appears in a Nuremberg document of 1432. According to the record concerning firearms material in the 1432 Nuremberg document, the hook-type hand-held gun was a new type of hand-held gun designed in 1423 and 1430 by the church superintendent of Olmütz (Olmurz), and was later used in the German Peasants’ War of 1524–1525②. In the early fifteenth century, hook-type hand-held guns were used on more than one occasion.

② See Transmission, pp. 406–407.

The second is the hook-type hand-held guns stored in the Wien city armory. In 1444, when the authorities inspected the Wien city armory, there were counted 2 copper hand-held guns, 8 small copper hand-held guns, 7 wooden bed-stock-type copper hand-held guns, 5 copper hook-type hand-held guns, 98 copper hand-held guns using wax-bullet shot, 7 old-style iron hand-held guns, 1 old-style large iron hand-held gun, 1 old-style iron hand-held gun, 3 old-style iron hook-type hand-held guns, and 18 old-style iron hand-held guns. All of the above were wooden-handled and bed-stock-type hand-held guns. In addition, there were also bagged lead shot, 3617 large and small stone shot, and a certain amount of saltpeter (packed in 2 storage containers). A corner of the Wien city armory also held 9 containers containing gunpowder③. In addition, in the German cities of Miihen and Nuremberg and elsewhere, this type of hand-held gun was likewise held in storage.

⑤ [printed thus in the original] Germanischer Museum M, Quellen, pp. 31–32.

The hook-type hand-held gun of the time of Maximilian I. Maximilian I (Maximilian I, 1459–1519)

Figure 6-10 Hook-Type Hand-Held Gun of the Time of Maximilian I

was the emperor of the Habsburg dynasty of the Holy Roman Empire of the German Nation (1486–1519); after he ascended the imperial throne in 1486, he adopted a reward policy, encouraging the development of the firearms manufacturing industry, so that hand-shooting firearms made evident progress. What is depicted in the illustration is the hook-type hand-held gun used by the German Empire in the period 1500–1510, together with a general picture of shooters test-firing it. Among these, the rack holds 4 hook-type hand-held guns, and there is moreover a hook-type hand-held gun being test-fired by 2 shooters, the hook at the front end of the gun body being fitted precisely into a tripod stand, the rear legs of which are especially wide, and braced against the ground, able to absorb the recoil force produced after firing. This hook-type hand-held gun has a comparatively short handle, and possesses distinct German national characteristics (Figure 6-10).

At that time the Germanic Museum held pictures of several kinds of hook-type hand-held guns, drawn in 1450, whose form and structure are similar to the products used by Maximilian, and may be regarded as a portrayal of the above-mentioned copper and iron hook-type hand-held guns.



(4) Hand-Held Firearms Equipped by German Troops and Civilians

With the development of the hand-held gun, some European countries began to equip their armies and certain groups of armed personnel with them. Foehaslabt, the weapons superintendent of the city of Wien, once drew, between 1430 and 1440, a picture, in which are depicted 7 soldiers, of whom 2 soldiers use crossbows, 1 soldier uses a wooden-framed hand-held gun to fire an arrow, and 4 soldiers hold wooden-framed hand-held guns, reflecting the state of affairs of the concurrent use of firearms and cold weapons in the army at that time (Figure 6-11)①. In addition there are also some other pictures, depicting the scene of groups of armed personnel using various kinds of hook-type hand-held guns and cold weapons②.

① See Transmission, p. 409.

② See Transmission, pp. 410–411.

Figure 6-11 Illustration of Hand-Held Guns Used Together with Crossbows



(5) The Intriguing Depiction of Cart-Mounted Hand-Gunners Storming a Fortress

Certain European histories of firearms, such as The Age of the Cannon, carry a number of pictures reflecting the use of hand-held guns for combat in fourteenth- to fifteenth-century Europe. Although they are not scenes of actual combat, they nonetheless, to a certain degree, reflect the general state of using hand-held guns to carry out combat operations at that time. For example, in a woodcut reproduced from the Bellifortis by the German Konrad Kyeser③, is depicted a heavy siege-tower device, raised by a windlass, elevating a wooden tower to three storeys in height, equal to or greater than the height of the besieged fortress. Gunners are firing at the fortress with hand-held guns from within it. Looking at this picture, one cannot help but recall the scene of the year 1366 at the end of the Yuan dynasty in China (Yuan Zhizheng 26th year), when the soldiers of Xu Da, a general under Zhu Yuanzhang, used hand-held guns to besiege Pingjiang (present-day Suzhou, Jiangsu). A picture by a Western scholar, and a passage recorded by a Chinese official historian, describe scenes that are both scenes of using firearms to attack a city. Though the two are separated by ten thousand li, they are so remarkably alike (Figure 6-12).

③ Quellen, Tafel BI, f. See also Transmission, p. 479, note 14.

In another woodcut, is depicted a four-wheeled war-cart built of a huge wooden frame with a covered top, four wheels mounted beneath it, hand-held guns being fired from holes in the four walls, with soldiers on the upper part also firing. Directly above the war-cart, an officer directs the fighting (Figure 6-13). This is similar in kind to the illustration and manner of attack of the “Wan Quan Che” (all-purpose cart) in China’s Ming-dynasty Wubei Zhi, reflecting the identical thinking, on the part of firearms researchers in East and West, in the design of fire-attack war-carts.

Figure 6-12 Hand-Gunners Scaling a Wooden Tower to Storm a City

Figure 6-13 Illustration of Cart-Mounted Hand-Gunners in Battle




2. The Creation and Development of the Matchlock Gun

The military handicraft workshops of early-fifteenth-century Europe, although able to manufacture fairly numerous hand-held guns, all of them were firearms that used a heated iron block to ignite the gunpowder in the powder chamber and thereby propel out the projectile. However, to do this on the battlefield required attaching many pieces of matching equipment, and these pieces of equipment were extremely inconvenient to use on the battlefield. This was because a shooter, at the moment of firing, had to accomplish two actions simultaneously: gripping the gun-stock steady, and aiming and igniting. This mode of operation was disadvantageous for combat, and also affected shooting accuracy; whereupon in the early fifteenth century people began researching an ignition device using a slow-match, and by the late fifteenth century it had already come into widespread use.


(1) The Creation of the Matchlock Gun and Its Lock Mechanism

The earliest ignition device of the matchlock gun, that is, the gun-lock, was a simple metal curved hook, one end of the curved hook fixed to the gun-stock and able to rotate about an axis; in the gap of the metal curved hook was placed a length of slow-burning match, the match being twisted from hemp thread that had been treated with potassium nitrate or other chemical substances, burning at a speed of roughly 76.2–127 millimeters per hour. One end of the match was clamped in the metal curved hook, and at the moment of firing, one could push it inward with a finger, causing the match to fall into the powder chamber and ignite the gunpowder (Figure 6-14), and in this way the shooter could aim while at the same time pushing the match to fire, thereby raising the rate of fire.

Figure 6-14 Diagrammatic Sketch of the Earliest Matchlock Gun-Lock

It was not until 50 years after the matchlock gun-lock came into being that a trigger, hammer, and priming-ignition mechanism to go with it were successfully developed. The ignition mechanism of the matchlock gun later underwent many further improvements, giving rise to numerous variant products, but there was no great change in the basic principle. The matchlock gun-lock included the serpentine lever and the trigger, the front end of the serpentine lever holding the slow-burning match. When firing, the shooter pulled the trigger, and, by the action of a lever or spring, the serpentine lever was pushed downward, causing the match to touch the powder pan at the rear of the barrel,

Figure 6-15 Diagrammatic Sketch of the Improved Matchlock Gun-Lock

igniting the priming powder, the flame passing through the touch-hole into the bore, igniting the propellant charge (Figure 6-15). The barrel of the matchlock gun was comparatively long and slender, and usually had a front sight and a rear sight, for aiming; the matchlock gun was thus the earliest firearm to make use of the “three-point-in-line” principle in shooting. The gun-stock was mostly a curved wooden stock, which was convenient both for the shooter to hold the stock with the left hand, and to pull the trigger with the right hand, while pressing one side of the face close to the stock, so as to aim and fire with a single eye, and also to reduce the recoil force at the moment of firing. The projectile was a round lead bullet, of the same size as the bore of the barrel, so that the gas produced after the gunpowder ignited did not easily leak out. Therefore, compared with the firing action of the hand-held gun, it was more simplified, raising the rate of fire and the accuracy of hits, and increasing the range, and for this reason it came into widespread use. The matchlock gun also had accessories such as the ramrod, the powder flask, and the bullet mold.



(2) Improvements to the Matchlock Gun and Several Famous Matchlock Guns

After the matchlock gun had been in use for some time, it underwent further improvements in a number of respects: one was the addition of a spring to the gun-lock, making the rise and fall of the serpentine lever more rapid; the addition, outside the powder pan, of a touch-hole cover that could be opened and closed, to keep the priming powder in the powder chamber dry and clean; the changing of the sealed end of the barrel to a large screwed-in bolt, for ease of manufacture and maintenance; the improvement of the manner in which the barrel and the stock were joined; and so forth. By the late fifteenth century there also appeared the grooved rifled-bore matchlock gun, to reduce the friction of the projectile against the bore wall, and some also, when loading the bullet, wrapped the outside of the bullet in a layer of oil-soaked woven cloth, so that it entered the bore without, or with reduced, resistance, its shooting effect being superior to that of a smooth-bore gun. In the fifteenth century, the matchlock gun then in vogue was equipped by the armies of the various European countries. The Nordic countries called the matchlock gun “Musket,” and called soldiers equipped with matchlock guns “Musketier” or “mosquete.” The countries of Southern Europe called it “Arquebusier.” England called it “Harquebuses.” Germany called it “Hakenbühse.” France called it “Arquebuse.”

In the course of the various countries’ armies using the matchlock gun, several famous matchlock guns emerged after being singled out.

Spain’s “Mosquete” matchlock gun. The bore of the barrel was 2.3 centimeters, the gun weighed 8–10 kilograms, the projectile weighed 50 grams, with a range of 250 meters, and it was commonly mounted on a metal or wooden gun-rest for firing. At that time Spain called soldiers equipped with matchlock guns “musketeers.”

France’s “Couleuvrin” matchlock gun. The barrel was 1.2–2.4 meters long overall, with a bore of 12.5–22 millimeters, weighing 5–28 kilograms, the barrel made of iron or bronze.

Russia’s “Пищаль” (Pishchal) matchlock gun. The bore of the barrel was 12.5–25 millimeters, weighing about 8 kilograms, with a range of about 150 meters.

Matchlock guns used by the nobility of various countries. This type of matchlock gun was mostly used for hunting, its exterior decorated with metal fittings and carved and painted decoration, and some also used ebony wood to make the gun-stock, inlaid with finely worked ivory and horn; from the Kangxi reign onward, the emperors and nobility of China’s Qing dynasty likewise did the same, and today some countries of the world still treasure them as precious works of art and cultural relics.

By the end of the fifteenth century, the weight of the matchlock gun had already decreased to 10 kilograms, with a bore of 22 millimeters, a projectile weight of 50 grams, and a range of 300 meters, firing 1 shot per minute, suitable for equipping units organized on a standing basis.




3. The Establishment of Matchlock Musketeer Units

In the early sixteenth century, a number of European countries successively established matchlock musketeer units.


(1) Establishment of Spanish Matchlock Troops

In 1510, the Spanish King Ferdinand II (Fernando, 1452–1516) established a musketeer unit. Each musketeer was equipped with a matchlock gun, a powder horn for holding gunpowder, and a long strap. Sewn onto the strap were 12 pouches of set capacity, of which 11 pouches held propellant charge and 1 pouch held priming powder (Figure 6-16). At that time these countries’ musketeer units were still at the stage of initial organization, comprising roughly 10% of the total established strength.

Figure 6-16 Spanish Matchlock Musketeer Firing



(2) Establishment of French Matchlock Troops

The French King Francis I (Francois I, 1494–1547) established musketeer troops in 1515, in order to contend for supremacy with the Spanish musketeer troops.



(3) Establishment of German Matchlock Troops

The German Emperor Maximilian, after being defeated by the French army in the Battle of Marignano in 1515, set about establishing musketeer troops

Figure 6-17 Musketeer Troops of Maximilian I

(Figure 6-17) to replace the former cavalry army of knights. After his death in 1519, his grandson, in the capacity of King of Spain Charles I (Carlos I, 1500–1558), succeeded to the imperial throne of the Holy Roman Empire, styling himself Karl V (Karl V, 1500–1558), and, in order to continue the war with France for supremacy in Italy, still laid stress on strengthening the building of musketeer troops.




4. Tactics of Matchlock Musketeers

Their tactics were broadly the same as the tactic used by the early Ming Chinese army in field warfare, of having multiple ranks of hand-cannon soldiers fire volleys by turns in succession. When the Spanish musketeers engaged in battle, they formed up in 5–8 horizontal ranks in front of the battle line, protected on both flanks by pikemen, with roughly 10–15 musketeers assigned per company. In combat, the musketeers first fired a volley together, whereupon the first rank withdrew to both sides to the rear rank, after which they reloaded their gunpowder and ammunition, preparing to fire again; the second rank, after the first rank had finished firing, then advanced and fired a volley, and so on by turns in the same manner. After the musketeers had thrown the enemy’s ranks into disorder with their fire, the infantry then began to charge, followed by the cavalry in pursuit, until victory was achieved.

On February 24, 1525, the army of the Spanish King Charles I, that is, Karl V, together with the armies of the various countries forming the Holy League with the Pope of Rome, Venice, and England, gave battle against the army of the French King Francis I at Pavia. In the fighting, the Spanish army, forming a new-style square formation combining firearms and cold weapons, made up of musketeers and pikemen, dealt a heavy blow to the old-style cavalry of France, the French army suffering a crushing defeat, and Francis I was taken prisoner. After his release, Francis I again went to war with Spain on several occasions, in 1527–1529, 1536–1538, and 1542–1544, and each time was defeated. After the war, Spanish musketeer troops were supreme in Europe for over a hundred years.




Section 3 Europe’s Early Artillery

In the fifteenth century, the artillery-manufacturing technology of Europe achieved three major breakthrough advances: the first was that, in the great cities and the land and sea fortresses of a number of countries, giant cannon of a kind never before seen were made and equipped; the second was that a relatively standardized and unified transformation was carried out on the previously confused and disorderly forms and structures of a number of countries’ cannon, that is, a reform of cannon-manufacturing systems was carried out; and the third was that, in order to meet the needs of the struggle for maritime supremacy, breech-loading cannon and other shipboard artillery came dramatically onto the scene.


1. Europe’s Early Giant Cannon

There were specific historical reasons for the craze for manufacturing giant cannon that appeared in fifteenth-century Europe. Because at that time wars among the various countries were frequent, and the seizure of the enemy’s cities and fortified towns became the primary objective of war, siege warfare and city-defense warfare became the primary forms of combat, and the destruction of the enemy’s castles, city walls, and towers became the primary means of combat operations, whereupon the giant cannon suited to meeting the needs of this kind of warfare came into being in response. Many of the histories of firearms of Europe, America, and Japan give accounts and discussions of these giant cannon, among which the Japanese scholar Arima Seiho’s work The Origin of the Cannon and Its Transmission collects together their texts and illustrations in a comparatively concentrated way; the chief ones are as follows.


(1) The Faule Mette Giant Cannon

This cannon is a giant bronze cannon cast in the year 1411 at Braunshweig, and people call it “Die Faule Mette.” It is unfortunate that no physical specimen of this cannon survives; it is only through a copperplate engraving made in 1728 by J. Schmidt (Johann Georg Schmit) that people are fortunate enough to know its appearance (Figure 6-18).

Görtz, in his writings, gave an account of the constructional elements of this cannon: the barrel is 2.9 meters long, the bore 76 centimeters, the cannon weighing 8228 kilograms, the projectile weighing 409 kilograms, the powder charge 30.8 kilograms. Arima Seiho holds that these figures were also calculated according to the scale of the copperplate engraving, and are not necessarily accurate.

Figure 6-18 The Faule Mette Giant Cannon



(2) The Rhodes Cannon

This bronze cannon was cast by Germans between 1420 and 1430, and was donated to the Germanic Museum by the Sant’Angelo Museum of the island of Rhodes. The barrel is 3.23 meters long overall, with a bore of 30 centimeters, the powder chamber diameter 15 centimeters (equivalent to half the bore diameter), the barrel having rings on both sides, and trunnions on both sides at the breech, by which it could be mounted on a gun-carriage for firing (Figure 6-19). This cannon was once used, in 1420, by the Ottoman Empire (present-day Turkey), for attacking the Eastern Roman Empire (that is, the Byzantine Empire), forcing the Byzantine imperial court to remain confined to the single corner of Constantinople; in 1453, this cannon was again used in the operations that destroyed the Byzantine Empire.

Figure 6-19 The Rhodes Cannon



(3) The Basel Cannon

This is a giant cannon cast of wrought iron, made around 1420–1430, now held in the Basel weapons armory. The German army Captain R. Falkner, lacking documentation and inscriptions by which to determine the date of manufacture with certainty, inferred the main technical data of this cannon from its form and structure and its manufacturing technique, as follows: total length 2715 millimeters, bore length 1755 millimeters, powder chamber length 80 centimeters, bore 33 centimeters, powder chamber inner diameter 17 centimeters, outer diameter at the muzzle 51.6 centimeters, outer diameter at the breech 41.7 centimeters, maximum outer diameter 60.5 centimeters. The bore of this cannon is cast of wrought iron forming the powder chamber. The joints are bound firmly together with 4 layers of copper-and-iron hoop bands.



(4) The Wien Cannon

This wrought-iron cannon was made at the Wien armory around the fifteenth century, and fired stone shot. The barrel was cast in two parts. The front part was made by hooping together, with wide hoops, numerous thick iron bars into the barrel, the rear part being cast of wrought iron into the powder chamber, the joint being bound tightly together with several layers of hoops. This cannon, unlike the preceding 3 cannon, has a bore far greater than the powder chamber, the barrel weighing about 10–15 tons, and firing stone shot weighing 360 kilograms (Figure 6-20). It is roughly a product of the fifteenth century, and the mortars made for a period of time afterward were basically modeled on this cannon.

Figure 6-20 The Wien Cannon

① Germanischer Museum M, Quellen, Taf. A ⅩⅩⅩⅠ–ⅩⅩⅩⅢ.

② Germanischer Museum M, Quellen, Taf. A ⅩⅩⅩⅠ–ⅩⅩⅩⅢ.

③ Germanischer Museum M, Quellen, Taf. A ⅩⅩⅩⅠ–ⅩⅩⅩⅢ.



(5) The Kester Cannon

This cannon is smaller than the other giant cannon, and is the only cast-iron cannon, belonging to Kester of Radensleben (Radensleben), near Aschen. The barrel is 133 centimeters long overall, with a bore of 8 centimeters, the powder chamber inner diameter 8 centimeters, made around 1420–1430.



(6) The Byzantine Cannon

This cannon is a large bronze cannon held by the Germanic Museum, firing stone shot of 58.4 kilograms, made around 1440 or 1444, similar in kind to the Rhodes Cannon. The barrel is 3.62 meters long overall; the bore length is 2.05 meters, the bore 0.4 meters, the outer diameter at the muzzle 0.61 meters, the outer diameter of the bore section 0.58 meters; the powder chamber is 1.17 meters long overall, the outer diameter of the powder chamber 0.46 meters, the powder chamber’s inner diameter comparatively small, the powder chamber wall very thick, able to withstand very high chamber pressure; the outer diameter at the breech is 0.57 meters. The barrel has, at the front, middle, and rear, a pair of large rings each, the barrel being altogether strengthened by 6 hoops. In 1453, the Ottoman (present-day Turkish) Sultan Muhammad II (Muhammad Ⅱ, about 1430–1481) led his army in attacking the Byzantine

imperial capital of Constantinople, and also called this cannon the Byzantine cannon (Byzantinische Steinbüchse aus Bronze).



(7) The Mons Meg Cannon

The Mons Meg (Mons·Meg) cannon is a famous giant bronze cannon extant at Edinburgh Castle in Scotland, cast at Mons street in 1450. According to the American Philip Stevens in Cannon Through the Ages, it is said that: in 1451, the English authorities bestowed upon the craftsman who cast this giant cannon, as a reward, the property of Mons, and named the giant cannon Meg, after the name of the craftsman’s talkative old wife; and thus this giant cannon, made at the Mons works, became famous under the name Meg from the Mons works, and later people came to call these cannon “Mons Meg” cannon.

The manufacturing method of this giant cannon was the same as the manufacturing method of the Basel giant cannon; the barrel is 4.11 meters long, with a bore of 50.8 centimeters, the powder chamber’s inner diameter being 1/3 of the bore. It weighs 4 tons (some say 6.6 tons). When firing an iron shot weighing 600 kilograms, the range reached 1280 meters; when firing an iron shot weighing 249 kilograms, the range reached 2560 meters. This cannon was used in 1489 in the attack on the town of Dumbarton. In 1680, to celebrate the birthday of the Duke of York, it was fired one final time, causing damage to the barrel. The present gun-carriage was made by the Woolwich cannon works in England in 1836. This cannon is now held at Edinburgh (Figure 6-21).

Figure 6-21 The Mons Meg Cannon



(8) The Dulle Griet Cannon

This wrought-iron cannon is mounted at the Vrijdagmarkt (Friday Market) in Ghent. As to when it was made, opinions differ. Görtz holds this cannon was made in 1410, while the material on cannon published by the Germanic Museum holds that this cannon was made in 1455. It appears that the latter view is more nearly correct. This cannon is 477 centimeters long overall, with a bore of 62 centimeters, the bore section 314 centimeters long, the powder chamber 62 centimeters long, the powder chamber’s outer diameter 97 centimeters, the powder chamber’s inner diameter 25 centimeters, weighing about 13 tons, firing a shot of 234 kilograms. The form and structure of this cannon are similar to the Mons Meg cannon.



(9) The Muhammad II Cannon

In 1453, when Muhammad II attacked Constantinople, he brought a batch of giant cannon cast by the Hungarian cannon-founder Urban and others. The barrel was 5.12 meters long, with a bore of 76.2 centimeters, weighing about 17 tons, firing stone shot of 470 kilograms (Photograph 8). In transporting the cannon to Constantinople, each cannon required 60 oxen to draw it, with 200 men supporting the cannon on both sides as it advanced, and 200 men repairing the road ahead. On April 5, the army of Muhammad II arrived before the city of Constantinople, and began preparations for the assault on the city. The last Byzantine emperor, Constantine XI (Constantine Ⅺ, 1405–1453), had lost the support of the people, and his military strength was thin, the important strongpoints being defended only by a small number of foreign mercenary troops. On April 12, the giant cannon began to bombard the Constantinople defenses, bombarding 7 times a day, continuing for 47 days, breaching the city wall in many places, damaging 6 English ships, and killing 126 English soldiers. At the same time, the attack was also carried out in coordination from the flanks.

On May 29, the city gates opened wide, and the army of Muhammad II entered Constantinople. The Turkish troops gave free rein to plunder and burning for 3 days, the splendid and magnificent palaces were reduced to ashes, and the works of art handed down through the generations became ashes and cinders. The Byzantine Empire, that is, the Eastern Roman Empire, perished. The giant bronze cannon depicted in the illustration is precisely the giant cannon that was at that time mounted at the Dardanelles Strait to bombard the opposing side. In 1867, the Turkish Sultan presented it to Queen Victoria of England, and it is now held in the Tower of London, and the world also calls it the Dardanelles Cannon.①

① [America] Philip Stevens: Cannon Through the Ages, translated manuscript, pp. 27–28.



(10) The Busleyden Cannon

This is a bronze cannon held by the Germanic Museum, made in 1482, its form and structure similar to the Byzantine Cannon. It is 3.84 meters long overall, the bore section 2.75 meters long, the powder chamber 0.88 meters long, with a bore of 28 centimeters, the powder chamber inner diameter 15 centimeters, the breech section 21 centimeters long, weighing 3.89 tons, firing a stone shot of 20.5 kilograms. The bore is smooth, the powder chamber comparatively short, the front section and the powder chamber joining section being somewhat thicker, the bore length being 10 times the bore diameter, the exterior having decorative patterns, with 2 decorative bands at the front, 2 trunnions in the middle, on which is also cast the name of the cannon, and depicting 2 human heads, and near the breech on both sides are 2 small ears, on which are inscribed the characters 1482 and the letters BVSSONA.



(11) The Sigismund Cannon

The Sigismund (Sigismand) cannon resembles the Busleyden cannon, being 3.62 meters long overall, the bore section 2.77 meters long, the powder chamber 66 centimeters long, with a bore of 39 centimeters, the powder chamber inner diameter 19 centimeters, the outer diameter at the muzzle 57 centimeters, the outer diameter at the breech 62.7 centimeters (Figure 6-22).

Figure 6-22 The Sigismund Cannon

At the front of the barrel are 2 crown-and-shield emblems, being the double-eagle heraldic emblem of the time of the alliance between Duke Sigismund of Tyrol, Austria, and the Archduke of Austria; the 4th section is inscribed: Sigmvd ertz/Herzog ze oster/reich ff·/Mcce/vnd Lxxx Ⅶ (Archduke Sigismund of Austria, 1487); the middle section has 2 handles, and, in front of the touch-hole at the rear, is inscribed: jörg Enderfer gos mich, and other characters, the first part being a person’s name, and the closing characters meaning “I cast [this].”

The above 11 kinds of giant cannon were, for the most part, each manufactured independently by the country using it, the manufacturing factories being located in different countries and regions, each cannon manufactured possessing its own characteristics, without any unified specification, and not mass-produced, some cannon even being the only one of its kind, or only a few in number, and so the surviving remains are extremely scarce, some even becoming the sole surviving treasured item. The above giant cannon were for the most part used for besieging cities and defending fortresses, all being made in the rear. When used, they required abundant manpower and animal power to transport them to the front line, and once set up in position, they were

difficult to move and inconvenient to maneuver. These shortcomings very soon became exposed, and thereafter very few people again manufactured this kind of cumbersome giant cannon.




2. Improvements to German and French Artillery

In the fifteenth century, the development of artillery in the various European countries was extremely uneven; while Germany and France began improving their early cannon, the manufacture and use of cannon in other countries still remained in a state of hesitant progress. The emphasis of the artillery improvements of Germany and France mainly lay in two respects: the first was changing the excessively cumbersome giant cannon into cannon convenient for maneuvering; the second was simplifying the varieties of cannon and relatively unifying the form and structure of cannon, the aim being to make cannon convenient to maneuver and use on the battlefield. The German Emperor Maximilian and his successor Emperor Karl V were the pioneers of this round of artillery improvement.


(1) Improvements to German Artillery

Fressenbach, the arsenal director of the time of Maximilian I, recorded that the cannon that had undergone initial improvement in the period 1500–1510 could roughly be divided into four types: main cannon, heavy cannon, serpentine cannon, and mortars.

The main cannon fired iron projectiles, the barrel mounted on a wooden gun-carriage, the gun-carriage placed on the ground, with a large wooden stake driven in behind the breech, used to absorb the recoil force, that is, the recoil, produced by the cannon on firing. This was similar to the method used in early Ming China to absorb the recoil force produced when firing larger hand cannon.

The heavy cannon was the principal cannon for besieging cities, having 5 large and small specifications, their form and structure basically the same, but each with a different name.

The serpentine cannon had a small bore, the length of the barrel being 20 times the bore, and, because its shape resembled a long serpent, it was so named.

The mortar was a short-barreled cannon with a short bore relative to its diameter, firing incendiary shot, stone shot, and hollow iron shot. It was similar to cannon such as China’s Ming-dynasty “iron rod thunder-flying cannon,” which fired hollow iron shot.

Around 1490, Jokob Preuss, the arsenal superintendent of Emperor Maximilian I, made an inventory table of the cannon in the arsenal, listing the performance of the various kinds of cannon then in use. This table was published in 1526. The table lists the performance of 12 kinds of cannon in three categories.

The first is the performance of 5 kinds of siege cannon, namely the 25-, 50- (2 kinds), 75-, and 100-pound cannon, the projectile diameter 14.6–23 centimeters, the projectile weight 11.9–48 kilograms, the barrel bore being the same as the corresponding projectile diameter, the ratio multiple of barrel length to bore being 14–17, the cannon weight 1285–5140 kilograms, requiring 16 horses to draw it.

The second is the performance of 4 kinds of field cannon, namely the 2-, 4-, 8-, and 16-pound cannon, the projectile diameter 5.5–12.6 centimeters, the projectile weight 0.95–7.6 kilograms, the barrel bore being the same as the corresponding projectile diameter, the barrel length being 34–44 times the bore, the cannon weight 1147–2867 kilograms, requiring 16 horses to draw it.

The third is the performance of 3 kinds of mortars, namely the large mortar of 100 pounds, the medium mortar of 50 pounds, and the small mortar of 8 pounds, the projectile diameter 15.2–35 centimeters, the projectile weight 3.8–51.4 kilograms, the barrel bore being the same as the corresponding projectile diameter, the barrel length not stated, the barrel weight 77–2570 kilograms, the number of horses for drawing it depending on the circumstances①.

① See Transmission, p. 435.

After the cannon improved by Maximilian I, all had, on both sides of the point of balance of the barrel, fitted trunnions, so as to be set on a gun-carriage or gun-cart for firing. This newly fitted trunnion could, both by controlling the raising and lowering of the breech, adjust the angle of elevation and depression of the muzzle, thereby correcting the firing angle of the cannon, which was advantageous for the gun-carriage’s aiming at the target, and could also be conveniently mounted on the gun-cart for mobile operations, being an improvement of double benefit achieved at a single stroke. At the same time, the thickness of the powder-chamber wall of the heavy cannon and the serpentine cannon was increased, so as to strengthen the safety of these cannon when firing, and, because it achieved evident results, it was imitated by cannon-manufacturers of the various countries.



(2) Improvements to French Artillery

By the early fifteenth century, France’s cannon-manufacturing industry had already made a certain degree of progress. In July 1429, Charles VII of the Valois dynasty of France (Charles Ⅶ, reigned 1422–1461) ascended the throne of France. In September 1435, Philip III, Duke of Burgundy (French: Bourgogne), submitted to Charles VII, raising his capability in the Hundred Years’ War, and by 1453 he had already recovered the greater part of the territory of northern France occupied by England. After this, he laid great stress on the development of artillery, strengthening the building of cannon-foundries and the research of cannon, taking the firing of solid shot as the offensive weapon; the Bureau brothers, who were thoroughly versed in gunnery, organized in 1450 the world’s earliest artillery corps, and in the Battle of Formigny in April 1450 and the Battle of Castillon in July 1453, the French army made use of its superiority in long-range artillery to deal heavy blows to the English army. On October 19, 1453, the French army recovered Bordeaux, and the Hundred Years’ War came to an end.

By the time of Charles VIII (Charles Ⅷ, reigned 1483–1497), with the rapid development of artillery, France’s original main cannon had already come to appear cumbersome, the two-wheeled gun-cart requiring 2 to 24 horses to draw it, and the four-wheeled gun-cart requiring 35 horses to draw it, being both inconvenient for maneuvering with the army, and unable to operate in mountainous terrain; whereupon the following improvements were made to the cannon system.

The first was raising the capability for cannon manufacture and improving the structure of the cannon. In order to carry out the reform of artillery, France first strengthened the building of cannon-foundries, so that they stood shoulder to shoulder with the cannon-foundries of Germany. In casting technique and technology, the method of casting the barrel and the movable breech section separately was first improved into a method of casting the gun body as a single integral unit, so that the cannon cast could reach up to 8 meters in length, while also improving the sealing (obturating) effect of the cannon.

The second was unifying the specifications of cannon. In the period of Charles VIII, when the cannon-foundries of France cast cannon, they cast them only according to several fixed specified lengths and calibers, so that the cast cannon could be equipped to the artillery corps according to a unified establishment, while at the same time it was stipulated that the newly cast cannon should uniformly fire cast-iron solid shot, so as to raise the killing and destructive power of the cannon. In order to facilitate loading, unloading, and maneuvering on the battlefield, the cannon-foundries of France all cast barrels fitted with trunnions, together with wheeled gun-carriages, that is, gun-carts, matched in size and weight to the gun body. In order to meet the varying needs of combat, the cannon-foundries of France cast several different kinds of cannon. There were light field cannon for mobile operations, siege cannon, and mortars that fired stone shot. In order to be able to fire in coordinated fashion with skill, moreover, a relatively fixed group of gun-crew was assigned to each cannon at that time, so that, when war occurred, they could immediately go into action. At the same time, the army also established artillery service detachments, to ensure that the artillery equipment was kept in a good state of combat readiness. After these improvements, the mobility of the French army’s artillery was raised, its field artillery being able, in campaigns, to march together with the other arms, and even not to fall behind the cavalry①.

① [German] Engels: “Artillery,” in Marx-Engels Military Writings, Vol. 1, pp. 420–421.

On the basis of the improvement of artillery under Charles VIII, by the time of Louis XII (Louis Ⅻ, 1498–1515), the improvement of French artillery advanced yet a further step. The cannon cast in bronze, from breech to muzzle, took on a slightly tapering columnar shape, the cross-section being octagonal, the decoration simple and unadorned, and the performance excellent.




3. The Lag in Italian and English Artillery Research and Manufacture

While Germany and France were carrying out improvements to their artillery, the artillery research and manufacture of Italy and England lagged behind.


(1) The Lag in Italian Artillery Research and Manufacture

Although Italy was the cradle of modern science, down to the fifteenth century it had still not been unified, its various city republics, kings, as well as papal territories and other feudal territories, all pursuing their own separate courses, giving foreign invaders an opportunity of which to take advantage. In August 1498, the French King Charles VIII, leading more than 30,000 troops, bringing 136 pieces of new-style artillery, passed through Milan by feint and entered the Italian peninsula, occupying the city of Naples by way of Florence and the papal territories. After this, warfare in Italy was incessant, and its military performance was poor. Under these circumstances, Italy’s artillery research and manufacture lagged behind that of the other countries of Europe. From among the cannon used by Italy in the period 1450–1500,

no sign of any improvement to the cannon system can as yet be discerned (Figure 6-23).

From the illustration of the cannon used by Italy in 1450–1500, it can be seen that the cannon of that time were still not fitted with trunnions, and could not be mounted on gun-carriages or gun-carts for firing. The exterior of the various cannon all took on a bamboo-joint-like shape, with numerous reinforcing hoops of varying width strengthening the barrel; if arranged by number, the names of the various cannon are, respectively: 1. the Bombarde cannon, 2. the mortar, 3. the Maisana cannon, 4. the Colubrina cannon, 5. the Passavolante cannon, 6. the Bastardo cannon, 7. the Sagitana cannon, 8. the Spingarda cannon, 9. the Archibugio hand-held gun, 10. the Schioppo hand-held gun, 11. the Schioppetto hand-held gun. Of the above, the 1st kind is a heavy cannon, the 2nd kind is a mortar, the 3rd–6th kinds are culverin-type cannon, the 7th–8th kinds are light cannon, and the 9th–11th kinds are hook-type and wooden-stock-type hand-held guns. The backwardness of guns and cannon was an important cause of Italy’s poor military performance in the fifteenth century①.

① See Transmission, pp. 442–443.

② See Transmission, pp. 446–447, 450–451.

Figure 6-23 Cannon Used by Italy in 1450–1500



(2) The Lag in English Artillery Research and Manufacture

The English army, which had once achieved victory through the use of firearms at the Battle of Crécy in 1346, evidently showed no cases of victory achieved through the use of firearms in the fifteenth century, and this is closely related to the lag in England’s artillery manufacture during this period. The firearms used by the English army in the Hundred Years’ War (1337–1453) relied chiefly on imports from continental Europe. It was not until Henry VIII (Henry Ⅷ, 1491–1547) ascended the throne, in 1509, as the second king of the Tudor dynasty of England, that in 1525 he set about manufacturing new-style cannon.




4. Europe’s Early Breech-Loading Cannon

In the Turin Artillery Museum in Italy, are held various kinds of breech-loading cannon of the early fifteenth century. So-called breech-loading cannon are cannon loaded with gunpowder and projectile from the rear of the barrel. In the illustration at left is a display diagram of breech-loading cannon (Figure 6-24), and below is a diagrammatic sketch analyzing the breech-loading cannon (6-25)②. The analysis, numbered in order, is as follows.

Figure 6-24 Illustration of Ancient Cannon on Display


	The front gun-body of the 1405 Bombarde (Bombarde) cannon, with a bore of 16 centimeters, 110 centimeters long, weighing 1250 kilograms, firing a stone shot of 4.25 kilograms.


	The long stone-shot cannon, the barrel 1 meter long, with a bore of 13 centimeters, weighing 65 kilograms, firing a stone shot weighing 26 kilograms.


	The rear gun-body of a stone-shot cannon, 72 centimeters long, with a bore of 4–8 centimeters, weighing 127.3 kilograms.




Figure 6-25 Analytical Diagram of Ancient Cannon


	The large stone-shot cannon. The barrel 1.34 meters long, with a bore of 53–59 centimeters, weighing 1190 kilograms, firing a stone shot weighing 203 kilograms.


	The rear gun-body of a lead-shot cannon. 30 centimeters long, weighing 9.8 kilograms, being a small-type cannon.


	The Berguer shipboard cannon. That is, the barrel of the folangji cannon as termed in Ming-dynasty China, 68 centimeters long, with a bore of 6 centimeters, weighing 32 kilograms, firing a projectile weighing 460 grams.


	The long lead-shot cannon. The barrel 1.117 meters long, with a bore of 3 centimeters, weighing 21 kilograms, firing a lead shot weighing 111 grams.


	The hook-type matchlock gun. The gun body 1.64 meters long, with a bore of 2.7 centimeters, weighing 1.38 kilograms, firing a lead shot weighing 102 grams①.




① See Transmission, pp. 450–453.

The above are products of gun and cannon manufacture held in the fifteenth-century Turin Artillery Museum of Italy, among which 4 pieces are breech-loading cannon. The breech-loading cannon of that time differed from the breech-loading rifled cannon that appeared in the late nineteenth century, still being breech-loading smoothbore cannon. There were mainly two kinds: one kind had the gun body divided into two parts, the front part being the bore (also called the barrel), and the rear part being the powder chamber, items 1, 3, and 5 in Figure 6-25 belonging to this kind; item 6 in Figure 6-25 is another kind of cannon, the rear of the gun body having a shoulder-shaped frame serving as the loading chamber, and there is in addition a sub-cannon, which loads the propellant charge, into which the priming charge can be pre-loaded, and which, at the time of firing, could be inserted into the loading chamber of the cannon by turns, belonging to the embedded-firing type of cannon. This cannon was for the most part used as a naval gun on shipboard, and continued in use down to the seventeenth century. The countries that manufactured this kind of cannon, besides Italy, also included Spain, Portugal, England, France, and others, and for this reason it also had many names. This kind of cannon was one of the firearms transmitted eastward most by Portugal and other countries into the East. In 1517 (the twelfth year of the Zhengde reign of Ming China), it was seen by officials of Guangzhou in China, and because the Ming court at that time called the Portuguese folangji (Franks), this cannon was accordingly also called by the name folangji. Later this usage became established custom, and was adopted in common by a number of countries of the East thereafter. The folangji cannon exerted an important influence upon the manufacture and use of cannon in the various countries of the East from this time onward.



5. Advances in Artillery and Accessory Manufacturing and Use Technology

The manufacturing and use technology of Europe’s artillery and its accessories, building on the foundation of the fourteenth century, made further evident progress. The barrel developed from the hooping-together of longitudinal iron bars, to integral casting using bronze, which was both hard and tough, and the creation of the trunnion and the wheeled gun-carriage both raised the accuracy of the cannon’s fire, and facilitated the shifting of position and mobility on the battlefield, laying the foundation for the further development of artillery.


(1) Manufacturing Technology of Iron-Bar Hooped Cannon

The stone-shot cannon used in the fourteenth century were mostly made by hooping together, with iron hoops, numerous longitudinal iron bars into a tapering barrel-shaped gun tube. In this way, any stone shot of a size larger than the diameter at the breech and smaller than the diameter at the muzzle could be placed in the barrel and made to fit closely against the wall of the barrel. The smaller the stone shot, the smaller the amount of gunpowder to be loaded into the rear part of the taper, while the larger the stone shot, the greater the amount of gunpowder to be loaded into the rear part of the taper, always keeping the amount of gunpowder loaded into the rear part of the barrel in direct proportion to the increase in the diameter of the stone shot. Later the barrel

became ever thicker, to the point of being able to fire a stone shot weighing 500 kilograms. Under the conditions of that time, adopting this method of manufacturing a tapering-columnar cannon and of grinding stone shot avoided the trouble and inconvenience brought by the need, when using a straight-bore barrel, to fire stone shot of one and the same diameter, because grinding stone shot of one and the same diameter, or casting metal shot of one and the same diameter, was, at that time, nearly impossible, or fundamentally impossible, to do.

The manufacturing technology of the iron-bar hooped cannon can still be glimpsed, to some extent, in surviving ancient cannon. At the place in England reachable via the Woolwich arsenal, there are preserved to this day 2 wrought-iron cannon manufactured in the reign of the English King Henry VI (Henry Ⅵ, 1422–1426), their bore being 4.25 inches, the barrel length being 90 inches and 103 inches, weighing 960 pounds and 1030 pounds. When they were examined in 1861, it was discovered that the breech had, since very early times, had a crack 28 inches long, revealing the original appearance of this barrel as having been hooped together from 14 longitudinal iron bars. The iron bars were arranged in two layers to form a cylindrical shape, and afterward were hooped into a single unit using iron hoops 2.3 inches wide and 2.5 inches thick. Molten lead was poured into the gaps between the iron bars, and after cooling, the iron bars were tightly hooped together into a single unit, and, at the breech, was fitted a powder chamber cast of bronze, attached to it, becoming a complete stone-shot cannon.



(2) Manufacturing Technology of Short-Tube-Jointed Barrels

Besides using iron bars hooped together to form the barrel, the short-tube-jointing method was also used to join together the barrel. Its method was, according to the pre-designed length of the barrel, to cast it in several sections of short tube, the ends of the short tubes having a rim-flange, through which the short tubes were joined together, one after another, into the barrel, and a casing was used to fit over the wide hoop of the joining tube-flange, so as to maintain the mutual position of the iron tubes, so that the barrel thus made was perfectly straight and free of any slant.



(3) The Bronze Cannon-Casting Method

Through actual use, people discovered that a barrel cast of pure copper, because the temperature inside the bore was very high when firing the cannon shot, would cause the barrel to soften and become damaged, and be unable to be used again. However, using bronze cast from copper and tin, or smelted alloy, to cast the cannon, avoided this shortcoming.



(4) The Casting of Trunnions

Fourteenth-century cannon had no trunnions. Surviving physical specimens of fifteenth-century cannon show that, around 1433–1477, the earliest trunnions had already appeared. At that time, cannon fitted with trunnions mounted on the gun-carriage could adjust the elevation and depression angle of the cannon’s fire. In the late fifteenth century, when the German Maximilian I improved the form and structure of cannon, he cast the trunnions onto the barrel, so that, when it was mounted on the gun-carriage for firing, the objective of adjusting the field of fire and the elevation-depression angle of the cannon could be achieved by controlling the breech. Cannon cast before 1478 had the trunnion axis roughly level with the axis of the barrel, but after firing they were unstable. Thereafter this was improved, the trunnion axis being made level with the bottom of the barrel’s bore, so that, when firing, a downward pressure was produced on the rear support-frame, maintaining the stability of the cannon’s fire.



(5) Improvement of the Gun-Carriage

The gun-carriage of the fourteenth century was very simple, mostly laid crosswise on a wooden bed, with the breech supported by a wooden frame. In the late fifteenth century, the craftsmen of the time of Maximilian I created the wheeled gun-carriage. The earliest gun-carriage was made using a large thick piece of wood as the rear frame, together with an axle and a pair of wheels. The gun body was mounted on a wooden cradle, the cradle having trunnions, supported by bearing supports on the frame of the axle. When the trunnions and the barrel were cast as a single unit, they were mounted directly on the support seat of the wheeled gun-carriage, being both stable and convenient for the cannon to maneuver on the battlefield, and moreover advantageous for the gun-crew in adjusting the field of fire and the firing angle.



(6) Transportation of Gunpowder

When gunpowder was transported, the three ingredients — saltpeter, sulfur, and charcoal — were each first packed separately in their own containers for preservation, so as to avoid the occurrence of an explosion from mixing the three together in one place, the mixing being carried out only when it came to be used on the battlefield. When loading gunpowder, it must not be packed too tightly, for if too tight an explosion would

occur, while if too loose, slow-burning would occur, losing the effect of the gunpowder. After the slow-match was lit, it could then be used as a fuse, inserted through the touch-hole into the powder chamber, to carry out firing.



(7) Improvement of Cannon Shot

Fourteenth-century cannon mostly fired stone shot, but the killing power of stone shot was small, and it was moreover liable to shatter, and so it was gradually replaced by metal shot. In 1346, the Frenchman Pier (Pier) made the first elongated shot. That same year, English cannon-founders used lead shot in the artillery of the Duke of Brunswick. Around this time, there were also those who used lead-covered stone shot, iron-covered stone shot, and bronze-covered stone shot, and so on.

The improvement of the manufacturing technology of artillery and its accessories was both the result of the accumulation of practical experience in war, and also created favorable conditions for the expanded use of firearms in war.




6. The Use of Artillery in War

Beyond that already touched upon in the foregoing discussion of the development of artillery, part of the use of artillery in combat, there are also some further battle examples that can illustrate the influence that the change in the manner of warfare produced, following the use of artillery in combat operations.


(1) The Use of Artillery in the English Civil War

In 1399, the various lords of the north of England, on the pretext of Richard II’s high-handedness, deposed him. That same year, in July, while Richard was on campaign in Ireland, Henry IV (Henry Ⅳ, 1367–1413, reigned 1399–1413) of the House of Lancaster landed from the northeast of England and was placed on the throne as king, thus establishing the Lancastrian dynasty. After the establishment of the new dynasty, between 1400 and 1406, the regions of Northumberland, York, Wales, and elsewhere were in constant rebellion, and civil war continued unabated. Henry IV, in 1405, personally led his forces in swiftly using artillery to capture the cities of Berwick and Warkworth, which had been occupied by the various lords, and the rebellion was thereby quelled.



(2) The Use of Artillery at the Battle of Agincourt Between England and France

This battle is also called the Battle of Agincourt (Agincourt). In 1413, the English King Henry IV died, and his eldest son Henry V (Henry Ⅴ, 1387–1422, reigned 1413–1422) ascended the throne, and in 1415 resumed the war against France, so as to divert the strength of the various lords. At that time, Henry V, taking advantage of the internal strife arising between the factions of the Duke of Orléans and the Duke of Burgundy of France, led his army in invading France, occupying Harfleur, and then leading 9000 men, bringing over 10 pieces of artillery (among which 2 pieces of cannon weighed over 4400 pounds), advanced on Calais. On October 25, the English army engaged over 30,000 French troops in battle at Agincourt. The two armies confronted one another across a stretch of muddy, water-logged terrain. Henry held his troops steady and did not move. The French army, relying on the fact that its strength was more than three times that of the English army, rashly pressed the attack, and fell into the marshy ground, unable to move. The English army fired their guns and loosed their arrows together in great numbers, repelling two attacks by the French army. Afterward, the English army sent out a surprise force to encircle the rear of the French army, and the French army suffered a crushing defeat, more than 5000 being killed. The French marshal Boucicaut, in a report to the government after the battle, said: in the fighting, the English army used artillery to fiercely bombard the French army from a small hill, and although the French army had artillery, it was unable to return fire, resulting in the crushing defeat. In 1420, France was forced to recognize Henry V as heir to the throne of France. The conflict between England and France still remained, and war could break out again at any time.



(3) The English Army’s Bombardment of Orléans

In 1422, the English King Henry V died, and the succeeding Henry VI (Henry Ⅵ, 1421–1471) was, on his accession, only 10 months old, the regency being held by his queen mother Margaret (about 1430–1482), who assembled English forces to invade the south of France, achieving several victories. In October 1428, the English army laid heavy siege to Orléans (Orleans), the important city ruled by the French crown prince. In besieging the city, the English army employed 15 breech-loading mortars in fierce bombardment of the French forces within the city, the French army suffering heavy losses (Figure 6-26). Charles VII (Charles Ⅶ, 1403–1461, reigned 1422–1461), who exercised royal authority in the south of France, was at his wit’s end. A devout

Figure 6-26 The English Army Bombarding Orléans

religious believer, the peasant girl Joan of Arc (1421–1431), led troops into battle, and the French army turned defeat into victory.



(4) The Use of Artillery in the Wars of the Roses

From 1455 to 1485, the two great English houses of Lancaster and York fought a civil war for the throne. Because the former took the red rose as its heraldic emblem and the latter the white rose, hence the name “Wars of the Roses”.

On July 10, 1460, the two armies fought a decisive battle at Northampton. In the fighting, the House of Lancaster built several lines of defense equipped with artillery. The English King Edward IV (Edward Ⅳ, 1442–1483) then used artillery to carry out a siege, destroying this fortified position, and defeating the House of Lancaster of the red rose. On August 22, 1485, the two armies gave battle at Bosworth, the House of Lancaster defeating the army of the House of York, killing Richard III, and the Wars of the Roses came to an end.



(5) The Use of Artillery in the Battle of Fornovo

This was a battle fought on July 6, 1495, at Fornovo in the north of Italy, between the army of the French King Charles VIII and the army of a feudal state of the north of Italy. In the fighting both sides used artillery, but with vastly different results.

Because the French King Charles VIII had taken the lead in improving artillery, manufacturing large numbers of light-caliber cannon that were convenient and flexible for maneuvering with the army, and had moreover equipped them with gun-carts, greatly strengthening the mobility of artillery on the battlefield, so that the light-caliber cannon could even march together with the cavalry without falling behind. By contrast, because Italy’s improvement of artillery had lagged behind, artillery was still transported using draft cattle, and the cannon had to be disassembled into several parts to be transported with the army, and after arriving at the destination, further had to undergo assembly, and only then could be set up on platforms laid with timber, establishing a temporary artillery position, the procedure being extremely cumbersome, consuming a great deal of time, and moreover firing stone shot with a short range; the whole artillery corps’ movements appeared clumsy and sluggish. After the battle began, the French army’s guns fired together in salvo, projectiles flying like hail. The Italian army’s artillery had a slow rate of fire and a small volume of fire. At the time someone made a calculation, that the French army, within a single hour, fired more cannon shot than the Italian army fired in an entire day. The French army, relying on the superiority of its field artillery, achieved victory in the battle. The news spread abroad, shaking the whole of Italy, and thereupon artillery came to be regarded as an invincible new arm of the service①.

① [German] Engels: “Artillery,” in Marx-Engels Military Writings, Vol. 1, p. 421.

In the wars fought by Europe in the fifteenth century, the use of firearms clearly increased, and in some campaigns and battles, it had already become an important factor determining victory, in particular the shock role of artillery in siege warfare, city-defense warfare, and field warfare, which came to stand foremost among all the various weapons. Under the fierce bombardment of heavy cannon, enemy soldiers fell in their hundreds and thousands, the enemy’s battle lines were breached, and the enemy’s fortified city walls collapsed; the change in the manner of warfare brought about by the use of firearms had already become an irresistible force, and how to adapt to and promote this change became a matter that those who directed war could not neglect.





Section 4 Europe’s Folangji and Its Use in Overseas Colonial Plunder

The rapid growth of the sprouts of capitalism in Europe gave rise to the exploration of overseas sea routes and colonial expansion by the countries of Western Europe. Before the opening of the new sea routes, there were mainly three trade routes between East and West: one went by land route from Central Asia, along the Caspian Sea and the Black Sea, to the Asia Minor peninsula; one went first by sea route to the Persian Gulf, and then by way of the region between the two rivers to Syria on the eastern shore of the Mediterranean; another went first by sea route to the Red Sea, and then by land route to Egypt and Alexandria. At that time, trade between Europe and the East, east of the Red Sea, was controlled by Arab merchants, while in the Mediterranean region it was monopolized by Venice and Genoa of Italy. The expansion of Turkey in the fifteenth century affected trade across the Mediterranean, so that Italian merchants could no longer obtain great profit from it. On the other hand, the merchants of the various countries of Western Europe were also infatuated with obtaining the gold and legendary wealth of the East. Based on the reasons given above, in the late fifteenth century, the merchants, warlike nobles, and navigators of Western Europe began to venture upon voyages across the ocean, hoping to obtain, from these adventurous voyages across the far seas, the spoils of war they dreamed of. It happened that Spain and Portugal, in the late fifteenth century, had both already completed the process of national unification and centralization, and so were able to boldly undertake distant voyages across the ocean, while the building of the various types of warships, the extensive use of matchlock guns, and the successful equipping and use of folangji cannon on warships, together gave a pair of wings to this adventurous voyaging.


1. Europe’s Folangji

Besides the folangji held by the Turin Artillery Museum in Italy, the museums of a number of other countries also hold quite a few folangji.

The first is the folangji held by the Berlin Weapons Museum of Germany. The Berlin Weapons Museum holds 4 breech-loading folangji made in the fifteenth century (Figure 6-27), firing stone shot and lead shot, using a wrought-iron open-mouthed loading chamber. The barrel has four reinforcing hoops: the first is placed at the trunnions, with a pin inserted at the lower part of the barrel, for convenience in mounting the cannon on the mount; the second and third are placed at the middle section of the bore, to strengthen the barrel; the fourth, near the muzzle, has several layers.

Figure 6-27 Folangji Held by the Berlin Weapons Museum

The folangji was earliest mounted on the gun-mount of a ship, the mount able to rotate and elevate freely, left and right, up and down, controlling and rotating the breech of the barrel, that is, being able to adjust the folangji’s left-right field of fire and its elevation-depression firing angle, and was, at that time, a comparatively good naval gun, that is, ship-mounted cannon.

The second is the folangji held by the Lisbon Military Museum of Portugal. The Lisbon Military Museum holds the following 4 kinds of folangji, namely, items 2, 3, 4, and 5 in the illustration below (Figure 6-28).

The first kind of folangji is as shown in Figure 6-28-2. Its bore is 8 and 12 centimeters, the barrel 1.7 and 2.3 meters long. The gun body is composed of a wrought-iron front bore and a rear loading chamber. The gun body has, from front to rear, 8 reinforcing hoops to strengthen the barrel, and, at the 2nd hoop in front of the powder chamber, trunnions project; the loading chamber is made of wrought iron, forming a shoulder-shaped opening, convenient for placing in and taking out the sub-cannon. At the rear is fitted a breech-lever, turned vertically upward; by controlling the breech-lever, the field of fire and the firing angle can be adjusted; this cannon is, in form and structure,

Figure 6-28 Folangji Held by the Lisbon Museum

the same as the folangji held by the Berlin Museum①.

① Catálogo do Museu Militar, Lisboa, Fig. 2, “Boca de fogo de 1370 a 1495.”

The second kind of folangji is as shown in Figure 6-28-3. People call it the Bombardetta cannon. Made in the fifteenth century, the gun body is short and small, the front part appearing to have some damage.

The third kind of folangji is as shown in Figure 6-28-4. People call it the hand-fired folangji. Made in the fifteenth century, with a bore of 3 centimeters, the barrel 2 meters long, mounted on the support of a city wall or a ship for firing, the rear part having a wrought-iron open-mouthed loading chamber, the breech fitted with a wooden handle, able to be held and fired by a single soldier, its use being widespread.

The fourth kind of folangji (Figure 6-28-5) is a folangji made in the time of Manuel I (Manuel Ⅰ, reigned 1495–1521); people call it the “Falconet.” Its bore is 5 centimeters, the barrel 1.63 meters long, weighing 102 kilograms.

The third is the folangji held by the Brazilian Royal Museum. This folangji was excavated in 1858 at the city of Bonoignes in Belgium (Figure 6-29). It is now held in the Brazilian Royal Museum at the port of Hal, Belgium. Its form and structure are similar to Figure 4 of the folangji held in the Vasco da Gama exhibition room of the Lisbon Museum, and it is a breech-loading serpentine cannon, made approximately at the end of the fifteenth century, its dimensions not known②.

② Germanischer Museum M, Quellen, p. 52.

The fourth is the folangji held by the Turin Museum of Italy. This folangji has attached to it the gun-mount used on shipboard, with a bore of 4.6 centimeters, the barrel 68 centimeters long, weighing 32 kilograms, firing a sub-cannon weighing 460 grams. Its form and structure are similar to

Figure 6-29 Folangji Held by the Brazilian Royal Museum

item 6 of the cannon held by the Turin Museum (Figure 6-25), made approximately in the fifteenth century.

The fifth is the folangji used by Cortés in the conquest of Mexico. The illustration of this folangji (Figure 6-30), is carried in Modern Warships jointly written by Edward Litte and Edward Xinpusong. The date of manufacture, technical data, and repository of this cannon have all become impossible to trace. It is said that this is one of the 14 bronze cannon used on shipboard by the Spanish colonizer Cortés (Hernan cortes, 1485–1547) in the conquest of Mexico, made by the Spanish.

Figure 6-30 Folangji on Cortés’s Flagship

The sixth is the English ancient folangji. This is an illustration in Greener’s work The Gun (Figure 6-31), and beyond this there is no other explanation.

Figure 6-31 English Ancient Folangji

The seventh is the early carronade-type folangji. This is several illustrations of folangji and other firearms painted in Grose’s work Military Antiquities. This is a kind of imagined product of the folangji and other cannon, with no surviving physical specimen for reference, and its date of manufacture, form and structure, technical data, and repository are all without any record.

The above folangji cannon manufactured in fifteenth-century Europe, in the early sixteenth century, were used by Portugal, Spain, and other countries as naval guns, being used as weapons for plundering India, China, Japan, and Korea in Asia, and countries in Africa and Latin America, causing these countries and peoples to suffer enormous losses.

The eighth is the folangji carried in Japanese histories of firearms. The Japanese scholar Arima Seiho, in The Origin of the Cannon and Its Transmission, records numerous folangji originating from European manufacture, reflecting, from one side, the situation of the outward transmission of Europe’s folangji (Table 6-1).

Table 6-1 Europe’s Folangji Held in Japanese Collections














	No.
	Name
	Repository
	Place of Manufacture
	Bore (mm)
	Length (mm)
	Characteristics
	Remarks





	Ō-1
	Ō-tomo Cannon No. 1
	Yasukuni Shrine
	Goa
	95
	2880
	A kind of breech-loading bronze serpentine cannon manufactured in sixteenth-century Europe, the barrel decorated.
	Captured by the Japanese army on the Korean battlefield in the 14th year of Tenshō (1586); another such cannon is held at Kagoshima.



	Ō-2
	Ō-tomo Cannon No. 2
	Kagoshima
	Goa
	95
	2880
	A kind of breech-loading bronze serpentine cannon manufactured in sixteenth-century Europe, the barrel decorated.
	Captured by the Japanese army on the Korean battlefield in the 14th year of Tenshō (1586); another such cannon is held at Yasukuni Shrine.



	Ō-3
	Akune Cannon
	Akune City
	Spain
	70
	3000
	A sixteenth-century European breech-loading folangji, the gun body having three raised decorative patterns.
	Possibly a breech-loading serpentine cannon equipped aboard a Spanish ship drifted to Amakusa in the 4th year of Keichō (1599); the tail has damage.



	Ō-4
	Bogler Cannon
	Yūshūkan
	Spain
	180
	1835
	Identical in form and structure to the Spanish-made Bogler iron cannon held by the Berlin Museum, made in the fifteenth-century European breech-loading bronze folangji tradition (Figure 6-32).
	The barrel has cast trunnions.



	Ō-5
	Falconet Cannon
	Yūshūkan
	Goa
	48
	1795
	European breech-loading bronze folangji (Figure 6-33).
	Made around 1553.



	Ō-6
	Falconet Cannon
	Yūshūkan
	Made in Portugal
	36
	1674
	A breech-loading bronze serpentine cannon.
	Damage to the tail section.





Figure 6-32 (Ō-4) Bogler-Type Folangji

Figure 6-33 (Ō-5) Falconet-Type Folangji



2. Shipboard Firearms Used in Europe’s Early Colonial Expansion

The advance in cannon-manufacturing technology, and the increase in numbers, provided the conditions for the warships of Europe’s early colonial expansion to be equipped with naval guns for carrying out naval warfare.


(1) The Earliest Use of Naval Guns

In the seventh and eighth lunar months of the 23rd year of the Zhizheng reign of the Yuan dynasty of China (1363), in the naval battle fought on Lake Poyang in China between the fleets — what Europeans call fleets (navies) — of Zhu Yuanzhang and Chen Youliang, Zhu Yuanzhang’s naval warships used, for the first time, the “bowl-mouth cannon,” the earliest naval gun in the world, blasting apart and destroying numerous warships of Chen Youliang’s navy, and achieving victory. In Europe at that time, naval warfare still relied on hurling or shooting incendiary agents by hand or by bow, burning the sails, rigging, and cordage of the enemy ship, so that it lost the ability to navigate the sea and to maneuver, and then bringing one’s own warship close to the enemy warship, using grappling hooks and ropes to hook onto and secure the enemy ship, with soldiers boarding the enemy ship to fight it out hand to hand, thereby winning victory in the naval battle; this is what is usually called grappling-and-boarding warfare. Or else the huge ram mounted on the bow was used to ram and sink the enemy ship, this being what is usually called ramming warfare. These two methods of naval warfare could only be carried out when the two sides’ fleets were close to one another; beyond the range that the incendiary agent could reach, it was not possible to kill enemy soldiers or destroy enemy warships. After the use of naval guns, it then became possible, at a comparatively great distance, to fire projectiles to kill and wound the enemy forces and to destroy enemy warships, causing the manner of naval warfare to begin to undergo an epoch-making transformation.



(2) The Emergence of European Naval Guns

After the gunpowder invented by China, and the firearms created by China, were transmitted to Europe, Europeans likewise began to equip their warships with firearms. At first it was only that the navy was equipped with some hand-held guns, for carrying out naval combat operations.

According to a document in the English public records office, on June 2, 1358, John Starlyng, the royal clerk in charge of the great galleys, barges, and balingers of the royal household, together with Helmyng Leget, concluded a contract stipulating that the great ships “Bernard de la Tour” and “Marie de la Tour” be equipped with firearms. As to the full equipment of the ships, no documentary record has been seen. This is the earliest document concerning the equipping of English warships with firearms①. These firearms were probably a development of the firearms used at the Battle of Crécy in 1346.

① See Transmission, p. 459.



(3) Naval Guns Equipped on Two English Warships at the End of the Fifteenth Century

In 1488, the English Tudor-dynasty King Henry VII (Henry Ⅶ, 1457–1509, reigned 1484–1509), also called Henry Tudor (Henry Tudor), ordered the building of two great ships, the “Regent” (Rogent) and the “Sovereign” (Sovereign), with a displacement of 600 tons. The “Sovereign,” as first built, was equipped with 180 naval guns, most of them serpentine cannon, firing shot of 12 ounces.

In 1509, the warship “Regent” began to be built, equipped with 71 naval guns: 4 full-cannon bronze guns, 3 demi-cannon bronze guns, 3 cannon-perier culverin cannon, 2 falcon cannon, and 11 heavy iron guns. Among these, the culverin-perier cannon was an artillery piece firing 60-pound shot.

On August 10, 1512, the warship “Regent” fought, in the naval battle off Brest, against “Cordelier” (Cordlier), the largest warship in the French fleet. The captain of the French warship, Primauguet (Primauguet), after his warship caught fire, suddenly ordered the French warship to ram broadside into the “Regent”; after the two ships collided, both exploded and sank, and the crews of both sides all drowned in the sea.



(4) Naval Guns Equipped on the “Henry Grace à Dieu” Warship

After Henry VIII (Henry Ⅷ, 1491–1547) succeeded to the throne, he at once ordered the building of the “Henry Grace à Dieu,” that is, the “Great Harry” (Henry Grace-a-Dieu), which was, for its time, the largest new-type warship in the world. The warship was launched in 1515, with a displacement of 1500 tons (some say 1000 tons). Documents record that the naval guns with which this warship was equipped included the following various kinds of cannon.

The first was bronze cannon: 4 cannon, with 100 iron shot; 3 demi-cannon, with 60 iron shot; 4 culverin (Culverings) cannon, with 120 iron shot; 2 demi-culverin cannon, with 70 iron shot; 4 saker (Sakers) cannon, with 120 iron shot; 2 cannon-perier (Cannon-perers) cannon, with 60 stone shot; 2 falcon (Fawcons) cannon, with 100 iron shot.

The second was gunpowder: serpentine-cannon gunpowder, about 8000 pounds; granulated gunpowder, about 24000 pounds.

The third was iron cannon: 14 port-piece (Port Pecys) cannon, with 300 stone shot; 4 sling (Slings) cannon, with 100 stone shot and lead shot combined; 2 half-sling cannon, with 50 stone shot and lead shot combined; 8 fowler (Fowlers) cannon, with 100 stone shot; 60 base (Baessys) cannon, with 3 mytes of lead shot; 2 top-piece (Toppe Pecys) cannon, with 40 lead shot; 40 hailshot cannon, with 4 iron molds for hailshot; 100 hand cannon (that is, pistols); and 100 cross-bar shot (Crosse Barreshotte)①.

① Captain Garbett, Naval Gunnery.

When this great warship was built, it happened to encounter the fleet of the Spanish colonizer Cortés, then active on the coast of America. On February 18, 1519, Hernando Cortes (Hernando Cortes, 1485–1548) led his fleet on the expedition to Mexico, the fleet being made up of 11 warships, among which Cortés’s flagship had a displacement of 100 tons, another 3 ships being of 70–80 tons, and the rest being three-masted square-rigged ships and two-masted fore-and-aft-rigged ships. The state of the fleet’s equipment of artillery is unclear, only a brief record having been made at the time of the inspection prior to departure. Among the personnel, there were 110 sailors, 553 soldiers, 200 native laborers, and a number of slaves and menial workers, 10 heavy cannon, 4 light cannon, a certain amount of ammunition, and 16 horses②.

② Prescott, Conquest of Mexico, pp. 119–120.



(5) Naval Guns Equipped on the “Mary Rose” Warship

The state of the naval guns with which England’s warships were equipped in the late fifteenth and early sixteenth centuries can be glimpsed from the naval guns with which the warship “Mary Rose” (Mary Rose, also written Mary Rosie) was equipped.

According to the personal collected documents in the national records of the periods of Henry VII and Henry VIII published by the Naval Records Society of England, the warship “Mary Rose” had a displacement in the 500-ton class, and sank while engaging the French fleet at Spithead between July 18 and 20, 1523. The “Mary Rose” was built in 1509, and was equipped with the same number of naval guns as the “Sovereign.” In 1836, part of the hull, the naval guns, the gun-carriages, and so forth of this warship were salvaged, and are preserved in the Woolwich Museum. Among them are: cannon-royal (Royal cannon), with a bore of 8.54 inches, 8.6 feet long; demi-cannon, with a bore of 6.4 inches, 11 feet long; culverin cannon, with a bore of 5.2 inches, 10.11 feet long, weighing 4840 pounds; culverin-bastard cannon, with a bore of 4.65 inches, 8.6 feet long.

Figure 6-34 Restored Diagram of the Naval Guns of the “Mary Rose” Warship

From the bronze cannon that were salvaged, it can be seen that they had all been decorated. Among them was a wrought-iron cannon which, when actually measured, was found to have a bore of 8 inches, and to be 9.8 feet long, and to be a breech-loading cannon (Photograph 9), the restored form of it as mounted on the warship being as shown in Figure 6-34③.

③ Captain Garbett, Naval Gunnery, pp. 3–4.

There was salvaged a wrought-iron breech-loading serpentine cannon which could be mounted on a wooden gun-mount for firing, with a bore of 7.5 inches, the barrel 2.48 meters long (33 times the bore), with 24 reinforcing hoops, the muzzle having a front sight, and, from the 6th hoop from the rear, at both sides, there is an iron ring each, the powder chamber no longer surviving. The rear part of the wooden gun-mount also has iron rings, made approximately in the fifteenth century, that is, at the same period as the building of the warship “Mary Rose” (6-35)①.

① Germanischer Museum M, Quellen, Taf. A ⅩⅩⅩⅠ–ⅩⅩⅩⅢ.

In the Germanic Museum

Figure 6-35 Breech-Loading Cannon of the “Mary Rose” Warship

of Germany there is also an excavated physical specimen of a breech-loading cannon similar to that on the warship “Mary Rose” (Figure 6-36)②.

② Germanischer Museum M, Quellen, Taf. A ⅩⅩⅩⅠ–ⅩⅩⅩⅢ.

Figure 6-36 Naval Gun Held in the Germanic Museum

The excavated cannon is called a “shipboard cannon,” the front gun body 1.15 meters long, with the muzzle end missing about 0.18 meters, the powder chamber no longer surviving, with a bore of 3.5 inches, the gun-mount 4.76 meters long overall, with 6 wrought-iron hoops, the iron ring mounted at the 3rd hoop having some damage; this naval gun was made at roughly the same period as the cannon mentioned above③.

③ Germanischer Museum M, Quellen, Taf. A ⅩⅩⅩⅠ–ⅩⅩⅩⅢ.

Besides England, the city and commercial industries of fifteenth-century Spain were already highly developed, Toledo being at that time a famous center of weapons manufacture, the folangji it made also being used as naval guns, and Barcelona was called the leading port of southwestern Europe, its shipbuilding industry being correspondingly well developed. In 1519, the naval fleet that invaded Mexico had already been equipped with 14 folangji.

After Manuel I ascended the throne in Portugal in 1496, he at once expanded overseas, and many large warships were built, the folangji already having become a refined naval gun (Figure 6-37).

From the naval guns with which the above-mentioned large warships of the European countries were equipped, it can be seen that these naval guns were for the most part long-barreled breech-loading cannon, both able to have the barrel project outboard, and also convenient for loading gunpowder and shot within the ship. And from the shape of the ships in the illustrations, it can be seen that the broadside guns with which the large warships of that time were equipped, numbered at the least a single row and at the most three rows, possessing comparatively strong offensive firepower.

Figure 6-37 A Portuguese Warship




3. Portuguese Colonizers’ Use of Matchlock Guns and Cannon to Plunder Countries in Asia, Africa, and Latin America

In the late fifteenth century, the countries of Western Europe began to carry out the primitive accumulation of capital, and Portugal, Spain, France, England, and other countries, which had grown ever more powerful with the support of the cities, in search of land and in search of wealth, did not hesitate to use warships and cannon as instruments of advantage, opening up new sea routes, throwing open the doors of poor and weak countries, and carrying out extremely brutal and vicious colonial plunder. Portugal and Spain, the two earliest colonial countries, had already begun to use advanced matchlock guns and cannon, invading a number of countries in Asia, Africa, and Latin America. As Engels said: “The Portuguese were on the coast of Africa, in India, and throughout the whole of the Far East in search of gold; gold was what drove the Spaniards to America across the Atlantic Ocean; gold was what the white man desired above all else as soon as he set foot on a newly discovered shore.”① Engels’s discussion vividly and accurately depicts the avaricious image of these two earliest colonial-plundering countries, and the Portuguese King João II was the originator of this.

① [German] Engels: “On the Decline of Feudalism and the Rise of the Bourgeoisie,” in Documents on the History of Feudal Society, p. 9, Sanlian Bookstore, 1955 edition.


(1) João II’s Colonial Expansion

In 1481, after João II (Joan Ⅱ, reigned 1481–1495) ascended the throne, then in the second year he dispatched a fleet on an expedition, invading the Gold Coast of Africa (present-day Ghana), using guns and cannon to suppress the resistance of the local people, and establishing military strongholds. In 1485, the Portuguese fleet reached Zaire (present-day Congo) and the coast of Angola. In 1487, the Portuguese Dias (Bartolomeu Dias, 1450–1500) led an exploration fleet southward along the west coast of Africa, and discovered the Cape of Good Hope in 1488.



(2) Manuel I’s Colonial Expansion

After Manuel I ascended the throne in 1495, Portugal’s overseas expansion intensified; under his instruction, the navigator Vasco da Gama (Vasco da Gama, about 1460–1524), in July 1497, led 170 men in departing from Lisbon, and on November 22 rounded the Cape of Good Hope, reaching the cities of Mozambique, Kilwa, and Sofala on the eastern coast of Africa, and establishing trading posts; and on May 20, 1498, reached the commercial center of Calicut (Calicut, also called Kori, present-day Kozhikode on the Indian peninsula) on the west coast of India, and although he encountered resistance from the natives, and also encountered resistance carried out with firearms manufactured by Italians in the hands of the Indians, both were repelled by the Portuguese using matchlock guns and folangji, and many local people fell in pools of blood. Afterward the Portuguese plundered a great quantity of precious items such as spices, gems, and ivory from the local area, obtaining wealth equivalent to 60 times the cost of the voyage. Da Gama himself was made an admiral by the Portuguese King Manuel I. After returning home and resting for a time, da Gama again led a great number of soldiers, in 20 ships equipped with folangji-type naval guns, and in 1502–1503 again reached Calicut in India, and, after a fierce bombardment by the naval guns, carried out pirate-style plunder, and forcibly established permanent fortresses at Cannanore and Cochin, so as to consolidate their forcible seizure of the west coast of India.

In 1500, Manuel I appointed Cabral (Pedro Alvares Cabral, 1467–1520) as commander of the East Indies expedition, and, on March 9, led 13 ships departing from Lisbon on a distant voyage to the East Indies. Owing to encountering a storm, 4 ships were lost, Dias being buried at sea, and the fleet, on April 22, drifted to the port of Seguru on the east coast of Brazil, Cabral, on the shore, erecting the Portuguese royal “cross” emblem, proclaiming this region to belong to Portugal. The folangji held in the collection of the aforementioned Brazilian Royal Museum, in its form and structure, resembles a folangji held in the Vasco da Gama exhibition room of the Lisbon Military Museum, from which it can be known that this folangji is also an important material witness of the Portuguese presence in Brazil at that time.

On September 13, 1500, the Portuguese Cabral reached Calicut. In early 1501, the Portuguese, at Cannanore (Cananor) in India, used naval guns to bombard and destroy 14 large and small Indian ships, the Indians being able only to fight back with old-style weapons, and many more people were shot down by the Portuguese with matchlock guns and cannon. On January 16, 1501, the Portuguese, transporting a great quantity of precious goods such as spices and ivory, set out on the return voyage from India, arriving back in Portugal on June 23 (some say July).

From 1505 to 1509, the Portuguese government appointed Almeida (Franciscode Almeida, about 1450–1500) as the first Portuguese Viceroy of India (1505–1509). By this time the Portuguese invaders had already occupied places such as Goa and Malacca (present-day Melaka), and had also established trading posts at Colombo, Sulawesi, Sumatra, Kalimantan, and Java, and at some places on the east coast of Africa, controlling the “land of spices,” and bringing matchlock guns and folangji to these places. Because the scientific technology and handicraft industry of these places were still comparatively backward, they were not able to imitate them right away.

Afterward, the Portuguese made contact with wealthy Chinese who had opened shops in these places, and learned that China was a country producing great quantities of porcelain, gold, pearls, and silk, obtaining much intelligence about China. On returning home, they schemed together with the Portuguese authorities on a strategy for dealing with China. When the Portuguese fleet of 5 ships, in the eighth lunar month of the first year of the Jiajing reign (1522), attempted to provoke a confrontation at Guangzhou, China, it was defeated by the Ming army, 2 ships and over 20 folangji naval guns, and numerous matchlock guns, being captured by the Ming army, and the Portuguese matchlock guns and cannon were thereupon transmitted into China. Not long after, the Portuguese matchlock guns and cannon were also transmitted to Japan.




4. Spanish Colonizers Brought Matchlock Guns and Cannon to Asian and Latin American Countries


(1) Columbus Discovers the New World

In 1492, after the army of the Catholic monarchs defeated the last Arab dynasty at Granada, Spain was unified. The Catholic queen Isabella I (Isabella Ⅰ, 1451–1504) actively supported overseas expansion. From the very beginning of the unification of Spain, she supported the seafaring plan of Columbus (Cristoforo Colombo, about 1451–1506), and granted him the title of Grand Admiral. Columbus was originally a man of Genoa, Italy, moving to Lisbon, Portugal, in 1476, engaging in a seafaring career. In 1485 he moved again to Spain. After his seafaring plan was approved, he then, on August 3, 1492, led 3 ships including the “Santa Maria,” carrying 90 men, setting sail from the port of Palos (also translated Barros) on the southwest coast of Spain, and, after an arduous voyage of over 30 days (some say over 70 days), discovered, on October 12, Guanahani Island among the Bahama Islands, Columbus renaming it San Salvador, and then went on to discover the northeast coast of Cuba island, and afterward discovered Haiti island. Afterward he reached the Americas on two further occasions, but he always believed to the end that the places he had reached were the edge of Asia. It was not until 1499–1504 that the Italian navigator Amerigo (Amerigo Vespucci, 1454–1512), through three or four actual expeditions to South America, confirmed that what Columbus had discovered was not Asia, but the new continent of America, which was afterward named after Amerigo as the American continent.



(2) Magellan’s Circumnavigation of the Globe

In 1519, the Portuguese navigator Magellan (Fernao de Magalhães, about 1480–1521), obtaining the support of the Spanish King Carlos I (Carlos, 1500–1558, reigned 1516–1556), on September 20, 1519, led 5 ships and 265 men, setting sail from the port of San Lúcar in Spain (some say Seville), crossing the Atlantic Ocean the whole way, entering the Pacific Ocean, reaching the Philippines in March 1521, and on April 27 Magellan was killed by the local natives. The remaining 18 men, boarding the single ship “Victoria,” returned to Spain on September 6, 1522.



(3) Cortés’s Invasion of Mexico

As already noted above, Cortés was a vicious Spanish colonizer, who, in 1504, followed the new sea route opened by Columbus and came, with the Spanish fleet, to Santo Domingo in the Caribbean. In 1511, he further followed the colonizer D. Velazquez de Cuellar (Diego Velazques de Cuellar, 1464–1524) in occupying Cuba island. He successively established the cities of Santiago and Havana, slaughtering the native Indian people. By 1537, only 5000 native Indians remained on the entire island of Cuba. As already mentioned above, from February 1519 to August 1521, he led an invading army in occupying Mexico, attacking the north of Central America, and wherever he went, guns and cannon flew in all directions, the inhabitants suffered bloody massacre, and cities were laid waste. Afterward, he was appointed Spanish Viceroy stationed in Mexico, becoming the arch-criminal of Spain’s colonial rule over Mexico.





Summary

From the beginning of the fifteenth century, Europe’s firearms, having emerged from a sprouting and rising state, began to enter a stage of rapid development; the creation of the matchlock gun and its early confused variety of forms, together with the improvement of chaotic and disordered cannon, brought about the birth of Europe’s great-powered artillery. The development of the matchlock gun and cannon provided the weapons conditions for Europe’s adventurous voyages across the ocean and its colonial expansion.

The new sea routes opened up by the Portuguese and the Spanish, although they changed the state of the isolation and separation of the world’s various continents and oceans, and strengthened worldwide connections, preparing the conditions for the beginning of the formation of the world market, nevertheless the colonial expansion of the countries of Western Europe that came in the wake of the opening of the new sea routes was, moreover, an expansion filled with the blood and evil of crime. The matchlock guns of Spain, and the folangji of Portugal, shot dead the innocent common people of many countries in Asia, Africa, and Latin America. It was in precisely this bloody slaughter by fire that the matchlock gun and the folangji were transmitted to the countries of Asia and Latin America.





Chapter Seven The Beginning of the Fusion of Asian and European Firearms and the Development of China’s Traditional Firearms

After the research-and-manufacture and use technology of Europe’s matchlock guns and cannon was transmitted into Asia, the firearms researchers of China, Japan, and other countries, in the course of imitating them, continuously innovated and developed, and, on the basis of fusing together the research-and-manufacture and use technology of Asian and European firearms, produced various kinds of matchlock guns and cannon suited to the use of their own countries’ armies; thereafter the firearms of Asia began to develop in the direction of the matchlock gun and cannon. At the same time, China’s traditional firearms also achieved sustained development, creating many world firsts, raising the overall level of the world’s firearms to a new stage of development. Japan’s firearms researchers, in the course of imitating and modifying the matchlock guns transmitted from Portugal, likewise made no few innovations. Korea’s firearms research-and-manufacture and use technology also made considerable progress.


Section 1 The Folangji of Ming-Dynasty China

The firearms research-and-manufacture and use technology of Ming-dynasty China achieved success chiefly in three respects: the first was that it promptly absorbed the strengths of the matchlock gun and cannon, producing the folangji and the matchlock gun (bird gun) suited to the needs of various kinds of combat operations; the second was that its traditional firearms saw considerable innovation amid their sustained development; the third was that it formed a theoretical system of gunpowder and firearms technology possessing Chinese national characteristics.


1. The Introduction of the Folangji

In September 1509, the Portuguese D. Sequeira (Diogo Lopes de Sequeira), led 6 ships and their crews to Malacca. Before setting out, the king gave him an instruction, ordering him to gather intelligence on China’s politics, economy, military, foreign trade, popular customs, and religious beliefs①. After Sequeira returned home and reported, the Portuguese authorities, having studied the matter, concluded that China was a country with a unified sovereign and a powerful army, and that a hard-line policy could not be adopted, and that only the peaceful method of sending an envoy to pay tribute to the Ming court could be used, together with negotiating trade relations with the officials.

In the twelfth year of the Zhengde reign of the Ming (1517), the Portuguese envoy T. Perez (Tomas Perez), accompanying two warships, arrived and anchored outside the city of Guangzhou. The Ming-dynasty Zheng Ruozeng recorded this historical fact in Chouhai Tubian, Junqi (“Charts of Coastal Defense, Military Weapons”): “The Minister of Justice, Gu Yingxiang, said: Folangji is the name of a country②, not the name of a gun. In the dingchou year of the Zhengde reign, when I served as Vice Commissioner of Guangdong overseeing coastal defense affairs, I found two great sea-ships anchored directly outside Guangzhou city at Huaiyuan post-station (the post-station where Guangzhou received foreign envoys), claiming to be tribute-bearers from the country of Folangji. Their ship’s captain was named Jiabidan③.… I at once reported to the Governor-General Chen Shangxuan, requesting an official seal; when they came before the city, because these people did not know proper etiquette, I ordered them to practice ceremonial protocol at Guangxiao Temple for three days, and only then received them in audience.” Afterward they were further sent to the Huitongguan hostel in the capital (the post-station in Beijing for receiving foreign envoys) for a year, and, because of their disrespectful conduct, were expelled from the country. Portugal’s first envoy to come to China thus returned home for nothing.

① This instruction was originally recorded in Alguns Documentos do Archivo Nacional de Torre do Tombo, Lisbon, 1892, pp. 194–195. See also Zhang Tianze, trans., A Study of Sino-Portuguese Trade, p. 32. ② Folangji: at that time a general name used by the Turks and Arabs for Europeans; Ming-dynasty China also adopted this term. ③ Jiabidan: a transliteration of the Portuguese Capitão-mor, meaning “ship’s captain.” Gu Yingxiang mistakenly rendered it as a personal name. ___

In the course of the Ming officials’ dealings with the Portuguese, they for the first time saw the naval guns aboard the Portuguese ships: “Their gun is made of iron, five or six chi long, with a great belly and a long neck, the belly having a long hollow, into which five small guns are inserted, taking turns storing the propellant, loaded into the belly and fired from there; outside the gun it is moreover hooped with wood-encased iron, to guard against its bursting. Beneath the ship’s gunwale, four or five are placed on each side, fired secretly from within the ship’s hold. When another ship draws near, one shot from it will shatter the ship’s planking, letting in water and sinking it; by this means they have gone unrivaled, rampaging across the seas.”① Zheng Ruozeng, on the basis of Gu Yingxiang’s description, drew a picture of the folangji (Figure 7-1). From Gu Yingxiang’s account, it can be known that, prior to the twelfth year of the Zhengde reign, when Ming officials spoke of “folangji,” they meant the name of the Portuguese country, not a cannon.

Figure 7-1 Illustration of the Folangji

In the thirteenth, fifteenth, and sixteenth years of the Zhengde reign, the Portuguese again made contact with Ming officials on three further occasions, but were unable, on any of these, to establish communication between the two sides. Thereupon the Portuguese authorities, in the eighth lunar month of the first year of the Jiajing reign (1522; the “Biography of the Folangji” in the Ming History records this as the second year of Jiajing, in error), dispatched 5 warships to anchor outside the mouth of the Pearl River, attempting to use military force as leverage, and to compel the officials of Guangdong to agree to their occupying Tunmen Island (the Guangdong County Gazetteer states this island lies within the borders of Dongguan county). At that time the officials of Guangdong announced three matters to them: first, that the Portuguese must not harbor any intention of encroaching upon Shangchuan Island; second, that the Portuguese were forbidden to have unrestricted dealings with the Chinese people; third, that Portuguese ships were forbidden to carry Chinese soldiers aboard. The Portuguese defied these orders, showing contempt for China’s sovereignty, and abruptly opened fire, bombarding the defending troops. The defending troops at once returned fire in response. When the Portuguese warships attempted to encroach upon Xicaowan of Xinhui county in Guangdong, the Commander Ke Rong and the Centurion Wang Yingen led their forces in resisting them. After the fierce battle, they took alive Bie Duolu (that is, Pedro) and Su Shili and 42 others, and beheaded 35, capturing two warships and 20 naval guns, and, because of their country’s name, called this type of naval gun the folangji; the remaining 3 ships returned to Malacca in the tenth lunar month. The Centurion Wang Yingen was killed in action.



2. Folangji Manufactured in the Ming Dynasty

After the Ming army had captured 20 folangji at the Battle of Xicaowan, the Vice Commissioner Wang Hong presented them to the court and requested that folangji be manufactured. A number of officials, including the Nanjing garrison commander, the Duke of Wei State Xu Peng-ju and others, out of the need to improve the equipment of the Ming army, also submitted memorials to the court, proposing that the folangji be imitated. Xu Peng-ju’s memorial stated: “Now that the method and craftsmanship for the folangji obtained in Guangdong is available, the Ministry of War has deliberated and holds that the folangji gun cannot be mounted except on a centipede-boat; it should be arranged for craftsmen to be brought from Guangdong to Nanjing to manufacture it”; the Jiajing Emperor issued an edict approving this memorial, and thereupon, “in the fourth month of the third year of Jiajing, folangji guns were manufactured at Nanjing”②. The following year, in the fourth month, the first batch of folangji were completed. The historian Tan Qian, in the Guo Que (“The Nation Weighed”), likewise records, in the fourth month of the third year of Jiajing, that “Nanjing imitated and manufactured folangji guns”③. The Ming Huidian, Huoqi (“Collected Statutes of the Ming, Firearms”) records in detail the first batch of completed folangji: in the second year of Jiajing, the Ming court’s Bureau of Military Weapons manufactured large-model folangji, “thirty-two units, issued to the frontier for trial use. The barrel was cast of bronze, two chi eight cun five fen long, weighing over two hundred jin. Each gun was moreover fitted with four short hand-guns [sub-cannon], loaded in turn into the powder chamber, fired one after another in succession.” Compared with the records in the Xu Wenxian Tongkao (“Continuation of the Comprehensive Examination of Literature”) and the Guo Que, the date of manufacture is one year earlier. If one considers the entire process of this matter, the records in the Xu Wenxian Tongkao and the Guo Que appear more reasonable. Because, from the transfer of craftsmen from Guangdong to Nanjing, through the design and manufacture, to the appearance of the finished product, it seems hardly possible to have been completed in less than one or two years④.

① Zheng Ruozeng (Ming), Chouhai Tubian, juan 13, “Folangji Shi” (“Pattern of the Folangji”), see Zhongguo Bingshu Jicheng (“Compendium of Chinese Military Books”), vol. 16, pp. 1257–1258. ② Xu Wenxian Tongkao, juan 134, “Bing Shisi, Junqi” (“Military, Part Fourteen, Weapons”), see the Zhejiang Guji edition, vol. 2, p. 3996. ③ Tan Qian (Ming), Guo Que, juan 53, dingsi day, fourth month, third year of Jiajing, Zhonghua Book Company, 1958 edition, collated edition of Guo Que, vol. 4, p. 3300. ④ For a detailed textual investigation of the years of the folangji’s introduction and imitation, see Wang Zhaochun, A History of Chinese Firearms, pp. 116–122. ___


(1) The Superiority of the Folangji

The folangji, compared with the hand cannon then equipping the Ming army, embodied a fundamental change in construction, possessing the following advantages.

It adopted the structure of a mother-gun and child-guns. The mother-gun was the barrel; the barrel of a large folangji reached 5–6 chi in length, that is, what Gu Yingxiang called the “long neck.” The advantage of a long barrel lay in the fact that the projectile was fired with a greater initial velocity, giving it a longer range and a greater killing and destructive power. The child-gun was in effect a small hand-gun, its function similar to a fixed cartridge shell; each mother-gun was fitted with 4–9 child-guns, pre-loaded with propellant and projectile ready for use. In combat, one child-gun was first inserted into the loading chamber of the mother-gun. After it was fired, the empty child-gun was at once withdrawn and another loaded in its place. Because the child-guns could be exchanged in turn, this reduced the time needed to load ammunition on the spot, thereby raising the rate of fire. At the same time, the child-guns whose shot had been fired could also be reloaded, ready for reuse.

The loading chamber was comparatively large. This is what Gu Yingxiang called the “great belly.” The loading chamber of the folangji was generally about 1/4 of the total length of the mother-gun, its width 2–3 times the bore, forming a shoulder-shaped opening, convenient for placing the child-gun.

The barrel wall was thick. It could withstand comparatively great pressure, guaranteeing the safety of the cannon’s firing.

It was fitted with aiming devices. All folangji had aiming devices such as a rear sight and a front sight, able to aim precisely at distant targets, thereby increasing the range and raising the accuracy of hits.

It had trunnions fitted on both sides. The rear part of the folangji’s body generally had trunnions fitted on both sides, so as to mount the barrel on a support frame. By rotating the trunnions, the elevation-depression angle of the cannon could be adjusted, controlling the range and thereby raising the accuracy of hits. Some folangji also had a long, pointed pin fitted at the lower part of the barrel, or a guide-rod and tail-handle fitted at the rear. By means of the pin, the barrel could be mounted on the frame, and, by controlling the guide-rod or tail-handle, the barrel could be moved left and right, adjusting the field of fire and expanding the range of fire.

It comparatively well resolved the problem of gas-sealing (obturation). Because the child-gun and the mother-gun fitted closely together, the gas produced by the burning of the gunpowder in the child-gun did not leak outward, guaranteeing the power of the discharge.



(2) Wang Hong’s Proposal for the Mass Manufacture of the Folangji

Following the imitation and manufacture of the first batch of folangji in the third year of Jiajing, Wang Hong further proceeded, from the strategic standpoint of improving the equipment of the Ming army and the defense of the northern frontier passes, to propose a motion for the mass imitation and manufacture of folangji. Because of his success in commanding the Ming army in twice repelling Portuguese incursions and in presenting folangji to the throne, Wang Hong was, in the twelfth month of the eighth year of Jiajing, promoted to Vice Censor-in-Chief of the Censorate. That year, he at once memorialized the throne, requesting the mass imitation and manufacture of the more powerful folangji: “The folangji gun, in reaching far and overcoming the enemy, has repeatedly achieved extraordinary merit; I request that it be manufactured according to its pattern.”① In the ninth month of the ninth year, Wang Hong again submitted a memorial, setting forth in detail the advantages of imitating and manufacturing the folangji: in the past, at Gansu, Yansui, Ningxia, Datong, and Xuanfu in the north, although there were garrison troops numbering sixty or seventy thousand, and defensive installations such as watchtowers and forts, they had still been unable to withstand the southward incursions of the various Mongol tribal nobles of the north, the main reason being that the weapons they carried could not fire far. “The plan for today should be to use the folangji guns which your servant has presented. The small ones, of twenty jin or under, with a range of six hundred paces (the range is exaggerated), should be used at the watchtowers, one gun to a tower, guarded by three men. The large ones, of seventy jin or more, with a range of five to six li (the range is exaggerated), should be used at the forts, three guns to a fort, guarded by ten men. With a tower every five li and a fort every ten li, large and small mutually supporting one another, far and near responding to each other, arrayed like stars across the sky, leaving no gaps, the bandits will have no place to make a footing, and one may achieve victory without even fighting.”② Wang Hong further held that making extensive use of the folangji, relying on solid forts for defense, could economize greatly on troop strength and on the state’s expenditure on maintaining an army, and was the best policy for frontier defense. Wang Hong’s proposal received the court’s approval, and the court “ordered all frontier governors and garrison commanders to lead their respective subordinates in wholeheartedly carrying out maintenance and repair, and not to treat the matter lightly, so as to avoid harming the frontier defense.”③ Thereafter, all the important frontier passes of the north of the Ming were fitted with fortified walls and watchtowers, and equipped with folangji, improving their defensive installations.

① Ming Shizong Shilu (“Veritable Records of Ming Shizong”), juan 108, gengwu day, twelfth month, eighth year of Jiajing, see the Taipei Institute of History and Philology edition, Ming Shilu, vol. 41, p. 2551. ② Ming Shizong Shilu, juan 117, xinmao day, ninth month, ninth year of Jiajing, see the Taipei Institute of History and Philology edition, Ming Shilu, vol. 41, p. 2763. ③ Ming Shizong Shilu, juan 117, xinmao day, ninth month, ninth year of Jiajing, see the Taipei Institute of History and Philology edition, Ming Shilu, vol. 41, p. 2764. ___




3. The Types and Construction of the Folangji

While the Bureau of Military Weapons and the Bureau of Military Equipment organized firearms researchers to absorb the strengths of the folangji, they also made many improvements, producing various kinds of folangji suited to different uses (Figure 7-2). Hence Zheng Ruozeng said: “The people of China moreover apply their ingenuity and adapt it. Enlarging it… what is made large becomes the great folangji; what is compressed and refined into a lead-and-tin gun, the lead-and-tin gun is the small folangji.”① This account basically summarizes the large, medium, and small folangji of various types imitated by the Bureau of Military Weapons and the Bureau of Military Equipment, the large ones becoming various kinds of cannon, the small ones becoming individual-soldier guns. It also, at the same time, roughly corresponds with the records in documents such as the Jixiao Xinshu (“New Treatise on Military Efficiency”), the Lianbing Shiji Zaji (“Miscellaneous Records of Actual Achievements in Training Troops”), the Wubei Zhi (“Treatise on Military Preparedness”), and the Ming Huidian (“Collected Statutes of the Ming”), as well as roughly agreeing with excavated physical specimens.

① Zheng Ruozeng (Ming), Chouhai Tubian, juan 13, “Bingqi” (“Weapons”), see Zhongguo Bingshu Jicheng, vol. 16, p. 1264. ___

Figure 7-2 Folangji Manufactured in the Jiajing Period


(1) Several Kinds of Folangji Recorded in Qi Jiguang’s Writings

Qi Jiguang (1528–1587, Figure 7-3) was a commanding officer who laid great stress on the use of new-model firearms, and so his troops were equipped with the greatest number and the most complete variety of folangji. In his Lianbing Shiji Zaji, Folangji Tu (“Illustrations of the Folangji”), he recorded 6 kinds of folangji, numbered one to six, of differing lengths: 5 chi, 4 chi, 3.5 chi, 3 chi, 2.5 chi, and 2 chi, each fitted with 9 child-guns and a full set of accessories. As regards their lengths, they correspond respectively with the lengths of the various types of excavated folangji, and so can mutually corroborate one another.

Figure 7-3 Portrait of Qi Jiguang

In his 14-volume edition of the Jixiao Xinshu, Volume 2, Qi Jiguang recorded the dimensions of a further 5 kinds of folangji, each, besides being fitted with 9 child-guns and a full set of accessories, also listing the projectile weight and the powder charge. For example:

No. 1, 8–9 chi long, lead shot 16 liang, gunpowder 16 liang. No. 2, 6–7 chi long, lead shot 10 liang, gunpowder 11 liang. No. 3, 4–5 chi long, lead shot 5 liang, gunpowder 6 liang. No. 4, 2–3 chi long, lead shot 3 liang, gunpowder 3.5 liang. No. 5, 1 chi long, lead shot 3 qian, gunpowder 5 qian.

Mao Yuanyi, in Volume 122 of the Wubei Zhi, transcribed the above-mentioned folangji data, and further pointed out that, for the folangji, “the guns have their large and small, the powder its more and less, and, according to the size of the gun’s bore, the child-gun’s bore is increased or decreased in the same proportion.” This account already possesses the idea of taking the dimension of the cannon’s bore as the base figure, and determining the relationship of variation between the projectile weight and the powder charge accordingly, being one manifestation of the raised level of cannon design and manufacture in the mid-Ming period.

Qi Jiguang, in his writings, specified the different uses of the five kinds of folangji: the large No. 1, 2, and 3 folangji were used as naval guns and for the defense of forts and cities; the medium No. 4 folangji accompanied the army for mobile operations; the small No. 5 folangji equipped individual soldiers. Of the two series of dimensions Qi Jiguang set forth in his two works, the lengths run from 1 chi to 9 chi, giving over ten different specifications; but among excavated physical specimens, no folangji with a mother-gun barrel longer than 5 chi has been found, perhaps because folangji of 5 chi or longer were imitated and manufactured in very small numbers.



(2) Several Kinds of Folangji Recorded in the Ming Huidian, Huoqi

The large-model folangji. In the second year of Jiajing (1523; some say the third year), the Bureau of Military Weapons manufactured 32 large-model folangji of yellow brass, the mother-gun 2.85 chi long, weighing over 300 jin, fitted with 4 child-guns. Because no excavated specimen has been found, its form and structure are not known in detail, but, judging from the relationship between length and weight, it ought to have been a short, thick-set type of cannon. Arima Seiho, in Transmission, records another, comparatively long and thick, iron-made folangji mother-gun, this gun made in the tenth year of Wanli (1582), with a bore of 32 millimeters, 1310 millimeters long overall, corresponding to the length of the No. 2 folangji listed in the Lianbing Shiji Zaji, Folangji Tu, and it would appear that this was what was then called the large-model folangji.

The medium-model folangji. Beginning in the twenty-second year of Jiajing, the Bureau of Military Weapons converted 105 hand-held bronze guns and bowl-mouth guns, each year, into medium-model folangji. Down to now, no example of this converted product has yet been discovered. However, among excavated physical specimens, there have been discovered 5 items inscribed with the characters “Manufactured by the Bureau of Military Equipment” and “Medium-Model Folangji,” which are listed in Table 7-1.

Table 7-1 Excavated Medium-Model Folangji















	No.
	Date of Manufacture (CE / Reign Year)
	Bore (mm)
	Total Length
	Weight (kg)
	Material
	Gun Type
	Inscription Content
	Remarks





	Zhong 1
	1533 / Jiajing 12th year
	26
	295
	4.6
	Bronze body, iron core
	Child-gun
	“Sheng-character No. 2151 bronze folangji, medium-model bronze gun, made in the guisi year of Jiajing by the Bureau of Military Equipment, weight 9 jin 4 liang”
	Held by the National Museum of Chinese History



	Zhong 2
	1533 / Jiajing 12th year
	26
	295
	5
	Bronze body, iron core
	Child-gun
	“Sheng-character No. 2612 folangji, medium-model bronze gun, made in the guisi year of Jiajing by the Bureau of Military Equipment, weight 10 jin”
	Held by the National Museum of Chinese History; see The Origin of the Cannon and Its Transmission



	Zhong 3
	1541 / Jiajing 20th year
	27
	293
	4.25
	Bronze body, iron core
	Child-gun
	“Sheng-character No. 6214 folangji, medium-model bronze gun, made in the xinchou year of Jiajing by the Bureau of Military Equipment, weight 8 jin 8 liang”
	See 1983 edition of Cultural Relics Data Series, No. 7



	Zhong 4
	1541 / Jiajing 20th year
	—
	—
	4.75
	Bronze body, iron core
	Child-gun
	“Sheng-character No. 6443 folangji, medium-model bronze gun, made in the xinchou year of Jiajing by the Bureau of Military Equipment, weight 9 jin 8 liang”
	Same as “Zhong 3”



	Zhong 5
	1574 / Wanli 2nd year
	—
	—
	—
	Bronze
	Child-gun
	“Sheng-character No. 76114 folangji, medium-model bronze gun, made in the 2nd year of Wanli by the Bureau of Military Equipment”
	Held at the Duole Temple, Ji County, Tianjin





These 5 medium-model folangji bear inscriptions that are comparatively standardized in content, comprising five parts: serial number, type, date of manufacture, manufacturing unit, and weight. The serial numbers of the inscriptions show that, by the second year of Wanli, as many as 17114 medium-model folangji had already been manufactured, far exceeding the figure recorded in the Ming Huidian.

The small-model folangji. The Bureau of Military Weapons manufactured 4000 in the seventh year of Jiajing (1528), and 300 in the eighth year, these being comparatively light in weight, for use in defense at the various frontier forts. Excavated physical specimens of this type of folangji are comparatively numerous; among them, personnel of the Qinhuangdao Machinery Engineering Society, in 1984, discovered, in a watchtower at Fuling town along the Great Wall in Hebei, 3 mother-guns and 24 child-guns (Photograph 10), which could form 3 sets of bronze folangji, each set comprising 1 mother-gun and 8 child-guns. Each mother-gun weighed 4 kilograms, with a bore of 22 millimeters, 630 millimeters long, corresponding to the length of the No. 6 small-model folangji listed in the Lianbing Shiji, Folangji Tu, having a front chamber, a loading chamber, and a rear section, the rear section being hollow so that a wooden handle could be fitted, the gun body fitted with bronze rings, for carrying by shoulder-strap, by hand, or by lifting. Each child-gun weighed 0.8 kilograms, with a bore of 16 millimeters, 155 millimeters long, having a front chamber, a powder chamber, and a rear section, able to be inserted into the loading chamber of the mother-gun for firing in turn. No record has been found of small-model folangji manufactured after the eighth year of Jiajing, from which it can be seen that the actual number of small-model folangji manufactured far exceeded the number recorded in the documents.

The horse-mounted folangji. The Bureau of Military Weapons, in the twenty-third and forty-third years of Jiajing, manufactured 1000 and 100 sets of horse-mounted folangji respectively, with no other record found. In November 1970, at Xisi in Beijing, was excavated 1 horse-mounted folangji mother-gun, the gun body inscribed with characters such as “Bureau of Military Equipment, jiachen year of Jiajing,” showing it to be a product of the Bureau of Military Equipment. This may either be a case of the Ming Huidian erroneously recording the manufacturing unit, or it may be that the Bureau of Military Equipment separately accepted a manufacturing commission; its serial number is “No. 7861.” Calculating by the serial number, the horse-mounted folangji manufactured in the twenty-third year of Jiajing would exceed, by more than 6861 units, the number recorded in the Ming Huidian. Its construction is similar to the mother-gun of the small-model folangji, the gun body weighing 4.9 kilograms, with a bore of 30 millimeters, 740 millimeters long, close to the length of the No. 5 or No. 6 small-model folangji listed in the Lianbing Shiji Zaji, Folangji Tu. Because the gun body was small and light, it was convenient for use by cavalry. In May 1984, someone further discovered, near an ancient Great Wall site at Yongning in Yanqing county, Beijing, 2 horse-mounted folangji child-guns, their form and structure similar to the child-guns of the small-model folangji. The gun bodies were respectively inscribed: “Horse-mounted folangji No. 2440, made in the gengzi year of Jiajing by the Bureau of Military Equipment, one jin ten liang,” and “Horse-mounted folangji No. 2557, made in the gengzi year of Jiajing by the Bureau of Military Equipment, one jin twelve liang,” showing that they were products manufactured in the same year, according to a unified design, at the Bureau of Military Equipment. Their length was 154 millimeters, bore 28 millimeters, and weight respectively 0.81 and 0.87 kilograms. Given these dimensions and weights, they could be used together with the above-mentioned folangji mother-guns manufactured in the twenty-third year of Jiajing.

The folangji-style meteor cannon. The Bureau of Military Equipment, in the seventh year of Jiajing, cast 160 sets of meteor cannon in yellow brass. “The pattern is like the folangji, each gun in three sections, weighing altogether 59 jin 14 liang.” In recent years, among excavated physical specimens, there have been 6 items whose gun body is inscribed with the characters “meteor cannon” and “meteor cannon barrel,” their particulars listed in Table 7-2.

Table 7-2 Excavated Folangji-Style Meteor Cannon















	No.
	Date of Manufacture (CE / Reign Year)
	Bore (mm)
	Total Length
	Weight (kg)
	Material
	Gun Type
	Inscription Content
	Remarks





	Liu 1
	1530 / Jiajing 9th year
	27
	290
	3.5
	Bronze
	Child-gun
	“Sheng-character No. 812 meteor cannon, gengyin year of Jiajing”
	Held by the Chinese People’s Revolutionary Military Museum; reported by Liberation Army Daily, November 8, 1984



	Liu 2
	1530 / Jiajing 9th year
	26
	295
	3.5
	Bronze
	Child-gun
	“Sheng-character No. 822 meteor cannon, made in the gengyin year of Jiajing”
	Same as “Liu 1”



	Liu 3
	1530 / Jiajing 9th year
	25
	309
	3.63
	Bronze
	Child-gun
	“Meteor cannon made in the gengyin year of Jiajing, weight 4 jin”
	Held by the Capital Museum



	Liu 4
	1531 / Jiajing 10th year
	—
	—
	—
	Bronze
	Mother-gun
	“Sheng-character No. 859 meteor cannon barrel, made in the xinmao year of Jiajing by the Bureau of Military Equipment, with attached child-gun inscribed weight 6 jin 12 liang”
	Held by the Capital Museum, mother-gun and child-gun both present



	Liu 5
	1531 / Jiajing 10th year
	40
	1200
	—
	Bronze
	Mother-gun
	“Sheng-character No. 1021 meteor cannon barrel, made in the xinmao year of Jiajing by the Bureau of Military Equipment”
	Held by the Capital Museum





The Capital Museum’s collection includes 2 meteor cannon barrels made in the ninth year of Jiajing (1530), one of them numbered 1021, already exceeding the number of units recorded as manufactured in the Ming Huidian. A bronze child-gun with the barrel inscribed “…meteor cannon…made in the gengyin year of Jiajing,” is one fitted for use with the meteor cannon barrel, and the construction data of the two also reflect the state of affairs of their being precisely matched for use together.

The double-pearl folangji. This was a double-barreled gun that the Ming court, in the twenty-third year of Jiajing, approved the Three Passes of Shanxi to manufacture on their own initiative, the barrel made of wrought iron, sharing a single handle, each barrel loaded with 1 small cannon, able to fire continuously. No excavated physical specimen has been found.



(3) Folangji Recorded in the Wubei Zhi, Junzicheng

The hundred-emerging-vanguard cannon. The Ming Huidian, Huoqi states that this was a folangji-style single-soldier gun created by Weng Wanda in the fifteenth year of Jiajing, 3–4 chi long, fitted with 10 child-guns. It could be loaded and fired continuously. Between the mother-gun and the child-gun a locking pin was used, so that the gun body would not slip when raised or fired downward. The muzzle could be fitted with a 6-cun-long dagger-axe-shaped spearhead, which, after the child-gun had finished firing, could be used to stab the enemy; both infantry and cavalry could use it. It belonged to the same category of product as the “Ten-Thousand-Victories Folangji” recorded in the Wubei Zhi, Junzicheng.

The Ten-Thousand-Victories Folangji. Resembling the folangji created by Weng Wanda, the child-gun was loaded from the muzzle. The child-gun was loaded with 3 qian of gunpowder and a projectile weighing 3 qian, and could be loaded and fired continuously, with a range reaching 200 paces.



(4) The Invincible General Cannon

This was a heavy-model folangji converted from the old-style General Cannon. According to Qi Jiguang, in the Lianbing Shiji Zaji, Junqi Jie (“Explanation of Military Weapons”): the old-style General Cannon had a body weighing over a thousand jin, its body so long that it was difficult to move, requiring dozens of men to shift it, and so it was converted into a cart-mounted heavy-model folangji, each gun fitted with 3 child-guns, fired in rotation. In use, the elevation angle was adjusted by the amount of wooden blocking placed beneath the gun body, aiming the child-gun at the target and firing it, “one discharge sending out five hundred pellets, striking a swath more than twenty zhang wide, able to pierce through a crowd.” This cart-mounted heavy-model folangji, together with all its accessories, weighed about 1050 jin, and required one large cart to transport and move it.



(5) The Bronze Fa-fan

Also written as bronze fa-gong. It was first recorded in the Chouhai Tubian, under “Bronze Fa-fan.” Although its construction differed from that of the folangji, it too was a foreign firearm introduced during the Jiajing period, and in the book it is listed alongside the folangji. The bronze fa-fan was large in form, weighing over 500 jin, with a bulging powder chamber that held a larger powder charge, and it was ignited by a match. It fired a lead spherical projectile weighing 4 jin. Not only could its large projectile kill and destroy by direct impact, it could also produce a powerful blast and a tremendous report: “its blast can slay men, and its report can shake men to death.” What the text calls the blast capable of slaying men was in fact the shock wave produced by the sudden combustion of a large powder charge. Although the author of this book was, at the time, unable to reveal the underlying nature of the phenomenon, this is nonetheless the earliest work in our country to describe the effects produced by a shock wave.

The various types of folangji recorded in the above literature, and preserved in part as excavated or handed-down artifacts, along with the bronze fa-fan, were produced during the Jiajing period by makers of firearms who, having initially absorbed the strengths of the foreign firearm, fused it with the merits of traditional Chinese firearms manufacture. They give an approximate reflection of the manufacture and use of the folangji in that era, and stand as an early instance of Asian and European firearms manufacturing and use technology being adopted for use in China. According to incomplete statistics, during the Jiajing-to-Wanli period of the Ming dynasty, the Ming army was equipped with roughly forty to fifty thousand folangji. Together with the matchlock gun, which was likewise introduced and imitated, they became an important marker of the leap in firearms manufacture and the renewal of equipment during this period, and also a fruit of the beginning fusion of Asian and European firearms-development technology — one of great significance in the history of the development of firearms in our country.





Section 2 The Bird Gun of Ming-Dynasty China

After the European matchlock gun was introduced into China,① it was successfully imitated in the late sixteenth century and remained in use until the mid-nineteenth century, becoming a single-soldier gun of the Ming-and-Qing armies that fired a projectile by match ignition. Because it could strike a bird in flight, it was named the “bird gun” (niaochong); and because the curved gun-stock fitted to it resembled the beak of an owl (hui, an owl), it was also called the “owl-beak gun” (niaozuichong), and some called it simply the “bird musket” (niaoqiang). Though the names differed, the basic construction and method of discharge were the same. The Ming dynasty’s Bureau of Military Equipment, just as it did with the imitation of the folangji, attached great importance to the imitation of the matchlock gun.

① For a detailed textual investigation of the introduction of the matchlock gun, see Wang Zhaochun, A History of Chinese Firearms, pp. 134–137. ___


1. Structural Features of the Bird Gun

The bird gun’s structural features consisted mainly of the following aspects.

The gun body was fitted with an aiming device. The bird gun had a front sight mounted at the front end of the barrel and a rear sight set at the rear, together constituting an aiming device — another application of the sighting principle by which the rear sight, front sight, and target are aligned along one line. Because the matchlock guns of the early Ming had no aiming device, they could only be fired at targets at close range. With the aiming device, the bird gun could take aim at targets at a greater distance, thereby increasing its range, improving its accuracy, and enhancing its killing power.

A curved gun-stock was designed. With such a stock, the person firing could bring one side of the face close to the stock, sight along the front sight with one eye, hold the gun with the left hand, and pull the trigger with the right hand to fire.

The barrel was comparatively slender and long. The ratio of the barrel’s length to its caliber was roughly between 50:1 and 70:1, considerably greater than the corresponding ratio for the hand-cannon. A slender, long barrel allowed the powder to burn fully within the bore, producing greater propulsive force, so that the projectile left the muzzle with a higher initial velocity and a flatter trajectory, striking targets at a greater distance.

Ignition was by gun-lock. The mechanism used to ignite and discharge the matchlock gun was the gun-lock. The earliest gun-locks were simple metal hooks, one end fixed to the gun body and the other end a cock that clamped the match. In Europe this cock was shaped like a serpent’s or a dog’s head; China favored the dragon, and so remade it in the shape of a dragon’s head. On firing, the slow-burning match clamped in the cock was first lit, and then the trigger was pulled; the dragon head, pivoting on its fastening, rotated clockwise and downward so that the tip of the match fell into the powder chamber and ignited the powder, producing propellant gas that expelled the projectile. Because the bird gun used a slow-burning match for ignition, it could be used continuously without going out. And because it had a trigger, the shooter needed only pull the trigger to ignite and discharge the projectile in succession, which increased the rate of fire and enhanced killing power.



2. Bird Guns Manufactured by the Bureau of Military Equipment in the Ming Dynasty

The bird guns manufactured by the Ming dynasty’s Bureau of Military Equipment and by other agencies were highly varied in form and construction — some imitated the matchlock guns of Japan, Turkey, and other European countries, and there were in addition many kinds of bird gun of original Chinese design. The Bureau of Military Equipment manufactured comparatively large numbers of bird guns.

According to the Ming Huidian, Huoqi (“Firearms”), the Bureau of Military Equipment imitated the first batch of ten thousand bird guns in the thirty-seventh year of Jiajing (1558). Every gun body was made up of a barrel, an aiming device, a trigger, a gun-bed, and a curved gun-stock.

The bird-gun barrel was the gun’s principal component, and the quality of its material together with the fineness of its manufacturing craft were the key to the quality of the bird gun. The barrel of the bird gun was made of fine iron; according to the Chouhai Tubian, “Owl-Beak Gun” (“Niaozuichong”), this fine iron was smelted at a ratio of ten jin of crude iron to one jin of fine iron, and only a barrel made of iron refined to this standard would be firm and durable in use and would not burst during firing. The method for making the bird-gun barrel was usually to roll fine iron into two tubes, one large and one small, wrapping the large around the small so that the two tubes fit tightly together, and afterward to use a steel drill to bore the interior smooth and straight. The boring process was extremely fine: each worker could bore in only about one cun a day, and it generally took about a month to bore through a single barrel. If the workmanship was coarse, the resulting bore wall would be uneven in thickness, producing such defects as a bore too narrow to admit the projectile or a bore too wide for the projectile to be discharged with force, and thereby failing to guarantee the power and safety of the discharge. This method is recorded in detail in the Bing Lu, “General Account of the Bird Gun” (“Niaochong Zongshuo”).

Once the barrel was completed, a front sight was then fitted near its front end and a rear sight was set at its tail, aligned front and back to form an upright, unslanted aiming device. The interior wall at the tail of the barrel was cut with a female screw-thread, into which a male screw-bolt was screwed in and out; when screwed in it served to seal the gas, and when screwed out it allowed the interior wall to be cleaned. The exterior of the muzzle was formed into a regular octagon, and toward the rear was the powder chamber, which had a touch-hole; the touch-hole had a cover, to keep the powder in the chamber dry and clean. Once the completed barrel was finished, it was fitted onto a tightly-fitted, hard gun-bed. The gun-bed was cut with a concave channel so that the barrel fit snugly into it, projecting about two cun beyond the front of the bed. To the rear of the gun-bed was joined a curved gun-stock about seven cun long, which formed the hand-grip; mounted on it was a dragon-head-shaped trigger and a slide-groove. The trigger together with the powder chamber constituted the firing mechanism, and its method of ignition and discharge resembled that of the European matchlock gun. On the side of the gun-bed was inserted a ramrod, used for loading powder and projectile and for cleaning the interior of the barrel. The Chouhai Tubian, “Owl-Beak Gun,” also carried illustrations of the various components (Figure 7-4), from which one can gain a general understanding of the overall construction of the bird gun of that time. Once manufactured, a bird gun had to be test-fired three times or more, and only if it developed no malfunction could it be delivered to the army as a qualified product.

Among excavated and handed-down artifacts, bird guns issued to the Ming army are seen only rarely, with but a few individual examples. In October 1978, at Lanjiabaozi village south of the city of Liaoyang, a batch of firearms was unearthed, including two Yongle-era hand-cannons, two Jiajing-twentieth-year (1541) medium-model folangji child-guns, two Jiajing-era three-eyed guns, and three bird-gun barrels — one long and two short. The long bird-gun barrel had a caliber of 14 millimeters and a length of 870 millimeters, the length being 62 times the caliber, a fairly moderate proportion; the barrel had a front sight and a rear sight, and at the rear right side was riveted a half-round powder chamber with a single hole serving as the touch-hole; the wooden gun-bed and hand-grip had already rotted away, but if the curved hand-grip is reckoned at seven cun and the gun-bed reckoned as two cun shorter than the barrel, then the combined length of the gun-bed and hand-grip would be 1035 millimeters, and the gun’s overall length would be about 1101 millimeters — showing that this gun was not especially long (Figure 7-5). Judging from the excavated artifact, the manufacturing workmanship of this barrel was not poor, and the bore is comparatively smooth and straight. Going by the record in the Ming Huidian, Huoqi, this gun ought to be a product from the thirty-seventh year of Jiajing (1558) or later.



3. The Mother-and-Child Bird Gun Created in the Ming Dynasty

The mother-and-child gun, also called the mother-and-child cannon, was a single-soldier discharge firearm with a mother-gun/child-gun structure, and came into service with the Ming army around roughly the fortieth year of Jiajing. He Liangchen, in Zhenji, Jiyong (“Array Records, Made Use Of”), mentions the mother-and-child cannon, saying of it that it “excels at startling the enemy’s horses, startling the enemy’s camp, throwing the enemy’s ranks into chaos, and sapping the enemy’s morale.” Because the form and combat function of the mother-and-child gun resembled those of the bird gun, He Rubin, in Bing Lu, Zimuchong (“Records of Soldiery, Mother-and-Child Gun”), accordingly called it the mother-and-child bird gun; its mother-barrel, caliber, dragon-head-shaped trigger, gun-bed, and other principal components, as well as such fittings as the tin cartridge-case used for loading and discharging powder (a turtle-shaped powder container cast of molten tin) and the cartridge tube and shoulder-strap used for loading and discharging powder, were on the whole the same as the corresponding components and fittings of the bird gun.

According to He Rubin’s account, the mother-and-child bird gun, addressing the shortcomings of the bird gun’s overly long barrel and overly slow loading, adopted the constructional method of the folangji: an iron slot was opened at the rear of the mother-barrel to allow the loading of child-barrels; each mother-barrel was equipped with four child-barrels, each child-barrel seven cun long and weighing one jin, fitted with a small iron plate to serve as a grip; the grip-plate had a small hole opened in it, to align with the front sight of the mother-barrel, the size of the hole matching that of the mother-barrel’s rear sight; the muzzle of the child-barrel and the slot of the mother-barrel had to fit tightly together, to prevent the smoke and gas of the powder from leaking backward on discharge and scorching the shooter’s face; at the muzzle end of the mother-barrel, besides the front sight, a short sword could also be fitted, the sword’s blade 1.3 chi long and its hilt five cun long, with a curved eye cut in the muzzle so that once the short sword was inserted into the end of the barrel, the front sight aligned exactly with the curved eye, and with a slight twist the short sword would be firmly locked to the muzzle of the mother-barrel; with the sword attached, the whole gun measured about five chi in length; when not in use the sword could be stored inside a wooden case; on firing, the four child-barrels were loaded and fired in rotation, so that even after discharging upward of a hundred rounds the mother-barrel would not burst; and if ammunition ran out in battle, the short sword could be fitted on, for close combat with the enemy at close quarters. Because the mother-and-child gun possessed all these various strengths, its combat function far surpassed that of the bird gun, being capable not only of long-range fire but also of close combat. Viewed from the historical development of the single-soldier firearm, the mother-and-child gun was thus the beginning of the single-soldier firearm fitted with a standard-issue bayonet.



4. Matchlock Guns Developed by Zhao Shizhen

After the European matchlock gun was introduced during the Jiajing period, it received wide application through imitation and modification by the Bureau of Military Affairs and the Bureau of Military Equipment, and within a not-too-long span of time it became the principal single-soldier discharge firearm with which the Ming army was equipped. During the Wanli period the development of the matchlock gun saw a great deal of further progress, among which the achievements of the firearms-developer Zhao Shizhen were the most outstanding.


(1) The Life of an Outstanding Firearms Developer

Zhao Shizhen, courtesy name Changji, sobriquet Houhu, was a native of Yueqing (in present-day Zhejiang). His grandfather Zhao Xinglu rose to the post of Vice Minister of the Court of Judicial Review, was learned and many-talented, took part in the compilation of the Ming Huidian, and was skilled in poetry and belles-lettres and accomplished in calligraphy. Zhao Shizhen was influenced by him from childhood and likewise excelled at calligraphy. Although the exact years of Zhao Shizhen’s birth and death cannot be verified with certainty, from the phrase “having reached the age of fifty”① in the memorial Fanglu Che Chong Yi (“Proposal on Anti-Barbarian Carts and Guns”), which he submitted in the thirty-first year of Wanli (1603), it can be inferred that he was born around approximately the thirty-second year of Jiajing (1553). In the sixth year of Wanli, Zhao Shizhen “was recommended for his fine calligraphy and appointed registrar of the Court of State Ceremonial”; after holding that post for eighteen years he was summoned into the Wenhua Hall. By the twenty-fourth year, he had been “promoted to the rank of Secretary of the Central Drafting Office, and again more than ten years passed without further advancement in rank.” From this it can be judged that Zhao Shizhen’s death occurred sometime after the thirty-fourth year of Wanli. If the phrase “more than ten years” is provisionally reckoned as fifteen years, then he would have died around approximately the thirty-ninth year of Wanli.

Zhao Shizhen grew up from childhood on the coast, and from an early age suffered the depredations of the Wo pirates, his home county of Yueqing being frequently subjected to raids, with even members of his own family carried off. For this reason, having deeply suffered the pain of foreign invasion, he concerned himself with the fate of the country, and gave close study to books on military affairs and firearms technology, taking pains to seek out and inquire after divine weapons (shenqi); he sought instruction from the author of the Huogong Daquan (“Compendium of Fire-Attack”) of that time, and learned from the subordinates of the anti-Wo generals Qi Jiguang and Hu Zongxian about the circumstances of the firearms used by the Wo pirates, coming to recognize the role played by firearms in warfare. He also, together with the generals Lin Fangsheng, Lü Gai, Yang Jian, Chen Lu, Gao Feng, Ye Zigao, and others who had distinguished themselves repeatedly in the fighting against the Wo pirates, “discussed matters morning and night, and deliberated together frequently and intensively.” In the twenty-fourth year of Wanli (1596), when he was at the residence of the roving general Chen Yin, a fellow townsman then stationed at Wenzhou, he saw a matchlock gun that had been introduced from abroad, and thereupon sought out Zhu Sima, an official of the Kingdom of Rūm who, having come with tribute, remained residing in Beijing in charge of firearms, and saw the Rumi-gun (Lumichong)② in Zhu Sima’s keeping, and studied in detail the method of manufacturing and using this gun. Thereafter he devoted himself to careful study and threw himself wholeheartedly into imitating it, and succeeded in producing the Rumi-gun, which he presented to the throne in the twenty-sixth year of Wanli, requesting that its manufacture be expanded, so as to achieve the effect of guarding against the Wo pirates and the northern barbarians. After this, enduring hardship and difficulty, he even went so far as to sell off his own private wealth and distribute funds to gather craftsmen for manufacture, and successively developed more than ten kinds of matchlock gun each with its own distinguishing features, along with more than ten other kinds of firearm and war-cart, and in a variety of literary forms wrote such treatises on the development of firearms as the Shenqi Pu (“Manual of Divine Weapons”), Shenqi Zashuo (“Miscellaneous Remarks on Divine Weapons”), Shenqi Pu Huowen (“Questions and Answers on the Manual of Divine Weapons”), and Fanglu Che Chong Yi (“Proposal on Anti-Barbarian Carts and Guns”). The Xuanlan Tang Congshu (“Xuanlan Hall Collectanea”) is the Wanli-era printed edition that gathers together these treatises. There are, besides, the Yihai Zhuchen edition and the Qianqingtang Shumu (“Catalogue of the Qianqing Hall”) edition, among others.

Besides the various domestic printed editions, in 1974 the Japan Society for the Study of Chinese Classics, in Volume Six of its Wakokubon Min-Shin Shiryō-shū (“Collection of Japanese Reprints of Ming-and-Qing Materials”), printed the Shenqi Pu in five juan, a comparatively concentrated and comprehensive gathering of Zhao Shizhen’s principal writings. Its first juan carried Zhao Shizhen’s memorials — “Memorial Respectfully Presenting Divine Weapons, Wanli Twenty-Sixth Year,” “Memorial Respectfully Presenting Divine Weapons, Wanli Thirtieth Year,” “Proposal on Anti-Barbarian Guard-against-the-Wo Carts and Guns,” and other memorials, seven pieces in all, together with eight imperial edicts and two responsive memorials, and other documents; the second juan printed the Yuanchong (“Original Gun,” in three parts — upper, middle, and lower), containing illustrations of the form and construction, together with textual explanations, of more than ten kinds of matchlock gun and other firearms including the Rumi-gun, the Western gun, the Zhi-dian-chong, and the Thunderbolt gun (Xunleichong), as well as the various firing postures of the people of Rūm and of the Westerners; the third juan is the Cheju (“Carts”), containing the construction of the Yingyang cart, the Chongfeng fire-cart, the shield-cart, and their tactical formations, as well as the methods for manufacturing and using the various kinds of fire-arrow; the fourth juan is the Shuochong (“Discourse on the Gun”), in 69-odd (actually 73) articles, which in the form of clauses expounds numerous questions concerning the manufacture, use, function, and status of the various firearms; the fifth juan is the Shenqi Pu Huowen, in 55 articles (the Xuanlan Tang Congshu edition has 44 articles), which in the form of questions and answers gives a supplementary account of many questions concerning gun-manufacture and gun-use.

The above juan together comprise more than sixty thousand characters, with over two hundred accompanying illustrations, and concentratedly reflect the achievements Zhao Shizhen attained in the development of various firearms — especially in the development and use of the various kinds of matchlock gun — achievements of a distinctive character. These achievements, on the theoretical plane, systematically developed the discourses of Qi Jiguang and others on the manufacture and use of the bird gun, and following such works as the Jixiao Xinshu, Lianbing Shiji Zaji, and Chouhai Tubian, constitute a work of higher theoretical level and stronger systematicity concerning the manufacture and use of the matchlock gun; and on the practical plane, they created many matchlock guns of more novel form and construction and broader application, thereby, in the combination of theory and practice, advancing the development and use of the mid-Ming single-soldier gun to a new stage.

① Shen Defu, comp., Wanli Yehuo Bian (“Gleanings Gathered in the Wilds of the Wanli Era”), juan 23, “Qianhua Ermingshang” (“Money, Two Famous Persons, Part One”). ② Rūm: the Ming Shi, Xiyu Si (“History of the Ming, Western Regions, Part Four”) writes it as Lumi, also written Lumi; it was at that time territory of the Ottoman Empire, today lying within the borders of Turkey. ___



(2) The Introduction and Imitation of the Rumi-Gun

The Rumi-gun was a matchlock gun introduced into our country from the Kingdom of Rūm; Zhao Shizhen, having seen it in the twenty-fifth year of Wanli (1597), at once undertook to imitate it, and in the following year presented the finished product to the throne.①

The Rumi-gun weighed 6 to 8 jin and measured 6 to 7 chi in length; the tail of the gun bore a steel blade, which in close combat could be used as a saber for cutting down horsemen. In form and construction the Rumi-gun broadly resembled the bird gun described above, being likewise made up of a barrel, a gun-bed, a curved gun-stock, a dragon-head-form cock and trigger, a slide-groove, and an aiming device, but it also had a good many refinements. The Rumi-gun’s trigger and slide-groove were made respectively of copper and steel sheet, together as thick as a copper coin. The dragon-head-form cock and the slide-groove were both fitted with a pistol-grip, and near the point where the mechanism was released a small steel plate over a cun long was mounted, to add spring, so that the gun-lock, once cocked, would fall when squeezed, and after firing would spring back up on its own — possessing good mechanical resilience. The fittings of the Rumi-gun included a powder canister for loading the discharge-powder, and a powder-charge tube together with four strands of slow-burning match for ignition.

The barrel of the Rumi-gun was rolled from refined steel sheet, formed by fitting together two tubes, one large and one small; before fitting, the surfaces of the two barrel-tubes were first ground smooth, so that the inner and outer layers fit tightly together, and the front and rear openings of the barrel were marked off in a cross pattern, a plumb-line was hung to align them, and the barrel was fixed onto a boring-stand, after which the two tubes were bored together. Steel drills were needed in a set of five to six, ranging in length from one to three chi. In boring, the upper opening was drilled first, boring to the middle of the tube, then it was turned over and bored from the other end, continuing until the bore ran clean through. Once bored through, the interior at the rear of the tube was cut over a section into a female screw-thread, into which the finished male screw-bolt was screwed; last of all the powder chamber was fashioned in turn, the front and rear sights were fitted, and the gun-stock and other fittings were mounted, and only after passing a test-firing could the gun be delivered for use② (Figure 7-6).

① Zhao Shizhen (Ming), Shenqi Pu, Jin Shenqi Shu (“Manual of Divine Weapons, Memorial Presenting Divine Weapons”), Taipei Central Library, 1981 edition, photolithographic reprint, Shenqi Pu, vol. 18, pp. 181–185; subsequent citations of this work all follow this same edition. ② Zhao Shizhen (Ming), Shenqi Pu, Yuanchong (“Original Gun”), see the Taipei library edition Shenqi Pu, vol. 18, pp. 201–204. ___

The European matchlock gun, though its barrel was comparatively long and its range comparatively great, was, because it was loaded with less powder, inferior in discharge power to the Rumi-gun; the Japanese matchlock gun, though of comparatively great power, was less handy than the Rumi-gun. Because the Rumi-gun possessed the features of a comparatively light gun-body together with comparatively great power, it was extensively imitated by the Ming army’s military-craft agencies and issued to the troops for use. According to a memorial submitted by Xu Guangqi on the twenty-seventh day of the second month of the first year of Tianqi (1621), after he had taken delivery of 2,000 Rumi-guns and the troops had drilled with them for several months, “there were only minor instances of bursting, no more than a few score, and the rest all proved serviceable.”①



(3) Single-Barrel Matchlock Guns Developed by Zhao Shizhen

Among the single-barrel matchlock guns Zhao Shizhen developed, besides the Rumi-gun there were chiefly the following several kinds.

The Western Gun (Xiyangchong). Its construction closely resembled that of the Rumi-gun but was lighter, weighing about 4 to 5 jin and measuring over 6 chi in length, with the cock mounted at the rear of the gun-bed. The barrel weighed 2 to 3 jin and measured over 5 chi in length. The touch-hole cover was square, with a shield-plate behind it to prevent the powder-gas, on discharge, from blowing back and scorching the shooter. The Western gun, loaded each time with one qian of powder and a projectile weighing eight fen, could be fired continuously 5 to 6 times without being damaged.②

The Zhi-dian-chong (“Lightning-Grasping Gun”). This was a new type of matchlock gun that Zhao Shizhen produced by combining the strengths of the European-style matchlock gun and of the small folangji. The European-style matchlock gun’s barrel was longer than the bird gun’s but shorter than the Rumi-gun’s, and it could fire five or six times. The small folangji, though heavier than the matchlock gun and not convenient for single-soldier discharge, had the distinguishing feature of possessing a child-gun. The Zhi-dian-chong, as remade by Zhao Shizhen, avoided the shortcomings of both while combining the strengths of both: in form it resembled the matchlock gun, and a single soldier could raise it and fire; it had a child-gun resembling a small folangji, which could be fired in rotation. The Zhi-dian-chong measured over 6 chi in overall length and weighed 6 jin; the front part used a bore-tube (i.e., the mother-barrel’s barrel), and the rear could take a child-gun, each gun being equipped with five child-guns. Viewed from the side, the front sight and rear sight were mounted on the upper part of the bore-tube. The child-gun measured 6 cun in length and weighed 10 liang, had a touch-hole opened in it, and could hold 2.4 qian of powder together with a projectile weighing 2 qian; the child-guns were normally carried in a leather pouch, each pouch holding four; the middle section of the child-gun was held in place by a copper disk, to prevent the powder-gas from leaking out through the seam on discharge and scorching the shooter’s eyes; the disk had a hole punched in it, which doubled as a rear sight, and the lower two feet were pinned in place on the gun-bed with a pin. The form of the gun-bed and the materials used were largely similar to those of the Rumi-gun’s gun-bed, while the tail resembled the gun-bed of the Japanese bird gun (Figure 7-7). Because the Zhi-dian-chong used child-guns, it was a single-soldier gun of comparatively rapid rate of fire.

The Ying-yang-chong (“Soaring Eagle Gun”). The Ying-yang-chong had a comparatively long barrel with comparatively thick walls, had a front sight and rear sight, and had, at the rear of the barrel, a fitting for holding the child-gun, arranged so as not to let its opening leak gas. This gun combined both the lightness of the small folangji and the accuracy of the large bird gun, being a new type of matchlock gun that combined the strengths of both. In battle, if the enemy, using a matchlock gun, discharged one shot, the Ying-yang-chong could discharge three to four shots — showing how fast its rate of fire was. If this gun was mounted upon a war-cart, then with many carts advancing together and firing continuously, ten thousand projectiles being loosed at once, its might would be no less than that of a small-model General Cannon (Jiangjunpao), while in its capacity to maneuver forward and back and traverse and elevate it was handier than the large General Cannon — a light-weight gun of good mobility and great killing power.

① Xu Guangqi (Ming), Jinchen Renneishili Shu (“Memorial Respectfully Presenting on the Handling of Palace Affairs”), see Zhonghua Book Company, 1963 edition, Xu Guangqi Ji (“Collected Works of Xu Guangqi”), vol. 1, p. 172; subsequent citations of this work all follow this same edition. ② Zhao Shizhen (Ming), Shenqi Pu, Yuanchong, see the Taipei library edition Shenqi Pu, vol. 18, p. 205. ___

The San-chang-chong (“Three Advantages Gun”). This gun was a single-soldier gun that Zhao Shizhen remade by taking the strong points of three guns: taking the lightness of the European matchlock gun and increasing its power; taking the rapidity of the Rumi-gun and adding to it skillful refinement; taking the steadiness of the gun-bed of the Japanese bird gun and adding to it stability — hence the name San-chang-chong (“gun of three excellences”).

Besides the single-soldier matchlock guns described above, Zhao Shizhen also developed the Jue-chong, which combined a jue (a kind of pick-axe halberd) with a gun; the Fu-chong, which combined an fu (axe) with a gun; as well as the Xuanyuan-chong, the Jiutou Niaochong (“Nine-Headed Bird Gun”), the Lian-chong, and the Xuanji Yi Hu-chong, all of which had their own distinguishing features.

The method of discharging the single-soldier matchlock gun: while imitating the Rumi-gun and the Western gun and remaking the Zhi-dian-chong, Zhao Shizhen also recorded their methods of discharge, appending these to the Shenqi Pu to pass the knowledge on to his countrymen.

Following the method for firing the Rumi-gun as transmitted by Zhu Sima, Zhao Shizhen broke the process down into the following steps: pouring the gun-powder (daochongyao, pouring the powder from the powder canister into the powder-charge tube, each tube holding exactly enough powder for one discharge); loading the gun-powder (zhuangchongyao, pouring the powder from the powder-charge tube through the muzzle into the bore); loading and ramming the projectile (shiyao zhuangdan, using the ramrod to pack and compress the powder loaded into the bore, then taking out the projectile and loading it into the bore, and using the ramrod to press the projectile firmly down onto the powder, so that the projectile would be discharged with force); applying the touch-powder (zhuomenyao, pouring the powder from the powder-charge tube into the touch-hole of the powder chamber, filling the chamber with powder so that it made contact with the powder in the bore, and afterward closing the touch-hole cover); and setting the match (zhuohuosheng, placing the match into the dragon-head-form cock of the trigger, in readiness for ignition). Once the above steps were completed, the shooter would then stand ready awaiting the order to fire, and, according to the mutual positions of the two sides at the moment of engagement, would adopt different postures for taking aim and firing: either the crouching-and-kneeling posture (when the enemy occupied low ground and the shooter occupied high ground, the shooter would raise the front foot and kneel the rear foot, hold the gun with the left hand, rest the right elbow on the knee, clamp the tail of the gun tightly under the right armpit, and take careful aim to fire); or the standing posture (when the enemy occupied high ground and the shooter occupied low ground, the front foot slightly straightened, the rear foot slightly bent, without leaning to either side, raising the gun to face the enemy and taking careful aim to fire); or firing at a range of a dozen or so paces in close combat (in which case there was no longer time to light the match, and one could touch fire directly to the touch-hole for an emergency shot). The above account of the process of firing the Rumi-gun is set out in detailed and concrete terms, its accompanying illustrations vivid and lifelike, reproducing the scene of soldiers of that age fighting with guns in hand.① Similar textual explanations and illustrations were likewise made for the methods of firing the Western gun and the Zhi-dian-chong. The several firing methods that Zhao Shizhen introduced basically encompassed the firing actions of the various matchlock guns of that time, and possess distinct features of their era.



(4) Multi-Barrel Matchlock Guns Created by Zhao Shizhen

Among the multi-barrel matchlock guns Zhao Shizhen created, there were chiefly the following several kinds.

The Thunderbolt Gun (Xunleichong). Besides developing single-barrel matchlock guns, Zhao Shizhen also developed a variety of multi-barrel matchlock guns, of which the Xunleichong was a representative product. The Xunleichong’s gun-body had five barrels, ten jin in total weight, each single barrel over two chi long, shaped like the barrel of a bird gun, but with the rear part of each barrel bent into an arc, so that, like the beaks of magpies gathered at a common disk, the five were arranged in a regular pentagonal pattern, each fixed in place by a pin; the barrels were fitted with a front sight and rear sight; there was a touch-hole, with a powder-fuse running out from it, and the five powder-fuses had to be separated from one another by thin copper sheets, to guarantee safety when firing them one after another; at the center of the five barrels was a wooden shaft serving as the handle, the wooden handle hollowed to form a tube, inside which was loaded a single fireball; once the projectiles in the five barrels had all been discharged, the fireball could be ignited to spray flame and scorch the enemy; at the end of the handle was fitted an iron spearhead, so that once the projectiles and fireball had been used up, it could be used as a cold weapon at close quarters with the enemy; on the handle was mounted a single firing mechanism, serving all five barrels in common, which fired them one after another in sequence; the front half of the five barrels was fitted with a shared shielding-cover, the shielding-cover made with raw ox-hide for its outer and inner layers, formed in a round cushion shape, packed inside with such various materials as floss silk, human hair, and paper, with a large round hole in the middle and five square holes around its edge, through which the wooden handle and the five barrels passed, so that the shielding-cover stood perpendicular to the axis of the barrels, in order to block arrows shot from the enemy’s side, thereby serving the function of a gun-shield and protecting the shooter from injury by the enemy’s arrows during discharge (Figure 7-8).

Before firing, the Xunleichong first had all five barrels loaded with powder and projectile, placing it in a state of readiness; using the firing shield-cover to

① Zhao Shizhen (Ming), Shenqi Pu, Yuanchong, see the Taipei library edition Shenqi Pu, vol. 18, pp. 209–221. ___

fit over the axe-handle-shaped forked stand, the tip of the axe-handle stand was then planted upright in the ground to serve as a support, and the barrel-cluster was rested upon the stand. Once preparations for firing were complete, the shooter would kneel the left leg forward, kneel the right leg back, hold the tail of the gun with the left hand behind, clamp the gun-handle under the right armpit, and fire with the right hand; after each barrel was discharged, the disk would be rotated 72 degrees, so that the second barrel was aligned with the target, and firing would continue. After the remaining three barrels had each been discharged in turn, the shooter would stand up, and with fire ignite the fireball inside the wooden handle, so that it sprayed flame to scorch the enemy. When the soldier closed with the enemy, he would reverse the gun-body and stab the enemy with the iron spearhead. It can thus be seen that this was a weapon serving three purposes in one gun.①

The Zhendie-gun. This was a double-barrel gun that Zhao Shizhen designed based on the particular features of fighting the Wo pirates. In battle, whenever the Wo pirates saw the Ming army raise their guns to fire, they would drop flat to the ground; once the Ming army had discharged their shot, the pirates would then rush forward in a charge. But Zhao Shizhen’s creation, the upper-and-lower double-stacked Zhendie-gun, once ignited, would first discharge the projectile from the upper barrel; then, just as the Wo pirates rose up to charge, the lower barrel’s projectile would discharge at precisely that moment. Not knowing this gun’s special feature, the Wo pirates would fight according to their usual method, with the result that they would be struck down by the projectile from the lower barrel.

The multi-barrel matchlock gun was a new type of military gun that, building on the multi-barrel hand-cannon, made use of match ignition for discharge; its design was ingenious, its loading convenient, its rate of fire rapid, and its killing power great. Judging from the era in which the multi-barrel matchlock gun was manufactured, the multi-barrel matchlock guns developed by Zhao Shizhen and those manufactured in Europe came into being at roughly the same period. This shows that firearms developers of East and West, in their efforts toward raising the rate of fire of the matchlock gun, achieved their respective results at a pace that was, on the whole, not far behind one another.

The above achievements show that Zhao Shizhen was truly an outstanding firearms developer of the Wanli period of the Ming dynasty. Throughout his life he labored diligently, to the point of “exerting himself utterly in forging and casting … as though drunk or possessed,”② unsparing of “a frame as frail as willow catkin reed, exhausted to the utmost, toiling through the year, struggling on to the end,”③ and it may be said that he was a firearms developer possessed of a spirit of self-sacrifice and of patriotic thought. Because the various firearms he created were all produced by observing the weapons of the ancients and adapting them with insight into their underlying principles, they each possess distinct features of their era. His treatise the Shenqi Pu and his other writings exerted an important influence on the development of firearms — especially the matchlock gun — in the late Ming and early Qing.

① Zhao Shizhen (Ming), Shenqi Pu, Yuanchong, see the Taipei library edition Shenqi Pu, vol. 18, pp. 209–211. ② Zhao Shizhen (Ming), Shenqi Pu, Shenqi Pu Huowen (“Manual of Divine Weapons, Questions and Answers on the Manual of Divine Weapons”), see the Taipei library edition Shenqi Pu, vol. 18, p. 309. ③ Zhao Shizhen (Ming), Shenqi Pu, Fanglu Che Chong Yi (“Manual of Divine Weapons, Proposal on Anti-Barbarian Carts and Guns”), see the Taipei library edition Shenqi Pu, vol. 18, p. 349. ___





Section 3 The Renewal of Traditional Guns and Cannon

Traditional guns and cannon included single-barrel and multi-barrel guns of various metal and non-metal construction, light artillery, and heavy artillery.


1. Single-Barreled Guns

Besides using the bird gun, the mid-Ming army also created and modified a variety of single-barreled guns each with its own distinctive features. Compared with the hand-cannon of the early Ming, they showed improvements in form and construction, an increase in the number of types, simplification of the loading procedure, an increase in rate of fire, and an enhancement of killing power, and some were fitted with aiming devices and became multi-purpose guns. Used together with the bird gun, they complemented one another in function, meeting the needs of different kinds of combat.


(1) The Invincible Hand-Gun

According to the Ming Huidian, Huoqi, in the seventh year of Jiajing (1528) the Bureau of Military Equipment began making 160 Invincible Hand-Guns (Wudi Shouchong) of yellow brass, each weighing 16 jin, and issued them for use at the various frontiers; guns continued to be made every year thereafter. The Hebei Provincial Institute of Cultural Relics holds one Invincible Hand-Gun made in the tenth year of Jiajing, with a caliber of 31 millimeters and an overall length of 734 millimeters — considerably thicker and longer in form than the early-Ming hand-cannon — with characters carved on the surface of the barrel reading “Sheng-character number one hundred fifty-nine Invincible Hand-Gun, Jiajing xinmao year, Bureau of Military Equipment, weight fifteen jin.” Compared against the record cited above, the weight of this gun-barrel is close to the recorded figure, and since about 160 were manufactured by the Bureau of Military Equipment every year, the physical artifact is basically consistent with the record.



(2) The Fast Gun

The Fast Gun (Kuaiqiang) came in both bamboo and wood versions, 6.5 chi long and weighing 5 jin, with a spearhead at the front; behind the spearhead was a two-chi-long gun-tube, the tube having four bamboo-hoop bands, its bore smooth and slick; a gun-shaft was inserted behind the tube. In use, a fuse 1.5 cun long, soaked at both ends in sulfur, was first placed into the tube, and then 3 to 4 qian of powder was placed in and packed firm with the ramrod, after which a single projectile was loaded into the tube. On firing, the man had to bend his front knee and rest the tube upon it, remove the spearhead, and light the fuse, without shaking the gun, so as to ensure a hit on the target. Once fired, the spearhead would be reattached, so that it could be used as a long spear to stab the enemy (Figure 7-9).

Although the Fast Gun was not as refined or convenient as the bird gun, it was easy to manufacture and low in cost, and the frontier-garrison troops of the north had already grown accustomed to using this gun, so that during the Jiajing period it remained one of the single-soldier guns used by the Ming army.①



(3) The Lianzi-chong

This was a firearm designed to increase the rate of fire. According to the Jixiao Xinshu, Lianzichong Shi (“New Treatise on Disciplined Service, Pattern of the Lianzi-chong”), the barrel was made of money-bronze, with a wooden handle fitted at the tail; the wall of the barrel toward the front had a round hole opened in it, through which could be inserted vertically a small iron tube capable of dropping projectiles automatically, the tube preloaded with a number of projectiles arranged in a string, which could drop one after another into the barrel. From the round hole backward to the base of the barrel, a number of sections of powder, each wrapped in a small paper tube, were loaded in sequence, the base of each powder-tube cushioned with thick paper, and from it ran out a length-one-cun fuse; the fuses of each section were joined end to end, and each section of powder-tube could discharge one projectile (Figure 7-10). On firing, the first section’s powder-tube was ignited first, discharging the first projectile dropped by the drop-tube. Once that shot was fired, the powder in the second section’s tube was ignited in its turn precisely at that moment, discharging the second dropped projectile. Thereafter this proceeded in sequence, until all the projectiles in the drop-tube had been discharged. Because it dispensed with the time needed to reload powder and projectile, the Lianzi-chong’s rate of fire was considerably higher than that of a single-shot gun.



(4) The Yiwofeng-chong

According to the Chouhai Tubian, Yiwofeng (“One-Nest-of-Bees”), the bird gun could fire only a single projectile at a time, and could kill the enemy only upon a hit, so that a miss meant a wasted shot with nothing gained. The Yiwofeng-chong was different: it could discharge a hundred projectiles at once, with a wide spread and thus a greater chance of a hit, and it was moreover light and handy, so that a soldier could carry it slung at the waist on a strap. In use, a small iron hook cast onto the gun-body was first planted in the ground, after which the muzzle was raised up for firing.




2. Multi-Barrel (Multi-Shot) Guns

The multi-barrel gun was a single-soldier gun created to increase the rate of fire, of many varieties, ranging from 2 barrels to as many as 36, and was an important direction of development for the single-soldier gun of the late Ming.


(1) Double-Barrel Guns

Guns of this class had two forms of construction: one had two guns clamped to a single length of cold-weapon shaft, and the other had a gun mounted at each end of a single long shaft. Of the former type, the products included the Jiaba Iron Hand-Gun (also called the Jiaba-chong, Figure 7-11) and the Feitian Shenhuo Dulong Spear-Gun. The Jiaba Iron Hand-Gun was made by the Bureau of Military Affairs from the thirty-fourth year of Jiajing (1555) to the forty-third year; in battle, the soldier would first fire the two guns at the enemy, and then stab the enemy with the cold weapon — a single weapon serving two uses. The latter type’s product was the double-headed gun, made by the Bureau of Military Affairs in the fortieth year of Jiajing; in battle, the soldier would successively fire off the projectiles of the two guns.



(2) Triple-Barrel Guns

The principal product was the three-eyed gun (sanyanchong), manufactured during the Jiajing period. When Qi Jiguang trained troops at Jizhen, he issued the three-eyed gun to the garrisons of beacon-towers and watch-forts. He Rubin gave a fairly concrete account of its performance and function: the bird gun and the three-eyed gun were both effective weapons within the army, the bird gun used chiefly in the south, the three-eyed gun suited to cavalry in the north. When the enemy was thirty or forty paces off, volley fire or successive fire could be carried out, inflicting heavy casualties on the enemy. Once its projectiles had all been discharged, the cavalryman could use it as a mace to strike the enemy.① In October 1978, at a spot six kilometers south of the city of Liaoyang, at Lanjiabaozi village, two iron three-eyed guns of identical form and construction were unearthed. The gun-body was formed by three single barrels bound together in parallel around a handle, the three muzzles arranged in a品-shaped (“pin”-shaped) pattern, each with a raised outer rim; behind the bore was a powder chamber, the powder chamber having a touch-hole; the three barrels shared a single long trumpet-shaped tail-socket fitted for the handle. The two three-eyed guns differed slightly in their constructional data. One had an overall length of 405 millimeters, with each barrel’s caliber 13 millimeters; the other had an overall length of 363 millimeters, with each barrel’s caliber 15 millimeters② (Figure 7-12). You Macheng, in the Liuchuan (“Transmitted through the Ages”), likewise recorded several excavated examples of the three-eyed gun.

① Qi Jiguang (Ming), Lianbing Shiji Zaji, juan 5, “Chebuqi Yingzhen Jieshang, Kuaiqiang Jie” (“Explanations of Cart, Infantry, and Cavalry Camp Formations, Part One, Explanation of the Fast Gun”), Shanghai Guji Chubanshe, 1990 edition, photolithographic reprint of Siku Bingjia Lei Congshu (“Collectanea of Military Works from the Complete Library of the Four Treasuries”), vol. 3, no. 728, p. 862; subsequent citations of this work all follow this same edition, hereafter cited as the Siku Bingjia Lei Congshu edition. ___

① He Rubin (Ming), Bing Lu, juan 11, “Huogong Zaji” (“Miscellaneous Records of Fire-Attack”), Song Xunzhi, Wanli thirty-fourth-year printed edition, p. 36; subsequent citations of this work all follow this same edition. ② Yang Hao, “Liaoyang Faxian Ming-dai Folangji Tongchong” (“A Ming-Dynasty Bronze Folangji-Type Gun Discovered at Liaoyang”), see Wenwu Ziliao Congkan (“Cultural Relics Materials Series”), 1983, no. 7, pp. 173–174. ___



(3) Four-Barrel Guns

Four-barrel guns are found only in the record of the Ming Huidian, Huoqi, under the name Four-Eyed Iron Gun (Siyan Tieqiang), manufactured by the Bureau of Military Equipment in the twenty-fifth year of Jiajing. To this day no excavated example has been found, nor is there any record of its use, so its form and construction remain unclear.



(4) Five-Barrel Guns

The only product of this class was the Five-Row Gun (Wupaiqiang); according to the Wubei Zhi, Wupaiqiang, it consisted of five gun-barrels arranged symmetrically and in parallel around a handle as the central axis. Each single barrel was forged of refined iron, weighed 1 jin 4 liang to 1 jin 5 liang, and measured 4 chi in length, with a single touch-hole, loaded with four to five lead projectiles and an appropriate charge of powder. Once ignited, the barrels could be discharged successively or all at once, which could raise the rate of fire and the killing efficiency.



(5) Seven-Barrel Guns

The only product of this class was the Seven-Star Gun (Qixingchong), made in the twenty-eighth year of Jiajing (1549). The Wubei Zhi, Qixingchong states that this gun was made up of seven barrels arranged in parallel, one in the center and six surrounding it, the outside wrapped in thick iron sheet with three added iron hoops. Each single barrel was forged of refined iron, 1.3 chi in length, loaded inside with powder and projectile, with a touch-hole opened at the rear communicating to a fuse-cord, and the tails of each barrel joined together into one, using in common a wooden handle five chi long. On the march or in battle, the gun-body was mounted on an iron cross-axle between two wheels, and pushed forward by one man, who would aim it at the target and fire — its killing power comparatively great.



(6) Ten-Barrel (Ten-Shot) Guns

Guns of this class had two forms of construction: one was the ten-eyed gun (shiyanchong), a single barrel divided into ten sections each with its own touch-hole; the other was formed of ten barrels arranged in parallel around a handle, comprising the mother-and-child hundred-pellet gun (zimu baidanchong) and the linked-pearl gun (lianzhuchong). The former was made by the Bureau of Military Affairs in the twenty-fifth year of Jiajing (1546), forged of bronze or refined iron, the barrel weighing 15 jin and measuring 5 chi in length, the middle one chi being solid, and the two ends, each two chi long, forming the barrel-tube, each end divided evenly into five sections, each section four cun long, each with a hoop-band, loaded inside with powder and projectile, the sections separated from one another by thick paper. In battle, the shooter would first ignite the section of powder nearest the muzzle, discharging the projectile, and would then in turn ignite the remaining four sections, discharging the projectiles in succession; once one end had been fully discharged, the other end would then be fired (Figure 7-13). The latter type’s products were the mother-and-child hundred-pellet gun and the linked-pearl gun. The mother-and-child hundred-pellet gun was hooped together from 10 barrels arranged in parallel, one in the center, measuring 1.5 chi in length, with the other 9 surrounding it, each measuring 5 cun. Each single barrel was forged of refined iron, and the 10 barrels shared a common wooden handle, the barrels loaded with powder and a number of small lead pellets, the fuse-cords of each barrel all joined together in one line. In battle, discharge was carried out by a physically strong and sturdy soldier, and a single discharge could loose a hundred pellets, possessing considerable killing power. The linked-pearl gun was made in the thirty-fourth year of Jiajing,① its construction and manner of use similar to those of the mother-and-child hundred-pellet gun.



(7) The 36-Barrel Gun

The only product of this class was the wheel-gun (cheluchong) recorded in the Wubei Zhi, Cheluchong, which was fitted with 36 single guns. Its method of construction was first to make a cartwheel-shaped disk, fitted with 18 spokes, with a firearm mounted on each side of every spoke, for a total of 36 mounted on the whole wheel. Each single gun was made of iron, 1 chi long and 1 jin in weight, loaded inside with an appropriate charge of powder and projectile, sealed at the mouth with a leather strip, the muzzle facing outward and fixed to the wheel-rim, the base of each gun fixed firmly to the wheel-hub; the wheel together with the guns weighed in total about 200-odd jin. On the march, one horse drew two such wheels, and a firing-stand was carried along as well. Before battle, the firing-stand was first set up on the ground, and afterward the wheel was mounted onto the firing-stand. On firing, the shooter would turn

① Li Fu (Ming), rev., Quan Liao Zhi (“Complete Gazetteer of Liao”), juan 2, “Bingzheng” (“Military Administration”), Jiajing forty-fourth-year printed edition, p. 69. ___

the wheel, discharging the guns one after another in sequence, and once a full circuit had been discharged, would change to another wheel, so that 72 projectiles could be discharged continuously, greatly raising the rate of fire. In the early seventeenth century, the multi-barrel wheel-type guns of Europe likewise had a similar form of construction.




3. Light Artillery

The light artillery developed by mid-Ming China had developmental characteristics similar to those of the single-soldier gun, and its varieties were numerous, chiefly including the following several kinds.


(1) The Hutunpao (“Crouching-Tiger Cannon”)

This was a small-model General Cannon created by Qi Jiguang during the Jiajing period in the campaign against the Wo pirates, named for its resemblance in form to a crouching tiger. The gun-body measured 2 chi in length and weighed 36 jin, having from front to back five or six broad hoop-bands, with large iron claws and iron tethers fitted at the muzzle end, by which large iron spikes could be used to fix the gun-body to the ground, so as to eliminate the recoil force produced on discharge — overcoming the danger, present in the original Poison-Tiger Cannon (Duhupao), of the gun-body recoiling backward after firing and injuring the gunner. This cannon was lighter and handier than the folangji, convenient for mobility over mountain, forest, and network-of-waterways terrain, able to be maneuvered around dangerous, narrow terrain, and could in a single discharge fire off upward of a hundred small pellets or fifty larger pellets, with a wide spread, and was more effective than the bird gun at killing a densely advancing enemy, playing an important role in the campaign against the Wo pirates. When Qi Jiguang trained troops at Jizhen during the Longqing period, he further issued this cannon to the cavalry for use, so that it became a fairly good cavalry cannon. There survives one example of the Hutunpao bearing an inscription reading “Cast in the tenth month of the fourth year of Chongzhen, craftsman Zhao Shiying, Hutunpao number twenty, weight forty-nine jin six liang” (Figure 7-14). Its caliber is 40 millimeters, its overall length 350 millimeters, and its barrel wall thickness 24 millimeters; its overall construction is similar to the illustration carried in the Lianbing Shiji Zaji, Junqi Jie (“Explanation of Military Equipment”), and it may be regarded as a representative product of the Hutunpao.①



(2) The Xuanfengpao (“Whirlwind Cannon”)

According to the Ming Huidian, Huoqi, the Bureau of Military Equipment had, before the Hongzhi period, manufactured this cannon, designed for ease of mobility; the Liuchuan carries excavation data on this cannon. The gun-body was thick and short, the powder chamber slightly bulging, with a rectangular touch-hole cover outside the touch-hole. The muzzle had a band-shaped hoop 40 millimeters wide. Four other narrow hoop-bands were distributed at the front and rear of the powder chamber, at the middle-and-rear of the bore, and at the tail. The overall length was 388 millimeters, the bore length 290 millimeters, the tail length 70 millimeters, and the caliber 60 millimeters; the tail bore an inscription reading “Xuanfengpao number three thousand five hundred fifty-four, Bureau of Military Equipment, Jiajing gengzi year”② and other characters.



(3) Cannon Firing Explosive Shells

Cannon of this class mostly evolved from the bowl-mouth cannon (zhankoupao) of the early Ming, the principal products being the Duhuo Feipao (“Poison Fire-Flying Cannon”) and the Tiebang Leifeipao (“Iron-Rod Thunder-Flying Cannon”), both manufactured by the Bureau of Military Equipment during the Jiajing period, as well as the Feiyun Pilipao (“Flying-Cloud Thunderclap Cannon”), the Duwu Shenyanpao (“Poison-Fog Divine-Smoke Cannon”), and other types, nearly ten kinds in all. The cannon were loaded with a comparatively large propellant powder charge together with a single iron-cased explosive shell. The shell was loaded with a poisonous or a powerfully incendiary powder. Excepting the Tiebang Leifeipao, all were mounted on a stand for firing, and were mostly used in the assault of cities. Once the shell burst, its shattered iron fragments could wound the enemy, while it could also burn up the enemy’s stores of grain and fodder and poison the enemy’s men and horses — a further development of the iron-cased explosive shell of the Song-and-Yuan period.

① See the Liuchuan, p. 189. ② See the Liuchuan, p. 198. ___ ### 4. Heavy Artillery

According to excavated physical specimens and the records of mid-Ming military treatises, heavy artillery of that time was of many kinds, evolved mainly from the small-model divine-mechanism cannon of the bowl-mouth-cannon class used by the Early-Ming Divine Mechanism Camp (Shenji Ying). Its development was characterized by the use of gun-carriages, which raised mobility and enhanced destructive power; the most famous among them was the General Cannon.



(1) The General Cannon

This was a large-model cannon manufactured in the mid-Ming period; to this day, one example still stands on display atop the city-tower at Shanhai Pass, with a caliber of 100 millimeters, an outer muzzle diameter of 160 millimeters, and an overall length of 1430 millimeters; the barrel bears no inscription, and it is preserved in excellent condition (Figure 7-15). Besides this, Japan also preserves three General Cannon manufactured in the twentieth year of Wanli (1592), among which the most representative is an iron-made General Cannon manufactured in the winter month of that year. This cannon has a caliber of 113 millimeters, an outer muzzle diameter of 201 millimeters, an overall length of 1430 millimeters, a bore length of 1220 millimeters, and a wall thickness of 44 millimeters; from muzzle to breech there are 9 broad hoop-bands, each hoop-band 50 millimeters wide and 12 millimeters thick; front and back of the gun body there is a ring each; counting back from the muzzle, at the ninth hoop-band trunnions project outward; the powder chamber is shaped like an abacus bead, with a touch-hole opened in its wall.

The gun body bears inscriptions in 6 places. On the first hoop-band are carved the 4 characters “Huangtu Gonggu” (“May the Imperial Realm Be Firmly Secured”); on the second hoop-band are carved the 11 characters “Tian-character number one hundred thirty-five, General Cannon”; on the eighth hoop-band are carved the 7 characters “Supervised in manufacture by Sub-Prefectural Magistrate Sun Xingxian”; on the ninth hoop-band are carved the 4 characters “Two strings of jade” [a further identifying mark]; on the powder chamber are carved the 20 characters “Made in an auspicious day of the first winter month of the renchen year of Wanli, by Chief Centurion Chen Yunhong of the Ministry of War stationed at Hangzhou”; and on the tail are carved the 8 characters “Instructor Chen Hu; ironsmith Liu Huai.” The form and construction of the other two General Cannon are also basically the same, differing only slightly in constructional dimensions; their basic particulars are listed in Table 7-3.

Table 7-3 Extant General Cannon













	No.
	Date of Manufacture (CE / Reign Year)
	Bore (mm)
	Total Length (mm)
	Weight (kg)
	Inscription Content
	Remarks





	Da 1
	1592 / Wanli 20th year
	113
	1430
	not measured
	“Huangtu Gonggu. Tian-character number one hundred thirty-five, General Cannon, supervised in manufacture by Sub-Prefectural Magistrate Sun Xingxian. Two strings of jade. Made in an auspicious day of the first winter month of the renchen year of Wanli, by Chief Centurion Chen Yunhong of the Ministry of War stationed at Hangzhou. Instructor Chen Hu; ironsmith Liu Huai.”
	—



	Da 2
	1592 / Wanli 20th year
	119
	1420
	not measured
	“Huangtu Gonggu. Tian-character number sixty-nine, General Cannon, supervised in manufacture by Sub-Prefectural Magistrate Sun Xingxian. Five strings of jade. Made in an auspicious day of the mid-summer month of the renchen year of Wanli, by Chief Centurion Chen Yunhong of the Ministry of War stationed at Hangzhou. Instructor Chen Xiong; ironsmith Xu Yu.”
	Photographs and a written description of these three cannon are carried in The Origin of the Cannon and Its Transmission



	Da 3
	1592 / Wanli 20th year
	121
	1362
	not measured
	“Huangtu Gonggu. Tian-character number twenty-five, General Cannon, supervised in manufacture by Sub-Prefectural Magistrate Sun Xingxian. Made in an auspicious day of the sixth month of the renchen year of Wanli, by Chief Centurion Chen Yunhong of the Ministry of War stationed at Hangzhou. Instructor Chen Hu; ironsmith Dong Shijin.”
	—





As the table shows, these three General Cannon were manufactured respectively in the tenth, fifth, and sixth months of the twentieth year of Wanli, the difference between the highest and lowest serial numbers being 110 (Figure 7-15). This shows that, from the fifth to the tenth month, at least 110 General Cannon were manufactured — evidence of the great gun-casting capacity a single military-craft workshop possessed at that time.

The above General Cannon closely resemble the divine-mechanism gun (shenchong) recorded in the Dengtan Bijiu, Shenchong Yi (“Essentials for Ascending the Speaker’s Platform, On the Divine-Mechanism Gun”). The book’s author, Wang Minghe, said that after the General Cannon was discharged, it made the enemy “unable even to cover his ears before the thunderclap struck, its might unfathomable, and its mechanism the most marvelous of all.” The Minister of Works Ye Mengxiong said: “Of the great firearms of the frontier, none surpasses the General Cannon.”① The book further states that the General Cannon came in three sizes, large, medium, and small, firing lead shot weighing respectively 7 jin, 3 jin, and 1 jin. If arrayed along the border and mounted on a thousand carriages, so that every man could fire one, then one could be invincible in every direction. At first it was thought the General Cannon was too heavy to be readily mobile, but later, once carried by cart, it could ascend heights and cross rivers, suited equally to mountain terrain and level plain, so that all who saw it were struck with dread. The book also carries an illustration of a General Cannon mounted upon a cart, called the “Great Divine-Mechanism Rolling Cart”; the great divine-mechanism gun carried on the cart weighed up to 1000 jin, the gun body 4.5 chi long, cast of pure iron, with nine iron hoop-bands, and an added iron ring at the touch-hole. Although this illustration is drawn in an archaic style, if compared with several excavated cannon, it may be said to be a fairly close likeness of the actual object.

The Wubei Zhi, Ye Gong Shenchong (“On Lord Ye’s Divine-Mechanism Gun”) carries an illustration of Lord Ye’s divine-mechanism cart-gun, its text stating: “This cannon is forged of pure iron, under the designations Heaven and Earth and Mystery, and is called ‘Gong Yin Sun’ [Presenting a Line of Descendants]. The Tian-character-numbered divine cannon each weighs two hundred eighty jin and is three chi five cun long.” This differs somewhat from the data given for the actual General Cannon artifacts and in the Dengtan Bijiu, but its form and construction are broadly similar. It further describes: “the Di-character-numbered divine cannon weighs two hundred jin and is three chi two cun long; the Xuan-character-numbered divine cannon weighs one hundred fifty to sixty jin and is three chi one cun long, each mounted on its own cart.” Besides the two front wheels, two chi five cun high, this type of cart also had a rear wheel, one chi three cun high, giving the cart a higher front and lower rear, so that the muzzle was tilted somewhat upward, convenient for firing. Comparing the illustrations of the divine-mechanism gun given in the Dengtan Bijiu and the Wubei Zhi, the latter is closer to the actual object.



(2) The Weiyuan Cannon

This cannon was made by removing hoop-bands from a General Cannon to reduce its weight, for ease of mobility; the region of its powder chamber was thickened, to increase its resistance to pressure. The muzzle was fitted with a front sight, and the tail with a rear sight, raising the accuracy of hits. The Weiyuan Cannon came in two sizes, large and small: the small type had a barrel 2.8 chi long, a caliber of 2.2 fen, and weighed 120 jin, and could fire two kinds of projectile — a large lead shot weighing 3 jin 6 liang, using 8 liang of powder; or small pellets weighing 6 qian each, up to a hundred fired per discharge, with a spread reaching more than 40 paces in width. The large type weighed 200 jin. The Weiyuan Cannon could be aimed at a target a thousand-odd paces off, its range varying according to the height of the wooden blocking placed beneath the muzzle, generally raised between 1 and 6 cun.

Each Weiyuan Cannon was assigned a crew of 3 gunners, together with 1 mule for transport, each gunner carrying 1 cleaning-rod, used for scrubbing out the barrel. At that time a Ming-army encampment of 3000 men was equipped with 10 Weiyuan Cannon, which could be used both to inflict mass casualties on the enemy across open, level terrain, and to attack mountain strongholds and defiles — a multi-purpose piece of heavy artillery.①



(3) The Gongrong Cannon

The Gongrong Cannon was mounted upon a two-wheeled gun-carriage; on the chassis of the carriage was fitted a cart-box, the cart-box hollowed out of elm-and-locust wood, and the Gongrong Cannon was set into the cart-box, secured with five hoop-bands. On both sides of the cart-box were two iron anchors each; on firing, the iron anchors were set down on the ground and packed firm with earth, so as to dissipate the recoil force (Figure 7-16). The Gongrong Cannon was drawn either by mules or carried on camel-back, accompanying the army in assaulting cities and seizing territory, for mobile operations.②



(4) The Qianzi-lei Cannon

The barrel was made of bronze, 1.8 chi long, with a caliber of 0.5 chi. Inside was loaded 6 fen of powder, packed firm with a rammer, and afterward a further 2 fen of fine earth was added, and after being lightly compressed, powder and iron projectiles totaling 2 to 3 sheng were then loaded in. The barrel was secured with iron hoops onto a four-wheeled cart; at the front end of the cart was fitted a screening board to conceal the gun body, so that the enemy would not readily notice it. When the enemy drew near, the screening board was removed and the gun suddenly fired, inflicting heavy casualties on the enemy.③



(5) The Baizi Lianzhu Cannon (“Hundred-Pellet Linked-Pearl Cannon”)

The barrel was smelted and cast of fine bronze, 4 chi long, loaded inside with 1 sheng 5 he of powder. Toward the front of the barrel, a hole was opened in the barrel wall, through which a loading-tube could be fitted; through this loading-tube up to a hundred-odd pellets could be loaded into the barrel at once, after which the cannon was mounted on a sturdy wooden stand, its elevation-depression and horizontal traverse adjusted by a tail-shaft at the rear of the barrel,④ allowing continuous discharge.



(6) The Miehu Cannon (“Barbarian-Exterminating Cannon”)

The barrel was forged of fine iron, 2 chi long, with a caliber of 2.3 cun, and weighed 95 jin, firing a lead shot weighing 1 jin; it had five hoop-bands, each hoop-band 1.5 cun wide. This cannon was generally used to bombard the enemy’s watchtowers and forts. On the march, it was transported by the “barbarian-exterminating cart,” each cart carrying 3 cannon; the cart’s shafts measured 7.3 chi long and 3.5 cun wide, with 7 cross-bars, each 2.3 chi long and 2.5 cun wide; the front wheels were 2.6 chi in diameter and the rear wheels 1.5 chi — a comparatively light and serviceable type of gun-carriage for that time.⑤

Among the several kinds of heavy artillery described above, the Lord Ye Divine-Mechanism Cannon, the Gongrong Cannon, the Qianzi-lei Cannon, and the Miehu Cannon were all cart-mounted cannon. Thus this class of cart-mounted cannon of the mid-Ming period was in fact a heavy firearm combining cart and cannon into one, possessing distinctive new features of its era.

① Wang Minghe (Ming), Dengtan Bijiu, juan 29, “Shenchong Yi,” see Tonghui, Jishu Juan (“General Compendium, Technology Volume”), vol. 5, p. 623. ___



(7) Characteristics of the Cart-Mounted Cannon

Convenient for mobility. Because the cannon equipping the Ming army in its early period were comparatively light, on the march they needed only to be carried by mule. By the mid-Ming, owing to the demands of warfare, cannon weighing over a hundred jin were cast in great numbers, and by the mid-Ming period these were no longer things a mule could carry on the march, so it became necessary to manufacture carts specifically for transporting cannon, for ease of mobility. Each of these cannon-carrying carts could generally carry 1 to 3 cannon, drawn by mules or hauled by an assigned crew of gunners. The gunners could both push and pull the gun-carriage and fire the cannon when the enemy was encountered.

It raised the speed with which cannon could be brought into action. A cannon carried by mule, once it reached the battlefield, required time to be taken down, mounted, and have its angle adjusted, and this would delay matters and cause the moment to be missed. The cart-mounted cannon overcame these shortcomings — for instance, once the Miehu Cannon had been transported by cart to the battlefield, it could be fired directly from the cart. The Miehu-cannon cart could, moreover, change direction to fire on the enemy’s men and horses, saving considerably more time and effort than moving the cannon by manpower.

It served both to block the enemy and to strike the enemy. The gun-carriages of the mid-Ming period possessed both the function of an ordinary war-cart in blocking the swift charge of the fierce cavalry of the north, and could also be formed into cart-encampments, using firearms in a “stacked-formation” (diezhen) tactic to kill the enemy’s cavalry. Hence the Minister of War Sun Chengzong pointed out, in the Cheying Kouda Heban (“Combined Edition of Questions and Answers on Cart Encampments”): to make an army effective, it should “move like thunder and stand unmoved like a mountain — nothing serves better than the cart. Its firepower lies in the fire(arms), and its might lies in the stacked formation.” Sun Chengzong regarded the war-cart equipped with cannon as the decisive condition for taking a position by storm or holding it firm, while, to bring out the full power of the cannon, it was also necessary to organize carts, infantry, and cavalry into a mixed formation, coordinating their actions. Only in this way could firearms and cold weapons be deployed at successive distances in multiple layers, progressively destroying the enemy’s effective strength and their various implements of war in turn, and seizing victory in the contest. This was the true meaning of the “stacked-formation” tactic that Sun Chengzong spoke of.

It raised the status and role of the cannon in combat. Because the cart-mounted cannon was convenient for mobility, its use became more frequent, and its destructive power on the battlefield was strengthened, thereby raising the status and role of the cannon in combat, and it was welcomed by commanding officers.

① Wubei Zhi, juan 122, “Weiyuanpao,” see Tonghui, Jishu Juan, vol. 5, p. 1013. ② Wubei Zhi, juan 123, “Gongrongpao,” see Tonghui, Jishu Juan, vol. 5, pp. 1033–1034. ③ Wubei Zhi, juan 123, “Qianzileipao,” see Tonghui, Jishu Juan, vol. 5, p. 1035. ④ Wubei Zhi, juan 122, “Baizi Lianzhupao,” see Tonghui, Jishu Juan, vol. 5, p. 1014. ⑤ Dengtan Bijiu, juan 29, “Shenchong Yi,” see Tonghui, Jishu Juan, vol. 5, p. 624. ___





Section 4 Innovations in Fire-Arrows and Other Firearms

Compared with the Song dynasty, the fire-arrows of the Ming dynasty saw a great many further innovations and considerable development, becoming the forerunners of the modern rocket.


1. Fire-Arrow-Type Firearms

The fire-arrows of the mid-Ming period may be divided, by their method of launching, into two great classes: one class comprised powder-arrows launched by bow or crossbow, and the other comprised rockets propelled by the reactive thrust of burning powder-gas. Each class had numerous variant products; the former was an improvement upon the bow-and-crossbow powder-arrow of the Song dynasty, while the latter was the forerunner of the modern rocket.


(1) Improvements to the Bow-and-Crossbow Powder-Arrow

Because the bow-and-crossbow powder-arrow could, within a range somewhat shorter than that of the matchlock gun, kill the enemy’s men and horses, burn the enemy’s grain-and-fodder supply trains, and set fire to the enemy’s warships, and because, moreover, they were simple to make and low in cost, they remained an important firearm with which the Ming army was equipped, used in every manner of engagement. Their products, besides the bow-and-crossbow powder-arrow imitated from the Song, included two further new and improved types: the nail-canopy fire-arrow and the bow-shot fire-pomegranate arrow.

The Nail-Canopy Fire-Arrow (Dingpeng Huojian). This was a fire-arrow used chiefly in naval warfare. According to He Rubin, in Bing Lu, Dingpeng Huojian (“Records of Soldiery, Nail-Canopy Fire-Arrow”): in naval combat, “if an ordinary fire-arrow is used, the enemy can readily extinguish it, and it is of no benefit”; but if the nail-canopy fire-arrow is used, it is of great advantage. The nail-canopy fire-arrow differs from the ordinary powder-arrow in that, at the rear of its arrowhead, it is fitted with both a spray-fire tube and an inverted-barb iron spike. When this fire-arrow strikes the sail or canopy of an enemy ship, the inverted barb springs open like a nail’s barb, so that the fire-arrow is firmly driven fast into the sail or canopy. At the same time, the spray-fire tube begins to spray flame, setting the sail or canopy ablaze, so that the enemy ship loses its mobility and its capacity for combat.

The Bow-Shot Fire-Pomegranate Arrow (Gongshe Huoshiliu Jian). On this arrow, bound to the rear of the arrowhead is a spherical powder-charge fitted with a fire-fuse; the arrowhead is sharp, and the arrow is furthermore fitted with a reverse hook (Figure 7-17). In combat, the fire-fuse was first lit, and the arrow then shot; once it struck an enemy ship, water could not extinguish it, and its burning efficiency was no less than that of the nail-canopy fire-arrow.



(2) Single-Stage Rockets

Fire-arrows propelled by the reactive thrust of burning powder-gas came in both single-stage and multi-stage forms. The single-stage rocket had already seen use during the Song and Yuan dynasties, and by the Ming dynasty it saw still further development, coming to include both single-shot and multi-shot varieties. A single-shot fire-arrow discharged one arrow per launch, while a multi-shot fire-arrow could launch several, a dozen-odd, several dozen, or even upward of a hundred arrows at once. Single-shot fire-arrows may, by their manner of launching, further be divided into three kinds: the trough-launched, the stand-launched, and the winged type, each with its own particular construction and method of use.

The Trough-Launched Fire-Arrow. Fire-arrows of this class had a powder-tube bound to the rear of the arrowhead, with a fire-fuse running out from the tail of the tube. In launching, the fire-arrow was placed upon a sliding trough, and the fuse was then lit, sending the fire-arrow flying at the enemy, to kill the enemy’s men and horses. The sliding trough used here was also called the “fire-arrow slide” (huojianliu), and was a device Zhao Shizhen had invented; it enabled the fire-arrow to fly in a predetermined direction and to a predetermined height, raising the rate of hits, and had a function markedly similar to that of a modern rocket-launch rail.

The Stand-Launched Fire-Arrow. This was a fire-arrow set up on a stand for launching. Qi Jiguang, in the Lianbing Shiji Zaji, Junqi Jie, recorded three kinds of stand-launched fire-arrow that his forces had created and used — the flying-blade arrow, the flying-spear arrow, and the flying-sword arrow — together called the “Three Flying Arrows.” Their arrow-shafts were made of hard thorn-wood, 6 to 7 fen thick and 6 to 7 chi long; the arrowhead was 5 cun long and 8 fen wide, fashioned respectively into blade-, spear-, and sword-shaped cutting edges, capable of piercing an enemy soldier’s armor; bound to the rear of the arrowhead was a powder-tube about 2 cun thick and 7 to 8 cun long, with a fire-fuse running out from the tail of the tube; the tail of the arrow-shaft had feather-fletching, to maintain the arrow’s balance in flight (Figure 7-18). Fire-arrows of this class could be used in both naval and land combat. In naval warfare, an object with a forked branch was used as a stand, set upright on the ship’s timbers, and the arrow was placed upon the stand; the hand held the arrow’s tail, aimed at the enemy ship, and lit the fuse at the tail of the tube, launching the arrow — with a range reaching 300 paces — its sharp head killing the enemy ship’s officers and men. In land warfare, infantry used a cold weapon with a forked head, the “kuangba,” set upright in the ground, using the forked head as a launching stand, resting the fire-arrow upon it and launching the fire-arrow, killing the enemy’s officers and men. Soldiers on each of the four fire-arrow carts within a cart-encampment fixed a fire-arrow case to the cart; in battle, the soldiers ignited and launched the fire-arrows, killing the enemy’s officers and men.

The winged-type fire-arrow had two products: the Divine Fire Flying Crow (Shenhuo Feiya) and the Sky-Flying Thunderbolt That Strikes the Bandits (Feikong Jizei Zhentianlei).

The Divine Fire Flying Crow. This was a crow-shaped fire-arrow with multiple powder-tubes joined in parallel. The body of the crow was woven of bamboo strips or reed-grass into a basket shape, with powder loaded inside, and a hole drilled in its back, from which came out four fire-lines each over one chi long, connecting to the fire-lines of four launching fire-arrows inserted obliquely beneath the crow’s belly; afterward the crow’s body was pasted over with cotton paper, and a crow’s head and tail and two wings were fitted, in a flying posture (Photograph 11). In use, the four launching fire-arrows were first ignited, the reactive thrust of the burning powder-gas driving the crow-body in flight, reaching as far as a hundred-odd zhang. On reaching its target, the fire-line of the launching arrows would, at just the right moment, ignite the fire-line of the powder-tube in the crow’s belly, causing the powder to ignite and burn, incinerating the target.

The Sky-Flying Thunderbolt That Strikes the Bandits. This was an explosive-type fire-arrow. Its method of manufacture was first to weave, from bamboo strips, a spherical “Thunderbolt-body” 3.5 cun in diameter, fitted with a pair of wings on top, to maintain flight balance; inside was loaded explosive powder and a number of poison-coated horn-spikes, and in the middle was placed a paper-made spray-launching powder-tube 2 cun long, its fire-line connected to the explosive powder within the Thunderbolt-body, the outer surface pasted over with a dozen-odd layers of paper and coated with color (Figure 7-19). This fire-arrow was used chiefly in the assault of cities. In assaulting a city, the soldier, with the wind at his back, lit the fire, and the spray-launching powder-tube sprayed forth powder-gas, propelling the Thunderbolt onto the city wall, where it exploded; smoke and fog at once filled the air, blinding the eyes and boring into the nostrils, and the poison-coated horn-spikes stabbed into men, so that the defending soldiers on the wall found it hard to resist — an effective weapon for assaulting cities.

These two fire-arrows had already developed the single-stage jet-propelled rocket, from carrying a cold weapon for individual killing, into a firearm carrying an explosive charge for mass killing and for breaking through enemy formations and assaulting cities, thereby extending the combat use of the fire-arrow and enhancing its fighting power.

Multi-shot fire-arrows generally consisted of a number of fire-arrows, each fitted with a powder-tube, set into a fire-arrow barrel with a wide mouth and narrow base, the barrel having internal layered arrow-racking boards, with one fire-arrow inserted into each slot, and their fire-lines afterward gathered together into a bundle and led out through the mouth of the barrel. In use, the bundled fire-line was lit, and the powder-gas of each powder-tube sprayed out simultaneously, so that the arrows all launched together at once, with a range that could reach upward of a hundred paces. Compared with a single-shot fire-arrow, this kind of fire-arrow increased the density of the arrows discharged, raising the killing effect. For instance, the “Pack of Leopards Charging Abreast” arrow-barrel held 40 arrows; once ignited, all 40 fire-arrows launched together, with a discharge-front more than ten zhang wide. If a dozen-odd such barrels were arrayed abreast in a field engagement, the killing effect could extend across a front about one li wide. The products of this class of fire-arrow were extremely numerous; in the Wubei Zhi, juan 126 and 127 alone, are recorded more than a dozen types, including the Two-Tiger-Chasing-a-Sheep Arrow (2 arrows), the Three-Tigers-Charging Arrow (3 arrows), the Five-Tigers-Bursting-from-Their-Den Arrow and the Little Five-Tiger Arrow (5 arrows each), the Seven-Tube Arrow (7 arrows), the Crossbow-and-Meteor Arrow and the Little Bamboo-Tube Arrow (10 arrows each), the Fire-Dragon Arrow (20 arrows), the One-Nest-of-Bees Arrow (32 arrows, see Figure 7-20), the Pack-of-Leopards-Charging-Abreast Arrow (40 arrows), the Pack-of-Eagles-Chasing-a-Hare Arrow (60 arrows), and the Hundred-Arrow-Arc Arrow and the Hundred-Tigers-Charging-Together Arrow (100 arrows each).

Among these, the One-Nest-of-Bees Arrow is recorded as having been used in the “Jingnan Campaign” that Zhu Di launched: in the fourth month of the second year of Jianwen (1400), the Jianwen Emperor dispatched the general Li Jinglong, leading several hundred thousand men, to fight a fierce battle at Baigouhe (within the borders of present-day Hebei province) against the Prince’s army led by Zhu Di. Li’s forces used the One-Nest-of-Bees Arrow to fire volleys at the Prince’s army all at once. The Prince’s army saw only that “when the enemy army raised their fire-weapons, there was a flash of light,” and “men and horses alike were pierced through.”① The Prince’s army suffered many casualties from the arrows, and the losses were heavy. This is the earliest record in our country’s historical writings of the use of jet-propelled fire-arrows in actual combat.



(3) Two-Stage Rockets

The two-stage rocket was a major achievement in the development of Ming-dynasty fire-arrow technology, one that may be called the forerunner of the modern multi-stage rocket; its representative products were the Fire-Dragon Issuing from the Water and the Flying Sand-Tube.

The Fire-Dragon Issuing from the Water (Huolong Chushui). This was a two-stage rocket that carried booster fire-arrows together with a combat fire-arrow. The body of the arrow was made from a 5-chi length of fine bamboo, formed into a dragon-belly-shaped tube; the bamboo was stripped of its nodes and thinly pared, and a carved wooden dragon-head and dragon-tail were fitted at the two ends; inside it carried several fire-arrows, the dragon’s mouth held open wide, to allow the fire-arrows within the belly to be sprayed out unimpeded. At the head and tail, on either side beneath, was mounted one launching fire-arrow each weighing one and a half jin, bound at the rear of its arrowhead with a powder-tube, and with a balancing tail-fin at the arrow’s tail. In assembly, the fire-lines of the four launching fire-arrows’ powder-tubes were first joined in parallel, and afterward joined in series with the fire-lines of the powder-tubes attached to the fire-arrows within the dragon’s belly (Figure 7-21). This fire-arrow was used chiefly in naval warfare. In combat, at a height of 3 to 4 chi above the water’s surface, the fuse-lines of the four launching fire-arrows were lit, and the reactive thrust of the burning powder-gas propelled the Fire-Dragon Issuing from the Water in flight, reaching as far as 2 to 3 li. When the powder of the four launching arrows was exhausted, it happened to ignite the fire-line of the fire-arrows within the dragon’s belly, and these fire-arrows, driven by the reactive thrust of the burning powder-gas, shot forth from the dragon’s mouth, flying to the target and killing the enemy ship’s officers and men.

① Ming Taizong Shilu (“Veritable Records of Ming Taizong”), juan 6, jiwei day, fourth month, second year of (Jianwen), see the Taipei Institute of History and Philology edition, Ming Shilu, vol. 6, p. 64. ___

The Flying Sand-Tube (Feikong Shatong). This was a return-type fire-arrow. Its shaft was made of thin bamboo strips, and, together with the powder-tubes, measured 7 chi in total length. Two powder-tubes, for launching and for returning, were bound upside-down to the two sides of the front end of the arrow-shaft. The launching powder-tube’s spray-nozzle faced rearward, and above it was connected another powder-tube, 7 cun long and 7 fen in diameter, loaded inside with incendiary powder and specially prepared poison-sand; several thin, inverted-barb spear-points were mounted at the top of the tube, forming the arrow’s combat warhead. The returning powder-tube’s spray-nozzle faced forward. The fire-lines of the three powder-tubes were joined in sequence, and the arrow was placed on the “fire-arrow slide” for launching (Figure 7-22). In combat, the fire-line of the launching fire-arrow was first ignited, and the arrow fired at the enemy ship, the inverted-barb spear-points sticking fast in the ship’s sail or canopy. Then the warhead, serving as the combat section, sprayed out flame and poison-sand, burning the enemy ship’s rigging. When the enemy tried to fight the fire, the poison-sand blinded their eyes, making it difficult for them to use their hands. Once the flame and poison-sand had finished spraying, the fire-line for the return, at the front of the arrow, was ignited, kindling the powder within the tube, and by means of the reactive thrust of the resulting powder-gas the Flying Sand-Tube was driven back in the reverse direction, causing the arrow-shaft to return. The Wubian (“Military Compilation”) calls the Flying Sand-Tube the “Flying Sky Divine Sand-Fire.”

The creation of the two-stage rocket was a major achievement in the development of fire-arrow technology in Ming-dynasty China. It was both a necessary development of single-stage rocket technology and the forerunner of the modern multi-stage rocket, reflecting our ancestors’ earliest application of the principle of rocket propulsion, and it exerted a far-reaching influence on the history of the development of the rocket.




2. Spray-Tube-Type Firearms

The spray-tube was a tube-shaped spraying firearm that killed the enemy’s men and horses by spraying flame and by poisoning them, and burned up the enemy’s stores of grain, fodder, and baggage-train; it developed out of the long bamboo-shafted spear-gun created by Chen Gui of the Southern Song period, and thereafter the literature recording it is extremely sparse. By the mid-Ming period, many new varieties were created, forming a high tide of development. Its principal products were the Flying-Sky Spray-Tube, the Sky-Filling Spray-Tube, and the Poison-Dragon Divine-Fire Spray-Tube.


(1) The Flying-Sky Spray-Tube

According to the Chouhai Tubian, juan 13, the tube-body was made from a bamboo tube 1.5 chi long and 2 cun in diameter, the outside of the tube wrapped tightly with hemp cord, and a 5-chi-long handle fitted at the tail (Figure 7-23). In loading, a layer of slow-burning powder with more ash (charcoal powder) than saltpeter was first loaded, followed by a layer of spray-fire powder, and after that a single powder-cake compounded of such combustible and toxic materials as saltpeter, sulfur, camphor, pine resin, and realgar was loaded, the powder-cake having fire-channels left open on both sides; this was suitably packed firm, and thereafter, following the same method, 5 more powder-cakes were loaded in sequence, lightly placed and lightly pressed, not to be broken, or the power of the weapon would be reduced. In loading the spray-fire powder and the powder-cakes, the amount of powder used had to be judged carefully — too much and the bamboo tube would burst, too little and the discharge would lack force. If the amount of powder loaded was correctly judged, the powder-cake could be sprayed as far as several dozen zhang onto an enemy ship, sticking fast to its sails and burning them.



(2) The Sky-Filling Spray-Tube

Made from two joints of fine bamboo as the tube, loaded inside with gunpowder, arsenic, Spanish-fly (cantharides — in old texts also written banmao or banmao), croton seed, saltpeter, blue vitriol, soap-bean pod, verdigris, Sichuan pepper, pinellia root, swallow droppings, coal soot, quicklime, and various toxic and irritant substances including dou-lan-cao (“dipper orchid”), monkshood root, gum arabic, and garlic, the outside wrapped tightly in adhesive cloth. Once made, it was bound to the head of a long spear-shaft, and, on ignition, sprayed flame, scorching and poisoning the enemy attacking the city walls — a weapon for defending a city.①



(3) The Poison-Dragon Divine-Fire Spray-Tube

The tube-body was made from a 3-chi length of bamboo, loaded inside with toxic powder or powder that damaged the flesh. Once made, it was bound to the head of a tall pole, for use in assaulting a city. In assaulting a city, the soldier would carry it up to the parapet atop the city wall, and, with the wind, spray flame, the poison-smoke assailing the men, scorching the faces of the defending officers and soldiers, so that they were poisoned and lost their capacity to fight; the attackers would then swarm up like ants and break into the city.② There were a few further varieties of spray-tube besides these, but their construction and manner of causing casualties were broadly the same as the several described above.

① Wubei Zhi, juan 129, “Mantian Pentong,” see Tonghui, Jishu Juan, vol. 5, p. 1080. ② Wubei Zhi, juan 129, “Dulong Shenhuo Pentong,” see Tonghui, Jishu Juan, vol. 5, p. 1080. ___




3. Fire-Ball-Type Firearms

Firearms of this class developed out of the fire-ball-type firearms first created in the early Northern Song, and included such projectile-type firearms as the fire-ball, the fire-brick, and the fire-barrel. By their use they may be divided into three great classes: poison fire-balls; incendiary and obstacle-creating fire-balls; and smoke-screen and eye-blinding fire-balls.


(1) Poison Fire-Balls

The principal products were the Divine-Fire Chaos-Origin Ball, the Fire-Bomb, and the Fire-Demon, and others. The Divine-Fire Chaos-Origin Ball was a fire-ball with an outer shell woven of bamboo strips.③ The Fire-Bomb and the Fire-Demon were fire-balls with shells pasted of paper. The interiors of both these kinds of fire-ball were loaded with poisonous powder, and, by means of a tube-launcher, by throwing, or by casting, they were delivered to burst amid the enemy, producing a poisonous smoke that poisoned the enemy’s men and horses and destroyed their capacity to fight. They were mostly used in the attack and defense of cities and in naval warfare.



(2) Incendiary and Obstacle-Creating Fire-Balls

The principal products were the Sky-Scorching Fierce-Fire Railless Cannon, the Paper-Pasted Round Cannon, the Bee-Swarm Cannon, the Great Hornet’s-Nest, the Fire-Brick, and the Fire-Barrel, and others. Among these, the Sky-Scorching Fierce-Fire Railless Cannon consisted of 20 to 30 paper tubes concealed within a fire-ball shell, loaded with incendiary or poisonous powder. In battle, it was thrown to burst against the enemy’s city, poisoning and scorching the enemy’s men and horses, and burning the enemy’s camp stockades and grain stores.④



(3) Smoke-Screen and Eye-Blinding Fire-Balls

The principal products were the Myriad-Fire Flying-Sand Divine Cannon, the Wind-and-Dust Cannon, the Sky-Falling Cannon, and the Roaring-Thunder Cannon, and others. Among these, the Myriad-Fire Flying-Sand Divine Cannon was made by loading, inside a woven basket, powder together with a compound of 14 ingredients including lime powder fried in wine, saltpeter, potassium nitrate, and soap-bean pods, forming a smoke-generating fire-ball, used for defending a city. When the enemy assaulted the city, the fire-line was lit and the ball thrown down below the walls to burst; once ignited the basket would break apart, and smoke and fog would spread thick and heavy, achieving the aim of screening and blinding the enemy troops.⑤

③ Wubei Zhi, juan 130, “Shenhuo Hunyuanqiu,” see Tonghui, Jishu Juan, vol. 5, p. 1090. ④ Wubei Zhi, juan 122, “Shaotian Menghuo Wulanpao,” see Tonghui, Jishu Juan, vol. 5, p. 1016. ⑤ Wubei Zhi, juan 122, “Wanhuo Feishashenpao,” see Tonghui, Jishu Juan, vol. 5, pp. 1017–1018. ___




4. Fire-Attack War-Cart Firearms

Firearms of this class used a cart as their conveyance, the cart carrying various gunpowder devices and firearms, pushed forward by soldiers to assault the enemy’s formation; because of their good mobility, they could bring the power of fire-attack fully into play.


(1) The Wooden Fire-Beast

The beast’s body used light wood as its frame, fitted with a beast-shaped head and tail, 3 chi high and 5.2 chi long, its four feet fitted with wooden wheels; inside and out it was pasted over with paper, painted in colors in the likeness of a tiger, leopard, or similar beast, and further coated with white alum. Inside each ear was fitted a smoke-emitting bottle, in its mouth was placed a spray-tube, and at each side of its chest was held a firearm, all connected together by fire-line. In combat, one soldier pushed it toward the enemy’s formation, lighting it from both sides, so that the wooden fire-beast’s two ears emitted smoke, its mouth spat flame, and the firearms at its two flanks discharged automatically, used to charge forward and break through the enemy’s formation, striking the enemy

① Wubei Zhi, juan 131, “Muhushou,” see Tonghui, Jishu Juan, vol. 5, pp. 1106–1107. ___

into confusion.①



(2) Fire-Attack War-Carts

According to the Wubei Zhi, Junzicheng, fire-attack war-carts of this class included the fire-dragon rolling-earth flying cart, which sprayed poison and caused burning, the ramming-and-shielding wheeled cart, which could launch 40 fire-arrows, and the Wanquan Cart (“Complete-in-Every-Way Cart”), which carried within it various kinds of incendiary firearm,② among others.

② Wubei Zhi, juan 132, “Wanquanche,” see Tonghui, Jishu Juan, vol. 5, p. 1113. ___




5. Explosive-Type Firearms

Explosive-type firearms developed out of the thunderclap cannon (pilipao) and the “heaven-shaking thunder” (zhentianlei) of the Song, Jin, and Yuan periods. Their products included explosive shells, land mines, and naval mines; their shells were of stone, wood, iron, clay, and ceramic; and their methods of detonation included ignition by slow match, as well as contact detonation, trip-wire detonation, timed detonation, and steel-wheel spark ignition. Explosive-type firearms were, apart from tube-fired cannon, the great destructive and killing firearms of great power, and could play their part in engagements of every kind.


(1) Explosive-Shell-Type Firearms

Their products included the stone cannon, the slow cannon, the Bandit-Striking Divine-Mechanism Fire-Pomegranate Cannon, and the Wanrendi (“Match for Ten Thousand Men”), among others.

The Stone Cannon. This was an explosive-type firearm, low in cost and comparatively great in killing power, created during the Jiajing period. Its dimensions varied according to the size of the stone material used, generally in an oval shape, its shorter diameter about 6 to 10 cun; a hollow cavity was made in the middle, the cavity filled with powder, within which a reed tube was set, into the tube a fire-line inserted, and it was afterward compacted and sealed, ready for use. The stone cannon was used chiefly in city defense, stored near the parapets of the city wall. When the enemy attacked the base of the wall, the defending soldiers would light the fire-line and push the stone cannon down off the wall, to explode amid the enemy, inflicting a measure of casualties. The stone cannon could be made from locally available materials, was low in cost, and was widely used; even today, atop the city-tower at Shanhai Pass are displayed many stone cannon used by the Ming army of that era.

The Slow Cannon (Manpao). This was a type of timed-explosive shell created by Zeng Xian while he garrisoned the Three Frontier Districts of Shaanxi in the mid-Jiajing period. According to the Binglüe Zuanwen (“Compiled Accounts of Military Strategy”): Zeng Xian (d. 1549) was a Ming frontier-defending general, courtesy name Zizhong, a native of Jiangdu in Jiangsu, a jinshi of the eighth year of Jiajing. In the summer of the twentieth year, as Vice Minister of War he took overall command of the military preparations of the Three Frontier Districts of Shaanxi, repairing the city defenses and manufacturing weapons, skilled in the use of troops and achieving merit in frontier defense. Slandered by Yan Song and others, he was put to death by the court in the twenty-eighth year. The Slow Cannon and the land mine were created by him during his period guarding the frontier, from 1546 to 1549. The slow cannon he made was round like a dou-measure, “with a mechanism concealed within. The fire-line would reach it in one or two hours [shi-chen] before it went off. It was decorated on the outside in five colors. The enemy, picking it up, took it for a curious object. As a crowd gathered to look and to handle it in turn, once the powder ignited, the deaths and injuries were extremely numerous.”② This record shows that this “slow cannon,” loaded inside with powder and a firing mechanism, could be set to explode with a delay of 2 to 4 hours, killing the enemy.

The Bandit-Striking Divine-Mechanism Fire-Pomegranate Cannon. This was an explosive shell cast of pig iron. Its shape resembled a pomegranate, about the size of a bowl, and its function was similar to that of a modern hand-grenade; the shell was left with a single hole, so that toxic powder and a smoke-generating agent could be loaded into the shell through it. In loading, only six-tenths of the shell’s capacity was filled with powder, and afterward a small wine-cup was placed within, and inside the cup was placed a “fire-seed.”③ The muzzle-hole of the shell was then sealed shut with an iron cover, and the outside of the shell was painted in camouflage colors. In use, it was either thrown to explode amid the enemy’s ranks, or else placed by the roadside, so that once the enemy’s men and horses trod upon it, the fire-seed within the shell, disturbed by the shock, would ignite, causing it to explode; or else it would poison the enemy, sealing their throats and blinding their eyes, and destroying their capacity to fight.④

The Wanrendi. First, dry clay was used to form a hollow spherical shell, with a small hole opened in the surface of the shell, through which toxic and incendiary powder was poured in, with the fire-line left protruding outside; it was then placed into a wooden frame or a wooden barrel, to prevent it shattering. In battle, the defending soldiers on the wall would light the fire-line

② Zhang Ying and Wang Shizhen and others (Qing), comps., Yuanjian Leihan, juan 213, p. 2, “Wugong Ba, Huogong Sanshang,” quoting the Binglüe Zuanwen, Zhongguo Shudian, 1985 edition. ③ Fire-seed (huozhong): a specially prepared slow-burning igniting substance. Its recipe was: ash-wood 1 jin, moxa-floss 3 liang, hemp-fiber dust 3 liang, water-caltrop shell 3 liang, red dates 6 liang, lightly mixed with rice paste to form a cake. One liang of fire-seed could burn for one day. ④ Wubei Zhi, juan 123, “Jizei Shenji Shiliupao,” see Tonghui, Jishu Juan, vol. 5, p. 1030. ___

and hurl it down beneath the wall to explode, poisoning and burning the enemy’s soldiers attacking the city.



(2) The Land Mine

The land mine was a firearm buried in the ground to explode, created during the Jiajing period. According to the Binglüe Zuanwen: “Zeng Xian, while at the frontier, also made land mines. He would dig a pit a zhang deep or so (in fact it did not need to be so deep), place the powder charge in the middle, cover it over with stone, and cover that further with sand, so that it was level with the ground, buried underground, where it could last a month or more. Its firing mechanism was set at ground level; when someone stepped on the trigger, the flame would drop and ignite the charge, and stone would fly up and fall, killing men.”① Although the exact form of the land mine Zeng Xian created is not known, its influence was considerable, and it was not long before others imitated his method, casting land mines of various kinds. According to the Chouhai Tubian, Jinglüe San (“Border Administration, Part Three”): Shao Shoude of Danyang used pig iron to cast a type of land mine, loaded inside with over one dou of powder, and used sandalwood to grind and shape the base of the mine, the base hollowed inside, with a fire-line set in it, running out through the shell. Once the mine was made, a route the enemy must necessarily pass was selected; “the ground was dug and pits made, several dozen in a row, and the land mines were buried in the pits, the fire-line led out through a small bamboo tube, and earth was spread back over as before.” Within the mine was a firing mechanism, so that when enemy troops passed by and trod upon it, it would be triggered, and the mines would explode all together, shaking the ground, flame shooting into the sky, and the mine-shell’s broken fragments would fly out in every direction like locusts swarming, killing men and horses one after another. Once the land mine had been created during the Jiajing period, it was at once put to use in warfare, becoming an excellent obstacle-firearm. Not only did Zeng Xian himself use it while guarding the northwest frontier, but Qi Jiguang also, in training troops at Jizhen, made extensive use of land mines, deploying them at the chokepoints of the Great Wall’s border areas or in ambush zones, to strengthen the defense of the frontier passes. Thereafter, land mines of every kind appeared in succession, and in the Wubei Zhi alone, juan 134, more than ten varieties are recorded.

The Zhapao (“Exploding Cannon”). This was a trip-detonated land mine, the mine-shell cast of pig iron, about the size of a bowl, with a hole in its surface large enough to admit a finger, so as to load powder into the mine; the powder was packed firm with a wooden rod, and a small bamboo tube was inserted into the powder, from within the tube a fire-line running outward. In use, a route the enemy must necessarily pass was chosen, the fire-lines of several Zhapao were joined together, and connected to the “fire-trough” within a steel-wheel firing device; from within the steel-wheel firing device a further long line was then run out, passed through a length of bamboo tubing to reach ground level, and fastened onto some object on the ground. If the enemy stumbled over and tripped the long line, this would set the steel-wheel firing device in motion, triggering ignition and explosion. A pit was then dug and the land mine and steel-wheel firing device buried and concealed, and covered over with earth. Land mines sharing the same construction and detonation method as the Zhapao also included the self-triggering cannon (zifanpao), among others.

The Fudi Chongtianlei (“Ground-Concealed Sky-Bursting Thunder”). This was a land mine detonated by means of a buried fire-seed. The fire-seed was placed inside a basin, the basin set atop the mine, with the fire-line running together to the basin, close by the fire-seed. The basin was connected to a spear-shaft, and afterward covered over with earth, leaving no trace, with the spear-shaft exposed above ground to lure the enemy in. When enemy troops came to pull at and handle the spear-shaft, the fire-seed would tip over onto the fire-line, detonating the mine, with a sound like thunder, inflicting heavy casualties on the enemy (Figure 7-24).

The Wudi Leipao (“Invincible Land-Mine Cannon”). The mine-shell was cast of pig iron, shaped like a sphere, in both large and small sizes; the large could hold 1 dou of powder, the small 3 to 5 sheng. Once the powder charge was loaded, the mine’s mouth was plugged with hard wood, and at the same time 3 fire-lines were led out from within the mine, running out through a bamboo pole. Before battle, the mine-body was buried at a point the enemy must necessarily pass, the mouth of the bamboo pole facing toward one’s own side; once the enemy entered the mine-field, the order was given for the soldiers to light the fire-line, detonating the land mine.

① Zhang Ying and Wang Shizhen and others (Qing), comps., Yuanjian Leihan, juan 213, p. 2, “Wugong Ba, Huogong Sanshang,” quoting the Binglüe Zuanwen. ___



(3) The Naval Mine

The naval mine was a percussion-type or explosive-type firearm deployed in water; the earliest underwater mine was the percussion-type naval mine. According to Tang Shunzhi, Vice Censor-in-Chief of the Jiajing period, in Wubian, Huoqi (“Military Compilation, Firearms”): “The underwater mine is made using the General Cannon; a large wooden box is used, sealed with tung-oil putty; inside is placed a banked fire (that is, a concealed fire-seed); a rope is fastened on top, and two iron anchors are used to sink it below, buried at the mouth of each harbor. When an enemy vessel draws near, its mechanism is triggered, and the gun discharges from underwater, so that the bandits cannot detect it, and the ship’s hull is shattered, leaving the bandits with nowhere to flee.” This record shows that the underwater mine was in fact a gun sealed tight within a wooden box, ignited and fired by means of a mechanical percussion device. By the Wanli period, explosive-type and percussion-type naval mines were used together, their products including the Water-Bottom Dragon-King Cannon, the Hunjiang Long (“River-Churning Dragon”), and the Jijilei (“Complete Mine”), among others.

The Water-Bottom Dragon-King Cannon was a spherical naval mine of wrought-iron shell, detonated on a timer. It weighed 4 to 6 jin, loaded inside with 5 to 10 sheng of powder; a stick of incense was inserted at the mine’s mouth as a timing-fuse, and the outer shell was wrapped in a floating bladder made of ox-bladder, to prevent water seepage; at the top of the floating bladder was connected a length of specially treated sheep’s-gut, serving as a breathing-tube, leading to the surface of the water, to a float made of goose-and-wild-goose feathers, so that the incense-fire would not be extinguished. The naval mine was fastened to a raft of timber, with stones used to sink it so that it floated suspended in the water. Before use, it was necessary to gauge, according to the speed of the current in the stretch of river or waterway in which the engagement was fought and the distance to the enemy ship, the proper length of incense to use; generally, at night, the mine’s incense-timer was lit and placed within the bladder, and the mine was set adrift, floating suspended in the water and drifting with the current; when it came into contact with an enemy ship, the incense would burn down and ignite the powder, and the naval mine would explode automatically, sinking the enemy ship. This kind of naval mine not only demanded very exacting workmanship in the manufacture of the mine-body, but also made use of a slow-burning incense-timer of comparatively high quality, and was fitted with an ingeniously designed breathing-tube, and took into account the speed of the river’s current — it was a crystallization of the ingenuity of the mid-Ming firearms developers (Figure 7-25).



(4) Automatic Firing Devices of Explosive-Type Firearms

From the foregoing account, it can be seen that the explosive-type firearms of the mid-Ming period already possessed three types of automatic firing device: the first made use of an incense-fire of limited, fixed burning-time, to ignite the powder within the firearm at a set time, causing an explosion; the second concealed a fire-seed within the explosive-type firearm, so that when the enemy disturbed the fire-seed, it would fall into the powder and ignite it; and the third was the steel-wheel firing device, a firing device making use of mechanical actuation, its basic principle being to use a steel plate to strike, or to violently rub, flint to produce fire, thereby detonating the land mine. Land mines that used this kind of firing device included the Zhapao, the Shizhapao (“Stone Exploding Cannon”), the Zifanpao, and the Wandan Dileipao (“Ten-Thousand-Pellet Land-Mine Cannon”), among others.

From the account in the Zhenji, Jiyong Shiwu (“Array Records, Made Use Of, Fifteen”) and other books concerning the use of the self-triggering cannon, it may be known that the steel-wheel firing device had, broadly speaking, already been created and used by the late Jiajing period. But the earliest document to record accurately the date of manufacture of the steel-wheel firing device is the Qi Shaobao Nianpu (“Chronological Biography of Qi Shaobao”; Qi Shaobao being Qi Jiguang), compiled by Qi Guozuo and others. Juan 12 of that book records: in the fourth month of the eighth year of Wanli (1580), when Qi Jiguang was organizing personnel to study the repair and construction of the walled town of Shimen, he manufactured a self-triggering steel-wheel firing device. Its manner of deployment and detonation was as follows: along the pathways of the Great Wall, a deep pit was dug, the land mine buried in the pit, and beside the mine was placed a wooden box; the mine’s fire-fuse was led into the box, and at the bottom of the box was placed powder together with a steel-wheel firing device, with flint mounted beside the wheel. From within the box, a fire-line was led out through a bamboo tube, one end of the line controlling the rotation of the steel wheel, the other end controlled by the soldier guarding the mine, or else stretched across the pathway and fastened to some object on the ground; when the enemy’s men and horses, passing along the pathway, tripped and pulled the line (or when the mine-guarding soldier pulled it), this caused the steel wheel to turn, striking sparks from the flint, igniting the powder at the bottom of the box, which in turn set alight the fire-fuse of the land mine, causing the powder within the mine to explode, killing the enemy’s men and horses.

Among the various firearms developed in the mid-Ming period, the development of the various kinds of rocket propelled by the reactive thrust of burning powder-gas, and the creation of explosive-type firearms centered on the land mine together with their automatic detonating devices — the steel-wheel firing mechanism most prominent among them — stand out as the most outstanding achievements, and have carried an importance and far-reaching influence in the history of the development of firearms in our country and in the world.





Section 5 The Formation of a Theoretical System of Ancient Chinese Gunpowder Technology

The theoretical system of ancient Chinese gunpowder possessed distinct national characteristics, and comprised three parts: the standardization of gunpowder-compounding technique, the summation of gunpowder formulas, and the elaboration of gunpowder theory.


1. Theoretical Standards for Gunpowder-Compounding Technique

The technique for compounding gunpowder chiefly comprised the careful selection and refining of the raw materials, together with the compounding and testing of the gunpowder itself.


(1) The Technique for Selecting and Refining Raw Materials

The careful selection and refining of the raw materials for compounding gunpowder — saltpeter, sulfur, and charcoal — was the key to guaranteeing the quality of the gunpowder, and the firearms developers of the mid-Ming period gave detailed records and discussions of this in several principal military treatises, which may be regarded as the standardized operating procedures for compounding gunpowder in that era.

The Technique for Refining Pure Saltpeter. Saltpeter was the principal raw material for compounding gunpowder, and its purity had a great effect on the power of the gunpowder; for this reason the principal military treatises of that time almost all discussed the technical procedure for refining pure saltpeter, which may be summarized under three main heads: first, natural saltpeter was dissolved in sweet water (that is, fresh water free of impurities), so as to preliminarily settle out and remove particulate impurities such as mud and sand; second, a certain quantity of egg-white (that is, albumen) or radish, and similar absorbent substances, were placed into the saltpeter solution and repeatedly boiled, so as to absorb the dregs, salts, and alkalis within it, and afterward it was strained out with a bamboo colander; third, water-glue (a gelatinous adhesive) was placed into the saltpeter liquid and boiled once more, after which the saltpeter liquid was poured into a porcelain vat to cool and solidify, so that the waste water floated atop the vat and the mud-dregs sank to the vat’s bottom, with the pure saltpeter settling in the center; finally, the water was drained off and the dregs removed, and the pure saltpeter was taken out and dried in the sun. After the above process of refinement, roughly only 30 jin of pure saltpeter could be refined from each hundred jin of natural saltpeter; this pure saltpeter formed white crystals, and was the superior oxidizing agent used in compounding gunpowder. Although this method of refining saltpeter was rudimentary, it nonetheless accorded, in its main features, with the principles of physical and chemical reaction.

The Technique for Refining Fine Sulfur. Sulfur is a substance that rapidly combusts and detonates, and its purity had a great effect on the explosive power of gunpowder; every military treatise that dealt with the technique of compounding gunpowder discussed the technical procedure for refining sulfur, which may be summarized under four main heads: first, lumps of sulfur were pounded to pieces, and sand grains and impurities were picked out and discarded; second, the pounded sulfur was placed in a pot with fresh water and boiled, to remove impurities; it was then poured into a porcelain basin to settle for a day, after which the sediment was removed, yielding crude sulfur; third, the crude sulfur was boiled according to a ratio of 2.5 jin of beef tallow and 1 jin of sesame oil to every 10 jin of sulfur, so that the oil would not stick and adhere to the sulfur, and cypress leaves were further added to the pot and boiled together with the sulfur, absorbing the blackened dregs that formed in the pot; fourth, the de-dregged crude sulfur was placed into boiling oil and further boiled, and once a yellow scum floated to the surface of the oil, it was placed into a basin to cool, and finally the scum and impurities floating on the surface were removed, yielding pure sulfur free of dregs and of oiliness — this sulfur formed lemon-colored, block-shaped crystals, and was the choice raw material for compounding gunpowder.

The Technique for Roasting Charcoal. Charcoal powder is the combustion-assisting agent within gunpowder, and the quality of its manufacture could affect the burning speed of the gunpowder. It was required that, in roasting the charcoal, willow twigs cut around the Qingming solar term be used wherever possible, because at that time the buds of the willow twig’s leaves were about to sprout but had not yet done so, and the nutrients were concentrated within the twig itself. If such straight, uniform willow twigs were taken, stripped of bark and nodes, and naturally air-dried, and then roasted into charcoal, ground into powder, and mixed together with saltpeter and sulfur, compounded into gunpowder according to a fixed proportion, this gunpowder would, on burning, because the charcoal was stripped of bark (hence smokeless) and stripped of nodes (hence free of resin), thereby raise the burning speed and the evenness of the burn, and enhance the instantaneous force of the explosion, becoming a superior gunpowder. In the north, where willow twigs were scarce, rice-stalk ash or fir-wood ash could be substituted, but gunpowder made with these materials was in every case somewhat inferior in quality.



(2) The Technique for Compounding Gunpowder

Drawing together the records of the various military treatises, the technical procedure for compounding gunpowder at that time may be summarized under four main heads: first, the raw materials were weighed out in the specified quantities, according to the proportions of the formula, and placed separately into a stone mortar or a wooden trough, and repeatedly pounded into a fine powder, so as to achieve full and even mixing and readying of the three raw materials; second, the three raw materials were placed into the wooden mortar according to the set proportion, and a small quantity of pure water or distilled liquor was added, and the mixture was pounded into the form of damp mud, and pounded with a wooden pestle several thousand or several ten-thousand times over; when the mixture was about to dry out, water was added and the pounding resumed, so that the mixture became thoroughly even and fine, and it was afterward taken out and dried in the sun; during the pounding process, it was strictly forbidden to let sand or grit fall into the mortar, lest a spark be struck and a fire result; third, the finished product was subjected to a quality inspection: a portion of the sun-dried gunpowder sample was taken and set alight upon paper — if it burned away swiftly and completely while leaving the paper undamaged, it was a qualified product; or else the sample was set alight in the palm of the hand, and if the powder burned out completely without the palm feeling any heat, this showed that the finished product burned at the proper speed and was a qualified product; if, however, after the gunpowder had burned out, black scorch-marks or white spots were left on the paper, or the palm felt scorching heat, then the product was unqualified and had to be pounded over again until it met the standard; fourth, the qualified powder-grains were sorted: the qualified powder-cake was broken up into grains, and, using sieves of differing coarseness, large, medium, and small grades of gunpowder grain were separately sifted out for use in large-caliber guns (cannon), the folangji, and the bird gun respectively; grains that failed to form properly could be used as touch-hole priming powder, while the fine powder-dust left over was discarded entirely, so as to guarantee the power and safety of the gunpowder’s discharge.




2. The Summation of Gunpowder Formulas

The numerous gunpowder formulas recorded in the military treatises of this period may, broadly speaking, be divided into two great classes: one class comprised the formulas for propellant powder used in guns and cannon, together with the associated formulas for touch-hole powder and match-line powder; the other class comprised the traditional formulas for explosive powder, spray-powder, and smoke-generating agents. The former took as its basis the propellant-powder formulas used domestically in our country, synthesized with the distinctive strengths absorbed from the propellant-powder formulas of foreign guns and cannon; the latter was the fruit of many years of exploration by our country’s firearms developers.


(1) Propellant-Powder Formulas

The earliest military treatise to touch on formulas of this class is the Chouhai Tubian; according to juan 13 of that work, in the twenty-seventh year of Jiajing (1548), when the Ming army wiped out the Wo pirates harassing the coasts of Fujian and Zhejiang, it captured a “barbarian chieftain” (fanqiu) who understood the method of manufacturing European guns and cannon, and at once dispatched personnel to learn his method, ordering that “the righteous soldier Ma Xian make the mechanism, and Li Huai compound the powder”; the resulting product was excellent, but the book does not describe its powder formula. At the same time, Qi Jiguang, in juan 15 of the Jixiao Xinshu, records a “Formula for Compounding Bird-Gun Powder,” which may be regarded as representative of the fusion of Chinese and foreign propellant-powder formulas in the late Jiajing period; its composition was: saltpeter 1 liang, sulfur 1 qian 4 fen, willow-charcoal 1 qian 8 fen. In this formula the proportional composition of saltpeter, sulfur, and charcoal was 75.75%, 10.6%, and 13.65% respectively. Thereafter, the various military treatises and specialized works on firearms that were printed and published mostly recorded propellant-powder, touch-hole-powder (for ignition), and match-line-powder (for soaking the match) formulas that included this formula; among the Jixiao Xinshu, the Shenqi Pu, the Bing Lu, and the Wubei Zhi alone, 11 formulas are recorded. Some of these formulas are identical to one another, and, taken together, they may be classified into 3 categories comprising 7 distinct formulas: 3 bird-gun powder formulas, 3 cannon (large-gun) powder formulas, and 1 touch-hole-and-match-line powder formula. Their compounding weights and proportional compositions are listed in Table 7-4.

Table 7-4 Propellant-Powder Formulas of the Mid-Ming Period














	Formula Category
	Saltpeter (liang)
	Saltpeter (%)
	Sulfur (liang)
	Sulfur (%)
	Charcoal (liang)
	Charcoal (%)
	Source





	Bird-gun powder formula
	1
	75.75
	0.14
	10.6
	0.18
	13.6
	Jixiao Xinshu, Bing Lu, Wubei Zhi



	Bird-gun powder formula
	10
	80.66
	0.7
	5.64
	1.7
	13.7
	Shenqi Pu



	Bird-gun powder formula
	10
	83.33
	0.5
	4.17
	1.5
	12.5
	Shenqi Pu



	Cannon (large-gun) powder formula
	80
	71.40
	16
	14.30
	16
	14.30
	Bing Lu, Wubei Zhi



	Cannon (large-gun) powder formula
	96
	75.00
	16
	12.50
	16
	12.50
	Bing Lu



	Cannon (large-gun) powder formula
	96
	72.70
	18
	13.65
	18
	13.65
	Bing Lu



	Touch-hole-and-match-line powder formula
	16
	63.50
	3.6
	14.30
	5.6
	22.20
	Wubei Zhi





The unit of weight used in the table is the liang, equal to 1/16 jin, that is, 1 jin = 16 liang. The propellant-powder formulas listed above display the following several characteristics:

First, they contain only the three constituents saltpeter, sulfur, and charcoal, all other slow-burning substances having been entirely eliminated; the proportional saltpeter content of the propellant powders is in every case above 71%, and even that of the touch-hole powder reaches 63.5%. Their products were therefore a fast-burning, high-power propellant powder and an easily ignited priming powder.

Second, because the metal-barreled projectile firearms of the mid-Ming period had already been clearly divided into the two great classes of gun and cannon (some military treatises still customarily called them the “small gun” and the “large gun”), the powder formulas were accordingly likewise divided into the two great classes of gun-powder and cannon-powder.

Third, the proportional compositions of the powder formulas listed in the table persisted over a long span of years, showing that they had, through repeated trial and use, become the standard formula for that type of powder. They are, moreover, broadly similar and close to the proportional compositions used in Europe during the same period in propellant powder — for instance, in 1635, the proportional composition of saltpeter, sulfur, and charcoal in the propellant powder used in England was 75%, 12.5%, and 12.5% — and this similarity and closeness reflects, to a certain degree, the general state of exchange between East and West in gunpowder-compounding technique at that time.



(2) Traditional Gunpowder Formulas

These were derivative formulas developed from the three gunpowder formulas printed in the Wujing Zongyao, formed on the basis of the three raw materials saltpeter, sulfur, and charcoal in differing proportional compositions, or by substituting materials of the same kind but different nature for the sulfur and charcoal, or by the addition of other ingredients — a multi-variety, multi-purpose class of gunpowder formula peculiar to our country.

Traditional gunpowder formulas of differing proportional composition are recorded in many places in the Wubei Zhi, Zhi Huoqi Fa (“Methods for Manufacturing Firearms”), among them: “huang (that is, sulfur, hereafter the same) at one-sixth of the saltpeter, hui (that is, charcoal powder, hereafter the same) at one-fifth of the saltpeter” (the converted proportional composition being 73.2%, 12.2%, and 14.6%), used as the “lower-grade” formula, for match-powder, fire-arrow-and-meteor use, the “earth-mouse” firework, and match-line; “huang at one-third or one-quarter of the saltpeter, hui at one-quarter” (the converted proportional composition being 66.6%, 16.7%, and 16.7%), used as the “upper-grade” formula, for the paper tube, the paper ball, the pear-flower bamboo tube, and materials for hurling from the mouth of a jar, and for use atop fire-arrow heads and in cannon meant to be made to burst; “huang at one-half of the saltpeter,” used for the water-fire ball and the smoke ball; “huang at one-tenth of the saltpeter, hui the same” (the converted proportional composition being 83.3%, 8.35%, and 8.35%), used as the “medium-grade” formula, “for guns and cannon and the bird gun…” If one looks at the converted proportional composition, in the first powder formula the proportional saltpeter content is 73.2%, so its product could be used for fire-arrow-and-meteor use and for soaking match-line; in the second powder formula the proportional content of sulfur and charcoal is comparatively high, so its product could be used as an explosive powder; and in the last powder formula the proportional saltpeter content is 83.3%, which is close to the proportional saltpeter content in the propellant-powder formula for the bird gun listed in Table 7-4, so its product could be used as the propellant powder for cannon and for the bird gun.

There were extremely numerous gunpowder formulas made up by using materials of the same kind but different nature in place of the sulfur or the charcoal; according to these formulas, gunpowders of differing character could be compounded. For instance, the Bing Lu, Huogong Yaoxing (“Records of Soldiery, The Nature of Fire-Attack Powders”) states: “Realgar’s vapor rises high and its flame is fierce,” and can be used to compound a fiercely burning gunpowder; “orpiment’s vapor is violent and its flame intense,” and can be used to compound a high-explosive powder; “arsenic sulfide’s vapor is foul and toxic,” and can be used to compound a poisonous agent. Likewise, the Wubei Zhi, Zhi Huoqi Fa states: “willow-twig ash and rice-stalk ash are the lightest and most readily ignited,” able to compound an easily ignited gunpowder; “sal-ammoniac ash and hornet’s-nest ash are lighter still,” able to compound an extremely easily ignited gunpowder; gourd-ash can be used to compound a fiercely burning gunpowder; and bamboo-leaf ash can be used to compound a violently explosive gunpowder.

Gunpowder formulas made by adding other raw materials to saltpeter, sulfur, and charcoal are too numerous to list exhaustively; in the Bing Lu, Huogong Yaoxing alone, more than 50 are recorded. Gunpowders compounded according to these formulas included: one compounded with metal needles, saltpeter-sand, prepared iron filings, magnetic tips, and similar materials, forming a “rotting powder” (lanhuoyao) that caused human flesh to putrefy; one compounded with monkshood root, croton seed, thunder-vine, and horse-water (mashui, a toxic plant substance), and the like, forming a “throat-sealing powder” that struck a man dumb the instant his blood was drawn; one compounded with croton, Chinese fever-vine, pinellia, and Coptis root, and the like, forming a “spray-fire powder” that rendered a man unconscious; one compounded with tung-oil, bean flour, and pine resin, and the like, forming a “flying-fire powder” for burning up the enemy’s grain-and-fodder stores and camp; one compounded with human hair, iron rust, tallow-oil, and the like, forming a strong incendiary agent for burning the enemy’s war-carts and tents; one compounded with fierce fire-oil (present-day petroleum), and the like, forming a powder for use in naval combat, capable of burning wet objects the more furiously the more water touched it; one compounded with nine-tailed-fish fat and the like, forming an incendiary agent that spread with the wind; and one compounded with wolf dung and the like, forming a signal-fire that gave off smoke by day and light by night. The Wubei Zhi, Zhi Huoqi Fa further records: a “wind-defying powder” (nifeng huoyao) compounded with dolphin bone, dolphin oil, wolf dung, and mugwort-root, and the like; and, by the separate addition of indigo, lead powder, purple powder, and wood-coal-dust, respectively, signal-powders that gave off blue smoke, white smoke, purple smoke, and black smoke.

The Bing Lu, Huogong Yaoxing and the Wubei Zhi, Zhi Huoqi Fa not only recorded more than 50 gunpowder formulas each, but also, in the form of songs and rhymed exposition (fu), gave vivid depictions of the compounding methods, properties, uses, and power of a number of these gunpowders, rendering the material accessible and easy to understand, and convenient for practical use.

The various gunpowder formulas described above were arrived at, on the basis of long study by our country’s Ming-dynasty firearms developers of gunpowder itself together with medicinal herbs, animals, and minerals, by making use of the properties of saltpeter, sulfur, and charcoal together with certain plant and animal substances, minerals, and oils, after repeated trial and testing; and they show, moreover, that our country’s ancient pharmacology of gunpowder (huoyaoxue) and materia medica (bencaoxue) were two sister disciplines founded upon one and the same underlying theory of compounding — a creative contribution, imbued with profound national characteristics, that our ancestors made to the development of ancient gunpowder.




3. The Elaboration of Gunpowder Theory

The firearms developers and commanding officers of the mid-Ming period, in the course of researching gunpowder formulas, compounding gunpowder, and using firearms in combat, all attached great importance to summing up the practical experience of gunpowder development and use, raising it to the level of theoretical understanding. By the early seventeenth century, a theoretical system distinctive to our country’s ancient gunpowder had already taken shape. Although this theoretical system was still rudimentary and unrefined, it had nonetheless, to a certain degree, revealed certain objective laws governing the development of gunpowder, reflecting the extent of their understanding of these objective laws. Drawing together the military treatises and specialized works on firearms of the time, their principal theoretical propositions may be summarized under the following several heads.


(1) Using the Relationship of Ruler, Minister, and Assistant-and-Envoy to Liken the Standing of Saltpeter, Sulfur, and Charcoal within Gunpowder

The firearms developers of the mid-Ming period held that, among the three constituents compounded into gunpowder, saltpeter occupied the leading position, and was for this reason termed the “ruler” (jun); sulfur was lively and active in nature, and occupied a supporting position, termed the “minister” (chen); and charcoal powder likewise occupied a supporting position within gunpowder, and was termed the “assistant-and-envoy” (zuoshi). Tang Shunzhi, for instance, in Wubian Qianji, Huo (“Military Compilation, Former Collection, Fire”), put it this way: “Although saltpeter and sulfur are fierce and violent, they must still rely upon flying ash to be properly matched; only by testing the nature of the fire without error, relying on their mutual bond, can they come together. Saltpeter thus serves as ruler and sulfur as minister, each fundamentally depending upon the other to accomplish their work… and both proceed together without contradiction, with ash alone serving as their assistant-and-envoy…”① Mao Yuanyi, in the Wubei Zhi, Huoyao Fu (“Rhymed Exposition on Gunpowder”), likewise makes a similar statement, though the wording is somewhat adjusted. He Rubin, in the Bing Lu, Huogong Yaoxing, in discussing the various fire-attack poisons, likewise drew a similar comparison, holding that “saltpeter and sulfur serve as ruler, wood-ash serves as minister, the various poisonous drugs serve as assistant, and the various vapor-drugs serve as envoy.”② Although the two statements differ somewhat, they are similar in their method of analogy. This method of analogy, to a certain degree, reveals the intrinsic connection among the several constituents in the compounding of gunpowder — that is, it sets forth the differing primary and secondary standing each occupies within the gunpowder, while also showing that they must be mixed together and properly proportioned in order, once ignited and burned, to achieve the marvel of fire-attack. The reasoning set forth by means of this analogical method therefore already possesses a certain degree of scientific validity.

① Tang Shunzhi (Ming), Wubian Qianji, juan 5, “Huo,” Siku Bingjia Leicongshu, vol. 2, no. 727, p. 438. In the past, not a few historians of gunpowder held that the “Huoyao Fu” (“Rhymed Exposition on Gunpowder”) originated in the Wubei Zhi, dated to the first year of Tianqi (1621); it is now observed, from Tang Shunzhi’s own book, that the content of the “Huoyao Fu” in fact dates from between the tenth and thirtieth years of Jiajing (1531–1560). The content of the “Huoyao Fu” collected by He Rubin in the Bing Lu comes after Tang Shunzhi and before Mao Yuanyi. ② He Rubin (Ming), Bing Lu, juan 11, “Huogong Yaoxing,” pp. 3–4. ___



(2) Discoursing on the Fire-Attack Properties and Functions of Saltpeter, Sulfur, and Charcoal within Gunpowder

He Rubin, in the Bing Lu, Huogong Yaoxing, states: “Saltpeter’s nature governs the straight (that which discharges directly takes saltpeter as primary); sulfur’s nature governs the lateral (that which discharges laterally takes sulfur as primary); ash’s nature governs fire (fire differs by type, taking ash as primary — there being such varieties as bamboo-leaf ash, willow ash, fir ash, wood ash, catalpa ash, and barbarian ash). Where the nature is straight, it governs long-range striking, saltpeter being nine parts to sulfur’s one; where the nature is lateral, it governs explosive striking, saltpeter being seven parts to sulfur’s three.” The Wubian Qianji, Huo and the Wubei Zhi, Huoyao Fu state: “Saltpeter’s nature is vertical, while sulfur’s nature is lateral.” What they refer to as saltpeter’s nature governing the straight, capable of striking directly, is due to the fact that the saltpeter within the gunpowder, once ignited, can produce a tremendous propulsive force of gas, shooting the projectile far off to strike the target — so that saltpeter is the key factor enabling gunpowder to strike directly and reach a distant target. What they refer to as sulfur’s nature governing the lateral, capable of an explosive strike, is due to the fact that the sulfur within the gunpowder, once ignited, can swiftly detonate and explode with violence — so that sulfur is the key factor enabling gunpowder to explode violently. What they refer to as ash’s nature governing fire, capable of spraying forth flame, is produced by the fact that the charcoal powder within the gunpowder, once ignited, can swiftly burn and spray forth flame — so that charcoal powder is the factor that enables gunpowder to burn.



(3) Using the Principle of Civil and Military Ministers Assisting the Ruler to Liken the Proportional Relationship of Saltpeter, Sulfur, and Charcoal within Gunpowder

Tang Shunzhi, in the Wubian Qianji, Huo, adopting the method of likening saltpeter, sulfur, and charcoal respectively to a ruler, a civil minister, and a military minister, discussed the proportional relationship among them and the consequences that this relationship produced, holding that, under normal circumstances, saltpeter, sulfur, and charcoal stood in the relation of “one ruler, two ministers — ash and sulfur both occupying the ministerial position, ash being the military minister and sulfur the civil minister; where the swift and fierce is wanted, the military minister achieves an extraordinary result, where the violent-explosive is wanted, the civil minister’s strategy is masterly; though the paths of the civil and the military differ, together they exert their strength in service of the ruler” — so bringing out gunpowder’s function of burning and of exploding. He further said: “If saltpeter is not of the proper material, the ruler’s authority is unclear in its handling of affairs… if ash and saltpeter are too little, the civil (sulfur), though swift, will not ignite fiercely; if saltpeter and sulfur (huang) are lacking, the military (charcoal), though it burns on, will act too slowly… to discard the military and employ the civil, the tendency will be one-sided and the force weak… to discard the civil and employ the military, though the matter may be accomplished, the force will be exhausted.” His meaning is that, if the proportion among the three is not properly matched, various defects will result, and he clearly points out: if the saltpeter is refined impure, then the ruler’s standing is unclear, and the gunpowder will be of poor quality; if the saltpeter and charcoal content within the gunpowder are too low while the sulfur is in excess — that is, if the ruler and the military minister are too weak and the civil minister too strong — then the gunpowder, although capable of a swift explosion, will not ignite with force; if the saltpeter and sulfur content are too low while the charcoal is in excess — that is, if the ruler and the civil minister are too weak and the military minister too strong — then the gunpowder, although capable of burning, will burn slowly and with weak force; and if either the sulfur or the charcoal is lacking — that is, if there is no assistance from either the civil or the military minister — then the gunpowder will lose its efficacy, being unable to burn fully or to explode.



(4) Discoursing on the Effect of Air Temperature on the Proportional Composition of Gunpowder

Because saltpeter possesses the property of absorbing moisture and reverting to a damp state, the proportional composition of saltpeter within gunpowder had to be correspondingly lowered or raised according to the humidity of the air in the region where it was to be used. Zhao Shizhen, in the Shenqi Pu, Shenqi Pu Huowen, was the first to point out that regions differ as between north and south, and climates differ as between dry and humid, so that in compounding gunpowder one must act according to what is suited to the locality, adjusting the proportional quantities of saltpeter, sulfur, and charcoal within the gunpowder according to the region’s climate and humidity. He took as his example the powder used respectively for the Japanese matchlock gun (Wochong) and for the Rumi-gun: when the two are equal in saltpeter content, because Japan is a maritime country with high atmospheric humidity, each portion of its gunpowder contains 6.8 liang of charcoal and 2.8 liang of sulfur; whereas the Kingdom of Rūm lies in a dry region of the West, with low atmospheric humidity, so each portion of its gunpowder contains 6 liang of charcoal and 2 liang of sulfur. Comparing the two, the powder used for the Japanese matchlock gun has a lower proportional saltpeter content and a higher proportional content of sulfur and charcoal, while the reverse is true of the powder used for the Rumi-gun. Zhao Shizhen accordingly required that, wherever gunpowder was compounded, one should “weigh what suits our Chinese empire’s nine frontiers and coastal regions, further comparing the conditions of clear and bright, overcast and rainy, cool and hot, or humid and sweltering weather, and prepare the materials and compound the powder accordingly, just as the people of Qin kept to the laws of Qin — this too may be called mastering the reckoning of the art of war.” Zhao Shizhen’s research findings provided, for the compounders of gunpowder in every region at that time, an important theoretical basis for compounding gunpowder suited to local conditions, and constitute a major contribution to the theory of gunpowder-compounding.

More than 200 years after the publication of such works containing material on gunpowder as the Bing Lu, the Shenqi Pu, and the Wubei Zhi, the British gunpowder chemist William Napier, after repeated experimentation, proposed in 1825 an optimal chemical reaction equation for black powder:

2KNO₃ + 3C + S → K₂S↓ + N₂↑ + 3CO₂↑

According to this chemical reaction equation, the theoretically optimal proportional composition of saltpeter, sulfur, and charcoal is 74.84%, 11.84%, and 13.32% — that is, this proportional composition of gunpowder produces the greatest volume of carbon dioxide and nitrogen gas, releases the greatest quantity of heat, achieves the highest rise in temperature, and has the greatest killing power. If the proportion of saltpeter and charcoal is lowered while that of sulfur is increased, then the power and burning speed of the gunpowder will slacken — which agrees with the phenomenon Mao Yuanyi described, that “when ash and saltpeter are scant, the civil (sulfur), though swift, will not ignite fiercely.” If the proportion of saltpeter and sulfur is lowered while that of charcoal is increased, then the power of the gunpowder will likewise decrease — which agrees with the phenomenon Mao Yuanyi described, that “when saltpeter and sulfur (huang) are lacking, the military (charcoal), though it burns on, acts too slowly.”

The achievements of the above research into the theoretical questions of gunpowder show that, although the researchers of that time were constrained by the conditions of their era and the level of science then attained, and so were still unable to free themselves from the bonds of ancient China’s yin-yang and Five Phases cosmology and the ethical doctrine of ruler and minister, so that their explanations of certain questions could not avoid a degree of strained analogy — nevertheless, in the main current of their understanding of the qualitative and quantitative analysis of the various constituents of gunpowder, and of the basic properties of gunpowder’s discharge, explosion, and combustion, they had already come to knock upon the door of modern gunpowder chemistry.





Section 6 The Formation of a Theoretical System of Ancient Chinese Firearms Technology

The theoretical study of firearms technology in ancient China is concentrated chiefly in the military treatises of the Song, Yuan, and Ming periods, and in the writings of military technologists and commanding officers.


1. Theoretical Works

Ever since gunpowder, as a destructive energy source based on chemical energy, was first used in China in warfare, the content devoted to firearms in military writings grew steadily, from nothing to something, from little to much. Since the Wujing Zongyao first printed three gunpowder formulas, firearms, over more than 300 years of use on the battlefield across the Song and Yuan dynasties, together with more than 200 years of further development in the Ming, accumulated a wealth of experience. For this reason, the experience of manufacturing and using firearms, after being summarized and organized by several generations of firearms developers and commanding officers, was raised to the level of theory and took shape as treatises published for circulation. Among these, the works of the greatest lasting influence include: the Chouhai Tubian, compiled and printed in the forty-first year of Jiajing (1562) by Zheng Ruozeng (1503–1570), a specialist in the study of coastal defense; the Jixiao Xinshu, written by the anti-Wo general Qi Jiguang (1528–1588) around approximately the thirty-ninth year of Jiajing (there is also a 14-juan edition completed in the twelfth year of Wanli), together with the Lianbing Shiji, in 9 juan (with an appended Miscellany in 6 juan), completed in the fifth year of Longqing (1571); the Zhenji, compiled by He Liangchen (dates of birth and death unknown), a roving general at Jizhen, during the Jiajing period; the Wubian, compiled by Vice Censor-in-Chief Tang Shunzhi (1507–1560); the Dengtan Bijiu, compiled by the cavalry general Wang Minghe (dates of birth and death unknown) and printed in the twenty-seventh year of Wanli (1599); the Bing Lu, compiled and printed by He Rubin (dates of birth and death unknown) in the thirty-fourth year of Wanli; the specialized firearms treatise the Shenqi Pu, written by Zhao Shizhen (circa 1553 – circa 1611) during the Wanli period of the Ming; and the Wubei Zhi (of which juan 119 to 134 form a specialized section on the manufacture and use of firearms), compiled and printed by Assistant Regional Commander Mao Yuanyi (1594–?) in the first year of Tianqi (1621). Besides these, the memorials of Vice Minister of War Zeng Xian, of the Governor-General of Xuanfu and Datong Weng Wanda, and of others, likewise contain discussions of the manufacture and use of firearms.

Under the severe military circumstances of Wo-pirate raids in the east and Mongol cavalry incursions in the north, the various treatises mentioned above, each proceeding from its own particular standpoint, carried out deep research and comprehensive exploration into many theoretical and technical questions concerning the manufacture and use of firearms at that time — questions which, besides the ancient Chinese gunpowder theory discussed in the preceding section, also extended to such matters as the manufacture and employment of equipment, the training of troops and instruction in combat, and the deployment of formations and the establishment of defenses — thereby forming a systematic theory of our country’s ancient firearms science and technology. These theories were both the crystallization of past achievements and possessed distinct characteristics of their era.



2. Theories Concerning the Manufacture of Firearms

Our country’s firearms developers and commanding officers of the mid-Ming period, under the military circumstances of resisting the Wo pirates and defending against the northern tribes, attached the utmost importance to the manufacture of firearms, studying it as a matter bearing on the strategic position of the war against foreign aggression and of national defense construction.


(1) Advocating the Development of Firearms from a Strategic Standpoint

Under the military circumstances of that time, in order to safeguard the security and unity of the nation and to uphold the rule of the Ming court, one figure after another advocated, from a strategic standpoint, the development of firearms.

In the twenty-fifth year of Jiajing (1546), Zeng Xian held that, compared with the Mongol cavalry, the Ming army’s advantage lay “in nothing so much as firearms” — this being the fundamental means “whereby the state is protected and the people preserved.”① He further said: “Among China’s superior skills, firearms are foremost.” For this reason he proposed organizing, in the Three Frontier Districts of Shaanxi, 20 fully equipped and fully manned war-cart battalions, each equipped with 18 thunderclap cannon, 1 great linked-pearl cannon, 1 secondary linked-pearl cannon, 2 hand-held guns, and 200 fire-arrows, together with the war-carts needed to carry the lead shot and gunpowder required by these various firearms; these 20 fully equipped war-cart battalions were then to be coordinated with the infantry and cavalry, relying on the Great Wall to defend against the incursions of Mongol cavalry.

Whether resisting the Wo pirates along the southeastern coast or training troops and guarding the frontier in the north, Qi Jiguang everywhere placed great emphasis on the development and use of firearms, holding that “among the Five Weapons, none is so fierce as fire,”② that “the security of a strategic position depends entirely on firearms,”③ and that cannon “may be relied upon to withstand the onrush of the northern tribes.”④ He regarded firearms as an important condition for achieving victory in battle and for defending the frontier against the enemy. His career as a military commander, and the military writings he left behind, both fully demonstrate that he was a military strategist who placed great emphasis on the research, development, and use of firearms.

Although Zhao Shizhen held no post in the field of battle and bore no responsibility over any army, he nevertheless took it as his own personal duty to see to the rise and fall of the nation, repeatedly memorializing the throne and making every effort to build public opinion, requesting that the court vigorously develop the manufacture of firearms and improve the army’s equipment and the nation’s defense installations. He held that Japan, then a maritime power, had already given rise to aggressive intentions and sown the seeds of calamity, and that, having already swallowed up Korea, it would necessarily “exhaust every effort of Korea’s position to spy upon our own interior”; while in the north, the various minority peoples were separated from us only by a single wall (that is, the Great Wall), and the tendency toward incursion from within could not possibly be avoided. For these reasons, he held, one must strengthen one’s defenses on every side, and, in accordance with the particular characteristics of the enemy’s manner of warfare, vigorously manufacture guns, cannon, and war-carts, so as to be able to “blunt the enemy’s fierce vanguard” and “make manifest the nation’s might and strength.” He further proposed to the court that the development of firearms manufacture should be combined with the long-term plan of securing the nation, holding that the study of “divine weapons” (shenqi) was “not the achievement of a single morning or evening, but rather the enduring benefit of the state for ten thousand generations” — a great undertaking that could enable “the state to gather, without wearying its soldiers, a store of matchless, flying generals,” one that would “be handed down for a hundred generations without defect, and be fit for use across all nine frontiers.” If the capital garrisons increased their firearms, “this could strengthen the posture of holding the center in check while making light of the periphery, and, extended to the frontier regions, could make manifest the might of striking down and repelling foreign insult.”① For this reason he called upon those in authority not to be swayed by ill-informed opinions lacking real insight, but to persevere in linking the development of firearms manufacture with the undertaking of “exterminating the bandits” on the nation’s behalf, and to hold to this steadfastly, so that the nation might swiftly turn from weak to strong, with well-trained soldiers and sharp weapons, striking fear into the hearts of the enemy so that they would not dare to invade — thereby achieving the goal of the nation’s long-lasting peace and stability.

① Zeng Xian (Ming), Yi Shou Hetao Shu (“Memorial Proposing the Recovery of the Ordos”), see Ming Jingshi Wenbian, vol. 3, p. 2842. ② Qi Jiguang (Ming), Jizhen Fenshou (“Divisions of Defense at Jizhen”), see Ming Jingshi Wenbian, vol. 5, p. 3773. ③ Qi Jiguang (Ming), Lianbing Tiaoyi Shu (“Memorial Proposing Regulations for Training Troops”), see Ming Jingshi Wenbian, vol. 5, p. 3746. ④ Qi Jiguang (Ming), Shang Junzheng Shiyi, Yan Junling (“On Ten Matters of Military Governance, Strict Military Orders”), see Ming Jingshi Wenbian, juan 350. ___



(2) Adherence to the Viewpoint of Innovation

The firearms developers and commanding officers of the mid-Ming period, in developing the manufacture of firearms, cast aside the stale conception of rigidly adhering to convention and clinging to old ways, and adhered instead to a viewpoint of continual development and innovation.

Qi Jiguang maintained that “of equipment that was formerly usable, renew it; that which can no longer serve, redesign it; and that which never before existed, create it.”① “Although the making of the Five Weapons has long varied in its several forms, there has never been a single unchanging pattern from ancient times to the present — the crux lies in changing and adapting according to the enemy.”② Guided by this thinking, his forces most effectively developed and used every kind of new firearm, as detailed in the foregoing pages.

Weng Wanda, in the Zhizao Huoqi Shu (“Memorial on the Manufacture of Firearms”), held that, in manufacturing firearms, one must “innovate on the basis of the old,” so as to suit the needs of the time.③ Guided by this thinking, he organized personnel to create, on the basis of remaking old-style firearms, such firearms as the triple-linked-pearl gun and the hundred-emerging-vanguard cannon.

Zhao Shizhen maintained that in developing firearms “one must innovate according to the time,” producing unexpected results so as to achieve victory.

Guided by the spirit of persisting in innovation, new-model firearms of that time appeared one after another in endless succession. The materials on new-model firearms gathered by Assistant Regional Commander Mao Yuanyi alone comprised upward of a hundred firearms of the most varied uses, brought together into 16 juan, and included within the great work into which he poured fifteen years of effort and care, the Wubei Zhi.



(3) The Manufacturing Ideal of Striving for Ever Greater Excellence

In order to guarantee that firearms could fully exert their effect in combat, the manufacture of every kind of firearm at that time adhered to the ideal of striving for ever greater excellence and precision. When Qi Jiguang organized his subordinates in imitating the folangji, he set forth many strict and concrete requirements, guaranteeing quality from the selection of materials through to the assembly and use of the components. For this reason the folangji was able to become the effective weapon by which Qi Jiguang’s army, widely using it, achieved victory over the enemy.

Zhao Shizhen, for his part, urged that the military-craft agencies then responsible for manufacturing firearms must “know men well and assign them appropriately, and hold each specially responsible for his task,” selecting craftsmen of refined skill and mature technique to manufacture guns and cannon of superior quality. He pointed out that the artisans charged with manufacturing guns and cannon must be conscientious and responsible, spare no pains, and give their whole mind to manufacture, being in “not the slightest particular permitted to be careless or perfunctory.” Toward those of his own time who behaved irresponsibly, manufacturing and using firearms indiscriminately, he leveled severe censure: some agencies “again and again let mediocre workmen make them, mediocre officers take charge of them, and mediocre soldiers practice with them. The makers do not perfect their craft, those in charge do not investigate their use, and those who practice with them do not attain their subtlety; through habitual laxity and neglect (kai, meaning idle, the sense of falling into disuse), each looks only to himself, shirking responsibility onto one another, so that the manufacture and use of firearms is conducted in slipshod fashion”;④ and more serious still, there were also unscrupulous persons among the common artisans who sought only to profit by manufacturing guns and cannon, heedless of the quality of the finished product — “letting the artisans work as they pleased, careless of whether the metal had been properly tempered (this refers to failing to master the proper heat in the smelting of steel), of whether the seam of the bore fit properly together (this refers to whether the seam of a rolled gun-barrel joined tightly or not), of whether the bore was straight or crooked, and of the thickness, fineness, or coarseness of the child-gun — utterly ignorant of all this, so that upon a single trial-firing, six or seven out of ten proved defective,”⑤ while those in charge of the matter neither understood the circumstances nor investigated the cause, but simply discarded the newly manufactured guns and cannon as unusable, resulting in serious waste. For this reason, he demanded that those who manufactured guns and cannon must attend carefully to the proper method of manufacture, only in this way being able to produce a finely made product.

① Qi Jiguang (Ming), Jizhen Fenshou, see Ming Jingshi Wenbian, vol. 5, p. 3773. ② Qi Jiguang (Ming), Lianbing Shiji Zaji, juan 5, “Junqi Jie Shang” (“Explanation of Military Equipment, Part One”), Siku Bingjia Leicongshu, vol. 3, no. 723, p. 864. ③ Weng Wanda (Ming), Zhizao Huoqi Shu, in Ming Jingshi Wenbian, vol. 3, p. 2343. ④ Zhao Shizhen (Ming), Shenqi Pu, Wanli Ershiliu Nian Gongjin Shenqi Shu (“Manual of Divine Weapons, Memorial Respectfully Presenting Divine Weapons, Wanli Twenty-Sixth Year”), see the Taipei library edition Shenqi Pu, vol. 18, p. 186. ⑤ Zhao Shizhen (Ming), Shenqi Pu, Shenqi Pu Huowen, see the Taipei library edition Shenqi Pu, vol. 18, p. 258. ___

Zhao Shizhen not only demanded that artisans manufacture with precision in peacetime, but also demanded that artisans accompany the army on campaign, promptly repairing and refitting guns and cannon, so as to guarantee the needs of the fighting troops. By his reckoning, for every ten thousand soldiers, 300 skilled craftsmen had to be assigned, in order to meet the demands of warfare. Zhao Shizhen gave thorough consideration to such questions as guaranteeing the quality of gun-and-cannon manufacture and meeting the demands of warfare.

Because Zhao Shizhen attached such importance to the quality of firearms manufacture, and insisted on striving for ever greater excellence, more than ten kinds of finely made matchlock gun, together with the Ying-yang cart, were developed under his direction, making an important contribution to the development of firearms in our country.




3. Theories Concerning the Use of Firearms

This period saw deep research into the basic principles, tactics, and techniques of using firearms, with extremely rich content, chiefly comprising the following several aspects.


(1) Defending Against the Enemy and Protecting the Nation Requires Skillful Use of Firearms

They held that, in order to achieve the goal of defending against the enemy, protecting the nation, and defeating the enemy to achieve victory, a commanding officer had to be skilled in continually varying the manner of firearms use according to the time, the terrain, the enemy, the weapon, and the engagement, and must on no account cling rigidly to fixed patterns; one had to achieve a posture such that “where the terrain is perilous and the space is short, one strikes like a hawk seizing its prey, so that the enemy cannot prepare against it in time”; “opening wide or drawing tight as the moment demands, so that the enemy cannot fathom its subtlety”; and, alternating feint with substance, making the enemy “unable to guess where the true attack lies.”① One had to be thoroughly versed in the orthodox and unorthodox methods of using firearms, so as to place oneself in an unassailable position, and only then could one speak of engaging in battle, and only then could one “annihilate the bandits.” As for the soldiers who operated the firearms, they had to undergo constant training and drill, achieving refined skill and mature technique, so that whether on difficult or easy terrain, and under conditions of unfavorable weather, they could all skillfully handle their own firearms, carrying out both individual and coordinated group combat. If the commanding general, when facing the enemy in battle, could direct operations with ease, use firearms appropriately, maintain strict military discipline, administer rewards and punishments with clarity, and keep his soldiers well trained and disciplined, then he was certain to be able to defeat the enemy.



(2) The Use of Firearms Must Be Flexible and Ever-Changing

To be flexible and ever-changing meant acting according to the varying circumstances of combat — that is, according to the differences, mentioned above, of time, terrain, enemy, weapon, and engagement — selecting different types and quantities of firearms with which to strike the enemy and achieve victory in battle.

“Acting according to the time” (yin shi er yong) carries two meanings. Zhao Shizhen’s meaning was that the use of firearms must be timed to the proper opportunity for battle, and must not be squandered recklessly, or the intended combat effect would be lost. What He Rubin and Mao Yuanyi meant was that a commanding officer must be skilled in acting according to conditions of weather and celestial phenomena, directing his forces to take up a position upwind, and selecting fire-arrows, fire-balls, spray-tubes, and other incendiary firearms, so as to set fires with the wind’s aid, killing and burning the enemy’s several armies of men and horses and their war matériel positioned downwind. For this reason, Mao Yuanyi required that a commanding officer understand the knowledge of weather and celestial phenomena, and be able to calculate the rising and falling and the changes of wind and cloud according to “the degree of the moon’s motion.” If one could “know the season of the wind and make good use of it,” then one could achieve “victory in ten thousand battles out of ten thousand.”

“Suiting the terrain” (yin di) meant that one had to select different firearms and adopt different methods of engagement according to the terrain of the battlefield and the respective positions occupied by oneself and the enemy. He Liangchen, in the Zhenji, Jiyong Shiwu, called this “varying one’s deployment according to terrain” (yin di yi shi). For example, when fighting on broad, open, level plains, one had to use long-range guns and cannon such as the Rumi-gun, the Thunderbolt gun, and the folangji, together with fire-arrows, to strike down the enemy; when the enemy formed up and advanced to within two or three li, one fired successively, in sequence, with the folangji, the Rumi-gun, the Thunderbolt gun, and the like, to blunt the enemy’s fierce advance; and once the enemy’s spirit had broken and they were routed, soldiers bearing single-soldier firearms and cold weapons would engage and kill them at close quarters.② When fighting in terrain of dense forest, rugged hills, marshy fields, or winding forest paths, the firearms-bearing troops had to operate under the cover of the cold-weapon-bearing troops, using guns and cannon to fire upon the enemy and using incendiary and spray-type firearms to attack and destroy the enemy. If a unit was engaged in a defense of a walled city, or was occupying a hilltop to command the

① Zhao Shizhen (Ming), Shenqi Pu, Chongtu (“Illustrations of the Gun”), see the Taipei library edition Shenqi Pu, vol. 18, p. 353. ② Zhao Shizhen (Ming), Shenqi Pu, Shenqi Zashuo (“Miscellaneous Remarks on Divine Weapons”), see the Taipei library edition Shenqi Pu, vol. 18, p. 353. ___ commanding heights, then one had to make use of the advantage of holding the higher ground, fiercely bombarding with heavy artillery the enemy assaulting the city or attempting to seize the hilltop; and if the unit was to assault a city or seize a commanding height held firm by the enemy, attacking upward from below, then guns and cannon were used to fire upon the enemy, and spray-tubes were used to spray flame and scorch the enemy.① In using firearms in combat suited to the terrain, Zhao Shizhen further cautioned the troops that they must attend to the following matters: on open, level plains, one must guard against the enemy firing on one’s own army’s firearms from a distance; amid dense forest and narrow lanes, one must guard against the enemy using incendiary firearms that spray toxic agents to catch one’s own army in a pincer; in gullies and ravines, one must guard against the enemy lying in ambush in pits and hollows; and when downwind of the enemy on a great river, one must guard against the enemy using firearms to attack one’s own army from upwind.

“Overcoming through the enemy” (yin di er zhisheng): this means that the army, in combat, ought to select suitable firearms according to the enemy’s manner of fighting, and destroy the enemy by adopting flexible and mobile tactics. For instance, in the north, where there is much open plain, the invading Mongol cavalry mostly attacked in massed charges; one ought therefore to take heavy weapons and sharp weapons (that is, cannon of great killing power and sharp spears) as the orthodox (primary) force, and long-range weapons and aiming weapons (that is, the bird gun and bow-and-arrow, which shoot down individual soldiers) as the unorthodox (auxiliary) force. Among the Wo pirates invading our country from the southeastern coast, most advanced in single file through overgrown, muddy terrain, so one ought to take long-range weapons and aiming weapons as the orthodox force, and heavy weapons and sharp weapons as the unorthodox force.② If one’s own force, equipped with firearms, unexpectedly encountered an enemy force likewise so equipped, and there was no time to form into battle array, then one should first have the soldiers use long-range cannon to bombard the enemy, and once they were thrown into confusion, seize the opportunity to launch an attack and secure victory; if the enemy came in a dense, solid mass to assault the city, then the defending soldiers should be ordered to use cannon to bombard their dense ranks, and once their solid mass was broken, the siege of the city would of itself be lifted; and if conducting an assault upon a city, one should first select the weakest point in the enemy’s city defenses, and use cannon to carry out a bombardment there, breaking open a gap, so as to create the conditions for taking the whole city.③

“Differing according to the weapon” (yin qi er yi): what is meant by differing according to the weapon is that one must, according to the differing form and construction of the firearm and its differing purpose in combat, use it in different kinds of engagement. For instance, “combat weapons” (zhanqi, referring to firearms used by the individual soldier such as the bird gun) were comparatively light and easy to carry, and could be issued to individual soldiers for close combat and for discharge. “Assault weapons” (gongqi, referring to small and medium cannon convenient for mobility) were suited to maneuverability, and could be used in mobile field operations and in assaulting fortified positions. “Defense weapons” (shouqi, referring to heavy city-defense cannon) were suited to long-range, simultaneous volley fire, being long in barrel and violent in effect, and could be used in the firm defense of fortified positions. “Buried weapons” (maiqi, referring generally to the land mine) were suited to explosive attack, and, because they were fragile and produced fierce fire and violent smoke upon detonation, could be used as an obstacle-device, sealing off vital roads and passes and blowing up the invading enemy. “Land weapons” (luqi, referring generally to firearms used in land warfare) were suited to being deployed together at varying ranges, both far and near, long and short, arranged in successive echelons and used in combination — for instance, such longer-range firearms as cannon, fire-arrows, guns, and grenade-shells could be used in combination with the long spear and the great sword, while such close-combat firearms as the fire-lance, the fire-blade, the fire-shield, and the fire-cudgel could be used in combination with the strong bow and the powerful crossbow.④

“Selecting the weapon according to the engagement” (yin zhan er ze qi): what is meant by selecting the weapon according to the engagement is that one must, according to differing objectives, adopt differing modes of combat, and select the firearm suited to attacking the enemy. If one wished to seize the grain-and-fodder supply train of an enemy already encamped and entrenched, one had first to reconnoiter thoroughly the roads near the enemy camp, lay an ambush of crack troops on all four sides, and dispatch spies (reconnaissance troops) to infiltrate the enemy camp; then, adopting the method of a night raid, the infiltrated spies would set a fire within the enemy camp as a signal for the assault from within, whereupon the soldiers lying in ambush on all sides would rise up and strike the enemy. In naval warfare, if the enemy’s naval force had already formed up on the water, one would order one’s own naval force first to fire the great cannon and the folangji and other heavy shipboard guns head-on, bombarding the enemy ships and charging into the enemy’s formation. Once the enemy ships drew near, one would then use the bird gun and the divine spear-gun to fire upon the enemy ship’s officers and crew. Once one had closed with the enemy ship, and the enemy’s ranks were already in disorder, one would then launch fire-arrows to burn the enemy ship’s sails, canopies, and rigging. Finally, one would grapple and board the enemy vessel, leaping across onto the enemy ship, to engage in close combat and annihilate the enemy.⑤



(3) The Deepening of the Theory of Deploying Firearms in Battle Formation and in Combat

① He Rubin (Ming), Bing Lu, juan 11, “Huogong Yaofa” (“Essential Methods of Fire-Attack”), p. 1. ② Zhao Shizhen (Ming), Shenqi Pu, Shenqi Pu Huowen, see the Taipei library edition Shenqi Pu, vol. 18, p. 272. ③ Wubei Zhi, juan 121, “Yong Huoqi Fa, Dili” (“Methods of Using Firearms, Advantage of Terrain”), see Tonghui, Jishu Juan, vol. 5, p. 1005. ④ He Rubin (Ming), Bing Lu, juan 11, “Huogong Yaofa,” p. 2. ⑤ Wubei Zhi, juan 121, “Yong Huoqi Fa, Qiyi” (“Methods of Using Firearms, Suitability of the Weapon”), see Tonghui, Jishu Juan, vol. 5, p. 1006. ___

During the early Ming, Zhu Di, on his fourth personal campaign into the Mongolian steppe, had put forward the celebrated principle of combining the bird-and-hand-gun with cold weapons in battle-array combat. By the mid-Ming, the increase in the variety of firearms further impelled new changes in the principle of deploying firearms in formation for combat. This change was reflected not only in the battle-array training that Qi Jiguang instituted for each of his battalions, but Mao Yuanyi, in the Wubei Zhi, Yong Huoqi Fa, added still further new content. Mao Yuanyi pointed out that a great encampment of 3000 men, when forming its battle array, should first, at a distance of 120 paces in front of the encampment, deploy large and small Weiyuan Cannon, ready to bombard the enemy at the opportune moment. When the approaching enemy entered the range of the Weiyuan Cannon, a sudden bombardment would be carried out, bringing firepower superiority to bear, inflicting mass casualties on their effective strength and destroying their war matériel, and, seizing the moment of the enemy’s confusion, routing and annihilating them. Next, within a hundred paces on every side of the camp formation, land mines and other explosive-type firearms were to be buried, to obstruct the enemy’s movement and prevent the enemy from charging the formation. If the enemy came on to charge the formation, then, at the greater distance, the Weiyuan Cannon and the folangji and other rapid-firing cannon were to be used to fire upon and kill the enemy. As the enemy drew nearer, light firearms such as the gun-cudgel, the bird gun, the Three-Handled Divine Mechanism, and the Five-Thunder Divine Mechanism were to be used to fire upon the enemy. If one wished to go on the offensive against the enemy, one would first employ special war-carts equipped with various firearms — such as the fire-dragon rolling-earth flying cart, the screen cart, and the Wanquan cart — to throw the enemy into disorder and rout their formation; if the enemy, having scattered, regrouped once more, one would launch a further charge, using every kind of firearm to fire upon the enemy, continuing until the enemy was completely annihilated.



(4) The Formation of the Tactical Theory of Combining Cart and Gun

Mounting firearms on war-carts to equip the army for combat was a major development in the use of firearms during the mid-Ming period; Qi Jiguang, Zeng Xian, and other commanding officers all, within the frontier regions under their own defense, trained gun-cart battalions and thunderclap-cannon-cart battalions, achieving good results in defending against the enemy. The firearms developer Zhao Shizhen, for his part, in such works as the Shenqi Pu, Cheju, put forward a tactical theory combining cart and gun. He held that the court, at the same time as it manufactured guns and cannon, ought correspondingly to manufacture war-carts capable of mounting guns and cannon for use in combat, equipping the army so that the Ming army could defend itself with the war-cart and strike down the enemy with the gun and cannon. “Once carts are used together with guns, the enemy tribesmen cannot rely on their bravery, the enemy’s horses cannot indulge their swiftness, bow and arrow have no place to apply their power, and blade and armor have no use for their sharpness and toughness — this is to take the enemy tribesmen’s own special skill and wholly nullify it, while we, relying on this, bring forth China’s own special skill to overcome them.” For this purpose, Zhao Shizhen also created the Ying-yang cart, of novel construction and excellent combat performance.

The Ying-yang cart was fitted below with two wheels, its axle turning smoothly, the two wheels on left and right able to turn freely and independently; each cart carried 36 gun-barrels, and was manned by a crew of 10 to 15 soldiers. Zhao Shizhen proposed that the court organize Ying-yang-cart battalions, each battalion equipped with 120 carts, manned by 1200 to 1800 gun-and-cart soldiers, constituting 40% to 60% of the battalion’s full strength of 3000 men — a proportion whose upper limit exceeded the 50% proportion of firearms-troops in Qi Jiguang’s battalion organization. The cart battalion, in combat, served a comprehensive, multi-purpose function: “in defense it forms a rampart wall, in battle it serves as a forward barrier; where a great river is met, it serves in place of a bridge of boats; where mountain forest is encountered, it splits off to guard the flanks… suited to use by day or night, in overcast or clear weather, on difficult or easy terrain.” If the cart-builder understood the proper method of employing the cart, so that the carts he built were properly proportioned in weight, capable of traveling far without becoming mired; and if the cart-user understood the proper method of construction, using the carts with full facility; and if, furthermore, the commanding officer was skilled in directing operations and the soldiers technically proficient — then such a cart battalion could give full play to its function both of self-defense and firm holding, and of offense and the killing of the enemy. Zhao Shizhen, in the “Cheju” (“Carts”) section, drew illustrations of its form and construction and of the various formation-diagrams into which a single cart could be arrayed in combat, vividly and concretely reproducing the scene of the gun-and-cart soldiers of that age fighting while holding their carts.

The firearms developers and commanding officers of the mid-Ming period, building upon the experience of their predecessors and the most advanced achievements of their own age, put forward no few distinctive views on many theoretical and technical questions concerning the manufacture and use of firearms in ancient China, crystallized in their treatises, and thereby formed the theoretical system of our country’s ancient firearms science and technology — adding a resplendent treasure to our country’s ancient storehouse of science and technology, and holding, moreover, an important place in the history of the development of science and technology in the world.

① Zhao Shizhen (Ming), Shenqi Pu, Cheju (“Carts”), see the Taipei library edition Shenqi Pu, vol. 18, p. 362. ___





Section 7 The Deepening of Military Transformation in Ming-Dynasty China

During the early Ming period, the widespread use of the bird-and-hand-gun had already begun to bring about transformation in every aspect of military affairs. This transformation, by the mid-sixteenth century, underwent further development and deepening. The main manifestations of this development and deepening lay in three respects: transformation in the structure of army organization and equipment, renewal of the content of military training, and improvement of national-defense installations — among which the transformation in the structure of army organization and equipment was the most conspicuous.


1. Transformation in the Structure of Army Organization and Equipment

The combined-arms firearms force① (comprising the naval battalion, the infantry battalion, the cavalry battalion, the gun-and-cart battalion, and the baggage-train battalion) that Qi Jiguang trained and organized is regarded by military historians as the very emblem of the military transformation of mid-Ming China.


(1) The Organization and Firearms Equipment of the Naval Battalion

According to the Jixiao Xinshu, the naval battalion that Qi Jiguang organized while resisting the Wo pirates along the southeastern coast was subdivided into 2 companies. Each battalion was equipped with 4 large Fu-class warships, 2 medium Haicang-class ships, and 4 small Cangshan-class boats, together comprising 40 combat units (jia, each jia comprising 11 men) totaling 440 men, plus 70 men in support roles, for 510 men in all; among these, folangji-gunners and bird-gunners together made up 14 jia, totaling 154 men, while gunners of other kinds of firearm made up 10 jia, totaling 110 men — together constituting more than 50% of the whole battalion’s strength. Compared with the naval garrisons of the early Ming, the proportion of firearms-using soldiers in Qi Jiguang’s naval battalion had risen by 30%. The firearms and associated equipment with which the whole battalion’s 10 warships were equipped included: 4 large Fahong cannon (bow-mounted cannon), 40 folangji, 30 bowl-mouth guns, 68 bird guns, 500 spray-tubes, 620 fire-bricks, 100 fire-cannon (fire-balls), 800 smoke-canisters, 2000 powder fire-arrows, 2600 crossbow-fire-arrows, 66 crossbow-bows, 10 bottles of crossbow-medicine, 2600 jin of coarse gunpowder, 680 jin of bird-gun powder, 2240 jin of large and small lead shot, and 384 lengths of match-cord. Besides these, the battalion was also equipped with such various cold weapons and shipboard gear as javelins, bows and arrows, grappling hooks and sickles, and ship-boarding spikes.

The equipment described above fully reflects the state of the fused use of Chinese and foreign firearms, and embodies the characteristic of combining firearms with cold weapons. Among the firearms with which it was equipped, it possessed the comprehensive characteristic of combining large, medium, and small calibers, and of covering long, medium, and short ranges alike: it had both the destructive large Fahong cannon and large folangji, and also the medium-sized folangji and bowl-mouth guns, as well as the bird gun, spray-tube, fire-arrow, smoke-generating agent, and other equipment for use by the individual soldier. The large Fahong cannon was mounted at the bow of the Fu-ship, serving as the main “ship-cannon” of the naval combatant vessel, suited to smashing the enemy’s warships on the open sea; the folangji was mounted at the flanks of each combat vessel, working together with the flagship’s main cannon to destroy enemy ships; the bowl-mouth gun could, at a somewhat closer range, shatter the enemy ship’s planking and rigging; when the enemy ship entered the range of the bird gun, the bird guns would fire in volley, killing the enemy ship’s soldiers; and following this, fire-arrows, fire-balls, spray-tubes, and the like would, in close combat, burn the enemy ship. These firearms were capable, in naval warfare, of proceeding from long range to close range, weakening the enemy ship’s mobility and combat capacity by such means as destruction, incineration, and killing, thereby creating the conditions for the cold-weapon troops to annihilate the enemy in a close-quarters boarding action. On closing with the enemy ship, bow and arrow together with javelins would kill the enemy at roughly the same range; once the two vessels drew near each other, grappling hooks and sickles and ship-boarding spikes would be used to hook the enemy ship fast, and finally the naval soldiers would leap aboard the enemy ship, cutting down the enemy with hand-held sabers in individual combat, to secure victory in the naval engagement.

In the second year of Longqing (1568), Qi Jiguang, in his capacity as Chief Military Commissioner concurrently overseeing the training of troops in the Three Garrisons of Ji, Chang, and Bao, thereupon, in accordance with the particular characteristics of Mongol cavalry warfare, trained an infantry battalion, a cavalry battalion, a gun-and-cart battalion, and a baggage-train battalion, all trained to operate in coordination; in the Lianbing Shiji Zaji, Chebuqi Jie (“Explanation of Carts, Infantry, and Cavalry”), he gave a detailed record of the organization and equipment of these battalions.

① Combined-arms force (hecheng jundui): an abbreviated term for a force made up of a combination of several branches of arms. Taking one particular branch or arm as the main body, and combining it with troops of other branches into a single force. The combined-arms force spoken of in the text takes the infantry battalion as its main body, combined with the other battalions in its organization. “Organization” (bian cheng) means organizing troops into units according to a fixed set of requirements. ___



(2) The Organization and Firearms Equipment of the Infantry Battalion

The infantry battalion was subdivided into 3 divisions (bu), each division into 2 companies (si), each company into 4 platoons (ju), each platoon into 3 banners (qi), each banner into 3 squads (dui), each squad organized with 12 infantrymen. The whole battalion in total was organized with 2700 officers and men, among whom the bird-gunners numbered 1080, constituting 40% of the whole battalion’s organized strength; adding the fire-arrow men, the soldiers using firearms constituted roughly 50% of the organized strength. The firearms and their entire complement of associated equipment with which the battalion’s 1080 bird-gunners were equipped comprised: 1080 bird guns, 32,400 powder-tubes, 4320 jin of gunpowder, 216,000 lead shot, 3240 lengths of match-cord, 12 sets of lead-shot molds for casting shot on the battlefield, and 6480 fire-arrows. Besides these, the battalion was also equipped with such various cold weapons as the long saber, the long spear, the wolf-brush pike, the round shield and long-hafted sword, the bow and arrow, and the great cudgel, for use by the battalion’s 1080 melee soldiers. As for a single bird-gunner, his equipment at that time comprised: 1 bird gun, 1 ramrod, 1 tin-cast powder canister, 1 lead-shot pouch, 1 gun-holster, 30 powder-tubes, 200 lead shot, 4 jin of gunpowder, and 3 lengths of match-cord, the whole load weighing no less than 20 jin.

The above fully equipped and fully manned infantry battalion, possessing the complete equipment respectively required by its 1080 bird-gunners and its 1080 melee soldiers, had the characteristics of combining firearms with cold weapons, of combining, among the cold weapons, long-range weapons with close-combat weapons, and of combining, among the close-combat weapons, long-shafted grappling weapons with short-handled body-protecting weapons — enabling weapons of every kind to kill the enemy in successive layers at differing ranges, and forming the foundation for the further development of the tactic of combining firearms with cold weapons.



(3) The Organization and Firearms Equipment of the Cavalry Battalion

The cavalry battalion was subdivided into 3 divisions, each division into 2 companies, each company into 4 platoons, each platoon into 3 banners, each banner into 3 squads, each squad organized with 12 cavalrymen. The organizational rank structure and the number of officers and men in the cavalry battalion were the same as in the infantry battalion, the whole battalion in total organized with 2700 officers and men. Among these, bird-gunners numbered 432, Fast-Gun-men numbered 432, and gunners numbered 180 (calculated on the basis of 60 Hutun Cannon equipping the battalion, each cannon manned by a crew of 3 gunners), giving 1044 gun-and-cannon men in all, constituting 38.7% of the whole battalion’s organized strength; adding the fire-arrow men, the soldiers using firearms likewise constituted roughly 50% of the organized strength. The firearms and their associated equipment with which the battalion was equipped comprised: 432 bird guns and 432 Fast Guns respectively (their associated equipment being the same as for the bird gun), together with their entire complement of associated equipment; and 60 Hutun Cannon together with their entire complement of associated equipment. Besides these, the battalion was also equipped with such cold weapons as the bow and arrow, the double-handed long saber, the waist-saber-and-gun-holster, the spear-cudgel, and the great cudgel.

Once the cavalry battalion was equipped with the light Hutun Cannon, the power of the cavalry’s rapid shock-charge was increased, greatly raising the cavalry’s combat effectiveness. Qi Jiguang’s training of a cavalry battalion that carried the Hutun Cannon on mule-back was the earliest mounted gun-and-cannon cavalry in the history of our country’s cavalry — earlier by 50 to 70 years than the mounted gun-and-cannon cavalry organized in 1630 by King Gustavus Adolphus of Sweden (Adolve Gustav).



(4) The Organization and Firearms Equipment of the Gun-and-Cart Battalion

The gun-and-cart battalion was subdivided into 2 divisions, each division into 4 companies, each company into 4 platoons, each platoon into 2 sections (lian), each section with 2 carts, each cart carrying 2 folangji cannon, manned by a crew of 20 soldiers. The whole battalion in total was organized with 2604 gun-cart soldiers, equipped with 128 gun-carts, carrying 256 folangji cannon. Besides the gun-carts, each battalion also had 2 drum-carts, manned by 20 soldiers; 4 fire-arrow carts, manned by 40 soldiers; 3 command carts, manned by 30 soldiers; and 8 General-Cannon carts, manned by 160 soldiers — these 17 carts in total organized with 250 officers and men.

When the whole battalion was fully equipped and fully manned, it had 128 gun-carts and 17 command-and-support carts, 145 carts in total, equipped with 256 folangji and their entire complement of associated equipment; the whole battalion, together with support personnel, was organized with 3109 officers and men, among whom bird-gunners numbered 512 and folangji-gunners numbered 768, the two together constituting more than 41% of the whole battalion’s organized strength.

Viewed by the characteristics of its equipment, the gun-and-cart battalion was a combined gun-and-cart battalion uniting the mobility of the gun-cart with the destructive and killing power of the folangji; it was both a further development of the divine-mechanism battalion (shenji ying) of the early Ming, and also a new branch of arms that Qi Jiguang created in accordance with the particular characteristics of the terrain in the north and the demands of fighting against Mongol cavalry. The proportion of folangji with which a single gun-and-cart battalion was equipped had already reached the high ratio of one gun for every 12 soldiers — this was not only a pioneering achievement in the military history of our country, but was moreover something that no European country of that time could match.



(5) The Organization and Firearms Equipment of the Baggage-Train Battalion

The baggage-train battalion, according to the several ranks of officer — the Central Army commander (concurrently battalion commander), the chiliarch (qianzong), the centurion (bazong), and the cart-captain (chezheng, or cart-leader) — was assigned to manage the war-carts. The whole battalion in total was equipped with 80 gun-carts, carrying 160 folangji, and organized with 1624 officers and men. Besides the gun-carts, the battalion was further equipped with 3 additional carts — a Central Army cart, a drum-cart, and a command cart — manned by 30 soldiers; adding support-role soldiers numbering 254, the whole battalion in total was organized with officers and men numbering… 1908 (the Lianbing Shiji Zaji, juan 8, gives the calculation as 1914, which appears to be an error), among whom folangji-gunners numbered 480 and bird-gunners numbered 640, the two together numbering 1120, constituting more than 58% of the whole battalion’s organized strength.

Besides the above artillery and vehicles, the baggage-train battalion was also equipped with the full complement of associated equipment for 160 folangji and 640 bird guns.

According to the Lianbing Shiji Zaji, Zizhongying Jie (“Explanation of the Baggage-Train Battalion”), the purpose of establishing the baggage-train battalion was to transport grain rapidly, supporting the combat troops in engaging the enemy at a distance; and, in order to guarantee the safety of the grain transport, the whole battalion was equipped with 160 folangji and 640 bird guns. Compared with the gun-and-cart battalion, the baggage-train battalion had 96 fewer folangji but 128 more bird guns. For this reason, this equipment of the baggage-train battalion both guaranteed the safety of the route during transport and also allowed it, upon reaching the battlefield, to join swiftly in the fighting, supporting other units in combat with its firepower — capable of exerting a combat strength roughly equivalent to two-thirds that of a gun-and-cart battalion. It can thus be seen that this was a baggage-train battalion without precedent in history.①




2. Renewal of the Content of Military Training

As the organizational and equipment structure of each battalion that Qi Jiguang organized changed, the methods of combat training likewise underwent renewal accordingly. The main content of this renewal comprised training in the use of such various firearms as the imitated folangji and bird gun, and the newly created Hutun Cannon and General Cannon; the methods of this training are recorded and discussed in detail in Qi Jiguang’s own compiled works, the Jixiao Xinshu and the Lianbing Shiji Zaji, some of it having become, in effect, the regulations and “ordinances” for conducting combat training in that era — comprising both regulations for training the individual soldier of each branch of arms in the use of firearms in combat, regulations for training each level within a branch of arms — battalion, company, and squad — in the use of firearms in combat, and regulations for training coordinated combat using firearms between different branches of arms. These regulations, taken together, fully reflect the tactical thought of the mid-Ming period as represented by Qi Jiguang, and reflect as well a new stage reached in the development, in the mid-Ming period, of the tactic of combining firearms with cold weapons.


(1) Training of the Individual Soldier in the Use of Firearms in Combat

In the Lianbing Shiji Zaji, Lian Shouzu (“Training the Hands and Feet”), detailed content is recorded concerning the training and assessment of bird-gunners, folangji-gunners, and Hutun-cannon-gunners. This content chiefly comprised: before marksmanship training, the gunner would inspect the bird gun, folangji, or Hutun Cannon he was to use, for performance and firing safety; select qualified shot, powder, and match-cord; ready every item of associated equipment; load powder and shot into the bore of the gun or cannon; then, following the various prescribed movements, handle the gun or cannon, aiming or adjusting the angle of fire, and it was required that the gunner attend closely to the order to fire. Those who hit the target on command were rewarded; those who hit the target without following the prescribed movements received no reward; those who missed were punished. The entire squad of soldiers could stand down from arms only once all had finished firing according to the regulations. Only on the foundation of this individual-soldier training was training then given in the use of firearms in combat at the level of the squad and the platoon.



(2) Training of the Squad and the Platoon in the Use of Firearms in Combat (Taking the Infantry Battalion as an Example)

The infantry battalion took as its foundation the training of tactics for the “Mandarin Duck Formation” (yuanyang zhen). The Mandarin Duck Formation was a basic combat formation that Qi Jiguang had originally devised while fighting the Wo pirates along the southeastern coast; each squad, organized with 12 soldiers, excepting 1 cook who did not take part in combat, formed a Mandarin Duck Formation with the remaining 11 men. Its order of arrangement was: the squad leader stationed in front, directing the fight, while the remaining 10 men, divided into two files of five, formed two parallel columns; the weapons carried by the soldiers of the two columns were assigned according to the principles of combining offense and defense, front and rear mutual support, left and right complementing each other, and long and short weapons complementing each other: in the first rank, 2 soldiers each carried a round or a rectangular rattan shield; in the second rank, 2 soldiers each carried a wolf-brush pike; in the third rank and the fourth rank, 2 soldiers each carried a long spear; and in the fifth rank, 2 soldiers each carried a rake-halberd. At first, the Mandarin Duck Formation was equipped entirely with cold weapons of various lengths, but once the bird gun and the Fast Gun increased in number, the Mandarin Duck Formation became a combat formation in which firearms and cold weapons were interspersed together — a formation that, by the time Qi Jiguang trained troops in the north, underwent further development still, its arrangement of ranks becoming: the squad leader in front, directing the fight; in the first rank, 2 squad-corporals each carried 1 bird gun (fitted with 1 gun-bayonet);① in the second rank, soldiers each carried 1 long-handled Fast Gun; in the third rank, 2 soldiers each carried a round or a rectangular rattan shield; in the fourth rank, 2 soldiers each carried a wolf-brush pike; and in the fifth rank, 2 soldiers each carried a rake-halberd.

The combat training procedure of this Mandarin Duck Formation was as follows: when the enemy approached to within roughly a hundred paces, the two squad-corporals would fire on the enemy with their bird guns; once fired, they would fall back behind the two rake-halberd-men and fix their gun-bayonets; as the enemy drew somewhat nearer, the soldiers of the second rank would fire on the enemy with their long-handled Fast Guns, and once fired, would fall back behind the two squad-corporals; the soldiers of the third rank would provide cover with their rattan shields; the fourth rank would stab at the enemy with their wolf-brush pikes; and the soldiers of the fifth rank, using the rake-halberd as a rest, would each discharge 3 fire-arrows. When the enemy drew as near as 30 paces, the Mandarin Duck Formation would by then have rearranged itself into the following order: the first rank being the rattan-shield-men; the second rank the wolf-brush-pike-men; the third rank the rake-halberd-men; the fourth rank the “long-saber-men,” being the bird-gunners now carrying their gun-bayonets; and the fifth rank the “long-cudgel-men,” their Fast Guns now converted into long cudgels (Figure 7-26). Compared with the Mandarin Duck Formation used against the Wo pirates in the south, this Mandarin Duck Formation had undergone two major developments: first, the number of firearms used had greatly increased, reaching 40% to 50% of all the weapons used by the whole squad, comprising 2 bird guns, 2 Fast Guns, and 6 fire-arrows; second, among the 10 combat soldiers, 6 already carried dual-purpose weapons — the 2 bird-gunners, once they had fired, became 2 “long-saber-men,” stabbing the enemy with their gun-bayonets; the 2 Fast-Gun-men, once they had fired, became 2 long-cudgel-men, striking the enemy with their long cudgels; and the 2 fire-arrow-men, once they had discharged their fire-arrows, became 2 rake-halberd-men, cutting down the enemy with the rake-halberd — thereby greatly raising the combat effectiveness of the Mandarin Duck Formation.

① The Lianbing Shiji Zaji, Lian Wufa (“Training in Squad Methods”) records that each squad-corporal carried 1 bird gun and 1 double-handed long saber. This account does not accord well with reason, since one man could not simultaneously wield two long-hafted weapons, quite apart from the fact that the double-handed long saber requires both hands to wield while the bird gun is complicated to load. Judging from the construction of the bird gun described earlier, the “double-handed long saber” appears in fact to be a bird gun fitted with a gun-bayonet, and the long-hafted weapon carried by the squad-corporal can only have been a bird gun fitted with a gun-bayonet. ___

In basic-formation training conducted with the 11 men of the Mandarin Duck Formation as the combat unit, training was also given in changing formation. For instance, with the squad leader directing from the center, the formation could be divided into a “double-file formation” (erwu zhen) of 2 columns, or a “three-talents formation” (sancai zhen) of 3 columns. In the double-file formation, each file had 5 men; in the three-talents formation, the center column had 5 men, with the left and right flanking columns having 3 men each. These two methods of organization in effect divided the personnel corresponding to what would today be called a single squad into 2 to 3 combat cells of 5 men or 2 men each, so as to fight with mobile flexibility. In the Mandarin Duck Formation as used with firearms, the weapons carried by the soldiers of the double-file formation and the three-talents formation were already assigned essentially according to the principle of combining firearms with cold weapons and combining long-hafted with short-handled weapons. The Mandarin Duck Formation could not only be divided into the double-file formation and the three-talents formation, but 4 Mandarin Duck Formations could also be combined into a single rhombus-shaped platoon formation, having one head, two flanks, and one tail, to carry out the various kinds of combat involving attack, defense, pursuit, and withdrawal, relying on the tactic of combining firearms with cold weapons to kill and annihilate the enemy.



(3) Training of Each Battalion in the Use of Firearms in Combat

On the basis of training the individual soldier (single cavalryman, single gun-cart, single vessel) and the squad and platoon (banner, section) in the use of firearms in combat, Qi Jiguang further carried out, for each of the battalions he had organized, training in the use of firearms in combat at the level of the battalion formation, and laid down detailed training regulations for this. Among these, the training of the infantry battalion in the use of firearms in combat was, in effect, a matter of bringing firepower superiority to bear at the scale of the whole battalion, together with the tactic of combining firearms with cold weapons. On the foundation of single-battalion training, joint exercises involving 2 to 5 battalions together were further conducted, so as to meet the demands of land warfare of every scale.

In the training of the naval battalion, the regulation was first to take 5 ships as a single company, 1 ship in front and 2 ships each deployed on the left and right flanks, opening out to the rear in a “man” (人)-shaped formation; 1 battalion comprised 2 companies, arranged in a “ren” (亽, a compound “man”-shaped) column formation. Once formed up, the fleet, upon signal, would conduct naval-combat training: the folangji-gunners and bird-gunners of each ship would carry out live-fire practice against targets set up more than a hundred paces beyond the outer edge of the “man”-shaped formation, each shooter firing 3 rounds — a heavy reward for 1 hit, an ordinary reward for 2 hits, a heavy reward for 3 hits, and punishment for no hits; the fire-arrow men, after the folangji-gunners and bird-gunners had fired, would discharge fire-arrows at the target-ship’s sails, setting them ablaze; once the firearms had finished firing, the cold-weapon troops would, in order of long to short weapon, in turn train in the combat actions of grappling and boarding and charging onto the enemy ship. Finally, the naval soldiers were trained, organized by “jia” (combat unit) into a Mandarin Duck Formation, going ashore to fight the enemy. On the foundation of conducting combat training in the use of firearms at the level of a single battalion, joint exercises of 2 and then 4 battalions together were further conducted. In the course of these joint exercises, changes among the various formations — the “man” shape, the “ren” shape, and the “compound-ren” (亾) shape — were practiced, so that the naval battalion would be able to adopt the formation suited to changing enemy conditions, engage the enemy in naval combat, and give full play to the might of firearms in combat.

Likewise, the cavalry battalion, the gun-and-cart battalion, and the baggage-train battalion were also each trained in the use of firearms in combat under such circumstances as marching alone and encountering the enemy, or being encamped and guarding against the enemy.



(4) Training of Each Battalion in Coordinated Combat Using Firearms

On the foundation of training a single branch of arms in the use of firearms in combat, coordinated combat training in the use of firearms among the different branches of arms was finally conducted as well. In this training, the gun-and-cart battalion, arrayed with its war-carts, formed the battalion formation, so as to block the charge of massed cavalry, becoming, in effect, “a city with feet, a horse without hoofbeats” — the power of the gun-and-cart battalion residing entirely in the folangji and the bird gun. In combat, first, at a comparatively great distance (about 300 paces), the folangji cannon would be fired fiercely, diminishing the shock force of the enemy cavalry’s charge and of the infantry’s onrush; as the enemy drew as near as 100 paces, the bird-gunners would fire in volley, once again diminishing the shock force of the enemy cavalry’s charge; as the enemy drew still nearer, the infantry and cavalry would issue forth from the gates of the cart-encampment, firing on the enemy with bird guns and Hutun Cannon; thereafter, the closely arrayed Mandarin Duck Formation would engage the enemy at close quarters; and finally, once the enemy was routed, the cavalry would mount their horses laden with Hutun Cannon, and, carrying bird guns and three-eyed guns, pursue and annihilate the defeated and fleeing enemy, continuing until a great and complete victory was won.

From the training described above — of the individual soldier and small unit (Mandarin Duck Formation, banner, section) of each branch of arms, of the battalion formation, and of coordinated combat among the infantry, cavalry, gun-and-cart, and baggage-train battalions — it can be seen that Qi Jiguang had already carried the tactical theory, handed down from the Ming founder Zhu Di, of combining the bird-and-hand-gun with cold weapons, forward a great step further in development — an achievement not commonly seen anywhere else in the world at that time.




3. The Improvement of National-Defense Installations

The development of firearms in the mid-Ming period created the conditions for the improvement, in that era, of the defensive installations of the frontier passes and of walled towns and cities.


(1) The Reconstruction of Beacon-and-Watch Towers and the Improvement of Their Firearms Equipment

The beacon-and-watch tower (fengsui tai) was a small defensive fortification along the coast and the frontier, originally built in an extremely rudimentary manner, equipped with no more than 2 bowl-mouth guns, 3 hand-guns, and 9 fire-arrows. After Qi Jiguang came to Jizhen to train troops, in order to strengthen the defensive works, he built, on the sites of the old beacon-and-watch towers, hollow beacon-and-watch towers, each tower spaced 1 to 2 li from the next, so that the sound of clappers and drums could be heard from one to the next, the towers lining the frontier in an unbroken chain; a tower located near a garrison would take its orders from the garrison’s centurion, while one not near a garrison would take its orders from the local centurion. Because the beacon-and-watch towers could relay signals to one another left and right, the whole winding, roughly 2000-li length of the Jizhen frontier wall could, even so, have the alarm relayed along its entire length and be placed on a war footing within about 3 shichen (6 hours). At that time each beacon-and-watch tower was garrisoned by 5 men, and, besides being furnished with various articles for daily living, was equipped with such firearms as the bowl-mouth gun, the straight-mouth gun, the bowl-mouth gun, and the sack-gun, 5 pieces in all, together with 1 three-eyed gun, as well as accessory items comprising 60 fire-fuses and 5 lengths of match-cord. For convenience in igniting the signal-fire straw, each beacon-and-watch tower was furnished with 3 dedicated fire-pits, for the lighting of alarm signals.



(2) The Construction of the Hollow Watchtower and the Improvement of Its Firearms Equipment

The watchtower (ditai) was a defensive work larger than the beacon-and-watch tower; the old-style watchtower held very little in the way of firearms stores, and was ill-suited to defense. After coming to Jizhen, Qi Jiguang at once undertook the construction of hollow watchtowers. The body of a watchtower was generally 3 to 4 zhang high, its base square in plan, with a perimeter of 12 to 18 zhang; the inner and outer edges of the base ran parallel to the city wall, the outer edge projecting some 14 to 15 chi beyond the wall’s outer face, and the inner edge projecting about 5 chi beyond the wall’s inner face; the interior was hollow, with arrow-windows on all four sides, and an upper story with battlements built above, ringed with crenellations, so that soldiers could be stationed within for defense and cannon discharged from below to shoot at the attacking enemy, keeping the enemy’s arrows from reaching it and cavalry from daring to approach. At points of strategic vital importance, a tower was built every several dozen to a hundred paces; at points of lesser urgency, a tower was built every 140 to more than 200 paces, so as to block the enemy cavalry’s charge. Two neighboring towers could form a crossing field of fire, mutually supporting one another in rescue, making it difficult for enemy cavalry to pass through. Each tower was assigned 1 centurion and 30 to 50 soldiers; every 5 towers had 1 assigned sub-prefectural officer, and every 10 towers 1 assigned chiliarch; the towers, all linked together, kept a united defense with no gap, so that the enemy found it difficult to break through. Each watchtower was equipped with 8 folangji and their 8 sets of associated equipment, 8 divine spear-guns and Fast Guns together with their 8 sets of associated equipment, 400 jin of gunpowder, 8 powder-bowls, 50 stone cannon, and 500 fire-arrows, among other items. This measure of Qi Jiguang’s — building a watchtower at set intervals, organizing a fixed complement of tower-guarding soldiers, and equipping it with a set quantity of folangji and bird guns (Fast Guns) so as to strengthen the frontier defense — was, in effect, the fulfillment, fifty years later, of the memorial that Wang Hong had submitted to the court requesting the mass imitation of the folangji for frontier defense; moreover, the actual number of watchtowers Qi Jiguang built far exceeded the number of fortified positions for which Wang Hong had petitioned the court, thereby greatly expanding upon Wang Hong’s plan for frontier defense.

The watchtowers Qi Jiguang built can, to this day, still be seen everywhere in the vicinity of the Jinshanling section of the Great Wall near Beijing. The construction of these watchtowers was not uniform, differing according to their purpose and their terrain: their bases might be square or rectangular in plan; their height might be of two or three stories; they might have anywhere from two to five arrow-windows and firing-loopholes; and their interior space might take the form of a single chamber, a double chamber, or be laid out in the shape of the characters hui (回), chuan (川), tian (田), ri (日), or xia (下). All the watchtowers were fitted with rope-ladders, stone steps, or brick steps for people to ascend and descend. Atop each tower was built a parapet wall, with crenellations opened all around, for the discharge of arrows and of gun-and-cannon projectiles. The results of on-site investigation and survey by archaeological authorities show that the spacing between these towers, the crenellations atop them, the firing-loopholes within them, and their defensive function, all basically accord with the record given in the Lianbing Shiji Zaji.



(3) The Construction of Walled Cities and the Improvement of Their Firearms Equipment

The walled city (cheng) was, in ancient times, a high wall built of packed earth or of brick and stone around the perimeter of an urban settlement, with gates on all four sides; it was a large-scale permanent defensive structure, generally several li to a dozen-odd li or several dozen li in circumference, found both on the frontier and coastal defenses and in the interior. The largest cities of the Ming dynasty were Nanjing and Beijing, followed by the prefectural, sub-prefectural, and county seats, with the smallest being the garrison-and-guard-post cities along the coast and frontier. Atop the city wall, crenellated parapets were everywhere built, the parapet wall 6 chi high, each crenellation opening 1 chi wide, with 8 chi between neighboring crenellations; in cities of the county level and above, gates were opened at the center of each of the four walls, sometimes only 1 gate, sometimes several, with a gate-tower built above each gate and an outer bastion (weng cheng) built outside each gate; outside the outer bastion, a moat or a defensive ditch was dug, and along the inner bank of the moat a low parapet wall (called the “sheep-and-horse wall,” yangma qiang) was built of brick and stone; outside the city gate, a wooden or earthen bridge was built to connect with the area outside the city; taking the city gate as the center, at set distances to the left and right, a watchtower was built along the city wall, constructed in the same manner as described above; the watchtower was the key point of city defense outside the gate itself, while the watchtower built at the corner of the city wall was called the “corner tower” (tuanlou). The firing-loopholes of the gate-tower and the watchtower, and the crenellations and firing-loopholes atop the city wall, were all installations from which projectiles and arrows could be fired down at the enemy attacking the city in time of war. The size of the garrison and the quantity of weapons with which each city was equipped were determined by the size of the city and the strategic position it occupied. Table 7-5, listing the quantity of guns and cannon with which the various cities of Liaodong were equipped in the thirty-ninth year of Jiajing (1560),① provides a picture of the state of gun-and-cannon equipment in the various cities of that time.

① This table is compiled according to the quantities of guns and cannon with which each city was equipped, as listed in Li Fu, Quan Liao Zhi, juan 2, “Bingzheng.” ___ Table 7-5 Quantities of Guns and Cannon with Which the Various Cities of Liaodong Were Equipped






















	Firearm
	Liaoyang
	Guangning
	Yizhou
	Ningyuan
	Shenyang
	Jinzhou
	Haizhou
	Gaizhou
	Fuzhou
	Jinzhou (2)
	Youtun
	Qiantun
	Tieling
	Kaiyuan
	Total





	General Cannon
	4
	1
	—
	—
	—
	8
	—
	—
	—
	—
	—
	—
	—
	—
	13



	Second General Cannon
	4
	—
	—
	—
	1
	8
	—
	—
	—
	—
	—
	—
	—
	—
	13



	Third General Cannon
	4
	—
	5
	12
	—
	6
	38
	6
	—
	4
	—
	9
	—
	4
	88



	Folangji
	233
	766
	56
	15
	24
	2
	8
	—
	2
	86
	—
	214
	33
	24
	1463



	Bowl-Mouth Cannon
	111
	—
	20
	—
	—
	138
	—
	12
	12
	—
	17
	8
	60
	—
	378



	Other Cannon
	—
	5
	—
	14
	74
	—
	—
	—
	27
	12
	20
	—
	—
	—
	152



	Hand-Guns
	—
	—
	—
	—
	—
	63
	—
	—
	6
	—
	—
	—
	—
	—
	69



	Ten-Eyed Guns
	—
	60
	—
	—
	—
	—
	—
	—
	—
	—
	—
	—
	—
	—
	60



	Bronze Guns
	—
	—
	—
	—
	283
	—
	—
	—
	—
	—
	—
	—
	—
	—
	283



	Divine Spear-Guns
	296
	266
	69
	42
	55
	—
	100
	—
	—
	49
	—
	34
	39
	193
	1143



	Fast Guns
	320
	—
	165
	79
	—
	140
	—
	140
	—
	—
	48
	800
	—
	—
	1692



	Total
	972
	1098
	315
	162
	437
	365
	146
	158
	47
	151
	85
	1065
	132
	221
	5354





Table 7-5 shows that the guns and cannon with which the various cities of Liaodong were equipped at that time were of comparatively many varieties, the basic particulars of most of which have already been introduced in the foregoing pages — showing that the excavated physical artifacts and the documentary records are, on the whole, in agreement with the guns and cannon actually used in city defense at that time.

The guns and cannon with which the various cities of Liaodong were equipped included both the folangji, widely imitated and used during the Jiajing period, and the guns and cannon remade at that time by absorbing the strengths of European firearms development, as well as the hand-gun and the bowl-mouth gun used in the early Ming — a total of 5354 pieces — fully reflecting the state in which Chinese and foreign firearms were fused together for use in city defense during the mid-Ming period.

Among the individual-soldier guns with which the various cities were equipped, no bird gun is to be found. This is because the imitation of the bird gun came comparatively late — the first batch was successfully imitated in the thirty-seventh year of Jiajing (1558) — so that there had not yet been time to equip the city-defense troops with it; this is entirely consistent with the documentary record.

Furthermore, according to the Ming Huidian, Huoqi, in the first year of Longqing (1567), the Ming court, in order to strengthen the defenses of Beijing, decided that, at the Guangqu and Dongbian gates near the canal (these two gates having been opened when Beijing’s outer wall was extended in the twentieth year of Jiajing), as well as at the Chaoyang, Dongzhi, Anding, and Desheng gates along the major thoroughfares, in addition to the linked-pearl cannon, Fast Guns, and Jiaba guns already equipping these gates for city defense, a further 20 medium-model folangji, 6 One-Nest-of-Bees cannon, and 40 Fast Guns should be added to each. This measure, too, was an important expression of the use of the advanced guns and cannon of that time to improve city defense.

The content of this section shows that, in promptly extending the use of new foreign-style guns and cannon together with the newest achievements of our own country’s firearms development, so as to bring their effect to bear as swiftly as possible on army organization, the reform of combat training, and the improvement of frontier and coastal defense installations, the anti-Wo general Qi Jiguang achieved outstanding results. Qi Jiguang not only possessed both military strategy and thorough familiarity with military affairs, becoming a national hero who commanded the field in the war against the Wo pirates, but in organizing and training his combined-arms force he also became a military strategist who placed great importance on the research, development, and use of new-style firearms. If it may be said that the two military strategists Zhu Yuanzhang and Zhu Di were the founders who first guided the army in the tactic of combining gun-type firearms with cold weapons, then Qi Jiguang was not only the military strategist of the mid-Ming period who carried this tactic forward to a higher level, but was moreover the originator of the new tactic, adopted by every branch of arms, of combining the matchlock gun and cannon with cold weapons in coordinated combat. Not only this — more valuable still, he also set down important works, theoretically complete, novel in their method of training, and detailed in their regulations, which exerted a comparatively far-reaching influence on later generations and hold an important place in the military history of our country. A military strategist such as Qi Jiguang, who placed such importance on the development of firearms, was skilled at making use of the achievements of firearms development, and moreover wrote theoretical works on the use of firearms, was likewise a rare figure anywhere in the world at that time.





Section 8 The Hand-Gun of Korea

Korea, in the course of the sixteenth century, passed through repeated warfare, suffering deeply from the depredations of the Wo pirates in the earlier part of the century, and thereafter suffering invasion by Japan in the latter part. This frequent warfare spurred Korea’s military technologists and commanding officers to accelerate their research into the technology of manufacturing and using firearms. From the mid-sixteenth century onward, the technology of manufacturing and using firearms, with the hand-gun as its leading edge, achieved development such as had never before been seen. During this period, two ministers of Korea who championed the development of firearms — Yi Sun-sin and Ryu Seong-ryong — made major contributions to the manufacture and use of Korean firearms of this era, and of the hand-gun in particular.


1. Two Ministers Who Championed the Development of Firearms

The development of Korean firearms in the sixteenth century was closely bound up with their advocacy.


(1) The Achievements of Yi Sun-sin

Yi Sun-sin (May 5, 1545 – December 16, 1598) was a national hero of Korea’s resistance against Japan, and a senior naval commander. His ancestral home was Deoksu, in Gaepung county, Gyeonggi province, and he was born in Hanseong (Seoul); his courtesy name was Yeohae, his sobriquet Deoksu. After passing the military examinations in 1576, he held such posts as magistrate and garrison commander of Jeong-eup county in Jeolla province. In 1591 he was appointed Left Naval Commander of Jeolla province. In order to guard against foreign insult, he drilled the navy, championed the development of firearms, and reformed the organization of the navy and the construction of ships, creating the world’s earliest armored warship, the “turtle ship” (geobukseon). Within the Left Naval Headquarters of Jeolla that he organized, the newly designed turtle ship was equipped, each vessel fitted with 16 oars and furnished with 36 gun-ports (firing loopholes) for mounting cannon, armed with the Korean-manufactured Cheonja-chong (“Heaven”-character gun), Jija-chong (“Earth”-character gun), Hyeonja-chong (“Mystery”-character gun), and Hwangja-chong (“Yellow”-character gun) as its shipboard cannon.

In 1592 (a renchen year by the sexagenary cycle), Toyotomi Hideyoshi (February 6, 1537 – August 18, 1598), a feudal lord of the late Japanese Warring States period, launched the invasion of Korea. From the sixth to the eighth month, Yi Sun-sin led his own naval force, joined by the naval forces of Jeolla and Gyeongsang provinces, and won a string of victories at Okpo, Dangpo, Hansan-do, Busan, and Sacheon and other sea areas, seizing command of the sea, smashing the Japanese plan of a combined naval-and-land advance, and blocking the Japanese army’s northward advance. For his outstanding war merit, he was promoted to Naval Commander-in-Chief of the Three Provinces of Chungcheong, Jeolla, and Gyeongsang. In the tenth month, in the naval battle at Busan, he sank more than a hundred Japanese warships. From April 1593 onward, the Japanese side, taking advantage of the negotiations for peace between Japan and Korea, employed a stratagem of sowing discord, and, compounded by the slanderous accusations of his fellow commander Won Gyun, who was jealous of his achievements, Yi Sun-sin was consequently implicated by factional strife, stripped of his post, imprisoned, and sentenced to death. Fortunately, through the pleading and intercession of Jeong Tak and others, he was spared execution.

In the first month of 1597 (a dingyou year by the sexagenary cycle), the Japanese army once again invaded Korea in great force; because Won Gyun, the Korean naval commander who had succeeded Yi Sun-sin as commander-in-chief, was mediocre and incompetent, the Korean navy, in the seventh month, was very nearly wiped out entirely in the naval battles at Chilcheollyang and Gosong and elsewhere. The court once again recalled Yi Sun-sin to serve as Naval Commander-in-Chief of the Three Provinces; he at once, in the ninth month, reorganized the navy and rebuilt the fleet, and in the tenth month, at Myeongnyang off Jindo island (also called Uldolmok), engaged in a fierce battle, with a naval force of merely 12 warships, against the Japanese naval force of more than 330 warships attempting to enter the Yellow Sea to support the Japanese army’s land offensive, inflicting a crushing defeat upon them and reducing to nothing the Japanese plan to advance westward. He subsequently moved his forces to Gogeum-do (present-day Wan-do), establishing a naval base there, and, joining with the combined fleet led by the Chinese naval commanders Chen Lin and Deng Zilong, repeatedly dealt heavy blows to the Japanese navy and carried out a naval blockade against the enemy.

In December 1598, the combined Chinese-and-Korean fleet, in the naval battle of Noryang (at Noryang-myeon, Namhae county, in South Gyeongsang province), under the joint command of Yi Sun-sin and Chen Lin and others, intercepted and struck at the retreating Japanese army and its fleet, sinking more than 200 Japanese warships; but in the course of pursuing the fleeing enemy, Yi Sun-sin was struck by a bullet and fell in battle. Following his death, the Korean sovereign bestowed upon him the posthumous title “Chungmu” (“Loyal and Martial”), and posthumously conferred upon him the offices of Right State Councillor, Left State Councillor, and Chief State Councillor. His collected works, compiled and printed by the Cabinet in the twentieth year of King Jeongjo of Korea (1796, reprinted in the Taishō era), form the 15-juan (some say 14-juan) Yi Chungmu-gong Jeonseo (“Complete Works of Lord Yi Chungmu”), held in the Yuma Library of the Korea Defense University Library, with a modern edition now printed by the Korean Research Society. The book records in detail the major historical events of the manufacture and use of Korean firearms, and is an important historical document for the study of the history of Korean firearms.



(2) The Achievements of Ryu Seong-ryong

Ryu Seong-ryong (1542–1607) was a Korean statesman. He was a native of Pungsan, Andong county, North Gyeongsang province; his courtesy name was Igyeon, his sobriquet Seoae. In 1562 (the seventeenth year of King Myeongjong of Korea), he studied under Yi Hwang (Yi Toegye) at Dosan. In 1566 (the twenty-first year of Myeongjong) he passed the civil service examination, and successively held such posts as royal secretary, Second Deputy Minister of Personnel, and Minister of Rites and Right State Councillor. He was a central figure of the Easterners faction, and the leader of the Southerners faction. In 1592 (the twenty-fifth year of King Seonjo of Korea) he was appointed Chief State Councillor (prime minister). During the Imjin War of national defense, he accompanied the king westward on his flight. Because of a military setback he was removed from the post of Chief State Councillor, and thereupon was appointed Overall Inspector-General. The following year he requested the establishment of a Military Training Directorate, to train able-bodied young men in the martial arts, and was further commissioned to serve as military-administration director of the Three Provinces of Chungcheong, Jeolla, and Gyeongsang. In the tenth month of the same year, after King Seonjo returned to the capital, he was restored to the post of Chief State Councillor; in 1597 (the thirtieth year of Seonjo) he was concurrently appointed military-administration director of the four provinces north of the capital. In 1598, owing to factional strife, he resigned his office and returned to his home village, devoting himself to writing. He authored such works as the Jingbirok (“Book of Corrections,” a record of his reflections on the war) and the Muo Dangjeok (“Factional Records of the Muo Year”), and compiled the Toegye Jip (“Collected Works of Toegye”). His own collected literary works are the Seoae Seonsaeng Munjip (“Collected Works of Master Seoae,” abbreviated Seoae Jip). Among these, the Jingbirok and the Seoae Jip both contain many records of major historical events in the manufacture and use of Korean firearms, and are important historical documents for the study of the history of Korean firearms. Among these, the Jingbirok, in 17 juan, was printed in Korea and is held in the Seikadō Library, with a copy also held in the Yuma Library of the Defense University Library; a modern edition is now printed by the Korean Old Books Publication Society.

The incendiary-type and explosive-type firearms of Korea have already been discussed above; this chapter will now focus its discussion on the manufacture and use of Korea’s gun-and-cannon-type firearms.




2. The “Seungja”-Series Hand-Gun

Korea, during this period, manufactured an extremely great variety of hand-guns, including the long-barreled, many-hooped hand-gun; the short-barreled, few-hooped hand-gun; the four-tube hand-gun-tube; the hand-tube modeled on the matchlock gun; the twin-barrel, side-by-side hand-gun; and the hand-gun imitating the Hongwu-era gun of Ming China, among others. The above hand-guns underwent a historical process of development in their manufacture and use.

Ever since the twenty-second year of Goryeo Gongyang (the fifth year of Ming Hongwu, 1373 CE), the Hongwu-era hand-gun and the Yongle-era hand-gun of Ming-dynasty China were successively introduced into Goryeo, and Goryeo’s firearms developers took them as models for imitation and modification. Since the last century, bronze hand-guns manufactured in Korea have been continually excavated and discovered; scholars have continually and painstakingly collected and gathered these hand-guns, preserving them, and, according to the inscriptions engraved on the surface of the gun bodies and their minute distinguishing features, have classified the collected hand-guns into a number of types, so that the distinctive characteristics of hand-guns of different types have become increasingly clear to the world. This section will first offer some interpretation of the “Seungja” (“Victory-character”)-series hand-guns manufactured by Korea in the latter part of the sixteenth century.

From the Liuchuan and from the Tugam (“Illustrated Guide”) compiled by Zhao Renfu, it may be known that the Seungja-series hand-guns can, in form and construction, be divided into six basic types.


(1) The First-Type Seungja Hand-Gun

Hand-guns of this type had a comparatively slender, elongated gun body, with seven or eight hoop-bands running from the muzzle to before the powder chamber, a caliber of 20 to 30 millimeters, and a length of a little over 500 millimeters; the gun body in most cases bore an engraved inscription. Products of this type are numerous — for instance, the bronze hand-gun listed in Table 7-6 as “Seungja Type 1, No. 108,” which has an outer muzzle diameter of 25 millimeters, an outer tail diameter of 30 millimeters, a bore length of 424 millimeters, and an overall length of 552 millimeters, its gun body bearing 7 hoop-bands, somewhat irregular in form. The gun body is engraved with the characters “In the ninth month of the guiwei year of Wanli, the Seungja gun, five jin three liang, made by the craftsman of Gimhae, medium-shot seven qian,” among others (Figure 7-27). From “the guiwei year of Wanli,” it may be known that this gun was made in the eleventh year of Wanli of the Ming (1583 CE).

Long-barreled, many-hooped hand-guns similar to this hand-gun, and recorded in the documentary literature, number more than a dozen further examples besides. They are listed in detail in Table 7-6.

Table 7-6 Korean Seungja Type-1 Hand-Guns














	No.
	Date (Reign Year / CE)
	Bore (mm)
	Length (mm)
	Weight (kg)
	Hoops
	Inscription
	Collection and Source





	101
	Wanli 7 / 1579
	18
	760
	—
	8
	“Spring of the jimao year of Wanli, five jin seven liang, powder six qian, grass-wick”
	Collection of Fukui Yoshirō, Tsuyama city, Okayama prefecture, Japan; Liuchuan, p. 264, Tugam, p. 179



	102
	Wanli 7 / 1579
	26
	570
	—
	7
	“Made on a day of the fourth month of the jimao year of Wanli, Seungja gun seven jin seven liang, craftsman Jian… four”
	Collection of Handeuka clan, Sakizaki village, Kitaamabe district, Ōita prefecture, Japan; Liuchuan, p. 264, Tugam, p. 179



	103
	Wanli 7 / 1579
	28
	570
	4.5
	8
	“Made … on a day of the fourth month of the jimao year of Wanli, Seungja gun seven jin six liang, craftsman Ru Jia”
	Held in the storehouse of Huideok Palace; Tugam, p. 87



	104
	Wanli 9 / 1581
	30
	570
	4
	7
	“The xinsi year of Wanli”
	Held by the Army Officer Academy Military Museum; Tugam, p. 119



	105
	Wanli 11 / 1583
	—
	570
	—
	7
	“Made on a day of the fourth month of the xinsi year of Wanli, Seungja gun seven jin three liang, craftsman Bi Nian”
	Collection of Ōsawaza-emon, Ōtenchō, Kumagaya city, Saitama prefecture; Liuchuan, p. 289



	106
	Wanli 11 / 1583
	30
	632
	5.5
	7
	“Made on the twenty-sixth day of the third month of the guiwei year of Wanli, six jin eighteen liang, craftsman … Jin Jingshui”
	Held in the Weapons Storehouse of Gyeongbok Palace; Tugam, p. 99



	107
	Wanli 11 / 1583
	21
	554
	4
	7
	“In the ninth month of the guiwei year of Wanli, … Seungja gun, five jin three liang, Gimhae, Seok Jiang-long, powder seven qian, medium shot ten each”
	Held by Gyeonghui University Museum; Tugam, p. 103



	108
	Wanli 11 / 1583
	25
	552
	—
	7
	“In the ninth month of the guiwei year of Wanli, Seungja gun, five jin three liang, craftsman of Gimhae, medium shot seven qian”
	Held by the Faculty of Law and Letters, Kyŏngsŏng University; Liuchuan, p. 264



	109
	Wanli 11 / 1583
	22
	555
	3.5
	7
	“Gimhae, craftsman Deok Seok, made on a day of the ninth month of the guiwei year of Wanli, Seungja gun, five jin two liang, small shot ten each, medium shot … powder seven qian”
	Held at the Asan Hyeonchungsa Exhibition Hall; Tugam, p. 89



	110
	Wanli 16 / 1588
	16
	537
	3.75
	8
	“Made in the second month of the wuzi year of Wanli, small Seungja gun, one jin powder, four craftsmen …”
	Held by Korea University Museum; Tugam, p. 93



	111
	Wanli 16 / 1588
	12
	580
	2.5
	7
	“In the sixth month of the wuzi year of Wanli, small Seungja gun, three jin four liang, powder three qian, three shot, craftsman Feng Nian”
	Held in the Weapons Storehouse of Gyeongbok Palace; Tugam, p. 97



	112
	Wanli 16 / 1588
	15
	550
	2.5
	7
	“Made … on a day of the sixth month of the wuzi year of Wanli, small Seungja gun, three jin seven liang, powder four qian, three shot, craftsman Buyi”
	Held by the Army Officer Academy Military Museum; Tugam, p. 95



	113
	Wanli 17 / 1589
	23
	557
	3.5
	7
	“Cast by the Changwon county assembly on a day of the fifth month of the jichou year of the seventeenth year of Wanli, Seungja gun, weight five jin eight liang, craftsman Piao Zhenjian”
	Held by Gyeongju Museum; Tugam, p. 95



	114
	Wanli 19 / 1591
	16
	762
	3
	9
	“The nineteenth year of Wanli …”
	Held by Kyungpook University Museum; Tugam, p. 93



	115
	Wanli 19 / 1591
	16
	754
	3.5
	7
	“Made on a day of the tenth month of the nineteenth year of Wanli, small gun-tube, weight five jin, powder three qian, craftsman … Jin”
	Held by the Army Officer Academy Military Museum; Tugam, p. 115



	116
	Wanli 21 / 1593
	22
	565
	4
	6
	“Made on a day of the second month of the twenty-second year of Wanli, specially appointed … five jin one liang, official appointment Tian Guang … moved”
	Held by Gyeonghui University Museum; Tugam, p. 93



	117
	Wanli 23 / 1595
	18
	760
	4.25
	7
	“Made on a day of the second month of the twenty-third year of Wanli, Namwon-made Seungja gun, weight five jin two liang, at Xigou”
	Held by Gyeonghui University Museum; Tugam, p. 105



	118
	Wanli 27 / 1599
	22
	552
	3.5
	6
	“Made on a day … of the jihai year of Wanli, … whole … medium shot … put in”
	Held by Gyeonghui University Museum; Tugam, p. 103





The data on the Seungja Type-1 hand-guns listed in this table are all drawn from hand-gun photographs and illustrations bearing an engraved date of manufacture, as found in the Liuchuan and the Tugam; other specimens bearing no engraved date of manufacture have not been included. Drawing together the inscriptions of the hand-guns listed in the table, the following several observations may be made.

First, the Seungja hand-guns were all made between the seventh and the twenty-seventh years of Wanli of Ming China (1579–1599), a period that coincided precisely with the time when Japan’s aggressive ambitions were flaring up and it launched its two invasions of Korea. The Korean court, in order to resist the Japanese invasion, manufactured hand-guns on a large scale, to meet the demands of the war.

Second, although the Seungja hand-guns were products imitating the hand-guns of the early Ming, they show considerable improvement: the gun barrel was lengthened and given more hoop-bands, raising the barrel’s resistance to pressure and its killing power; the shape of the powder chamber had already been changed from a flattened drum shape to an elongated drum shape, strengthening the propulsive force of the powder along the axis of the barrel; some hand-guns further specified that, once a fixed quantity of powder had been loaded, the number of large and small projectiles fired should differ, with fewer of the large projectiles and more of the small; most of the hand-guns bear the engraved name of the manufacturing craftsman, which effectively guaranteed the quality of the hand-gun’s manufacture; and most of the hand-guns are headed with the character “Seung” (“Victory”), showing that the hand-guns made at that time were, in form, construction, and specification, basically designed and manufactured within a prescribed standard range.

Third, the inscriptions engraved on the Seungja hand-guns follow no unified regulation, so that it is impossible to discern any relatively unified manufacturing agency or its location; nor were they numbered uniformly under the “Seung” heading, making it difficult to analyze or judge the quantity manufactured and the scale of manufacture at that time; still less is it possible to learn, from the inscriptions on the hand-guns, the organizational designation or name of the unit that used them.



(2) The Second-Type Seungja Hand-Gun

Bronze hand-guns of this type have a shorter gun body than the Type-1 hand-gun, with four or five hoop-bands, and a caliber of about 16 millimeters, fairly similar to the Hongwu-era hand-gun of Ming China; 12 examples of this type survive, but of these 11 bear no date of manufacture, and only 1 bears a date of manufacture — this example has a caliber of 22 millimeters and an overall length of 480 millimeters, and its gun body is engraved with the characters “No. 111, in the third month of the twentieth year of Wanli, Namwon-made Seungja gun, weight four jin twelve liang eight qian, craftsman Xi…” among others. The other 11 short-hooped, few-hooped hand-guns similar to this hand-gun have a caliber of 14 to 22 millimeters, an overall length of 310 to 330 millimeters, and a weight of 1 to 3 kilograms, most bearing an inscription of the gun body’s weight. Their form and construction are not uniform, and their workmanship is also somewhat lacking in refinement.



(3) The Third-Type Seungja Hand-Gun

Hand-guns of this type are termed by firearms historians the “four-arrow gun-tube” (sijian chongtong); 5 surviving physical examples of this product exist. Among these, one hand-gun has a somewhat shorter gun body, with four or five hoop-bands, a gun-body length of about 260 millimeters, a caliber of 23 millimeters, a bore length of 168 millimeters, and an overall length of 255 millimeters. Its tail is engraved with the characters “the twenty-ninth day of the sixth month of the wuchen year,” among others. The characters “wuchen” in the inscription show that this gun was made in the second year of Ming Longqing (1568). Another hand-gun similar to this one has a caliber of 22.5 millimeters and an overall length of 260 millimeters, its tail engraved with the characters: “Four-arrow gun-tube, made on a day of the fifth month of the gengwu year, supervised in manufacture by Cui…, before departing, Zhi Ren… Jin,” among others. The characters “gengwu” in the inscription show that this gun was made in the fourth year of Ming Longqing (1570). Hand-guns of this class resemble the Hongwu-era hand-gun in outward form, and were used chiefly for discharging arrows.



(4) The Fourth-Type Seungja Hand-Gun

Hand-guns of this type, in their form and construction, partially absorbed the strengths of the Japanese matchlock gun; they have no hoop-bands, vary in length, and have a rear sight at the back and a front sight at the front end. They came in three sizes — large, medium, and small — the comparatively common ones mostly being of the small size (Figure 7-28). For instance, the bronze hand-gun listed in Table 7-7 as “Seungja Type 4, No. 409” has a caliber of 19 millimeters, a bore length of 560 millimeters, and a weight of 2.5 kilograms. On the left side of its powder chamber is engraved the inscription “Made on a day of the ninth month of the renchen year, small Seungja gun, weight four jin eight liang five,” among others. Surviving examples similar to this one are not few in number; see Table 7-7 for details.

Table 7-7 Korean Seungja Type-4 Hand-Guns














	No.
	Date (Reign Year / CE)
	Bore (mm)
	Length (mm)
	Weight (kg)
	Hoops
	Inscription
	Collection and Source





	401
	Wanli 15 / 1587
	20
	575
	2.5
	none
	“In the sixth month of the dinghai year of Wanli, small Seungja gun, three jin three liang, powder three qian, three shot, craftsman official…”
	Held by Gyeonghui University Museum; Tugam, p. 109; 2 hand-guns of the same type also exist



	402
	Wanli 15 / 1587
	20
	575
	2.5
	none
	“In the seventh month of the dinghai year of Wanli, small Seungja gun, three jin seven liang, half… Shanshou, powder two qian, three shot”
	Held by Gyeonghui University Museum; Tugam, p. 109



	403
	Wanli 15 / 1587
	20
	575
	2.5
	none
	“In the seventh month of the dinghai year of Wanli, small Seungja gun, three jin ten liang, craftsman… Tong, powder two qian, three shot”
	Held by Gyeonghui University Museum; Tugam, p. 109



	404
	Wanli 15 / 1587
	20
	575
	2.5
	none
	“In the seventh month of the dinghai year of Wanli, small Seungja gun, three jin nine liang, craftsman Guan Bu, powder three qian, three shot”
	Held by Gyeonghui University Museum; Tugam, p. 109



	405
	Wanli 15 / 1587
	20
	575
	2.5
	none
	“In the seventh month of the dinghai year of Wanli, small Seungja gun, three jin seven liang, craftsman Mo Tong, powder three qian, three shot”
	Held by Gyeonghui University Museum; Tugam, p. 109



	406
	Wanli 15 / 1587
	20
	575
	2.5
	none
	“In the seventh month of the dinghai year of Wanli, small Seungja gun, three jin eight liang, craftsman-official Zhi, powder three qian, three shot”
	Held by Gyeonghui University Museum; Tugam, p. 111



	407
	Wanli 15 / 1587
	20
	575
	2.5
	none
	“Dinghai year of Wanli (remainder illegible)”
	Held by Gyeonghui University Museum; Tugam, p. 109



	408
	Wanli 16 / 1588
	20
	575
	2.5
	none
	“In the sixth month of the wuzi year of Wanli, small Seungja gun, three jin seven liang, powder three qian, three shot”
	Held by Gyeonghui University Museum; Tugam, p. 109



	409
	Wanli 20 / 1592
	19
	560
	2.5
	none
	“Made … in the ninth month of the renchen year, small Seungja gun, weight four jin eight liang five”
	Collection of You Macheng; Liuchuan, p. 270, Tugam, p. 177





The above 9 hand-guns of 4 types, apart from slight minor differences in form, construction, and specification, are basically identical, showing that the hand-gun manufacturing agencies of Korea at that time had already achieved considerable development and marked progress: even while manufacturing and using the old-style hand-gun in great quantity, they had already given attention to absorbing the strengths of the bird gun, manufacturing it in batches to equip the army — a spirit of preparedness against a future contingency, made in readiness for the Japanese invasion, that is truly admirable.



(5) The Fifth-Type Seungja Hand-Gun

Firearms historians of Korea and Japan term hand-guns of this type the “double-character Seungja hand-gun” (shuangzi shengzi shouchong); the Tugam carries photographs and textual descriptions of them. The gun body is cast from two parallel, side-by-side gun-tubes joined together, whence its name derives. The gun body has a mouth-rim; the front has 2 hoop-bands; the bore is comparatively long; the powder chamber shows no pronounced bulge, being nearly equal to the sum of the diameters of the two tubes; the tail diameter is smaller than the sum of the diameters of the two barrels, flaring outward in a trumpet shape; the tail has a tail-socket for fitting a handle; and the tail’s outer surface bears an engraved inscription. The measured data of the two barrels are as follows:

The first: bore inner diameter 16 millimeters, outer muzzle diameter 31 millimeters, tube-wall thickness 7.5 millimeters, tube length 465 millimeters, powder-chamber outer diameter about 25 millimeters, tail length 60 millimeters, tail diameter 26 millimeters, outer diameter at tail end 36 millimeters, tail-wall thickness 7 millimeters, overall length 525 millimeters, weight 4 kilograms. The outer surface of the tail is engraved with the characters “Made on a day of the eighth month of the guiwei year of Wanli, double-character gun, six jin six liang, craftsman Xu Jun, one cun and a half of fuse-line per touch-hole, powder two qian per style, two shot per style,” among others, and it is now held in the museum of Dong-A University. The inscription “guiwei year of Wanli” shows that this gun was made in the eleventh year of Ming Wanli (1583 CE, Figure 7-29).

The second: bore inner diameter 17 millimeters, outer muzzle diameter 30 millimeters, tube-wall thickness 6.5 millimeters, tube length 384 millimeters, tail length 60 millimeters, tail diameter 26 millimeters, outer diameter at tail end 36 millimeters, tail-wall thickness 5 millimeters, overall length 522 millimeters, weight 4 kilograms. The outer surface of the tail is engraved with the characters “Made … in the eighth month of the guiwei year of Wanli, double-character gun, five jin two liang, craftsman Xu Jia, one cun and a half of fuse-line per touch-hole, powder two qian per style, two shot per style,” among others. It is now held at the Changdeok Palace Exhibition Hall of Korea.

The form, construction, specification, and inscriptions of these two hand-guns show that they were sister hand-guns made in the eleventh year of Wanli (1583) at the same manufactory by craftsmen of the Xu family, and that what was made at that time was not only these two, but rather a batch of finished products manufactured in quantity. This double-barreled hand-gun appears neither in the documentary records nor among the excavated physical artifacts of Ming-dynasty China, and is a uniquely Korean creation — an extremely rare and precious surviving artifact. Furthermore, from the construction and inscriptions of these two hand-guns, it may be known that they were fitted with a single common handle, and fired by a single shooter, who, by means of the fuse-line in each touch-hole, could either ignite both simultaneously for a two-barrel volley, or ignite them one after the other for successive fire; but whether by simultaneous volley from the two tubes or by successive fire, in either case the rate of fire was raised and the killing power of the hand-gun strengthened — a major breakthrough in the manufacture and use of the hand-gun. At the same time, this also shows that the hand-gun developers of Korea at that time, in their mastery of the technology of manufacturing and using the multi-barrel hand-gun, stood on the very same level of development as Ming-dynasty China, neither behind nor ahead of it.



(6) The Sixth-Type Seungja Hand-Gun

Hand-guns of this form, construction, and specification are entirely similar to the Hongwu-era hand-gun of early Ming China, and are now held in the museum of Gyeonghui University in Korea; the Tugam, on page 89, carries photographs and textual descriptions of them — there are 2 examples, whose measured data and engraved inscriptions are entirely identical, forming a pair of sister hand-guns. The hand-gun has a caliber of 17 millimeters, an outer muzzle diameter of 30 millimeters, a wall thickness of 6.5 millimeters, a tube length of 135 millimeters, a powder chamber that bulges in a lantern-shade shape, a tail length of 57 millimeters, flaring outward in a trumpet shape, a caliber at the tail end of 22 millimeters, an outer diameter at the outer end of 30 millimeters, a tail-wall thickness of 4 millimeters, and an overall length of 237 millimeters, weighing 1 kilogram. The surface of the hand-gun is engraved with the characters “Yi Jemin, craftsman…” among others. Because the inscriptions on these two hand-guns bear no engraved date of manufacture, and in addition their form, construction, and specification are entirely similar to the Hongwu-era hand-gun of early Ming China, it is difficult to determine whether they are… Chinese firearm of the early Ming period, it is difficult to determine whether they are products directly transmitted from Ming-dynasty China, or hand-guns manufactured domestically in Korea; this awaits further confirmation.




3. The Multi-Barrel Gun

The Illustrated Catalogue of Old Korean Firearms contains numerous illustrations of the triple-eye gun, the five-linked-mount gun, the ten-linked-mount gun, and other pieces, together with their measured data, reproducing the shape and form of the multi-barrel guns manufactured at that time, and providing precious historical material for researchers into the history of firearms. Because these multi-barrel guns were all cast of iron, either their gun-bodies bear no engraved inscription owing to corrosion and pitting, or else they were simply never inscribed with an inscription at the time of manufacture in the first place. Judging from a number of factors, such as the “double-character Sheng-zi hand-gun” and other pieces manufactured by Korea’s firearms-manufacturing bureau in the eleventh year of the Wanli reign (1583), the manufacturing date of these multi-barrel hand-guns would seem to be not earlier than the 1580s, but also not later than the 1650s, because if the date of manufacture were too late, then the advanced character of these multi-barrel hand-guns would have been lost, and their value for use on the battlefield would likewise have ceased to exist.

(一) The Triple-Eye Gun

The Illustrated Catalogue provides 10 surviving specimens of the triple-eye gun, which may be divided into three types: the single-barrel triple-eye type, the triple-single-barrel parallel-cast type, and the triple-single-barrel side-by-side mounted-frame-firing type, each of which has its own distinctive construction and firing method.

The single-barrel triple-eye gun. The Illustrated Catalogue provides three photographs together with their measured data: for one of the triple-eye guns, the single-barrel bore diameter is 14 mm, the outer diameter of the gun-body is 68 mm, the barrel length is 183 mm, the tail-handle length is 183 mm, the total length is 366 mm, the weight is 3.5 kg, and the wall thickness at the muzzle rim is not less than 14 mm; it is presently housed in the Military Museum of the Army Officer Candidate School. Judging from the illustration, the three “eyes” (barrels) are arranged in a plum-blossom (品) shape, forming an equilateral triangle, with each eye positioned at a vertex of the equilateral triangle, the distances between them all equal, so as to keep the fired projectiles traveling along trajectories of equal killing effect. Around the muzzle rim there is a wide, thick iron hoop to secure the muzzle, and together with the rear portion of the muzzle rim it forms a large bowl-mouth shape at the muzzle. Behind the muzzle-mouth is connected a barrel-bore that tapers slightly into a conical-cylindrical shape, and at the rear of the barrel-bore, where it joins the powder chamber, there is likewise a wide, thick iron hoop to secure the rear portion of the gun-body. Behind the hoop is connected the powder chamber, the length of the powder chamber being approximately 1/3 of the length of the gun-body, and the wall of the powder chamber has a fairly large round hole opened in it, for loading gunpowder and for ignition and firing. Behind the three “eyes” at the muzzle is the bore of the single gun, leading directly to a shared powder chamber, so that upon ignition the three projectiles are fired simultaneously, increasing the killing power. Behind the tail of the powder chamber is connected the gun-handle, the handle being cast in one piece with the gun-body, sturdy and durable. After the projectiles have been fired, the soldier can use the head of the gun as a mace to strike the enemy, making it a weapon combining both firearm and cold-steel weapon for dual use (Figure 7-30).

Figure 7-30 The Single-Barrel Triple-Eye Gun

There are 2 further triple-eye guns of similar form, construction, and firing method to that described above. Apart from differences in their measured data, they are basically similar in form and construction.

The triple-single-barrel parallel-cast gun. There are more surviving specimens of this type of triple-eye gun. The basic point of difference between them and the large-single-barrel-type triple-eye gun in form and construction is that this type is cast by parallel-casting three single barrels together, each with its own powder chamber, sharing one handle; their firing method, besides being able to fire all 3 single-gun powder chambers simultaneously by igniting them together, also allows the shooter to fire in succession by igniting them one after another, and its combat effectiveness is likewise superior to the former type. The measured data for one specimen are: single-eye bore diameter 16 mm, the maximum outer diameter of the three cast together 40 mm, barrel length 250 mm, the inner diameter of the powder chamber and the inner diameter of the single-gun bore both 16 mm, tail-section length 228 mm, total length 478 mm, tail-section bore diameter 37 mm, tail-section outer diameter 43 mm, with a wide, thick hoop fore and aft of the gun-body to secure it, and weighing 4 kg.

The triple-single-barrel side-by-side mounted-frame-firing gun. The form and construction of this type of triple-eye gun is comparatively distinctive; to this day, no surviving specimen of it has been discovered in China, and it was an original creation of Korea’s hand-gun-manufacturing bureau. Its form and construction are as follows: three single barrels are cast side by side onto a mounted frame, the rear of the frame being comparatively long, able to be supported on the ground; between the three side-by-side single barrels there is a vertical support, and at the point where the base of the support touches the ground there is a semicircular forked foot, the two points of the forked foot together with the point of support at the tail forming a plane, so that the gun-body can be set down and fired on any terrain on the ground without shaking — a design possessing a fairly high degree of scientific soundness. The measured data for this triple-eye gun are: single-barrel bore diameter 16 mm, outer diameter 30 mm, wall thickness 7 mm, the outer diameter at the powder-chamber section 47 mm, tail-section bore diameter 22 mm, tail-section outer diameter 35 mm, total length 325 mm, weight 5.5 kg, with the single barrel having 3 hoops. It is presently housed in the Gyeongbokgung Armory (Figure 7-31).

Figure 7-31 The Triple-Mounted-Frame Gun

(二) The Five-Linked-Mount Gun

The Illustrated Catalogue records a rarely seen type of multi-barrel gun in its form and construction, the five-linked-mount gun; no excavated specimen of this type of multi-barrel gun has yet been discovered in China, and it was an original creation of Korea’s hand-gun-manufacturing bureau. This five-barrel, side-by-side, linked-mount-type five-barrel gun bears a certain resemblance to the five-row spear-gun (五排枪) recorded in the old Chinese military treatise the Wubei Zhi. Each single gun is of straight-barrel form, and each has its own touch-hole at the tail, so that it can be fired either in succession or in a single volley, making it a five-barrel gun of enhanced killing power. In front of the touch-hole there is a wide iron band binding the five barrels tightly together, to reinforce the gun-body. Its measured data are: single-barrel bore diameter 14 mm, outer bore diameter 27 mm, barrel wall thickness 6.5 mm, barrel length 250 mm, total length 540 mm, weight 11 kg, with one wide hoop-band. It is presently housed in the collection of the Military Museum of the Army Officer Candidate School (Figure 7-32).

Figure 7-32 The Five-Linked-Mount Gun

(三) The Ten-Linked-Mount Gun

The Illustrated Catalogue records two styles of the ten-linked-mount gun. These two styles of ten-barrel gun have no precedent to be found among the surviving Chinese texts on Ming-dynasty firearms, nor has any similar excavated specimen been discovered, from which it may be seen that this too was an original creation of Korea’s hand-gun-manufacturing bureau of that period. These two styles of ten-linked-mount gun differ markedly from one another in form and construction, each having its own distinctive features.

The first style has 10 single barrels fixed side by side on a rectangular mounted frame. The frame has low walls on all four sides, with a flat plate at the bottom, forming a rectangular tray whose rim rises above the base plate. The two long sides of the tray each have 10 mutually corresponding concave-shaped sockets, precisely able to receive the 10 gun barrels, with the forward roughly 2/3 of the length of each barrel projecting vertically out beyond the concave socket on one long side of the frame, muzzle facing forward. The tail end of each barrel is set into a concave socket on the long frame on the other side of the tray. On this side of the long frame is mounted a small rectangular carrying-handle ring, which the shooter can lift by the ring in order to carry the whole gun while walking. The barrels are all of the same size, the single-gun bore diameter being 9 mm, outer bore diameter 26 mm, barrel wall thickness 8.5 mm, barrel length 215 mm, total length 290 mm, weight 16 kg; each has its own touch-hole at the tail, the touch-hole mouth facing upward, for convenient ignition and firing. While on the march, the shooter could carry it slung on his back, or it could be transported by pack-mule. When firing, the shooter set the mounted frame down flat, aimed it at the enemy target, and lit the fuse-cords leading out from the 10 touch-holes in succession, igniting the powder charge in the powder chamber one after another, discharging the projectiles in continuous succession, giving it a sweeping effect, so that enemy men and horses found it difficult to evade, and its killing effect was greatly enhanced. This gun is presently housed in the collection of the Gyeongbokgung Armory (Figure 7-33).

Figure 7-33 The Side-by-Side Ten-Linked-Mount Gun

The second style has 10 evenly spaced concave sockets cast onto a square, thick, cylindrical iron mounted frame, dividing the 10 barrels, each with its own powder chamber and touch-hole, into two rows of 5, each on its own plane, the two planes opening outward from each other in a herringbone (人) shape at an angle greater than 90°, with barrels 1, 3, 5, 7, and 9 on one side, and barrels 2, 4, 6, 8, and 10 on the other side. Once the 10 barrels are set up in firing position, their overall shape resembles a spine with 5 ribs extending outward on each side, and it may be called the “rib-form ten-linked-mount gun.” While on the march, it could either be carried by the shooter or transported by pack-mule. When firing, the shooter stood the square, thick mounted frame upright at the front edge of the battle-line, facing the front of the position, and fired successively at the approaching enemy; its killing effect was far beyond that of a single-barrel gun. If several dozen or even a hundred-odd of these ten-linked-mount guns were set up standing at the front edge of the position, then continuous fire could be delivered across 5 tiers on a broad battle-front, forming a network of interlocking fire, and the enemy’s casualties would naturally be severe. For this style of ten-linked-mount gun, the single-barrel bore diameter is 15 mm, outer bore diameter 25 mm, barrel wall thickness 5 mm, barrel length 242 mm, total length 610 mm, weight 14.5 kg; it is presently housed in the collection of the Military Museum of the Army Officer Candidate School (Figure 7-34).

Figure 7-34 The Rib-Form Ten-Linked-Mount Gun




Section 9 The Artillery of Korea

Korea’s artillery included bronze-cast pieces of the Heaven-character, Earth-character, Mystery-character, and Yellow-character hand-gun-barrel series; bowl-mouth-type artillery of the Special-Great-Bowl-Mouth, Great-Bowl-Mouth, and Medium-Bowl-Mouth series; as well as the Great General cannon, the Weiyuan cannon, the Crouching-Tiger cannon, the Folangji, and others. Among the old Korean texts recording these pieces of artillery, most numerous and detailed in their descriptions of the form, construction, and use of the pieces mentioned above is the Rongyuan Bibei (戎垣必备). The Rongyuan Bibei is a Korean military treatise, compiled and published under the direction of the Military Training Directorate in the fifteenth year of the reign of King Sunjo of Korea (1815), with a preface at the front by the then Military Training Commander Park Jong-gyeong; it is presently housed in the collection of the Korean Governor-General’s Museum, and there is also a manuscript copy, housed in the Ma-mun Library of Bangwi University. If the descriptions of the form and construction of the above-mentioned artillery pieces in the Rongyuan Bibei are compared against the surviving physical specimens of these artillery pieces, a general picture of the various series of artillery mentioned above can, on the whole, be obtained.


1. Heaven-Character Series Artillery

The Rongyuan Bibei states that when the shooter loaded gunpowder into the powder chamber of the Heaven-character hand-gun barrel, half of the powder-fuse-cord had to be implanted inside the powder chamber together with the gunpowder, and the other half led out beyond the powder chamber, for convenience in igniting and firing. After the gunpowder had been loaded, it was rammed compact with a wooden pestle-rod, and a wooden ramming-plug (called an “olive-wood” 橄榄木 by the Japanese) was used as a sealing tool to compress the gunpowder tightly; the diameter of the wooden ramming-plug had to fit closely with the bore diameter, so as to prevent the powder gases from leaking out when the gunpowder was ignited. The projectile was placed in front of the wooden ramming-plug, packed and compressed tightly with earth, and finally the gun was ignited and fired.

The muzzle of the Heaven-character hand-gun barrel has a lip rim, the gun-body is reinforced with multiple horizontal hoops, and behind the bore is joined the powder chamber, the diameter of the powder chamber being greater than the bore diameter; the wall of the powder chamber has a touch-hole opened in it, from which a powder-fuse-cord is led out. The powder chamber could hold a load of 30 liang of gunpowder. The wooden ramming-plug was 7 cun① in length and 4.6 cun in diameter, the bore diameter was 5.6 cun, the total length was 6.32 chi, the outer diameter of the hoop-band was 1.3 chi, the length of the powder chamber was 2.23 chi, and the outer diameter of the powder chamber was 1.23 chi; fore and aft of the gun-body were cast one iron ring each, serving as carrying handles, for use in transporting and moving the hand-gun. The units of measurement then in use differed only very slightly from present-day units, and the difference may be disregarded as negligible. The Heaven-character hand-gun barrel, when firing a Great-General arrow weighing 50 jin, could achieve a range of up to 1200 paces, and when firing a lead-wrapped projectile, could achieve a range of up to over 10 li (this range figure seems exaggerated). The construction data for the Heaven-character hand-gun barrel given in the Rongyuan Bibei are design data (Photograph 12); the Heaven-character hand-gun barrels actually manufactured varied from one another in size, and their construction data varied accordingly. The Liuchuan (流传) and the Illustrated Catalogue record the texts and illustrations of 4 Heaven-character hand-gun barrels, now listed in Table 7-8.

① The units of weight and measure used in the Rongyuan Bibei are: 1 chi = 19.91 cm, 1 jin = 238.8 g.

Table 7-8 The Heaven-Character Hand-Gun Barrel















	No.
	Dynasty/Reign-Year
	Year (CE)
	Bore Diameter (mm)
	Length (mm)
	Weight (kg)
	No. of Hoops
	Inscription
	Collection and Source





	Heaven-1
	Jiajing 28th year
	1549
	120
	1650
	350
	12
	Made in the jiyou year, “Upper Heaven-character,” weight 700 jin, “Wangyue Shang,” powder-load 30 liang
	Collection of the Asan Hyeonchungsa Memorial Hall exhibit, Liuchuan p. 275, Illustrated Catalogue pp. 26–27



	Heaven-2
	Jiajing 32nd year
	1553
	117
	1330
	82.5
	12
	Made on a day in the 10th month of the guichou year, “Heaven-character Cannon No. 1,” weight 650 jin, overseeing official: Deputy Commissioner Shin Rip, in-post Deputy Commissioner Kim Deuk-wan
	Collection of the Yuseong-gwan (游就馆), Liuchuan pp. 276–277, Illustrated Catalogue pp. 182–183



	Heaven-3
	Jiajing 34th year
	1555
	115
	1250
	162
	12
	Made on a day in the 9th month of Jiajing 34th year, cast by the Left Army Camp Commander, “Gun-Barrel No. 4,” weight 324 jin, Xi Sheng-pu
	Collection of the Yuseong-gwan, Liuchuan pp. 276–277, Illustrated Catalogue pp. 182–183



	Heaven-4
	Jiajing 34th year
	1555
	130
	1330
	246.5
	8
	Made in the 10th month of the yimao year, “Heaven-4,” weight 492 jin, 10 liang, craftsman Liang Nei-tong
	Collection of the Military Museum of the Army Officer Candidate School, Liuchuan p. 275, Illustrated Catalogue pp. 24–25







2. Earth-Character Series Artillery

The Rongyuan Bibei states: the Earth-character hand-gun barrel (Figure 7-35) has an inner bore diameter of 5 cun, an outer bore diameter of 1.1 chi, a total length of 5.67 chi, a weight of 724 jin, one powder-fuse-cord, and is loaded with 30 liang of gunpowder; each barrel is issued 200 projectiles, and when firing a projectile weighing 33 jin, the range can reach 800 paces; the wooden ramming-plug used is 5 cun in length and 4 cun in diameter. There are 6 surviving Earth-character hand-gun barrels, as listed in detail in Table 7-9. Its form corresponds to the actual specimens.

Figure 7-35 The Earth-Character Hand-Gun Barrel

Table 7-9 The Earth-Character Hand-Gun Barrel















	No.
	Dynasty/Reign-Year
	Year (CE)
	Bore Diameter (mm)
	Length (mm)
	Weight (kg)
	No. of Hoops
	Inscription
	Collection and Source





	Earth-1
	Jiajing 18th year
	1539
	95
	910
	146
	10
	Made in the 3rd month of the dingyou year, craftsman Kim Su-san
	Collection of the Yuseong-gwan, Liuchuan p. 280, Illustrated Catalogue pp. 184–185



	Earth-2
	Jiajing 28th year
	1549
	102
	1017
	238
	12
	Made in the jiyou year, “Upper Earth-character,” weight 476 jin, powder-load 20 liang, “Wangyue Shang”
	Collection of the Ganghwa Island Armory, Liuchuan pp. 279–280 (Figure 7-51)



	Earth-3
	Jiajing 28th year
	1549
	102
	1002
	232
	10
	Made in the jiyou year, “Upper Earth-character,” weight 461 jin, powder-load 12 liang
	Collection of the Ganghwa Island Armory, Liuchuan p. 280



	Earth-4
	Jiajing 36th year
	1557
	100
	910
	83
	—
	“Earth-character hand-gun barrel,” made on a day in the 3rd month of the dingsi year, craftsman Kim Su-san, weight 466 jin
	Collection of the Yuseong-gwan, Liuchuan pp. 280–281



	Earth-5
	Jiajing 36th year
	1557
	103
	880
	52
	7
	“Earth-character,” weight 121 jin, 8 liang, made on a day in the 3rd month of Jiajing 36th year, cast under the supervision of the Gimhae Prefectural Assembly, overseeing official, in-post Chaekseo official Yi Dae-yun, craftsman Kim Ryeon
	Collection of the Military Museum of the Army Officer Candidate School, Illustrated Catalogue pp. 24–25



	Earth-6
	Jiajing 36th year
	1557
	105
	890
	92
	7
	Made on a day in the 4th month of Jiajing 36th year, cast by the Gimhae Prefectural Assembly, “Earth-character,” weight 148 jin, [illegible] liang, overseeing official, in-post Chaekseo official Yi Dae-yun, craftsman Kim Ryeon (dotted character) Right Army…
	Collection of the Dong-A University Museum, Illustrated Catalogue pp. 26–27







3. Mystery-Character Series Artillery

The Rongyuan Bibei states: the Mystery-character hand-gun barrel (Figure 7-36) weighs 155 jin, is equipped with 1 powder-fuse-cord and 4 liang of gunpowder; its inner bore diameter is 3.9 cun, its outer bore diameter 6.9 cun, its total length 4.1 [chi], its wooden ramming-plug 3.1 cun in length and 2.6 cun in diameter; when firing a Cibian arrow weighing 7 jin, its range reaches over 2000 paces, and it can also fire 100 small projectiles; [a variant] Mystery-character gun barrel has a bore diameter of 2.9 cun and a total length of 4.1 chi. The surviving specimens of the Mystery-character hand-gun barrel are as listed in Table 7-10. Its form corresponds to the actual specimens.

Figure 7-36 The Mystery-Character Hand-Gun Barrel

Table 7-10 The Mystery-Character Hand-Gun Barrel















	No.
	Dynasty/Reign-Year
	Year (CE)
	Bore Diameter (mm)
	Length (mm)
	Weight (kg)
	No. of Hoops
	Inscription
	Collection and Source





	Mystery-1
	Jiajing 28th year
	1549
	70
	950
	95
	11
	Cast of “southern-barbarian iron” in the jiyou year, weight 190 jin, “Mystery-character,” powder-load 4 liang
	Collection of the Military Museum of the Army Officer Candidate School



	Mystery-2
	Jiajing 28th year
	1549
	72
	950
	95
	11
	Cast of “southern-barbarian iron” in the jiyou year, “Mystery-character,” weight 400 jin, “Kaiyuan” (another specimen bears an identical inscription to this gun barrel)
	On display in the Geunjeongjeon Hall, Liuchuan p. 282 (Figure 7-55)



	Mystery-3
	Jiajing 34th year
	1555
	67
	760
	—
	8
	“Yimao year, Mystery character (character), weight 49 jin, Pyongyang Upper”
	Collection of the Nangnang Museum, Liuchuan pp. 284–285



	Mystery-4
	Jiajing 35th year
	1556
	71
	700
	—
	7
	Iron-worker’s inscription, overseeing official Kang Won-dan, made at the Original Prefectural Office, “Mystery-character,” made on a day in the 10th month of Jiajing 25th year (another specimen bears an identical inscription to this gun barrel)
	Collection of the Yuseong-gwan, Liuchuan pp. 282–283, Illustrated Catalogue p. 185



	Mystery-5
	Longqing 2nd year
	1568
	64
	740
	—
	8
	Made in the 8th month of the wuchen year of the Longqing reign, “Mystery-character,” weight 51 jin, craftsman Jang Geom-gae
	Collection of the Yuseong-gwan, Liuchuan p. 283



	Mystery-6
	undetermined
	undetermined
	74
	950
	—
	11
	No inscription
	Collection of the Asan Hyeonchungsa Memorial Hall exhibit, Illustrated Catalogue p. 29







4. Yellow-Character Series Artillery

The Yellow-character hand-gun barrel (Figure 7-37) provided in the Rongyuan Bibei differs in form and construction from the hand-gun barrels of the three series, Heaven-character, Earth-character, and Mystery-character. It has only a single gun-handle; on either side of one of the hoops in front of the powder chamber there is a small trunnion-ear, and by means of these two trunnion-ears on either side, a “Y”-shaped iron fork-mount can be attached, and by means of the tail end of the fork-mount, the barrel of the piece could be inserted onto a fixed gun-carriage for firing — in effect, being used as a naval cannon. At the tail there is a tail-socket opening rearward, into which a wooden handle could be inserted, and by controlling this wooden handle, the left-and-right traverse and the up-and-down elevation angle of the piece of artillery could be adjusted; this design was comparatively scientific, and represents an innovative point in Korean artillery manufacture of that period. The Yellow-character gun barrel is cast of bronze, weighs 130 jin, is equipped with 1 powder-fuse-cord and 3 liang of gunpowder, has an inner bore diameter of 2.2 cun, an outer bore diameter of 6 cun, a tail-handle length of 6.1 cun, a tail inner diameter of 1.5 cun, a tail outer diameter of 4.5 cun, a total length of 3.64 chi, with a wooden ramming-plug 3 cun in length and 2 cun in diameter. When firing a leather-feathered arrow weighing 3 jin 8 liang, its range could reach 1100 paces, and it could also fire 40 rounds of small projectiles. The surviving pieces of the Yellow-character gun barrel are as listed in Table 7-11. Its form corresponds to the actual specimens.

Figure 7-37 The Yellow-Character Hand-Gun Barrel

Table 7-11 The Yellow-Character Hand-Gun Barrel















	No.
	Dynasty/Reign-Year
	Year (CE)
	Bore Diameter (mm)
	Length (mm)
	Weight (kg)
	No. of Hoops
	Inscription
	Collection and Source





	Yellow-1
	Jiajing 28th year
	1549
	57
	890
	61
	10
	Made in the jiyou year, “Upper-Distinguished Yellow-character,” weight 104 jin, powder-load 4 liang, Kaigu Cheongsang, 5
	Collection of the Military Museum of the Army Officer Candidate School, Liuchuan pp. 286–287 (Figure 7-58)



	Yellow-2
	same as above
	1549
	57
	890
	61
	10
	Made in the jiyou year, “Upper-Distinguished Yellow-character,” weight 100 jin, powder-load 4 liang, Han-bie Huang Han-xing Shang
	On display in the Gyeongseong Gwonjeong Hall, Liuchuan p. 286



	Yellow-3
	undetermined
	undetermined
	30
	663
	—
	10
	No inscription
	Collection of Mr. Yumi Shiro, Sakuratsuka Motomachi, Toyonaka City, Osaka Prefecture, Illustrated Catalogue p. 185



	Yellow-4
	undetermined
	undetermined
	30
	610
	—
	8
	No inscription
	Collection of Mr. You Cheng-fu, Liuchuan pp. 286–288 (Figure 7-59)



	Yellow-5
	undetermined
	undetermined
	67
	733
	40
	4
	No inscription
	Collection of the Gyeongju Museum, Illustrated Catalogue p. 31







5. The Accessories and Projectiles of the Heaven-, Earth-, Mystery-, and Yellow-Character Gun Barrels

Because the four types of artillery, Heaven, Earth, Mystery, and Yellow, were all comparatively heavy, gun-carriages specially designed to mount the gun barrels were devised at the time. These four types of artillery all fired specially made feathered arrows and lead-wrapped iron projectiles. Each is explained separately below.

(一) The Carriage-Cart (i.e., the Gun-Carriage)

The Rongyuan Bibei refers to the gun-carriage used to mount the four pieces of artillery, Heaven, Earth, Mystery, and Yellow, as the “child-cart” (童车). The chassis of the child-cart was made of thick planking, formed into a trapezoid shorter in front and longer behind, with four wheels mounted beneath. On top of the chassis, thick wooden planks enclosed a wall on all sides, the front wall somewhat lower, the rear wall somewhat higher, the front ends of the two side walls each level with the front and rear walls respectively, forming a trapezoidal plank-wall lower in front and higher behind. Across the top rear of the two side-wall planks was laid crosswise a specially made “pillow-log,” for use in seating the front part of the gun-barrel; on the outside, front and back, was fitted an iron ring each. In use, the artillery piece was first seated inside the cart, the muzzle end of the piece seated on the pillow-log, bound tight with a hemp rope, and then fastened onto the rings, to prevent the gun-body from sliding. The longitudinal length of the cart-body was 3.5 chi, the width 1.2 chi, the front wall height 1 chi, the wall thickness 2.5 cun, and the wheel diameter 1.3 chi. Each piece of artillery could be fitted with a corresponding carriage-cart, that is, “child-cart,” according to its size (Figure 7-38).

(二) The Feathered Arrows Fired by the Four Types of Artillery

The four types of hand-gun barrel — Heaven, Earth, Mystery, and Yellow — each fired a different type of feathered arrow, and their construction data and ranges are listed in detail in Table 7-12.

Table 7-12 The Four Types of Feathered Arrow











	Feathered-Arrow Name → / Gun-Barrel Name ↓ Item
	Great-General Arrow (Heaven-character barrel)
	General Arrow (Earth-character barrel)
	Cibian Arrow (Mystery-character barrel)
	Leather-Feathered Arrow (Yellow-character barrel)





	Range (paces)
	900
	2000
	2000
	1100



	Total Length (chi)
	11.9
	9.23
	6.37
	6.3



	Upper-Shaft Length (chi)
	4.6
	3.4
	2.47
	2.6



	Feather Length (chi)
	iron 2.5
	iron 1.7
	iron 1.3
	leather 1.4



	Lower-Shaft Length (chi)
	4.8
	4.13
	2.6
	2.5



	Arrowhead Length (chi)
	0.7
	0.5
	0.5
	0.4



	Diameter (chi)
	0.5
	0.45
	0.22
	0.17



	Weight (jin)
	50
	33
	7
	38





(三) The Projectiles Fired by the Four Types of Artillery

The Heaven- and Earth-character gun barrels fired spherical water-and-iron lead-clad projectiles (iron wrapped in lead), the former 3.6 cun in diameter and weighing 13 jin; the latter 2.9 cun in diameter and weighing 8 jin; their range could reach over 10 li (this seems exaggerated). The Mystery- and Yellow-character gun barrels fired projectiles cast of a lead-iron alloy, the former 1.7 cun in diameter and weighing 1 jin 13 liang, the latter 1.3 cun in diameter and weighing 13 liang, with a range reaching over 10 li (this seems exaggerated).



6. Bowl-Mouth-Type Series Artillery

Korea’s bronze-cast bowl-mouth-type cannon series was, in form and construction, a development and extension of the goblet-mouth cannon (盏口炮) and bowl-mouth cannon (碗口炮) series of China’s Yuan- and Ming-dynasty periods of the late 13th century, in which the diameter of the goblet or large bowl-mouth section is greater than the diameter of the gun-bore and the powder chamber. In the process of imitating the goblet-mouth cannon and bowl-mouth cannon, Korea’s firearms-manufacturing agencies made improvements and innovations. The first was to divide the bowl-mouth cannon into three basic types — the Special-Great-Bowl-Mouth, the Great-Bowl-Mouth, and the Medium-Bowl-Mouth — and to stipulate the corresponding specifications, models, and dimensions for each, standardizing them, so as to unify the manufacture of the artillery pieces and the projectiles they fired. The second was to fire several corresponding types of projectile, the “shaking-heaven thunderclap” (震天雷). These two innovations markedly increased the killing and destructive power of the bowl-mouth cannon. The Rongyuan Bibei gives a detailed account of this, stating that the bowl-mouth cannon was the foremost firearm for attacking cities, and that the flying “shaking-heaven thunderclap” or round-stone projectiles it fired came in three specifications and models.

(一) The Special-Great-Bowl-Mouth Cannon

The gun-body has a carrying-handle fore and aft, for convenience in transport, weighs 1100 jin, has a total length of 4.3 chi, a bowl-mouth inner diameter of 1.85 chi, a bowl-mouth outer diameter of 2.4 chi, a wall thickness of 0.2 chi (should be 0.27 chi), a distance from the bowl-mouth to the top of the bowl of 1.7 chi, a distance from the top of the bowl to the base of the cannon of 2.6 chi, a bowl-base diameter of 1.6 chi, an inner diameter at the center of the powder chamber’s belly of 0.73 chi, a distance from the touch-hole to the base of the powder chamber of 0.87 chi, with one powder-fuse-cord led out from the touch-hole, loaded with 70 liang of gunpowder, a wooden ramming-plug 0.75 chi in length and 0.65 chi in diameter; when firing the “shaking-heaven thunderclap,” the range could reach

350 paces, and when firing a round-stone projectile, the range could reach 400 paces (Figure 7-39).

Figure 7-39 The Special-Great-Bowl-Mouth Cannon

(二) The Great-Bowl-Mouth Cannon

The external form of the gun-body is similar to the Special-Great-Bowl-Mouth cannon, with a carrying-handle fore and aft, weighing 528 jin, total length 3.1 chi, inner diameter 1.31 chi, outer diameter 1.7 chi, wall thickness 0.2 chi, distance from bowl-mouth to top of bowl 1.1 chi, distance from top of bowl to base of cannon 2 chi, bowl-base diameter 1.13 chi, inner diameter at the center of the powder chamber’s belly 0.55 chi, distance from touch-hole to base of powder chamber 0.43 chi, with one powder-fuse-cord led out from the touch-hole, loaded with 35 liang of gunpowder, wooden ramming-plug 0.52 chi in length and 0.47 chi in diameter; when firing the “shaking-heaven thunderclap” or a round-stone projectile, the ranges were respectively 400 or 500 paces.

(三) The Medium-Bowl-Mouth Cannon

The external form of the gun-body is similar to the Great-Bowl-Mouth type, with one carrying-handle, weighing 290 jin, total length 2.73 chi, bowl-mouth inner diameter 1 chi, bowl-mouth outer diameter 1.32 chi, wall thickness 0.19 chi, distance from bowl-mouth to top of bowl 1.9 chi, distance from top of bowl to base of cannon 1.74 chi, bowl-base diameter 0.92 [chi], inner diameter at the center of the powder chamber’s belly 0.41 chi, distance from touch-hole to base of powder chamber 0.43 chi, with one powder-fuse-cord led out from the touch-hole, equipped with 35 liang of gunpowder, wooden ramming-plug 0.44 chi in length and 0.35 chi in diameter; when firing the “shaking-heaven thunderclap” or a round-stone projectile, the ranges were respectively up to 350 paces or 500 paces.

(四) Excavated Specimens of the Great-Bowl-Mouth Cannon

The above three types of bowl-mouth cannon remained in use over a comparatively long period. The Liuchuan records one Great-Bowl-Mouth cannon cast in the twenty-fifth year of the Daoguang reign (1845), whose form and construction are entirely similar in appearance to the illustration of the Great-Bowl-Mouth cannon recorded in the Rongyuan Bibei; it is a bronze cannon cast to the dimensions given in that illustration. The exterior of the powder-chamber section bears the engraved inscription: “Made on a day in the 8th month of the yisi year, Daoguang twenty-fifth year, [under] Military Training Directorate, Jeondong, Jo [and others], internal separate equipment supervisor, former military commissioner Im Jin-yeong, overseeing official, Gaui Won-pung, separate watch-commander, former camp general Gang Ye-o, foundry craftsman Ryeo-do Ryu Hui-jun, wood-and-iron craftsman chief Kim Gyeong-hak,” and other characters. It is presently on display in the Geunjeongjeon Hall in the capital (Figure 7-40).

Figure 7-40 The Great-Bowl-Mouth Cannon of the Twenty-Fifth Year of Daoguang

(五) The “Distinguished Great Flying Shaking-Heaven Thunderclap” Fired by the Bowl-Mouth Cannon

The shaking-heaven thunderclap manufactured by Korea’s firearms-manufacturing agencies differed from the shaking-heaven thunderclap created in China’s Southern Song period, its ignition mechanism and method of ignition having undergone fairly substantial innovation. According to the Chingbirok (惩毖录), the “Distinguished Great Flying Shaking-Heaven Thunderclap” of Korea was created by the Korean gun-founder Yi Jang-son, purpose-made as an explosive shell for firing from the bowl-mouth cannon, its range able to reach five or six hundred paces (this seems exaggerated); it exploded on landing, its flame extremely fierce, and the Japanese invaders feared this shaking-heaven thunderclap more than anything else. The ignition mechanism created by Korea’s Yi Jang-son consisted of a powder-fuse-cord wound in a spiral around the outside of a specially made “wooden valley” (木谷): the fuse-cord was divided into a fast-burning and a slow-burning type, with the midpoint of the wooden valley as the boundary — one end was wound with 10 turns of fast-burning fuse-cord (that is, wound into ten spiral loops), the other end wound with 15 turns of slow-burning fuse-cord; the fuse-cord was then inserted into a hollow bamboo tube, and the bamboo tube was placed inside the cavity of the shaking-heaven thunderclap and fixed in place so that the upper end of the fuse-cord passed out from within the thunderclap, after which an iron cover was placed over it, to prevent the powder gases from escaping after ignition and thereby diminishing its explosive power. At the same time, a round hole was opened at another place on the surface of the thunderclap-body to serve as a touch-hole, for loading gunpowder into the thunderclap’s cavity and igniting it with a fuse-cord. For this reason, this type of shaking-heaven thunderclap in fact had 2 touch-holes, one used for the shaking-heaven thunderclap’s own fuse-cord, and one used for the firing-charge’s fuse-cord (Figure 7-41). When fired, the shooter first lit the fuse-cord of the shaking-heaven thunderclap, then lit the fuse-cord of the firing charge, launching the shaking-heaven thunderclap; by the time it reached the enemy’s formation, the shaking-heaven thunderclap’s fuse-cord would ignite the gunpowder inside the thunderclap, bursting the thunderclap-body apart, which could both scorch and burn the enemy troops with flame, and also kill and wound enemy men and horses with the iron fragments flying apart in all directions. The Rongyuan Bibei states that the “Distinguished Great Flying Shaking-Heaven Thunderclap” was manufactured in imitation of the methods of the ancient fire-thunder cannon, land-mine cannon, and skyward-charging thunderclap, fired from the Great-Bowl-Mouth cannon; upon exploding, smoke flew and fire blazed, the sound like a crashing thunderclap, shaking every tree in the forest, hence it was called the “flying shaking-heaven thunderclap.” Once it landed within the enemy’s formation, men and horses caught by it were all pulverized into powder.

Figure 7-41 The Flying Shaking-Heaven Thunderclap

The shaking-heaven thunderclap manufactured by Yi Jang-son is similar to the explosive shells fired by such pieces as the “iron-cudgel thunderclap flying cannon” manufactured in China during the Jiajing reign of the Ming dynasty (1522–1566); the thunderclap-shell was cast of iron in a round, ball-like shape, and came in three sizes — large, medium, and small: the large type was called the “Distinguished Great Flying Shaking-Heaven Thunderclap,” with an outer diameter of 1.65 chi, weighing 120 jin, with a range of 350 paces; the medium type was called the “Great Flying Shaking-Heaven Thunderclap,” with an outer diameter of 1.23 chi, weighing 66 jin, with a range of 400 paces; the small type was called the “Medium Flying Shaking-Heaven Thunderclap,” with an outer diameter of 0.95 chi, weighing 30 jin, with a range of 350 paces.

(六) The Round-Stone Projectile Fired by the Bowl-Mouth Cannon

According to the Rongyuan Bibei, this type of round-stone projectile was made with great precision, ground into a spherical shape using a fine chisel and water-sand abrasive, its exterior similar in appearance to the shaking-heaven thunderclap. It came in three sizes, large, medium, and small: the large weighed 120 jin and was fired from the Special-Great-Bowl-Mouth cannon, with a range of 400 paces; the medium weighed 45 jin and was fired from the Great-Bowl-Mouth cannon, with a range of 500 paces; the small weighed 35 jin and was fired from the Medium-Bowl-Mouth cannon, with a range of 500 paces.



7. Weiyuan-Cannon Series Artillery

The Illustrated Catalogue of Old Korean Firearms and The Origin and Transmission of Artillery record the photographs and written descriptions of a number of surviving specimens of the Weiyuan cannon, from which it can be seen that the iron-cast Weiyuan cannon then in use in Korea was a series of artillery pieces. Judging from the inscriptions on the Weiyuan cannon, although there are three different designations — large, medium, and small — the differences in their measured data are not great. Also, judging from the fact that the Weiyuan cannon were already cast with sighting devices such as a rear sight and a front sight, this indicates that they must have been made sometime between the end of the 16th century and the beginning of the 17th century. The cross-section of the Weiyuan cannon is quadrilateral in shape, the workmanship is crude, and the gun-body has many air-pockets, making it prone to bursting. On both the left and right sides beneath the gun-body there is a ring each, for convenience in fixing the gun-body onto a gun-carriage (Figure 7-42). There are quite a number of surviving specimens of the Weiyuan cannon, detailed in Table 7-13.

Figure 7-42 A Surviving Specimen of the Weiyuan Cannon

Table 7-13 Surviving Specimens of the Weiyuan Cannon












	No.
	Bore Diameter (mm)
	Length (mm)
	Weight (kg)
	Inscription
	Collection and Source





	Wei-1
	60
	675
	40
	Great Weiyuan Cannon
	Collection of the Gyeongbokgung Armory, Illustrated Catalogue pp. 36–37



	Wei-2
	45
	670
	38.5
	Medium Weiyuan Cannon
	Collection of the Gyeongbokgung Armory, Illustrated Catalogue pp. 36–37



	Wei-3
	40
	665
	38.5
	Medium Weiyuan Cannon
	Collection of the Yonsei University Museum, Illustrated Catalogue pp. 36–37



	Wei-4
	40
	650
	37.5
	Small Weiyuan Cannon
	Collection of the Gyeongbokgung Armory



	Wei-5
	45
	615
	39
	Small Weiyuan Cannon
	Asan Hyeonchungsa Exhibition Hall, Illustrated Catalogue p. 37



	Wei-6
	40
	630
	37
	Small Weiyuan Cannon
	Collection of the Army Officer Candidate School Museum, Illustrated Catalogue p. 39



	Wei-5(b)
	45
	600
	—
	Small Weiyuan Cannon
	Obtained from the Korean battlefield, Liuchuan p. 306



	Wei-6(b)
	50
	645
	—
	Small Weiyuan Cannon
	same as above







8. General-Cannon Series Artillery

The Illustrated Catalogue records the photographs and written descriptions of several types of iron-cast General cannon, showing that the General cannon was likewise a series of artillery pieces manufactured and used by Korea in that period. These General cannons all have several wide, thick hoops from the muzzle to the front of the powder chamber. In Ming-dynasty China, this type of General cannon, with its numerous hoops resembling bamboo joints, was commonly called the “bamboo-joint cannon.” The General cannons manufactured by Korea may be divided into three classes: the type with trunnion-ears and double rings, the type with evenly distributed hoops on the barrel, and the type with no hoops on the barrel-body; all are presently housed in the collection of the Military Museum of the Army Officer Candidate School.

(一) The Great General Cannon with Trunnion-Ears and Double Rings

This type of artillery piece has a large muzzle and small tail (breech), with a total of 8 hoops including the muzzle-rim. From the muzzle to the tail of the gun it tapers slightly in a conical-cylindrical shape; at the joints of the 3rd and 8th hoops there is cast a semicircular ring-clasp each. A carrying-ring is passed through the clasp-hole, forming a movable handle, for convenience in carrying and transporting the artillery piece. On either side of the 7th hoop there projects a trunnion-ear each, for convenience in mounting it on a gun-carriage. Its bore diameter is 109 mm, its outer bore diameter 220 mm, and its barrel wall thickness (including the hoops) 56.5 mm, the barrel length 1080 mm, the tail length 150 mm, and the total length 1230 mm (Figure 7-43). There is also a General cannon similar in form and construction to this piece but without trunnion-ears or a carrying-ring. Its measured data are: bore diameter 100 mm, outer bore diameter 175 mm, barrel wall thickness (including hoops) 32.5 mm, barrel length 690 mm, tail length 165 mm, total length 855 mm, with 4 hoops.

(二) The Bamboo-Joint-Style Great General Cannon

Apart from the powder-chamber section, this type of General cannon has an outer diameter that is basically uniform from the muzzle to the tail of the gun, forming a cylindrical shape. From the muzzle to the tail, the gun-barrel has several wide, thick iron hoops, the outer diameter of the hoops being basically equal to the outer diameter of the powder chamber. Among Ming-dynasty artillery, a General cannon of this kind is not commonly seen. The Illustrated Catalogue records an illustration of one such piece of artillery (Figure 7-44). This piece of artillery has a bore diameter of 33 mm, an outer diameter (including hoops) of

Figure 7-44 The Great General Cannon with Evenly Distributed Iron Hoops

67 mm, a wall thickness (including hoops) of 17 mm, a barrel length of 355 mm, a tail length of 70 mm, and a total length of 425 mm. There is also, in addition, a type of Great General cannon with an unevenly distributed outer iron hoop, whose basic construction differs in no way from the above.



9. The Crouching-Tiger Cannon

The Crouching-Tiger cannon was a type of light artillery piece created by the forces of Qi Jiguang, the famous Ming-dynasty general who fought against the Japanese pirates during the Jiajing reign (1522–1566). One Crouching-Tiger cannon recorded in the Liuchuan, made in the fourth year of the Chongzhen reign (1631), is, in form and construction, similar to the Crouching-Tiger cannon recorded in Qi Jiguang’s own work, the Lianbing Shiji Zaji, Section on the Crouching-Tiger Cannon (练兵实纪杂集·虎蹲炮解). The Illustrated Catalogue records the illustrations and written descriptions of 2 Crouching-Tiger cannon, which are, in form and construction, largely similar to the 2 Crouching-Tiger cannon mentioned above. Among them, the Crouching-Tiger cannon housed in the collection of the Military Museum of the Army Officer Candidate School survives in comparatively good condition. The front of the gun-barrel has two claws, which, when set upon the ground, take the form of a crouching tiger, and the front ends of the two claws have ring-holes, for securing anchoring pins; from the muzzle to the tail there are 5 wide hoops, with a cascabel (炮尾) at the rear. Its measured data are: bore diameter 45 mm, outer bore diameter 110 mm, wall thickness (including hoops) 32.5 mm, total length 450 mm, weight 21.5 kg.

The types of hand-gun and cannon manufactured by Korea in the 16th century were extremely numerous, and their quantity was likewise considerable, providing an important precondition for transformation in various military respects.




Section 10 The Use of Firearms by Korea in the Imjin and Jeongyu Wars of National Defense

At the end of the 16th century, the armed forces and people of Korea, with the support of Ming-dynasty China, waged a war of national defense to drive the Japanese invaders out of the country. Because the war broke out in the renchen (壬辰) year of the sexagenary cycle (1592) and the dingyou (丁酉) year (1597), Korean historians also refer to it as the “Imjin Campaign” and the “Jeongyu Campaign,” or together as the “Imjin–Jeongyu Campaign.” Japanese historians, because the years in which the war broke out correspond to the first year of Japan’s Bunroku era and the second year of the Keichō era, refer to it as the “Bunroku Campaign” and the “Keichō Campaign.” The various types of firearms manufactured by Korea displayed an important role in this war.


1. Korea’s War of National Defense

Toyotomi Hideyoshi, a feudal lord of the late Sengoku period of Japan, having achieved the preliminary unification of Japan in 1592 (the twenty-fifth year of the reign of King Seonjo of Korea, the twentieth year of the Wanli reign of Ming-dynasty China), in order to divert internal contradictions and plunder wealth from abroad, and with ambitions to annex Korea, conquer China, and dominate Asia, took advantage of factional strife within the Korean royal court of the Yi dynasty and its consequent laxity in military preparedness, and on the 23rd of May of that year ordered Konishi Yukinaga, Katō Kiyomasa, Toyotomi Hidenaga, and others to lead an army of over 158,000 men, together with a navy of more than 30,000 men and 700 warships, to invade Korea. After the Japanese army landed at Busan, it drove forward without pause, and within two months had successively occupied Hanseong (present-day Seoul, South Korea), Kaesong, and Pyongyang, and pressed close to the borders of China. The patriotic Korean commander Yi Sun-sin and others, leading the navy, with the turtle-ship fleet as the vanguard, used their numerous ship-mounted cannon to repeatedly defeat the Japanese navy in the seas off Okpo, Happo, Dangpo, Hansan Island, and elsewhere along the southern coast, shattering the Japanese plan for a combined naval-and-land advance and causing the invading army’s supply lines to fall into difficulty. The people of the various occupied regions organized themselves in succession into righteous-army volunteer forces to resist Japan, striking at the enemy through guerrilla warfare. King Seonjo of Korea, having retreated to Uiju (present-day Sinuiju), also raised troops to resist Japan, and dispatched envoys to the Ming court to request assistance. The Ming court decided to send troops to aid Korea in resisting Japan.

On the 25th day of the 12th month of the twenty-fifth year of the Seonjo reign (27 January 1593), the Ming Regional Commander Li Rusong received orders to lead over 36,000 Ming troops to Korea to join the fighting. The army brought with it, on campaign, 120 General cannon, 210 house-destroying cannon (灭房炮), 1190 small signal-cannon (小信炮), 500 fast-guns (快枪), 100 triple-eye guns, 20 Crouching-Tiger cannon, and 53,000 fire-arrows and poison fire-arrows, and, crossing the Yalu River together, joined with the Korean armed forces and people in resisting Japan, successively recovering Pyongyang and Kaesong, and laying siege to Hanseong. On the 5th, the Japanese army was forced to retreat and hold the coastal cities of Gyeongsang and Jeolla provinces, and dispatched envoys to request peace negotiations with the combined Ming-Korean forces, as a stalling tactic. Peace talks began in the 8th month, and the “Imjin Campaign” was for the time being halted.

The two sides’ peace negotiations broke down after more than 3 years. From March to July of 1597, once Toyotomi Hideyoshi had completed his preparations, he ordered Konishi Yukinaga, Katō Kiyomasa, and others to lead an army of over 140,000 men and several hundred warships, invading Korea again in two columns, touching off the “Jeongyu Campaign.” The Japanese army advanced in two columns, east and west, successively occupying Gyeongsang, Jeolla, and Chungcheong provinces, and, through a scheme of sowing discord, induced the Yi royal court to dismiss Yi Sun-sin from his post as Naval Commander, replacing him with the incompetent general Won Gyun to command the Korean navy, resulting in the Korean navy being all but annihilated.

Under strong pressure from court and public alike, the Yi royal court once again recalled Yi Sun-sin to service. Taking as his foundation the mere 12 surviving warships and 130 naval soldiers, Yi Sun-sin rebuilt the Korean navy, and in October 1597 inflicted a crushing defeat on the Japanese navy at the Myeongnyang Strait. In the autumn of the same year, the combined Ming-Korean forces again dealt the Japanese army a great defeat at Jiksan, Cheongsan, and other places, forcing the enemy to retreat and hold Ulsan, Sacheon, and Suncheon. In August 1598, Toyotomi Hideyoshi died of illness, leaving orders for the withdrawal of the troops. In December, under attack from the combined forces, the Japanese army at Ulsan fled, and the Japanese army at Suncheon, failing to break out of the encirclement, sought reinforcement from the Japanese forces at Sacheon; the combined Ming-Korean navy destroyed and sank over 400 Japanese ships in the waters off Noryang, killing more than 10,000 of the enemy. Yi Sun-sin and the veteran Ming general Deng Zilong both died heroically in battle. By the end of the year, the remaining Japanese forces had either fled or been wiped out, and the war came to an end.

In Korea’s Imjin War of national defense, the armies of the three countries of Korea, China, and Japan all employed, in the course of the fighting, the most advanced firearms manufactured by each of them respectively, so that it may be said to have been a proving-ground displaying the actual combat effectiveness of the firearms of all three nations. The firearms used by the Korean armed forces in the war reveal to us that remarkable changes took place, in the course of this war, in the organizational structure of Korea’s armed forces’ equipment and in their methods of combat.



2. Changes in the Structure of the Korean Armed Forces’ Weapons and Equipment

Excavated specimens demonstrate that the various types of firearms manufactured by Korea from the 1530s onward laid the material foundation for changes in the structure of the Korean armed forces’ weapons and equipment. Prior to this, the weapons used by Korea’s naval and land forces were for the most part cold-steel weapons such as swords, spears, ordinary bows, refined crossbows, strong crossbows, shooting-bows, and stone-throwers. Thereafter, both the quantity and the proportion of firearms in use rose rapidly, and there was no lack of innovation in this regard as well.

(一) Changes in the Organizational Structure of the Navy’s Equipment

After Yi Sun-sin was promoted to Left Naval Commander of Jeolla Province in 1591, he immediately organized a new-model naval camp, adopting the new-model turtle ship as the battle-vessel. The turtle ship was covered above with an armored deck, painted with a tortoise-shell pattern; on the left and right sides were opened 2 gunports each; at the bow was fitted a dragon-head, and at the stern a tail; beneath the dragon-head were opened 2 cannon-firing embrasures; on the left and right hull-planking, 1 cannon-firing embrasure each was opened, and on the upper railing-planking on both sides, 10 cannon-firing embrasures each were opened; on the covering deck, left and right, 6 cannon-firing embrasures each were opened; beneath the hull on both sides were mounted 8 oars (or sculls) each; the entire vessel was equipped in total with 36 ship-mounted cannon. This mode of equipping the vessel already contained the embryonic outline of the modern approach of building heavily armored, multi-gun vessels.

In September 1592, Yi Sun-sin was promoted to Naval Commander-in-Chief of the three provinces of Chungcheong, Jeolla, and Gyeongsang. The navy of Jeolla Province was divided into a Left and a Right Naval Camp. Of these, the equipment of the Right Naval Camp was comparatively complete. Each turtle ship was manned by a crew of 175, comprising: 1 captain, 20 archer-marines/marine police, 10 gunners (shooters), 24 cannon-crew, 10 helmsmen and sailors, and 100 oarsmen (scullers), and 10 banner-and-drum orderlies. Each turtle ship was accompanied by 1 auxiliary warship and 2 miscellaneous-duty vessels. At that time, a fully manned and equipped Jeolla Right Naval Camp had the following warships and firearms: 2 warships, 2 turtle ships, and 13 attached auxiliary vessels; 11 Earth-character hand-guns, 27 Mystery-character hand-guns, 27 Yellow-character hand-guns, 27 Hundred-character hand-guns, 23 Sheng-zi (胜字) hand-guns, 430 bird-guns, 30 folangji, 6914 jin of gunpowder, 3 fire-balls, and 95 spray-tubes①.

According to juan 8 of the Complete Works of Yi Chungmu-gong (李武忠公全集), in the 1597 naval battle at Myeongnyang, the firearms equipped and used by the Jeolla Right Naval Camp had further changed. They comprised: 11 Earth-character hand-guns, 27 Yellow-character hand-guns, 23 Sheng-zi hand-guns, 30 folangji, 27 Hundred-character hand-guns, 45,876 assorted water-and-iron projectiles of various kinds, 75 large wooden arrows each for the Earth-character hand-gun, 10 dou 9 sheng of small water-and-iron projectiles, 430 bird-guns, 27 Mystery-character hand-guns, over 6914 jin of gunpowder, 10,307 lead projectiles, over 1314 jin of lead-and-iron, 3 fire-balls, 95 spray-tubes, 25 “wei-li” cannon (蒺藜炮), 22 large fire-lances (大发火), 1560 small fire-lances each, and 21 medium fire-lances②. The above records show that, by this time, the firearms equipped by the Korean navy’s Jeolla Right Naval Camp were already on a par with the firearms equipped by the naval-soldier camp organized by the Ming-dynasty Chinese general Qi Jiguang.

(二) Changes in the Organizational Structure of the Army’s Equipment

The changes in the organizational structure of the army’s equipment are chiefly reflected in two respects: the use of the garrison-command troops (镇管兵) and the use of firearm battle-carts.

Changes in the organizational structure of the garrison-command troops’ equipment. In the twenty-eighth year of the Seonjo reign (1595), the Korean royal house restored the garrison-command-troop system, and established 6 garrison-command-troop establishments, including Pyeongan, Uiju, and Anju, whose organizational and equipment structure had by this time undergone major change. According to the Register of Officers and Soldiers of the Uiju Garrison Command (义州镇管官兵编伍册, also called the Rear Auxiliary Camp, this register being recorded in volume 10, the photolithographic second volume, of the Collected Historical Materials of Korea), drafted in the fifth month of the twenty-ninth year of the Seonjo reign, the garrison-command troops of that time were organized into five levels — camp (营), command (司), post (哨), banner (旗), and squad (队) — each squad organized with 1 squad-leader and 11 soldiers, the whole camp organized in total with 866 combat troops, of whom 256 were bird-gun soldiers, comprising 30%, 349 were archers, comprising 40%, and the remainder comprised the other 30%. The organization of the other 3 garrison-commands was the same as this one③. The above records show that, at that time, the Korean army was basically organized in imitation of the infantry-camp organization compiled by Qi Jiguang, and that the types of firearms and cold-steel weapons with which it was equipped were entirely identical as well, and that in tactics and technique it followed suit even more closely.

The use of firearm battle-carts. In the Imjin War, Yi Sun-sin discovered that the Korean Sheng-zi hand-gun was inferior to the Japanese bird-gun (鸟枪), and accordingly submitted a memorial to the royal house stating the matter: “Your servant has repeatedly witnessed great battles, and the bird-guns obtained from the dwarf-bandits (Japanese) are excellent in great numbers, being often before my eyes; upon examining their subtle workings, it is because their bodies (the bird-gun barrels) are long, so that their bore (the powder chamber, set far back from the muzzle) is deep; because the powder chamber is deep, the gun’s propulsive force is fierce, and whatever it strikes is certain to shatter. Whereas our country’s Sheng-zi and double-bore hand-guns are short-bodied and shallow-bored, their force not equal to that of the dwarf-guns, and their report not as resounding, hence I have repeatedly wished to manufacture bird-guns”④.

In order to change this state of affairs and meet the urgent need, Ryu Seong-ryong proposed: that the battle-carts of former times be improved and refitted, so that their operation would become extremely convenient, each cart to be loaded with 15 Sheng-zi hand-guns or double-bore hand-guns, to carry out volley-fire and successive fire in battle, the projectiles fired falling like rain, the sound shaking the hills and fields, so that the enemy would be unable to escape; and that if over a hundred such gun-carts were formed up in a cannon-formation, with the gunners pushing the carts forward as they advanced, then however numerous the invading bandit troops might be, they would not dare to come and attack⑤.

① See Liuchuan, pp. 235–237. ② See Liuchuan, pp. 236–237, 273. From the documentary records of the three countries of Korea, China, and Japan, together with the excavated physical specimens, it can be seen that the folangji used by Korea in the war of national defense should have been manufactured by the Ordnance Bureau and the Ordnance and Equipment Bureau of Ming-dynasty China. The excavated specimens show that Korea only began to manufacture the folangji for itself at the beginning of the 17th century, and that a portion of the bird-guns with which Korea was equipped may have been self-made small Sheng-zi hand-guns fitted with a rear sight and a front sight. ③ [Japan] Dōtomi Yūzō (洞富雄), The Tanegashima Bird-Gun (种子岛铳), pp. 229–230, published in Tokyo, Showa 32, 24 December (10 April 1958). The bird-guns with which the bird-gun unit mentioned here was equipped were, in part, a small quantity of bird-guns manufactured by Korea itself, the remainder possibly being bird-guns supplied by China, or bird-guns captured from the Japanese army. ④ Complete Works of Yi Chungmu-gong, Memorial No. 2, “Memorial Presenting Firearms and Cannon,” see the Korean Research Society published edition, vol. 1, pp. 98–99. ⑤ [Korea] Ryu Seong-ryong, Jingbirok (惩毖录), juan 19, “Memorial on Equipping War-Carts for Battle Use,” see Liuchuan, p. 262.

This was a measure adopted by the Korean armed forces in order to change the disadvantageous position in which they found themselves owing to the slow rate of fire of the Sheng-zi and double-bore hand-guns, so as to eliminate the advantageous position in which the Japanese army found itself owing to the rapid rate of fire of its bird-guns, thereby turning Korea’s disadvantage into an advantage, and the Japanese army’s advantage into a disadvantage. In order to thoroughly change the disadvantageous position of the Korean armed forces’ hand-held firearms, Yi Sun-sin, Ryu Seong-ryong, and others accordingly recommended to the royal house that, in the course of the war, Japanese bird-guns be imitated, so as to change the position in which the Korean armed forces found themselves.

Imitating the bird-gun to improve the structure of the Korean armed forces’ organization and equipment. In the first month of the twenty-sixth year of the Seonjo reign (1593), after the combined Ming-Korean forces recovered Pyongyang, Ryu Seong-ryong, rather than growing complacent in victory, undertook a close examination of the bird-guns used by the Japanese army. He pointed out: as early as the eighteenth year of the Seonjo reign (1585), the envoys dispatched by Toyotomi Hideyoshi, Sō Yoshitoshi together with Yanagawa Shigenobu, the monk Genso, and others, had already presented bird-guns, swords, and spears to the Korean royal court, yet until the outbreak of the Imjin War no one had taken this seriously. He further stated that, once the Japanese pirates began using the bird-gun, their methods of warfare underwent a change. After years of training, the Japanese army became “skilled in siege warfare, with fine and sharp weapons; anciently there were no bird-guns, but now there are, their range and accuracy several times greater than bow and arrow. Should we encounter them on open plains or in the wilderness, arrayed battle-line against battle-line, engaging according to conventional methods, then it would be extremely difficult for us to prevail. For the skill of bow and arrow does not exceed a hundred paces, whereas the bird-gun can reach several hundred paces, coming on like wind and thunder, a force that cannot be withstood.” In order to counter the advantage of the bird-gun, Ryu Seong-ryong proposed a countermeasure: “Yet if we first select the terrain, taking advantage of mountain defiles and natural hazards, and in places of dense forest cover conceal our archers and crossbowmen in ambush, so that the bandits cannot see their forms, while we open fire from left and right simultaneously, then even though they possess bird-guns, muskets, and blades, all will be of no avail, and we may achieve a great victory.”① He further stated, in juan 16 of his Seoae Jip (西厓集), “A Record of the Manufacture of Bird-Guns”: “At the time of the Imjin upheaval, both within and without all was in disarray; within the space of ten days and a month, the capital city was lost and the whole realm fell to pieces; although this arose from a hundred years of peace during which the people had grown unfamiliar with warfare, it was in truth owing to the advantage the Japanese bandits held in their bird-guns, able to reach several hundred paces, piercing straight through the center, coming on like wind and thunder, a thing that bow and arrow could not match in contest.”

Yi Sun-sin, who attached great importance to the manufacture and use of firearms, gave his full support to his subordinate military officer and chief clerk-of-drill Jeong Sa-jun in his efforts to imitate the bird-gun. He reported to the royal house: that Jeong Sa-jun had obtained the method of manufacturing bird-guns, and, leading a number of skilled smiths, had manufactured them with great craftsmanship, the fierceness of the projectiles they fired being likewise equal to that of the bird-gun, and that the naval officials at every post had likewise manufactured them after this model. “Among the defenses against the enemy at present, none surpasses this; I have therefore sealed and dispatched 5 handles of genuine iron-made bird-guns upward for presentation. I humbly pray that Your Majesty’s court order every province and every office to manufacture them accordingly.” At the same time, he further recommended that the royal court reward Jeong Sa-jun and the other manufacturing craftsmen, so as to spur every region to imitate them in emulous competition②. In his diary entry of the fourteenth day of the ninth month of 1593, Yi Sun-sin stated that the bird-guns manufactured by Jeong were “superior to the Japanese bird-gun”③. But their numbers were extremely few, only 30 in all. At the same time, Yi Sun-sin also presented to the court the damaged Japanese bird-guns captured in naval battles in the south in previous years, and had craftsmen repair them for use by the Korean armed forces.

In the ninth month of the twenty-sixth year of the Seonjo reign (1593), Ryu Seong-ryong recruited from the south men skilled in manufacturing and using the bird-gun to serve as overseers, and also selected several hundred soldiers from among the refugee poor, giving them several months of intensive training in the use of the bird-gun. Because the number of bird-guns was comparatively small, only a few hundred men could be selected and organized into a bird-gun unit within the garrison-command troops. Thus it was that, in that same year, King Seonjo re-implemented the garrison-command system and, within the garrison-command troops, established bird-gun units. At this time, the bird-guns with which the bird-gun units were equipped appear to have comprised three parts: a small quantity of self-manufactured bird-guns, bird-guns manufactured in China, and bird-guns captured from the Japanese army.



3. The Use of Firearms in the War of National Defense

The Korean armed forces employed firearms in numerous engagements throughout the war of national defense, and there were no lack of both successful experiences and failed lessons.

(一) The Use of Firearms by the Korean Armed Forces in the Battle of Busan

At 6 o’clock in the morning on the thirteenth day of the fourth month of the twenty-fifth year of the Seonjo reign (the thirteenth day of the fourth month of the twentieth year of the Wanli reign of Ming China, 23 May 1592), the Japanese army under Konishi Yukinaga landed at Busanpo in Korea, launching an attack on Busan garrison, northeast of Busanpo, and placing it under siege.

① [Korea] Ryu Seong-ryong, Jingbirok, juan 2, p. 371, see the edition published by the Korean Ancient Books Publishing Association. ② Complete Works of Yi Chungmu-gong, Memorial No. 2, “Memorial Presenting Cannon and Fire-Weapons,” see the Korean Research Society published edition, vol. 1, pp. 88–89. ③ [Korea] Yi Sun-sin, Diary of the War Years (乱中日记), same edition as above, p. 167.

The Japanese army occupied 6 commanding heights on the hill above, and used hand-gun barrels and bows and arrows to fire upon the Korean army, projectiles and arrows falling like a hailstorm of rain. The Korean army in turn used General cannon and Special-Great-Bowl-Mouth cannon to fire General arrows, leather-feathered arrows, long flat-arrows, shaking-heaven thunderclaps, water-ground round stones, and iron projectiles at the Japanese army; the various commanders, sharing a common hatred of the enemy, braved death and pressed the attack, fighting fiercely the whole day through, until the Busan Garrison Commander Jeong Bal was struck by a projectile and killed. Busan fell, and the Korean army was defeated and withdrew. On the thirtieth of the fourth month (9 June), King Seonjo of Korea, Yi Yeon, left Hanseong and fled north, abandoning both Imjin and Kaesong along the way without a backward glance, and on the eleventh of the sixth month further abandoned Pyongyang. After this he retreated all the way to Uiju on the banks of the Yalu River. From the thirteenth of the fourth month to the eleventh of the sixth month, the Japanese army drove straight through from Busan to Pyongyang, and the situation was extremely critical.

(二) Yi Sun-sin Leads the Navy in Valiant Resistance to Japan

After Yi Sun-sin was promoted to Left Naval Commander of Jeolla Province in 1591, he set about training the navy with ever greater diligence, building warships, equipping ship-mounted cannon, and stockpiling provisions, in preparation for any sudden emergency. When the Yi royal court collapsed and fled north, he instead led the navy in, during the fifth to seventh months, fighting “seven successive engagements” against the Japanese army in the waters of Okpo, Happo, Jeokjinpo, Sacheon, Dangpo, and Hansan Island along the southern coast, “burning and destroying over four hundred [enemy] vessels; and beyond those beheaded, the number who drowned cannot be reckoned”①. The resistance to Japan at Dangpo is one famous example of this.

When Yi Sun-sin resisted the Japanese at Dangpo, he first drove the turtle ships to smash into the midst of the Japanese naval fleet, and then used the various ship-mounted cannon of the Heaven-, Earth-, Mystery-, and Yellow-character series to bombard the Japanese ships fiercely from all sides. The Japanese troops entrenched on the hills above, on the shore below, and defending aboard their ships also returned fire. Yi Sun-sin personally directed the battle, urging on the helmsmen and oarsmen to drive the ships forward with all their strength and ram into the enemy vessels. The other commanders likewise converged as one, directing each ship to fire iron projectiles, long flat-arrows, leather-feathered arrows, and fire-arrows from every type of cannon, projectiles and arrows flying like wind and rain all at once, the roar shaking heaven and earth②. Because Yi Sun-sin was resolved to defend his homeland, tireless in his war preparations beforehand, and, in battle, led from the front, commanding the naval warships and adopting advanced naval tactics, making full use of the firepower superiority of the ship-mounted cannon, he effectively resisted the Japanese assault, blunted the enemy’s ferocious onslaught, and for a time prevented the Japanese army from advancing further north.

(三) At Pyongyang the Korean Army Abandons Its Cannon and Flees the City

On the eleventh day of the sixth month of the twenty-fifth year of the Seonjo reign (1592), as King Seonjo, Yi Yeon, withdrew from Pyongyang, the Japanese army was likewise close on his heels. The city-defense commanders, Left State Councilor Yun Du-su, Field Marshal Kim Myeong-won, and Minister of Personnel Yi Won-ik, seeing that the sovereign had already withdrawn north from Pyongyang, likewise lost heart for resisting the enemy, and gave the careless order: “Let good marksmen board fast boats and, from mid-stream, fire upon the Japanese vessels; once they draw somewhat near the eastern bank, the Japanese troops too will retreat and avoid them. Our troops fired Mystery-character hand-gun fire-arrows from the boats, as though crossing the river [in force]; the Japanese multitude, looking up, all cried out in alarm and scattered.” The Korean army defending the city ought, at this point, to have made use of its advantage in firearms and continued to strike at the enemy. Instead, however, Yun Du-su, Kim Myeong-won, and the others, as night fell, “gave orders to open the city gates, drive out all the people within the city, and sink the military weapons and cannon in Pungwollu Pond,” after which they “went out through Botong Gate and withdrew toward Suncheon”③. On the 27th day of the ninth month of the ninth year of the Meiji era of Japan (1877), at a construction site on Moran Terrace in Pyongyang, construction workers dug up the cannon that had been sunk in the pond that year, and this event was reported in the Gyeongseong Ilbo (京城日报) of the first day of the tenth month of that year.

Judging from the artillery that the Korean army defending Pyongyang had in its possession, the defending troops at that time were by no means lacking in the combat strength to hold and defend the city; rather, the trouble lay in the defeatist mentality that possessed them — having a city yet not defending it, having cannon yet not firing them.

① Chinese Historical Materials in the Veritable Records of the Yi Dynasty of Korea (朝鲜李朝实录中的中国史料), first compilation, juan 26. ② Complete Works of Yi Chungmu-gong, juan 2. ③ See Liuchuan, pp. 284–285.

(四) Park Jin Recovers Gyeongju by Cannon Warfare

In the ninth month of the twenty-fifth year of the Seonjo reign, Ryu Seong-ryong, who had formerly served as Chief State Councilor of Korea (a post equivalent to prime minister), was reappointed as Governor-General Inspector (a post equivalent to chief of staff). In the Jingbirok, which he compiled afterward, he records the course of the battle in which Park Jin, then serving as Left Army Commander, recovered Gyeongju by cannon warfare: “The Left Army Commander Park Jin recovered Gyeongju. Jin had at first fled from Miryang into the mountains. The court, on account of the former army commander Yi Gak’s having abandoned the city and fled, was on the point of executing him for it, and appointed Jin to replace him as army commander. At that time the invading troops filled the land, and the traveling court (referring to the withdrawn Korean royal house) had received no word from the south for a long time, the hearts of the people wavering, not knowing what course to take. When it was heard that Jin had become army commander, the scattered people gradually reassembled, and the defending magistrates began, one after another, to emerge from the mountain valleys and resume their administrative duties, only then knowing that the court still existed. When Kwon Eung-su recovered Yeongcheon, Jin led over ten thousand troops then on the road, and advanced to press upon the walls of Gyeongju. The bandits stole out through the north gate to fall upon the rear of his army, and Jin in turn fled back to Angang. That night he further had men steal up beneath the city walls and set off a flying shaking-heaven thunderclap, which they lobbed into the city, where it fell in the courtyard of a guest-house. The bandits, not understanding its mechanism, competed with one another to gather round and look at it, pushing it about and examining it closely. Presently the cannon-charge discharged from within, the sound shaking heaven and earth, iron fragments scattering like stars, and more than thirty of those standing close by were killed on the spot. Those not struck were likewise knocked off their feet, and it was long before they rose again, all of them thoroughly terrified. Unable to fathom its mechanism, they all took it for something supernatural, and the next day accordingly abandoned the city entirely and fled back to Seosaengpo. Jin thereupon entered Gyeongju, and obtained more than ten thousand shi of remaining grain. When word of this reached the court, Jin was promoted to Underofficer of the Ministry of Rites, and given the additional title of Communications Officer, and later he rose to Governor of Daegu Prefecture. As for the flying-shot bombardment of the shaking-heaven thunderclap, there was no precedent for its mechanism in ancient times; it was invented and created by Yi Jang-son, a fire-cannon craftsman attached to the Directorate of Weapons. Taking the shaking-heaven thunderclap and firing it from a Special-Great-Bowl-Mouth cannon, it could fly as far as five or six hundred paces, and after falling to the ground would remain still for a long while, and then the flame would ignite from within; the enemy feared this object most of all (the Japanese called the shaking-heaven thunderclap hōroku [ほうろく], that is, ‘fire-arrow’).”①

From this record it can be seen that Park Jin was a commander resolutely determined to resist Japan; after assuming the post of Left Army Commander, at a time when the royal house had already withdrawn to the north, and amid a situation in which the armed forces and people of the south no longer knew where the court itself was to be found, he resolutely took command of the armed forces and people of the Gyeongju region in stubborn resistance to Japan, personally leading from the front, charging into battle ahead of his troops, and, with courage and resourcefulness, directed the armed forces and people in using the Special-Great-Bowl-Mouth cannon, the Great-Bowl-Mouth cannon, and the Medium-Bowl-Mouth cannon to fire various types of shaking-heaven thunderclap, bombarding the Japanese troops within the city, inflicting heavy casualties upon the enemy, and forcing the enemy army to abandon the city and flee, thereby recovering Gyeongju.

(五) The Ming Army Sent to Aid Korea Recovers Pyongyang by Cannon Warfare

On the fifth day of the first month of the twenty-sixth year of the Seonjo reign (the fifth day of the first month of the twenty-first year of the Wanli reign of Ming China, 5 February 1593), the great Ming relief army sent to aid Korea advanced to and reached Suncheon (north of Pyongyang), and on the following day surrounded Pyongyang city from the west, north, and south, deliberately leaving open the east gate, while at the same time massing artillery positions along the riverside at the southern corners of the Daedong and Jangyeong gates on that eastern side, intending to bombard the Japanese army with cannon fire once it fled out through the east gate; along the west, north, and south sides, house-destroying cannon and Crouching-Tiger cannon were deployed in profusion, and caltrops (铁蒺藜) were scattered widely over the ground, so as to make the Japanese army fear to advance and not dare to break out through these three gates. The Japanese army, for its part, adopted a posture of encircling the city and holding firm.

On the eighth day, the Ming army, numbering over 40,000, launched an assault on the city. For a time, the Ming army converged simultaneously upon the Botong, Chilseong, and Hamteo gates of Pyongyang city, as well as Moran Peak. The Japanese troops, wielding long spears and great swords, mounted the city walls to resist. The Ming commander Li Fangsong personally led over a hundred cavalry pressing right up to beneath the city walls, directing the fighting, as cannon fire erupted on all sides and fire-arrows flew thick and fast. The Japanese army, unable to withstand this, fell back to hold the inner city. As the Ming army pressed its assault on the inner city, the Japanese army built earthen ramparts atop the city walls, piercing them with numerous firing-loopholes, which, when viewed from outside, resembled a honeycomb, and fired projectiles outward through these loopholes with bird-guns, inflicting heavy casualties on the Ming army. Li Rusong, seeing that the inner city could not for the moment be breached, ordered his troops withdrawn to rest and regroup, pulling the army back to camp in preparation for renewed battle. Konishi Yukinaga requested that the Ming army permit his withdrawal, and Li Rusong granted this request. The Japanese generals Konishi Yukinaga, Sō Yoshitoshi, Genso, and Hirano Nobukatsu led their remaining forces, under cover of night, across the frozen Daedong River, and fled south out of the city.

In this battle, the Ming army adopted the tactics of massing heavy forces to besiege the city and of “encircling on three sides while leaving one open” (围三缺一), which robbed the enemy of the resolve to fight to the death; at the same time, by means of its superiority in artillery fire, it left the Japanese army with no capacity to strike back. Artillery displayed an important role in this siege battle. The Japanese army, whose principal weapon was the bird-gun, could, under the fierce bombardment of the Ming army’s heavy artillery, offer only a futile, mantis-arms-against-a-cart resistance, and in the end could accomplish nothing②.

(六) Yi Sun-sin Leads the Navy in Resisting Japan at the Myeongnyang Strait

In the first month of the thirtieth year of the Seonjo reign of Korea (the twenty-fifth year of the Wanli reign of Ming China, 1597), Toyotomi Hideyoshi, commanding 140,000 troops, several hundred warships, and tens of thousands of naval troops, landed along the southern coast of Korea, once again launching a war of invasion against Korea; the armed forces and people of Korea now entered the second phase of the Imjin–Jeongyu War of national defense, namely the “Jeongyu Campaign” phase. Won Gyun, the Naval Commander-in-Chief of the Three Provinces of Korea, was an incompetent figure; after succeeding Yi Sun-sin in command of the naval forces of the three provinces, he altered the military administration that Yi Sun-sin had instituted, and the rank and file grew resentful and dissatisfied, so that the navy’s orders were not carried out, and its combat readiness grew slack; he anchored the warships at Chilcheon Island (west of the northern tip of Geoje Island) and the waters of Gosong. When the Japanese army crossed the sea to attack, he was utterly unprepared. On the night of the fifteenth of the seventh month of that year, the Japanese army, with superior forces, launched a combined land-and-sea pincer attack on the Korean navy; the Korean navy, caught unawares, hastily gave battle, was surrounded on three or four sides, and, unable to withstand the pressure, fought as it retreated; the warships were burned and destroyed, the soldiers drowned almost to a man, and Won Gyun was defeated and died in the battle, the fleet all but annihilated.

At this critical juncture, the Korean royal house once again recalled Yi Sun-sin to serve as Naval Commander-in-Chief of the Three Provinces. Taking as his foundation the mere 12 surviving warships and 120 naval soldiers, he rebuilt the Korean navy, stationing it at Jindo, and actively prepared for battle. On the night of the fifteenth of the ninth month, the Japanese general Tōdō Takatora, leading a fleet of 330 warships, came to attack. Yi Sun-sin at once ordered the Korean naval vessels all to put to sea together in an open display of force, luring the enemy fleet to the mouth of the Myeongnyang Strait (also called Uldolmok, or Myeongyangdo), and, taking advantage of the terrain and of the timing of the tidal current, which was unfavorable to the enemy ships, urged on the oarsmen to drive the ships forward and smash into the midst of the enemy’s naval formation; the Earth-character hand-guns, the Mystery-character hand-guns, and the other various ship-mounted cannon fired simultaneously, their projectiles like wind and thunder, bombarding the enemy ships fiercely; the officers and men aboard the ships loosed tens of thousands of fire-arrows all at once, and the enemy, unable to withstand this, saw over 30 of its ships destroyed and sunk, and more than 4000 of the Japanese army killed, the Japanese army fighting as it retreated, routed and put to flight. Korean historians call the victory of this battle the “Great Victory of Myeongnyang” or the “Great Victory of Jindo.” It is, in the history of naval warfare in the East, a successful example of a victory won by the few over the many, by the outnumbered striking down the numerous.

(七) The Combined Ming-Korean Forces Annihilate the Japanese Army in the Battle of Noryang

After Toyotomi Hideyoshi died of illness in the eighth month of 1598, leaving orders for the withdrawal of the troops, the Japanese army had already lost the will to fight, and was everywhere hastening to withdraw. By the middle of the eleventh month, only the western column of the Japanese army under Konishi Yukinaga remained, its sea route sealed off by the combined Ming-Korean navy, unable to withdraw. When the Ming naval commander Chen Lin and Yi Sun-sin learned the intelligence that Konishi Yukinaga intended to withdraw by sea, under cover of reinforcements, on the eighteenth of the eleventh month, they had the veteran vanguard general Deng Zilong lead a thousand men to lie in ambush on the northern side of the Noryang Strait, while Yi Sun-sin himself lay in ambush at Gwaneumpo on Namhae Island, and Chen Lin personally led the main force to anchor in the waters of Jukdo and Sumundong Harbor.

On the night of the eighteenth, the Japanese general Shimazu Yoshihiro, leading a fleet of seven or eight hundred warships①, came to meet and support Konishi Yukinaga, and encountered the combined allied navy in the waters of Noryang; caught in a pincer attack, they fled toward Gwaneumpo, and by dawn on the nineteenth, the Japanese army at Gwaneumpo, finding themselves with no road of escape, turned about to fight the combined forces to a decisive battle. The combined forces’ warships bombarded the enemy ships with their ship-mounted cannon, while the Japanese army returned fire with bird-guns. The combined forces together sank and destroyed over 400 enemy vessels, and killed more than 10,000 of the enemy. The renowned Korean commander Yi Sun-sin and the veteran Chinese general Deng Zilong both died heroically in this battle. Konishi Yukinaga led his remaining forces in flight. From this point on, no trace of the Japanese invaders remained on Korean soil. By the end of that year, the Imjin War of national defense in Korea, which had lasted seven years, came to an end.

① Chinese Historical Materials in the Veritable Records of the Yi Dynasty of Korea, first compilation, juan 42.

The documentary records and excavated physical specimens demonstrate that the manufacture and use of firearms by Korea display the following several characteristics.

First, the campaigns of suppressing Japanese piracy in the late 14th century, and the war of national defense at the end of the 16th century, together promoted the development of the manufacture and use of firearms in Korea. Over the course of more than 200 years, passing through the several stages of progressing from nonexistence to existence, from scarcity to abundance, and from backwardness to a position approaching the advanced, Korea achieved remarkable accomplishments, and stood among the advanced ranks of firearms manufacture and use in Asia.

Second, the manufacture and use of firearms in Korea are inseparable from the emphasis and support given by the Yi royal court, from the vigorous advocacy of Yi Sun-sin, and from the close attention and timely guidance and summarization provided by Ryu Seong-ryong.

Third, Korea’s military commanders and firearms researchers and developers placed great emphasis both on learning from China’s experience and imitating China’s finished products, and, even more, on striving for innovation in the course of imitation; the emergence of such things as the double-bore double-Sheng hand-gun, the five-linked-mount and ten-linked-mount guns, and the shaking-heaven-thunderclap-type explosive shell, were all crystallizations of the wisdom of Korea’s firearms researchers and developers.

Fourth, by promptly equipping the armed forces with the newest achievements of firearms research and development, the organizational and equipment structure of the armed forces underwent transformative change.

Fifth, military commanders were skilled at making timely use of the newest achievements of firearms research and development in field battles, siege warfare, city-defense warfare, naval warfare, and every other mode of combat, adopting and creating new methods of warfare to seize victory in battle. The naval commander-in-chief Yi Sun-sin, in his command of the naval battles at Dangpo, Myeongnyang, and elsewhere, created successful examples of victory won by the outnumbered over the many and by ship-mounted cannon deciding the outcome, examples still spoken of with admiration by military strategists to this day.

Yu Ma-seong-bo (有马成甫), on the basis of the historical process by which the technology of manufacturing and using firearms in Korea arose and developed, arrived at the view that Korean firearms were a direct lineal product of Chinese firearms, a view that accords with the actual course of historical development. At the same time, it should also be recognized that the creative talent displayed by Korea’s firearms researchers and developers, in the course of learning Chinese firearms technology, is likewise deserving of great value. In the course of aiding the armed forces and people of Korea in suppressing the Japanese pirates, and again in the war of resisting Japan and aiding Korea at the end of the 16th century, the armed forces and people of China once more transmitted China’s technology for manufacturing and using gunpowder and firearms to Japan.




Section 11 The Firearms of Japan

The manufacture and use of firearms technology in Japan began comparatively late, and its sources were chiefly two: first, China; second, Portugal. The former dates from 1274 (the eleventh year of the Zhiyuan reign of the Yuan dynasty, the eleventh year of Bun’ei in the Japanese calendar) to the end of the 16th century; the latter dates from after the twenty-fifth day of the eighth month of 1543 (the twenty-second year of the Jiajing reign of Ming China, the twelfth year of Tenbun in the Japanese calendar).


1. The Chinese Origin of Japan’s Firearms Technology

The Japanese people’s knowledge of Chinese firearms came chiefly by way of warfare — that is, through the plundering raids of the Japanese pirates (wokou) along the Chinese coast, and through the Ming court’s campaigns to suppress the wokou. As mentioned already in Chapter Three above, when the Chinese Yuan army made war on Japan in 1274 and 1281, it brought firearms to Japan, and only then did the Japanese come to know that firearms already existed in the world, calling firearms “iron cannon” (铁炮, teppō). The meaning of teppō in Japan is comparatively broad; it originally referred to the shaking-heaven-thunderclap-type iron fire-cannon used by the Yuan army, and later also came to refer to the cannon and hand-held guns manufactured by the Japanese themselves①. From this it can be seen that the Japanese people’s earliest naming of firearms originated from their first sighting of Chinese firearms. Even the document from the second year of Keichō of Japan (1597) recording the process by which the Portuguese matchlock gun was transmitted to Japan likewise refers to it by the title Teppōki (铁炮记, “Record of the Iron Cannon”). However, because the Yuan court adopted a policy of secrecy toward Japan and strictly prohibited the spread of gunpowder-manufacturing technology to Japan, the era in which the Japanese themselves began to manufacture firearms and gunpowder was considerably later than that of Korea.

From the 13th century onward, Japanese samurai and local gentry along the coasts of Kyushu and the Seto Inland Sea, in pursuit of wealth, came repeatedly to China and Korea to engage in trade, and among them a portion, watching for opportunities, plundered the coastal inhabitants of China and Korea, and were called “wokou” (倭寇, “Japanese pirates”) by the Ming court of China and the Goryeo court of Korea. [China and Korea] accordingly adopted such measures as guarding against the wokou, preparing against the wokou, capturing the wokou, and suppressing the wokou, and the firearms of the early Ming period were for this reason likewise put to use in coastal operations against the wokou. From the very founding of the Ming dynasty by Zhu Yuanzhang, it faced a serious menace from the wokou. In order to guard against wokou plundering, the Ming court expanded fortified strongholds at every strategic coastal point, equipping them with large bowl-mouth hand-guns for use as coastal artillery, and also issued hand-guns to 10% of the garrison troops. It can be seen that large-caliber hand-guns and single-soldier hand-guns had already become sharp weapons for suppressing the wokou. In the course of their engagements with the Ming army, the wokou also came to see firearms considerably more advanced than those of the Yuan period.

In the sixth month of the seventeenth year of the Yongle reign (1419), the Ming Regional Commander of Liaodong, Liu Jiang, at a fortified stronghold built of massive stones at Wanghaiwo in Liaodong, used hand-guns to kill more than 2000 invading wokou, an event known to history as the “Great Victory of Wanghaiwo”②. In the course of this engagement, the wokou came to know still more thoroughly the might of the hand-gun.

As related above, the defending troops of Jeolla Province in Korea, making use of the gunpowder and firearms with which the Hongwu court of Ming China had supplied them, won a great victory over the wokou in the fighting of 1380; and again, in the combined Ming-Korean resistance to Japan in Korea’s war of national defense of 1592–1598, the Japanese likewise obtained the gunpowder and various types of firearms used by the Ming army, including even the most advanced guns and cannon of that time.

① [Japan] Arisaka Nariakira (有坂铫藏), A Study of Weapons: Hand-Guns (兵器考·小铳), p. 111. ② Wang Zhaochun, A History of Chinese Firearms (中国火器史), p. 109.

Because the official histories compiled by China, Korea, and Japan lack records concerning the transmission of firearms to Japan during the late Yuan and early Ming period, this has added a certain degree of difficulty to the in-depth study of the history of the development of Japanese firearms. As the Japanese scholar Arisaka Nariakira has said: it is rather difficult to determine, on the basis of the various records presently available, the date on which guns and cannon were transmitted into our country [Japan]. Even for historians, this is far from easy①. Nevertheless, in Japanese historical records and miscellaneous collections there are also a few scattered records concerning the transmission of Chinese firearms to Japan, which are of a certain reference value for the in-depth study of the history of the development of Japanese firearms. For this reason, the Japanese firearms historians Dōtomi Yūzō and Arisaka Nariakira have listed them in their own respective works, chiefly comprising the following several items.

(Japan) In the third year of Bun’an (the eleventh year of the Zhengtong reign of Ming China, 1446), a monk named Gyōyo, in his compiled work Kaichūshō (盖囊抄), posed the question: “What manner of thing is the teppō? Answer: when made of iron it is called teppō, and when made of paper it is called kamihō (纸炮, ‘paper-cannon’).’’② The Japanese firearms historian Dōtomi Yūzō holds that this teppō should refer to the iron fire-cannon used by the Yuan army.

In the first year of Bunshō of Japan (the second year of the Chenghua reign of Ming China, 1466), it is recorded that “an official envoy of the Ryukyu Kingdom came to pay tribute, and, upon withdrawing from an audience at court, unexpectedly presented local products as gifts. At the moment of withdrawing, from outside the gate there sounded one or two reports of ‘teppō’ (铁放), and all who heard it were startled and amazed.”③ This “teppō” (铁放) here seems to refer to fireworks or a small iron hand-cannon.

According to the record of the monk Zhi-shan (碧山) of Japan at the time of the Ōnin War, in his Hekizan Nichiroku (碧山日录), under the entry for the sixth day of the eleventh month of the first year of Ōnin (1467): during the Ōnin War, the garrison-camp of the Sanuki Defense Commander of the Hosokawa Katsumoto Eastern Army, in order to fortify the position beneath the castle, built up walls, watchtowers, an arms depot, and had flying-cannon, fire-lances (等), and other implements of siege and defense fully prepared and stocked④. Dōtomi Yūzō, analyzing this record, holds that the fire-lance mentioned here should be similar to the hand-guns used by the Ming army during the Yongle reign of Ming China (1403–1424), and that this is the earliest record of the use of hand-guns in Japan, and evidence that the hand-gun of Ming-dynasty China was transmitted to Japan either directly or indirectly⑤.

The Hōjō Godaiki (北条五代记) records: in the seventh year of Eishō of Japan (the fifth year of the Zhengde reign of Ming China, 1510), a Chinese-style gun was transmitted to Sakai City; a number of smiths at Sakai City studied the craft of gun-manufacture, and before long the products of these guns were also transmitted to the Kantō region⑥.

The Kōyō Gunkan (甲阳军舰) records: in the fifth year of Daiei of Japan (the fourth year of the Jiajing reign of Ming China, 1525), a rōnin of the western provinces named Inoue Shinzaemon was the first to bring a Chinese-style gun to the Takeda clan of Kaishū, and remained there to serve as an instructor⑦.

The several items of record concerning the transmission of Chinese firearms into Japan found in the above-mentioned Japanese historical records and miscellaneous collections are, just as the Japanese firearms historian Arisaka Nariakira has said, [to be understood in light of the fact that] after the first year of Ōnin in Japan (1467), warfare was frequent and unceasing, and every school of military strategists strove to acquire weapons of great destructive power; foreign merchant vessels also frequently called at Japan’s coastal ports, so that the transmission of foreign weaponry was unavoidable; and the wokou pirates, in plundering the coastal regions of China and Korea, would as a matter of course have obtained hand-guns and other firearms manufactured by Ming China. Precisely because of these several reasons, the theory that Chinese guns and cannon were transmitted into Japan around the time of the Ōnin era is, on the whole, a fairly sound and reliable one⑧.

From this it can be seen that the firearms of Ming-dynasty China, and the Korean firearms which derived from China but had undergone further improvement, were transmitted to Japan either through the fighting between the combined Ming-Korean forces and the Japanese armies, or through the suppression of the wokou and the wokou’s own plundering of the coastal regions of China and Korea — this being a perfectly natural and logical source for Japan’s firearms technology.

① See A Study of Weapons: Hand-Guns, p. 111. ② [Japan] Compiled by Gyōyo, Kaichūshō, juan 1, entry “On the Teppō.” 1446 (Bun’an 3rd year, Zhengtong 11th year of Ming) edition. See also Dōtomi Yūzō, The Tanegashima Bird-Gun, pp. 21, 23, Japan, Awajishobō, 1958 (Shōwa 33rd year) edition; all subsequent citations of this work use this same edition. ③ Onryōken Nichiroku (荫凉轩日录), included in Dai Nihon Bukkyō Zensho (大日本佛教全书), this volume, second book, p. 670. In the text, “teppō” (铁放) refers to something similar to fireworks or the iron fire-cannon, or possibly a small iron hand-cannon. See also The Tanegashima Bird-Gun, p. 21. ④ Hekizan Nichiroku, juan 5, included in Kaitei Shiseki Shūran (改定史籍集览), volume 25, p. 340. See also The Tanegashima Bird-Gun, p. 22. ⑤ [Japan] Dōtomi Yūzō, The Tanegashima Bird-Gun, p. 22. ⑥ [Japan] Dōtomi Yūzō, The Tanegashima Bird-Gun, p. 30. ⑦ See A Study of Weapons: Hand-Guns, pp. 111–112. ⑧ See A Study of Weapons: Hand-Guns, pp. 111–112.



2. The Portuguese Origin of Japan’s Firearms Technology

Another source of Japan’s firearms technology was the matchlock gun brought by the Portuguese, an event which occurred on the twenty-fifth day of the eighth month of the twelfth year of Tenbun in Japan (the twenty-second year of the Jiajing reign of Ming China, 1543). The Japanese Nanpo Genshō, in the eleventh year of Keichō of Japan (1606), set down this event in writing as the Teppōki (铁炮记, “Record of the Iron Cannon”), later included in the Nanpo Bunshū (南浦文集). This document states: at that time, a ship carrying over a hundred persons came ashore at Kotoura, in Nishinomura on Tanegashima, in southern Kyushu. Aboard the ship were three Portuguese, Francisco Zimoro, Christovão Perota (Cristóvão da Mota? — rendered here as 喜利志多), and Antonio da Mota, together with a man using the Ming-dynasty-Chinese alias “Gohō” (王直, i.e., Wang Zhi). The Portuguese carried with them a type of matchlock gun, two or three chi in length, having a hole on its side (that is, a touch-hole) serving as the path for ignition; when loaded with gunpowder and small lead pellets and ignited from the touch-hole, it could discharge the lead pellet and strike the target. When fired, it produced a flash and a roar like a peal of thunder. Tokitaka, the fourteenth-generation head of the Tanegashima clan, upon seeing this, regarded it as a rare treasure of the age and called it teppō. Thereafter, he purchased it at great cost, and dispatched his retainer Shinokawa Koshirō to learn from the Portuguese the use of the matchlock gun and the methods of sifting and compounding its gunpowder, and had a dozen-odd copies manufactured in imitation. Before long, a number of ironworking forges in Japan successively imitated and manufactured Japanese-style matchlock guns①. The Chinese called this gun the bird-gun (鸟铳) or bird-mouth gun (鸟咀铳). The successful imitation of the matchlock gun exerted a far-reaching influence on the subsequent development of firearms in Japan.

The above-mentioned matter of Tokitaka’s manufacture of gunpowder and the teppō came to the attention of the Emperor in the thirteenth year of Tenbun (1544). On the fifth day of the third month, the Emperor ordered the Kanpaku (chief advisor), Konoe [family], to issue a document of commendation for Tokitaka, praising his achievement in manufacturing gunpowder and the teppō, and declaring that this achievement was without equal or comparison. On the seventeenth day of the second month of the fourth year of Kōji of Japan (1558), the Japanese imperial house again rewarded Tokitaka for his achievement in manufacturing gunpowder and the teppō, conferring upon him the Junior Fifth Rank, Lower Grade, and appointing him to the post of Left Konoe Shōgen (左近卫将监).

Because the Japanese learned the technology for manufacturing and using gunpowder and the matchlock gun directly from the Portuguese, and quickly succeeded in imitating a matchlock gun with good firing performance, and because the performance of the matchlock gun was superior to that of the Ming-Chinese hand-gun, it accordingly quickly gained the support and promotion of the Japanese imperial court. Thus it was that Japan, from the very outset of its manufacture of firearms, stepped directly onto the path of imitating the Portuguese matchlock gun, rather than following the road taken by Korea’s weapons-manufacturing agencies of imitating the guns and cannon of Ming-dynasty China. After the trial manufacture of the Tanegashima gun succeeded, such workshops in Japan as the Tanegashima forge, the Shibataki Seiuemon forge, the Sakai teppō forge, and the Kunitomo teppō forge, one after another began mass-manufacturing various types of matchlock gun, giving rise, in the latter part of the 16th century, to a boom in the manufacture of matchlock guns. In the course of this boom, Japan’s firearms researchers and developers made numerous further improvements to the matchlock gun, so that its performance came to exceed that of the matchlock guns manufactured by the Portuguese, and it became an important weapon in the training and combat operations of the Japanese armed forces.



3. The Rise of the Boom in Japanese Matchlock-Gun Manufacture

From the time that Yaita Kinbei Kiyosada of Tanegashima succeeded in imitating the matchlock gun, the forges of Tanegashima at once rose to manufacture matchlock guns, and the other forges everywhere likewise followed suit in emulation.

(一) The Tanegashima Forge Manufactures Japan’s Earliest Matchlock Gun

The man who first succeeded in manufacturing the matchlock gun in Japan was Yaita Kinbei Kiyosada. This man was originally a swordsmith of Minoseki on Tanegashima, skilled in the manufacture of swords and spears; after the Portuguese brought the matchlock gun in the twelfth year of Tenbun (1543), he devoted himself to learning the craft of gun-manufacture from them, and created a breech-locking screw-bolt at the tail of the barrel, so that the powder gases of the matchlock gun, after firing the projectile, would not leak outward, thereby increasing the killing power of the matchlock gun. The matchlock gun manufactured by Kiyosada in the thirteenth year of Tenbun had a touch-hole made of wrought iron in a square-basket shape; the gun-body was a slender, elongated cast-iron tube, with the inner wall of the tail of the tube cut with a female screw-thread, and the locking bolt cut with a matching male screw-thread, so that once screwed into the tail of the tube, it achieved a complete seal. At that time, 2 such guns were manufactured. Of these, one gun-barrel measured 2.365 chi in length, and, together with the gun-stock, measured 3.34 chi in total length; the other gun-body measured 2.39 chi in length (Photograph 13). Tachibanaya Matasaburō, a merchant of Sakai City, during the period when Kiyosada was manufacturing the gun, had come to Tanegashima to learn the technique of gun-manufacture.

After more than a year, having completed his studies, he returned home, and became the founder of the manufacture of the matchlock gun by the Sakai teppō forge.

These 2 guns were, in the twenty-fourth year of Meiji (1891), put on exhibition at the Yūshūkan, for imperial viewing by the Emperor①. After Kiyosada’s success in imitating the matchlock gun, Minoseki’s sword-and-spear manufacturing trade accordingly evolved into the teppō-forging trade, and Kiyosada’s descendants likewise took up the profession of gun-manufacture. Later, the teppō forges of the Satsuma domain undertook unified manufacture, producing what was called the Satsuma teppō, which fired a projectile weighing 10 momme, retaining the distinctive character of the Portuguese-style matchlock.

(二) The Negoro-ji Temple and the Manufacture of the Matchlock Gun

After Tokitaka obtained 2 matchlock guns from the Portuguese, he presented one as a gift in response to the earnest entreaty of Tsuda Kanmotsu. Tsuda Kanmotsu, whose personal name was Sanchō, was a man of Kishū Kaka District. Myōsan of the Sugi-no-bō at Negoro-ji Temple was his younger brother, and had once studied the secret art of gun-manufacture under Byōdaibō. Later, the Ashikaga Shōgun Yoshiharu dispatched 5 disciples to study the craft of gun-manufacture under him. The matchlock guns thus manufactured were supplied for the use of the many monks of Negoro-ji, and thereupon the technique of using the matchlock gun spread widely. In the fourth year of Eiroku (1561), the monks of Negoro-ji all possessed fine matchlock guns, capable of hitting their mark with every single shot, and had on several occasions defeated their adversaries in battle using them. For this reason, the development of the manufacture of the matchlock gun was not merely a technical matter, but was also bound up together with the wars and military affairs of Japan’s Sengoku (Warring States) period (1467–1573).

On the twenty-first day of the third month of the thirteenth year of Tenshō (1585), Toyotomi Hideyoshi led an army of 100,000 to attack Negoro-ji Temple. The temple monks and their allied troops, numbering only 17,000, gave battle; the disparity in military strength was extreme, and although the temple monks put up a stubborn resistance with their matchlock guns, in the end, outnumbered, they were suppressed by Toyotomi Hideyoshi. Nevertheless, the fierce effectiveness of the matchlock guns used by the temple monks was widely known to the world, and the technique of their gun-manufacture was also handed down to later generations③.

(三) The Sakai Teppō** Forge and the Manufacture of the Matchlock Gun**

The Sakai teppō forge was, during the Edo period (1603–1867), a trade guild in the same line of business as the Kunitomo teppō forge, and was a celebrated group of weapons manufacturers, tracing its origin to before the first year of Keichō (1596). Its founder was Tachibanaya Matasaburō, a merchant of Sakai and a skilled ironworker, who in the thirteenth year of Tenbun (1544) went to Tanegashima, and studied the technique of matchlock-gun manufacture under the ironsmith Yaita Kinbei Kiyosada; after more than a year, having completed his studies, he returned to Sakai, and, having mastered the technique of gun-manufacture on his own, was called by the people “Teppōmata” (铁炮又, “Iron-Cannon Mata”). At that time, however, the quality of the matchlock guns manufactured by this forge was rather poor. Afterward, through repeated improvement, it came to supply Katō Kiyomasa, during his invasion of Korea in 1592–1598, with a considerable quantity of matchlock guns of superior quality.

(四) The Kunitomo Teppō** Forge’s Contribution to the Development of the Early Matchlock Gun**

The Kunitomo teppō forge was located in Kunitomo Village, Sakata District, Gōshū (present-day Kunitomo-chō, Nagahama City, Shiga Prefecture, Japan), and, already during the Muromachi Shogunate period (1338–1597), was a center of the forging handicraft industry, being the oldest handicraft-industry organization in Japan with the most pronounced traditional characteristics; by the Edo Shogunate period it had become a teppō workshop directly under the administration of the Shogunate.

The Kunitomo teppō forge had a celebrated ironsmith, Kunitomo Zenbei, a descendant of the swordsmith Shizu Saburō Kanewaka of Minoseki. In the eighth month of the twelfth year of Tenbun (1543), Tokitaka of Tanegashima presented a Portuguese-made matchlock gun to Shimazu Yoshihisa, and Shimazu Yoshihisa in turn presented it to the Muromachi Shogunate’s Ashikaga Yoshiharu. Ashikaga Yoshiharu, wishing to have this gun imitated, ordered his retainer Hosokawa Harumoto to seek out skilled smiths, and thereupon found the outstanding craftsmen of the Gōshū Kunitomo forge — Kunitomo Zenbei, Tōkurōzaemon, Hyōe Shirō, Sukedayū, and others, four men in all. Shogun Yoshiharu ordered them to manufacture guns. The four men, taking the Portuguese-style matchlock gun as their model, and with the assistance of the craftsman Jirō, succeeded in fashioning the breech-locking screw-bolt at the tail of the barrel, and, on the twelfth day of the eighth month of the thirteenth year of Tenbun, successfully manufactured 2 matchlock guns.

Oda Nobunaga (1534–1582) was, at that time, a renowned commander of Owari Province (present-day the area around Nagoya, Aichi Prefecture, Japan); he was renowned for his valor and martial prowess, and was thoroughly versed in the use of every kind of weapon. He foresaw that the matchlock gun would become the most important and most powerful weapon on the battlefields of the future, and so, in the eighteenth year of Tenbun (1549), he had 500 matchlock guns manufactured, capable of firing a projectile weighing 6 momme, bringing about an epoch-making development in the matchlock gun. Oda Nobunaga himself also practiced marksmanship together with the gun-master Hashimoto Ippa, organized matchlock-gun units, promoted the tactic of combining the matchlock gun with cold-steel weapons, and established new regulations placing the Kunitomo teppō forge entirely under his own control, so that the technique of manufacturing the matchlock gun was kept a closely guarded secret. Between 1560 and 1582, Oda Nobunaga, making use of his advantage in matchlock guns, dominated Japan for a time. On the 19th of May 1560, at Okehazama (in present-day Aichi Prefecture, Japan), he killed Imagawa Yoshimoto, the daimyo of Suruga (present-day Shizuoka Prefecture, Japan), and defeated his army of over 25,000 men. Thereafter, he continued to campaign year after year, defeating one adversary after another by means of his superiority in matchlock guns, and suppressing the warrior-monks who had once opposed him. In 1582, Oda Nobunaga was forced to take his own life at the Honnō-ji in Kyoto, betrayed by his subordinate Akechi Mitsuhide; before long, Toyotomi Hideyoshi succeeded him in dominating Japan. Toyotomi Hideyoshi likewise made use of the superb matchlock gun as a sharp weapon, launching the war of invading Korea and aiding Japan, bringing enormous wartime calamity upon the people of Korea.

From this it can be seen that, over the more than 50 years from Japan’s successful imitation of the Portuguese-style matchlock gun in 1544 down to the end of the war of invading Korea in 1598, the matchlock gun remained throughout the principal weapon of Japan’s wars, both internal and external. It may be said that warfare promoted the rapid development of the matchlock gun in Japan, giving rise to several dozen different schools of matchlock-gun manufacture, whose products were likewise numerous and varied, each displaying its own particular strengths.

(五) Surviving Specimens of the Japanese Matchlock Gun

Actual surviving specimens of Japanese matchlock guns manufactured in the 16th century are not numerous; apart from the Tanegashima gun and the Satsuma gun already mentioned above, there are also the following several types.

The matchlock gun of the Tenshō era. The gun-barrel has a front sight at the front and a rear sight at the rear, mounted on a wooden gun-stock; the rear portion of the gun-stock curves slightly, with a bend at the top and an arc at the bottom, the tail portion having a triangular concave curve. It is presently housed in a certain sub-temple of Nanzen-ji Temple in Kyoto.

The matchlock gun used by the Japanese army in the invasion of Korea. The Illustrated Catalogue of Old Korean Firearms records 2 Japanese-manufactured matchlock guns. One of these has a comparatively slender and elongated gun-barrel, with a front sight in front and a rear sight behind, fitted with a matchlock firing mechanism. The gun-barrel is mounted on a gun-stock, the rear of the stock curving slightly, and beside the gun is attached a cleaning-rod for clearing the barrel. Its measured data are: bore diameter 19 mm, total length including the barrel 145 mm, firing a projectile of 12 momme. The gun-body is engraved with the characters “Used by the Eighteenth [Company] of Daishidō” (大师堂十八番使用) and others, and it is presently in the collection of a Mr. Okada.

Another matchlock gun is of the same style as the one described above, except that it bears no inscription and no cleaning-rod. Its measured data are: bore diameter 15 mm, total length including the barrel 185 mm, firing a projectile weighing 6 momme.

Among the illustrations of surviving matchlock-gun specimens recorded in the Illustrated Catalogue of Old Korean Firearms, there are also several matchlock guns of a style resembling the Japanese type; these were either abandoned on the battlefield by the invading Japanese army, or were spoils of war taken by the combined Ming-Korean forces, but because the gun-bodies bear no engraved date of manufacture, it is very difficult to determine their country of origin or date of manufacture with certainty.



4. The Artillery of Japan

In 16th-century Japan, the manufacture of artillery had not yet begun, and the use of artillery was likewise an isolated phenomenon. Apart from the Great General cannon, house-destroying cannon, Crouching-Tiger cannon, and folangji used by the Ming army in the war of invading Korea, the earliest artillery the Japanese army encountered was the folangji manufactured by the Portuguese. According to the Ōtomo Kōhaiki (大友兴废记), as cited by Arisaka Nariakira in the “Artillery” section of his A Study of Weapons: in the fourth year of Tenshō (1576), a Portuguese merchant ship arrived at Bungo and presented 2 pieces of artillery to Ōtomo Sōrin; the Japanese called this piece “Kunizaki” (国崩, “Nation-Crusher”), and when fired it could be loaded with 3.75 kg of gunpowder, and besides the large projectile it also fired small projectiles, the small projectiles weighing 15 g, 19 g, and 22 g respectively. In the early part of the twelfth month of the fourteenth year of Tenshō, Ōtomo Sōrin and Shimazu Yoshihisa fought a battle at Niū (Usuki Castle); although the army of Shimazu Yoshihisa suffered heavy losses under bombardment from the large and small projectiles of the “Kunizaki,” it nevertheless captured 1 “Kunizaki” cannon and 1 culverin. Later, of these 2 pieces, one is preserved at the Yūshūkan, cast of bronze, and is called the “Poluohan Tube” (破罗汉筒, “Broken-Arhat Tube,” i.e., the Portuguese-style folangji); the other is called the culverin, and is preserved on Kagoshima.

Arisaka Nariakira further states in his book: the various types of artillery transmitted to Japan from abroad during this period, [compared with] the folangji (also called the “Poluohan Tube,” or the “mother-and-child cannon”) were the most numerous, mostly manufactured of bronze, with fewer made of iron. Later, the Ōtomo teppō forge took the aforementioned “Poluohan Tube” as its model, and imitated and manufactured Japan’s own folangji. Yu Ma-seong-bo, for his part, holds that the Japanese firearms researchers and developers’ knowledge of the Chinese folangji was chiefly derived from the Chouhai Tubian (筹海图编) and the Jixiao Xinshu (纪效新书), and later also from such works as the Binglu (兵录) and the Wubei Zhi (武备志).



5. The Use of Firearms in Warfare

After the 1560s, owing to the large-scale manufacture of the matchlock gun, the organizational and equipment structure of the Japanese armed forces underwent great improvement, and new methods of warfare accordingly came into being.

(一) The Japanese Army’s Triple-Ranked Bird-Gun Formation

The Korean statesman and military strategist Ryu Seong-ryong, in juan 16 of his Seoae Jip, states: after the Japanese army began using the matchlock gun, it adopted the “triple-ranked bird-gun formation” (鸟枪三叠阵) as its basic combat formation and battle array. In combat, the soldiers were “divided into three, forming a triple-ranked formation, arrayed in ranks and files, the front rank bearing banners and standards, the middle rank bearing bird-guns, and the rear rank bearing short weapons (that is, cold-steel weapons). Upon encountering the enemy: the front rank, bearing banners and standards, would part to the two sides, forming an encircling posture; the middle rank, bearing bird-guns, would all fire together at once, charging into the enemy’s formation; the enemy, for the most part, being struck down by the bird-guns, and the formation thrown into disorder, and, moreover, seeing themselves encircled on left and right, the soldiers would inevitably flee; whereupon the rear rank, bearing spears and swords, would pursue and strike from behind, wantonly cutting them down. Although this is not an ancient method, it nevertheless embodies the essential principle.”

Zhao Shizhen, the matchlock-gun researcher and developer of Ming-dynasty China, likewise gives an account of the Japanese army’s tactics, in his memorial “Memorial of the Twenty-Seventh Day of the Eighth Month of the Thirty-First Year of Wanli” (万历三十一年八月二十七日奏): “The dwarf-slaves (Japanese) rely solely upon the three thousand bird-gun-men of Hirado (that is, Japan’s Hirado), whom they use as the vanguard, committing their forces deep into our territory without sparing any remaining strength, to resist our two countries (China and Korea). Even with the combined strength of our two countries, we have been unable to bring the dwarf-bandits to their deaths. (In battle, the wokou) charge forward like a whirlwind and a thunderbolt, and withdraw again at their leisure with banners furled; not only do the various chieftains all preserve their heads intact, but even the rank and file of the dwarf-bandits suffer scarcely any losses. That the bird-gun is of such advantage for military use is thus made abundantly and conspicuously clear.”

The above are the summations given by military strategists of both China and Korea concerning the tactics and methods of warfare of the Japanese army that invaded Korea. Although the specific content of the two accounts is not entirely identical, what they say concerning the basic tactics and methods of warfare of the Japanese army is consistent. That is: in combat, the Japanese army used its matchlock-gun soldiers to deliver concentrated volley fire, inflicting heavy casualties on large numbers of enemy officers and men, opening a breach in the enemy’s position, and then, once the enemy army was routed, used soldiers bearing cold-steel weapons to pursue and cut down the fleeing enemy, thereby seizing victory in battle. In the siege of Busan, the Japanese army used its matchlock-gun soldiers to occupy commanding heights outside the city and fire upon targets within the city, breaking into the city. In the defense of Pyongyang, it relied upon the city walls, firing upon the besieging army through loopholes, so that the city could not be taken for a long time despite repeated attacks. These tactics and methods of warfare can be traced in actual battle examples both in Japan’s internal wars and in its war of invading Korea.

(二) Battle Examples of the Use of the Matchlock Gun

The use of the matchlock gun in the Battle of Itsukushima. In the first year of Kōji of Japan (1555), Mōri Motonari of southern Honshu and Sue Harukata fought a battle at Itsukushima. In this engagement, the forces under Sue Harukata used 7 newly manufactured matchlock guns to fire upon the camp and battle-line of Mōri Motonari. The forces under Mōri Motonari, not knowing the killing power of the matchlock gun, and having taken no defensive measures, suffered no small losses. Amid this state of bewilderment and the absence of other defensive measures, they on the one hand built earthen ramparts to defend against the matchlock gun’s fire, and on the other hand also wove bamboo screens out of numerous bamboo poles over a zhang in length, thereby effectively warding off the fire of the bird-guns. Because the matchlock guns of this period were still an early-stage product, their killing power was not great, and their numbers were likewise not large, so that they were not yet able to become a decisive factor in the outcome of the battle, and for this reason the final victory did not, in the end, fall to Sue Harukata’s side.

The use of the matchlock gun in the Battle of Okehazama. This was the decisive battle in which Oda Nobunaga, a feudal lord of the closing period of Japan’s Sengoku era, defeated the daimyo Imagawa Yoshimoto by means of the matchlock gun, at Okehazama (in present-day Aichi Prefecture, Japan). In 1560, Imagawa Yoshimoto, who held sway over the three provinces of Suruga, Tōtōmi, and Mikawa, in order to advance upon Kyoto and establish a central government, led an army of 25,000 men, arriving at Ikeha on the 18th of May, and thereafter expanded along the coast, advancing with part of his forces toward Washizu and Marune, in the territory of the Owari-Province daimyo Oda Nobunaga, while his main force advanced toward Ōdaka Castle. Imagawa Yoshimoto, believing Oda Nobunaga to be young and inexperienced, and his troops arrogant and careless, expected to win the battle in a single engagement. Who could have foreseen that Oda Nobunaga, upon learning of this, showed not the slightest alarm, but at dawn the following day led his troops out to meet the enemy, and, gathering his forces as they advanced, had assembled over 3000 officers and men by the time he reached Tange. On learning that Imagawa’s forces were resting near Okehazama, Nobunaga at once led a main force of over 2000 men, advancing concealed along the mountain paths through the rain to approach the enemy. At 2 o’clock in the afternoon, the heavy rain ceased, and his troops had by then drawn close to Imagawa Yoshimoto’s main army. Oda Nobunaga at once ordered his matchlock-gun soldiers to open fire without warning; in an instant ten thousand shots were fired at once, and, under this covering fire, the troops launched an assault from the crest of Taishineyama, in one stroke annihilating Imagawa Yoshimoto’s main force and killing Imagawa Yoshimoto himself. This battle is a celebrated example, in the history of Japanese warfare, of victory achieved through superiority in the matchlock gun, through the few overcoming the many, and through a surprise attack swiftly decided.

The invading Japanese army’s use of the matchlock gun to break into Pyongyang. On the twenty-third day of the fourth month of the twenty-fifth year of the Seonjo reign of Korea (23 May 1592), the Japanese army invaded Korea, and by the 19th of July had advanced close to Pyongyang. When the Japanese army attacked Pyongyang, it used matchlock guns to shoot down the Korean soldiers defending the city. The range of the bows and crossbows used by the defending soldiers did not match that of the matchlock gun, and they were routed one after another in defeat. The Japanese army took advantage of this to occupy Pyongyang.




Summary

In the 16th century, China, Korea, and Japan were all in a period of ascendant development in the research, development, and use of firearms. China not only achieved substantial progress in traditional firearms such as incendiary weapons, explosive weapons, guns and cannon of every type, and fire-arrows, but also promptly absorbed the strengths of the Western folangji and the matchlock gun, imitating and creating a variety of folangji, bird-guns, and multi-barrel matchlock guns, giving rise to a situation of convergence between Chinese and Western firearms, improving the organizational and equipment structure of the Ming army and its national-defense installations, innovating the content of military training, and creating new methods of warfare, so that the military transformation which had germinated in the early Ming period was brought to full and thorough development, making China a driving force that influenced and promoted the research, development, and use of firearms in other Asian countries.

After Korea, in the late 14th century, introduced from China the technology for researching, developing, and using firearms, out of the necessity of resisting the wokou, it quickly established its own independent hand-industry for manufacturing firearms, producing such firearms as incendiary weapons, explosive weapons, gunpowder-arrows, and guns and cannon of every type, and achieved no small number of innovations in such areas as the multi-barrel hand-gun, the large-bowl-mouth hand-gun, and the explosive shells they fired — the shaking-heaven thunderclap — as well as in naval ship-mounted cannon, bringing about a certain degree of improvement in the organizational and equipment structure of the armed forces and in national defense, adding the training content of using guns and cannon to military training, and likewise achieving no small number of innovations in the equipment of the navy and in the tactics and methods of naval warfare; military transformation had, by this stage, already appeared.

Although Japan’s research, development, and use of firearms began comparatively late, in absorbing the strengths of the Portuguese matchlock gun and remaking it into a new type of matchlock gun, Japan walked ahead of China at that time, achieving a historic advance.

In absorbing the strengths of Western firearms, China and Japan proceeded by different routes: China began by learning the folangji from the Portuguese, and only afterward the bird-gun; China’s technology for manufacturing the folangji exerted a certain influence upon Japan. Japan, by contrast, began by learning the Portuguese matchlock gun, and only afterward the folangji; Japan’s technology for manufacturing the matchlock gun likewise exerted a certain influence upon China. The two sides thus displayed a degree of mutual complementarity.

The technology for researching, developing, and using firearms in China and Korea developed and advanced continuously, through constant innovation, in the course of the wars fought along the various coastal regions to suppress the wokou and to resist the invasion of Toyotomi Hideyoshi of Japan. Japan’s technology for researching, developing, and using firearms likewise developed and advanced through constant innovation, in the course of the wokou’s plundering of the coastal regions of China and Korea and of Toyotomi Hideyoshi’s war of invading Korea. Therefore, in the 16th century, the technology of researching, developing, and using firearms on the part of China and Korea as one side, and Japan as the other side, developed and advanced continuously amid a process of warfare marked by mutual opposition, mutual contention, and mutual complementarity and completion. In this advance, the firearms of the three countries of China, Korea, and Japan all developed in the direction of continually improving the technology of manufacturing and using guns and cannon employing the matchlock mechanism.

Owing to a variety of causes, the other countries of Asia had, as yet, not formed an independent hand-industry for manufacturing firearms, and so the research, development, and use of firearms in those countries still lacked vitality for development — a state of affairs that underwent no change for a considerable period of time thereafter.

On the whole, from the latter part of the 16th century onward, the momentum of development of European firearms had already begun to surpass that of Asia, moving to the forefront of the world.





Chapter Eight The Creation of the Flintlock Gun and the Development of Field Artillery

In the Europe of the 16th to the early 17th century, the sprouts of capitalism had already grown, and science and technology developed rapidly; the mining, metallurgical, and machine-manufacturing industries began to adopt mechanical apparatus, harnessing manpower, animal power, wind power, water power, and mechanical traction, so that productive capacity was greatly increased. Firearms-manufacturing workshops sprang up one after another in Spain, Portugal, England, France, and Germany; the smelting of many tons of high-quality steel, together with water-powered trip-hammers, raised the capability and supplied the fine raw material for the manufacture of guns and heavy artillery; the armored knight of the medieval era lost his capacity to survive on the battlefield, and the castle was no longer a refuge in which feudal separatist powers could shelter from the guns and cannon of the townsfolk. At the same time, the wars for maritime supremacy among the various countries grew ever more intense. All of these factors together promoted the creation and development of new types of guns and cannon.


Section 1 Advances in Gunpowder-Manufacturing Technique and the Creation of the Flintlock Gun

Advances in gunpowder-manufacturing technique provided the material conditions for raising the killing power of guns and cannon, while the creation of the flintlock gun was the precondition for supplanting the matchlock gun.


1. Advances in Gunpowder-Manufacturing Technique

Advances in gunpowder technique were chiefly manifested in such respects as the careful selection of raw materials, the improvement of technique, the expansion of scale, the rational adjustment of the compounding ratio, and the breadth of use.


(1) The Careful Selection of Raw Materials

Marked progress was made in the careful selection of saltpeter, sulfur, and charcoal.

The refining and purification of saltpeter. From the 16th century onward, most of the saltpeter used by England was obtained from India, and afterward shipped to England for refining. The method was first to melt and boil the crude saltpeter into a liquid, and then allow it to cool; the pure saltpeter would crystallize on the surface, while the residue settled to the bottom, and finally the crystals from the middle layer were taken as the pure saltpeter for use as raw material. Once the pure saltpeter had been prepared, it was further subjected to a test of its ignition potency (Figure 8-1); if it did not meet the standard, it was refined again repeatedly until it passed. This represented a great improvement in England’s saltpeter-refining technique.

The refining of sulfur. The sulfur used by the European countries was for the most part obtained from Sicily in Italy and other places rich in volcanic activity, and was afterward refined in

Figure 8-1 Diagram of the Testing of Pure Saltpeter

handicraft workshops using manual equipment, being heated to 350° Fahrenheit so as to solidify it and remove impurities. It was then further heated to 836° Fahrenheit, so that it turned to sulfur vapor, and, once it had cooled and solidified, it became the raw material for gunpowder manufacture. This was a comparatively advanced technique.

The carbonizing of charcoal. Most European countries selected the branches of such tree species as hazel, linden, white poplar, buckthorn, and red-berried elder, while Spain used esparto grass. Once the raw material had been carefully selected, it was placed in a sealed kiln and carbonized into charcoal, which was then ground into charcoal powder for use as a raw material in gunpowder manufacture.



(2) The Technique of Compounding Gunpowder

This period saw the creation of a variety of techniques for compounding gunpowder.

The row-arranged pounding-and-grinding method. France was, at that time, the leading country in gunpowder manufacture; at its gunpowder-manufacturing sites, it prepared numerous wooden mortars for pounding gunpowder, loading 10 kilograms of powder material into each mortar per day, and arranging many mortars into one row or two rows, mounted on a water wheel; as the water wheel turned, the wooden pestles rose and fell, and, with water continually poured in, pounded the gunpowder in the wooden mortars — every 6 to 7 hours, one cycle of powder-making could be completed. Finally, the pounded gunpowder cakes were made up into usable gunpowder. In 1578, the German authorities established a gunpowder-manufacturing workshop west of Berlin at Spandau, situated at the confluence of the Spree and Havel Rivers, in order to make full use of the water power there, adopting the grinding-and-milling method to grind the powder material.

The rotating-drum pounding-and-grinding method. This method was created by the gunpowder-manufacturing workshops of France in the mid-17th century. Its method was to load the powder material together with several small steel balls into a large drum fitted with a rotating axle, and then to rotate the drum, so that the steel balls within the drum rotated along with it, stirring the powder material and producing the gunpowder; each hour could produce 67.5 kilograms of finished gunpowder, which was then afterward spread out on damp cloth, pressed into gunpowder cakes, and then cut into powder grains, for use in guns and cannon.

The grinding-and-milling method. The gunpowder-manufacturing works of the Netherlands and of Okhta in Russia were the first to use this method, and afterward England, France, Italy, and other countries adopted it in succession as well. Its method was first to select fine, dense stone material produced at Namur in the Netherlands, to fashion it into a stone mill, and install it in the workshop. In compounding the powder, the powder material was first gathered beneath the millstone, and then the stone mill was rotated, grinding and mixing the powder material. At first, horses were used to draw the stone mill; later, water power was used to turn the stone mill; and finally, steam engines were used to turn the stone mill, so that output and quality both rose in step with the improvement of the motive power. Later still, this was further changed to a copper roller mill (Figure 8-2) and to a suspended mill that did not make direct contact, so as to avoid the danger of the gunpowder exploding.

The pounding-mill method. This type of pounding-and-grinding machine was of assembled construction; each machine had 6 grinding mortars, fitted with 4 to 6 pestles, and a single crank connected and drove an eccentric flywheel on the right-hand side, which, by means of a cylindrical shaft, connected vertically, the shaft making contact with the wooden pestles (Figure 8-3). In use, wind power was harnessed to turn the flywheel, driving the cylindrical shaft to rotate together with it; the shaft in turn drew the wooden pestles, which pounded and

Figure 8-2 The Copper Roller-Mill for Compounding Gunpowder

ground the powder material in the mortars, producing the compounded gunpowder.



(3) The Processing of Finished Gunpowder

Once the gunpowder had been compounded, it further had to undergo several stages of processing, in order to obtain effective protection and ensure safety during transport. First, hydraulic machinery was used to press the gunpowder into firm and uniform gunpowder cakes, giving it a certain density and geometric shape. Second, a mechanical granulating vat was used to break the gunpowder cakes into powder grains of uniform size, which were then separately sifted out as suited to the different firearms that would use them. In 1689, a publication from Augsburg, Germany, included a drawing depicting the sifting of gunpowder grains (Figure 8-4); in the illustration, the worker in front uses a small rake to turn over the gunpowder, while the 2 workers behind him are sifting the gunpowder. Afterward, the sifted gunpowder grains were placed in a drying chamber at 40–60°C to dry, so as to keep the gunpowder in a good, dry condition ready for use. Finally, a polishing machine made of graphite was used to polish the surface of the gunpowder grains, removing air pockets and reducing hygroscopicity, so as to extend the gunpowder’s storage life.

Figure 8-3 The Rotating-Cylinder Powder-Compounding Machine Figure 8-4 Sifting Gunpowder Grains




2. Evolution of Gunpowder Formulas and Their Mixing Ratios

As guns and cannon developed, and as the demands placed upon the performance of the gunpowder they used grew accordingly, gunpowder formulas and their compounding ratios likewise underwent continuous evolution; the various sources that have published material on this evolution are quite numerous, the more representative of which are chiefly the following several.


(1) The Gunpowder Compounding Ratios of the 16th Century

The gunpowder researcher and developer Tartaglia calculated the different compounding ratios of gunpowder for use in large, medium, and small artillery pieces; these are arranged in the order of saltpeter, sulfur, and charcoal (the same below), and their compounding ratios were respectively:

Large artillery: saltpeter 50%, sulfur 33.3%, charcoal 6.7% Medium artillery: saltpeter 66.7%, sulfur 20%, charcoal 13.3% Small artillery: saltpeter 83.4%, sulfur 8.3%, charcoal 8.3%



(2) The Gunpowder Compounding Ratio Recorded in England’s The Compleat Gunner

This book was published in 1635, and France likewise continued to follow this compounding ratio in 1685:

Saltpeter 75%, sulfur 12.5%, charcoal 12.5%



(3) The Gunpowder Compounding Ratios Published by Marnovics

This set of ratios was published in 1650; there were 6 groups in all, with 2 groups each for artillery, the matchlock gun, and the cavalry carbine; one group is here selected from each and listed as follows:

Gunpowder for artillery: saltpeter 70%, sulfur 14%, charcoal 16% Gunpowder for the matchlock gun: saltpeter 72%, sulfur 14%, charcoal 14% Gunpowder for the cavalry carbine: saltpeter 78.7%, sulfur 9.4%, charcoal 11.9%

There were, in addition, no small number of other formulas, which will not be enumerated one by one here.



(4) The Trial Manufacture of Quasi-Fulminating-Mercury Gunpowder

In 1625, the Italian military technologist G. Bassi (Guiliano Bassi) made use of the chemical reaction between antimony (Sb) or mercury (Hg) and nitric acid (HNO₃), the resulting precipitate being usable in the manufacture of a high-explosive gunpowder. One of his formulas used 2–3 grains (1 grain = 64.8 mg) of metal powder, which, after reacting with nitric acid, yielded a precipitate to which was further added ammonium chloride, mixed together with cream of tartar to form a solid. The gunpowder manufactured by this method already possessed properties resembling those of modern mercury fulminate explosive, its explosive power far exceeding that of black powder — to the point that a single blow of a hammer would cause it to explode. In Bassi’s formula, it was called “gold fulminate explosive.”



(5) The Irreplaceability of Potassium Nitrate in Black Powder

Some had attempted to substitute other raw materials for potassium nitrate, but none of these attempts succeeded.

Potassium chlorate could not replace potassium nitrate. In 1786, the French chemist C. Berthollet (Cloude Bertholet, 1749–1823) attempted to substitute potassium chlorate (KClO₃) and potassium perchlorate (KClO₄) for potassium nitrate in the trial manufacture of gunpowder, so as to increase the intensity of the gunpowder’s explosion, but this instead increased the cost of manufacturing the gunpowder, and, more alarmingly, increased its hazard. At that time, the Essonnes gunpowder factory suffered a serious explosion accident precisely because of trials with this type of gunpowder. He also attempted to substitute sodium nitrate (NaNO₃) for potassium nitrate in the trial manufacture of gunpowder; although this could lower the cost, because this type of gunpowder was excessively hygroscopic and unfavorable to storage, it likewise was not adopted.

Potassium permanganate and potassium chromate could not replace potassium nitrate. Some attempted to use potassium permanganate (KMnO₄) and potassium chromate (KCrO₄) in the trial manufacture of gunpowder, but trial manufacture proved that gunpowder made with these peroxide compounds had no practical value for use, and so it was not adopted for wider use.




3. The Creation of the Flintlock Gun

As warfare developed, the hand-held gun formerly fired by means of a lit charcoal ember, or the matchlock gun fired by means of a lit fuse-cord, came to feel to people ever more inconvenient, and ever less suited to the demands of actual combat. For this reason, gunsmiths began to research and develop a type of gun fired by ignition from a spark struck by a rotating wheel against flint, that is, a gun fired by ignition from a flintlock mechanism. People called this type of gun the flint gun or flintlock gun. Because it also used a rotating gun-hammer to strike and grind against the flint for ignition, it was also called the rotary-ignition gun or the wheellock gun (Weellock).


(1) The Ignition Principle of the Flintlock Gun

Flint, also called fire-stone, produces sparks when struck or ground against iron implements, and so, in the early 16th century, some began to make use of flint for the ignition of firearms. The first to conceive of the structure of the wheel-type ignition gunlock was the painter of the Italian Renaissance, Leonardo da Vinci (1452–1519), who drew a schematic diagram of the structure of the rotating gunlock. In 1517, a gunsmith named Johann Kiefuss created a wheellock gun at Nuremberg. Others say that he achieved this success at Vienna in Austria.

Between 1521 and 1526, someone in Germany likewise manufactured a rotary-wheel-type flintlock gun. The gunlock was fitted with a hammer, the jaw of the hammer clamping a piece of flint; below the hammer was a small steel wheel, around the rim of the steel wheel were hooked teeth, and above the wheel was set the powder pan. Once the trigger was pulled, under the action of a mainspring, the small steel wheel rotated rapidly, grinding against the flint and producing sparks, which ignited the powder charge (Figure 8-5-a). Although the rotary-wheel gunlock was an ingenious design, because its structure was complex, its cost of manufacture high, and it was also prone to malfunction, it was not adopted for widespread use.

In 1547, the spring-type flintlock mechanism (snaphance) invented in Sweden was of an entirely different construction; it used a steel striking-plate (frizzen) to produce fire. When the shooter pulled the trigger, the hammer, under the force of a spring, struck the steel striking-plate, and the resulting sparks then fell into the powder pan below. Above the powder pan was fitted a protective cover, to prevent rainwater from entering and gunpowder from spilling out; when firing, the cover was opened by means of the trigger, and, once the gunpowder had been loaded, it was closed again by hand (Figure 8-5-b). This gunlock was simpler and more reliable than the rotary-wheel-type gunlock, and for this reason received the attention of firearms researchers and developers throughout Europe.

Around 1620, French firearms researchers and developers made a further improvement to the spring-type gunlock, combining the steel striking-plate and the powder-pan cover into a single unit. Once the trigger was pulled, the hammer struck the steel striking-plate, producing a spark, while at the same time knocking the steel striking-plate away from the powder pan, so that the spark ignited the exposed gunpowder (Figure 8-5-c); this gunlock was called the percussion-type flintlock mechanism (flintlock). Although this improvement was small, its significance was great: it made the structure of the flintlock mechanism simpler and more reliable still, and, because it was also low in cost to manufacture and convenient to maintain, it was accordingly imitated and manufactured in great numbers by countries the world over, and in the end supplanted both the matchlock-gun mechanism and the rotary-wheel-type flintlock mechanism.

Figure 8-5 Schematic Diagrams of Flintlock Mechanisms



(2) The Manufacture of the Flintlock Gun

From the 17th century onward, Europe’s gun-manufacturing industry entered a period of flourishing development; a number of gun-manufacturing factories were capable of manufacturing a wide variety of guns, such as the Augsburg gun-manufacturing works, which shouldered the task of manufacturing many types of guns and their accessories. In the gun-manufacturing workshops there were installed mechanically operated gun-making machines and equipment, including lathes, planers, milling machines, shaving machines, and other various tools and machine tools. In the process before full mechanization of production had been achieved, there were still certain steps carried out by fine manual labor. The illustrations in The Age of Firearms, published in 1689, vividly reflect the scene of gun manufacture of that time (Figure 8-6).

Figure 8-6 Gun-Manufacture at the Augsburg Gun Works



(3) Improvements to the Flintlock Gun

Although the ignition mechanism of the flintlock gun overcame the defect of the matchlock gun’s inability to fire in wind and rain, because loading the gun was complicated and time-consuming, the interval during which a soldier, having fired one shot, had to reload the next round of ammunition was excessively long, and, should the enemy army seize this opportunity to charge, the soldier would be caught unprepared and unable to defend himself. In order to spare soldiers from injury when fighting the enemy at close quarters, gunsmiths, in the 17th century, designed a small type of blade fitted to the front end of the gun-stock, which people called the bayonet. With the bayonet, once a soldier had fired his shot, he could use the bayonet to engage the enemy in hand-to-hand combat. The earliest bayonets were fitted with a wooden handle that was inserted into the gun barrel. Before long, the French gun engineer Vauban designed a bayonet-socket, by means of which the bayonet could be fixed onto the gun barrel, solving the problem of close-quarters combat, and thereupon the flintlock gun came into widespread use.

In the early 17th century, the products of the European flintlock gun were extremely numerous; their chief performance data were: caliber 11.8–17 mm, barrel length 80–95 cm, gun weight 4.5 kg, projectile weight 25 g, ammunition load 40–60 rounds, maximum range 600 m, effective range 300 m. The flintlock gun remained in use all the way down to the mid-19th century, when it was finally supplanted by the percussion-cap gun. From the 17th to the 19th century, the Europeans sold the flintlock gun as a military commodity to the countries of Asia, Africa, and Latin America, and even used it to trade for local native peoples as slaves.





Section 2 The Development of Firearms and Rockets

The countries of Europe not only created the flintlock gun in the 16th century, but also developed the pistol, the multi-barreled gun, and the rocket, which became auxiliary firearms used alongside the single-soldier gun and artillery.


1. The Creation and Development of the Pistol

The pistol is a hand-held firearm used by military officers for command in battle and for personal self-defense. The Western name for the pistol derives from the name of the town of Pistoia in the Etruria region of Italy; its original meaning referred to a hand-held firearm used by cavalrymen on horseback, and it was first manufactured and brought into use in 1540. At the end of the 16th century, Germany manufactured a flintlock-type pistol with a rotary ignition mechanism, its firing principle and its form and construction being similar to those of the matchlock gun and the flintlock gun. It was composed of a barrel, a stock, an ignition mechanism, a firing mechanism, a sleeve, and other components; it could be fired one-handed, was convenient for rapid loading and firing, its aiming apparatus was simple and sturdy, and the stock formed a 110° angle with the axis of the barrel, so that the shooter needed only to extend his arm straight toward the target in order to hit it.

In 1835, the American Samuel Colt created the first revolving-cylinder pistol and obtained a patent for it; during the American Civil War in 1860, the Model 1860 revolver, of 11.8 mm caliber, was widely used, with an estimated 200,000 in service. The main components of the Colt pistol were: a fixed barrel, beneath which was a central axis, around which were arranged 6 chambers, each loaded with a single round, able to rotate about the axis so that the 6 chambers were brought into alignment with the barrel in succession. When firing, the shooter pulled the trigger, bringing 1 of the 6 chambers into alignment with the main barrel, while at the same time forcibly bending or compressing a spring and drawing the hammer back to the rear, until it reached its extreme point and struck to fire. Although this method of firing was swift, it required considerable effort and its accuracy was not high. Another method of firing was to use the thumb to press the hammer to the rear, causing the cylinder to rotate, pressing it to its final position where it was caught and held; at this point, a light pull of the trigger would fire the gun. Both of the above methods of firing were called double-action firing, and the Colt pistol belonged to the category of double-action pistols (Figure 8-7).

Figure 8-7 The Model 1835 Colt Pistol

In 1889, the American government designated the 9.5 mm-caliber revolver as the standard-issue sidearm of the U.S. military. Around 1890, revolvers were manufactured chiefly by the American Colt company, the Smith & Wesson company, the Webley company of Birmingham, England, the Etienne factory of Belgium, and the Steyr works of Austria. In 1851, the Englishman Adams designed a sturdily constructed double-action pistol, which fired either by trigger or by hammer; the British Royal Navy adopted both the Adams and the Colt pistols in 1862.

In 1868, the Adams pistol was converted into a breech-loading pistol. From the 19th century onward, the countries of Europe and America began to use the automatic pistol.



2. The Development of the Multi-Barreled Gun

The multi-barreled gun was a type of firearm created in order to increase the rate of fire beyond that of the matchlock gun; there were two great categories, the multi-barrel multi-shot type and the single-barrel multi-shot type. A European-published history of firearms, Guns, states: after 1450, a German manufactured a type of wooden five-barreled “serpent gun,” which received this name because the flame it sprayed out upon firing resembled a serpent spitting out its tongue. From the 16th century onward, a further variety of multi-barreled guns came into being, which may broadly be divided into two great categories: the parallel-arranged type and the rotary type.


(1) The Parallel-Arranged Multi-Barreled Gun

The “Ribauldequin” multi-barreled gun. This gun was manufactured in the 15th century, composed of several parallel-arranged round iron tubes, mounted on a horse-cart, with the touch-holes of each barrel set closely adjoining one another, so that it could deliver volley fire, making it a new type of sharp weapon for breaking through pike formations.

The “Sprinkler” multi-barreled gun of the Tower of London. The shape of this gun resembled a double-headed spiked mace, its head fitted with 3 single-barrel guns; it was manufactured approximately during the reign of Henry VIII (1491–1547), and was brought into the Tower of London’s collection in the 17th century; the gun-body was fitted with a rotating muzzle-cover, to protect the barrels from being rained upon.

The 4-barreled gun designed by da Vinci. Between the 15th and 16th centuries, the Italian engineer Leonardo da Vinci designed a parallel-arranged 4-barreled gun, which, in battle, would be deployed in a long serpentine formation to deliver volley fire, and it remained in use all the way down to the time of the American Civil War (1861–1865).

The triple-row-arranged “Orgel” multi-barreled gun. It received this name because its shape resembled the

Figure 8-8 The Double-Row-Arranged Multi-Barreled Gun

pipe organ (Organ). There were two types: an arrangement of two or three parallel rows, and an arrangement of three rows forming a regular triangular-prism face. Of these, the double-row-arranged multi-barreled gun was created in England in the late 16th to early 17th century; the powder-fuse-cords of each barrel were linked together in parallel, so that upon ignition, all the projectiles were fired together at once (Figure 8-8).

The triple-row regular-triangular-prism-type multi-barreled gun was created in 1670, and, because it was named after its creator, was called the Vadutz organ-type multi-barreled gun; its typical products were manufactured during the reign of the Prince of Liechtenstein (Lichtenstein, originally a family surname, which by the early 18th century had become the name of the country), with 12 barrels to a face. When firing, the shooter first fired off one entire face, and then fired the other two faces in succession; afterward, the gun was reloaded and fired again, so that each cycle could deliver 36 successive shots, raising both the rate of fire and the firepower (Figure 8-9).

The American Requa 25-barreled gun. 25 gun barrels were arranged horizontally in parallel on a swinging rack-plate, the powder-fuse-cords of each barrel connected in succession. When firing, the shooter first ignited the fuse-cord of the first barrel, firing off its projectile, and then ignited the fuse-cords of the remaining barrels in succession, firing off the remaining 24 rounds in turn. Once all had been fired, the gun was reloaded with powder and shot and fired again, at a rate of 7 rounds per minute, with a range exceeding 915 m, and a gun weight of approximately 590 kg. It saw extensive use in the American Civil War.



(2) The Rotary-Type Multi-Barreled Gun

There were two forms of the rotary-type multi-barreled gun: in one form, the firing mechanism was fixed at the center, and the tail of each gun barrel rotated in succession to the firing mechanism to be ignited and fired; in the other form, each gun barrel remained stationary, while the firing mechanism at the central position rotated to the touch-hole of each barrel in turn to ignite and fire it.

Figure 8-9 The Regular-Triangular-Prism-Faced Multi-Barreled Gun

The Puckle hand-cranked rotary single-barrel 9-shot gun. This gun was manufactured in 1718 by the Englishman James Puckle, and remains today on display in the Tower of London (Figure 8-10). The Puckle gun was mounted on a tripod, its gun-body composed of a single main barrel at the front, and, at the rear, 9 chambers mounted on a rotating disc. Each chamber could be loaded with a single round, and was fitted with a flintlock ignition mechanism. At the rear of the rotating disc was a hand-crank; by turning the crank, the 9 chambers could be brought, in succession,

Figure 8-10 The Puckle Hand-Cranked Rotary Single-Barrel 9-Shot Gun

into alignment with and inserted into the main barrel, so that they fit together completely and sealed tightly, preventing gas from escaping. Once the rounds in all 9 chambers had been fired in succession, they were withdrawn and reloaded for further firing. On 31 March 1723, the London Times reported on the trial firing of the Puckle gun over 2 days: in 7 minutes, a total of 63 rounds were fired, an average rate of 9 rounds per minute, that is, one complete rotation of the cylinder, a rate of fire 4 to 5 times faster than that of contemporary firing rifles.

The rotary 7-barreled gun for use aboard British warships. In 1779, the Englishman Captain James Wilson created a type of ship-mounted 7-barreled gun, which could be mounted on the decks of oar-and-sail warships, for use by marksmen firing at the enemy, and was adopted by the British Royal Navy. This gun had a single-barrel length of approximately 3 English feet, and weighed 12 pounds. The 7 gun barrels were welded together, with 1 in the center and 6 arranged around it in parallel combination. The ignition powder pan had a contact hole, and this contact hole passed through the powder chamber of the central barrel, from which point it further drilled outward in radiating fashion, forming channels leading to the surrounding 6 barrels, so as to deliver volley fire. Between 1780 and 1788, Henry Nock manufactured 655 of these ship-mounted 7-barreled guns for the British Royal Navy.

The German 60-barreled gun. In 1832, a German researched and developed a type of multi-barreled gun fitted with 60 gun barrels, firing self-contained cartridge ammunition, firing in succession by means of a rotating cam-wheel; each cycle could deliver a volley of 2 rounds, and a single loading could supply 30 such cycles of fire.

The multi-barreled gun was a type of firearm designed to raise the rate of fire and increase the volume of fire delivered; it was also a type of gun that represented, for later ages, a transitional stage from the single-shot gun to the machine gun.




3. The Development of the Rocket

The rocket saw comparatively little use among the European countries, and did not become a principal item of equipment for their armies; the content recorded in the documentary sources for the most part concentrates on research into the rocket, its use in actual combat being not extensive.

The rocket of Spain. Between 1537 and 1540, the Spaniard Luis Ortiz composed a work titled Secrets of the Artillerist, in which mention was made of the manufacture and use of various types of fireworks. In 1592, Luis Collado of Seville, in his Practical Guide to Artillery Pieces, recorded the circumstances of Carlos V’s use of rockets in the army to attack enemy cavalry. In 1613, a Spanish artillery captain, Diego Ufano, made mention of the rocket in his Artillery and Its Practical Outline.

The rocket of France. In 1620, H. Lorrain (Hanzelet Lorrain, 1596–1647), in the French-language work A Complete Compendium of Military Apparatus and of Fireworks for Military and Recreational Use, discussed the incendiary rocket and rocket used in naval warfare. Under the patronage of the French kings Louis XIV (Loui XIV, 1638–1715, reigned 1643–1715) and Louis XV (Louis XV, 1710–1774, reigned), French fireworks technique stood at the forefront of Europe.

The rocket of Germany. In 1668, a German artillery colonel, C. Geisler (Christoph Frederich Von Geisler), conducted a trial launch of a rocket in Berlin, and afterward put the rocket to use in warfare.

The rocket of Poland. In 1650, the commander of the Royal Polish Artillery, C. Siemienowicz (Casimir Siemienowicz, 1600–1651), in his book The Great Art of Artillery, discussed rocket technique; this is the foremost work in the field of Polish rocketry. The book discusses the construction of the rocket, the various types of rocket-launching frame, and the rocket of his own design, among other content.

The rocket of Russia. In the 17th century, the Russian rocket engineer O. Mikhailov, in his Regulations Concerning Guns, Cannon, and Other Matters of Military Learning, compiled between 1607 and 1621, discussed the military applications of the rocket. In 1680, Peter the Great (Пётр Алексеевич, 1672–1725) ordered the establishment of a “Rocket Camp” in Moscow, manufacturing a rocket weighing 1 pound, which reached an altitude of 1000 m. This type of rocket was later standardized as the “Model 1717” rocket. In the early 19th century, a Russian engineer, A. Zasyadko (Александр Дмитриевич Засядько, 1779–1838), manufactured the first batch of military rockets for Russia.

The rocket of England. In 1805, an English artillery officer, W. Congreve (William Congreve, 1772–1828), successfully trial-manufactured a rocket, which was later called the “Congreve” rocket. In October 1806, the British army, using 18 warships off Boulogne on the French coast, fired off, within half an hour, over 200 Congreve rockets each loaded with 3 pounds of gunpowder, with a range exceeding 2300 m, and the British forces won a great victory. In 1807, when the British army attacked the Danish capital of Copenhagen, it fired off more than 40,000 rockets, and Copenhagen suffered severe destruction.




Section 3 Reform of the Artillery System and Artillery Warfare

The artillery of the European countries achieved comparatively rapid development in the 15th century, but because the various countries had not yet achieved internal unification, the research and development of artillery remained in a state of anarchy; the types of artillery manufactured were extremely numerous, their form and construction each different, making unified use inconvenient. Although this state of affairs saw some improvement toward the end of the 15th century, it nevertheless underwent no fundamental change, and by the early 16th century, the reform of the artillery system was accordingly placed on the agenda.


1. Reform of the Artillery System

Europe’s reform of the artillery system originated in Germany, and afterward the other countries followed suit in succession, giving rise to a wave of reform.


(1) Germany’s Reform of the Artillery System

In 1519, Charles V of Germany, upon ascending the throne, carried forward his father’s ambitions and continued the reform of the artillery system, adjusting the commonly used artillery pieces down to 8 standard specifications, so that every cannon foundry, in manufacturing new pieces, would strictly follow the new specifications and dimensions in their design and manufacture. Of the various artillery pieces previously in use that remained still serviceable, appropriate modifications were made so as to bring them into conformity with the demands of combat, and, after a certain term of service, they were automatically retired and phased out. Those that had already worn down to the point of being unserviceable were, without exception, melted down and used as raw material for recasting new pieces. The 8 types of artillery resulting from this adjustment, together with their performance data, are listed in Table 8-1.

Table 8-1 Artillery Types Following Germany’s Reform of the Artillery System












	Name
	Designation (Pound-Gun)
	Projectile Weight (kg)
	Projectile Diameter (cm)
	Barrel Length (m)
	Barrel Weight (kg)





	Cannon (Kartaune)
	40
	18.7
	18
	3.5
	2900



	Medium Cannon (Halbe Kartaune)
	24
	11.2
	15
	3.4
	2300



	Full Culverin (Ganze Schlange)
	12
	5.6
	12
	3.9
	1380



	Half Culverin (Halbe Schlange)
	6
	2.8
	9.1
	3.5
	1230



	Short Cannon (Kurze Kartaune)
	12
	5.6
	12
	3.2
	2050



	Saker (Sakey)
	6.5
	3.0
	10
	2.91235
	—



	Falconet (Falkonett)
	3
	1.4
	7
	2.8
	795



	Mortar (White Cannon)
	100
	46.7
	35.7
	1.5
	2600





The 7 types of artillery named in Table 8-1 are illustrated in Figure 8-11.

The above pieces of artillery were equipped to the artillery corps of Charles V, ornately decorated: behind the trunnion-ears was affixed a gilded image of an angel’s face, beneath which was a triumphal victory-column, and below that the inscription of the Emperor Charles V’s name, “Carlus V,” and finally the name of the artillery-inspector then overseeing the casting of the piece, G. Loeffler (“Grggorg Loeffler”). This is nearly identical, in both content and form, to the inscriptions engraved on Chinese hand-guns of the Hongwu reign of the Ming dynasty. In 1540, the mathematician J. Hartmann of Nuremberg proposed a new artillery-calculation table, which was adopted by Charles V and rewarded by him, bringing about a major advance in the gunnery technique of artillery fire. This gauge-table was made of metal, and could be used over a long period. It could be applied to projectiles of stone, lead, or iron of various diameters; once the diameter had been measured, the weight of the projectile could then be determined, and it was applicable to projectiles ranging from 100 to 150 pounds in weight.

The artillery of Charles V was lighter and handier than the artillery of the time of Maximilian I, and better suited to mobility on the battlefield. During the reign of Charles V, the method of ignition and firing of the mortar (白炮), which fired incendiary shells, was also improved①: the old method of ignition was first to light the fuse-cord of the projectile, and then to light the fuse-cord of the propellant charge, a method contemporaries called the double-ignition method. This method carried a considerable degree of danger. Charles V changed this to igniting the propellant charge first, and then using the burning of the gunpowder to ignite the fuse-cord, so that the projectile could be fired off, thereby avoiding the danger that the formerly used double-ignition method was prone to (Figure 8-12). Germany’s improvement of the artillery-ignition method was already ahead of the ignition methods used by the armies of Ming-dynasty China.

① See the Liuchuan, pp. 435–440.

Figure 8-11 The Artillery Types of Germany’s Charles V Era 1 Cannon 2 Medium Cannon 3 Full Culverin 4 Short Cannon 5 Half Culverin 6 Saker 7 Mortar

Figure 8-12 The Ignition Method of the Mortar



(2) France’s Reform of the Artillery System

In the early 16th century, Louis XII, the successor of Charles VIII, rose to imitate Germany’s reform of the artillery system, and, by the time of Francis I (1515–1547), the artillery pieces being cast were heavily ornamented, the exterior of the gun-body engraved with a laurel-leaf pattern. By the time of Henry II (Henry II, 1547–1559), the first letter of the king’s name was further engraved on the exterior of the artillery piece, matched with a laurel-leaf pattern, and field-artillery pieces were additionally engraved with a fleur-de-lis design. At the same time, France also lightened the weight of its field artillery, so as to make it easier to maneuver on the battlefield, and organized its artillery corps into a special department, placing it directly under the command of headquarters.

After France’s artillery underwent repeated reform, the measured data for the 6 types of artillery in use around 1550 (Figure 8-13) are listed in Table 8-2.

Table 8-2 Artillery Types Following France’s Reform of the Artillery System













	Artillery Type
	Designation (Pound-Gun)
	Bore Diameter (cm)
	Barrel Length (m)
	Barrel Weight (kg)
	Projectile Weight (kg)
	Projectile Diameter (cm)





	Cannon
	33
	16.9
	3.2
	2545–2645
	16.1
	16.2



	Great Long Gun
	15
	12.9
	3.2
	1909–2055
	7.5
	12.4



	Medium Long Gun
	7
	10.4
	2.97
	1225
	3.5
	9.7



	Long Gun
	2
	7.2
	2.33
	580–600
	0.98
	7.0



	Small Gun
	1
	5.9
	2.33
	340–370
	0.52
	5.6



	Light Gun
	7/8
	5.2
	2.06
	200–205
	0.43
	4.97





Figure 8-13 Artillery Types Following France’s Reform of the Artillery System



(3) Italy’s Reform of the Artillery System

Between 1450 and 1500, the artillery pieces used by the Italian armies were extremely varied and numerous in type, making their use on the battlefield exceedingly inconvenient. In 1538, the Italian ballistics mathematician N. Tartaglia (Nicolo Tartaglia, 1499–1557) drew up a simplified inventory of artillery types; although it included 8 types of Colubrina (Colonbrina) cannon, 5 types of cannon (加农炮), 3 types of Sacro cannon, and 4 types of Bombarda (Bonbarda), chiefly 4 types were in main use (Figure 8-14).

The first was the Benedigen (Benedigen, manufactured 1497) cannon, firing a projectile weighing 9.56 kg.

The second was the Falconet (Fallconett, manufactured 1553) cannon, firing a projectile weighing 1.749 kg.

The third was the multi-barrel Colubrina cannon of Duke Herzog Hercules II of Ferrara (Ferrara) (manufactured 1565), with a bore diameter of 22 cm, a length of 6.7 m, a weight of 7254 kg, firing a projectile weighing 134.829 kg.

The fourth was the Mesa cannon of Duke Guidubaldos of Abino (manufactured 1556), firing a projectile weighing 8.65 kg.

Figure 8-14 The 4 Commonly Used Artillery Types Following Italy’s Reform of the Artillery System



(4) Spain’s Reform of the Artillery System

The reform of the artillery system carried out by Spain in the 16th century chiefly tended in the direction of enlarging the barrel, reducing the weight of material, and strengthening the length of the barrel. In 1586, Luigo Collado of Spain manufactured 18 types of artillery.

The Colonbarine cannon, firing a projectile weighing 20–45 pounds, 1 type The Metzcanon (Metzcanon) cannon, firing a projectile weighing 18, 16, 14, or 12 pounds, 4 types The Moiane (Moiane) cannon, firing a projectile weighing 10 or 8 pounds, 2 types The Sacrivon (Sacrivon) cannon, firing a projectile weighing 12, 8, or 10 pounds, 3 types

The Passavolant (Passavolant) cannon and the Zebratana (Zebratana) cannon, firing a projectile weighing 6 or 5 pounds, 2 types The Falkone (Falkone) cannon, firing a projectile weighing 7 or 5 pounds, 2 types The Falkonete (Falkonete) cannon, firing a projectile weighing 4 pounds, 1 type

The Rebadochini (Rebadochini) cannon, 1.5 or 0.5 pounds, 2 types The Smeriglii (Smeriglii) cannon, 6 or 12 pounds, 2 types

Afterward, 4 further types of cannon were manufactured, firing projectiles weighing 12, 24, 110, and 100 pounds. By 1600 there had been further new developments (Figure 8-15).

Figure 8-15 Spain’s Artillery Types of 1600



(5) England’s Reform of the Artillery System

From the reign of Elizabeth I (Elizabeth I, 1533–1603, reigned 1558–1603) onward, England carried out a series of reforms to its artillery, reducing the once-complicated variety of artillery types to 16 standard-pattern pieces, with a caliber of 2.45–21.6 cm, a barrel weight of 300–8000 pounds, a projectile weight of 0.5–66 pounds, and a powder charge of 0.75–30 pounds. Following this reform, England’s artillery, according to combat function, was divided into three great categories: field artillery, siege artillery, and coastal-defense fortress artillery.

Field artillery was in turn divided into three types: heavy, medium, and light. The type of piece used for heavy field artillery was called the culverin, with a caliber of 12.7 cm, a weight of 1.75 tons, firing a shell weighing 15 pounds, with a direct-fire range of approximately 400 m and a maximum range that could reach as much as 2600 m. The type of piece used for medium field artillery was called the demi-culverin, with a caliber of 11.4 cm, a weight of 1.5 tons, firing a shell weighing 9 pounds, with a direct-fire range of approximately 360 m and a maximum range reaching 2300 m. The type of piece used for light field artillery was called the “duck-gun” (鸭炮), with a caliber ranging from 3.2 to 9 cm, a weight from 45.4 kg to 1 ton, firing shells weighing 0.75 to 5 pounds, with a direct-fire range of approximately 300 m and a maximum range reaching approximately 1800 m.

The types of piece used for siege artillery were called the royal cannon, the cannon, and the demi-cannon, with calibers respectively of 20.32, 17.78, and 15.24 cm, and weights respectively of 3.5, 2.5, and 1.75 tons, firing shells respectively of 63, 47, and 27 pounds. The demi-cannon was at times also used in field operations.

The artillery used at coastal-defense fortress gun-emplacements comprised the full culverin or the cannon, firing shells weighing 70–100 or 30–50 pounds.

Following the reform, each piece of artillery was manned by a crew of 3: 1 gunner, 1 assistant gunner, and 1 loader. Gunpowder was normally stored in powder-barrels, the barrels kept behind the gun and moved along with it. When firing, the loader used a large iron ladle to scoop the powder from the barrel and load it into the bore of the gun; the pieces typically fired solid lead or iron shot. Their rate of fire was approximately 8 rounds per hour per gun.



(6) The Rise of Artillery Manufacture in Russia

Compared with the other countries, Russia’s artillery got a comparatively late start, and its development was likewise comparatively slow. In 1475, Russia, on the banks of the Neglinnaya (Неглиная) River in Moscow, built an artillery-manufacturing workshop, and further, in the 1520s and 1530s, built an artillery-manufacturing factory, the factory outfitted with smelting furnaces, a forging works, a foundry, and their associated equipment and buildings. The celebrated cannon-founders Ignatiy, Stepan Andreyev, Bogdan Piatoy, Andrei Chokhov, and others, in 1586, cast the “Tsar Cannon,” demonstrating the superb cannon-casting technique of the Russian people. In the 16th century, as the artillery manufactured by Russia grew increasingly numerous, this created the conditions for the organization of an independent artillery corps. The Russian Tsar Ivan IV (Иван IV Васильевич Грозный, 1530–1584, crowned 1547) began establishing field artillery units in Russia, organizing “Pushkar” gunners and “Pishchali” gunners.

After the artillery-system reforms of the 16th century, the various countries of Europe had simplified their artillery types, unified their specifications, added trunnion-ears, gun-carriages, and loading-and-unloading apparatus, differentiated specialized-purpose artillery, and raised the mobility and killing power of artillery on the battlefield.




2. The Use of Artillery in Land Warfare

The armies of the various European countries had, by the 16th century, already made extensive use of artillery in every mode of land warfare — field battles, siege warfare, and city-defense warfare — so that it became a weapon indispensable to warfare.


(1) The Use of Artillery in the Battle of Marignano

This battle was an engagement fought by the army of Francis I (François I, 1494–1547, reigned 1515–1547) at Marignano (also translated Marignan) in the north, in 1515. In this engagement, the French army, with its field artillery, utterly demolished the tactics of the Swiss pikemen. The Swiss army employed the outmoded tactic of the pike-square formation: the front 6 ranks of pikemen leaned their pikes forward, so that the pike-points projected 5–6 m in front of the first rank, allowing the rear 5 ranks to maintain a correspondingly small interval; the pikes of the 7th rank and beyond rested on the shoulders of the men in front. Although this battle formation had once proven effective in ancient times, once firearms came into being, the inconvenience of its use was laid utterly bare. The French field artillery took advantage of this weakness,

Figure 8-16 A Relief Depicting the Battle of Marignano

first bombarding one side of the formation fiercely with field artillery, and then swiftly shifting to bombard the other side just as fiercely, whereupon the Swiss pike-square formation at once collapsed①. On the tomb of Francis I preserved at the Basilica of Saint-Denis in France, there is carved a depiction of the scene of the Battle of Marignano: the French army, with a wheeled gun-carriage fitted with a trail, has 1 field-artillery piece mounted upon it, beside the cart a powder-barrel; the Swiss soldiers, advancing with pikes, are all being driven back by the French field artillery (Figure 8-16)②. A 16th-century French color painting held in the Musée Condé at Chantilly, France, likewise contains this scene, the two mutually corroborating one another.

① [Germany] Engels, Artillery, see Marx-Engels Military Writings, vol. 1, p. 421, and note 282 to that volume. ② See A Study of Weapons: Artillery (兵器考·火炮篇), p. 162.



(2) The Use of Artillery in the Battle of Mohács

This was an engagement fought in 1526 between the Hungarian army and the Ottoman Turkish army at Mohács in southern Hungary. In July 1526, the Turkish Sultan Suleiman I (Sulayman al-Tajir I, or Suleyman I the Magnificent, 1494/1495–1566) led his army in invading Hungary, occupying Petervárad, and thereafter continuing to advance. The Hungarian King Louis II (Lajos II, 1506–1526), leading 13,000 infantry and 12,000 cavalry (of whom approximately one-third were mercenary knights from Germany, Italy, Poland, and Bohemia), together with 80 pieces of field artillery, hastily gave battle. On the 28th of August, the two armies met at Mohács in southern Hungary. The Hungarian army deployed 3 infantry squares at the front of the battle line, supported by matchlock-gun-men and gunners; the cavalry was positioned among and behind the squares. The Turkish army, numbering approximately 100,000, deployed in three ranks: the front 2 ranks were feudal irregular levies, the rear rank the Janissary Guard, with 300 pieces of artillery arrayed in front of the third rank, and 6000 light cavalry dispatched to outflank both sides of the Hungarian formation. On the 29th, the Hungarian army launched the first charge, forcing the first Turkish rank to retreat, and engaging fiercely with the second rank of Turkish troops together with the outflanking force. The Turkish army responded with a fierce artillery bombardment, whereupon the Janissary Guard and the light cavalry seized the moment for a counterattack, striking the Hungarian army’s flank and routing it. Louis II and approximately 15,000 Hungarian officers and men were killed in the battle. The Turkish army, following up its victory, captured the major Hungarian city of Buda, and Hungary lost its independence.



(3) The Use of Artillery in the Battle of Pinkie Cleugh

This was an engagement fought on 10 September 1547 at Pinkie Cleugh in Scotland, between the army of King Henry VIII of England (Henry VIII, 1491–1547) and the army of the daughter of King James V of Scotland (James V, 1512–1542), Mary, Queen of Scots (Mary Stuart, 1542–1587). At the time, the Scottish army had deployed its defenses along the line of the River Esk (River ESK). The River Esk flows into the sea between Musselburgh and Inveresk (Inueresk). The English commander, the Duke of Somerset, leading the army, decided to launch his assault by means of an attack on Ravenna Redoubt (拉文纳要塞).

The Scottish army adopted a strategy of matching attack with attack against the English army, and the two sides fell into a state of interlocking, tooth-and-nail engagement. However, as the Scottish army was fording the river, the English warships, concealed within the river estuary, suddenly opened fire on the Scottish army’s left flank, while the cavalry simultaneously launched a succession of charges against the Scottish army. As a result, the English army’s tactic of coordinating cavalry and artillery succeeded, and the Scottish army was defeated.





Section 4 Naval Guns and Naval Warfare

In order to further expand their colonies and their plunder of the colonies, the building of large warships and naval guns became a matter of the first importance for the maritime nations of Europe. In naval warships and naval guns, England took the lead among the nations.


1. The Development of Naval Guns

By the end of the 16th century, England had built a great many large warships, including the “Revenge,” completed in 1577, and the “Ark Royal” and the “Vanguard,” completed in 1587. Their principal data are given in Table 8-3.

Table 8-3 Principal Data of English Warships












	Ship Name
	Year
	Displacement (tons)
	Guns Carried
	Crew
	Speed (knots)





	Revenge
	1577
	450
	50
	250
	7–8



	Ark Royal
	1587
	800
	34
	425
	8



	Vanguard
	1599
	900
	40
	500
	—





The above 3 warships were fitted with a great variety of naval guns, chiefly cannon, demi-cannon, culverin, and demi-culverin. The technical data of these naval guns were: caliber 8.4–20.4 cm, the ratio of barrel length to caliber 18–30 times, projectile weight 2–70 pounds. The distinguishing feature of these naval guns was that the barrel was long, that they were loaded with powder and shot from the breech at the rear of the barrel, and that the muzzle projected outward beyond the ship’s side to fire.

The Invincible Armada that Spain organized in 1588 already possessed 124 warships and 2431 naval guns, on a par with England①.

The Netherlands, after the death of the Holy Roman Emperor Charles V (Charles V, 1519–1556), fell moreover under the rule of the Spanish King Philip II (Phlipe II, 1556–1598). In the 1560s, the Dutch launched a struggle to overthrow Spanish rule; the “Beggars’ Alliance,” with Louis at its head, organized the “Sea Beggars” guerrilla fleet along the northern coast, waging a flexible and mobile guerrilla war at sea with a fleet equipped with guns and cannon, striking at the Spanish forces. Later, they built large warships sturdier, faster, and more heavily gunned than the Spanish warships, and, by the end of the 16th century, defeated the Spanish fleet, establishing naval supremacy at sea. In 1602 they further established the East India Company, becoming for a time a great maritime power.

The Swede Gustav Vasa (Gustav Vasa, 1496–1560), in 1523, relying on the strength of the people, rose against Danish rule, declared independence, and was elected king. Upon taking power, he set the finances in order, strengthened royal authority, built up a powerful navy, and constructed naval warships.



2. Famous Battles at Sea

16th-century Europe saw naval warfare occur frequently; new types of warship and naval gun came into widespread use in naval battles. The tactics of the ramming attack and boarding action of the age of the oared galley began to grow obsolete, and the tactics of the age of the sailing warship and of naval gunnery warfare took the stage of naval warfare, so that naval warfare underwent, as a result, an epoch-making transformation.


(1) The Ottoman Turkish Empire’s Frequent Launching of Naval Gunnery Battles

Ever since the Ottoman Sultan Mehmed the Conqueror (“Fatih”) destroyed the Eastern Roman Empire, that is, the Byzantine Empire, the Ottomans continually manufactured guns, cannon, and warships, expanding their naval fleet, capturing the Greek port of Mytilene in the Aegean Sea, and launching repeated raids along the Dalmatian coast, coming into conflict with Venice, which controlled the various islands of the eastern Mediterranean and their coastal regions. From 1499 to 1571, Turkey and Venice fought numerous further naval gunnery battles.

On 28 July 1499, the Turkish fleet, by virtue of its superiority in matchlock guns and naval guns, defeated the Venetian fleet in the waters off Lepanto (Lepanto). The commander of the Venetian fleet, A. Grimani (1436–1523), was taken prisoner. Afterward, the Turkish Sultan Suleiman I, in 1537, deployed his army and navy to raid southern Italy, repeatedly sweeping the Aegean Sea and the islands and coasts of the Adriatic Sea. On 27 September 1538, the Turkish fleet, led by Barbarossa (1466–1546), defeated the combined fleet of the Roman Empire and Venice, led by Andrea Doria, at Preveza. Venice was forced to cede territory. In October 1571, Turkey was defeated at Lepanto by the combined fleet of Venice, Spain, and the Roman Papacy.

On 7 October 1571, during the Turkish–Venetian War, the combined fleet of the Holy League, formed by Venice, Spain, and the Roman Papacy, fought a further large-scale naval battle against the fleet of the Ottoman Turkish Empire in the waters near Lepanto. The combined fleet committed a force of 84,000 men and approximately 230 warships to the battle, of which 6 were multi-deck great galleons fitted with numerous naval guns, commanded by Don John of Austria (Don. John, 1547–1578), the illegitimate half-brother of the King of Spain. The Turkish fleet committed a force of 88,000 men and 270 single-deck oared-and-sailed war-galleys, commanded by Ali Pasha. The combined fleet’s 6 multi-deck great galleons had a displacement of 50 tons each, each ship’s bow fitted with 1 naval gun, of 8.4 cm caliber,

① J. F. C. Fuller, translated by Niu Xianzhong, A Military History of the Western World (西洋世界军事史), vol. 2, p. 14, records: in the 1588 Battle of Gravelines, the English fleet had 200 warships and 1800 naval guns.

firing a projectile weighing 5 pounds. The deck and hull sides together carried 4 naval guns, of which 1 was of 7.8 cm caliber, firing a 4-pound shell; 1 was of 6.7 cm caliber, firing a 2.5-pound shell; there were also 2 small naval guns, and a number of matchlock guns. The Turkish fleet was comparatively poorly equipped with guns and cannon, and, moreover, the single-deck oared-and-sailed war-galleys were prone to catching fire once struck by shot. Once the battle commenced, the combined fleet’s naval guns opened fire together; many of the Turkish fleet’s ships were struck and caught fire, suffering heavy losses. After 4 hours of fierce fighting, the Turkish fleet suffered a great defeat: Ali Pasha, together with 30,000 officers and men, was killed in battle, 8000 were taken prisoner, and 224 warships were lost. The combined fleet lost 15,000 officers and men and 13 ships. This battle amply demonstrated that the firepower of naval guns had already become a crucial factor in deciding victory in naval warfare.



(2) The Use of Naval Guns in the Battle of Gravelines Against the Spanish Armada

On 8 August 1588, England and Spain, contending for maritime supremacy and colonies, fought a decisive naval battle in the English Channel. This battle was the largest-scale naval engagement in the whole series of wars fought between England and Spain. Because the fighting took place near the town of Gravelines (Gravelines) on the southern shore of the Strait of Calais, historians refer to it as the Battle of Gravelines.

England, then in the period of capitalist development, had, from the latter part of the 16th century onward, been contending abroad for sources of raw materials and markets for its goods, and had entered into fierce competition with Spain, then the greatest colonial and maritime power. From 1586 onward, armed clashes occurred frequently between the two. The Spanish King Philip II (1556–1598), in order to defeat England, his competitor, resolved to build up a mighty fleet, to transport over 40,000 infantry, and invade the British Isles. Because the fleet was of such enormous scale, it was hailed as the “Invincible Armada,” organized with 130 ships. Among these were 20 large galleon-galley hybrids, 44 armed merchantmen, 23 transport ships, 35 small warships, 4 three-masted galleons, and 4 single-deck oared-and-sailed war-galleys; the fleet’s complement included over 8000 sailors and over 2000 slave-oarsmen, equipped with 2431 naval guns (of which 1100 were heavy guns), and carried 19,000 infantry, most of whom had scant experience of naval warfare. The fleet’s 20 large oared-and-sailed galleon-galleys had a hull-width of 10 m, the bow fitted with an iron-tipped ramming spur, for use in sinking or crippling enemy vessels by ramming in naval combat; fore, amidships, and aft, each ship mounted 1 gun, the main gun mounted at the center of the deck; the hull was divided into three decks, each side within the hull equipped with 13 naval guns, and the two sides of the hull together carried 16 large-caliber naval guns (caliber 12.7 cm, total length 3.7 m, projectile weight 17 pounds), mounted on carriages for firing; each side of the ship

Figure 8-17 A Spanish Three-Masted Galleon-Galley

had 24 oars extended into the sea for rowing; the bow had a command room, fitted with a bow-gun; the stern had a steering room; the deck carried 100 combat troops, giving it a comparatively strong combat capability (Figure 8-17).

Apart from the large three-masted oared-and-sailed warships, which were comparatively well equipped with naval guns and possessed comparatively strong combat capability, the other warships were comparatively poorly equipped with naval guns, their form and construction outdated, loading time-consuming, rate of fire slow, and range short, giving them comparatively weak combat capability. As for the armed merchantmen and transport ships, apart from self-defense, they were basically incapable of taking part in combat, and moreover required the escort of warships.

In order to defend against the invasion of the Spanish fleet, England habitually dispatched a number of small squadrons to patrol along the coast, striking at Spanish vessels scattered among the colonies and at colonial settlements, disrupting the movements of the Armada, and throwing into disorder the Armada’s plan to invade England in 1587.

In May 1588, the Spanish King Philip II appointed the great nobleman Medina Sidonia (Medina Sidonia, 1550–1615), who had no experience of naval warfare, as commander. In late May, Medina, aboard the flagship “San Martín” (萨恩·马尔代英), led the Armada in weighing anchor from the Portuguese naval port of Lisbon, then a Spanish possession, intending to rendezvous with the troop-transport ships setting sail from the Netherlands, before proceeding onward to land in England. The flagship “San Martín” was equipped, on both sides of the hull together, with 16 large-caliber naval guns, with a further 4 medium naval guns arrayed on either side of the stern, and, at the bow and on the midships deck, was fitted with a number of small guns and matchlock guns; the deck had ranged upon it many soldiers armed with matchlock guns, bows and arrows, and other cold-steel weapons, standing ready for battle (Figure 8-18).

Figure 8-18 The Spanish Armada Flagship “San Martín”

The Armada, in the course of its voyage, was struck by a violent storm, and was forced to put in at the Spanish northern port of A Coruña to shelter from the storm and refit. In late July, the fleet continued northward, and by the end of the month had entered the English Channel.

Upon receiving news that the Armada had entered the English Channel, the English Queen Elizabeth I at once ordered the English Naval Commander-in-Chief, Admiral C. Howard, and Vice Admiral F. Drake, aboard the flagship “Ark Royal,” to lead the fleet to lie in wait for the enemy in the waters near Plymouth. The fleet was organized with 197 warships, with 16,000 naval officers, men, and sailors, equipped with 2000 naval guns. The equipment and other data of the flagship have already been described at the beginning of this section.

The large warships organized within the English naval fleet were already large-scale sailing warships, fitted with 4 masts, and no longer relied on oars; their speed was faster than that of the Armada’s large oared-and-sailed galleon-galleys. The naval guns with which the warships were equipped were arranged in three rows along the hull sides: one row on either side of the open deck, and two rows on either side within the hull; the firepower of these naval guns was superior to that of the Spanish Armada

Figure 8-19 A Large English Sailing Warship

(Figure 8-19).

By the time of the Battle of Gravelines, following England’s reform of its artillery system, the naval guns with which its fleet was equipped had, in form and construction, already become far more standardized and unified, with large, medium, and small naval guns matched to their respective purposes, their ranges likewise covering long, medium, and short distances, making them well suited to large-scale naval warfare. The technical data of that time — the types of naval gun, their caliber, the ratio of barrel length to caliber, and projectile weight — chiefly comprised the following several:

Large naval guns, 4 types: caliber 14–20.4 cm, barrel length 10–30 times the caliber, projectile weight 23–70 pounds Medium naval guns, 5 types: caliber 6.2–10.3 cm, barrel length 25–30 times the caliber, projectile weight 2–9 pounds Small naval guns, 1 type: caliber 2.5 cm, barrel length a varying multiple of the caliber, projectile weight 0.23 pounds Mortar, 1 type: caliber 20.2 cm, barrel length 2–3 times the caliber, projectile weight 68 pounds

After Howard discovered the numerous enemy fleet on the 29th of July, he, from the following day onward, repeatedly attacked the advancing Armada with dispersed, independent squadrons: on the 31st of July, near Plymouth, he sank 3 Spanish ships; on the 4th of August, near the Isle of Wight, he damaged 1 Spanish ship. On the 6th of August, the Armada entered the Strait of Dover, anchoring in the waters off Calais, but the troop-transport ships setting sail from the Netherlands failed to arrive in time. At midnight on the 7th, the English fleet, taking advantage of a rising wind, released 6 fireships against the numerous Armada. The Armada, thrown into panic, cut its anchor cables and scattered in flight northward. The English fleet pressed the pursuit. At around 4 o’clock on the morning of the 8th of August, the English fleet caught up with the Armada’s warships on the meridian of Gravelines, and at once bombarded the Spanish ships fiercely with its superior naval guns, inflicting heavy damage. Over 70 Spanish ships, more than 6 nautical miles away, failed to take part in the battle in time. Because the English ships had a faster speed, better maneuverability, and naval guns of longer range, the Spanish ships suffered heavy losses in damage and sinkings. The commanders of the Armada still clung stubbornly to the outdated tactics of the ramming attack and the boarding action, failing to make full use of the power of the naval gun, and as a result their ships suffered severe losses.

By 6 o’clock in the evening, the naval battle came to an end. The Armada had 16 ships sunk. Although many of the English fleet’s ships had been damaged, after minor repairs they remained serviceable, and losses were slight. On the morning of the 9th of August, the Armada was forced to turn back. The English fleet, owing to a reversal of the wind and the near-exhaustion of its ammunition, did not pursue. The Armada, on its return voyage by way of the North Sea and the Atlantic Ocean, was struck by a further storm in the waters near Scotland, suffering heavy losses, and in the end only 76 ships returned to Spain. The Armada’s defeat left the Spanish navy permanently weakened from that point on. The English fleet, having achieved victory, gained control of maritime supremacy in the Atlantic Ocean, and began to contend for Spain’s colonies in the Americas, eventually becoming the maritime hegemon among the nations of Europe.

If one compares the several important factors that decide the outcome of a war, then it becomes readily apparent who would win and who would lose in the Battle of Gravelines. First, the English commanders were a naval admiral (commander-in-chief) and a vice admiral, whereas the Spanish commander was a duke and great nobleman of high rank and generous stipend with no understanding of naval warfare, a mere figurehead. Second, the English combatants were naval officers and men, whereas two-thirds of the Spanish combatants were infantry lacking in naval training. Third, the English fleet was for the most part composed of warships, whereas half the Spanish fleet consisted of armed merchantmen and transport ships, which could not only not take part in combat, but also required the escort of warships. Fourth, the English warships were fast, while the Spanish warships were slow. Fifth, the English naval guns were advanced, while the Spanish naval guns were outdated. Sixth, the English awaited the enemy in a position of ease, whereas the Armada, after a voyage of more than two months, was exhausted and its supply difficult. Seventh, the English fleet assembled swiftly and was in position, while the Spanish ships setting out from the Netherlands to join the battle failed to arrive at the battlefield on schedule. Eighth, the English employed the tactics of gunnery bombardment, whereas the Spanish clung to the outdated tactics of the boarding action and the ramming attack, failing to make full use of the firepower of their naval guns. Ninth, the English were familiar with the winds, sands, and channels of the waters in which they fought, whereas the Spanish, fighting in unfamiliar territory, were not familiar with the maritime conditions of the battlefield. Tenth, the English possessed the advantages of timing, terrain, and human unity, of which the Spanish possessed none whatsoever.




3. The Eastward Transmission of Field Artillery

With the rapid development of the warships and naval guns of the capitalist nations of Europe, the policy of gunboat diplomacy for the pursuit of colonial plunder abroad continually escalated, and the advanced culverin cannon of Europe was in turn brought to the eastern nations of China, Japan, and Korea.


(1) The Culverin Transmitted to China

In the early 17th century, the culverin was transmitted to China. The rulers and ministers of the Tianqi court of the Ming dynasty called it the “Great Western Cannon,” and later also called it the “Red Barbarian Cannon.” From the Chongzhen reign onward, down to the eve of the First Opium War between China and Britain (1840–1842), the military-manufacturing bureaus of the Ming and Qing dynasties imitated and manufactured several hundred pieces of artillery of the Red Barbarian Cannon series, which became the principal type of artillery with which the armed forces and national-defense installations of the Ming and Qing dynasties were equipped. This book will, from Section 1 of Chapter Ten onward, proceed to an in-depth and detailed discussion of this subject.



(2) The Culverin Transmitted to Japan

The Origin and Transmission of Artillery records material concerning 3 surviving specimens of the culverin transmitted to Japan.

The Manuel I culverin. This piece of artillery was salvaged from the seabed off Nagasaki harbor, near the islands of Kaminoshima, Shirōshima, Kōyakishima, and Iōjima, on the 15th of August of the third year of Shōwa in Japan (1928). Japanese scholars have carried out a detailed textual investigation into the origin of this piece. On the 28th of May of the fourteenth year of Keichō in Japan (1609), the Portuguese captain André Pessoa, leading 200 crewmen aboard the warship “Nossa Senhora da Graça” (Modre de Deos) (this ship being 87.3 m in length, 32.7 m in breadth, and 16.4 m in height, with a mast height of 87.3 m, and 18 naval guns mounted on each side of the hull), arrived at Nagasaki harbor, claiming that he had come to deliver daily necessities to the missionaries. On the 6th of November, the Nagasaki authorities, finding his conduct suspicious, interrogated him, whereupon the ship abruptly sailed out of the harbor, preparing to flee. On the 9th of December, numerous Japanese fishing boats came in pursuit; the Portuguese ship fired its guns and cannon in a volley, and the Japanese suffered heavy casualties. On the 16th of December of the fourteenth year of Keichō (6 January 1601), the Nagasaki authorities directed 7 tower-ships, with several dozen suicide-squad members, to board the Portuguese ship under cover of night, engaging the Portuguese in close combat. The Portuguese, in great alarm, fired their guns and cannon indiscriminately, accidentally setting their own sails and rigging ablaze, and igniting the powder magazine aboard the ship; the ship’s hull exploded and sank, and 200 Portuguese together with 17 Japanese perished together beneath the sea.

The naval gun salvaged from the water was manufactured of cast iron, with a caliber of 11.5 cm and a length of 2.384 m; the exterior of the breech end was engraved with the characters “2-0-2-0. E. R.” and others. In this inscription, “E.R.” is an abbreviation for “Emmanuel Rex,” and “Emmanuel” is in turn the name of the Portuguese Avis-dynasty king Manuel I (Manoel I, 1459–1521). On this basis, it may be determined that this is a ship-mounted gun manufactured during the reign of Manuel I of Portugal (Figure 8-20)①.

Aboard the ship equipped with the Manuel I naval gun there were also found, stored, 200,000 taels of silver and over 200,000 catties of raw silk, likewise salvaged from the water. From this it can be seen that the ship-captain Pessoa’s claim of “delivering daily necessities to the missionaries” was nothing more than a pretext to cover his true purpose, and that the ship was in fact a warship intent on plundering and carrying off a vast cargo of treasure. This is exactly the same in nature as when, in the first year of the Jiajing reign of Ming-dynasty China (1522), the Ming army,

① See the Liuchuan, pp. 582–587.

in the battle at Xicaowan, Xinhui, near Guangzhou, captured two Portuguese ships together with over 20 naval guns — how remarkably similar the two scenes are.

The culverin of the Karatsu castle site. This is likewise a cast-iron culverin equipped aboard a Portuguese warship that had invaded Japan. On the morning of the 8th of the sixth month of the first year of Shōhō in Japan (1644), a black warship approached Takashima and Himeshima (in the Itoshima Islands, Fukuoka Prefecture) in Karatsu Bay, Japan; the ship was equipped with several dozen naval guns, and 400 to 500 sailors stood on the deck, displaying their military might as they bore down over the sea. The defending Japanese troops stood in strict battle readiness. On the morning of the 11th, the two sides exchanged fire. The Japanese troops of Karatsu and Fukuoka first fired with several dozen matchlock guns; the Portuguese ship’s 24 naval guns fired a volley in response. By midday, the Japanese troops further set alight several hundred boats laden with firewood and grass and, using the wind, drifted them downwind to burn and destroy the Portuguese ship; the officers and men aboard were, to the last man, buried beneath the sea off Takashima. The Japanese dove into the sea and salvaged the naval guns from the ship; the Japanese troops of Karatsu recovered 8 pieces, and the Japanese troops of Fukuoka recovered 6 pieces. Later, the Japanese discovered a record of this ship dating to 1643, from which they learned that it had been a Portuguese warship.

One naval gun from the Karatsu castle site, though already damaged, has been measured: caliber 10.5 cm, total length 2.69 m. The exterior of the breech is engraved with a royal crest, beneath the crown a circular form, with a bird-shaped design at the center. The form and construction of the gun-body is similar to a type of culverin that was popular in 17th-century Europe①.

The culverin in the collection of the Shimazu clan of Kagoshima. This is a 16th-century 6-pound bronze culverin, fitted with 2 handles. Upon measurement, its caliber is 87 mm, and its total length 2.7 m. The exterior of the gun-body is engraved with:

De ANTO SOARES VIVAS M. T. B.

In this text, “De ARNTO SOARES VIVAS” is the name of the Portuguese official Antonio Soares Vivas, who served as the supervisor of trade between India and China. “M. T. B.” is the name of the celebrated cannon-casting craftsman of that time, Manuel Tavares Boccaro. This man resided at that time in Goa, India, and cast the cannon at Antonio’s commission. This piece of artillery was manufactured around 1630, and was transmitted to Japan into the hands of the Satsuma domain in the 17th century.



(3) The Culverin Transmitted to Korea

Ōsaka Castle in Japan holds a culverin, which was captured by the Japanese army in the war of invading Korea of 1592–1598. The gun-body is made of bronze, narrow at the muzzle and thick at the breech, with 2 handles near the powder chamber. Upon measurement, its caliber is 30 cm, its total length 3.9 m; it was taken from Korea②.

After Europe’s matchlock gun, folangji, and culverin were transmitted into Asia between the 16th and early 17th centuries, they produced an important influence. Over the more than 300 years from the mid-16th century to the mid-19th century, China, Korea, and Japan all placed their emphasis on absorbing the strengths of European artillery and fusing them into their own countries’ firearms-manufacturing and use technology, forming matchlock guns and cannon possessed of their own countries’ distinctive characteristics. Nevertheless, because the gap in the level of development of science, technology, and industry was comparatively great and remained for a long time unreversed, the firearms-manufacturing and use technology of China, Korea, and Japan, over a fairly lengthy period, all lagged behind that of Europe — and this was one of the principal reasons that the nations of Asia suffered invasion by the nations of Europe over the course of more than 300 years.





Section 5 Innovation in Firearms and the Rise of Military Transformation

In the 16th century, Europe’s firearms saw many innovations in manufacturing technique and use theory. These innovations, in turn, drove the widespread use of firearms in every mode of warfare. The widespread use of firearms gave rise to the emergence of military transformation in Europe.


1. Innovation in Firearms Manufacturing Technique and Use Theory

This innovation manifested itself in many respects.


(1) The Use of Granulated Gunpowder and Powder Cartridges

These were the two great innovations of 16th-century Europe in the use of gunpowder.

The use of granulated gunpowder. The powdered gunpowder formerly used, once loaded and packed tight, left extremely little air-gap for ventilation, so that after ignition the flame propagated comparatively slowly, limiting the rate at which the gunpowder burned, which in turn affected the propulsion of the projectile and also lowered the projectile’s killing power. Granulated gunpowder, by contrast, once loaded and packed tight, still retained a certain degree of ventilating air-gap between the grains, providing a certain channel for the propagation of the flame after ignition, raising the completeness and speed of the gunpowder’s combustion, increasing the propulsive force upon the projectile, and enhancing the projectile’s killing power.

Once the power of gunpowder had been raised, the pressure and force it exerted upon the powder chamber and the inner wall of the gun barrel likewise increased correspondingly. For this reason, the casting of the gun barrel and its specifications also had to undergo corresponding change, in order to achieve the optimal killing effect. According to R. Norton (Robert Norton) in The Gunner: barrels cast between 1475 and 1525, because they used powdered gunpowder, were of low power, and the barrels made to suit them were accordingly cast slender and thin-walled. By contrast, by the latter part of the 16th century, because granulated gunpowder was in use, the rate of combustion had risen twofold, and the power had correspondingly increased one- to two-fold. In order to withstand the increased pressure resulting from the faster-burning gunpowder, the thickness of the gun barrel likewise had to be correspondingly increased one- to two-fold, while the length of the barrel should be correspondingly shortened, so that the gun could both maintain its firing power and avoid the danger of the barrel bursting upon firing. Norton’s theory provided, from the standpoint of the science of gunpowder, the basis for improvements in the casting of artillery.

The use of the powder cartridge. Although the use of granulated gunpowder raised power, it still did not solve the problem of the complexity of loading the gunpowder. Because granulated gunpowder, once made, still remained in a loose, unpackaged state, gunners and artillerymen on the march could only store the gunpowder in wooden barrels and transport it along with the guns and cannon. Upon arrival at the battlefield, the gunpowder barrels had to be unloaded from the carts. When firing, the soldier loading the gunpowder had to use a small shovel to load the loose gunpowder into the powder chamber of the gun, and then further load the projectile and the wadding, and also had to pack loose gunpowder into the touch-hole. As a result, the entire loading process was not only cumbersome, complicated, slow, and time-consuming, but the quantity of gunpowder loaded each time would also vary with a degree of error, so as to affect the safety and accuracy of the gun’s firing. At the same time, the loose gunpowder, after firing, would also leave a great deal of residue within the bore; after every discharge, the soldier had to use a long brush to scrub out the bore, and only once the bore had been cleaned could the loading and firing of the next round of projectile and gunpowder begin. Around 1600, the guns and cannon of Europe began to use the powder cartridge, that is, a coarse linen sack loaded with a fixed quantity of gunpowder, which was then loaded into the gun, thereby greatly shortening the loading time, and, because the quantity of gunpowder loaded was fixed and consistent, this also guaranteed the safety and accuracy of the gun’s firing.



(2) Innovation in Artillery-Casting Technique and Use Theory

In this period, the improvement of artillery casting chiefly comprised two aspects: first, the improvement of raw materials, and second, the advancement of casting technique.

The improvement of casting materials. In 1543, English artillery-casting workshops began to cast artillery of cast iron, which, compared with artillery cast of brass, red copper, or bronze, was considerably cheaper in price. If refined technique was employed in the casting of the artillery, then the strength of the cast artillery could also be raised to a certain degree.

The adoption of the integral-casting method. Before the 15th century, there were two methods of casting artillery: one was the iron-strip hooping method, and the other was the short-tube joining method. By the 16th century, some artillery-casting workshops were already able to adopt the method of casting the barrel in one integral piece. When artillery was cast by this method, the requirements for its use were first put to the artillery-caster, who then designed the piece according to those requirements, made a mold according to the design data, and finally finished it into the artillery piece for use, with each part of the artillery designed as a fixed multiple in proportion to the caliber as its base unit. In 1512, King Charles V, at Brussels, ordered military technologists to carry out a series of experiments on the proportional relationship between barrel length and caliber; through comprehensive analysis of the results of the experiments, it was concluded that a barrel length of 17 to 18 times the caliber was most suitable. At that time, 12 pieces of artillery were cast to this ratio, and were called the “12 Apostles.” In 1540, Hartmann, after research, further created a table of the ratio of barrel length to caliber, listing the ratio of barrel length to caliber for artillery of various different purposes; using the data in this table, the dimensions of each part of any given barrel could be calculated, thereby establishing a unified standard for the form and construction of artillery, and opening the way toward the establishment of reliable theoretical principles and empirically based general rules.



(3) The Emergence of Ballistic Theory and the Advancement of Marksmanship

In the 16th century, there were a great many European researchers into parabolic and ballistic theory. In 1537, the Italian Niccolò Tartaglia published the first treatise discussing the trajectory of the ballistic curve, arousing the interest of many mathematicians. The Italian mathematician, physicist, and military technologist N. Tartaglia became renowned in his age for discovering the general solution to the cubic equation and for pioneering the science of ballistics. In 1537, he published his earliest work, Nova Scientia (“New Science”), in which he discussed the problem of artillery gunnery. In 1540, Tartaglia, applying the results of numerous experiments, revealed the following fact: that at a firing angle of 45 degrees in a vacuum, the projectile could achieve its maximum flight distance.

Because the projectile, in flying through the air, follows the laws of motion governing a parabolic body. So-called parabolic motion is the motion of a body thrown with any initial velocity under the action of the earth’s gravity; a body undergoing this kind of motion is called a projectile (parabolic body). The trajectory of the center of mass of the parabolic body in motion is called the ballistic path, or ballistic curve. Tartaglia assumed that the artillery shell was thrown in a vacuum at an angle of 45 degrees, that is, he regarded the motion of the fired projectile as the ideal motion of a parabolic body. The ideal motion of a parabolic body proceeds under four assumptions: ① the parabolic body moves in a vacuum, unaffected by any propulsive force or resistance; ② the range of the parabolic body’s flight is very small compared with the dimensions of the earth, so that the surface of the earth may be regarded as a plane, with gravity everywhere mutually parallel; ③ the height of the parabolic trajectory is very small compared with the radius of the earth, so that the acceleration due to gravity everywhere may be regarded as a constant, equal to its value at the earth’s surface; ④ a body at rest on the earth’s surface has the same velocity as the earth’s own rotational velocity at that point, so that, when the initial velocity is very great, the earth’s rotation need not be taken into consideration in the parabolic body’s motion. Under the above assumptions, the distance S traveled by the artillery shell in flight, and its relationship to the initial velocity V at which the projectile is fired, the earth’s gravity g, and the firing angle θ — that is, the range formula for the parabolic-body artillery shell — is:

S = V²/g · sin2θ

When the firing angle of the artillery shell is 45 degrees, 2θ = 90 degrees, and sin90° = 1. Therefore, when the artillery shell is fired at an angle of 45 degrees, the flight distance S is at its greatest. Naturally, in actual firing, appropriate corrections must also be made in order for the fired projectile to strike the target accurately. The Spaniards Collado and Ufano also carried out similar research on this subject, thereby laying the theoretical foundation for the science of gunnery.



(4) The Use of the Quarter-Gauge and the Level for Firing

Besides the above-mentioned theoretical works concerning the firing of artillery, the manner of discharging artillery also underwent change, and corresponding instruments emerged accordingly; gunners no longer needed to rely solely on the naked eye sighting along the barrel to aim, but needed only make use of range-tables and angle-measuring instruments (Figure 8-21).

Figure 8-21 Firing Artillery by Means of Instruments



(5) The Adoption of the Limber for the Gun Carriage

The Holy Roman Emperor Charles V (that is, Charles V), not long after creating the gun-carriage, made a further improvement to the carriage of the field artillery, namely, on the basis of the original arrangement whereby each piece of artillery was mounted on a single gun-carriage, a further limber-cart was added. When the artillery needed to be moved or transported along with the army, the limber and the gun-carriage were connected together, front and rear, forming a four-wheeled artillery carriage, so that the artillery piece could be mounted stably upon the cart while in motion, and, even over undulating and sloping terrain, could still advance rapidly.

In 1519, upon the accession of the French King Henry II (Henry II, 1519–1559), the French Valois royal house renewed its war against the House of Habsburg of Austria, and contended with the Holy Roman Emperor Charles V for territory along the German border. Henry II allied with the Protestant princes of Germany, jointly opposing Spain and Charles V. On 13 August 1554, the two armies met in battle at Renty (in Flanders). Charles V’s army, using the four-wheeled gun-carriage, rapidly transported field artillery to the battlefield, and, together with the Spanish army, forced the French army to lift its siege of the city of Renty and withdraw to the French side of the border.




2. The Rise of Military Transformation in Europe

After more than two centuries of research, development, and use, Europe’s firearms had, by the 16th century, already made considerable progress. Science and technology are the primary productive force. Military technology is the most dynamic factor giving rise to development and transformation in every aspect of the European military sphere. Weapons and equipment are the core and concentrated embodiment of military technology, and the development and transformation of every aspect of the military sphere are, in most cases, brought about by the invention and creation of weapons and equipment and by major advances in it; the invention of gunpowder and the development of firearms embody this particularly clearly.


(1) The Use of Firearms Was a Powerful Driving Force of Europe’s Military Transformation

Once gunpowder was put to use in warfare, it caused the killing and destructive efficacy of weapons to increase a hundred- or a thousand-fold, and raised the overall level of military technology to a new plateau; the organizational structure and equipment of armed forces, education and training, methods of warfare, strategy and tactics, and the building of national defense, among other aspects, likewise consequently underwent the most profound transformation in recorded history. China’s invention of gunpowder and its continuous innovation of firearms not only drove the comprehensive transformation of China’s military affairs, but, after its westward transmission, likewise drove the comprehensive transformation of Europe’s military affairs as well.

In China’s Song and Yuan dynasties, through the accumulation of experience in the use of primitive firearms and through theoretical exploration, the development of firearms was advanced to the stage of the development of the metal-tube projectile-firing firearm, the “hand-gun.” In the Ming dynasty, from the Hongwu to the Yongle reign (1368–1424), the hand-gun was further advanced to an advanced stage of development, and, on this foundation, a comprehensive transformation was carried out in military affairs, a transformation that continued to extend down to the end of the Ming dynasty (1644). After the manufacturing and use technology of China’s gunpowder and firearms was transmitted westward, through the accumulation of experience in use during the 14th century and theoretical exploration, it developed by the 15th century into the matchlock gun and cannon, and, in the firing mechanism of the metal-tube projectile-firing firearm, a technical revolution was carried out, so that the power of firearms was markedly increased. On this foundation, Europe’s military affairs began to undergo comprehensive transformation, achieving considerable accomplishment by the late 16th to early 17th century. From this it can be seen that, from the 1380s to the early 17th century, there emerged in the world two centers of military transformation: one was the Eastern center of military transformation, centered on Ming-dynasty China; the other was the Western center of military transformation, centered on Europe. The two centers of military transformation played different roles and produced different results. China’s military transformation played a leading role in the military transformation of the world at that time; Europe’s military transformation played a driving role in the military transformation of the world at that time. The fruits of China’s military transformation were used by the feudal emperors as a tool for consolidating their feudal rule, keeping the development of society sealed within a closed feudal fortress, and losing the opportune moment for social transformation. The fruits of the military transformation of the Western nations centered on Europe became a sharp weapon in the hands of the rising bourgeoisie for overthrowing feudal aristocratic rule, and established bourgeois nation-states, causing social development to advance rapidly in the direction of modernization. The directional divergence in the development of military transformation between East and West began at this point. Like China’s military transformation, Europe’s military transformation likewise, on the whole, began in such respects as the organizational structure and equipment of the armed forces, education and training, methods of warfare, strategy and tactics, and the building of national defense.



(2) The Longbow and the Pike Gradually Withdraw from the Stage of Warfare

For Europe, the period from the mid-14th century to the mid-17th century was an age in which firearms and cold-steel weapons were used side by side. During this period, the use of firearms increased ever more, while the equipping of cold-steel weapons diminished ever further. Nevertheless, because of the fetters of long-entrenched conservative thinking and the mischief of habitual forces, there remained a considerable number of people who could not adapt to the complex techniques of the new-style firearms, and who still clung to the use of the cold-steel weapons with which they were thoroughly familiar. For example, when the English army was making extensive use of the matchlock gun at the end of the 16th century, someone once solemnly submitted a report to the Privy Council, comparing the relative merits of the longbow and the matchlock gun. It held that “the longbow is a convenient weapon, whereas the matchlock gun is an extremely complicated thing, very prone to malfunction, and, moreover, too heavy, so that a soldier carrying a matchlock gun feels fatigued on the march. Further, speaking of the speed of shooting, a longbowman can loose 6 arrows within a minute, whereas a matchlock-gun-man requires 2 minutes to fire a single shot.” From this it can be seen that there were, among the Europeans of that time, no small number of persons who clung to outmoded ways. Such persons did not understand that, in the still-early, formative stage of a new type of firearm, its imperfections were unavoidable, yet these very imperfections would, in the course of use, be continually improved upon and made ever more complete. And indeed, it was not long before the longbow and the pike, owing to insurmountable defects of their own, became instead objects of study for archaeology.



(3) Transformation in the Organizational Structure and Equipment of the Armed Forces

Once Europe’s firearms, from the 15th century onward, entered the stage of development of the matchlock gun and cannon, a considerable transformation likewise began to take place in the organizational structure and equipment of the armed forces.

The establishment and development of the matchlock-gun soldier. In the latter part of the 15th century, owing to changes in the development of European society and the extensive use of the matchlock gun, new changes began to occur in the organizational structure and equipment of the infantry, and there emerged professional infantry organized from mercenary soldiers. In the 16th century, Spain organized matchlock-gun soldiers formed of matchlock-gun-men. Following Spain’s example, the infantry of a number of countries likewise came to be organized as a combination of pikemen and matchlock-gun-men. Around 1630, owing to the repeated improvement of the matchlock gun, its performance and convenience of use came to exceed that of the longbow, and thereupon the longbow withdrew from the stage of history, so that England’s infantry was the first to shed cold-steel weapons and enter the age of firearms. Not long afterward, the infantry of the other European nations likewise came to be organized entirely of matchlock-gun soldiers and flintlock-gun soldiers, so that the organizational structure and equipment of the infantry underwent comprehensive renewal.

The creation and development of the dragoon. From the latter part of the 15th century onward, some European countries had already seen the emergence of cavalry equipped with the matchlock gun. By the end of the 16th century, first in France, and afterward in the other European countries as well, there was established a type of dual-purpose cavalry combining the characteristics of both infantry and cavalry — the dragoon. The dragoon was equipped with the matchlock gun, and, on the battlefield, according to the needs of combat, could either serve as cavalry to carry out rapid assaults, making use of the firepower of the matchlock gun, or could serve as infantry to engage the enemy in close combat. The matchlock gun with which the cavalry was originally equipped had too long a barrel, making it inconvenient to use. Later, the cavalry of France, Prussia, Austria, and other countries came to be equipped with a carbine suited to cavalry use, greatly raising the cavalry’s combat effectiveness.

The founding and development of the independent artillery corps. In the latter part of the 14th century, although some European countries had already manufactured artillery, because the barrels were comparatively cumbersome and unwieldy to fire, their superior qualities had not yet been demonstrated. By the 15th century, Europe’s artillery researchers and developers had made preliminary improvements to the form and construction of artillery, and had mastered the technique of casting artillery integrally out of refined bronze; the caliber of artillery pieces had also achieved a relative degree of standardization. Thereupon, the armies of some countries began to organize a crew of gunners for each piece of artillery, and independent field artillery units were founded accordingly. In its early formative period, field artillery displayed varying degrees of combat effectiveness owing to a variety of differing conditions. France’s field artillery, because it was equipped with lighter-weight artillery pieces, was easy to maneuver on the battlefield. Italy’s artillery, by contrast, because it was equipped with comparatively cumbersome and heavy artillery pieces, could only fire from fixed positions. Within the same period of time, French artillerymen could fire more shells in one hour than Italian artillerymen could fire in an entire day. On 6 July 1495, when the French and Italian armies fought a pitched battle at Fornovo in northern Italy, the French army, by virtue of its possession of powerful artillery firepower, achieved victory①. The French King Louis XII (Louis XII, reigned 1498–1515) and his successor Francis I, on the basis of this experience, carried out even more thoroughgoing reform of the artillery and of the field artillery with which the artillery corps was equipped, making the artillery lighter and more agile still, and organizing the artillery corps into a special department, subordinate to the command of the Inspector-General of Artillery. The effect of this reform was, in turn, demonstrated in a new war. In 1515, the army of Francis of France, with the support of its Venetian allies, at the Battle of Marignano, shattered the numerically superior and hitherto invincible Swiss pike-troops②.



(4) Transformation in Education and Training

In the 15th century, some European countries, taking advantage of the increasing collapse of the feudal system, saw the composition of their armed forces gradually begin to change, and, with the opportune moment provided by the mass equipping of armed forces with matchlock guns and cannon, adopted new methods to carry out unified training of armies organized from mercenary soldiers. Although this training began somewhat later than that of the Ming army, its progress was nevertheless considerably rapid, and it came to be promoted and popularized among the infantry, cavalry, and artillery alike.

Transformation in infantry training. In the initial adoption of new methods of training, infantry equipped with the matchlock gun, bow and arrow, and other long-range weapons were customarily arrayed at the front of the battle line, so as to carry out the assault. Heavily armored cavalry was held in the rear, awaiting the opportune moment to launch a charge. This method of training is, remarkably, identical in essence to the new principle of battle-array deployment expounded by Zhu Di in 1423, demonstrating that, at the outset of carrying out reform in military training, East and West arrived, by curiously parallel paths, at strikingly similar methods of training.

In the 16th century, the infantry training of the Dutch army already made use of the first drill manual compiled by the Governor of the Netherlands, Maurice of Nassau (Muritz, 1567–1625), for the purpose of carrying out unified training. The principal content of the training was the coordination of the matchlock-gun-men and the pikemen in combat. On the foundation of individual soldier training, company-level training was carried out, organized in units of 150 to 200 men. Within each company, the matchlock-gun-men comprised one-third, divided into 5 to 8 ranks, with the pikemen formed into 2 ranks to serve as a screening cover. The 5 to 8 ranks of matchlock-gun-men were chiefly trained in the tactic of successive rank-by-rank volley fire. This method of training was as follows: the first rank of matchlock-gun-men, holding their loaded and ready matchlock guns, advanced to the designated position at the front of the formation and delivered a volley against the target. Once the volley had been fired, they withdrew to the rear of the formation to reload, awaiting their turn to fire again. At the same time, the second rank of matchlock-gun-men advanced to the designated position at the front of the formation and delivered a volley against the target. Thereafter, each successive rank of matchlock-gun-men, following the same method, in turn carried out the actions of volley-firing, withdrawing to reload, and awaiting the next turn to fire. This bears a striking resemblance to the tactic of successive-rank volley fire by multiple ranks of hand-gun-men employed by the Ming general Mu Ying, in the third month of the twenty-first year of the Hongwu reign (1388),

① [Germany] Engels, Artillery, see Marx-Engels Military Writings, vol. 1, p. 421 and note 305 to p. 577. ② [Germany] Engels, Artillery, see Marx-Engels Military Writings, vol. 1, p. 421 and note 282 to p. 571.

when leading the Ming army in pacifying Si Lunfa’s forces in Longchuan, Yunnan. The pikemen were principally trained in the tactic of shielding the matchlock-gun-men so that they could carry out volley fire, together with hand-to-hand bayonet combat①.

After the Dutch bourgeois revolution (1566–1609), a further war broke out between the Netherlands and Spain in 1621. Before the fighting began, the Spanish army organized a large battle-square formation called the “Spanish Tercio,” for combat training. This large formation was composed of 4 great battalions. On all four sides of the formation were arrayed 1 to 2 ranks of matchlock-gun-men, and screening matchlock-gun units were likewise deployed at the four corners of the formation. Between the 4 battalions there was, in each case, a certain interval, so that they were separated in a cruciform arrangement, allowing the soldiers of the matchlock-gun units all to face the enemy and fire. At times, 2 Spanish Tercios were also organized into a three-line great formation, with 2 battalions in the first line, 3 to 4 battalions in the second line, and 2 battalions in the third line, the soldiers of the matchlock-gun units in every case able to face the enemy and fire.

The above circumstances demonstrate that, from the latter part of the 16th century to the early 17th century, the matchlock-gun soldiers of Europe, represented by the Netherlands and Spain, were trained principally in the tactic of successive volley fire by multiple ranks of matchlock-gun-men. In terms of chronology, this type of training among Europe’s matchlock-gun soldiers came approximately 2 centuries later than the similar tactic employed on the battlefield by the Ming general Mu Ying. This tactical training continued in use all the way down to the 19th century.

Transformation in cavalry training. From the end of the 16th century onward, the cavalry of France, Prussia, Austria, and other countries, like the infantry, likewise trained their cavalry in the combat maneuver of advancing in an orderly, aligned formation and delivering successive, rotating volleys using the carbine: upon firing, they halted their advance; when closing with the enemy to charge, the ranks swiftly surged forward; and, when not far from the enemy, they again halted their advance, delivering a mounted volley against the enemy; finally, they drew their double-edged swords to press home the charge.

Transformation in artillery training. Before the founding of the independent artillery corps, artillery was for the most part attached to the infantry for combat operations, and its training consisted of fixed firing from pre-constructed artillery positions. By the latter part of the 16th century, artillery had come to be more extensively equipped to the armed forces, its status rising ever higher, and its combat function becoming ever more evident; thereupon, the combat training of the artillery corps likewise underwent transformation accordingly. Because, in major battles, the concentrated bombardment of artillery had already demonstrated its formidable power, the practice of deploying artillery in a single line arrayed at the front of the battle formation likewise came to be commonly adopted. Tactical training of gunners in single-line volley fire had already become a principal component of artillery training. In the early 17th century, the military authorities of the various countries, having summarized the lessons of the wars, carried out reform of the tactical training of the artillery, and a new method of training, based on the coordinated combat of artillery with infantry and cavalry, began to emerge. Its method was to deploy the army in two lines, with cavalry on the two wings, infantry at the center, and artillery positioned directly in front of these two branches of service, or in the gaps between them. Thereupon, training the artillery to coordinate in combat with infantry and cavalry became a principal component of training②.



(5) Transformation in Methods of Warfare

Ever since Europe began using firearms from the latter part of the 14th century onward, the changes and transformation in methods of warfare had, by the 16th century, already manifested themselves markedly.

Transformation in methods of land warfare. At the Battle of Pavia on 24 February 1525, the Spanish army, employing a new-style battle formation organized from matchlock-gun-men and pikemen, using the tactic of successive, rotating volley fire by multiple ranks of matchlock-gun-men, dealt a heavy blow to the old-style cavalry of France.

On 12 April 1512, the French army, at Ravenna, using over 30 pieces of artillery, captured the Spanish stronghold of Ravenna Redoubt.

In 1513, the English army, in a pitched battle with the Scottish army at Flodden, used massed artillery to bombard the Scottish army, successfully applying the tactic and method of using artillery to achieve victory in field warfare.

In 1515, the army of the French King Francis I, in the engagement fought at Marignano in northern Italy,

① [Germany] Engels, Army, see Marx-Engels Military Writings, vol. 1, p. 369. ② [Germany] Engels, Infantry, see Marx-Engels Military Writings, vol. 1, p. 407.

utterly demolished the Swiss pikemen by means of field artillery, among other such instances.

Transformation in methods of naval warfare. In August 1588, the naval battle fought between England and Spain at Gravelines was the most classic battle example in which the new method of naval-gunnery warfare at sea triumphed over the old methods of the ramming attack and the boarding action.



(6) Transformation in Castle-Building Technique

Because the large- and medium-caliber artillery of the European countries achieved rapid development in the 16th century, its bombarding power increasing continually, it became capable of breaching a gap at any point in an old-style city wall, thereby posing a grave threat to the castles of ancient European architecture; thereupon, the rebuilding of castles was likewise placed on the agenda.

Transformation in the form of castle construction. Europe’s castle-builders adopted the following measures in improving the defenses of the castle. First, they lowered the height of the old castles and increased the thickness of the ramparts, and developed a sloped, inwardly battered wall profile. Second, they widened and deepened the moat, and extended the outer embankment forward, so that the core of the castle lay beyond the range of the besieging artillery. Third, they enlarged the diameter of the towers and lowered their height, evolving them into circular gun-platforms capable of mounting several pieces of artillery, becoming the rudimentary form of the modern gun-battery. Fourth, in order to overcome the dead zones in the field of fire of the circular platform-fort, it was further changed into a pentagonal bastion-type gun-platform; in the 16th century, Italy formally began constructing this type of gun-platform, so that fortress construction advanced from the castle-type fortress system into the developmental stage of the bastion-type fortress system.

The development of the science of castle-building. Alongside the transformation taking place in castle construction, Europe’s science of castle-building likewise achieved unprecedented development. Innovative works appeared one after another in succession. Among them were: the Italian mathematician Tartaglia’s Various Studies and Inventions, volume 6 (published at Venice in 1546); Alghisi’s (Alghisi da Capi Galasso, approximately 1523–1573) On the Building of Cities (published at Venice in 1570); Maggi Girolamo (1523–1572) and Castriotto Giacomo (?–1562)’s jointly authored On the Fortification of Cities (published at Venice in 1564); and the German military engineer Speckle’s (Speckle Daniel, approximately 1536–1589) The Science of Fortress-Building, among others. Of these, Speckle had once built a bastion-type castle at Strasbourg on France’s eastern border wall; his work overcame the shortcomings of the Italian castle-building treatises and contained no small number of innovations and improvements, proposing many new principles that became an important basis for all subsequent bastion-type fortification systems①. The principles Speckle proposed chiefly comprised the following several items. First, the more sides a fortress’s perimeter wall has, the sturdier the fortress; because, with more sides, the various faces of the fortress can mutually support one another to a greater degree, so the fortifications requiring mutual cover should be arranged as close to a straight line as possible. Second, an acute-angled bastion is not good, nor is an obtuse-angled bastion good; the angle of the bastion ought to be a right angle (Engels held that, although the acute angle indeed has its disadvantages, the obtuse angle is extremely advantageous, and, moreover, unavoidable). Third, Italy’s angular bastions were too small; the angular bastion ought to be of large scale. Fourth, within every bastion, and upon the central rampart, a traverse must be constructed; this was an experience drawn from the city-defense warfare of that time. Fifth, the flank of the bastion, or at least part of the flank, should preferably be constructed along the entire line where the flank meets the defensive line and the central rampart. Sixth, the bastion must be constructed with casemates and covered galleries, for the purpose of defending the moat. Seventh, the triangular bastion should be constructed as large as possible, so that it may better fulfill its garrison function. Eighth, the defense of the covered way should be strengthened as much as possible, its glacis-crest and outer bank crest constructed in a sawtooth shape, so as to deprive the enemy’s artillery of the ability to deliver enfilading fire. Ninth, no masonry portion of the bastion should lie within the enemy’s field of view, nor should it be exposed to the enemy’s direct-fire artillery power. In this way, the enemy’s siege artillery, before it reaches the crest of the embankment, cannot make ready to fire.

① [Germany] Engels, Fortress-Building, see Marx-Engels Military Writings, vol. 1, pp. 484–486.

Speckle’s 9 principles exerted an important influence on the bastion-type fortress-building of subsequent ages. Engels’s assessment of him was: in the entire history of modern fortress-building, one can find, in the outstanding proposals of every celebrated engineer, evidence that certain of the content, throughout, was copied from this great founder of the bastion-fortification defense system①.

However, the architectural significance of the transformation in European castle-building technique could not eliminate the fatal calamity in which the stone walls of the aristocratic castle were bombarded into ruin by the citizen’s cannon; under the fierce bombardment of matchlock guns and artillery, the deafening sound of once-vaunted impregnable castles being blasted to pieces rang out, and the mournful funeral bells for the feudal kingdom’s burial arrived one after another; the triumphal song of the bourgeoisie’s ascent to power was struck up, sooner or later, in country after country. Firearms, founded upon industry and money, thereupon entered, under the impetus of war, a new stage of development.

① [Germany] Engels: On the Fortification of Cities, in Marx-Engels Collected Military Writings, Vol. 1, p. 486.





Summary

Both Asia and Europe were, in the 16th century, in a period of ascendant development of firearms; compared with Asia, the development of firearms in Europe possessed distinct characteristics.

First, the effects of the great social transformation produced by the European Renaissance movement had already become plainly manifest. In the mid-16th century, the Polish astronomer N. Copernicus (Nicolaus Copernicus, 1473–1543) put forward the heliocentric theory, shattering the fetters of theology and scholastic philosophy and clearing away the obstacles to the development of natural science. From this point onward, European natural science set out upon a road of vigorous development, and a flourishing scene of thriving abundance appeared. In many areas of applied technology, major breakthroughs began to occur, and these breakthroughs brought about tremendous advances in the mining, metallurgical, and metal-manufacturing industries; these chain reactions provided important social conditions for the development of firearms in Europe. Because the research, development, and use of firearms proceeded under the guidance of new theories of natural science, they possessed a solid theoretical foundation, so that the practicality and scientific character of firearms products were comprehensively elevated.

Second, the research, development, and use of firearms proceeded under conditions of comprehensive development of the social productive forces and of progress in related technical means, so that the advanced character of firearms products was given a reliable guarantee.

Third, the research, development, and use of firearms proceeded on the basis of comprehensive development in related industries, so that the mass production and widespread use of firearms products possessed an abundant material foundation.

Fourth, the cycle of innovation in firearms was greatly shortened. After Europe adopted the matchlock gun in widespread use at the end of the 15th century, by the 1520s it had begun trial-manufacture of the flintlock gun, and by the end of the 16th century trial-manufacture had succeeded; in this span of not more than 100 years, the ignition mechanism of the hand-held firearm had already undergone two improvements, and a sighting device had been created. China’s hand-cannon, from the end of the 13th century to the 1530s, over a span of more than 200 years, throughout adopted the method of the gunner holding a match-cord to ignite it by hand, its ignition mechanism undergoing no improvement, and moreover possessing no sighting device. After Europe’s artillery underwent research, development, and use in the 15th century, in the 16th century it underwent a comprehensive reform of the system of gun-manufacture, and, according to purpose of use, was clearly divided into field artillery, siege artillery, defensive artillery, and naval artillery; China’s artillery, from the point at which it began to be used in warfare at the end of the 13th century, right up to the 1530s, had still not been clearly divided according to purpose of use.

Fifth, in the manufacture of artillery, Europe had, already by the 16th century, begun to design and manufacture the various parts of the artillery piece according to a fixed ratio, taking the dimension of the bore diameter as the base number, and its products had already achieved standardization and uniformity of pattern.

Sixth, in the manufacture of artillery, Europe had, already by the 16th century, carried out scientific experimentation and measurement of the quantitative proportional relationships among the artillery’s bore diameter, barrel length, barrel-wall thickness, and projectile weight and powder charge, ensuring the firing safety and lethal power of the artillery piece, while at the same time comparatively well resolving the problem of the artillery’s mobility on the battlefield.

Seventh, Europe had, already by the 16th century, arrived at the relationship between the range of the artillery piece and the firing angle, and, by employing instruments and following firing tables to carry out the firing of the artillery piece, achieved both convenience and speed as well as an increase in the accuracy of fire.

Eighth, the addition of trunnions and the adoption of the four-wheeled gun-carriage comparatively well resolved the problem of the loading, unloading, and transport of the artillery piece.

Ninth, prior to the 16th century, Europe’s manufacture of firearms took the hand-held firearm and the artillery piece as its focal point, while explosive firearms such as the land mine and the sea mine, as well as the rocket, saw comparatively little development.

Tenth, along with the development of firearms, the external expansion and plundering colonial trade of the European countries intensified, and the poor and weak countries of Asia, Africa, and Latin America suffered gravely from this. The development of firearms intensified the wars of mutual contention among the powers and of aggression against the weaker countries, while the expansion of the scale of war in turn stimulated the further development of firearms. The European countries had by this point entered into this unceasingly circulating and spiraling vicious cycle.





Chapter Nine The Circuitous Development of Firearms in Asia

Under the severe circumstances of the frenzied eastward invasion of the European capitalist countries, the countries of China, Korea, and Japan, then in the late period of feudal society, in order to guard against and resist the invasion of the enemy, began to carry out a policy of closing their doors to the outside world, shutting out entirely, from beyond their borders, both the fresh science and technology that Europe was advancing together with the times, and the technology of researching, developing, and using firearms, so that the technology of researching, developing, and using firearms remained for a long period in a circuitous period of development. The scientists and military technologists of the late-Ming period of China, represented by Xu Guangqi, were only able to obtain, from individual European missionaries who had come east, fragmentary scraps of information about the development of European science and technology; judged against the rapid development of science and technology then taking place, although this information was, in Europe, already no longer at the cutting edge of the most advanced science and technology, it nevertheless touched off, to a certain degree, innovation in China’s technology of researching, developing, and using firearms, giving rise to a high tide of researching, developing, and using the Western cannon (that is, the “red barbarian” cannon), the aftermath of this high tide continuing right up until the eve of the First Opium War between China and England (1840–1842).

During this period, the technological level of the research and development and use of firearms on the Korean peninsula lagged behind that of China by roughly one hundred-odd years and lacked innovation. Japan, having promulgated the “sakoku” (national seclusion) edict in the 1630s, did not begin to adopt European technology and establish new-style arsenals until the latter part of the Tokugawa shogunate (1603–1867, also called the Edo shogunate). Although the other countries of Asia had, to a greater or lesser extent, already made use of firearms, they still did not possess the capability of independent manufacture. As for the countries of Africa and Latin America, they were, at this time, precisely the objects being swallowed up one after another in rivalry by the European countries, and could, for the most part, only resist the invaders with spears, bows and arrows, and matchlock guns, while the advanced firearms remained in the hands of the plunderers.


Section 1 The Introduction and Imitation of Western Cannon by Late-Ming China

The Western cannon, that is, the early-stage cannon manufactured by the European countries (called the “red barbarian” cannon in the Ming dynasty, and the “red-coat” cannon in the Qing dynasty), differed from the folangji cannon and the matchlock gun in the manner of its transmission: it was first purchased, during the Tianqi reign (1621–1627), by dispatched agents at Macao from the Portuguese authorities, by Xu Guangqi and other renowned military technologists who understood European firearms technology, and afterward, on the basis of absorbing the strengths of European firearms technology, a group of Portuguese technical personnel and craftsmen thoroughly versed in European gunnery technique were engaged to train China’s cannon-casting craftsmen in imitation manufacture; as a result, the conscious and scientific character of the imitation manufacture of European firearms was raised. This characteristic was determined by the principal social conditions at home and abroad at that time, namely the coming east of European missionaries and the vigorous efforts of the group of late-Ming firearms researchers and developers.


1. The Bridging Role of European Missionaries

From the 1570s to the early 1580s, the Jesuit Italian missionary M. Ricci (Mattheus Ricci, 1552–1610, came to China in 1582, served as head of the mission) was the first to come to China. After him, a number of Western missionaries followed in succession. In order to be able to carry out missionary activity, they made great efforts to learn the Chinese language, adapted themselves to Chinese customs, and strove for sinicization, broadly making the acquaintance of well-known scholars, forming friendships with such men as the Vice Minister of the Court of Imperial Entertainments, Xu Guangqi (Figure 9-1), the Vice Minister of the Court of Imperial Entertainments Li Zhizao, the Governor-General of Guangdong and Guangxi Guo Yingpin, and the Prefect of Shuntian Wang Yinglin①, expanding their influence within upper-class society. Thereupon Ricci himself, with the support and introduction of these men, made his way to the capital to have audience with the emperor, presenting novel European scientific and technological products as gifts of introduction, and thereby gained a firm footing in China.

Xu Guangqi stated on multiple occasions that the new methods then employed in building watchtowers, manufacturing cannon, and so forth, were all obtained from the oral instruction and writings of Ricci and other such men①. Li Zhizao, through his associations with Ricci and other such men, came to understand the form, structure, and tremendous power of European cannon. Sun Yuanhua compiled the knowledge of European firearms technology that he had learned from his teacher Xu Guangqi into the Xifa Shenji (“Divine Mechanisms of the Western Method”). Certain missionaries, such as the Italian N. Longobardi (Nicolaus Longobardi, 1559–1654, came to China in 1597), F. Sambiasi (Franciscus Sambiasi, 1582–1649, came to China in 1613), the Portuguese E. Diaz (Emmanuel Diaz, 1574–1659, came to China in 1610), J. Rodriguez (Jean Rodriguez), and Gonzalves Teixeira Correa, once served at the invitation of the Ming court, leading gun-masters and craftsmen, and assisting the Ming court in manufacturing Western cannon and training Ming-army gunners. The German missionary J. Adam Schall von Bell (Jean Adam Schall Von Bell, 1591–1666, came to China in 1622), collaborating with Jiao Xu, compiled the Huogong Qieyao (“Essentials of the Art of Fire-Attack”). From this it can be seen that, although the European missionaries who came to China in the late-Ming period took proselytizing as their principal purpose, they nevertheless played a positive role in spreading the technology of European firearms.



2. The Group of Late-Ming Firearms Researchers and Developers and Their Contributions

If it be said that the missionaries were the bridge by which European firearms technology was introduced in the late-Ming period, then what determined its success was the group of firearms researchers and developers of that time, among whom the most renowned were Xu Guangqi, Li Zhizao, Sun Yuanhua, Zhang Tao, and Jiao Xu.

Xu Guangqi (1562–1633) was an outstanding scientist and military technologist of the late Ming. His courtesy name was Zixian, and his sobriquet was Xuanhu. He successively held such posts as Vice Minister of the Court of Imperial Entertainments and Minister of Rites concurrently Grand Secretary of the Dongge. From his youth he devoted himself to the study of science, laid stress on military affairs, and was concerned with the rise and fall of the state and the safety of the people. In the twenty-eighth year of the Wanli reign (1600), having become acquainted with Ricci at Nanjing (Figure 9-2), he thereafter tirelessly studied European science and technology, especially firearms technology, and translated and introduced these books to Chinese readers. In the course of his study and dissemination, on the one hand he made the acquaintance of a group of European missionaries who had special expertise in the aforementioned fields, and on the other hand he formed ties with a group of Ming-court officials and firearms researchers and developers who were devoted to serving their country, gradually forming a group, centered on himself, for the study and dissemination of European firearms technology, and making a positive contribution to the introduction, imitation manufacture, and use of European cannon by the late Ming. After the Ming army was defeated at Sarhū, he, on the one hand, submitted a memorial to the court, presenting a strategy for resisting the offensive military actions of the Later Jin army, such as casting cannon and building watchtowers, and, on the other hand, took the initiative in organizing personnel to go to Macao to purchase Western cannon from the Portuguese authorities. The Ming court adopted his proposal.

In the second month of the third year of the Chongzhen reign (1630), after being ordered to supervise the casting of cannon, guided by the thinking of striving for excellence beyond mere imitation, he devised ways to seek out and select men who understood military affairs and were resourceful and ingenious to take charge of the Bureau of Military Armaments, and had men proficient in mathematics carry out the research and development. He “eliminated accumulated abuses, established fixed regulations, drew on old methods, and brought forth new ideas,” so that the cannon that were manufactured were “precise and solid, sharp and fierce”①, and those that did not meet standard were resolutely rejected.

In order to bring into play the firepower superiority of the new-type cannon, he laid great stress on the construction of the new-type watchtower (that is, the gun-emplacement of that time), and put forward the celebrated principle of “using the watchtower to protect the firearm, using the firearm to protect the city wall, and using the city wall to protect the people”②. He also personally designed and took part in the construction of some watchtowers. These watchtowers took large dressed stone as their foundation, were built flush against the city wall, of the same height as the wall, and internally divided into three storeys, the lowest storey being fitted with large-caliber hand-cannon and matchlock guns, the middle and upper storeys being fitted with progressively smaller cannon. The platform diameter could reach several zhang, the walls were fitted with gun-firing embrasures, the outer wall was semicircular in shape, and the inner wall communicated with the interior of the city, for the convenience of the defending officers and soldiers in coming and going. This type of watchtower could both fire in all directions on three sides and could also fire up and down in succession, reducing dead zones and enlarging the field of fire. At the same time, mutual fire support could also be carried out between adjacent watchtowers, forming a dense fire-defense system for the large city walls.

Xu Guangqi also put forward original views on the use of firearms. He proposed to the court the selection of crack troops, the equipping of firearms, “commanding them with excellent generals, driving them on with strict laws, imitating and binding together military formations, combining chariots, cannon, infantry, and cavalry to form encampments, striving to make every man brave and every skill thoroughly mastered, so that, in long-range strikes, a hundred shots hit their mark a hundred times, and, in close combat, one man could withstand ten, while at the same time the arms and fingers moving in mutual coordination, combining and dispersing as one wished, deploying in loose or dense formation according to the terrain”③. In resisting the offensives of the Later Jin army, aiming at the Later Jin army’s strength in mounted archery, he put forward the tactic of clearing the fields and strengthening the walls, and of relying on the city walls for a resolute defense, moving the cannon from outside the city to the various key points within the city, bombarding the enemy attacking the city, so that the enemy could not approach the city wall, and, once the enemy troops had grown exhausted and worn down, launching a counterattack to repel them. In order to recover the Liaodong region, he put forward the concept of using chariots to counter cavalry, advocating the establishment of a powerful chariot camp, each camp to be equipped with 120 two-wheeled carts, 120 gun-carts, 60 grain-transport carts, 16 Western cannon, 80 medium-type cannon, 100 eagle-guns, and 1200 bird-guns, together with various cold weapons and protective equipment. The entire camp was to be organized into 4000 men, combat troops and logistical-support troops each comprising half, and to undergo strict training, so as to achieve the principle of forming ranks when advancing and forming a camp when halted. In battle, according to the distance at which the enemy was engaged, the Western large, medium, and small cannon and the individual firearms were to be used in succession to shoot at the enemy, and finally cold weapons were to be used to engage the enemy in close combat, annihilating the enemy entirely④.

Xu Guangqi labored for more than ten years to introduce European cannon technology, and, right up until his advanced age of seventy, still concerned himself with matters of city defense and equipment manufacture. Although, owing to the political corruption of the Ming court, the decline of national strength, and the enfeebled state of the military, his proposals were not entirely adopted, and his aims were not entirely achieved, his efforts nevertheless had a positive influence on the manufacture of cannon in the late Ming and early Qing. As an outstanding scientist, Xu Guangqi applied his own research results to the military practice of the state; as an eminent military figure, Xu Guangqi in turn established his own military theory upon a scientific foundation. This is what distinguishes Xu Guangqi from other military figures and scientists.

Li Zhizao (1566–1630) was a scientist and military technologist of the late Ming. His courtesy name was Zhenzhi, and he was also styled Wocun; he was a man of Renhe (present-day Hangzhou, Zhejiang), and became a jinshi in the twenty-sixth year of the Wanli reign (1598). He successively held the posts of Vice Minister of the Court of Imperial Entertainments, Director of the Bureau of Waterways of the Ministry of Works, and Vice Minister of the Nanjing Court of the Imperial Stud. Together with Xu Guangqi, through Ricci, he studied European firearms technology, and actively worked to disseminate and promote it,

① Ming, Xu Guangqi: Liaozuo Danwei Yishen Shu (“Memorial on the Extreme Gravity of the Danger at Liaozuo”), in the Zhonghua edition of the Collected Works of Xu Guangqi, vol. 1, p. 109. ③ Ming, Xu Guangqi: Jinshen Yide Yibao Wanquan Shu, in the Zhonghua edition of the Collected Works of Xu Guangqi, vol. 1, p. 175. ② Ming, Xu Guangqi: Shenming Chuyi Lu Cheng Yuan Shu Shu, in the Zhonghua edition of the Collected Works of Xu Guangqi, vol. 1, pp. 183–184. ④ Ming, Xu Guangqi: Jing Feng Ming Zhi Jinchen Yujian Shu, in the Zhonghua edition of the Collected Works of Xu Guangqi, vol. 1, pp. 310–311.

Figure 9-1 Portrait of Xu Guangqi

Figure 9-2 Xu Guangqi Meeting Ricci at Nanjing

promoting the development of firearms in the late Ming. In the first year of the Tianqi reign (1621), in his Wei Zhisheng Wuxu Xichong Qishu Suqu Shu (“Memorial Requesting the Speedy Procurement of Western Firearms, Which Are Essential for Victory”), he comprehensively expounded his views on the development of firearms in the late Ming, forcefully supporting Xu Guangqi’s memorials concerning the introduction, manufacture, and proper use of European cannon, and speeding the process by which the Ming court approved and introduced and had European cannon manufactured under license. He had comprehensive understanding of the form, structure, and function of the Western cannon, and gave a detailed account of the specifications of one type of Western cannon: a barrel length of over one zhang, a bore diameter of 3 cun, a weight of 3000 to 5000 catties, a projectile weight of 3 to 4 catties, the gun body mounted securely upon a carriage, fitted with a firing table, capable of adjusting the firing angle, and possessing the power to “shatter great trees, penetrate solid city walls, and, in attack, meet with nothing that does not crumble.” He held that in manufacturing these cannon under license, one must by no means merely copy the model mechanically, but must give attention to quality, insisting that the material be “forged according to proper method,” and that in casting, one “must not be off by so much as a hair’s breadth, lest one miss by a thousand li.” In use, one must first strictly train the gunners, so that they “understand the principles and grasp the calculations, and are versed in all the relevant skills,” and further “be aided by sturdy carts and stout horses, and commanded by wise and valiant generals,” so as to achieve the effect of certain victory in battle, certain success in attack, and certain security in defense. To this end, he proposed that the court should give generous treatment to the cannon-casting craftsmen and the gunners who operated the cannon, and that it would be better to reduce the number of incompetent generals and useless soldiers than to be remiss toward these men. For, he held, the effective use of a single excellent cannon could take the place of thousands of crack troops①. Li Zhizao devoted his life to the study of astronomy, the calendar, mathematics, and other natural sciences, and left behind six works, translated or compiled, such as the Xinfa Suanshu (“New Method of Calculation”), the Tianxue Chuhan (“First Compilation of the Study of Heaven”), and the Tongwen Suanzhi (“Guide to Calculation in a Common Language”).

Sun Yuanhua (?–1632) was a Ming general and renowned military technologist of the late Ming. His courtesy name was Chuyang, and his sobriquet was Dadong; he was a man of Jiading (now part of Shanghai). The Biography of Xu Congzhi in the History of the Ming, appended with his short biography, styles him as one “skilled in the Western art of gunnery, having obtained it, it is said, from Xu Guangqi.” The Jiaqing-era Gazetteer of Jiading County, compiled in the Qianlong reign, states of him that he was “of unusual natural intelligence and fond of extraordinary strategy; he studied under Xu Guangqi of Shanghai, received Western learning, and was expert in firearms.” Owing to his presenting proposals on preparing for the defense of the capital and defending the frontier, he was recommended to serve on the staff of the frontier command. In the ninth month of the second year of the Tianqi reign, in the capacity of a Ministry of War functionary, he assisted the Liaodong Military Commissioner Sun Chengzong at Shanhaiguan in the building of city defenses. In the third year, when the Ningqian Military Defense Circuit Intendant Yuan Chonghuan (1584–1630) was ordered to hold Ningyuan, he thereupon accompanied him in the resolute defense of Ningyuan, taking charge of the management and transport of the eleven Western cannon at Shanhaiguan and presiding over the casting of cannon, giving his full support to Xu Guangqi’s proposal of using Western cannon to resist the Later Jin army, and achieving military merit in the great victory at Ningyuan. By the beginning of the Chongzhen reign he had risen to the post of Vice Director of the Bureau of Operations of the Ministry of War, and shortly thereafter was transferred to Director. In the third year of the Chongzhen reign (1630), on the recommendation of his teacher Xu Guangqi, he was transferred to the post of Grand Coordinator of Denglai, where he engaged the Portuguese Gonzalves Teixeira Correa and Jean Rodriguez and other such men to manufacture Western cannon and train gunners. In the fifth year, his subordinate generals Kong Youde (?–1652) and Geng Zhongming (1604–1649) rebelled against the Ming and surrendered to the Qing, capturing Denglai and taking him prisoner; in the seventh month, he was put to death by the Ming court. He left behind such works as the Jingwu Quanshu (“Complete Book on Managing Military Affairs”) and the Xifa Shenji (“Divine Mechanisms of the Western Method”). The Xifa Shenji was printed in the fifth year of the Chongzhen reign, in two fascicles, upper and lower, comprising over 30,000 characters, with 19 appended illustrations. There is extant a Gu Xiangtang woodblock edition from the first year of the Kangxi reign of the Qing (1662), and it is the earliest work in our country comprehensively introducing European firearms technology, exerting an important influence upon the manufacture of firearms in the late Ming and early Qing.

Zhang Tao (?–1633) was a Ming general and renowned firearms researcher and developer of the late Ming. He was a man of Qiantang (present-day Hangzhou, Zhejiang), and once served as a provincial military garrison commander, rising to the post of Vice Commander-in-Chief of Denglai. As a fellow student under Li Zhizao and a colleague of Sun Yuanhua, he gave his full support to Xu Guangqi’s proposals, organizing and leading personnel to Macao, purchasing and transporting back to the capital the first batch of thirty Western cannon, and engaging Portuguese gun-masters to come to the capital to assist in casting cannon and training gunners. The Biography of Xu Congzhi in the History of the Ming says that he was seized in the mutiny of Kong Youde’s troops. The Veritable Records of Emperor Sizong of the Ming states that he was killed by the mutinying troops, having hanged himself rather than surrender. The Bibliographical Treatise of the History of the Ming and the Qianqingtang Catalogue of Books record a one-fascicle work, the Xiyang Huogong Tushuo (“Illustrated Account of the Western Method of Fire-Attack”), jointly written by Zhang Tao and Sun Xueshi, but this book has not, to this day, been discovered.

Jiao Xu was a renowned late-Ming theorist of firearms, a man of Ningguo (present-day Guichi, Anhui), whose dates of birth and death are unknown. His outstanding contribution was compiling into the Huogong Qieyao (“Essentials of the Art of Fire-Attack”) the scientific and technological knowledge of European firearms orally transmitted to him by the German missionary Johann Adam Schall von Bell, which was printed in the sixteenth year of the Chongzhen reign. Today the National Library holds a hand-copied transcription of the original printed edition. The whole work is divided into upper and lower fascicles, with an appended one-fascicle Huogong Miyao (“Secret Essentials of the Art of Fire-Attack”). In the Daoguang reign of the Qing, the military technologist Pan Shicheng, in compiling the Haishan Xianguan Congshu, combined the two works and published them as one, under the title Huogong Qieyao, also entitled the Zekelu (“Record of Zeke”), in three fascicles, upper, middle, and lower, comprising more than 40,000 characters in all, with 27 appended illustrations; it is another work, appearing somewhat later than the Xifa Shenji, comprehensively introducing European firearms technology, its content richer than that of the Xifa Shenji; the two works, on the principal questions of the manufacture and use of firearms, have both discussions that resemble one another and discussions each with its own distinctive merits, being sister works sharing the characteristics of a common age.

Bi Maokang was a firearms researcher and developer of the late Ming and the first person to introduce the flintlock gun, his dates of birth and death unknown. In the eighth year of the Chongzhen reign, in his Junqi Tushuo (“Illustrated Account of Military Equipment”), he expounded the form and structure of the flintlock gun. Compared with Europe, our country’s research and development of the flintlock gun cannot be considered too late, but because the political and military situation of the late Ming had deteriorated to an extreme degree, Bi Maokang’s writings on the flintlock gun did not receive the attention they deserved, and it was not until the Kangxi reign that anyone manufactured a flintlock gun for use by the emperor in hunting.

Among the above-mentioned renowned firearms researchers and developers, with the exception of Bi Maokang and Jiao Xu, whose dates of birth and death are unknown, the rest were all court ministers and army generals; their activities in the political, military, and scientific-research spheres were closely bound up with the military struggle then being waged between the Ming court and the Later Jin, and they made a positive contribution to the Ming army’s resistance against the offensives of the Later Jin army. The introduction and use of the Western cannon was the most conspicuous example of this.



3. The First Batch of Introduced Western Cannon

At the end of the 16th century and the beginning of the 17th, the Jianzhou Jurchen tribe of the northeast rose to prominence; in the forty-fourth year of the Wanli reign (1616), its chieftain Nurhaci (1559–1626) proclaimed the reign-title “Tianming” at Hetu Ala (present-day Xinbin, Liaoning), styling himself Khan of the Jin state, and two years later, using the “Seven Great Grievances” as a pretext, launched an army against the Ming. In the third and fourth months of the forty-seventh year of the Wanli reign (the fourth year of the Later Jin’s Tianming reign), Nurhaci’s forces inflicted a great defeat, at Sarhū, upon the four-pronged Ming army led by the Liaodong Military Commissioner Yang Hao (?–1629), and the Ming court was thrown into great alarm on account of it. Xu Guangqi, in the sixth month, thereupon memorialized the court requesting that it establish strongpoints and fortify its defenses, build watchtowers, and cast large hand-cannon①, so as to resist the offensive of the Later Jin army. In the ninth month, the court promoted Xu Guangqi to Vice Minister of the Court of Imperial Entertainments concurrently Investigating Censor of the Henan Circuit, and dispatched him to Tongzhou to train troops and cast cannon. At that time, because court factional strife was fierce, Xu Guangqi was obstructed at every turn, and his plan for training troops came to nothing; he thereupon made contact with Li Zhizao and others, and, by way of private individuals coming forward to contribute funds, carried out the activity of trial-purchasing Western firearms from the Portuguese authorities at Macao. Li Zhizao and Yang Tingyun, who had already retired and were living at home in Hangzhou, upon receiving Xu Guangqi’s letter, gave their full support and cooperated closely, swiftly making arrangements. In the first year of the Tianqi reign (1620 [1621]), Li Zhizao dispatched his retainer, the acting garrison commander Zhang Tao, together with Sun Xueshi, to go to Macao, and, after a certain amount of difficulty, they purchased 4 Western cannon②, which reached Beijing in the twelfth month of the first year of the Tianqi reign (1621). Upon test-firing, it was discovered that their power far exceeded that of the folangji and other old-style firearms already possessed by the Ming army. Just as the 4 Western cannon were being transported north to the capital, the Ming court further dispatched Zhang Tao and Sun Xueshi to Macao to continue purchasing Western cannon from the Portuguese authorities. On the tenth day of the fourth month of the third year of the Tianqi reign, the newly purchased 22 red-barbarian cannon, together with the 23 Portuguese gun-masters and 1 interpreter engaged to come to the capital to help cast cannon and train troops, were all brought to the capital under the escort of the Ming army Wandering General Zhang Tao③. The Minister of War Tong Hanru and Zhang Tao and the others, upon reaching the capital, at once memorialized the court, requesting that men be sent to study the techniques of casting and using cannon, and that a portion of the Western cannon be transported to Shanhaiguan for use as needed. The Tianqi Emperor fully assented, and from the fourth month onward matters were handled accordingly. Later, by other means, a further 4 pieces were purchased. In the sixth year of the Tianqi reign, the Ministry of War official Sun Yuanhua memorialized the court, giving a comparatively detailed report on the purchase of Western cannon: “The Macao merchants, hearing that Xu Guangqi was training troops, first sent in four pieces; then, availing themselves of Li Zhizao’s supervision of manufacture, sent in a further twenty-six. Of those transported to Shanhaiguan, there are eleven, and one has exploded, so that the capital should have eighteen pieces, sufficient for its defense.”④ The total number was 30 pieces. Of the 11 pieces sent to Shanhaiguan,

① Ming, Xu Guangqi: Liaozuo Danwei Yishen Shu, in the Zhonghua edition of the Collected Works of Xu Guangqi, vol. 1, pp. 106–115. ② Ming, Li Zhizao: Wei Zhisheng Wuxu Xichong Qishu Suqu Shu, in the Zhonghua edition of the Collected Works of Xu Guangqi, vol. 1, pp. 178–181. ③ Veritable Records of Emperor Xizong of the Ming, juan 20, the xinwei day of the fourth month of the third year of the Tianqi reign, in the Taipei Institute of History and Philology edition of the Veritable Records of the Ming, vol. 68, p. 1701. ④ Veritable Records of Emperor Xizong of the Ming, juan 68, the wuxu day of the second month of the sixth year of the Tianqi reign, in the Taipei Institute of History and Philology edition of the Veritable Records of the Ming, vol. 69, p. 3270.

they were later transported on to Ningyuan, where they played an important role in the great victory at Ningyuan①. The matter of the destruction, at Beijing, of 1 Western cannon occurred in the fourth year of the Tianqi reign (1624), during a test-firing exercise in which Portuguese gunners were training Chinese soldiers, and the remaining 18 pieces were used for guarding the capital.

As for the circumstances of the use and storage of the 18 Western cannon remaining at Beijing, these cannot be examined owing to a lack of surviving records. But among them, 2 pieces are, respectively, on display to the left outside the main exhibition hall of the Military Museum of the Chinese People’s Revolution. In addition, in the square between the Duanmen and the Wumen inside Tiananmen in Beijing, there are also displayed 16 red-barbarian cannon of the late Ming and early Qing; the author photographed these during a visit to Tiananmen around National Day in the year 2000, and reproduces them here for the reader’s reference. The foremost cannon in the picture is precisely the Western cannon purchased from Macao in that year (Figure 9-3).

Mr. Zhou Zheng of the Museum of Chinese History (now the National Museum of China) further conducted an in-depth study of the 2 Western cannon that had been introduced during the Tianqi reign and remained in Beijing. Both of these pieces are cast-iron, muzzle-loading, smoothbore cannon, with a barrel length of 3 meters and a bore diameter of 125 millimeters; the gun body has six reinforcing bands, the breech is shaped like an inverted bamboo hat, the muzzle end has a ball-shaped knob, and on either side of the middle of the barrel there projects one trunnion. The gun body originally had cast upon it an emblem and an inscription; of these, one piece is already completely corroded and illegible, while the other still retains traces. According to an old rubbing of this cannon held in the collection of the said museum②, prior to its corrosion, its inscription can be known to read: “In the second year of the Tianqi reign, the military office of the Governor-General of the Two Guangs, Hu [Yingtai], inscribes and explains: red-barbarian iron cannon, No. 22.” Below and to the left is engraved the number of the cannon: one reads “No. 6,” the other “No. 14.” The emblem cast upon the gun body is shield-shaped, below which are 3 many-sailed warships, the design already indistinct (Figure 9-4).

The inscription on the gun body shows that these 2 cannon were dispatched by the Governor-General of the Two Guangs, Hu Yingtai③, to be

① Ji Liuqi: Mingji Beilüe · Yuan Chonghuan Shou Ningyuan (“A Brief Account of the Northern Records of the Ming: Yuan Chonghuan Defends Ningyuan”), states: “On the twenty-third day of the first month of the first year of the Tianqi reign, when the Later Jin army attacked Ningyuan, [the defenders] mounted eleven Western cannon within the city, firing upon [the enemy] from the wall…” ② Zhou Zheng: The Red-Barbarian Cannon of the Second Year of the Tianqi Reign, in the Bulletin of the Museum of Chinese History, whole issue no. 5, 1983. ③ Concerning Hu Yingtai, the Leiyang County Gazetteer and the Hunan Comprehensive Gazetteer record: “Hu Yingtai, courtesy name Zhengji, a man of Leiyang, grandson of [Hu] Tingsun. A jinshi of the wuxu year of the Wanli reign, he served as Secretary of the Central Drafting Office, and rose to Supervising Secretary of the Office of Scrutiny for War, transferring to Vice Minister.” The Veritable Records of Emperor Xizong of the Ming records, under the yichou day of the third month of the second year of the Tianqi reign: “The Grand Coordinator of Yingtian, Hu Yingtai, was, after [Zhu] Bangqiao stepped down as Vice Minister of War concurrently Governor-General of the Two Guangs, appointed to succeed him as Governor-General of the Two Guangs.”

sent to Beijing, arriving in Beijing on the tenth day of the fourth month of the third year of the Tianqi reign. They are, respectively, the sixth and fourteenth of the 2 red-barbarian cannon sent to the capital. The reason Hu Yingtai had the words “red-barbarian iron cannon” inscribed upon the gun body was that the Ming court officials of that time called the Dutch “red barbarians,” and, moreover, mistakenly believed, in the course of their communications, that these cannon had been manufactured by the Dutch, and therefore called them “red-barbarian cannon” (the Later Jin and the Qing dynasty called them “red-coat cannon”). Later, the Biography of Holland in the History of the Ming further affirmed this account, holding that the Dutch of that time “relied solely on their giant ships and great cannon…. When fired, they could pierce solid stone-built cities, shaking the earth for tens of li; what is commonly called the ‘red-barbarian cannon’ is precisely their manufacture.” However, after an examination of the documentary sources and the physical evidence, it has been proven that this account is nothing more than a mistaken transmission.

First, at the time the Tianqi court dispatched men to Macao to purchase cannon, it was precisely the moment when the Dutch were attacking Macao, the situation being extremely tense; therefore it would have been impossible for cannon manufactured by the Dutch to have been sold on to the Ming court by the hand of the Portuguese.

Second, apart from the inscribed characters recording the circumstances of the cannon’s transport and its number, the gun body also bears a cast shield-shaped emblem frame; the lower part of the design shows 3 four-masted, square-rigged warships, and the upper part shows two crowns and two lions; this is the numerical mark of the British East India Company, indicating that this cannon was equipment aboard a warship of that company. At the same time, the 3 four-masted, square-rigged warships and the double lions and two crowns in the design closely resemble the shape of the English warships and the lions and crowns on the military banners of England in its 1588 naval battle against Spain at Gravelines. This resemblance is likewise a proof of the cannon’s country of origin.

Furthermore, Wei Te (Alfons Väth), in his work The Life of Johann Adam Schall von Bell①, gives a detailed record of the true origin of this cannon’s ownership: in 1620, Xu Guangqi dispatched Zhang Tao to Macao to purchase 4 cannon, but transport to Jiangxi was obstructed. The following year, the Ming court sent Zhang Tao and another as imperial commissioners, “formally requesting the Macao government to dispatch cannon and troops, and, most importantly of all, gun-masters…. The Macao government, in the previous year, had itself obtained thirty cannon from an English ship that had run aground near Macao…” From this it can be seen that what the Portuguese sold to the Ming court was indeed 30 English-made naval guns that had been equipment aboard an English warship.

These 30 cannon belonged to a type of early-stage cannon of England, produced after the reform of gun-manufacture and the unification of gun specifications carried out in the latter part of the 16th century, of rational structure, with every part of the gun body designed as a fixed multiple of the bore-diameter dimension, possessing such superior qualities as a long barrel, thick barrel wall, a flat, low trajectory, long range, high accuracy of fire, great power, and reliable safety, being a sharp cannon for killing densely massed attacking enemy forces, considerably more advanced than the folangji. For this reason, after the Ming court had it modified, it became a sharp firearm for resisting the offensive of the Later Jin army.



4. The Use and Manufacture of the “Red Barbarian” Cannon

After the introduction of the Western cannon, the Ming court, which had grown anxious and restless owing to the repeated defeats suffered by the Ming army in Liaodong, as though a long drought had met with sweet rain, swiftly transported them to Shanhaiguan. The Ming army, then resisting the Later Jin army in Liaodong, likewise felt as a fish feels upon reaching water; the Ningqian Military Defense Circuit Intendant Yuan Chonghuan at once deployed the 11 red-barbarian cannon transported to Shanhaiguan in the defense of the city of Ningyuan.


(1) The Red-Barbarian Cannon and the Great Victory at Ningyuan

Under the command of Yuan Chonghuan (Figure 9-5), the red-barbarian cannon played the decisive role in achieving victory over the enemy in the Battle of Ningyuan. In the ninth month of the third year of the Tianqi reign, Yuan Chonghuan, under orders from the Minister of War Sun Chengzong (1563–1638), led over ten thousand troops in garrisoning Ningyuan. After Yuan Chonghuan took up his post, he at once ordered Sun Yuanhua, who was thoroughly versed in the art of city-wall construction, to repair the city moat and walls, reinforcing the city wall of Ningyuan and its subsidiary bastion-towers at its four corners, and equipping them with various types of cannon. Sun Chengzong further memorialized the court, requesting that Peng Zangu, who had received training from the Portuguese in the capital garrison, be transferred to Ningyuan to serve as Chief Commandant of Ordnance, training the gunners in the tactics of firing the red-barbarian cannon in defense of the city.

In the first month of the sixth year of the Tianqi reign, Nurhaci, taking advantage of the opportunity presented by the Ming court’s dismissal of Sun Chengzong, the appointment of Gao Di in his place as Liaodong Military Commissioner, and the hasty withdrawal of the Ming army’s garrison forces from beyond the pass to within it, led an army of 130,000 men westward across the Liao River, hastening toward Ningyuan, and on the twentieth day arrived before the city with his troops. At this time, Yuan Chonghuan had already withdrawn 12 large cannon, including the 11 red-barbarian cannon, into the city, mounting them upon the walls on all four sides to await the opportunity to fire upon the enemy. At the same time he ordered Peng Zangu to firmly hold the eastern and northern faces of the city, while he himself, together with his retainer Luo Li, firmly held the western and southern faces. On the twenty-third day, the Later Jin army surrounded the city and demanded its surrender, but was met with a stern refusal from Yuan Chonghuan. At the same time, Luo Li ordered the gunners to open fire, killing several dozen of the enemy, forcing the Later Jin army to shift its camp to the west. At dawn the following day, the Later Jin army, under the cover of shield-carts (war-carts fitted at the front with giant armored shields) and heavy shields, brought forward in great numbers such siege equipment as grappling ladders and fire-arrows, fiercely assaulting the southwestern corner of the city of Ningyuan. From atop the city wall, Western cannon were fired, killing many of the Later Jin soldiers, forcing the Later Jin army to shift its attack to the southern gate of Ningyuan, and the fighting grew still fiercer; “atop the city wall the mounted cannon fired in succession, and each time a Western cannon was used, the shield-carts were torn apart like paper.”① When they approached the city wall, they were further met with the crossfire of the cannon on the watchtowers at the southeastern and southwestern corners, suffering heavy casualties. The two sides fought fiercely for three days, and, under the fire of the Western cannon, the medium and small firearms, and other such weapons, the Later Jin army suffered more than 17,000 dead and wounded, and its siege equipment was reduced entirely to wreckage.

Seeing that his soldiers had suffered too heavily in casualties and that the city could not be taken, Nurhaci had no choice but to lift the siege of Ningyuan on the twenty-sixth day, turning instead to attack Juehua Island (present-day Xingcheng Juhua Island, Liaoning), so as to avenge the defeat at Ningyuan. On the twenty-seventh day, leading his shattered troops and defeated generals, harboring deep resentment, he withdrew to Shenyang. Historians call this Ming victory the “Great Victory at Ningyuan.”

In this battle, owing to Yuan Chonghuan’s skillful command and the tremendous power of the red-barbarian cannon, the Ming army, with fewer than 20,000 troops, repelled the besieging forces of the Later Jin army, numbering fifty to sixty thousand men. When news of the victory reached the capital, the whole country rejoiced; the court praised Yuan Chonghuan for having “dealt the caitiffs a severe setback, killing their leading commanders, an achievement unprecedented in these seven or eight years, greatly enough to vent the nation’s frontier grievances”②, and promoted Yuan Chonghuan to Vice Minister of War concurrently Vice Censor-in-Chief of the Right of the Censorate, continuing as before to serve as Grand Coordinator of Liaodong, taking special charge of military affairs, and stationed at Ningyuan③, while at the same time ordering the Ministry of Works to manufacture more Western cannon, so as to strengthen the defense. In the third month, one cannon was further conferred with the title “Western Cannon, Generalissimo for Pacifying Liao and Quelling the Caitiffs, Who Preserves the Whole Army and the Nation,” and “the officer in charge of the cannon, Peng Zangu, was granted the honorary rank of Chief Military Commissioner”④, while Luo Li was appointed Chief Commandant of Ordnance. According to Xu Guangqi, the cannon thus honored was one of the first batch of 4 red-barbarian cannon that they had purchased⑤.

In the eighth month of that year, Nurhaci, brooding over the defeat at Ningyuan, died of resentment and rage. In the fifth month of the seventh year of the Tianqi reign, the newly enthroned Hong Taiji (1592–1643) led an army to attack Ningyuan and Jinzhou. On the twenty-eighth day of the fifth month, Yuan Chonghuan’s forces fired the Western cannon, and Hong Taiji, unable to prevail, withdrew. He then sought to attack Jinzhou, but likewise could not take it, and, on the fifth day of the sixth month, after destroying the two cities of Dalinghe and Xiaolinghe, withdrew his forces. Historians call this Ming victory the “Great Victory of Ning-Jin.” After these two great victories, the Ming court placed even greater emphasis on the purchase of Western cannon and the training of gunners.



(2) The Chongzhen Court’s Purchase and Use of Western Cannon

In the tenth month of the seventh year of the Tianqi reign (1627), Zhu Youjian (1610–1644) ascended the throne as emperor, and within three days had Wei Zhongxian (1568–1627) put to death, purging the eunuch faction. The following summer, he further restored Xu Guangqi to office, and reappointed Yuan Chonghuan to resist the Later Jin, and moreover advocated the

① Veritable Records of Emperor Xizong of the Ming, juan 70, the xinmao day of the fourth month of the seventh year of the Tianqi reign, in the Taipei Institute of History and Philology edition of the Veritable Records of the Ming, vol. 69, p. 3370. ② Veritable Records of Emperor Xizong of the Ming, juan 68, the bingzi day of the second month of the seventh year of the Tianqi reign, in the Taipei Institute of History and Philology edition of the Veritable Records of the Ming, vol. 69, p. 3218. ③ Veritable Records of Emperor Xizong of the Ming, juan 70, the xinmao day of the fourth month of the seventh year of the Tianqi reign, in the Taipei Institute of History and Philology edition of the Veritable Records of the Ming, vol. 69, p. 3370. ④ Veritable Records of Emperor Xizong of the Ming, juan 69, the jiazi day of the third month of the seventh year of the Tianqi reign, in the Taipei Institute of History and Philology edition of the Veritable Records of the Ming, vol. 69, p. 3320. ⑤ Veritable Records of Emperor Xizong of the Ming, juan 70, the xinmao day of the fourth month of the seventh year of the Tianqi reign, in the Taipei Institute of History and Philology edition of the Veritable Records of the Ming, vol. 69, p. 3370. Ming, Xu Guangqi: Xushi Pangyan, states: “the ‘General Who Pacifies the Border and Quells the Caitiffs’ was the second of the four cannon that had originally been purchased.”

purchase of Western cannon in preparation for war.

Purchasing cannon and training gunners. In the first month of the second year of the Chongzhen reign (1629), the court adopted Xu Guangqi’s proposal, ordering the two Guangdong-Guangxi officials Li Fengjie and Wang Zunde to have the Macao merchants purchase Western cannon on their behalf. The Macao merchants thereupon presented 10 Western cannon and a number of matchlock guns, which, under the leadership of Gonzalves Teixeira Correa and Jean Rodriguez leading interpreters and several gunners, departed from Guangzhou in the third month, and reached Zhuozhou on the twenty-second day of the eleventh month; of these, 4 pieces were retained to reinforce the defense of the city of Zhuozhou, while the remaining 6 pieces were transported on to Beijing in the first month of the third year of the Chongzhen reign, and two sample gun-carriages for large cannon were presented to the Chongzhen Emperor. The Chongzhen Emperor at once ordered that “the Capital Garrison Commander-in-Chief Li Shouqi, together with the various ministers of the Coordinating Council, place large cannon at the key strategic points of the capital city, and select officers and men to practice the method of firing the Western cannon, bestowing upon it the name ‘Generalissimo of Divine Awe.’”① In the second and third months, the Portuguese gunners assisted the Ming court in Beijing in training two batches of gunners, numbering about 200 men in all.

Just as the training of gunners in the capital was beginning to show some effect, the military situation beyond the pass grew increasingly tense, and at the start of the fourth month of the third year of the Chongzhen reign, the various generals of Liaodong repeatedly memorialized the court requesting an increase in the supply of cannon. Xu Guangqi thereupon took the opportunity to instruct Gonzalves Teixeira Correa and Jean Rodriguez to represent to the Ming court that they were willing to undertake the casting of cannon and the training of gunners, and requested to go to Macao to have cannon transported, to engage gunners, and to muster Portuguese troops to serve as a vanguard force, guaranteeing that within a few months the capital region would be cleared of the enemy, and that within two years the whole of Liaodong would be recovered. With Xu Guangqi and others giving their full backing and recommendation, the court deliberated and approved the matter, and dispatched the Secretary of the Central Drafting Office Jiang Yunlong to accompany Jean Rodriguez and others to Macao to handle the aforementioned matters.

After Jean Rodriguez’s party reached Macao, the Portuguese authorities at once recruited 150 Portuguese troops and attendants, who, bearing cannon, took the route through Jiangxi toward the capital. But because the court, having rashly given credence to the objections raised by the Supervising Secretary of the Ministry of Rites, Lu Zhaolong, thereupon ordered the Portuguese troops on their way to the capital to be turned back, permitting only Jean Rodriguez and a few others to bring the cannon north. Xu Guangqi thereupon, after Jean Rodriguez reached the capital in the third month of the fourth year of the Chongzhen reign and completed his mission, had him hasten to Dengzhou (present-day Penglai, Shandong), to assist the Shandong Denglai Grand Coordinator Sun Yuanhua in casting cannon and training gunners, so as to strengthen the defense of the forward outposts of the Ming court’s coastal defenses and thereby check the Later Jin army②. At that time, the Denglai Military Inspector Wang Zheng, thoroughly versed in the art of gunnery, and the Denglai Vice Commander-in-Chief (the Military Preparedness section of the Penglai County Gazetteer styles him Assistant Commander) Zhang Tao, together with the Portuguese Gonzalves Teixeira Correa and others, were already at Denglai casting cannon and training gunners. In the sixth month, a further 53 Portuguese gunners and craftsmen escorted a batch of Western cannon from Guangzhou to Denglai. Xu Guangqi thereupon sought ways to make use of these conditions to organize, at Denglai, a chariot-corps for the Ming court.

In the tenth month of the fourth year of the Chongzhen reign, Xu Guangqi, on the grounds that the front lines urgently required Western cannon, memorialized the court proposing the establishment of a chariot-corps, so as to strengthen the mobility of the Western cannon and give full play to their firepower superiority in field warfare; taking into consideration the financial and material resources then available, he proposed first organizing and training a single camp, and, once one camp had been completed, organizing a further camp, expanding successively; were 4 to 5 camps to be organized, then the security of the region within the pass could be assured; were 10 camps to be organized, then the region beyond the pass could be extended; and were 15 camps to be organized, then there would be no cause for worry over recovering Liaodong. But Xu Guangqi’s proposal was overturned by the sudden defection of Kong Youde and Geng Zhongming, who led their troops in surrendering to the Later Jin.

The loss of Dengzhou and of its city defenses and firearms. At the start of the eighth month of the fourth year of the Chongzhen reign, Hong Taiji personally led a great army in besieging Dalinghe, a strategic point garrisoned by the Ming army beyond the pass. Sun Yuanhua dispatched Kong Youde and Geng Zhongming, the two commanders, leading troops to go to its relief. But when this force, on the twenty-eighth day of the eleventh month, reached Wuqiao, it suddenly mutinied, and turned its army back to raid Shandong. Sun Yuanhua tried several times to pacify and recall them without success, and at the end of the twelfth month the rebel troops laid siege to Dengzhou; the defending garrison, using Western guns and cannon, repelled their repeated assaults. On the third day of the first month of the fifth year of the Chongzhen reign, Dengzhou fell, and Sun Yuanhua and Wang Zheng and others were taken captive③; Zhang Tao hanged himself. The Portuguese who took part in the defense of the city also suffered comparatively heavy casualties④. The more than 20 Western cannon and more than 3000 medium-type cannon stored in the city all fell into the hands of the rebel troops. Although the whereabouts of these firearms have not been recorded,

① Chongzhen Changbian, juan 30, the jiashen day of the first month of the third year of the Chongzhen reign, in the Taipei Institute of History and Philology edition of the Veritable Records of the Ming, vol. 93, p. 1639. ② Sun Yuanhua and the others were, in the seventh month of the third year of the Chongzhen reign, ordered by a memorial from Xu Guangqi to be transferred to Denglai. ③ After being taken captive, Sun Yuanhua did not die by his own hand, and was released by the rebel troops; the following year, in the ninth month, he was put to death by the Ming court. Wang Zheng was banished to the frontier. ④ According to the records, the Portuguese had 12 killed in battle, 15 wounded, Gonzalves Teixeira Correa fell in the fighting, and Jean Rodriguez, with only 3 men, fled to Beijing.

in the Penglai County Gazetteer (compiled in the first month of the twelfth year of the Kangxi reign), in the Military Preparedness · Camp Gazetteer section of juan 4, the names and quantities of the old cannon formerly stored at the four city gates of Penglai county before the tenth year of the Chongzhen reign are recorded, and, since this bears no small relation to the matter of Xu Guangqi’s large-scale transfer of firearms to Dengzhou, it is set out in Table 9-1 for the reader’s reference.

Table 9-1 Numbers of Cannon Stored at Each City Gate of Penglai County Before the Tenth Year of the Chongzhen Reign












	Name of Cannon
	East Gate
	South Gate
	West Gate
	North Gate
	Total





	Red-Barbarian Cannon
	4
	3
	1
	4
	12



	Copper Falcon-Cannon
	2
	2
	3
	1
	8



	Folangji
	6
	2
	6
	5
	19



	Weiyuan Cannon
	50
	60
	40
	20
	170



	Generalissimo Cannon
	—
	—
	—
	—
	1



	Other Cannon
	24
	42
	14
	40
	120



	Total
	86
	110
	64
	70
	330





The four city gates mentioned above stored a combined total of 330 cannon, a number differing little from the total number of cannon in the city obtained by the rebel troops. The great quantity of cannon with which Dengzhou and Laizhou were equipped shows, on the one hand, the importance of their strategic position, and, on the other, is likewise related to the meticulous efforts that Xu Guangqi and Sun Yuanhua devoted to the coastal defense of Dengzhou and Laizhou. The fall of Dengzhou cost Xu Guangqi several assistants thoroughly versed in the art of gunnery, and the Portuguese gunners also returned to Macao. From this point onward, Xu Guangqi, already of advanced age, was never again able to realize his great ambition of casting cannon, training gunners, and serving his country with distinction.



(3) The Loss of the Firearms Superiority of the Ming Army Beyond the Pass

The mutiny of Kong Youde and Geng Zhongming not only inflicted tremendous losses upon the Ming army at Dengzhou and Laizhou, but also rapidly worsened the situation of the Ming army beyond the pass. When the forces of Kong and Geng refused to relieve Dalinghe and instead turned their spears against Shandong, the Ming army under the Regional Commander Zu Dashou, besieged at Dalinghe for nearly a hundred days, having exhausted its provisions within the city and lost all hope of relief, opened the city gates and surrendered in the tenth month of the fourth year of the Chongzhen reign (1631), Zu Dashou fleeing in defeat to Jinzhou. According to a report of the Ming Ministry of War of the nineteenth day of the intercalary eleventh month of that year, the city held 3500 pieces of various types of cannon, including red-barbarian cannon, caitiff-annihilating cannon, and generalissimo cannon, together with all manner of firearms and ammunition, all of which fell into the possession of the Later Jin army. In the middle ten days of the tenth month, the Later Jin army further seized the opportunity to capture Yuzizhang Terrace.

The defection of the forces of Kong Youde and Geng Zhongming to the Later Jin, and the loss of Dalinghe and Yuzizhang Terrace, caused the Western firearms that the Ming court had purchased and imitated since the Tianqi reign to suffer tremendous losses, forfeiting its superiority in firearms, and greatly altering the comparison in the quantity of firearms equipment between the Ming army beyond the pass and the Later Jin army. From this point onward, the Ming army was no longer able to rely upon firearms as its strong suit. The Later Jin army, on the other hand, not only captured on the battlefield great quantities of firearms used by the Ming army, including red-barbarian cannon, but was also able to directly imitate and manufacture the red-barbarian cannon, which became a sharp weapon for storming cities and seizing territory. By the twelfth year of the Chongzhen reign

(the fourth year of the Qing Chongde reign, 1639), the Qing army already possessed 60 self-manufactured red-barbarian cannon, having made ample preparation for seizing the great cities beyond the pass and annihilating the main force of the Ming army.

In the Battle of Songjin, fought between the twelfth and fifteenth years of the Chongzhen reign, the Qing army made use of the red-barbarian cannon in every attack upon a city. Thus, on the twentieth day of the second month of the twelfth year, the Qing army, having reached Songshan, at once made camp in seven positions below Nantai, and, deploying red-barbarian cannon-carts in three columns, assaulted the city, and three of the towers atop the city wall were destroyed. On the twenty-third day, they further placed 37 red-barbarian cannon beneath the wall of the southern side-gate and bombarded the interior of the city. In the second month of the fifteenth year, the city of Songshan was stormed and taken, the entire Ming army of 130,000 men was annihilated, and the Minister of War Hong Chengchou (?–1665) was taken captive. In the third month, the Jinzhou defending general Zu Dashou likewise surrendered to the Qing, and the cannon within the city all fell into the possession of the Qing army. In the final stage of the Battle of Songjin, when the Qing army attacked Tashan, the Prince of the Blood of the Second Rank Jirgalang and the Prince of the Blood of the Third Rank Dodo ordered the Qing army to array red-barbarian cannon to the west of the city of Tashan. On the eighth day of the fourth month, they used red-barbarian cannon to bombard the city wall fiercely, and the following day a breach of more than 20 zhang was blasted in the city wall; the Qing army poured in as one, and annihilated in their entirety the 3 camps of Ming troops within the city, more than 7000 men. At dawn on the twenty-first day of the fourth month, the Qing army further bombarded the city of Xingshan with red-barbarian cannon, destroying 25 zhang of the city wall, and the Ming army opened the city gates in surrender. After the Battle of Songjin, the main force of the Ming army beyond the pass was utterly destroyed, and its firearms fell entirely into the hands of the Qing army. Only the forces of Wu Sangui, the Liaodong Regional Commander garrisoning Ningyuan, still retained 10 red-barbarian cannon. And by this time, the Qing army stationed at Jinzhou already possessed nearly a hundred red-barbarian cannon, laying the foundation for its campaign to enter the pass.




5. The Later Jin Regime’s Imitation and Use of the Red Barbarian Cannon

After the Later Jin army was checked and defeated by the Ming army in the Battle of Ning-Jin, Hong Taiji drew a lesson from it, concluding that reliance solely upon the Eight Banners’ skill in mounted archery and their strength in cavalry charges in open battle would, in the end, be insufficient to accomplish the great task of annihilating the Ming army beyond the pass, seizing Liaodong, and plotting entry into the pass to take the Central Plain. He therefore resolved to learn the firearms-manufacturing technology of the Han Chinese, imitating the red-coat cannon and the bird-gun, so as to raise the combat effectiveness of the Later Jin army and seize final victory.


(1) The Manufacture of Red-Coat Cannon by the Later Jin Regime and the Organization of an Artillery Corps

In the eleventh year of the Tianming reign (1626), upon Hong Taiji’s succession to the throne, he at once began organizing men to imitate-manufacture the red-coat cannon. In the first month of the fifth year of the Tiancong reign, the Later Jin succeeded in imitation-manufacturing its first red-coat cannon, inscribed with the words: “Heaven aids the Awesome Great General; auspiciously cast on a lucky day in the first month of spring of the fifth year of Tiancong; Overseeing Manufacturer, the Adopted Son-in-Law and Superintendent Tong Yangxing; Inspecting Manufacturer, Lieutenant-General Ding Qiming; Overseer of Preparation, Shi Yin; Founder, Wang Tianxiang; Blacksmith, Liu Jiping,” and other such characters, and the Later Jin “began, from this point, to cast cannon”①. The inscription on the gun body includes the names of the overseeing official, the inspecting official, the founder, and the blacksmith, as well as the month and year of manufacture, its content broadly resembling that of the inscriptions cast upon the red-barbarian cannon of the late Ming.

After the red-coat cannon had been cast, Hong Taiji at once ordered the training and organization of officers and men to operate and fire the cannon. Because the Manchu officers and soldiers found it difficult, for the time being, to master the technique of firing the cannon, the units operating and firing the cannon were accordingly organized with Manchus serving as officers and Han soldiers serving as the gunners. In the first month of that year, Hong Taiji thereupon appointed the overseeing official Tong Yangxing (?–1633) as ambaan janggin②, to take overall charge of artillery affairs. Tong Yangxing was a man of Liaodong; his forebears were Manchu, and, because he was thoroughly familiar with the circumstances of the Han Chinese and understood the methods of using firearms, he had, already at the time of the Later Jin’s rise, been highly regarded by Nurhaci, who took him as a son-in-law (that is, an efu), and he rose from vice commander to regional commander. In order to raise his prestige, Hong Taiji specially declared to his subordinate officials: were anyone to disobey Tong Yangxing’s orders, “this would not merely show contempt for Yangxing, but would be to make light of the dignity of the state and to leave it without the means of enforcing its commands, and such a person must without fail be punished for his offense,” greatly strengthening Tong Yangxing’s power and authority. In the third month, Hong Taiji “went out to inspect the newly organized Han troops, ordering the defending troops of every rank to array themselves in two wings, and then reviewed the firing of cannon and bird-guns; because the equipment was excellent and the drill thoroughly mastered, he rewarded the army generously”③. Once this artillery force had been established, it thereupon became one of the principal forces for the capture of fortified cities.



(2) The Artillery Battle at Dalinghe and the Preliminary Development of the Artillery Corps

After the red-coat cannon had been manufactured, it was at once employed by Hong Taiji in the assault upon Dalinghe. In the seventh month of the fifth year of the Tiancong reign (1631), Hong Taiji ordered the Regional Commander, the Adopted Son-in-Law Tong Yangxing, to take overall command of the 40 red-coat cannon that had already been manufactured for accompanying the army, together with the carts, oxen, and horses used to transport them. On the sixth day of the eighth month, Hong Taiji led the Later Jin army in surrounding Dalinghe. On the twenty-third day, the two sides engaged in a fierce artillery duel; the Later Jin army used red-coat cannon and generalissimo cannon to bombard the watchtower to the southwest of the city, destroying its 2 towers and 4 parapets, and the Ming army defending the tower thereupon surrendered. The following day, one tower to the east of the city was likewise reduced①. On the nineteenth day of the ninth month, the Later Jin army further intercepted the Ming relief force coming from Jinzhou, and in the ensuing engagement both sides “discharged their firearms together, the sound shaking heaven and earth, lead shot falling like hail, and arrows descending like rain.” Hong Taiji further ordered Tong Yangxing to fire the red-coat cannon, destroying the Ming army’s encampment②, and at the start of the tenth month Zu Dashou opened the city gates and surrendered. The Later Jin army occupied Dalinghe, obtaining in full all the guns, cannon, and ammunition within the city.

On the ninth day of the tenth month, Hong Taiji ordered 8 generals to lead 500 men of the Later Jin army together with the entire old Han army, bringing 6 red-coat cannon and 54 generalissimo cannon, to go and attack the sturdily walled Yuzizhang Terrace. The Later Jin army used the red-coat cannon and other firearms to bombard the terrace for three days; the defending soldiers within the terrace, unable to withstand it, surrendered, and the defending garrisons of the remaining terraces either surrendered or fled. The provisions and fodder obtained by the Later Jin army were sufficient for a month’s military use, and the guns, cannon, and ammunition within the city all fell into the possession of the Later Jin army. After the battle, the Later Jin side declared: “As for the red-coat cannon, it was only after our state created it that we were able to bring it along in attacking cities, beginning from this point. Had we not attacked with the red-coat cannon, then Yuzizhang Terrace would not easily have been taken. Had this terrace not been taken, then the remaining terraces would neither have fled nor surrendered, but would certainly have held firm in their defense. Had every terrace held firm in defense, then [we] would have had no means of obtaining provisions, and, wishing to transport them from Shenyang, the road being far, they would not easily have arrived…. From this point onward, whenever we go on campaign, we invariably bring the red-coat ‘Generalissimo Cannon.’”③ The battles at Dalinghe and at Yuzizhang Terrace set the precedent, in the annals of the warfare of the Later Jin, of using heavy cannon to reduce fortified cities.



(3) The Organization of an Independent Artillery Corps

The increase in self-manufactured and captured cannon created the conditions for expanding the Later Jin artillery corps. In the first month of the sixth year of the Tiancong reign, Tong Yangxing submitted a memorial proposing that all the various Han people be enrolled in the military register, so that “whenever there is business requiring them to go out, they should all bring their firearms.” At the same time, he proposed gathering up the cannon left behind everywhere by the Ming army, and having more manufactured, so as to establish a camp devoted exclusively to firearms troops. Hong Taiji attached great importance to this proposal, and on the twenty-fifth day of the first month of the sixth year of the Tiancong reign personally went to the northern drill-ground to inspect the artillery’s training exercise. When the exercise began, Tong Yangxing led his troops, wearing armor and bearing weapons, arrayed on both sides, and ordered the gunners to carry out a trial-firing exercise with the red-coat cannon; the result was extremely successful, and Tong Yangxing, together with the Vice Commanders Shi Guozhu and Shi Tingzhu, and the Assistant Regional Commander Zhu Shichang and others, received generous rewards, and the other officers and men who took part in the exercise likewise all received rewards in kind④. Not long afterward, Tong Yangxing died, and Hong Taiji, so as not to affect the building of the artillery corps, at once promoted Shi Tingzhu to ambaan janggin. In the third month of the seventh year of the Tiancong reign, Hong Taiji further adopted the proposal of the Regional Commander Ma Guangyuan, taking a series of measures to develop the manufacture of cannon and to expand the artillery corps: he ordered that the treatment of the craftsmen who cast cannon and compounded gunpowder be improved, and that the gunners be given generous treatment; he promoted Wang Tianxiang and Jin Shichang, the craftsmen who cast the red-coat cannon, to the rank of beoile, and made Dong Chenggong a company commander⑤; in the sixth month, Hong Taiji ordered Ma Guangyuan and others to have the newly expanded 1580 households of Han troops entirely equipped with firearms, so that the Later Jin army thereby came to possess a Han artillery corps of some initial scale. These measures caused the Later Jin army, which had hitherto excelled solely in mounted archery and cavalry charges in open battle, to gain in addition an artillery force for storming fortified cities and seizing strategic points, its combat strength already such that the Ming army was no longer its match.

In the fourth month of the seventh year of the Tiancong reign of the Later Jin (the sixth year of the Chongzhen reign of the Ming, 1633), the Ming generals Kong Youde and Geng Zhongming sent a letter to Hong Taiji, expressing their willingness to surrender, with ten thousand armored troops, over a hundred light boats, and all their firearms, and to join forces in attacking the Ming army. Upon receiving the letter, Hong Taiji, in accordance with the established practice of extending preferential treatment to those who surrendered, thereupon accepted the surrender of the two commanders, and moreover, in the seventh month, appointed them as the vanguard for the capture of Lüshun, so that the whole of Liaodong came under the control of the Later Jin army. Following upon the surrender of Kong Youde and Geng Zhongming to the Later Jin army, the Ming Vice Commander Shang Kexi, who defended Guanglu Island, likewise led his troops in submitting to the Later Jin in the tenth month of that year. From this point onward, the Later Jin army was not only able to make use of the red-coat cannon imitated by the craftsmen of Liaodong and the surrendered Ming craftsmen, but also obtained more than 30 red-coat cannon from the surrendered troops of the three commanders Kong, Geng, and Shang. At the same time, within these three forces there were also artisans and gunners who had received direct training from the Portuguese. In the fifth month of the eighth year of the Tiancong reign, the Later Jin reorganized Kong Youde’s force under the designation Tianyou Army, and Shang Kexi’s force under the designation Tianzhu Army. From this point onward, Hong Taiji was able to make use of this force, which possessed a comparatively large quantity and comparatively high quality of firearms, in order to storm cities and seize territory.

In the first month of the second year of the Qing Chongde reign① (1637), Hong Taiji ordered the three forces of Kong, Geng, and Shang to attack Korea and achieve victory. In the second month, he further ordered the Prince of the Blood Ajige, together with the forces of Kong, Geng, and Shang, to attack Pi Island, so as to remove this thorn from the flank and rear of the Qing army; in the fourth month, Pi Island was captured, and 10 European-style cannon used by the Ming army were obtained. Before long, the Qing army turned its spearhead westward, and the Ming army within the pass, having lost every one of its strongpoints in the rear of the Qing army, found itself under the crushing offensive of the Qing army. In the seventh month, because the Han artillery had repeatedly won victories in battle and the Western-style firearms were steadily increasing, Hong Taiji thereupon reorganized the Han army into the Left and Right Wings, appointing Shi Tingzhu and Ma Guangyuan respectively as the Banner-Controlling Ministers of the Left and Right Wings. By the first month of the seventh year of the Chongde reign, the 24,500 Han troops, including the three forces of Kong, Geng, and Shang, were reorganized into the Eight Banners of the Han Army, becoming an independent artillery corps under Hong Taiji’s command.



(4) The Increased Casting of Red-Coat Cannon

In order to prepare for the needs of the coming campaign to enter the pass and to strengthen the equipment of the artillery corps, Hong Taiji, in succession in the seventh and eighth years of the Chongde reign, dispatched officials to Jinzhou to cast cannon. In the seventh year, Hong Taiji ordered the Mergen Janggin Ma Guanghui and Meng Qiaofang to lead Yang Ming’gao from under the banner of Liu Zhiyuan, Li Mao from under the banner of Zu Zeyun, Tong Guoyin from under the banner of Tong Guolai, Jin Yu from under the banner of Shi Tingzhu, Sun Desheng from under the banner of Wu Shoujin, Ke Yongsheng from under the banner of Jin Li, Gao Gongji from under the banner of Bayan, and Yang Wenkui from under the banner of the Imperial Household Attendant Li Guohan, together with the cannon-casting company commanders Jin Shichang and Wang Tianxiang and others, to go to Jinzhou to cast the “Generalissimo of Divine Awe” cannon. In the eighth year, Hong Taiji further ordered the Banner-Commanding Officer Liu Zhiyuan and Wu Shoujin, together with the Mergen Janggin Jin Weicheng and Cao Guangbi, to lead officers and men to Jinzhou to supervise the casting of the “Generalissimo of Divine Awe” cannon.

Jinzhou was a major stronghold beyond the pass firmly held by the Ming army; in the third month of the fifteenth year of the Chongzhen reign (the seventh year of the Later Jin’s Chongde reign, 1642), the Ming army under Zu Dashou, which had firmly held Jinzhou, was defeated in battle and surrendered to the Qing, and the firearms and cannon-casting facilities within the city all fell into the possession of the Later Jin army. From the moment the city fell, cannon began to be cast there for the Later Jin army. By the twelfth month of the eighth year of the Chongde reign, the first batch of bronze “Generalissimo of Divine Awe” cannon had been completed. The Illustrations of the Institutes of the Qing Dynasty · Military Preparedness, 10 gives an illustration of this cannon, together with the following explanatory text: “As for the Generalissimo cannon, all are cast of bronze. That manufactured in the eighth year of Chongde is called the Generalissimo of Divine Awe cannon, 8 chi 5 cun in length, with four raised bands. It is inscribed, ‘Generalissimo of Divine Awe.’ On the right it is inscribed with such characters as ‘Cast on such-and-such a day in the twelfth month of the eighth year of Chongde of the Great Qing, weight 3800 catties.’”②

The Palace Museum in Beijing holds one physical specimen of the “Generalissimo of Divine Awe” cannon, its form and structure identical to what is recorded in the documentary sources. Upon actual measurement: the gun body has an overall length of 264 centimeters, a bore diameter of 13 centimeters, a base diameter of 48 centimeters, with 4 reinforcing bands, and the rear portion is incised in relief with Manchu and Chinese characters: “Cast on such-and-such day in the twelfth month of the eighth year of Chongde of the Great Qing, weight 3900 catties.” The front sight and rear sight are already damaged, and the touch-hole shows much damage as well. The damage indicates that this cannon was indeed used in actual combat in its time. The Generalissimo of Divine Awe cannon was a type of cart-mounted, heavy siege-type red-coat cannon imitation-manufactured by the Qing army before its entry into the pass, with a long gun barrel, a large powder charge, and a large projectile, of great destructive power, being a sharp weapon suitable for reducing fortified cities and breaching strategic points. The casting of this cannon created favorable conditions for the Qing army’s entry into the pass.

① In the tenth year of the Tiancong reign (1636), Hong Taiji changed the name of the state to Great Qing, and changed the reign-title to Chongde. ② Illustrations of the Institutes of the Qing Dynasty, juan 100 (Military Preparedness, 10 · Guns and Cannon, 3), Zhonghua Book Company, 1990 edition, reprint of the Illustrations of the Institutes of the Qing Dynasty, vol. 1, p. 977. Hereafter, citations of this work all follow this same edition, abbreviated as the Zhonghua edition of the Illustrations of the Institutes of the Qing Dynasty.





Section 2 The Renewal of Chinese Firearms-Technology Theory

After the introduction of European firearms technology, it exerted a certain positive influence upon the research and development of firearms in the late Ming. This positive influence was reflected, first of all, in the shift undergone, on questions of theory concerning the manufacture and use of firearms, by the firearms researchers and developers represented by Xu Guangqi.


1. The Shift in Theoretical Foundations

In the course of imitating and modifying the Western cannon, the firearms researchers and developers represented by Xu Guangqi had already begun to shift, from the old track of the traditional theories of “the ethics of ruler and minister” and “the transformation and generation of yin and yang and the Five Phases,” preliminarily onto the new track of laying stress on scientific experiment and emphasizing quantitative research. The principal content of this shift is all reflected in the military memorials of Xu Guangqi and Li Zhizao, as well as in such firearms treatises as Sun Yuanhua’s Xifa Shenji, Wang Zunde’s Daxi Shiyi (“Essential Matters Concerning Large Cannon”), and Jiao Xu’s Huogong Qieyao. These treatises, repeatedly setting forth the essential principles of the new learning, in their discussions of many fundamental questions concerning the manufacture and use of guns, with a few individual exceptions, show no further trace of the old theories. Summarizing them, the new learning’s principal views number three.


(1) Research into Firearms Must Make Clear the Principle and the Nature

What they meant by “principle” (li) and “nature” (xing) in fact referred to the structural mechanism of matter and its physical and chemical properties. Sun Yuanhua held that, in manufacturing firearms and ammunition, one must “deduce the subtlety of physical principle,” and accord with the nature of things. One who is expert in principle can not only understand the properties of gun, carriage, and ammunition, but thereby also raises the scientific character of manufacture. In manufacturing guns and cannon, it is required that one use bronze and iron of the finest structure and quality; if one mistakenly uses bronze or iron of coarse and porous structure, although the flaws and fissures within them cannot be seen from the outside, once a fierce gunpowder charge is tried, the gun or cannon barrel will burst asunder①. In compounding gunpowder, one must understand the “nature and principle of the three substances” — saltpeter, sulfur, and charcoal; if one “does not follow their nature, one will not grasp their principle, and in using them one will certainly fail to achieve one’s aim”②. Jiao Xu required that, in manufacturing firearms and their equipment, one must “examine in detail the principle of things,” and “investigate in detail the benefits and harms,” only then being able to “reform the old and establish the new,” and produce Western cannon that “strike their mark at a distance, and are fierce and irresistible.” Although their discussions were not yet entirely thorough, the principal direction of their thinking on these questions had already shifted from the old track onto the new.



(2) The Manufacture of Firearms Must Draw on Number and Method

What they meant by “number” (shu) and “method” (fa) in fact required that the one who manufactures and uses the equipment possess a precise concept of quantity. Xu Guangqi held: “In building watchtowers and manufacturing hand-cannon, there are many subtle techniques, and the slightest discrepancy has enormous consequences”; only by “applying deep thought and ingenious consideration, being thoroughly versed in principle and calculation, entrusting the work to a dedicated overseer, and carefully weighing the figures involved”③, could one manufacture fine guns and cannon. His translation of the Jihe Yuanben (“Elements of Geometry,” the work of the celebrated ancient Greek mathematician Euclid) was, at that time, one of the important mathematical bases for the manufacture and use of cannon. Li Zhizao held that in manufacturing the Western cannon, one must achieve the proper method in smelting and forging; were one to be off by so much as a hair’s breadth, one would miss by a thousand li. Therefore, one must select men “who understand principle and know calculation, and who are versed in every relevant skill”④ to carry out the firing, only then being able to bring the power of gun and cannon into full play.

Jiao Xu, in the “Chapter on Examining in Detail the Sources of Benefit and Harm” of the Huogong Qieyao, required that those who manufacture and use equipment must strictly observe quantitative standards, treating them as fixed method. He pointed out: if, in casting hand-cannon, one does not follow the prescribed length and thickness, then the cannon so manufactured will not only fail to strike its mark at a distance, but will also give rise to such mishaps as “toppling sideways, or collapsing and bursting asunder,” endangering the user; if, in compounding gunpowder, one does not follow the prescribed proportions in the mixture, then the gunpowder so compounded will be unable to overcome solid defenses with sharp force; if the one who fires the piece does not understand

① Ming, Sun Yuanhua: Taixi Huogong Zongshuo (“General Discourse on the Western Method of Fire-Attack”), Kangxi first-year edition (1662), in the Gu Xiangtang edition of the Xifa Shenji, vol. 1, p. 1. Hereafter, citations of this work all follow this same edition. ② Ming, Sun Yuanhua: Lian Huoyao Zongshuo (“General Discourse on Refining Gunpowder”), in the Gu Xiangtang edition of the Xifa Shenji, vol. 2, p. 10. ③ Ming, Xu Guangqi: Liaozuo Danwei Yishen Shu, in the Zhonghua edition of the Collected Works of Xu Guangqi, vol. 1, p. 111. ④ Ming, Li Zhizao: Wei Zhisheng Wuxu Xichong Qishu Suqu Shu, in the Zhonghua edition of the Collected Works of Xu Guangqi, vol. 1, p. 179.

the range of the cannon, does not recognize how to make use of numerical superiority, does not grasp the proper timing, and does not calculate the time required, then it will happen that the shot is entirely spent before the enemy arrives, or the enemy arrives before the shot is fired, giving the enemy an opening to exploit. For this reason he required that one be thoroughly versed in the methods of manufacturing and using equipment, discarding what is harmful and retaining what is beneficial, so that the cannon may be fired at the proper moment, achieving the effect of striking accurately at a distance.



(3) The Use of Firearms Must Lay Stress on Experimentation

Under the influence of the European ideas of experimental science, the late-Ming firearms researchers and developers, on many questions concerning the manufacture and use of equipment, all advocated that one should, on the basis of carrying out repeated trials, arrive at conclusions of a regular, law-like character. In their own writings, on many questions, they arrived at their conclusions only after multiple trials — such matters, for instance, as taking the dimension of the bore diameter as the base number and, according to a fixed proportional multiple, designing the various component parts of the cannon and the gun-carriage, and the relationship between projectile weight and powder charge, and between range and firing angle — so that the manufacture and use of cannon in that era could proceed under the guidance of advanced theory.




2. Advances in Design Thinking

This advance chiefly consisted of two aspects: the first was the adoption of the bore diameter as the base number, and, according to a fixed proportional multiple, the design of the various component parts of the cannon; the second was, by a similarly detailed method, the design of the various component parts of the gun-carriage.


(1) Designing the Various Parts of the Cannon with the Bore Diameter as the Base Number

Jiao Xu expounded the importance and specific content of this point in great detail. He pointed out: in casting cannon, the Europeans were extremely careful about the dimensions of the length, size, and thickness of the gun body, and, in accordance with the differing purposes of the various types of cannon, took the bore diameter as the base dimension, designing the dimensions of all the other component parts according to a fixed proportional multiple①. Only by this detailed method could the quality of the casting material, the purpose in battle, the mobility on the battlefield, the killing and destructive power, and the force of the ignition and explosion of the gunpowder, and other such various factors, be comparatively rationally unified and balanced within the cast cannon, so that the cannon might possess both the requisite killing and destructive power while also ensuring safety in firing; and might both ensure the achievement of the various objectives of combat while also facilitating mobility on the battlefield.

In order to achieve the aim of scientific design, Sun Yuanhua and Jiao Xu, respectively, in their own works, the Xifa Shenji and the Huogong Qieyao, divided cannon, according to purpose, into three categories — the war-gun (field artillery), the attack-gun (siege artillery), and the defense-gun (garrison artillery) — and separately set out the proportional relationships of their various parts. Thus, the war-gun has a comparatively slender and elongated gun body, with a bore diameter of 3 to 5 cun, a weight of about 500 to 3000 catties, firing a projectile of 4 to 10 catties in weight; the length of the gun body is 33 times the bore diameter, or about 99 to 165 cun; the length from the trunnion to the muzzle is 19 times the bore diameter, or about 57 to 95 cun; the wall thickness at the muzzle is 0.5 times the bore diameter, or about 1.5 to 2.5 cun; the diameter and length of the trunnion, the thickness of the breech, and the diameter and length of the tail-knob, are all equal to the dimension of the bore diameter, or about 3 to 5 cun. The bore diameter of the attack-gun then in use was 4 to 10 cun, its length 18 to 22 times the bore diameter, or about 72 to 220 cun, firing a projectile of 10 to 50 catties in weight. The defense-gun has the shortest gun body, with a bore diameter of 3 to 5 cun, its length 8 to 16 times the bore diameter, or about 24 to 80 cun. Apart from the examples given above, the two aforementioned works also give a detailed record of the design dimensions and the proportional multiples relative to the bore diameter for the various types of cannon then in use, which, summarized, are roughly as set out in Table 9-2.

Table 9-2 Proportional Multiples of the Various Parts of the Cannon Relative to the Bore Diameter














	Component
	War-Gun: Ordinary War-Gun
	War-Gun: Folangji
	Attack-Gun: Ordinary Attack-Gun
	Attack-Gun: Tiger-Roar Gun
	Attack-Gun: Flying-Tiger Gun
	Attack-Gun: Lion-Roar Gun
	Defense-Gun





	Length from touch-hole to muzzle
	33
	—
	18–22
	20
	4
	15
	8–16



	Length from touch-hole to trunnion
	13
	22
	8–10
	8
	0.5
	—
	2.7–5.3



	Length from trunnion to muzzle
	19
	32
	10–12
	12
	3
	—
	5.3–10.7



	Wall thickness before touch-hole
	1
	1
	1
	1.25
	1
	1.5
	1



	Wall thickness before trunnion
	0.75
	1
	0.75
	0.75
	1
	1.5
	1



	Wall thickness at muzzle
	0.50
	1
	1
	1
	0.5
	1
	1



	Trunnion diameter
	1
	1
	1
	1
	1
	1
	1



	Trunnion length
	1
	1
	1
	1
	1
	1
	1



	Breech thickness
	1
	1
	1
	1
	1
	1
	1



	Tail-knob diameter
	1
	—
	1
	1
	1
	1
	1



	Tail-knob length
	1
	—
	1
	1
	1
	1
	1



	Combined length of parent-and-child cannon
	—
	55
	—
	—
	—
	—
	—



	Length of child cannon
	—
	5
	—
	—
	—
	—
	—



	Length of spring
	—
	1
	—
	—
	—
	—
	—



	Length of bolt
	—
	0.5
	—
	—
	—
	—
	—





Cannon manufactured in accordance with the above proportional multiples each had their own distinct use: the war-gun could accompany the army and maneuver in battle; the attack-gun was suited to the reduction of cities, capable of both direct and plunging fire, and among these the flying-tiger gun was in fact what was later called the mortar, capable, in a siege, of firing in a plunging arc upon the men, horses, and buildings within the city; the defense cannon had a comparatively short gun body, and Sun Yuanhua, in the section “Dimensions and Proportions for Casting Large and Small Defense-Guns” of the Xifa Shenji, gave the following explanation of this: “In attack, it is we who approach the enemy; in defense, it is the enemy who approaches us, and the shot need not travel far,” and therefore the gun body need not be overly long; furthermore, for the defense-gun, the length from the touch-hole to the trunnion is only half the length from the trunnion to the muzzle, this being on account of the need to facilitate the use of the defense-gun in firing downward from atop the city wall①.

Related to the new method of cannon design is the determination of the proportional relationship between projectile weight and powder charge. Sun Yuanhua, in the “Firing Large and Small Guns” section of the Xifa Shenji, sets out the following proportional relationship: for projectiles weighing 1 to 8 catties, the two are equal in weight; for projectiles weighing 9 to 17 catties, the powder charge is 4/5 of the projectile weight; for projectiles weighing 18 to 28 catties, the powder charge is 3/4 of the projectile weight; for projectiles weighing more than 27 catties, the powder charge is 2/3 of the projectile weight. If a cannonball manufactured according to the above proportions is loaded into a cannon of suitable bore diameter, then, upon firing, the effect of striking accurately at a distance will be good; otherwise, the effect will necessarily be poor.

① Ming, Jiao Xu: Zhuzao Zhan Gong Shou Ge Chong Chi Liang Bili Zhu Fa (“Various Methods for the Proportional Dimensions of Casting War-, Attack-, and Defense-Guns of Every Kind”), Commercial Press, 1936 edition, Huogong Qieyao, vol. 1, pp. 1–2. Hereafter, citations of this work all follow this same edition. In China, 1 zhang = 10 chi = 100 cun; in the Ming dynasty, 1 chi = 31.1 centimeters; in the Qing dynasty, 1 chi = 32 centimeters, and 1 catty = 16 taels = 500 grams.



(2) Designing the Various Parts of the Gun-Carriage with the Bore Diameter as the Base Number

Sun Yuanhua and Jiao Xu, from the standpoint of the science of gunnery, pointed out: “Whether the shot of the gun falls near or far depends entirely upon whether the muzzle is elevated or depressed; and whether the muzzle can be elevated or depressed in turn depends upon the gun-carriage’s mechanism for the trunnion and elevation to be constructed on sound principle.”① Jiao Xu, proceeding from the need for the cannon to maneuver conveniently on the battlefield, held that “the cart used for the large hand-cannon is like the sharp sword’s need of a hilt; without a hilt the sword cannot be gripped, and without a cart the cannon cannot readily be maneuvered…. The methods for its dimensions likewise take the bore diameter of the muzzle as the standard.” According to Jiao Xu’s requirements, the thickness of the side wall-boards used in manufacturing the gun-carriage is equal to the bore diameter, and their length is 1.2 times the length of the cannon; at a point 6/10 of the way from front to back along the length of the wall-board, a recessed seat is provided to receive the trunnion; the diameter of the wheels is 12 times the bore diameter, each wheel having 14 spokes, whose length, width, and thickness are, respectively, 5.3, 1, and 0.8 times the bore diameter; the inner and outer diameters of the hub are, respectively, 4 and 1.7 times the bore diameter; the two side wall-boards are joined together by 5 horizontal wooden bolts, each 1 times the bore diameter square; the undercarriage is covered with wooden boards of a thickness 1.3 times the bore diameter, their placement each governed by fixed rule. The pins, hoops, and nails used in assembly all have a fixed number and strict requirements②, so as to ensure the quality of the gun-carriage and enable it to carry the cannon for mobile warfare.




3. Adoption of New Gun-Casting Methods

Along with the increase in the imitation manufacture of Western cannon, the European method of mold-casting cannon was likewise adopted in the late Ming. According to the account given in the “Various Methods for Making the Gun Mold” section of the Huogong Qieyao, the method was, before casting the cannon, first to make an outer mold and an inner mold for the gun body. The outer mold used, as its material, nanmu and shanmu (cedar and fir) that had been well sealed and dried for a long time so as not to warp, made to the exterior dimensions of each part of the cannon to be cast, with the two ends extending out more than 1 chi, so as to be mounted on the lathe-frame for turning; the trunnions, reinforcing bands, and the various shapes needing to be cast onto the cannon were then fitted and installed. Thereafter, high-quality glutinous clay was mixed with fine sand in a ratio of 8:2, and goat hair was worked in as reinforcing fiber; once it had dried to the proper degree, it was applied evenly onto the gun mold in successive layers, each about 1 cun in thickness, continuing until the thickness reached 1.6 times the bore diameter — for instance, if the bore diameter were 5 cun, then the clay would be applied to a thickness of 8 cun. When the clay layer reached 2/3 of its total thickness, coarse iron wire was wound from end to end, and clay was applied again after the winding; when the clay layer reached 9/10 of its total thickness, according to whether the gun body was large, medium, or small, 16 to 8 iron rods as thick as a finger and equal in length to the gun body were selected and evenly affixed to the clay layer to serve as a skeleton, and, on the outside of the iron rods, 8 to 4 iron hoops were evenly bound and tightened. After the binding, the outer surface was smoothed over with clay, and, after sealing and drying for 2 to 4 months, the outer mold for the cannon to be cast was thereby completed. Once the outer mold had air-dried, the wooden core mold was removed, and charcoal fire was used to lightly bake the interior of the clay mold, so as to dry out the outer shell and to char to ash the trunnion, band, and other accessory-part molds embedded within the gun mold. Finally, the wooden mold-base was fitted, and, following the method above, the mold for the tail-knob of the cannon was made; once this had dried, the complete outer mold of the cannon was thereby finished.

The inner mold was made of iron, its outer diameter being half the bore diameter of the cannon to be cast, with the remaining half again covered with a layer of clay, so that the outer diameter of the inner mold was exactly equal to the interior diameter of the cannon to be cast. The head portion of the inner mold extended 2 chi beyond the gun body, so as to permit a rope to be fastened for lifting and lowering it. Once the inner mold had been made, it was air-dried and set aside for use.

At the time of casting the cannon, a hoisting apparatus was used to suspend the outer mold, fitting it over the outside of the inner mold, so that the axes of the two molds were aligned as one; the gap between the inner wall of the outer mold and the outer wall of the inner mold constituted the thickness of the gun barrel, and molten bronze or iron was poured to fill it; once cooled, the inner and outer molds were removed, yielding the rough-cast form of the cannon to be manufactured, which was then further worked to produce a serviceable cannon. This method placed very high demands upon the craftsmanship of cannon-casting, and even for a generally highly skilled craftsman, the yield of successfully cast cannon was only 20% to 30%.

Cannon cast by the mold-casting method possessed good structural integrity, were free of casting seams, were sturdy and durable, could withstand pressure well, and had great firing power, representing a new method of cannon-casting for raising the performance of cannon.



4. Mass Imitation of Western Cannon

The imitation manufacture of Western cannon by new methods in the late Ming was first organized and carried out by Xu Guangqi; from the second month to the eighth month of the third year of the Chongzhen reign (1630), over 400 pieces in all were imitation-manufactured. In the course of this imitation manufacture, care was taken to be precise and meticulous in workmanship, and the names of the craftsmen were cast onto the gun body, so as to facilitate inspection and reward or punishment. For the cannon thus manufactured, a system of study and use was established; the techniques for loading and firing the cannon, and the methods of using the telescope and the gauge-plate, were all forbidden to be taught to unrelated persons, so that the methods of manufacturing and using the cannon might not

① Ming, Sun Yuanhua: Zao Chong Che Shuo (“Discourse on Making Gun-Carriages”), in the Gu Xiangtang edition of the Xifa Shenji, vol. 1, pp. 19–21. ② Ming, Jiao Xu: Zhizao Chong Che Chi Liang Bili Zhu Fa (“Various Methods for the Proportional Dimensions of Manufacturing Gun-Carriages”), in the Commercial Press edition of the Huogong Qieyao, vol. 1, pp. 12–13.

“be spied out by traitorous agents.”

While court-appointed officials were overseeing the imitation manufacture of Western cannon, the principal officials of a number of local military and civil-administration offices, such as the Governor-General of the Two Guangs, Wang Zunde, and the Grand Coordinator of Fujian, Xiong Wencan, also imitation-manufactured Western cannon on their own. Among a batch of red-barbarian cannon unearthed at Changsha and held in the collection of the Hunan Provincial Library, the gun bodies bear such inscriptions as “In the sixth year of Chongzhen, the Administration Commissioner of the Left of Lingxi, Governor-General of the Two Guangs, [name illegible],” “The Administration Commissioner of the Left of Lingxi, Governor-General of the Two Guangs, Xiong,” “In the sixteenth year of Chongzhen, the Military Office of Fujian, Zhang, Commander-in-Chief Zheng, cast this,” and “In the sixteenth year of Chongzhen, [illegible] Camp Cast, Yingtian Military Office, Zheng,” and these are representative products. In order to imitation-manufacture Western cannon, Wang Zunde successively borrowed 20 pieces of Portuguese cannon of each type① as models, imitation-manufacturing 300 pieces, and presented 175 pieces to the court as tribute②, among which 10 pieces weighed as much as 2700 catties (the National Museum holds a sample of his imitation manufacture). In the course of this imitation manufacture, Wang Zunde also compiled the Daxi Shiyi (“Essential Matters Concerning Large Cannon”), recording the principal European cannon-casting technology③, the first item of which concerns the numerical relationship between the weight of the cannon, the weight of the projectile, and the powder charge:

Cannon weight 1000 catties: projectile weight 2.5 catties, powder charge 2 catties 10 taels Cannon weight 1300 catties: projectile weight 3 catties, powder charge 3 catties Cannon weight 2000 catties: projectile weight 4 catties, powder charge 4 catties Cannon weight 2700 catties: projectile weight 7 catties, powder charge 7 catties

From the fifth year of the Chongzhen reign (1632) onward, the military threat posed by the Later Jin army to the Ming court grew increasingly severe, and by this time Xu Guangqi was already aged and infirm, his allotted years drawing to a close. His students and able assistants Li Zhizao, Sun Yuanhua, Zhang Tao, and Wang Zheng had all either died of illness or been lost to setbacks, and so the Ming court’s imitation manufacture of Western cannon could only be carried out with the assistance of such men as Johann Adam Schall von Bell, who were thoroughly versed in the art of gunnery. During the fighting at Songdu, the Chongzhen Emperor ordered Schall von Bell to select a site within the city for casting cannon, and ordered a group of eunuchs to accompany the work and learn the technique of cannon-casting; before long, 20 Western cannon were successfully cast, and, upon test-firing, their performance proved excellent. Thereupon a further 500 cannon of various types were manufactured④, ranging in weight from 100 catties to 1200 catties, and, on account of the outstanding results achieved in the manufacture of the cannon, the Chongzhen Emperor bestowed gold plaques as a mark of commendation. Afterward, the Chongzhen Emperor further engaged Schall von Bell to direct and assist the eunuchs in the manufacture of cannon. The cannon manufactured in the final years of the Chongzhen reign saw use in quite a number of localities, especially in the northeast region, and to this day, cannon used at that time are still displayed atop the city wall of Shanhaiguan. One of these bears the inscription “Cast on an auspicious day in the second month of spring of the sixteenth year of the Great Ming Chongzhen reign, the Generalissimo of Divine Might, No. 1, weighing 5000 catties,” with a bore diameter of 10 centimeters, an outer muzzle diameter of 31 centimeters, and an overall length of 266 centimeters. From the muzzle to the touch-hole is 227 centimeters. From the muzzle to the central axis of the trunnion is 142 centimeters, the trunnion is 14 centimeters in length and 11 centimeters in diameter, and the tail-knob is 18 centimeters in length (Figure 9-6). From the place where it is displayed, it can be known that this was a fine defensive cannon that the Ming army of that time mounted at Shanhaiguan to resist the offensive of the Qing army.

Apart from the Western cannon manufactured under the organization of the court and certain local military and civil-administration offices, there were also some Western cannon jointly manufactured through the contributed funds of civil and military officials. Most of these were manufactured after the tenth year of the Chongzhen reign (1637), in the period when the Ming dynasty was in imminent peril. One such cannon was discovered in Shijiazhuang City, its gun body bearing the inscription “On an auspicious day in the middle of summer of the wuyin year of Chongzhen, contributed funds for the manufacture of a red-barbarian great cannon, the Governor-General and Military Office Lu Xiangsheng…,” and other characters, showing that this cannon was manufactured with contributed funds, in the eleventh year of Chongzhen, by 17 civil and military officials including Lu Xiangsheng (1600–1638), who was then serving as Governor-General of Xuanfu (present-day Xuanhua, Hebei) and Datong military affairs⑤; the gun body is 150 centimeters in length and weighs 500 catties. The Shanxi

① Ming, Xu Guangqi: Wen Feng Fen Ji Zhi Xian Chao Shu, in the Zhonghua edition of the Collected Works of Xu Guangqi, vol. 1, p. 299. ② Ming, Xu Guangqi: Qin Feng Ming Zhi Liang Chen Yujian Shu, in the Zhonghua edition of the Collected Works of Xu Guangqi, vol. 1, p. 316. ③ Regarding the Daxi Shiyi: Xu Guangqi mentions this work in his Qin Feng Sheng Zhi Fu Zou Shu, in the Zhonghua edition of the Collected Works of Xu Guangqi, vol. 1, p. 302. ④ The Life of Johann Adam Schall von Bell states that these 500 cannon were manufactured in the fifteenth year of Chongzhen; the Zhengjiao Fengbao states that they were manufactured in the twelfth year. There is also a comparatively detailed record of this matter in the sixty-third page (see the 1672 English edition printed at Regensburg) of the History of Jesuit Missionaries in China, 1581–1669 held in the collection of the Duke August Library of Germany. ⑤ Wang Haihang: Ming-Dynasty Iron Cannon Discovered in Shijiazhuang City, in Wenwu Cankao Ziliao, whole issue no. 6, 1957, pp. 84–89.

Provincial Museum likewise holds two red-barbarian cannon bearing an inscription entirely identical to that given above①. That funds for the manufacture of cannon were contributed by officials in their private capacity shows, on the one hand, that the finances of the Chongzhen court were exhausted, and that the cannon being cast were insufficient for use; and, on the other hand, it also shows that the military situation of that time was pressing, and that the generals on the front lines contributed funds on the spot for casting cannon, for use in resisting the Qing. According to the record in the Biography of Lu Xiangsheng in the History of the Ming, in the tenth year of Chongzhen, the Qing army entered by way of Qiangzi Ridge and Qingkou Mountain, and the court ordered him to lead reinforcements from throughout the empire to guard the capital. In the eleventh year, the Qing army advanced south in three columns, and he divided his forces to meet them in battle. But because the Minister of War Yang Sichang (1588–1641) and the Chief Eunuch Supervisor Gao Qiqian deliberately held their troops back and did not advance, in the twelfth month Lu Xiangsheng was forced to fight alone, unsupported, and, in the Battle of Gaoshui Bridge at Julu (present-day part of Hebei), with his arrows and cannon-shot exhausted, gave up his life on the battlefield.

The National Museum holds one heavy-type red-barbarian cannon, its gun body inscribed: “Cast on an auspicious day in the middle of winter of the twelfth year of the Great Ming Chongzhen reign, weight 5400 catties, by imperial commission the Governor-General and Military Office Hong Chengchou, by imperial commission the Governor-General and Military Office Gao Qiqian…,” and other characters, showing that this cannon was manufactured with contributed funds by Hong Chengchou and Gao Qiqian in the twelfth year of Chongzhen. Western cannon manufactured with privately contributed funds have also been discovered and collected in a number of other localities; from another angle, they reflect the circumstances of the manufacture and use of the red-barbarian cannon in that era, and provide valuable material for research into the history of firearms in the late Ming.



5. Mass Manufacture of the “Divine Engine” Cannon

The “Divine Engine” cannon (shenji pao) was a type of small generalissimo-cannon manufactured and used continuously from the early Ming onward, at first equipped to the Divine Engine Battalion, and, by the late Ming, having become a type of auxiliary cannon, used in conjunction with the Western cannon; some archaeological and cultural-relics departments to this day still hold physical specimens of it. In 1931, at the Puji Women’s Factory at No. 2 Xingsheng Alley, Xisi, Beijing, a batch of late-Ming Divine Engine cannon were excavated. It is said that this factory had originally been the site of a Qing-dynasty cannon bureau, and that the courtyard had a comparatively large number of Ming- and Qing-dynasty cannon buried within it. At the time, more than 30 pieces were excavated, and were afterward held in the Beijing Museum of History (its original site being the Xuanwumen city-tower in Beijing). After Liberation, following several relocations, the whereabouts of this batch of cannon in the collection are no longer known. However, the author, on a visit to the Capital Museum in June 1984, discovered that, among the cannon held in that museum’s collection, some closely resembled, in form and structure, the Divine Engine cannon excavated in 1931, and it may perhaps be that they form part of that same batch of cannon, though this cannot be known for certain (Figure 9-7).

① Hu Zhenqi: Ming-Dynasty Iron Cannon, in Shanxi Wenwu, 1982, issue no. 1, p. 17.

Among the Divine Engine cannon excavated in 1931, there were 3 iron Divine Engine cannon manufactured in the fourteenth year of the Chongzhen reign (1641), the gun body of each having five wide reinforcing bands, but no trunnions. Their structural data and inscriptions are as follows:

The first: bore diameter 85 millimeters, outer diameter 200 millimeters, overall length 900 millimeters. Around the muzzle is inscribed “Recorded in the tenth month of the fourteenth year of Chongzhen, marked Right, No. 14, Leading Company of the First Command,” 17 characters in all; on the gun body is inscribed “Right Camp, Leading Company of the First Command,” 6 characters in all.

The second: bore diameter 70 millimeters, outer diameter 150 millimeters. Around the muzzle is inscribed “Divine Engine, Sixth Camp, Leading Squad of the Second Command,” 9 characters in all; on the gun body is inscribed “Tenth month of the fourteenth year of Chongzhen, Divine Engine, Sixth Camp, Leading Squad of the Second Command,” 15 characters in all.

The third: bore diameter 55 millimeters, outer muzzle diameter 145 millimeters, wall thickness 45 millimeters, overall length 715 millimeters. Around the muzzle is inscribed “Recorded in the tenth month of the fourteenth year of Chongzhen, Fourth Cao of the Fifth Army, Second Command, Second Squad, No. 16,” 19 characters in all.

From the inscriptions cast upon the gun bodies, it can be known that these were Divine Engine cannon manufactured in the same year and month and equipped to the Divine Engine Camp. In the weapons display room atop the city wall of Shanhaiguan, there are also displayed iron Divine Engine cannon similar in form, structure, and principal data to the 3 pieces mentioned above. One of these has a bore diameter of 75 millimeters and an overall length of 870 millimeters, its exterior corroded, its inscription no longer legible. In the tenth month of the fourteenth year of Chongzhen, the Qing army was pressing steadily closer beyond the pass, and the Ming army suffered repeated defeats; in order to strengthen the defense of the capital, the Chongzhen court not only engaged Schall von Bell to cast Western cannon in great numbers, but also cast Divine Engine cannon in great numbers, so that the Ming army might use the two in combination. The surviving physical specimens of the Divine Engine cannon fully bear this out.



6. The Development of Gunnery Science

During the Jiajing reign, Qi Jiguang had already given the earliest exposition of “aligning the three points along a single line,” one of the basic principles of the science of gunnery. By the late Ming, some of the basic content of gunnery science had been further disseminated; summarized, this principally comprised the use of the elementary angle-measuring instrument and the telescope, the measurement of the relationship between firing angle and range, the verification of the conclusion that range is greatest at a firing angle of 45°, and the germination of parabolic theory. This content had already received preliminary treatment in the Bing Lu (“Record of Military Affairs”), and the Xifa Shenji and the Huogong Qieyao developed it still further.

The principal instrument for measuring the elevation angle and for measuring the range at various elevation angles was the gun-quadrant. The gun-quadrant was, in effect, a quarter-circle protractor, dividing the 90° arc into 12 equal divisions, each division representing 7.5°. Both right-angle arms of the gun-quadrant were made of bronze strips; in measuring the firing angle, one arm was inserted into the muzzle of the cannon, and a plumb-line (that is, a vertical line) was suspended from the vertex of the right angle; if the gun body lay parallel to the ground, then the suspended plumb-line would form a 90° angle with the axis of the cannon, and firing at this angle constituted level, direct fire; if wooden blocks were added or removed beneath the breech of the cannon, causing the muzzle to be raised or lowered, this would alter the elevation angle of the cannon. Reckoning from the position of level, direct fire, the range increased progressively as the elevation angle gradually increased; when the elevation angle, as reflected on the gun-quadrant, corresponded to the plumb-line bisecting the right angle (that is, forming a 45° angle at the sixth division), the range was greatest; when the muzzle was elevated beyond the bisector of the right angle of the gun-quadrant, that is, to an angle greater than 45°, the range progressively diminished. This was the method used at that time for measuring the firing angle and the range. On this point, there were, at the time, three differing accounts: He Rubin, the author of the Bing Lu, said that, in measuring the range, using one right-angle arm of the gun-quadrant “inserted into the muzzle of the gun… for every one division (7.5°) that it is raised, the shot lands farther than when fired level, and this continues up to the sixth division (45°), beyond which the range in front grows no farther even as the angle increases, and the shot, striking back, falls short”①; Sun

① Ming, He Rubin: Bing Lu, juan 13 (Xiyang Dian Fang Da Xiao Shenchong Lüefa, “Brief Method for Firing Western-Style Large and Small Sacred Cannon”), in the Tonghui · Jishu Juan, vol. 5, p. 720.

Yuanhua’s presentation in the “Discourse on Firing Large and Small Cannon” section of the Xifa Shenji is of the same kind as He Rubin’s exposition. Jiao Xu, in the “Approximate Steps for the High, Low, Far, and Near Fall of Shot for Cannon of Every Kind” section of the Huogong Qieyao, pointed out: if the muzzle elevation is “seven degrees (52.5°), then the shot is fired too high, and, falling from above, the shot lacks force and, on the contrary, falls short.” From the three accounts given above, it can be seen that the first two simply describe the results of actual measurement, arriving at the conclusion that range is greatest at a firing angle of 45°, but do not touch upon the physical cause of this. Jiao Xu’s account not only describes the results of actual measurement, but also touches, in preliminary fashion, upon the physical cause of the range falling short again beyond a firing angle of 45°, namely that “the shot is fired too high, and, falling from above,” and so the shot lacks force, and the range on the contrary falls short. It can be seen that Jiao Xu had advanced a step further than He Rubin and Sun Yuanhua, and had already come basically close to the European theory of ballistics.

He Rubin, in the “Brief Method for Firing Western-Style Large and Small Sacred Cannon” section of the Bing Lu, and Sun Yuanhua, in the “Discourse on Firing Large and Small Cannon” section of the Xifa Shenji, both give a set of data on the relationship between firing angle and range, the most commonly cited set of data taking, as its base figure, a range of 268 paces when the cannon fires level and direct, and thereafter progressively altering the firing angle up to 45°, obtaining, respectively, the corresponding range data①; the two are set out in comparison below.




	Firing Angle (degrees)
	0
	7.5
	15
	22.5
	30
	37.5
	45





	Range (paces)
	268
	594
	794
	954
	1010
	1040
	1052





Jiao Xu, in the “Approximate Steps for the High, Low, Far, and Near Fall of Shot for Cannon of Every Kind” section of the Huogong Qieyao, taking as his example the No. 3 cannon, which fires a projectile of 3 to 4 catties, sets out the relationship between the change in elevation angle and the change in range:




	Firing Angle (degrees)
	0
	7.5
	15
	22.5
	30
	37.5
	45





	Range (paces)
	400
	800
	1400
	1800
	2000
	2100
	2150





Apart from measuring the relationship between firing angle and range, Sun Yuanhua also carried out a certain degree of qualitative research into the parabolic trajectory followed by the projectile after it left the bore of the cannon. He held that, when the projectile is fired from the bore and flies through the air, it does not fly in a straight line, but rather “makes full use of its rectilinear tendency, and also half makes use of its curving tendency; once the curving tendency exceeds half, it can no longer kill a man.”② Explained in terms of modern scientific theory, his meaning is: as the projectile flies through the air, it possesses both a tendency to fly straight forward and a tendency to fall downward under the influence of the earth’s gravitational pull, and the resultant of these two forces forms the curving tendency (curve) of the projectile’s flight. If the curving tendency exceeds half — that is, if the projectile has flown past the apex of the parabolic trajectory — then its velocity decreases, its kinetic energy diminishes, and its killing power weakens, until finally its flight velocity reaches zero and its killing power vanishes entirely. Although Sun Yuanhua’s account of the projectile’s flying simultaneously in a rectilinear and a curving manner through the air was not as thoroughgoing as Galileo’s exposition of the theory of the parabola, this account nevertheless represented a great breakthrough within ancient China, and, moreover, chronologically, followed closely upon Galileo, separated from him by not a long interval.



7. The Exploration of the Phenomenon of Shock Waves

In the late Ming period, the exploration of the phenomenon of the shock wave produced by the explosion of gun and cannon projectiles was chiefly carried out by two men: the first was Sun Yuanhua, and the second was Song Yingxing, the author of the Tiangong Kaiwu (“The Exploitation of the Works of Nature”).

Sun Yuanhua, in the “Illustrated Discourse on the Gun-Platform” section of the Xifa Shenji, in discussing the safe firing of cannon by the gunner, touched upon the question of the shock wave. He pointed out that the reason why the firing of large-type cannon upon the gun-platform (that is, the gun-emplacement) produced intense vibration was caused by “the gas of the shot” (chongqi). When the gunner fires the cannon, “as the gas of the shot exits the muzzle, it collides violently with the air, and the movement of this gas is exceedingly swift, so that the mountains and valleys all resound in echo, and,

① According to what Sun Yuanhua discloses, his method of measurement was derived from the “Method of Measurement” section of Xu Guangqi’s Jihe Yuanben and from Li Zhizao’s Rongyuan Jiaoyi Tongwen Suanzhi. ② Ming, Sun Yuanhua: Chongtai Tushuo, in the Gu Xiangtang edition of the Xifa Shenji, vol. 1, pp. 28–29.

where near at hand, it can crack apart, being able to level walls and shake loose stone.”① Although the above explanation given by Sun Yuanhua does not yet directly state that the intense vibration produced after the firing of a large-type cannon is caused by the shock wave, he had nevertheless already pointed out that this was because the “gas of the shot” (that is, the high-temperature, high-pressure gas) produced by the combustion of the gunpowder within the bore, upon rushing out of the bore, rapidly and suddenly compressed the air outside the muzzle, so that its pressure and density rose instantaneously, forming a compressive force and producing high-speed motion, and thus being able to make mountains and valleys resound in echo, and to level walls and shake loose stone. This explanation had already touched upon the very margin of the essential nature of the shock wave.

What modern science calls the shock wave is a process in which, owing to the high-speed motion of an object or an explosion, an intense compression is produced within a medium (such as air, water, or earth), and propagates at a speed exceeding that of sound. At the wavefront of the shock wave there appear high temperature and high pressure. This kind of shock wave can be produced whenever gunpowder explodes, but only when the quantity of gunpowder is sufficiently large and the explosion sufficiently violent can a shock wave be produced, its force sweeping through like a whirlwind, capable of killing living forces (men or animals) and destroying objects. The book in which our country’s ancient literature first mentions the phenomenon of the shock wave is not the Xifa Shenji. As early as the Song-Yuan transition, Zhou Mi (1232–1298), in his Guixin Zashi · Paohuo (“Miscellaneous Records of Guixin: The Calamity of the Cannon”), had already touched upon it. In describing the tremendous power produced by the explosion of gunpowder, this text states: “beams and rafters were shattered inch by inch, or were carried off by the cannon-wind to a distance of more than ten li.” The “cannon-wind” (paofeng) spoken of in the text is precisely the shock wave produced after the explosion of a gunpowder magazine, its power so great as to be able to carry beams and rafters off to a distance of more than ten li. However, this text merely raises the point and goes no further, offering no explanation whatsoever of the “cannon-wind.” Afterward, in the essay “The Copper Fa-fan” in the Chouhai Tubian (“Illustrated Compendium on Maritime Defense”), in introducing the power of the copper fa-fan, it likewise mentions the matter of “its wind being able to sear and kill men.” The “wind” (feng) spoken of in this text is precisely the “cannon-wind,” that is, the shock wave produced by the explosion of a large-type cannon, its power so great as to be “able to sear and kill men.” However, this text, too, merely raises the point and goes no further, offering no explanation whatsoever of the “cannon-wind.” What is valuable in Sun Yuanhua is that he not only offered a preliminary explanation, but that his explanation is, moreover, the first of its kind in the history of Chinese firearms.

At roughly the same time that Sun Yuanhua was writing of the phenomenon of “the gas of the shot,” the scientist Song Yingxing (1587–?), in his essay “On Qi” (“Discourse on Vital Force”), not only gave a comparatively penetrating and detailed observational description of the phenomenon of the “startling sound” (jingsheng, that is, what is now called the shock wave) produced after the explosion of gunpowder, but also carried out a certain degree of investigation into the cause underlying the phenomenon of the startling sound. In his book, he first posed the question: “As for the startling sound, how is it that it can, in extreme cases, kill a man?” He then answered: “In the most extreme cases of the startling sound, it must be as when an exploding cannon bursts apart. At such a time, the empty, still vital force is struck and thrown open, entering wherever there is an aperture, reaching even to the vital force at the root of the ear, and startling a man to his very core, so that his gall is shaken and his liver destroyed, and thus he dies at once, without even a moment’s delay.”② In the content of this answer, he had in fact already carried out a preliminary exploration of the cause underlying the production of the “startling sound.” He held that the “startling sound” arises after the explosion of the cannon-shot, when the surrounding “empty, still vital force,” struck by the impact of the high-temperature, high-pressure gas, is produced thereby; it advances at high speed, “entering wherever there is an aperture,” passing through the root of the ear into the human body, and is able to “shake the gall and destroy the liver,” bringing about a person’s death. Although his explanation, like Sun Yuanhua’s, still did not manage to put forward directly the theory of the shock wave, their two explanations are extremely close to one another, and each shows an ingenuity matching the other’s in a different way, representing a gratifying achievement attained by the military technologists and scientists of the late Ming in their bold exploration of this scientific phenomenon.

The 30 red-barbarian cannon introduced by Xu Guangqi and others in the late Ming, together with the several hundred cannon of other various types that were manufactured, although they did not manage to reverse the outcome of the Ming army’s defeat, but rather, after being captured by the Later Jin army, gave wings to the Eight Banner soldiers, already skilled in mounted archery, to enter and take possession of the Central Plain — a consequence that Xu Guangqi, and the two courts of Tianqi and Chongzhen, had no wish to see, and one that was not determined by their own will. Yet, viewed from the standpoint of historical development, the efforts of Xu Guangqi and the others were not spent in vain. The European firearms technology that they introduced and disseminated was, in the late Ming and early Qing, further promoted, giving rise to a high tide in the manufacture and use of the red-barbarian cannon (Photograph 14), and raising the combat effectiveness of the Qing army. Their historical contribution in advancing the cause of cannon in ancient China is not to be effaced.




Section 3 The Military Handicraft Industry of the Early Qing and the Evolution of Gunpowder Research and Development


1. The Military Handicraft Industry of the Early Qing

The military handicraft industry of the early Qing period (1644–1840) had already taken on an initial scale before the Qing Aisin Gioro Fulin (1638–1661) entered the pass. After the establishment of the Qing dynasty, not a few new establishments were further added, forming a military handicraft-industry network spread across the entire country. This network was made up of the following systems.


(1) The Military Handicraft Industry of the Ministry of Works System

The Ministry of Works of the early Qing period was established in the fifth year of the Tiancong reign (1631), before the Qing army entered the pass, being the last of the Six Ministries subordinate to the Central Secretariat. After the establishment of the Qing dynasty, the Ministry of Works took charge of the engineering affairs of the whole empire. Its subordinate Guanling Factory had special charge of the manufacture of gunpowder.

The Gunpowder Bureau of the Guanling Factory. Also called the Bureau for the Administration of Gunpowder, it was established in the first year of the Shunzhi reign (1644) within the You’anmen (the Gate of Eternal Peace). Within the factory were installed 200 stone rolling-mills, each mill, with a charge of 30 catties of gunpowder, constituting one unit. Each unit that ground for three days was intended to supply military needs, and each that ground for one day was intended to supply demonstration firing of guns and cannon. Gunpowder held in reserve for military needs was fixed at a quota of 300,000 catties, drawn upon and replenished as used. According to the regulations then in force, the gunpowder needed for the trial firing of guns and cannon by the Eight Banner troops, and for the annual training exercises of the garrison troops at Shengjing, could be drawn from the Xishi Storehouses①, in the form of saltpeter and sulfur. It was later further stipulated that the saltpeter and sulfur used by the Imperial Household Department in compounding gunpowder should likewise be drawn from the Guangji Storehouse within that same repository. In the thirty-first year of the Kangxi reign (1692), with the approval of the court, the gunpowder used by the Eight Banner troops for the trial firing of guns and cannon could be drawn directly from the Guanling Factory. In the same year, the court stipulated that the Guanling Factory should each year manufacture more than 200,000 catties of firing powder (that is, gunpowder for discharging shot), and 2000 to 3000 catties of “roasting powder” (used for soaking matchcord and touch-hole priming powder), and should hold in reserve 300,000 catties of gunpowder for military needs and 4000 catties of roasting powder. In years when consumption was heavy, replenishment was to be made according to use. In order to unify the storage and management of the gunpowder of the garrison troops stationed within the city of Beijing, the court further designated the gunpowder magazine newly constructed that year, for storing the gunpowder from the old gunpowder magazines of the Middle, Eastern, and Western Camps of the Eight Banners stationed in the capital, to be uniformly stored and managed by the Guanling Factory②. In order to ensure that the gunpowder, once manufactured, would remain in a dry, ready-to-use state at all times, the Guanling Gunpowder Factory, in the eighteenth year of the Qianlong reign (1753), constructed 5 wooden-crib-style storehouses, storing, within the wooden cribs, the gunpowder that had been placed within oiled baskets woven of willow twigs, so as to prevent the willow twigs from becoming brittle and rotten and thereby causing the gunpowder to spoil③. Because the Guanling Factory was a gunpowder factory directly administered and controlled by the Ministry of Works, its scale ranked, without doubt, first in the entire country; the gunpowder that it manufactured was great in quantity and fine in quality, and its storage was rigorously secure, making it the largest gunpowder-supply base for the garrison troops of Beijing and Shengjing.

The Superintendency for the Manufacture of Cannon and Bird-Guns at Jingshan. Established during the Kangxi reign, it was directly administered by the Ministry of Works, and the quality of the guns and cannon that it manufactured was the finest, so that its products were termed “Imperially Manufactured” (yuzhi), and were supplied for the use of the Manchu Eight Banners.

The Superintendency for the Manufacture of Guns and Cannon at the Ironsmiths’ Camp. The Ironsmiths’ Camp was located south of Fangzhuang, Beijing, to the west of Songjiazhuang, and manufactured guns and cannon of the ordinary type, its products being termed “Bureau-Manufactured” (juzhi), supplied for the use of the Han Chinese Eight Banners.



(2) The Military Handicraft Industry of the Imperial Household Department System

The Imperial Household Department system had subordinate to it firearms-manufacturing establishments.

① The Xishi Storehouses: the collective name for the ten storehouses established in Beijing during the Qing dynasty — the jia, yi, bing, ding, and wu storehouses, together with the Chengyun, Guanghui, Guangji, Guangying, and Zhida storehouses. The storehouse compound extended south from Xi’anmen Boulevard to Di’anmen West Boulevard in the north. Among these, the Guangji Storehouse stored gunpowder-charcoal and sulfur, for use by the Guanling Factory in manufacturing gunpowder. The Dingzi Storehouse stored raw silk, tung oil, copper, hemp, cowhide, deerhide, fish glue, and other such materials. In the nineteenth year of the Kangxi reign, the court approved the transfer of the saltpeter and sulfur of the Guangji Storehouse into storage within the Dingzi Storehouse. ② Qing, Ji Huang and others: Qingchao Wenxian Tongkao (“Comprehensive Examination of the Documents of the Qing Dynasty”), juan 194 (Bing, 16 · Junqi, Huoyao, “Military, 16: Military Equipment, Gunpowder”), Zhejiang Guji Chubanshe, 1988 edition, reprint of the Qingchao Wenxian Tongkao, p. 6590. Hereafter, citations of this work all follow this same edition, abbreviated as the Zhejiang edition. ③ Qinding Da Qing Huidian Shili (“Imperially Endorsed Precedents of the Collected Statutes of the Great Qing”), juan 898 (Gongbu · Junhuo · Cunchu Huoqi, “Ministry of Works, Military Supplies: The Storage of Firearms”), Xinwenfeng Publishing Company, Taipei, China, 1976 edition, reprint of the Qinding Da Qing Huidian Shili, vol. 21, p. 16125. Hereafter, citations of this work all follow this same edition, abbreviated as the Xinwenfeng edition.

The Manufacturing Superintendency of the Hall of Mental Cultivation. Originally an establishment set up within the Forbidden City in the early Qing for manufacturing implements and utensils, it began, from the thirty-second year of the Kangxi reign (1693) onward, to establish workshops such as the Foundry Bureau and the Guns and Cannon Bureau for manufacturing guns and cannon.

The Superintendency for Imperial Bird-Guns. Responsible for keeping in custody the imperially designated guns and cannon manufactured by the Manufacturing Superintendency, to be drawn upon as needed at any time. Whenever a newly presented bird-gun of a new type was submitted, it was test-fired by this office.

The Inner Gunpowder Magazine. This was the establishment responsible for keeping in custody the gunpowder for imperial use. It had primary responsibility for compounding and issuing gunpowder, lead shot, and iron sand. The saltpeter, sulfur, hemp fiber, reed-hemp, oiled sheets, leather cases, and willow-twig charcoal, and other such materials that it used, were drawn, respectively, from the Ministry of Works, the Court of the Imperial Stud, and the Fengchen Court (the office in charge of matters concerning the imperial gardens and parks)①.



(3) The Military Handicraft Industry of the Shengjing Ministry of Works System

The Shengjing Ministry of Works was established in the sixteenth year of the Shunzhi reign (1659), and had subordinate to it the Left Bureau, the Right Bureau, and the Silver Treasury. The Right Bureau inspected matters concerning the manufacture of gunpowder at the gunpowder magazine, and the gunpowder that it manufactured was supplied for use by the garrison troops of Shengjing proper, of the outer city, and of such places as Heilongjiang②. In the forty-fifth year of the Qianlong reign (1780), the Qing court decided to merge the Heilongjiang Gunpowder Manufactory into the Shengjing Gunpowder Magazine③. Apart from compounding gunpowder, the Right Bureau was also responsible for the manufacture of lead shot.



(4) The Military Handicraft Industry of the Eight Banner Army System

In the early years of the Shunzhi reign, the Qing court constructed, in not a few places within the capital city, factory-buildings for the storage of the gunpowder of the Eight Banner army. Among these were: the Bordered Yellow, Plain White, Bordered White, and Plain Blue Banners, which each constructed 35 rooms of gun-and-cannon factory-buildings on the vacant ground of the drill-ground of the Bordered Yellow Banner; the Plain Yellow and Plain Red Banners, which each constructed 30 rooms of gun-and-cannon factory-buildings within Deshengmen; the Bordered Red and Bordered Blue Banners, which each constructed 23 rooms of gun-and-cannon factory-buildings within Fuchengmen; the Bordered Yellow and Plain Yellow Banners, which constructed 12 rooms of gunpowder factory-buildings at Anmin Factory to the north of Xizhimen; the Bordered White, Plain White, Bordered Red, Plain Red, Bordered Blue, and Plain Blue Banners, six banners in all, which constructed 20 rooms of gunpowder factory-buildings behind the Temple of Heaven; the Anmin Factory, which further constructed factory-buildings for the storage of guns and cannon; the Guanling Factory within You’anmen, which constructed factory-buildings for the storage of gunpowder, roasting powder, and lead shot; the Armor Factory to the east of Chongwenmen and the Bureau at Xu’er Alley within Andingmen, which constructed factory-buildings for the storage of guns, cannon, and military weapons; and the Wuzi and Dingzi Storehouses within the Xishi Storehouses, which constructed factory-buildings for the storage of bows, blades, arrows, bowstrings, bird-guns, saltpeter, sulfur, and other such military equipment. In the twenty-fourth year of the Kangxi reign (1685), quite a number of factory-buildings were constructed atop the nine gates of the city of Beijing for the storage of reserve-manufactured items and the old firearms held in the various storehouses. In the thirtieth year of the Qianlong reign, in order to improve the conditions for storing saltpeter, sulfur, and gunpowder, the thatch-roofed sheds that had originally been erected were, without exception, rebuilt as brick-and-tile structures. In the thirty-fifth year of the Qianlong reign, the 77 old iron cannon stored at the Armor Factory and at Xu’er Alley were transferred to the storage depot of the Camp Construction Office, so as to be melted down and recast into new cannon④.



(5) The Military Handicraft Industry of the Various Local Garrison Systems

Apart from the firearms allocated to the garrison troops of the various localities in the early Qing period by the Ministry of Works and the various Manufacturing Superintendencies at court, a considerable portion were also manufactured by factories and bureaus established by the garrison troops themselves. Whenever a major military engagement arose, the Qing court, apart from transporting firearms to the front from the rear, also dispatched Ministry of Works officials to lead artisans in accompanying the Qing army on campaign, to cast cannon and other firearms as needed. Thus, when the Qing army was campaigning in the Jinchuan region, it once dispatched “the Manufacturing Superintendency’s Vice Director Haisheng, and the overseer Sabin’a, to cast cannon within the army camp, which proved of considerable use in the bombardment of fortified strongholds.”⑤

The firearms-manufacturing establishments of the various systems of the Qing dynasty were all required to comply with the reporting, approval, technical regulations, standard patterns, specifications, and standards for military weapons, as well as the systems of quality supervision, inspection, acceptance, issuance, verification, storage, and renewal, and other such regulations promulgated by the Qing court concerning the manufacture of military weapons. These regulations both absorbed and carried forward the established practices already in effect in earlier periods, and also incorporated new provisions adapted to the needs of the time, and so, compared

① Qinding Da Qing Huidian (“Imperially Endorsed Collected Statutes of the Great Qing”), juan 98 (Yu Niaoqiang Chu, “The Superintendency for Imperial Bird-Guns”), Xinwenfeng Publishing Company, Taipei, China, 1976 edition, reprint of the Qinding Da Qing Huidian, vol. 1, pp. 0994–995. Hereafter, citations of this work all follow this same edition, abbreviated as the Taipei Xinwenfeng edition. ② Qinding Da Qing Huidian Shili, juan 899 (Gongbu · Junhuo · Huoyao, “Ministry of Works, Military Supplies: Gunpowder”), see the Taipei Xinwenfeng edition, vol. 20, p. 16088. ③ Qinding Da Qing Huidian Shili, juan 899 (Gongbu · Junhuo · Huoyao), see the Taipei Xinwenfeng edition, vol. 20, p. 16094. ④ Qinding Da Qing Huidian Shili, juan 898 (Gongbu · Junhuo · Cunchu Huoqi), see the Taipei Xinwenfeng edition, vol. 21, p. 16125. ⑤ Qinding Da Qing Huidian Shili, juan 899 (Gongbu · Huoqi · Zhi Sheng Huoqi, “Ministry of Works, Firearms: Firearms of the Various Provinces”), see the Taipei Xinwenfeng edition, vol. 20, p. 16129.

to the early period, the system of the early Qing period had become more complete. Compared with the European countries, the military handicraft industry of the early Qing period was comparatively backward. Compared with the Ming dynasty, although there was no major technological innovation, the distribution of its network, the scale of its factories and bureaus, and the variety, quantity, and quality of its finished products all showed growth, the degree of standardization of its craft processes likewise showed marked improvement, and the weapons manufactured also played a certain role in combat and training.




2. The Evolution of Gunpowder Research and Development


(1) A Strict Yet Flexible Policy for the Management of Gunpowder Raw Materials

From the very founding of the Qing dynasty, great importance was attached to the development of the gunpowder-manufacturing industry, and, in order to guarantee the raw materials needed by the gunpowder-manufacturing establishments, a variety of policies were adopted. Among these were: official purchasing agencies, purchase through the solicitation of merchants, the establishment of furnaces for boiling and refining at the place of production, the timely mining and timely sealed storage of the product, the requirement along the coast that sulfur be permitted only to enter and not to leave, and the control of the production quantity at the place of production and the consumption quantity of the users. These policies had the effect of strict management, flexible extraction, and convenient use, embodying the philosophy of “control without stifling, flexibility without disorder”; they ensured both the quantity and quality of saltpeter and sulfur, and the quantity and quality of gunpowder, and represented a great advance, since the Ming dynasty, in the policy governing the raw materials of military-industrial products.



(2) Improvements in Gunpowder-Manufacturing Technique

In the early Qing period, there were a variety of improvements made to the refining of saltpeter and sulfur, the roasting of charcoal, and the mixing of gunpowder.

Chen Jieping put forward the “Four Essentials” for selecting and refining gunpowder raw materials. Chen Jieping was a gunpowder researcher and developer of the Opium War period, whose dates of birth and place of origin are unknown; he served as Provincial Military Commander of Fujian from 1836 to 1843. In order to improve the practical effectiveness of processed gunpowder, he proposed: that the saltpeter “must be boiled and refined according to the proper method”; that the sulfur “must have its dregs and impure qualities picked clean”; that the willow-charcoal “must be roasted so as to preserve its inherent nature, and then sieved repeatedly to a fine powder”; and that, in compounding the powder, it “must be pounded in the mortar thirty thousand times, and this number must by no means be reduced”①. Gunpowder manufactured according to these requirements could strike a target at 160 bow-lengths and at 140 bow-lengths (1 bow-length = 1.7 meters). Its compounding ratio was 76%, 9.8%, and 14%.

Ding Gongchen put forward two techniques for processing gunpowder. Ding Gongchen (1800–1875) was a renowned cannon researcher and developer of the Qing dynasty. Also named Junzhen, with the courtesy name Shuyuan and the sobriquet Xingshang, he was a man of Jinjiang (now part of Fujian). In his youth he studied diligently, delighted in the making of devices, and purchased the rank of Imperial Academy Student. In the twenty-second year of the Jiaqing reign (1817), he began to accompany his father in trade in the Zhejiang-Guangzhou region. In the eleventh year of the Daoguang reign (1831), he went abroad to seek his livelihood. In the twentieth year, he returned home from overseas, at the very moment when the Opium War had broken out and calamity had befallen the various coastal provinces. In the twenty-first year, he arrived at Guangzhou, and devoted himself with all his heart to the study of cannon, repeatedly conducting cannon-firing trials; after compiling and editing his findings, he assembled the Yanpao Tushuo (“Illustrated Account of Cannon Practice”), which was printed and circulated, and, being well suited to the needs of the time, he was rewarded by the court with the sixth-rank military-merit hat-button. The content of the Yanpao Tushuo touches upon the processing technique for gunpowder raw materials, the technique of compounding gunpowder, gunpowder formulas, the casting of cannon, the construction of gun-emplacements, the gun-emplacements and coastal-defense guns of the Western countries, and the manufacture and use of the pulley-and-windlass apparatus for transporting cannon, among other matters. Before long, this book was presented for imperial perusal, and, in the twelfth month of the twenty-second year of the Daoguang reign (January 1843), the Qing court ordered that this book, together with patterns for bronze cannon and gun-carriages, be sent to the Governor-General of Liangjiang, Qiying, so that he might have them manufactured according to these patterns, for equipping the naval and land forces. Wei Yuan also included it in his Haiguo Tuzhi (“Illustrated Treatise on the Maritime Kingdoms”). Not long after, Ding Gongchen, on the basis of the Yanpao Tushuo, after three revisions of the draft, expanded it into the Yanpao Tushuo Jiyao (“Essentials of the Illustrated Account of Cannon Practice”), in 4 fascicles and more than 50 sections, with more than 110 appended illustrations. In the thirtieth year of the Daoguang reign, Ding Gongchen, borrowing the office of Ding Jin’an, traveled to Guilin in Guangxi, and, at the end of the fourth month of the following year, was introduced by the Grand Councilor Ding Shoucun to the Imperial Commissioner Saishang’a, presenting his book and the firearms he had manufactured, and was assigned to take charge of cannon-casting affairs at the Guilin Cannon-Casting Bureau, where, over a period of more than three months, he manufactured 106 cannon, and concurrently manufactured gunpowder and other various firearms, returning to Guangdong in the tenth month. Not long after this, he further supplemented and elaborated upon the Yanpao Tushuo Jiyao, writing the Yanpao Tushuo Houbian (“Sequel to the Illustrated Account of Cannon Practice”), in 1 volume of 2 fascicles, giving a further, more detailed exposition of such questions as the manufacture and method of use of cannon and cannonballs of every large and small type, and the compounding of gunpowder, once again perfecting his theory of cannon practice. In the second year of the Tongzhi reign (1863), Ding Gongchen, then past sixty years of age, further compiled the Xiyang Junhuo Tubian (“Illustrated Compilation of Western Military Firearms”), in 16 fascicles and 120,000 characters, with 150 appended illustrations, which he presented to the army, and for which he was granted the rank of Sub-Prefectural Magistrate awaiting appointment in Guangdong. Afterward, on account of his merit in casting cannon, he was further promoted to the rank of County Magistrate, retained for appointment in Guangdong, and awarded the fifth-rank official peacock feather, but Ding Gongchen never took up the post. In the first year of the Guangxu reign (1875), Ding Gongchen passed away. Throughout his life, Ding Gongchen studied diligently and trained assiduously, wrote treatises on cannon practice, and cast upward of a hundred cannon, advancing the research and development of ancient Chinese firearms to a new stage of development, and making an important contribution to the development of firearms in modern China.

Ding Gongchen put forward two techniques for processing gunpowder raw materials:

The first was a processing technique suited to the coastal regions of Guangdong; its method was to dissolve saltpeter and add white sugar, radish, and fresh water, boiling the mixture so as to remove mud, sand, and salt, purifying the saltpeter solution, and finally taking the pure saltpeter crystals that formed on its surface; the sulfur was boiled in tea-oil and beef tallow, and, once cooled, the scum on the surface and the sediment at the bottom were removed, taking only the pure sulfur from the middle portion; for the charcoal, the peeled middle sections of hemp stalks were selected, and roasted over an open flame. Using 76.5 catties of saltpeter powder, 12 catties of sulfur powder, 12 catties of hemp-stalk powder, 0.5 catty of gourd-shell charcoal, 20 catties of fen liquor, 0.125 catty of top-grade borneol powder, and 0.125 catty of public-water-buffalo horn powder, all placed together in a mortar and evenly mixed, and pounded thousands upon thousands of times, 100 catties of gunpowder were produced, which was then sieved into fine grains; a small sample was placed in the palm of the hand and ignited as a test, and that which did not burn the hand was considered of superior grade, suitable for use as the propellant charge for bird-guns, giving a comparatively long range①.

The second imitated the technique of the Western countries; the refinement of its raw materials was broadly similar to the first processing technique. Its method of compounding the gunpowder was: using 75 catties of pure saltpeter powder, 10 catties of sulfur powder, and 15 catties of fir-wood charcoal powder (a compounding ratio of 75%, 10%, and 15%), together with an appropriate quantity of distilled liquor and pure water, all poured together into a mortar and evenly pounded, and pounded thousands upon thousands of times, 100 catties of finished gunpowder were produced; testing it by the same method as above, if the quality proved excellent, it could be used as the propellant charge for bird-guns, its smoke light and its color white after firing, giving a comparatively long range②.

Apart from the two gunpowder-manufacturing techniques described above, there was also the technique officially prescribed by the early Qing court, and the technique adopted by the forces of the Naval Vice Admiral Guan Tianpei; their basic content did not, for the most part, go beyond the two techniques described above.

Improvements in gunpowder-manufacturing equipment. At the start of the third year of the Xianfeng reign (1853), Zeng Guofan (1811–1872) began organizing the Xiang Army, using the gunpowder and firearms manufactured by the Wuchang Gunpowder Bureau and the Hunan Guns and Cannon Bureau to suppress the Taiping rebels. According to Zeng Guofan’s account, the method by which the Wuchang Gunpowder Bureau “manufactured gunpowder was to use bronze for the wheels and iron for the millstone, with a large millstone laid flat upon the ground, driven round by oxen. The millstone plate is two zhang three chi in diameter, and its circumference measures about seven zhang. Each mill has four oxen, each ox drawing two wheels around the outside of the plate. Around the circumference is a trough about eight cun deep; the gunpowder lies within the trough, while the oxen walk on the outside. The men who drive the oxen walk within the trough, each ox driven by one man. Following behind every two oxen and four men there is one man whose task is to shovel the powder, holding a copper shovel and stirring it about within the trough. After it has been ground by the millstone, the gunpowder does not become excessively compacted. There is also a small millstone for grinding sulfur, similar to the large mill, requiring the use of only one man. There is furthermore the sieving of the sulfur through a wooden frame and the sieving of the charcoal, methods that are extremely refined.”③ From Zeng Guofan’s account, it can be known that such tasks as the grinding, sulfur-sieving, and charcoal-sieving of gunpowder at the Wuchang Gunpowder Bureau had already been replaced by simple machinery in place of manual operation.

Although the various techniques of processing gunpowder raw materials and compounding gunpowder in the early Qing period still, for the most part, followed tools and techniques similar to those of the latter part of the Ming, the refinement of the technique, the careful selection of materials, and the innovation of the manufacturing equipment had all already surpassed the Ming dynasty, and the quality of the finished gunpowder had likewise been raised to a certain degree, some of it already usable as the propellant charge for the new-type muzzle-loading gun.



(3) Several Gunpowder Formulas

As in the Ming dynasty, the gunpowder formulas of the early Qing period also differed in their compounding ratios of saltpeter, sulfur, and charcoal, owing to differences in the era and place of manufacture, the climate, the source of the raw materials, and the requirements of combat.

The Guanling Factory, in the eighteenth year of the Qianlong reign (1753), stipulated that the compounding ratio in the gunpowder formula be: firing powder,

① Qing, Chen Jieping: Qing Fang Xiyang Zhizao Huoyao Fa, in the Zhongguo Bingshu Jicheng, vol. 47, pp. 497, 501–503. ① Qing, Ding Gongchen: Xiyang Zhi Huoyao Fa, Xiren Zhi Yaoyong Yao Fa, in the Zhongguo Bingshu Jicheng, vol. 47, pp. 504–507. ② Qing, Ding Gongchen: Xiyang Zhi Huoyao Fa, Xiren Zhi Yaoyong Yao Fa, in the Zhongguo Bingshu Jicheng, vol. 47, p. 507. ③ Qing, Wang Ding’an, compiler: Zeng Wenzheng Gong Shuilu Xingjun Lianbing Zhi, juan 2 (Lun Zhi Huoqi, “On the Manufacture of Firearms”), in the Zhongguo Bingshu Jicheng, vol. 47, p. 854.

80%, 10.1%, 9.9%; roasting powder, 83.7%, 14.5%, 1.8%.

The Qinding Gongbu Junxu Zeli (“Imperially Endorsed Regulations of the Ministry of Works Concerning Military Supplies,” 1768) stipulated a compounding ratio in the gunpowder formula of: 73.8%, 13.1%, 13.1%.

The Da Qing Huidian (1818) stipulated a compounding ratio in the gunpowder formula of: military-need gunpowder, 80%, 10%, 10%; roasting powder, 77%, 10%, 12.3%.

The compounding ratio in the 1835 fire-arrow gunpowder formula of the Guangdong naval forces was: 88.9%, 5.5%, 5.5%.

The compounding ratios in the two gunpowder formulas of Chen Jieping and Ding Gongchen have already been given above.

Among the gunpowder formulas described above, the two gunpowder formulas of the Guanling Factory, the two gunpowder formulas of the twenty-third year of the Jiaqing reign (1818), and the two gunpowder formulas of the Guangdong naval forces, all show a comparatively high saltpeter content, their compounding ratios all at or above 80%. On this point, the Guangdong naval commander Guan Tianpei, in the tenth month of the fifteenth year of the Daoguang reign (1835), reported to the court that the gunpowder used by the Guangdong naval forces readily absorbed moisture and turned damp, making it unsuitable for long-term storage, and that it needed to be regularly exchanged for fresh stock, the old gunpowder being used for drilling exercises while newly manufactured gunpowder was substituted in storage in its place. This state of affairs created difficulties for Guangdong’s war preparations at that time: if too much gunpowder was stored, it would, through age and dampness, lose its effectiveness and become unfit for use in combat; if the stored quantity was insufficient, it would be difficult to meet urgent need, and there was no choice but to “procure it season by season,” manufacturing and using it as needed①. Should war come, the gunpowder used by the Guangdong naval forces would either be insufficient in quantity, or would have become damp and ineffective, which would be extremely disadvantageous to the conduct of the war. Unfortunately, this state of affairs occurred frequently for the Guangdong naval forces during the defense of the Bogue in the First Opium War.

The gunpowder formula used by the garrison forces of Fujian, and the gunpowder formula used by Ding Gongchen, had, for the most part, already absorbed the strengths of the gunpowder formulas then in use in the West, and may be called the finest gunpowder formulas of that era.



(4) The Technique of Manufacturing Matchcord

The quality of the matchcord had a bearing on the safety and accuracy of the discharge of the bird-gun. In the thirty-third year of the Qianlong reign (1768), the “Method for Manufacturing Matchcord” section of the Qinding Gongbu Junxu Zeli stipulated: that the matchcord used by the garrison troops of Yunnan be manufactured from clean fibers extracted after pounding coconut-tree bark, each length 2 zhang and each 3 fen in diameter; that the matchcord used by the garrison troops of Sichuan be manufactured from such materials as bamboo and hemp, each coil 1 zhang in length and 2 to 3 fen in diameter; that the matchcord used by the various encampments of the two Guangs be manufactured from nine layers of coconut-tree bark; and that the matchcord used by the various encampments of Yunnan, besides coconut-tree bark, might also be manufactured from banyan-tree bark, but on no account might it be manufactured from paper.

According to the reply given by the Qing court in the nineteenth year of the Jiaqing reign (1814) to the garrison forces of Heilongjiang, it was stipulated that: in the autumn drills held each year at every city’s arsenal, over the course of 3 days, each parent-and-child cannon was to fire 3 rounds, and that for each discharge, matchcord made from three-stranded hemp, 3 cun in length (3.5 fen in diameter), was to be used; each bird-gun was to fire 5 rounds each day, and, for each discharge, fine matchcord 1 cun in length was to be used.

Although the manufacturing technique of gunpowder and matchcord in the early Qing period of China still relied chiefly upon manual operation, and underwent only quantitative evolution without any qualitative breakthrough, this progress had nevertheless already reached the advanced stage of hand-manufactured gunpowder, laying the foundation for the transition toward the mechanized manufacture of gunpowder, and creating the conditions for the development of matchlock guns and cannon of that era.





Section 4 The Stagnation of Firearm Research and Development


1. Principal Types of Guns

The individual firearm equipped to the armies of the early Qing period was still called the “bird-gun” (niaoqiang), and its varieties were extremely numerous; in the “Firearms” section of the “Illustrations of the Ceremonial Equipment of the Imperial Court” chapter of the Qingchao Tongdian (“Comprehensive Statutes of the Qing Dynasty”) alone, the guns listed by name number 53 types. Among these are 16 types of imperially manufactured and imperially used guns, 5 types of ornamented spear-guns, 8 types of presentation guns, 20 types of

① Qing, Guan Tianpei: Huoqi Suoyi Bu Kan Jiu Zhu Chu Gao, in the Daoguang sixteenth-year printed edition of the Chouhai Chuji, vol. 3, p. 31.

rifled guns, 3 types of unusual guns, and 1 type of soldiers’ bird-gun①. During the Daoguang reign there further appeared 1 type of “lift-gun” (taiqiang), of comparatively large gun body, requiring two men to operate and fire it. If classified according to their ignition mechanism and manner of discharge, there were 50 types of matchlock gun, or 51 types including the lift-gun; and 3 types of flintlock gun. The guns for the emperor’s own use and the other matchlock guns, although some were decorated with splendor and their workmanship carefully wrought, possessed no practical value for actual combat. The soldiers’ bird-gun and the lift-gun were the standard-issue guns equipped to the Qing army’s rank-and-file soldiers, and were likewise the individual matchlock guns most widely used. The above-mentioned types of gun were all manufactured of fine steel, fired iron projectiles, and had, fitted at the front, a two-legged iron fork-rest; each had certain representative products.



2. Representative Products of the Individual Gun

Among the individual guns mentioned above, the following are the representative products.

The Kangxi Emperor’s Personal-Use Gun. After the Kangxi Emperor ascended the throne, the Imperial Household Department recruited craftsmen of consummate skill to carry out the design, which was then submitted for the emperor’s own inspection, and, once the emperor had settled upon the pattern, the Imperial Household Department’s Manufacturing Superintendency was ordered to select fine and precious materials for its manufacture, of matchlock guns and flintlock guns alike. The workmanship was fine and meticulous, and the shapes distinctive; the muzzle was carved and inlaid with various patterns, and the gun-stock was, for the most part, inlaid with such precious ornaments as gold, silver, ivory, jade, coral, and rhinoceros horn, some even having the entire gun barrel fashioned in the shape of a dragon, so as to display its nobility. Its products included 3 types of flintlock gun — the imperially manufactured Self-Igniting Large Gun, the Self-Igniting No. 2 Gun, and the Self-Igniting Small Gun — and 2 types of matchlock gun, the Fowling-Gun and the Small Fowling-Gun, reserved solely for the emperor’s own use in hunting and self-protection. The Palace Museum preserves specimens of the Self-Igniting No. 2 Gun and the Fowling-Gun. Their structure and performance data differ considerably: the bore diameter of the gun barrel is about 11 centimeters, the barrel length 75 to 1355 centimeters, the weight about 1.4 to 3 kilograms, the powder charge 6.5 to 20 qian, and the projectile weight 1 to 3.4 qian.

The Soldiers’ Bird-Gun. This was the matchlock gun used by the Qing army for combat training. The gun was 6.1 chi in length, weighing 6 catties, with a powder charge of 3 qian and a projectile weight of 1 qian. The gun body bore no ornamental pattern, and the gun-stock had affixed to it a two-legged fork-rest 1 chi in length. The soldiers of the Manchu and Mongol Eight Banners used gun-stocks of yellow color, the soldiers of the Han Chinese Eight Banners used gun-stocks of black color, and the soldiers of the Green Standard Army used gun-stocks of red color. The quality of the soldiers’ bird-gun was not as good as that of the various types of gun described above, and its performance was likewise comparatively inferior (Figure 9-8).

The Straight-Grooved Rifled Gun. Overall length 4.5 chi, the gun barrel with a bore diameter of 0.5 cun and a length of 3.2 chi. At the front end of the gun barrel was fitted a front sight, and at the rear was fitted a rear sight, gilded with the character “xi” (囍, “double happiness”). The gun-stock bore the inscription “Using 2 qian of powder and 5 qian 2 fen of lead shot, accurate to one hundred bow-lengths,” and beneath it was fitted a two-legged fork-rest. Within the bore of the gun barrel were incised straight grooves, the purpose of which was to reduce the friction of the projectile within the bore, to facilitate the loading of the projectile from the muzzle, and to make it convenient to clear away, after firing, the gunpowder residue remaining within the bore. In order to prevent the leakage of the gunpowder gas outward through the straight grooves after firing, the exterior of the projectile was further wrapped in soft cloth, so that it would form a tight seal.

The Percussion-Type Flintlock Gun. Overall length 3.6 chi, barrel length 2.7 chi, bore diameter 0.5 cun. The flint of the gun’s firing mechanism was fitted to the cock, and, at the front, stood the steel striking-plate (frizzen), which also served the function of the touch-hole cover. Upon firing, the cock was first drawn back, the mainspring being held in place, restrained, by the sear, and connected to the trigger. Once the trigger was pulled, the cock swung downward, and the flint struck fiercely against the steel striking-plate, producing sparks, which ignited the priming powder within the touch-hole, in turn igniting the powder within the bore of the gun, discharging the projectile.

The Successive-Pearl Fire-Gun (Lianzhu Huochong). This was a type of repeating, single-shot flintlock gun capable of successive triggerings. It was created by Dai Zi (1649–1727), a firearms researcher and developer of the early Qing period. Dai Zi, with the courtesy name Kaiwen, was a man of Qiantang (present-day Hangzhou, Zhejiang). He was skilled in poetry and painting, well versed in astronomy, thoroughly conversant with mathematics, and proficient in the manufacture of firearms. In the sixth month of the thirteenth year of the Kangxi reign (1674), the twenty-five-year-old Dai Zi, while in Hangzhou accompanying Prince Kang, Jie Shu, on his southern campaign, “expounded to the prince the great trends of the empire,” and presented to the prince his method for manufacturing the Successive-Pearl Fire-Gun. He achieved merit at the time of the recovery of Jiangshan. After returning with the army to Beijing, he was granted an audience and a palace examination by the Kangxi Emperor, and was appointed Reader-in-Waiting of the Hanlin Academy. Whether Dai Zi in fact presented the Successive-Pearl Fire-Gun to Prince Kang is a matter on which the records differ, but that Dai Zi did in fact research and develop the flintlock mechanism is beyond doubt. Ji Yun, a renowned scholar of the Qing Qianlong-Jiaqing period, in his Yuewei Caotang Biji* (“Notes from the Thatched Hall of Careful Contemplation”), states that Ji Yun once conversed with Dai Zi’s descendant Dai Suitang, and learned from him that Dai Zi had once “manufactured a bird-gun,” but there was no mention that it was a successive-pearl fire-gun, nor any account of his having presented a fire-gun to Prince Kang. It was not until the sixteenth year of the Guangxu reign (1890), when Li Heng compiled the Guochao Qixian Leizheng Chubian (“First Compilation of Classified Documentary Evidence Concerning Eminent Figures of Our Dynasty”), that, in juan 120, it is said that Dai Zi presented to Prince Kang the “method of the successive-pearl fire-gun,” which afterward became the source for the account of this matter recorded in the Draft History of the Qing. The Draft History of the Qing records of the successive-pearl fire-gun: “Its shape is like a pipa lute; the gunpowder and lead shot are both stored within the gun-stock. It is opened and closed by a wheel mechanism. Its firing mechanisms are two in number, joined together like a pair of buttresses; pulling one mechanism causes the gunpowder and lead shot to fall of themselves into the barrel. The second mechanism then moves in turn, the flint strikes fire, and the gun discharges; after twenty-eight discharges, it must then be reloaded.”①

From this description, it can be known that when the shooter pulled the first firing mechanism of this gun, it loaded the powder and shot. At the same time, the second mechanism moved along with it, discharging the projectile. Pulling and firing again in this manner, it could fire continuously 28 times, discharging 28 projectiles; it can be seen that this was a type of single-shot flintlock gun capable of continuous pulling and firing. The greatest merit of this type of gun lay in its simplification of the loading procedure; each single loading permitted 28 continuous pulls and discharges, raising the rate of fire. It was, therefore, a new type of individual gun in transition from single-loading, single-shot operation toward multiple-loading, single-shot, repeating fire. Unfortunately, this gun did not, at the time, receive the attention it deserved, still less was it manufactured and used in quantity, and naturally there was no question of its being further improved and refined; before long it was lost to history. The Biography of Dai Zi in the Draft History of the Qing states that the method of manufacturing and using the successive-pearl fire-gun resembled the machine gun. In recent years, some scholars, in their studies of Dai Zi, have often taken the record of its continuous 28-shot discharge as their basis for holding that “the successive-pearl fire-gun was a machine gun,” or “resembled the modern machine gun,” and the like. This is in fact a misunderstanding. For the modern machine gun employs a striker-fired, breech-loading firing mechanism, discharging cartridge-cased, elongated ammunition. Its basic firing principle is given in Section 5 of Chapter 11 of this book. Since Dai Zi’s successive-pearl fire-gun did not possess the various technical conditions and structural components described above, it accordingly cannot be regarded as a machine gun.

Apart from the successive-pearl fire-gun, Dai Zi also imitation-manufactured a European-style “coiled-intestine bird-gun.” It is said that, at that time, a European missionary once presented to the Kangxi Emperor a “coiled-intestine bird-gun,” as a demonstration of the fineness of his weapons. Kangxi at once ordered Dai Zi to imitate it, and Dai Zi swiftly succeeded in the imitation manufacture, presenting 10 of the imitated pieces in return to the missionary. Some, on the basis of the fact that the term “coiled-intestine” (pancháng) in the name “coiled-intestine bird-gun” carries the sense of a winding intestine, have held that this gun was a rifled gun with a helical bore. This, too, is a misunderstanding. For the modern rifled gun with a helical bore is likewise an improvement made to the smoothbore gun, adopting a striker-fired, breech-loading firing mechanism and firing cartridge-cased, elongated ammunition, so as to ensure that the projectile, once it leaves the bore, flies toward the target along its axis. Therefore, the “coiled-intestine bird-gun,” which fired a spherical projectile, cannot be regarded as a rifled gun incised with helical bore-grooves.

Dai Zi not only achieved comparatively great accomplishments in the research and development of the individual bird-gun, but also made a contribution to the research and development of the mortar. It is said that Kangxi had once ordered Ferdinand Verbiest to manufacture a mortar, but, after a year’s time had passed, progress remained slow. Dai Zi required only 8 days to succeed in its creation. Kangxi was greatly pleased, and personally led the princes and high ministers to the firing range to observe the trial-firing exercise of the cannon; its performance indeed proved excellent, and its power comparatively great. After the demonstration, this cannon was conferred with the title “Generalissimo Weiyuan” (Awe-Inspiring at a Distance) cannon, and Dai Zi’s name was ordered to be inscribed by the craftsmen upon the gun body, “so as to mark his imperishable merit.”② This cannon played an important role in the campaign to suppress Galdan in the thirty-fifth year of the Kangxi reign (1696). Jin Zhaoyan, an Erudite of the Directorate of Education during the Qianlong period, gave an extremely vivid and graphic description of the “Generalissimo Weiyuan” cannon: this cannon “lies within its mother’s womb, and the mother sends forth her child, who falls from the sky, shattering into countless fragments, sharp and irresistible.”

During the Kangxi reign, it is said there was also a blacksmith of the Court of the Imperial Armory, named Lian Dengwu, who developed an explosive shell for the parent-and-child cannon, of extremely great killing power; Kangxi bestowed upon this shell the name “Five Sons Snatching the Lotus-Seed” (a pun combining the shell’s cluster-munition design with a term for filial success), and rewarded Lian Dengwu for it. But because the fighting subsequently ceased and the

① Draft History of the Qing, juan 505 (Yishu, 4 · Dai Zi Zhuan, “Arts, 4: Biography of Dai Zi”), Zhonghua Book Company, 1976 edition, punctuated edition of the Draft History of the Qing, vol. 46, pp. 13927–13928. The Yuewei Caotang Biji, juan 19 (Luanyang Xulu, “Sequel to the Records of Luanyang”) — (Shanghai Guji Chubanshe, 1992 edition), p. 479, records: the successive-pearl fire-gun “is shaped like a pipa lute; the gunpowder and lead shot are both stored within the gun-stock. It is opened and closed by a wheel mechanism. Its firing mechanisms are two in number, joined together like a pair of buttresses; pulling and releasing one mechanism causes the gunpowder and lead shot to fall of themselves into the barrel, and the second mechanism moves in turn, the flint strikes fire, and the gun discharges. Reckoned in all, twenty-eight discharges exhaust the gunpowder and lead shot, and only then must it be reloaded.” ② Qing, Li Heng, compiler: Guochao Qixian Leizheng Chubian · Ci Chen, 6, juan 120, Guangxu ninth-year edition.

weapons and spears were returned to storage, no further inventions or creations by Lian Dengwu are recorded to have been seen.

Dai Zi’s later years were extremely unfortunate; because, during his tenure in the Southern Study, he fell into conflict with such men as the Western missionary Ferdinand Verbiest (Ferdinandus Verbiest, 1623–1688, a Belgian, who came to China in 1656 in the retinue of Wei Kuangguo, being versed in many branches of science and technology, and held in considerable regard by Kangxi), he suffered slander and was falsely accused of secretly communicating with Japan, whereupon he was demoted and banished to Liaodong. At the age of 78 (1727), Dai Zi received an imperial pardon. On his journey home, worn down by age and infirmity, and consumed by anxiety, he died. The unfortunate fate that befell this upright and incorruptible, learned and versatile scientist and artist in his later years can only be called a tragedy of the times.

The Lift-Gun. This appeared during the Daoguang reign, of which there were two types, the lift-gun (Figure 9-9) and the lift-cannon. According to the records, in the ninth year of the Daoguang reign (1829), the Hubei Military Governor Guanxi memorialized the court requesting approval to convert 20 damaged cannon from the authorized establishment of the Jingzhou Southern Camp, following the Zhili pattern, into 40 lift-cannon. The court approved this request. The following year, the court approved the request of the Fuzhou Sanjiangkou garrison naval banner-camp to cast, following the Xi’an pattern, 10 lift-cannon①. It can thus be seen that the lift-cannon of that time was not confined to a single pattern. Afterward, the garrison troops of not a few regions likewise manufactured lift-cannon.

According to the same documentary source, in the fifteenth year of the Daoguang reign, the court approved the request of the Chengdu Manchu garrison to follow the Green Standard Army’s pattern, each company commander trial-manufacturing 1 lift-gun, the Eight Banners manufacturing 24 in addition. In the twentieth year, the court further approved the request of the garrison Manchu banner-camp of Henan Province to manufacture 50 additional lift-guns②. Afterward, the garrison troops of not a few regions also manufactured a certain quantity of lift-guns. According to Qiying, in the third month of the twenty-first year of the Daoguang reign: the lift-gun was 7.5 chi in length, the wooden sheath 5 chi in length, with a powder charge of 3.5 liang, firing an iron or lead projectile weighing 5 qian, with a range of about 300 paces, capable of firing one round per minute③. Atop the city wall of Shanhaiguan, there are to this day displayed lift-guns used by the Qing army of that era (Figure 9-9). Judging from the documentary records and the physical specimens, the lift-gun was, in fact, a type of heavy bird-gun fired by two men using matchcord ignition, also called the “two-man lift-gun.”

In the twenty-second year of the Daoguang reign, Qiying was assigned by the Qing court to take charge of the manufacture of guns and cannon. In an imperial edict, the Daoguang Emperor stated: “As for the item of the lift-cannon, that which is light in body is the most serviceable…. However, it is feared that a cannon of thirty catties would still be too heavy to be readily maneuverable; if each cannon were reduced by a further six or seven catties, it would, in actual use, prove still more effective, and the Governor-General in question is hereby instructed to confer with the Henan Grand Coordinator and handle the matter accordingly.”④ From this it can be seen that the lift-gun was a type of light cannon weighing 30 catties, which, though two men could carry it, was inconvenient to move about; whereas the lift-cannon, at 23 to 24 catties (that is, the lift-gun), was convenient to carry and transport. After the lift-cannon and the lift-gun were equipped to the Qing army during the Daoguang reign, they became, alongside the soldiers’ bird-gun, a light weapon on a par with it within the Qing army, and the two continued in use down to the Tongzhi reign; the Xiang Army, the Huai Army, and the Trained Braves Army all organized specialized lift-gun units equipped with the lift-gun, by which time the lift-gun had already become a light-type lift-cannon of 23 to 24 catties, and the name “lift-cannon” had likewise fallen out of use.



2. The Equipping of Matchlock Guns in the Qing Army

Before the Kangxi reign, the weapons and equipment of the Qing army were not subject to any unified regulation. From the fifth year of the Yongzheng reign (1727) onward, the standardization of its equipment took, broadly, the following three forms. The first was to equip, per every hundred or every thousand soldiers, a fixed proportion of bows and arrows and bird-guns; the second was first to divide every thousand soldiers into a number of squads, and then to equip each squad with a specialized weapon, forming troops specializing in a particular weapon; the third, during the Xianfeng reign, was to organize, within the various Brave-Battalions, a certain number of sword-and-spear squads, bird-gun squads, and lift-gun squads. Under the first two systems of organization, with the exception of some variation above or below, the garrison troops of the interior provinces equipped with bird-guns generally accounted for about 30% of the total established strength, while the garrison troops of the remote border regions equipped with bird-guns generally accounted for about 40% of the total established strength.

It is further recorded, in such works as juan 194 of the Qingchao Wenxian Tongkao (“Military Weapons”), the Haiguo Tuzhi, and the Chouhai Chuji, that the armies of the early Qing period, apart from being equipped with matchlock weapons such as the bird-gun and the lift-gun, also made use of such traditional firearms as the fire-arrow, the fire-ball, the spray-tube, and the fire-jar. Most of these firearms followed the traditional methods of manufacture of the Ming dynasty, with little improvement made to their form and structure; their killing and destructive power was limited, and they served for the most part as auxiliary weapons, employed in both naval and land warfare, but achieved little effect.

During the period of the First Opium War, although the Qing court had, in name, equipped the Qing army with a certain quantity of bird-guns, because the technique of manufacturing guns was backward and the quality of the finished products was not assured, the wall thickness of the bird-guns thus manufactured was often uneven, thick in some places and thin in others, and the bore was inconsistent in width, so that where the bore was too wide the projectile emerged with insufficient force, flew only a short distance, and fell to the ground, while where the barrel was too thin, bursting of the breech frequently occurred, injuring the very soldier who fired it, so that the soldiers were unwilling to use them. Because the Daoguang court, in the matter of the manufacture of firearms, issued only directives without allocating the funds needed to manufacture new bird-guns, for the most part old guns were made to fill the quota, so that the bird-guns used by the soldiers could not be replenished or renewed, and it was a common occurrence for guns to remain in use for ten-odd years or even several decades; there were even instances of soldiers’ bird-guns that had been in use for 166 years, “veteran guns” indeed. If one reckons back 166 years from 1840, such a gun would have been manufactured in the thirteenth year of the Kangxi reign (1674), which meant that the Qing army, five reigns later in time, was made to go into battle wielding a bird-gun manufactured in the era of Kangxi, their ancestor five generations removed — was this not simply sending the soldiers to their deaths for nothing?




Section 5 The High Tide of Red Barbarian Cannon Development in the Early Qing and the Kangxi Emperor’s Wars Against Separatism and Foreign Aggression

After the Qing army entered the pass in the fourth month of the seventeenth year of the Chongzhen reign (1644), it continued to use, as its vanguard, such surrendered generals of the late Ming as Kong Youde and Wu Sangui (1612–1678) and their various forces, bearing Western cannon and other types of firearms to storm cities and seize territory, rapidly expanding the area under its occupation. In the fifth month, the Qing Prince-Regent Dorgon (1612–1650) led the Qing army into the capital, and before long, relying upon its superiority in military strength and firearms, extinguished, in the fifth month of the second year of the Shunzhi reign (1645), the Great Shun regime of Li Zicheng (1606–1645), and, at the end of the following year, further extinguished the Great Xi regime of Zhang Xianzhong (1606–1647). At the same time, in its engagements against the various armies of the Southern Ming, the Qing army, on both sides, made use of cannon in fierce battles of attack and defense.


1. The Use of Artillery by the Various Southern Ming Regimes in Their Resistance Against the Qing

On the eighteenth day of the fourth month of the second year of the Shunzhi reign, the Qing Generalissimo for Pacifying the State, Dodo (1614–1649), led his forces to the outskirts of the city of Yangzhou. At that time, Shi Kefa (1602–1645), who commanded the defense of Yangzhou, repeatedly sent urgent dispatches, but the Ming court made no response, and the situation at Yangzhou grew extremely critical. The Qing army, on the one hand, prepared to storm the city, and, on the other, dispatched the surrendered Ming general Li Yuchun and others into the city to urge its surrender; Shi Kefa sternly refused, and led the army and the populace in bombarding the besieging Qing troops with giant cannon, killing several thousand of them. On the twenty-fourth day of the fourth month, the Qing army brought red-coat cannon from Sizhou (present-day northwest of Xuyi, Jiangsu), breached the city of Yangzhou, and Shi Kefa was taken captive and, refusing to submit, put to death. The Qing army sacked the city for ten days; history calls this the “Ten Days at Yangzhou.”

In the intercalary sixth month of the second year of the Shunzhi reign, the people of Jiangyin, numbering in the tens of thousands, rose up in resistance against the Qing army’s forcible imposition of the queue-cutting order; the Jiangyin Registrar Chen Mingyu (?–1645) and the former Registrar Yan Yingyuan (?–1645) were put forward by the populace as their leaders and as commanders of the city’s defense, jointly planning the city’s defenses. The Qing Prince of the Blood of the Second Rank, Bolo, urged their surrender without success, and thereupon began to besiege the city, opening fire and bombarding it from the tenth day of the seventh month onward. The Qing besieging forces reached a maximum strength of 240,000 men, deploying several hundred cannon large and small, expending 15,000 catties of gunpowder daily, and the city walls were breached and destroyed in many places. The defending righteous army likewise used more than a thousand bird-guns and more than a hundred cannon, together with numerous other such firearms as fire-balls and fire-crossbows, to strike down the besieging Qing troops, forcing the Qing army to pay a dear price for its ships, “breaching their hulls and boring within.”①

The greatest-power cannon that Zheng Chenggong used in his war of resistance against the Qing was chiefly the red-coat-type cannon manufactured in the Yongli era. Apart from the previously mentioned excavated Western cannon manufactured in the first year of Yongli, there is also an extant bronze cannon manufactured in the yiwei year of Yongli (the ninth year of Yongli). The Xiamen Daxue Xuebao (“Journal of Xiamen University”), issue no. 3 of 1979, published an article by the Shaanxi Provincial Museum entitled “An Investigation of the Bronze Cannon Cast by Zheng Chenggong in the Yiwei Year of Yongli,” giving a detailed account of the circumstances of this extant cannon. This cannon has an overall length of 210 centimeters, a bore diameter of 11 centimeters, an outer muzzle diameter of 31 centimeters, a muzzle-edge wall thickness of 5 centimeters, and both trunnions are 12 centimeters in height and 18 centimeters in length. From the proportional multiples of the dimensions of the various parts relative to the bore diameter, it can be known that it was a type of siege cannon, roughly resembling the culverin manufactured in Europe in the latter part of the 16th century. The gun barrel is slender at the front and thick at the rear, with five reinforcing bands, each band formed of multiple fine lines composing a band-shaped hoop. From the muzzle to the first band it flares outward in trumpet fashion, a constructional form seldom seen. The exterior of the breech has a spherical tail-knob, in front of which is a square touch-hole. On either side of the middle of the gun barrel there projects one trunnion, and between the trunnions is a pattern of auspicious grain and felicitous grasses; the middle of the bore is now clogged with sand and rust. On the rear part of the gun body are cast, in relief, three lines of characters (Figure 9-10):

By Imperial Commission, Generalissimo for the Suppression and Pacification of the Enemy, Commander-in-Chief, Heir Apparent Cast on an auspicious day in the mid-autumn of the yiwei year of the Great Ming Yongli reign Overseen in manufacture, before the camp of the Prince, by the garrison commander Zeng Yiaode

The inscription on the gun body shows that this cannon was cast under Zheng Chenggong’s supervision, and there are several points of evidence for this. The first is that “By Imperial Commission, Generalissimo for the Suppression and Pacification of the Enemy, Commander-in-Chief, Heir Apparent” is in fact Zheng Chenggong’s title and name, entirely consistent with the record in the Zengding Wan-Ming Shiji Kao · Shijingben Zong (Zhengshi) Zupu (“Revised and Enlarged Examination of Late-Ming Historical Documents: The Genealogy of the Shijing Branch of the Zheng Lineage”), which records: “Zheng Chenggong, taboo name Sen, courtesy name Mingyan, sobriquet Damu. The Ming bestowed upon him the imperial surname and the name Chenggong, and conferred upon him the seal of Generalissimo for the Suppression and Pacification of the Enemy, Commander-in-Chief.” The second is that the two characters “Heir Apparent” (shizi) arise from the fact that both the Longwu Emperor, Zhu Yujian, and the Yongli Emperor, Zhu Youlang, had at different times taken Zheng Chenggong as an adopted son. The third is that the characters “Ming Yongli Yiwei Nian” (“the yiwei year of the Ming Yongli reign”) show that this cannon was manufactured in the ninth year of the Southern Ming Yongli reign (1655), by which time Zheng Chenggong had already built up a naval and land force of strict military discipline, capable in battle and well experienced in war, and well equipped with comparatively advanced weapons, his might overawing Fujian. The fourth is that the characters “Overseen in manufacture, before the camp of the Prince, by the garrison commander Zeng Yiaode” record the office and name of the official in Zheng Chenggong’s forces charged with overseeing the manufacture of firearms. From this it can be seen that this cannon is a large-type cannon manufactured and used by Zheng Chenggong’s forces.

Zheng Chenggong’s great historical achievement lies in his leading his army to drive out the Dutch colonizers and recover Taiwan, China’s territory, opening the way for the Chinese army’s use of large-type cannon in seaborne amphibious warfare. Taiwan has, since antiquity, been Chinese territory, called Yizhou in the Eastern Han and Three Kingdoms periods. In the second year of the Tianqi reign of the Ming (1622), the Dutch colonial organization, the East India Company (headquartered in Indonesia), dispatched warships to spy out the harbors of Taiwan. In the fourth year, the Dutch army occupied the southwestern part of Taiwan, and afterward built Fort Zeelandia (called by the Dutch Fort Zeelandia, present-day Anping District, Tainan City) and Fort Provintia (called by the Dutch Fort Provintia, present-day Tainan City). By the fifteenth year of the Chongzhen reign (1642), the Dutch army defeated the Spanish forces that had occupied Jilong (present-day Keelung, Taiwan), Danshui, and other places, and further seized the northern part of Taiwan. In the late Ming and early Qing, the people of Taiwan repeatedly resisted, by every manner of means, the rule and outrages of the Dutch colonizers.

In the first month of the eighteenth year of the Shunzhi reign (1661), Zheng Chenggong convened a military council at Xiamen and resolved to recover Taiwan, to serve as a base for resisting the Qing. Once this had been settled, Zheng Chenggong at once repaired his warships, cast cannon, mustered military provisions, surveyed the sea-lanes, gathered military intelligence, and put his forces in readiness for war, making every preparation for the recovery of Taiwan. Having determined to have his subordinate generals Hong Xu and Huang Ting, among others, assist his eldest son Zheng Jing in holding Jinmen

① Qing, Yang Ying, author, and Chen Bizhi, annotator: Xian Wang Shilu Jiaozhu (“Annotated Veritable Records of the Former Prince”), Fujian Renmin Chubanshe, 1981 edition, pp. 193, 212, 234.

and Xiamen in his absence, taking advantage of the moment when the Dutch army occupying Taiwan numbered only a little over a thousand men on the island, while its reinforcements, hindered by the seasonal monsoon winds, could not readily arrive, he personally led 25,000 officers and men and several hundred warships as the first wave, and, under the guidance of He Tingbin and fishermen familiar with the sea-lanes, set out from Liaoluo Bay on Jinmen, reaching Penghu the following day, where, owing to encountering adverse winds, they anchored to await the opportunity. On the night of the thirtieth day of the third month, once the wind and waves had subsided, Zheng’s forces set sail from Penghu. At dawn on the second day of the fourth month, Zheng’s forces advanced to a position outside Lu’ermen Harbor (present-day north of Anping Harbor, Tainan City), which the Dutch army had neglected to defend; by the time of the midday high tide, Zheng Chenggong directed his forces to sail into Lu’ermen Harbor, ordering 4000 marines to seize Beixianwei Island, annihilating the entire Dutch garrison force on the island. At the same time, Zheng Chenggong personally led the main force, and, with the support and cooperation of several thousand of his fellow countrymen, occupied Heliao Harbor. At sea, 4 Dutch warships opened fire, bombarding Zheng’s forces outside Beixianwei Island. Zheng Chenggong ordered his subordinate generals Chen Guang and Chen Chong, among others, to lead 60 warships in surrounding and attacking the Dutch vessels. In this engagement, Zheng Chenggong’s fire-attack squadron and the fire-tube boats within his naval force were both equipped with and made use of great quantities of cannon. In juan 11 of the Taiwan Waiji (“Unofficial Record of Taiwan”), written by Jiang Risheng, it is recorded that, in the course of recovering Taiwan, Zheng Chenggong’s forces once made use of “two hundred linked cannon” to bombard the Dutch warships (Photograph 15). At the start of the fourth month, Zheng’s forces, with 12,000 men, surrounded Fort Provintia, deploying numerous cannon around the perimeter of the city, forcing the surrender of the Dutch garrison defending the city. Afterward, Zheng’s forces further besieged the city of Fort Zeelandia for as long as 8 months; once the second wave of Zheng’s forces had landed, Zheng Chenggong, on the sixth day of the twelfth month, ordered the bombardment of Fort Utrecht, an important stronghold outside the city of Fort Zeelandia, firing off more than 2500 rounds of shot, and, that very evening, the fort was breached, the Dutch army, unable to hold out, surrendering. On the thirteenth day of the twelfth month of the eighteenth year of the Shunzhi reign (1 February 1662), the Dutch colonial governor Frederick Coyett affixed his signature to the instrument of surrender, and Taiwan Island, which had been occupied by the Dutch colonizers for as long as 38 years, at last returned once more to the embrace of China; the Dutch colonizers were from this point onward driven out of Taiwan. The people of Taiwan warmly welcomed Zheng Chenggong’s recovery of Taiwan (Figure 9-11).

The cannon used by Zheng Chenggong’s forces in the wars of resistance against the Qing and of driving out the Dutch were, for the most part, manufactured by his own forces, which shows that the casting of cannon still saw considerable development during the Southern Ming period; the cannon cast in the ninth year of Yongli was one of the large-type cannon of that era, and basically reflects the level of cannon-casting attained by the Southern Ming Yongli regime.



3. The Suppression of the Three Feudatories and Ferdinand Verbiest’s Gun-Casting

In the early years of the Kangxi reign, because the regimes of the Southern Ming had already been extinguished and warfare had accordingly diminished, the casting of cannon was for a time reduced. From the eleventh month of the twelfth year of the Kangxi reign (1673) onward, the forces of Wu Sangui, Prince of Pingxi in Yunnan, of Shang Kexi (1604–1676), Prince of Pingnan in Guangdong, and of Geng Jingzhong (?–1682), Prince of Jingnan in Fujian — the Three Feudatories — banded together in rebellion. Wu Sangui set up as a figurehead a scion of the Ming imperial house, the “Third Prince Zhu,” styled himself Generalissimo-in-Chief of the Empire’s Punitive Forces, proclaimed the restoration of the Ming and the overthrow of the Qing, established the Zhou regime, and took the twelfth year of Kangxi as the first year of Zhou. The rebel forces possessed a comparatively large number of cannon of comparatively high quality, weighing 500 to 600 catties, and within a few months the flames of war had spread to the provinces of Yunnan, Guizhou, Hunan, Guangxi, Fujian, and Sichuan. After the rebellion broke out, the Kangxi Emperor resolved to suppress it by force of arms, and, while mustering a great army, at the same time ordered Ferdinand Verbiest to hasten the casting of cannon to support the front lines. In the eighth month of the thirteenth year, Kangxi instructed the Ministry of War: as the great army advanced to suppress the rebellion, “let Verbiest, who administers the calendar, cast cannon”; the gun bodies were to be light and handy, so as to facilitate their being carried over difficult terrain. In addition, in the ninth month, Prince Yue of the Blood of the Second Rank was appointed Generalissimo for Pacifying and Suppressing the Distant Regions, to lead his forces to Hunan; upon reaching Jiangxi, they were either to take Changsha by way of Yuanzhou (present-day Yichun, Jiangxi) and pacify Guangxi, or to proceed directly to Guangxi.

Ferdinand Verbiest, courtesy name Zhuqing, also styled Dunbo. After setting out for China in 1656, he reached Macao in 1658, and in May of 1660 was summoned by imperial edict to the capital; being thoroughly versed in science and technology, he was, in 1669, appointed Vice Director of the Directorate of Astronomy, and in 1674 was promoted to Director of that same office. After Verbiest was ordered, in the tenth month of the thirteenth year of the Kangxi reign (1674), to cast cannon, he at once trial-manufactured a wooden model, and hastened the completion of the finished product. In the third month of the fourteenth year, it was test-fired at the shooting range at Lugouqiao. The Kangxi Emperor personally attended to observe the demonstration, and, seeing that the trial-firing had succeeded, in the fourth month ordered its manufacture in quantity, and that same year 80 pieces were completed. This cannon was 7.3 chi in length, with an outer muzzle diameter of 4.9 cun, an inner bore diameter of 2.7 cun, and a base diameter of 6.7 cun, firing an iron projectile weighing 2 catties, with a powder charge of 1.5 catties, and equipped with a gun-carriage.

Upon receiving, on the sixteenth day of the eleventh month of the fourteenth year, a memorial from Prince Yue, then at the front suppressing the rebellion in Hunan, requesting the transport of 20 pieces of light, handy cannon “for use in the suppression and capture of the enemy,” the Kangxi Emperor at once issued an edict: “the cannon manufactured by Verbiest are to be sent, in the number ordered, by the officers and soldiers, to be transported on to the camp of Prince An.”① In the third day of the sixth month of the fifteenth year, he further approved a request submitted by the Awe-Inspiring Generalissimo for Suppressing the Rebellion, Prince Jian of the Blood of the Second Rank, Labu, then at the front suppressing the rebellion, ordering that 10 red-coat cannon be swiftly transported from Jiangnan to Jiangxi, for use in the capture of Ji’an②. In the third month of the sixteenth year, the Qing army drove Wu Sangui’s rebel forces out of Changsha. The red-coat cannon had played a role in meeting this urgent need. Verbiest further, in the fifteenth year, manufactured 32 pieces of the “Generalissimo Weiyuan Wudi” (“Awe-Inspiring at a Distance, Invincible Generalissimo”) cannon and 20 pieces of wood-hooped bronze cannon, and, in the nineteenth year, cast 8 pieces of “Golden Dragon” cannon③.

Seeing the role played by the red-coat cannon in the war to suppress the Three Feudatories, the Kangxi Emperor, in the eleventh month of the nineteenth year, convened a council of the princes and high ministers, resolving to melt down the useless cannon of Zhili and recast them as new cannon; in the first month of the twentieth year, he personally observed the trial-firing of the new cannon, and ordered Verbiest to oversee the manufacture of 240 “Generalissimo of Divine Awe” cannon, with 240 gunners to be trained in marksmanship at Lugouqiao; by the eleventh month, in the course of three months of live-fire practice, the gunners had, in total, fired more than 21,600 rounds, achieving an extremely high degree of accuracy, and several of the cannon remained entirely intact even after having fired 300 to 400 rounds.

On the nineteenth day of the twelfth month of the twentieth year of Kangxi (27 January 1682), Verbiest presented the Shenwei Tushuo (“Illustrated Account of Divine Awe”), a book which set forth in print 26 theoretical principles of cannon-manufacture together with 44 appended illustrations, being, after the Huogong Qieyao, yet another European treatise on the art of gunnery to be transmitted to China. Within 3 days of the book being presented, the Kangxi Emperor personally endorsed the memorial that accompanied it in vermilion ink, ordering the Ministry of Works to keep and study its illustrated methods, and, in the fourth month, granted Verbiest the honorary rank of Vice Minister of the Ministry of Works, placing him in charge of the casting of cannon.

Under the Kangxi Emperor’s meticulous deployment and full-scale suppression, the forces of the Three Feudatories and their associated rebellious elements were pacified in the nineteenth year of Kangxi, and, when Prince Yue returned to court in triumph, he praised highly the efficacy and suitability of the red-coat cannon. After the Three Feudatories’ rebellion was suppressed, the cannon used by the rebel forces all fell into the possession of the Qing army, and, among these, the cannon used by Wu Sangui’s forces were the most numerous, including the “Round Bronze” cannon cast by that force itself, numbering no fewer than 20 varieties in all. Among these were: the cannon manufactured by the Zhou regime that Wu Sangui had established, from the first to the fifth year of Zhou (1674–1678); the cannon of the first year of Zhaowu (1678); the cannon of the second year of Honghua (1679); the red-barbarian cannon manufactured in the Chongzhen reign of the Ming; and the cannon of the first year of Yongli (1647) captured from the Southern Ming army (a further portion of which was recovered, more than 200 years later, from a pond in Changsha). The Round Bronze cannon manufactured and used by the rebel forces came in a variety of specifications, weighing 1200 to 2100 catties, 6 to 6.1 chi in length, firing a projectile of 3.5 to 5 catties, with a powder charge of 1.75 to 2.5 catties, belonging to the red-coat cannon lineage④.



4. The Suppression of Taiwan and the Captured Taiwanese Cannon

After Zheng Chenggong recovered Taiwan in the eighteenth year of the Shunzhi reign (1661), he at once established, with Penghu as its forward outpost,

① Veritable Records of the Sacred Ancestor of the Qing (Kangxi), juan 58, the gengzi day of the eleventh month of the fourteenth year of Kangxi, Zhonghua edition of the Veritable Records of the Qing, vol. 4, pp. 751–752. ② Veritable Records of the Sacred Ancestor of the Qing (Kangxi), juan 61, the jiayin day of the sixth month of the fifteenth year of Kangxi, Zhonghua edition of the Veritable Records of the Qing, vol. 4, pp. 792–793. ③ Qingchao Wenxian Tongkao, juan 194 (Bingkao, 16 · Junqi, Huoqi), see the Zhejiang edition, vol. 2, p. 6588. ④ Qinding Da Qing Huidian Shili, juan 894 (Gongbu · Junhuo · Zhu Pao, “Ministry of Works, Military Supplies: The Casting of Cannon”), see the Taipei Xinwenfeng edition, vol. 20, p. 16085. Concerning the cannon of Wu Sangui’s forces, Wang Zhaochun, in his Zhongguo Huoqi Shi (“History of Firearms in China”), pp. 58–63, in the section “A Detailed Discussion of the Date of Manufacture of the ‘Zhou Cannon,’” has given a detailed exposition.

a base for resisting the Qing and restoring the Ming. After Zheng Chenggong’s death, his son Zheng Jing succeeded to the title Prince Yanping, and, still honoring the reign-title of the Southern Ming, held Taiwan in continued resistance to the Qing. In the twentieth year of Kangxi (1681), the Qing court, taking advantage of the moment presented by Zheng Jing’s death from illness and the youthful and newly established rule of his son Zheng Keshuang (1670–?), resolved to pacify the anti-Qing, Ming-restorationist forces on Taiwan and achieve the unification of the state. On the fourteenth day of the sixth month of the twenty-second year (1683), the Kangxi Emperor appointed Shi Lang (1621–1696) as Naval Commissioner-in-Chief of Fujian, who, together with the Fujian Governor-General Yao Qisheng, leading a naval force of more than 20,000 men aboard 300 warships, advanced from Tongshan (present-day Dongshan, in Fujian) in Fujian to attack Penghu. On the twenty-second day of the sixth month, after the Qing army occupied Penghu, Zheng Keshuang, in the seventh month, dispatched an envoy to Penghu to sue for surrender. On the thirteenth day of the eighth month, Shi Lang led his forces to Taiwan, where he accepted the surrender of Zheng’s forces and confiscated the cannon in their possession. Juan 894 of the Qinding Da Qing Huidian Shili gives a special record of the bronze Taiwan-manufactured cannon used by Zheng’s forces: “When His Sacred Majesty, the Benevolent Emperor of Humane Ancestry, pacified Taiwan, the cannon that its forces had manufactured were obtained.” The Taiwan cannon weighed 3000 to 7000 catties, measured 4.3 to 10.2 chi in length, fired a projectile of 34 to 42 taels, with a powder charge of 17 to 160 taels; it had 10 reinforcing bands, with a dragon-shaped pair of buttons at its middle section, the gun body slender at the front and thick at the rear, its muzzle shaped like an alms-bowl, and it was equipped with a gun-carriage. This cannon was in all likelihood an improved type derived from the “Great Ming Yongli Yiwei Year” cannon used by Zheng Chenggong.



5. Artillery Used in the Campaign to Recover Yaksa

In the twenty-second year of Kangxi (1683), in order to drive out the Tsarist Russian forces occupying Yaksa (Albazin), the Qing court again resolved to have Verbiest cast new cannon. Over the following two years, 85 pieces of iron-cored, bronze-jacketed cannon were completed in all, and a portion of these were transported to Shengjing (present-day Shenyang, Liaoning), for use in the recovery of Yaksa.


(1) The Recovery of Yaksa

Yaksa is situated on the left bank of the upper reaches of the Heilongjiang (Amur) River, at a strategically important point commanding both land and water routes; in the eighth year of the Shunzhi reign (1651), it was seized by the Tsarist Russian Khabarov. Although the Qing court repeatedly demanded that the Russian forces withdraw, it received no response on any occasion. In the twenty-first year of Kangxi, the Kangxi Emperor, Xuanye, taking advantage of the moment when the Three Feudatories had already been pacified, instructed the defending garrison to make preparations for driving out the Russian forces. In the fourth month of the twenty-fourth year, the Commander-in-Chief Pengchun (?–1699), under orders, together with the Ningguta Vice Commander-in-Chief Sabusu (?–1701), commanded a force of more than 3000 men, advancing by both land and water from Aigun, and, on the twenty-second day of the fifth month, arrived in the vicinity of Yaksa①. At the same time, 20 red-coat cannon and other assorted firearms had likewise already been separately transported to the northern, eastern, and western sides of the city of Yaksa, in readiness to carry out close-range bombardment. Upon their arrival, the Qing forces at once issued an ultimatum to the Tsarist Russian commander Tolbuzin, ordering him to withdraw his troops without delay; Tolbuzin, relying upon the strength of the city’s defenses, sought to hold out stubbornly in isolation. On the twenty-fourth and twenty-fifth days of the sixth month, the Qing army, in three columns by both water and land, used the “Generalissimo Weiyuan Wudi” and other various types of cannon to bombard the city walls fiercely; after three days of intense fighting, Tolbuzin, seeing that no reinforcements were forthcoming, sued for surrender to the Qing army. The Qing army recovered Yaksa.

After the Qing army withdrew its forces to Aigun, the Tsarist Russian invasion force again occupied the city of Yaksa in the first month of the following year. Upon receiving news of this, the Kangxi Emperor, in the second month of that same year, again ordered Sabusu to advance once more upon Yaksa. In the eighth month, Sabusu led a force of more than 2000 men and began the assault upon the city; the Vice Commander-in-Chief Langtan led troops from the north of the city in fiercely bombarding the interior of the city with red-coat cannon. Although the Tsarist Russian forces also returned fire with 11 large cannon, this proved of no avail. Under the fierce bombardment of the Qing army’s cannon, of the 826 Tsarist Russian invaders, only 66 survived. The Tsarist Russian government was compelled to enter into negotiations with the Qing court, and an agreement was reached whereby the Qing dynasty ceded Nerchinsk, and the Tsarist Russian forces withdrew from Yaksa. On the twenty-fourth day of the seventh month of the twenty-eighth year of Kangxi (7 September 1689), China and Russia signed the Treaty of Nerchinsk (that is, the Treaty of the Heilongjiang Boundary), which established, in law, the eastern boundary between China and Russia, recognizing that the Heilongjiang (Amur) river basin and the Ussuri river basin, south of the Stanovoy (Outer Xing’an) Mountains, were Chinese territory.



(2) Artillery Used in the Siege of Yaksa

In the war in which the Qing army recovered Yaksa, Verbiest was ordered to continue casting cannon. On the twenty-eighth day of the twelfth month of the twenty-sixth year of Kangxi (30 January 1687), Verbiest died of illness. Because of his merit in casting cannon for the pacification of the Three Feudatories and the recovery of Yaksa, as well as his accomplishments during his tenure in service to the Qing court, the Kangxi Emperor issued an edict granting him an honorable burial and the erection of a commemorative stele. According to juan 194 (Bingkao, Junqi) of the Qingchao Wenxian Tongkao,

① Qing, He Qiutao: Yakesa Cheng Kao (“An Examination of the City of Yaksa”), Xianfeng tenth-year edition (1860) of the Shuofang Beicheng, juan 14, p. 35. Hereafter, citations of this work all follow this same edition. The 20 red-coat cannon manufactured were precisely the “Generalissimo Weiyuan Wudi” cannon manufactured by the Qing court.

from the thirteenth year of Kangxi (1674) to the twenty-sixth year, close to 500 cannon were manufactured under Verbiest’s supervision. Among these, the cannon manufactured for the recovery of Yaksa had already, before the war, been transported to the cannon depot at Qiqihar for storage, and were afterward distributed to various places. According to the record given by He Qiutao in juan 14 of the Shuofang Beicheng: “Qiqihar, Mergen, and Heilongjiang all have cannon. Those called ‘Generalissimo Weiyuan Wudi’: Qiqihar and Heilongjiang each have four pieces. Those called ‘Generalissimo of Divine Awe’: Qiqihar and Heilongjiang each have twelve pieces, Mergen has eight. Those called ‘Dragon Cannon’: Qiqihar has six pieces. Those called ‘Weiyuan Cannon’: Qiqihar and Heilongjiang each have one piece. Those called ‘Parent-and-Child Cannon’: Qiqihar has twenty pieces, Mergen and Heilongjiang each have ten. As for the three pieces of luocha (that is, Russian) cannon obtained from the city of Yaksa, and the two pieces of luocha cannon obtained at Ukningerzhuren and other such places, together with 195 damaged parent-and-child cannon and 4 field-cannon, all of these are stored at Qiqihar, and are permanently retired from use.”

From this it can be seen that, at the time the Qing army recovered Yaksa, it made use of 8 “Generalissimo Weiyuan Wudi” cannon, together with a certain number of “Generalissimo of Divine Awe,” “Dragon,” “Parent-and-Child,” and “Field-Signal” cannon, thereby able to bring the siege-taking superiority of cannon into play at different levels, and achieving victory in the campaign to recover Yaksa. Set out below is a summary of the above 5 types of cannon.

The “Generalissimo Weiyuan Wudi” Cannon. This was a large-type cannon used for siege warfare, being the second batch of cannon that Verbiest cast under supervision for the Qing court in the fifteenth year of Kangxi, 52 pieces in all. Of these, 8 were bronze cannon, each weighing 2274 catties, 7.7 chi in length, with an outer muzzle diameter of 1 chi, an inner bore diameter of 3.7 cun, and a base diameter of 1.2 chi, with a powder charge of 4 catties, firing an iron projectile weighing 8 catties. There were 24 iron cannon, each weighing 1613 catties, 7.6 chi in length, with an outer muzzle diameter of 8.5 cun, an inner bore diameter of 3.3 cun, and a base diameter of 1.1 chi, with a powder charge of 3 catties, firing an iron projectile weighing 6 catties. There were 20 wood-hooped cannon, each weighing 817 catties. The barrels of these cannon were all slender at the front and thick at the rear, the base shaped like an inverted bamboo hat, with multiple reinforcing bands, and inscribed with the characters “Cast on such-and-such a day in the third month of the fifteenth year of Great Qing Kangxi.” Each cannon was transported and mounted upon a gun-carriage; the carriage had 3 wheels, 2 in front and 1 behind, the middle of the carriage body supporting the gun body by means of a crossbeam, the carriage shaft measuring 12.2 chi in length, with an iron ring fitted at the front of the shaft to facilitate towing①. The barrel length of the first two types of cannon was, respectively, 21 and 22.7 times the bore diameter, placing them in the category of long-barreled siege cannon. In May 1975, workers at the Qiqihar Jianhua Machinery Factory discovered, at that factory, a “Generalissimo Weiyuan Wudi” cannon that the Qing army had used in the war to recover Yaksa (Figure 9-12), which may perhaps be one of the 4 pieces that had, in that era, been stored at the Qiqihar cannon depot. Wenwu, issue no. 12 of 1975, published an article written by the History Department of the Heilongjiang Provincial Museum, entitled “The Bronze ‘Generalissimo Weiyuan Wudi’ Cannon of the Fifteenth Year of Kangxi and the Self-Defense Counterattack Battle at Yaksa.” The article gives a detailed description of the form and structure of this cannon and the circumstances of its examination. This cannon, cast of bronze, resembles the red-barbarian cannon transmitted to China in the second year of the Tianqi reign (1622), and is identical to the illustrations of cannon given in the Qing Huidian Tu (“Illustrations of the Institutes of the Qing”). The base of the gun body has a square touch-hole, and, projecting horizontally at the middle of the gun body on each side, is one trunnion; directly above the muzzle and the base, respectively, are a front sight and a rear sight; the gun body is well preserved, though no gun-carriage was found. At the bottom of the bore there still remains a spherical solid iron cannonball. Upon measurement: bore diameter 11 centimeters, overall length 248 centimeters, outer muzzle diameter 27.5 centimeters, base diameter 34.5 centimeters, weight 1000 kilograms. The projectile has a diameter of 9 centimeters and a weight of 2.7 kilograms. These figures are close to those recorded in juan 194 of the Qingchao Wenxian Tongkao for one comparatively smaller type of “Generalissimo Weiyuan Wudi” cannon. The gun body is inscribed, in both Manchu and Chinese script, with the following characters:

Generalissimo Weiyuan Wudi The second day of the third month of the fifteenth year of Great Qing Kangxi

These inscribed characters are in complete agreement with the documentary record, and each corroborates the other.

The “Generalissimo of Divine Awe” Cannon. There were 240 pieces, each weighing 390 catties, 6.6 chi in length, with a bore diameter of 3.3 cun, a lead projectile weighing 18 taels; with a powder charge of 8 taels, it could fire to a range of 500 chi, and with a powder charge of 9 taels, it could fire to a range of 750 chi. The gun body has 4 reinforcing bands, with one trunnion projecting on each side, together with a front sight and rear sight. The gun body is inscribed: “Cast in the twentieth year of Great Qing Kangxi. Generalissimo of Divine Awe. Powder charge eight to nine taels, lead projectile eighteen taels, elevation seven fen. Manufacturing supervisor Verbiest; overseeing officials Fabao, Qian Qibu, and Tao Santai; Ningguta [garrison representative] Wu Cidai. Artisans Li Wende and Yi Si.”① The gun body was transported upon a two-wheeled carriage, the carriage shaft measuring 9.5 chi in length, with an iron ring fitted at the front of the carriage. The inscription on the gun body shows that this is the earliest cannon to bear Verbiest’s name. In the twenty-second year of Kangxi (1683), 12 “Generalissimo of Divine Awe” cannon were transported to Qiqihar in preparation for war, and played an important role in the campaign to recover Yaksa.

The “Dragon” Cannon. This was a light-type cannon used in the campaign to recover Yaksa. After the war concluded, 6 pieces remained stored at the Qiqihar cannon depot. The recorded patterns are three in number: the first is the 8 bronze “Dragon” cannon manufactured in the nineteenth year of Kangxi (1680), 5.7 chi in length, weighing 250 to 300 catties, firing a lead projectile weighing 13 to 14 taels②; the second is the “Golden Dragon” bronze cannon manufactured in the twentieth year of Kangxi, 5.8 to 6 chi in length, weighing 280 to 370 catties, with a powder charge of 6.5 to 8 taels, firing an iron projectile weighing 13 to 16 taels, the gun body inscribed, in Manchu and Chinese script, with such characters as “Imperially Manufactured in the Twentieth Year of Great Qing Kangxi”③; the third is the 1 iron “Dragon” cannon manufactured in the twenty-fifth year of Kangxi, 4.5 chi in length, weighing 80 catties, firing a lead projectile weighing 5.2 taels④. The “Dragon” cannon was generally mounted upon a two-wheeled carriage (Figure 9-13), and was used only when the emperor personally took the field on campaign. Because the campaign to recover Yaksa was of the utmost importance, “Dragon” cannon were accordingly also transported to the front to take part in the fighting. Judging from their dates of manufacture, the “Dragon” cannon that took part in the fighting ought to have been of the first two types mentioned, the last type having been manufactured too late to meet the needs of the campaign.

The Parent-and-Child Cannon. This was the smallest type of light iron cannon used in combat at that time, already in manufacture in the early Qing period; 20 pieces were transported to the front at Qiqihar, and 10 pieces each were transported to Heilongjiang and Mergen. In the twenty-ninth and sixtieth years of Kangxi, a further 202 and 6 pieces, respectively, were manufactured. In form and structure, they may be distinguished into two types. The first has a gun body slender at the front and thick at the rear, the base shaped like an inverted bamboo hat, with 5 reinforcing

① Qing Huidian Tu, juan 100 (Wubei, 10 · Qiangpao, 3, “Military Preparedness, 10: Guns and Cannon, 3”), see the Zhonghua edition of the Qing Huidian Tu, vol. 1, p. 978. ① Qing Huidian Tu, juan 100 (Wubei, 10 · Qiangpao, 3), see the Zhonghua edition of the Qing Huidian Tu, vol. 1, p. 978. ② Qingchao Wenxian Tongkao, juan 194 (Bingkao, 16 · Junqi, Huoqi), see the Zhejiang edition, vol. 2, p. 6588. ③ Qing Huidian Tu, juan 98 (Wubei, 8 · Qiangpao, 1), see the Zhonghua edition of the Qing Huidian Tu, vol. 1, p. 965. ④ Qingchao Wenxian Tongkao, juan 194 (Bingkao, 16 · Junqi, Huoqi), see the Zhejiang edition, vol. 2, p. 6588.

bands, one trunnion projecting on each side, the gun body 5.3 chi in length and weighing 95 catties, mounted upon a flatbed cart, the cart having 4 wheels; at the rear of the gun body there is an open-mouthed chamber for the projectile, into which the “child cannon” (a removable powder-and-shot chamber) could be inserted, the child cannon weighing 8 catties, of which there were 5, their size matched to the chamber; when firing, the child cannon was inserted into the chamber and secured with an iron pin, to prevent it from falling out. The second type has a gun body in a straight cylindrical shape, 5.8 chi in length, weighing 85 catties, with 4 attached child cannon; at the breech is affixed a wooden handle, the rear portion of the wooden handle curving downward, connected by an iron chain to a flatbed cart, the cart having 4 wheels, so that it could be pushed and pulled in movement①. Atop the city wall of Shanhaiguan there are preserved physical specimens of this type of cannon, among them one wood-handled parent-and-child cannon, with an overall length of 226 centimeters, a barrel length of 172.5 centimeters, a bore diameter of 2.5 centimeters, and an outer muzzle diameter of 5.2 centimeters.




6. The Suppression of Galdan and the Establishment of the Firearms Camp

From the twenty-ninth to the thirty-fifth year of Kangxi (1690–1696), the Qing court dispatched troops on two occasions to suppress the rebellion of Galdan (1644–1697), chieftain of the Dzungar tribe, and, in the course of this, established the Firearms Camp.


(1) The Qing Army’s Use of Cannon to Break the Dzungar Army’s “Camel Fort”

In the fifth month of the twenty-ninth year of Kangxi, Galdan, chieftain of the Dzungar tribe, using the pretext of pursuing the Khalkha Mongols, led an army of 30,000 (some accounts say 20,000) south from Kulun Lake (present-day Lake Hövsgöl), along the western foot of the Greater Khingan range, his spearhead pointed directly at Ujimuchin (present-day part of Inner Mongolia). At the start of the seventh month, the Qing court dispatched 100,000 troops, advancing in two columns, left and right, and reached Wulanbutong, where they encountered Galdan’s forces. On the nineteenth day of the seventh month, the left and right columns of the Qing army joined forces and intercepted Galdan’s army at Gaoliang River (a northern tributary of the upper reaches of the Xar Moron River). Galdan ordered more than ten thousand camels to be hobbled at the feet and made to lie down, their backs laden with wooden crates, and covered over with dampened felt, forming a “camel fort.” The soldiers, relying on the crates as cover, fired upon the Qing forces with bows and arrows and firearms. The Qing army placed its firearms troops in the front rank, with infantry following behind, and cavalry on both flanks. On the first day of the eighth month, the Qing army concentrated its cannon fire in a massed bombardment, breaking apart the “camel fort,” whereupon the infantry charged frontally and the cavalry struck from both flanks; the Dzungar army suffered extremely heavy casualties, and, using a request for peace as a stratagem for delaying the Qing forces, fled north under cover of night to Kobdo (in present-day western Mongolia). History calls this the “Battle of Wulanbutong.”



(2) The Establishment of the Firearms Camp

After the Battle of Wulanbutong, Xuanye, the Kangxi Emperor, summarized the lessons of this experience, and, in order to be able to bring the Qing army’s firepower superiority fully into play in battle, in the thirtieth year of Kangxi (1691) carried out a number of reforms in the system for the use of firearms. First, the existing cannon were distributed, according to a fixed quota of 5 parent-and-child cannon per banner, for use by the Manchu Eight Banners. Second, the Eight Banners’ large cannon were transported to Xuanhua and Datong, 40 pieces to each, including 16 “Divine Merit Generalissimo” cannon manufactured in the twenty-eighth year of Kangxi and 24 “Generalissimo of Divine Awe” cannon manufactured in the twentieth year of Kangxi, together with an allotment of 1000 iron cannonballs and lead shot, the gunpowder required to be manufactured by the nearby prefectures and counties and supplied to each garrison for use. Third, the surplus large and small cannon were concentrated and stored at the cannon bureau of the Han Chinese Eight Banners, to be kept in reserve for use. Fourth, a force devoted exclusively to the concentrated use of firearms, under the direct control of the court, the Firearms Camp, was established.

The Firearms Camp was formed by selecting soldiers skilled in the handling of firearms from among the Manchu and Mongol Eight Banners. The camp was divided into two types, bird-gun bannermen guards and cannon-crew soldiers. From the Manchus and Mongols, 6 bird-gun bannermen guards and 1 cannon-crew soldier were drawn from under every company commander, and organized into two camps, the inner and the outer. The one located within the city was called the Inner Firearms Camp, divided into two battalions, one for gun practice and one for cannon practice. The one located outside the city, at the Blue-Banner Factory, was called the Outer Firearms Camp, devoted exclusively to gun practice. The two camps together comprised more than 5200 bird-gun bannermen guards, more than 880 cannon-crew soldiers, and more than 1650 apprentice soldiers in training (held in reserve to replenish the bird-gun bannermen guards), more than 7730 men in all. The highest-ranking officers commanding the Firearms Camp included 1 Seal-Holding Commander-in-Chief and a number of Commanders-in-Chief. The Inner and Outer Firearms Camps each had 1 Wing Commander, 1 Acting Wing Commander concurrently Camp Commandant, 3 Camp Commanders, 4 Bird-Gun Bannermen Guard Commandants, 8 Vice Bird-Gun Bannermen Guard Commandants, and 16 Acting Bird-Gun Bannermen Guard Commandants, respectively taking charge of the training affairs of the two camps, inner and outer. After the establishment of the Firearms Camp, the Qing army came to possess, throughout the country, an artillery force made up of the Firearms Camp’s cannon-crews, the capital’s Eight Banner cannon-crews, the various provinces’ garrison Eight Banner cannon-crews, and the Green Standard Army’s cannon-crews, possessing a comparatively strong deterrent effect. In order to raise the combat effectiveness of the officers and men of the Firearms Camp, a system of spring-drill training was instituted at that time: each spring, every banner would provide 10 cannon and

① Qing Huidian Tu, juan 100 (Wubei, 10 · Qiangpao, 3), see the Zhonghua edition of the Qing Huidian Tu, vol. 1, p. 982.

1500 Firearms Camp soldiers, and the Han Chinese Eight Banners would provide, per banner, 10 cannon and 1500 bird-gun soldiers, to carry out gun and cannon firing exercises.



(3) The Qing Army’s Use of Cannon to Defeat the Dzungar Forces

In the twenty-ninth year of Kangxi (1690), Galdan gathered his former forces at Kobdo, plotting a fresh uprising. In the ninth month of the thirty-fourth year, Galdan, in collusion with Tsarist Russia, led a cavalry force of 30,000 in raiding eastward to the region east of Bayan Ulan (present-day southeast of Ulaanbaatar). In the second month of the thirty-fifth year, the Qing army dispatched 100,000 troops, advancing in three columns — east, center, and west. At the time of setting out on campaign, the Firearms Camp, together with the Manchu artillery equipped with great quantities of guns and cannon and the Han Chinese Eight Banner artillery, were organized into the main striking force. Among these, the Manchu artillery was equipped, per banner, with 5 camel-borne parent-and-child cannon, while the Han Chinese artillery was equipped, per banner, with 9 camel-borne parent-and-child cannon and 1 “Dragon” cannon, and the left and right wings were each further equipped with 1 “Chongtian” (Skyward) cannon (mortar). At the same time, orders were given for the artillery of Datong and Xuanfu each to bring 48 “Generalissimo of Divine Awe” cannon, to be dispatched respectively to the western and central columns to fight in coordination. On the thirteenth day of the fifth month, the western column of the Qing army advanced to Zhao Modo, where Fei Yanggu deployed an ambush, luring Galdan’s forces into the area set for the ambush at Zhao Modo. The Qing army, thereupon, from its position of high ground overlooking the enemy, in a single moment unleashed the massed fire of its cannon; the rebel forces were instantly thrown into chaos. The Qing army, seizing the moment, pressed the attack vigorously, beheading more than 3000 and taking several hundred prisoner; Galdan, with only a few dozen mounted men, fled westward, his remaining forces scattering and fleeing in disorder. In this battle, the quantity and scale of the artillery forces that the Qing court deployed were unprecedented, and the artillery displayed formidable power in the fighting.

According to the record in juan 194 of the Qingchao Wenxian Tongkao, during the Kangxi reign (1662–1722) a total of more than 900 bronze and iron cannon of every large and small type were manufactured (not including the cannon manufactured in various localities), and the Guanling Factory produced 500,000 catties of gunpowder each year. After these cannon were used to equip the Qing army’s artillery and the Firearms Camp, they played an important role, in the wars against separatism and against foreign aggression waged in the course of suppressing the rebellion of the Three Feudatories, unifying Taiwan, recovering Yaksa, and suppressing the Dzungar rebellion, in consolidating and developing the unity of the Qing dynasty and the integrity of the nation’s territory.





Section 6 The Manufacture and Use of Firearms in the Campaigns to Pacify the Northwest

Since the reduction in cannon manufacture in the latter part of the Kangxi reign, the manufacture of cannon in the Qing dynasty gradually entered a period of decline; the focus of its use of cannon lay for the most part in suppressing peasant uprisings and uprisings among the ethnic minorities, as well as in suppressing rebellions among the upper strata of the ethnic minorities. In these wars, compared with the forces they fought against, the Qing army’s cannon, bird-guns, and other such firearms held the advantage, so that it was able to achieve victory in every engagement, and, concealed behind this illusion of success, the Qing court’s technology for the manufacture and use of cannon accordingly remained fixed at the level it had already attained, with little breakthrough or innovation.


1. The Use of Artillery by Qing Forces in the Campaign to Suppress Lobsang Danjin

During the period of the Yongzheng Emperor’s reign (1723–1735), because the wars were all fought in the ethnic-minority regions of the northwest, the use of firearms was comparatively limited, and the focus of military training likewise began to shift.

In the fourth year of the Yongzheng reign (1726), the court’s focus of military training began to shift, and the system whereby a gun-and-cannon firing demonstration was held annually at Lugouqiao was changed to once every three years. The following year, it was further declared that, “since the Manchus prized above all mounted archery, they ought not to specialize solely in the bird-gun to the neglect of the bow and arrow; those adept in the mounted bow and arrow should be encouraged with superior rank.” In the tenth year of Yongzheng, the court decreed that the frontier-guarding troops need only specialize in mounted archery and the long spear①. Thereupon, officers and soldiers everywhere abandoned the practice of gun and cannon in favor of the bow and arrow, and the research and development of firearms accordingly weakened as a result.

Because very few new cannon were cast, the Yongzheng court was, throughout its reign, unable to supply the garrison troops of every locality with new-type cannon, and could only allot the stockpiled parent-and-child cannon, “Divine Merit” cannon, “Generalissimo of Divine Awe” cannon, and the like to the garrison troops of the various localities for their use. Thus, in the thirteenth year of Yongzheng, the cannon that the Qing court allotted to the garrison troops of the important cities along the southeastern coast, the northwestern frontier, and Zhili, were likewise for the most part old-pattern cannon drawn from storage; the only newly cast cannon were of two types, the “Weiyuan” Generalissimo cannon and the parent-and-child cannon, and these, moreover, were both merely reproductions of cannon of the same type from the Kangxi reign. In the fifth year of Yongzheng, the Ministry of Works manufactured 10 “Awe-

① Draft History of the Qing, juan 139 (Bing, 10 · Xunlian, “Military, 10: Training”), see the Zhonghua edition, vol. 14, pp. 4122–4124.

Inspiring at a Distance” iron cannon and 34 parent-and-child cannon. The “Awe-Inspiring at a Distance” iron cannon was 1.77 chi in length, weighing 45 catties, with a powder charge of 14 taels, firing a lead projectile weighing 28 taels; it was a short-barreled, plunging-fire cannon. The parent-and-child cannon was a light-type cannon. Both of these two types of cannon were suited for use in mountain warfare. In the campaign to suppress the rebellion of Lobsang Danjin of Kokonor, and in the great defeat inflicted upon the Khoshut-Dzungar Mongol forces, both of these two types of cannon were used.

In the fifth month of the first year of Yongzheng, Lobsang Danjin, chieftain of the Khoshut Mongols of Kokonor, seeking to seize overall control of Kokonor and the various regions of Tibet, coerced the various tayishis into convening an assembly at Chahan Tolohai (west of present-day Riyue Mountain, in Qinghai), styling himself Dalai Khungtaiji, and, gathering a force of more than 200,000, launched an armed rebellion against the Qing. In the tenth month, the Yongzheng Emperor especially conferred upon Nian Gengyao (?–1726) the title Generalissimo for Pacifying the Distant Regions, with the Sichuan Provincial Military Commander Yue Zhongqi (1686 or 1676–1754) assisting in military preparations, mustering the officers and soldiers of Sichuan and Shaanxi to go and suppress the rebellion. When Nian Gengyao first arrived at Xining, before the great army had assembled, Lobsang Danjin took the opportunity to launch an attack. Nian Gengyao, leading only a few dozen men, calmly took his seat atop the city tower to direct the defense, and ordered the defending Qing troops to fire the cannon; the native tribal soldiers suffered heavy casualties, and Lobsang Danjin’s forces, numbering roughly 100,000, fled westward to Qaidam (present-day southeast of the Hoh Xil river, Qinghai), seeking to hold out in a last, desperate stand. After the Qing army’s initial engagement proved victorious, Nian Gengyao further requested that the court allot cannon, and was issued “one hundred camel-loads of gunpowder manufactured at Jingshan, reckoning each camel-load at one hundred and eighty catties.” The Qing court doubled the allotment①. On the eighth day of the second month of the second year of Yongzheng (1724), Yue Zhongqi personally led the southern column of the main army, setting out from Xining, to advance upon the rebel forces’ main encampment, and, at dawn on the twenty-second day, launched a surprise assault upon the rebel camp; Lobsang Danjin, disguising himself in women’s clothing, fled on a white camel, and afterward crossed the Gobi Desert, fleeing north to submit to the Dzungar tribe.



2. The Use of Artillery by Qing Forces in the Campaigns to Suppress Jinchuan and the Khojas

During the period of the Qianlong Emperor’s reign (1736–1795), precisely the latter part of the “Flourishing Age of Kang-Qian,” he continued his father’s and grandfather’s cause of safeguarding the security, unity, and sovereignty of the state, suppressing on numerous occasions the disturbances of war stirred up by the upper strata of the ethnic-minority inhabited regions. Among these, the most renowned was the campaign to pacify Greater and Lesser Jinchuan.


(1) The Stone Watchtower Clusters of the Greater and Lesser Jinchuan Region

In the Qing army’s campaign to pacify Greater and Lesser Jinchuan, in order to break through the stone watchtower clusters that the local ethnic minorities had constructed over many years, cannon suited to mountain warfare were researched, developed, and used in great quantity. Greater and Lesser Jinchuan are located in the northwestern part of Sichuan, a region of high mountains and perilous waters, at that time home to more than 30,000 households of Tibetan, Qiang, and other ethnic-minority peoples. For the safety of their inhabited regions, the local ethnic minorities gathered stone materials on the spot, and, following the lay of the mountains, built fortress-and-stockade-style defensive works of stone watchtowers. These stone watchtowers, built to suit local conditions and using locally available materials, were erected in clusters; in some places, groups of watchtowers stood like a forest, with several dozen watchtowers of varying height built around the outer perimeter of a few tall main watchtowers, as in the case of the stone watchtower cluster constructed at Leiwu and Geerya at that time (Figure 9-14). In some places, beneath the stone watchtower cluster, underground cellars were built, forming a combination of cellar and watchtower. Some watchtower clusters resembled a small city in themselves, forming a walled-town-style watchtower cluster. Some made use of forbidding terrain to build their watchtowers in clusters.

The construction technique of these stone watchtower clusters was extremely ingenious: the walls were built of irregularly shaped stone blocks quarried on the spot, laid by such methods as interlocking, embedding, threading, joining, and mortise-and-tenon construction; the base was square, polygonal, or circular, narrower at the top and wider at the bottom, the interior space measuring only a few square meters, divided internally into multiple stories, with arrow-loops and lookout openings on all four walls; the four edges of a square watchtower were neat and perfectly straight, yet inclined slightly inward, so that the internal forces were directed toward the center, mutually bracing and pressing tightly against one another, a mechanically sound structure, some stone watchtowers reaching a height of 30 to 50 meters, and standing upright to this day without toppling, a sight that leaves the beholder full of wonder. Within the watchtowers, grain, fodder, and drinking water could be stored, with sentries stationed within to keep watch, and, upon sighting the enemy’s movements, they would alert their comrades, firing upon the enemy through the arrow-loops, or hurling down stones and fire-bombs. Some of the cellars beneath the stone watchtowers were interconnected with one another, the passageways above covered over with multiple layers of massive stones, plastered over with mud, the exterior camouflaged, the interior sturdy and running deep, like the burrow of a rat, mutually accessible for passage between them, with some having an opening at the side for personnel to enter and exit. When the enemy’s cannon fire came raining down, they would lie low and not emerge, and once the bombardment had passed, the personnel within the cellars would come out again to strike at the enemy. Some stone watchtowers had an outer stone wall, outside of which was a wooden palisade, and outside the wooden palisade a deep moat, the moat densely set with sharpened bamboo stakes, and, moreover, in the depths of winter, water could be poured to freeze into ice, making it hard and difficult to scale, the closer one approached the watchtower the steeper the cliff-face became.

The various types of stone watchtower cluster built by the Tibetan and Qiang peoples of Greater and Lesser Jinchuan, making use of the natural advantages of the terrain, adapting to local conditions, and drawing on locally available materials, played a certain defensive role, and were a distinctive fortress-and-stockade-style military engineering work of that era. In order to suppress the rebellion of the chieftains of Greater and Lesser Jinchuan, the Qing court, between the twelfth year of Qianlong (1747) and the fortieth year, repeatedly mustered armies from every quarter to carry out campaigns of suppression. In the initial engagements, when the Qing army’s infantry and cavalry arrived at this place, the main force could not advance in mass formation into the mountains, being naturally divided by the towering peaks and precipitous ridges into small detachments of three to five men, who attempted, by such means as crossing the moats to breach the defenses, toppling the watchtower walls, digging tunnels and boring through, and scaling the perilous cliffs, to break through these defenses, but, as a result, all suffered heavy casualties and met with failure.



(2) The Qing Army’s Campaign to Pacify Greater and Lesser Jinchuan

In the twelfth year of Qianlong, Sonom, the Pacification Commissioner of Greater Jinchuan (present-day Jinchuan, Sichuan) (a Tibetan chieftain, invested as Pacification Commissioner of Jinchuan in 1723), in order to expand his power, raised troops to plunder the territories governed by the two native chieftaincies of Gebushiji and Mingzheng, and rebelled against the Qing court, styling himself “Son of Heaven.” From that year onward, the Qing court successively dispatched the Sichuan Grand Coordinator Ji Shan, the Yunnan-Guizhou Governor-General Zhang Guangsi (?–1749), the Grand Secretary Nàqīn (?–1749), and the Grand Secretary Fuheng (?–1770), four commanders in succession, bringing with them the nine-segment, ten-part cannon, parent-and-child cannon, cliff-splitting cannon, “Weiyuan” cannon, “Zhisheng” (Conquering) cannon, and other such weapons, to carry out the suppression. After the initial engagements ended in failure, in order to simulate the assault upon the stone watchtower clusters of Greater and Lesser Jinchuan, the Qing court, in the thirteenth year of Qianlong, organized a special-purpose unit, the Sturdy and Sharp Cloud-Ladder Camp, and, in the western suburbs of Beijing, in the area stretching from Xianghong Banner to the Western Hills (Xiangshan), constructed several dozen stone watchtowers, for conducting exercises in assaulting watchtowers. At the start of the fourteenth year, the Qing army, advancing in two columns, laid siege to Leiwuwei, the official stronghold of Greater Jinchuan. Sonom laid down his arms and surrendered the stockade, and, receiving a pardon from the Qing court, remained as before the local chieftain; the first campaign to pacify Greater Jinchuan thereupon came to an end.

In the fourth month of the thirty-sixth year of Qianlong, the native chieftains of Greater and Lesser Jinchuan again joined forces in rebellion. The Qing court at once dispatched the Sichuan Governor-General Agui to lead an army in the campaign of suppression; because he remained stationary for half a year at Dajianlu (present-day Kangding, Sichuan) without advancing, he was held responsible and punished, and the Grand Secretary Wenfu was ordered to lead the army on campaign in his stead. Apart from bringing cannon along with the army, Wenfu also established a cannon bureau within the military camp, having the Manufacturing Superintendency’s Vice Director Haisheng and the overseer Sabin’a oversee the manufacture of gunpowder, as well as the casting of cannon weighing 700 to 800 catties and 1000 to 4000 catties. By the twelfth month of the thirty-seventh year of Qianlong, the participating minister Agui led his forces to advance to Muda, and Lesser Jinchuan, its chieftain Zerang having surrendered to the Qing, was thereby pacified. In the sixth month of the thirty-eighth year, Greater Jinchuan raised troops to attack the Qing army’s camp at Mudamu, and further inflicted a great defeat upon the Qing army at Muguomu. Wenfu was struck by a bullet and died, and Lesser Jinchuan was once again lost. In the tenth month of the thirty-eighth year, the Qianlong Emperor mobilized several tens of thousands of Qing troops from the Sturdy and Sharp Camp, the Firearms Camp, and other units, and, in the seventh month of the thirty-ninth year, dispatched a Western cannon-founder to hasten to the front lines and cast upward of a hundred “Chongtian” (Skyward) cannon, together with the No. 1, No. 2, No. 3, and No. 4 Generalissimo cannon, so as to strengthen the bombarding power, bombarding the official stronghold of Leiwuwei belonging to the chieftain of Greater Jinchuan, and forcing them to flee to Gaerya Fort. On the fourth day of the second month of the forty-first year, Sonuomu, chieftain of Greater Jinchuan, led more than 2000 followers out to surrender. The second campaign to pacify Greater Jinchuan thereupon came to an end. In the course of this campaign, the Qing army, apart from launching direct assaults by force, also employed such varied strategies, techniques, and tactics as exploiting internal divisions and defeating the enemy piecemeal, prolonged encirclement and attrition, matching watchtower against watchtower and blockhouse against blockhouse, relying on dangerous terrain and exploiting the enemy’s own advantageous positions against them, and bombardment by cannon, breaking through and reducing the various stone watchtower clusters, and, at the cost of 30,000 dead and wounded and an expenditure of more than 70 million taels of silver, at last succeeded in pacifying Greater and Lesser Jinchuan. This amply demonstrates how formidable was the defensive effect of these stone watchtower clusters.



(3) Cannon Used by the Qing Army in the Campaign to Pacify Greater and Lesser Jinchuan

Among the cannon used by the Qing army in the Jinchuan campaign was the newly manufactured nine-segment, ten-part cannon. This cannon is recorded in juan 894 (Gongbu · Junhuo · Zhu Pao, “Ministry of Works, Military Supplies: The Casting of Cannon”) of the Qinding Da Qing Huidian Shili: in the thirteenth year of Qianlong (1748), for the pacification of Jinchuan, the nine-segment, ten-part cannon was manufactured, cast of bronze, of uniform bore front to back, divided at the front into nine segments with a base added at the rear, each segment fitted with a screw-thread, so as to facilitate its being carried in separate loads across difficult terrain, and assembled for use when needed. It weighed from 790 to 798 catties. Its length ranged from 5 chi 1 cun to 6 chi 9 cun. Its powder charge ranged from 1 catty 4 taels to 1 catty 8 taels. Its iron shot weighed 2 catties 8 taels. It was transported on a four-wheeled cart, 6 chi 1 cun in length. At the center was added an upright timber, with a semicircular fitting to receive the cannon. To the left and right of the upright timber were iron posts, clamping the cannon in place. The right post was twice the length of the left, curving forward. A supplementary sighting-standard was added, to serve as the aiming reference (Figure 9-15). From this it can be seen that this was a special-purpose cannon cast specifically by the Ministry of Works at that time for mountain-warfare siege operations, its gun body and gun-carriage both differing from other cannon. Agui, recognizing its usefulness, cast 10 pieces in the thirty-third year of Qianlong①, and brought several of them to the Jinchuan front in the twenty-sixth year of Qianlong.

The “Chongtian” (Skyward) cannon was originally manufactured in the twenty-ninth year of Kangxi (1690) as a type of short-barreled, plunging-fire cannon, and had once achieved good results in combat at the Battle of Zhao Modo. In the Qing army’s second campaign to pacify Greater and Lesser Jinchuan, the newly manufactured “Chongtian” cannon was used to attack the stone watchtower clusters of Greater and Lesser Jinchuan. According to Wenfu’s own account: in mountain-warfare suppression campaigns, the advantage of the bird-gun accounted for only one or two parts in ten, while the advantage of the emplaced cannon accounted for eight or nine parts in ten. Among the various types of cannon, the “Chongtian” cannon (Figure 9-16) in particular proved the most effective, being a sharp weapon for breaking through the stone watchtowers by means of plunging fire.

Because the Generalissimo No. 1, No. 2, No. 3, and No. 4 cannon and the cliff-splitting cannon, weighing 4000 to 1000 catties, were heavy-type cannon used for destroying and shattering the sturdy stone watchtowers, and, on account of their unwieldy gun bodies, were not readily transported over long distances, the Qianlong Emperor specially ordered skilled cannon-casting craftsmen, both Chinese and foreign, to hasten to the front lines to cast them, setting up the cannon batteries on the spot, and carrying out measured, trial firings②; this was, in the early Qing period, the first instance of its kind.

Apart from the large-type cannon, the Qing army also brought along the “Zhisheng” (Conquering) Generalissimo cannon, the “cow-leg” cannon, the parent-and-child cannon, and various small and medium-sized “Divine Engine” cannon, so as to supplement the large-type cannon in the bombardment of the stone watchtowers.

According to the accounts of the native inhabitants near Jinchuan, the gunpowder needed by the Qing army’s cannon, apart from the military-need gunpowder allocated by the Ministry of Works, was also,

① Qinding Da Qing Huidian Shili, juan 898 (Gongbu · Junhuo · Zhi Sheng Huoqi, 1, “Ministry of Works, Military Supplies: Firearms of the Various Provinces, 1”), see the Taipei Xinwenfeng edition, vol. 21, p. 16128. ② Qinding Da Qing Huidian Shili, juan 898 (Gongbu · Junhuo · Zhi Sheng Huoqi, 1), see the Taipei Xinwenfeng edition, vol. 21, pp. 16128–16129.

to a considerable extent, compounded from materials obtained locally: saltpeter was a raw material available everywhere; sulfur was gathered from the place called Guo Jiacha, opposite Guaerzhaizhai; and lead shot was manufactured from ore obtained from the Mei mine. Because the quantity of guns and cannon used was extremely great, about 10,000 catties of gunpowder were consumed daily, and the single Battle of Muguomu alone consumed more than 70,000 catties of gunpowder. The Henan Grand Coordinator He Huozhu, on the twenty-ninth day of the seventh month of the thirty-seventh year of Qianlong (1698), memorialized the Qianlong Emperor, stating: “In the suppression campaign against Jinchuan in Sichuan, Shaanxi Province’s entire stock of gunpowder has been drawn upon and exhausted. Officials have now been dispatched to Henan to purchase 170,000 catties of raw saltpeter, to hold in reserve for use.” The Qianlong Emperor accordingly declared that “the gunpowder of the military camps is a matter of the utmost importance,” and that it ought to be “amply and generously provided for.” For this reason, he repeatedly issued edicts ordering that saltpeter, guns, cannon, and cannonballs be transported to the front lines, and had officials who proved remiss in carrying out this task investigated and dealt with.

The present author, in Chapter 1 of this book, in expounding the content concerning the transmission of saltpeter along the Long-Shu road, once mentioned that the relevant departments of Jiangyou City, Sichuan Province, discovered, near Chonghua Town in that county, a number of large mineral deposits, and, from the documentary record, ascertained a record of the Qing army’s mining of saltpeter at this place at that time; from this it may be surmised that the Jiangyou region was very probably one of the bases supplying the raw material of saltpeter for the campaign to pacify Jinchuan.



(4) The Use of Firearms by the Qing Army in the Campaign to Suppress Jinchuan and the Khojas [Lesser and Greater Khoja]

In the twenty-first year of Qianlong, the chieftain of the Muslim tribes of Xinjiang (the Qing-dynasty collective term for the Uyghur peoples settled in southern Xinjiang), the “Lesser Khoja,” murdered the Vice Commander-in-Chief Amin Dao, whom the Qing court had dispatched to pacify and appease the region, proclaimed himself Batur Khan, and, together with the “Greater Khoja,” gathered a rebel force of several hundred thousand, resisting the Qing army with Muslim cannon and more than ten thousand matchlock guns. In the second month of the twenty-third year, the Qing court appointed Jaohūi as General for Pacifying Rebellion, leading more than ten thousand Manchu and Han troops, bringing with them the “Generalissimo Weiyuan Wudi” cannon, the “Generalissimo of Divine Awe” cannon, the “Generalissimo of Divine Might” cannon, and the “Weiyuan” cannon, setting out from Turfan, and, in the fifth month, laying siege to Kuqa. The Lesser and Greater Khojas led more than ten thousand matchlock-gun soldiers to come to its relief, but, having been defeated by the Qing army, retreated to Kuqa, and afterward fled separately to Kashgar and Yarkand (both now part of Xinjiang). In the sixth month of the twenty-fourth year, the Qing court ordered the General for Pacifying the Border Zhao Hui (?–1764) and the Vice General for Pacifying the Border Fude to each lead 15,000 Qing troops in separate assaults upon Kashgar and Yarkand; the Lesser and Greater Khojas led their forces in flight, and, in the eighth month, were seized and put to death by the chieftain of the Badakhshan tribe, and the “Muslim cannon” and other such firearms that they had used all fell into the possession of the Qing army.

The “Muslim cannon” was cast of iron, “narrow at front and back, broad in the middle, 5 chi in length, with seven raised bands, of plain iron construction, its firing mechanism attached beneath the stock, the wooden body wrapped in leather, and it was carried on the back of a camel.”① From this record, it can be known that the “Muslim cannon” was a type of cannon that the Uyghur people mounted upon the back of a camel and fired while accompanying the army in mobile warfare (Figure 9-17).



(5) Newly Manufactured Cannon

Apart from manufacturing cannon for military engagements, the Qianlong court also, in response to requests from various localities, had the Ministry of Works or local authorities manufacture a certain quantity of cannon, but for the most part these were merely reproductions of cannon manufactured during the Kangxi reign, with very little innovation. In the Qinding Gongbu Zeli Zao Huopao Shi (“Imperially Endorsed Regulations of the Ministry of Works for the Pattern of Cannon Manufacture”), promulgated in the twenty-first year of Qianlong, although 85 named types of cannon manufactured by the Ministry of Works and by various localities are listed, including the “Generalissimo of Divine Awe” cannon, the “Weiyuan” cannon, and the parent-and-child cannon, there is no work of innovation to be found among them.




3. The Backwardness of Firearms Technology and the Obsolescence of Coastal-Defense Installations

During the Jiaqing reign, apart from repairing and redistributing the stockpiled cannon so as to maintain the needs of the garrison troops of the capital region and of various localities, the Qing court, because the smuggling trade in opium, saltpeter, sulfur, and iron along the southeastern coast was growing increasingly frequent, found the task of suppressing smuggling and capturing pirates growing correspondingly heavier, and so the focus of cannon manufacture and equipment gradually shifted to the southeastern coast, in an effort to improve the antiquated state of the coastal strongholds and of the naval forces’ equipment.


(1) The Increase of Coastal-Fortress Coastal Cannon and Naval Ship Cannon

In the third year of Jiaqing (1798) and the fourth year, the Qing court, at the Yangtou Wa harbor mouth of Jinzhou (present-day Jinzhou District, Dalian, Liaoning), below the southwestern peak of Huangjinshan at Lüshunkou, and at the southwest-facing Taosuo location of Lianyun Island belonging to Gaizhou (present-day part of Yingkou, Liaoning), each built 1 gun emplacement and installed 1 coastal cannon①.

The Zheng Chenggong Memorial Hall in Xiamen has in its collection a number of coastal cannon cast during the Jiaqing reign. Among them is one cannon whose barrel bears, cast at the front, the inscription: “In the summer of the tenth year of Jiaqing, by order of the Governor-General of Min-Zhe A [surname], and the Governor of Fujian Wen, cast, a great cannon, weight one thousand five hundred catties.”② This cannon’s barrel is 235 centimeters in length, with a bore diameter of 28 centimeters, the length being 8.5 times the bore diameter; a length-to-bore ratio in the range of a city-defense cannon, and it was accordingly emplaced at the Xiamen harbor mouth for use as a coastal cannon.

In the fourth year of Jiaqing, the Manufacturing Superintendency allotted 19 iron parent-and-child cannon to the naval garrison stationed at Jinzhou. In the fifth year, the naval garrison stationed at Xiongyue (present-day Xiongyue Town, Liaoning) added 4 warships, for which the Manufacturing Superintendency supplied 24 ship-mounted iron parent-and-child cannon. In the tenth year, the court, in view of the great importance of the Taiwan naval forces, approved the construction of 30 shuttle-boats, and, according to their equipment requirements, manufactured the appropriate number of ship-mounted cannon. In the twenty-second year of Jiaqing, the court, for the Tianjin harbor mouth guarding the approaches to the capital, added one Jizihao Datong’an shuttle-boat and one No. 1 Tong’an shuttle-boat, equipping the former with 2 red-coat cannon of 2400 catties and 2000 catties, 4 red-coat cannon of 1500 catties, and 17 other cannon; and equipping the latter with 2 red-coat cannon each of 1000 catties and 800 catties, 1 heavy cannon of 500 catties, and 10 other cannon, so as to strengthen the firepower of the warships③.



(2) The Improvement of Coastal Defensive Capability

In the 1820s, the smuggling trade of Britain had already become extremely rampant, and the situation along the coastal regions grew exceedingly critical. The Qing court and the officials of the various coastal provinces, before and after the Opium War, accordingly adopted a number of measures to improve the strength of coastal-defense readiness.

The first was the construction of new-style gun emplacements. Qing forces, on the basis of summarizing the characteristics of the British army’s assaults upon coastal strongholds, had the firearms researcher Ding Gongchen and engineering-technical personnel, in accordance with the requirements of combining offense and defense and the topographical characteristics of the garrisoned regions, design three new types of gun emplacement: the first was the construction of zigzag-shaped emplacements along riverbanks; the second was the construction of circular emplacements on islands and shoals; the third was the construction of rammed-earth-style emplacements.

The zigzag-shaped emplacements along riverbanks were built of tabia (rammed earth mixed with lime and sand), the emplacement’s shape zigzagging, the body of the emplacement higher at the front and lower at the rear, the wall 1.2 zhang in height, 8 chi thick at the top and 12 chi thick at the base, the crown shaped like an overturned bamboo mat; within the wall a road 1.2 zhang in width, behind the road barracks were built, the front wall 8 chi in height, the rear wall 4 chi in height, the crown made of tabia, 1 chi in thickness; the emplacement had doors at front and rear, through which people could pass, and behind was left a road 3 chi in width; the emplacements were built facing each other along both banks of the river, their gun-ports aimed directly into the middle of the river, guarding the navigation channel. Where the river’s course had a bend, an additional emplacement could be built at the bend, so that the three emplacements together formed a tripod-like configuration, to strengthen the defense.

The circular emplacements were built at coastal strongholds such as Humen and Hengdang, on peninsulas jutting into the sea, or facing two mountains, half surrounded by sea, half backed by mountain, or on emplacements upon islands and shoals isolated in the sea. The emplacement’s base platform had a diameter of about 4 zhang, the surrounding wall 8 chi thick at the top and 12 chi thick at the base, with a door and a road left at the rear of the wall, the road 2 zhang in width, and barracks built behind the road; the emplacement wall had openings at the side for mounting cannon, aimed directly out to sea, to control the sea approaches; alongside the main emplacement, a small emplacement should be built, to block the enemy’s frontal assault and to guard against attack from the rear; the small emplacement had a small path opening toward the rear, winding around to connect to the main platform; wherever an emplacement was built leaning against a mountain, the mountain soil had to be cut away and shaped into a sheer vertical face encircling the rear of the platform, so that the enemy could not directly mount the platform from the side; the gun-carriage foundations beneath the cannon mounted within the platform had to be paved with fine stone, tabia, or hard timber planking, both to facilitate the cannon’s mobility and to prevent the cannon from sinking or tilting.

The rammed-earth-style emplacements were of two kinds: one was of a temporary nature, its walls made of sand-filled sacks, the wall 1 zhang thick; when an enemy shell struck the sand-sack wall, it could penetrate only 2 to 3 chi deep, without destroying the emplacement or injuring anyone, while the defending troops could, from behind the sand wall, aim their cannon through the gaps and fire upon the attacking enemy; the other kind was of a permanent nature, requiring the sand to be regularly moistened and compacted, and could be used for several years. The rammed-earth-style emplacements were generally built at strategic points along both banks of inland rivers, so as to control the inland waterways①.

In order to safeguard the security of the gun emplacements, Huang Jue further proposed that concealed trenches be dug and land mines buried around the perimeter of the emplacements, and that ambush troops be posted. He analyzed the characteristics of the British army’s assaults upon our country’s coastal strongholds as follows: they would first, from a distance of several li, take aim at the emplacement and bombard it, causing our troops to break in panic, and would then send a detachment of troops around to the rear of the emplacement, so that the defending officers and troops were attacked from front and back at once; this was the common cause of the fall of the emplacements at Humen, Xiamen, Dinghai, and Wusong-Baoshan in Shanghai②. He held that dangerous ground must be secured to the left and right of the emplacement, to protect its safety. It may be said that Huang Jue’s proposal was an insightful view put forward after drawing lessons from the Qing army’s defeats in the Opium War, and it had considerable practical significance at the time, also reflecting the awareness that certain officials of that era had of the defensive use of coastal cannon by means of gun emplacements.

The second was the increase of large-type coastal cannon. The Daoguang court, in order to strengthen coastal defense, increased the manufacture of a good many new cannon. According to the incomplete statistics found in Guan Tianpei’s (1781–1841) Chouhai Chuji (“First Collection on Maritime Planning”) and in the Chouban Yiwu Shimo · Daoguang Chao (“Complete Account of the Management of Barbarian Affairs, Daoguang Reign”) (II), and in juan 894 and juan 899 of the Qinding Da Qing Huidian Shili, the coastal cannon with which the various coastal strongholds were equipped at that time were: Humen, 212 pieces,③ Xiamen in Fujian, 279 pieces; Dinghai in Zhejiang, 70 pieces; Zhenhai, 86 pieces; Zhapu, 30 pieces; Wusong and Wusong-mouth in Shanghai, 240 pieces; Dagukou in Tianjin, 344 pieces; Shanhaiguan, 22 pieces,④ and Ningyuan, Jinzhou, Niuzhuang, Gaizhou, Xiongyue, Fuzhou, and Jinzhou (present-day Xingcheng, Jinzhou, Niuzhuang, Gaixian, Xiongyue, Fuzhou, and Jinzhou county, and other strongholds of the region along the northern shore of the Bohai Sea) together, 123 pieces.⑤ Not a few of these cannon were newly cast, heavy-type cannon of 1500 to 9000 catties; although the details of each cannot be individually verified, some sense of the general picture can be gained from a single record in juan 894 of the Qinding Da Qing Huidian Shili: “By edict of the twenty-first year of Daoguang, of the newly cast gun-emplacements at Shengjing, those of two thousand five hundred catties, three thousand catties, four thousand catties, five thousand catties, and eight thousand catties, are ordered to be named Gongding Jiangjun (General Who Stabilizes and Secures). Those of one thousand catties and one thousand five hundred catties, are ordered to be named Zhenwu (Jiangjun) (General Who Exerts Military Might).”⑥

The Lüshun Museum has in its collection 1 cannon once used in the city defense of Jinzhou, 310 centimeters in length, with a bore diameter of 13.5 centimeters, its barrel bearing the inscription: “An auspicious day of the sixth month of the twenty-first year of Daoguang of the Great Qing.” This cannon would appear to be one of the newly cast cannon of Shengjing mentioned above.

In the summer of 1980, a unit of the People’s Liberation Army stationed in Shanghai, while clearing the site of the Wusongkou gun emplacement, unearthed 2 cannon manufactured in the twenty-first year of Daoguang (1841), their barrels cast with the characters “Pingyi Jingkou Jiangjun” (General Who Pacifies the Barbarians and Pacifies the Approaches) and the like; these were among the coastal cannon that the Jiangnan Provincial Military Commander Chen Huacheng had installed in the construction of the gun emplacements for the resistance against the British at Shanghai.

Although the above-mentioned cannon differed in size and weight, in form and construction they all belonged to the red-coat-cannon lineage. Cannon of this lineage continued to be manufactured in considerable numbers during the Xianfeng reign as well. For instance, the Zheng Chenggong Memorial Hall in Fujian has in its collection 1 cannon manufactured in the second year of Xianfeng (1852), its barrel engraved with the inscription: “In the second year of Xianfeng, by order of the Governor-General of Min-Zhe Ji [surname], and the Governor of Fujian Wang [surname], cast, a cannon, weight one thousand catties.”⑦ By the sixth year of Xianfeng (1856), as many as 10 heavy-type bronze cannon of similar construction, of 8000 to 10000 catties, had been manufactured,

① Ding Gongchen of the Qing dynasty: “Xiyang Digao Quzhe Paotai Tushuo” (“Illustrated Account of the Western-Style Low-and-Angled Zigzag-Shaped Gun Emplacement”), “Xiyang Yuanxing Paotai Tushuo” (“Illustrated Account of the Western-Style Circular Gun Emplacement”), and “Rutu Paotai Tushuo” (“Illustrated Account of the Rammed-Earth-Style Gun Emplacement”), see Zhongguo Bingshu Jicheng, vol. 47, pp. 441–457. ② Huang Jue of the Qing dynasty: “Paotai Pang She Zhongxian Shuo” (“On the Establishment of Dangerous Ground Alongside Gun Emplacements”), see Zhongguo Bingshu Jicheng, vol. 47, pp. 459–465. ③ Guan Tianpei of the Qing dynasty: “Chonkan Humen Paotai Chouyi Jielüe Gao” (“Draft Summary of Deliberations on the Reconstruction of the Humen Gun Emplacements”), see Chouhai Chuji, juan 1, pp. 15–20. ④ Chouban Yiwu Shimo · Daoguang Chao (II), pp. 829–808, 963, 1088, 1144, 1069–1071, 1433–1436, 1256, Zhonghua Book Company, 1964 edition. ⑤ Qinding Da Qing Huidian Shili, juan 899 (Gongbu · Junhuo · Zhi Sheng Huoqi, 2, “Ministry of Works, Military Supplies: Firearms of the Various Provinces, 2”), see the Taipei Xinwenfeng edition, vol. 21, p. 16134. ⑥ Qinding Da Qing Huidian Shili, juan 894 (Gongbu · Junhuo · Zhu Pao, “Ministry of Works, Military Supplies: The Casting of Cannon”), see the Taipei Xinwenfeng edition, vol. 20, p. 16087. ⑦ Based on Qian Shifu’s compilation, Qingdai Zhiguan Nianbiao (II), “Zongdu Nianbiao” (“Table of Governors-General”) and “Xunfu Nianbiao” (“Table of Governors”), in the second year of Xianfeng, Ji Zhichang served as Governor-General of Min-Zhe, and Wang Yide served as Governor of Fujian; Ji and Wang refer to these two men. See Zhonghua Book Company’s 1980 edition of Qingdai Zhiguan Nianbiao, pp. 1470, 1696.

with an imperially bestowed designation of “Weiwu Zhisheng Da Jiangjun” (Great Generalissimo of Awesome Might and Conquest). Among these, the 10000-catty bronze cannon was 1.1 zhang in length, with a bore diameter of 1.4 chi, a muzzle width of 5.7 cun, a powder charge of 10 catties, and a lead shot of 31 catties; the 9000-catty bronze cannon was 1.1 zhang in length, with a bore diameter of 1.3 chi, a muzzle width of 5.5 cun, a powder charge of 9 catties, and a lead shot of 27 catties; the 8000-catty bronze cannon was 1.1 zhang in length, with a bore diameter of 1.25 chi, a muzzle width of 5.1 cun, a powder charge of 8 catties, and a lead shot of 22 catties①. The following year, these cannon were allotted for use by the Han-Chinese Eight-Banner troops of the Firearms Camp.



(3) The Trial Manufacture of New-Style Warships and Ship-Cannon

The Qing court and the officials of the coastal regions, after the Opium War, also trial-manufactured a number of warships equipped with new-style ship-cannon.

Pan Shicheng, a director in the Ministry of Justice, after studying the British navy’s warships, designed and built a new-type warship 13.26 zhang in length and 2.94 zhang in width, with 3 masts; the hold was divided into 3 decks, containing 3 gunpowder magazines and 2 shot-lockers; both sides of the vessel were fitted with 2 cannon each, ranging from 2000 to 4000 catties; the upper deck was fitted with 18 cannon on both sides, ranging from 1000 catties to several hundred catties; the vessel was additionally fitted with several dozen parent-and-child cannon and several bow-cannon; the full crew numbered more than 300. This was the earliest new-style warship built in our country capable of mounting broadside cannon.

Yi Changhua, the Prefect of Guangzhou, also built a new-type vessel 13 zhang in length and 2.6 zhang in width, with 3 masts, the bow, stern, and both sides fitted altogether with 25 large cannon of 1000 to 2000 catties, with gunpowder magazines amidships, and a crew of 200, somewhat smaller than the warship built by Pan Shicheng. In addition, the Chief Clerk of the Inspection Office Zhang Qing, the Vice Director of the Board of Revenue serving in his native district Xu Guangxiang, and the Naval Provincial Commander-in-Chief Wu Jianxun, and others, likewise trial-manufactured new-style warships and ship-cannon.②

Apart from manufacturing cannon in the coastal regions, the firearms researchers of that time also manufactured a certain quantity of field cannon and city-defense cannon suited to the interior and border regions. However, owing to the lack of up-to-date casting theory and technique, the cannon manufactured were, in form, construction, and firing mechanism, generally similar to cannon of the same type manufactured before the Jiaqing reign. Compounded further by the corruption of the Qing court’s military and civil officials, the defects of the cannon used by the Qing forces were thereby laid fully bare.



(4) The Defects of the Cannon Used by the Qing Forces

Although the cannon-manufacturing bodies of the Qing court, both central and local, had, before the Opium War, manufactured a certain quantity of heavy-type coastal cannon, they were still unable to withstand the bombardment of the British aggressors’ “sturdy ships and sharp cannon.” The patriotic general Guan Tianpei analyzed the underlying reasons as follows:

The first was short range. The width of the sea mouth at Dajiao and Shajiao was about 1113 zhang (about 3350 meters), while the 3000-catty cannon mounted upon the two gun emplacements there could fire a shell “reaching only to mid-channel (less than 1200 meters); at the very limit of the crossbow’s power, of no avail,” so that the first line of defense’s cannon had already lost their effectiveness, being unable to intercept the British warships that had entered the mouth of the Pearl River, and they could only be converted for use as signal cannon to sound the alarm.

The second was slow rate of fire. Because the coastal cannon were heavy in body, the process of reloading after firing was complicated and time-consuming, and the rate of fire was slow; if the first shot missed its mark, by the time the second shot was ready the enemy vessel would already have moved out of range, too far to be reached.

The third was that the old cannon were worn and had lost their effectiveness. The coastal cannon of the various gun emplacements at Humen had, for the most part, become worn and outdated through long years of use, their components no longer functioning properly, not only firing without force but also frequently bursting. In a single trial-firing in the ninth month of the 15th year of Daoguang (1835) alone, 6 cannon burst.

The fourth was that the quality of manufacture of the new cannon was poor. After taking office, Guan Tianpei made many efforts to have new cannon manufactured, but because the bronze and iron materials used in casting the cannon were impurely smelted, full of gas pockets, and prone to fracture, and, moreover, because the manufacture was crude and corners were cut, the resulting new cannon were, to a great extent, damaged and unusable, and incidents of bursting and cracking occurred repeatedly; in a mere 98 days between the ninth and twelfth months of the 15th year of Daoguang (1835), out of 5 trial-firings of new cannon, 10 pieces burst and 3 pieces were damaged, a bursting-and-damage rate amounting to 22% of the 59 newly manufactured cannon. After investigation, Guan Tianpei discovered that the pig iron used in casting the cannon contained excessive slag and impurities, that the interior surface of the bore was uneven, riddled everywhere with pits and hollows, the largest of these pits and hollows being able to hold 4 bowls of water. Upon tracing the matter to its root, it was found that the silver allotted by the authorities to the merchants for cannon manufacture had first been skimmed off by unscrupulous merchants inflating the reported cost of labor and materials, then further embezzled at every level by the officials in the army responsible for cannon manufacture, while the officers and soldiers responsible for inspecting and accepting the cannon extorted bribes under all manner of pretexts, so that the merchants manufacturing the cannon had no choice but to cut corners and skimp on materials in order to secure a profit. Cases of this kind were far from rare; according to a memorial submitted by Yuqian in the fourth month of the twenty-first year of Daoguang, the officers and soldiers of the garrison at Wenzhou in Zhejiang, while trial-firing cannon, burst 1 cannon of 3400 catties and 2 cannon of 5000 catties, and 1 cannon of 5400 catties, killing 2 soldiers and wounding 3①. Incidents of cannon bursting during actual combat also occurred from time to time; for instance, in the tenth month of the nineteenth year of Daoguang, in an engagement at Guanyong in Guangzhou, “a 1000-catty cannon of the Dapeng garrison, upon firing its fourth round, the iron having grown hot and the fire fierce, chanced to burst, killing two soldiers of the Shunde garrison.”

The fifth was excessive corrosion. All the cannon mounted at the Humen gun emplacements were “exposed to sun and rain, with no covering whatsoever, so that not only were the wooden gun-carriages prone to rot, but the iron cannon (too) were much corroded.” Once a cannon had become severely corroded, it lost its readiness for firing, and bursting accidents would occur the moment it was used.

The sixth was poor mobility. Because the coastal cannon had thick, long barrels and were unwieldy in body, and the gun-carriages were for the most part of a fixed type, the field of fire of the cannon was restricted, some being capable of firing in only a single direction, so that their mobility was extremely poor.

The seventh was low destructive power. The existence of the various weaknesses described above determined that the cannon’s accuracy was low and their destructive force weak. According to a report in the Macao Gazette (Aomen Xinwenzhi) of the third day of the third month of the twentieth year of Daoguang: “China knows only how to cast the cannon’s body of iron, and does not know how to bore the barrel, and even in casting the body…there is no scientific precision whatsoever, so that when fired it cannot be aimed with accuracy…and is, on the whole, incapable of doing harm to persons or objects.”② This was chiefly caused by the one-sidedness of the understanding, on the part of the military commanders and firearms researchers of that time, of how to increase the power of cannon; they mistakenly believed that, in order to increase the cannon’s power, the only way was to make the barrel thicker, longer, and heavier in wall, and as a result the cannon were made ever heavier as they were manufactured, difficult to transport and maneuver, slow to fire, and disadvantageous in battle. In fact, the increase of a cannon’s power is not simply proportional to the increase in the weight of its body, but is related to a variety of factors, such as the quality of the steel or bronze used for the barrel, the scientific soundness of its construction, the purity of the gunpowder, the skill of the manufacturing technique, and the mastery of the method of use — and it was precisely in these respects that the cannon manufactured and used by the Qing dynasty at that time were weak.

The eighth was insufficient quantity. Compared with the number of ship-cannon with which the British warships were equipped, the number of coastal cannon with which the Qing forces were equipped was at a disadvantage. According to statistics, by August of 1840, the British warships invading China had already reached 16 in number, equipped altogether with 540 ship-cannon. Of these, there were 3 third-rate warships, each equipped with 74 ship-cannon, totaling 222; 5 fifth-rate warships (2 equipped with 44 ship-cannon each, 3 with 28 each), totaling 172 ship-cannon; and 8 unrated warships, totaling 146 ship-cannon. Thereafter the number increased further, and by February of 1842, the British warships invading China had accumulated to a total of 25, equipped altogether with 630 ship-cannon. By this reckoning, the ship-cannon with which 3 third-rate British warships were equipped were equivalent to the total sum of the coastal cannon possessed by all the gun emplacements of Humen combined, and the number of ship-cannon on a single broadside of these warships was roughly equal to the number of cannon possessed by the Weiyuan gun emplacement. Comparing the two sides, the Qing forces’ coastal cannon were at a clear disadvantage. The ratio of cannon between the British and Qing forces in the seven fortress engagements listed in Table 9-3 amply demonstrates this point.

① Yuqian of the Qing dynasty: “Can Yanfang Dapao Zhalie Shangbi Bingding Jiangbian Zhe” (“Memorial on the Bursting of a Large Cannon during a Trial-Firing, Causing Death and Injury among the Soldiers and Officers”), Chouban Yiwu Shimo · Daoguang Chao (II), pp. 1025–1026. ② Zhongguo Jindaishi Ziliao Congshu (“Collected Source Materials on Modern Chinese History”), see Yapian Zhanzheng (“The Opium War”) (II), pp. 458–461.

Table 9-3. The Ratio of Cannon Between the British and Qing Forces in Seven Fortress Engagements















	No.
	Year
	Month
	Day
	Name of Engagement
	British Warships
	British Ship-Cannon
	Qing Coastal Cannon
	Ratio of Cannon (Britain:Qing)





	1
	1840
	7
	5
	First Battle of Dinghai
	5
	158
	70
	2.2:1



	2
	1841
	1
	7
	Battle of Shajiao and Dajiao
	7
	168
	29
	5.8:1



	3
	1841
	2
	26
	Battle of Humen
	10
	374
	240
	1.5:1



	4
	1841
	8
	26
	Battle of Xiamen
	10
	324
	279
	1.2:1



	5
	1841
	10
	10
	Battle of Zhenhai
	7
	236
	86
	2.7:1



	6
	1842
	5
	18
	Battle of Zhapu
	7
	178
	30
	5.9:1



	7
	1842
	6
	16
	Battle of Wusong and Baoshan
	6
	168
	181
	0.93:1





In actual combat, the British forces often concentrated the fire of several warships upon a single Qing gun emplacement, the total number of their ship-cannon frequently exceeding six times that of the Qing forces’ coastal cannon, and this was one important reason for the British forces’ victories.



(5) Preliminary Improvements in Cannon Research and Manufacture

The earliest improver was Gong Zhenlin, a firearms researcher active during the First Opium War. His dates of birth and death, native place, and courtesy names are all unknown. In the nineteenth year of Daoguang (1839), while serving in Jiaxing county, Zhejiang, he became known far and wide for his diligence, keenness of mind, and natural ingenuity. In the ninth month of the twentieth year, the Viceroy of Liangjiang Yuqian established a cannon-casting bureau in the provincial capital of Zhejiang, with Gong Zhenlin, together with the Magistrate of Yuyao county in Zhejiang, Wang Zhongyang, and the Zhenhai grain-supply official Lu Zechang, and others, placed in charge of the casting of cannon, undertaking the task of casting several dozen heavy cannon of 3000 to 8000 catties. In order to speed up the casting of the cannon and to reduce the cost of manufacture, in the following year he changed the earthen-mold casting method to the iron-mold casting method. This method had many advantages: the iron mold could be used repeatedly, saving a great deal on labor and material costs; there was no need to clean the bore, reducing the defect of roughness within the bore; it eliminated such defects of earthen-mold casting as the difficulty of making the earthen mold, the excessive time and labor consumed, the inability to reuse the mold, the high cost, the honeycomb-like pitting within the bore wall, and the tendency to burst, thereby improving the quality of the cannon cast. By the eve of the Zhedong campaign in the ninth month of the twenty-first year, more than 120 cannon had already been cast by the new method. The Capital Museum has in its collection 1 cannon cast under Gong Zhenlin’s supervision, the inscription on its barrel still largely legible to this day: “An auspicious day of mid-spring of the renyin cyclical year, the twenty-second year of Daoguang of the Great Qing, cast under the supervision of the Assistant Magistrate of Jiaxing county, Zhejiang, Gong Zhenlin, and the Liangzhe Yuquan Commissioner Liu Jing’ai, test-fired [illegible]…[illegible].”

This cannon is narrow at the front and thick at the rear, with a considerable degree of taper; the touch-hole is raised in a rectangular shape; the muzzle rim, the sight, the trunnions, and the cascabel-knob are all damaged and worn. As measured by the cultural-relics preservation authorities, this cannon has a bore diameter of 120 millimeters, a muzzle wall thickness of 52 millimeters, an overall length of 1400 millimeters, a bore length of 1215 millimeters, and a breech diameter of about 420 millimeters, and it is a precious surviving specimen for the study of the cannon cast during the Daoguang reign. In that same period, at the commission of Lin Zexu (1785–1850), he cast, within the cannon-casting bureau at Zhenhai in Zhejiang, a great cannon weighing 8000 catties, and in connection with it devised a new-style millstone-shaped pivoting gun-carriage, for mounting great cannon, capable of rotating to fire, thereby enlarging the great cannon’s field of fire. At the same time he also cast a cart-mounted pivoting gun-carriage, improving the cannon’s mobility. The completion of these two types of gun-carriage greatly facilitated the handling of cannon of 5000 to 10000 catties. At the same time, he also composed the essay “Zhu Pao Tie Mo Tu Shuo” (“Illustrated Account of the Iron-Mold Method of Cannon-Casting”), which was printed and distributed for the use of the garrison troops of the various coastal provinces. In this work he carried out a thorough study of the dimensional data for every part of the cannon. Besides designing every component of the cannon according to a fixed proportional multiple of the bore diameter as the base unit, he also revised the figure, taken with the trunnion axis as the centerline, dividing the cannon’s front and rear portions in a ratio of 4 to 6. According to his calculations, a cannon in which the ratio, from the trunnion’s central axis to the muzzle and to the cascabel-knob, was 5.8 to 4.2, was the most stable when set upon its carriage.

In the seventh month of the fourth year of Xianfeng (1854), Zeng Guofan memorialized the court requesting that Gong Zhenlin (then serving as a candidate magistrate in Zhejiang) and his son Gong Yuntang be transferred to Hubei to manufacture cannon. He was afterward also placed in charge of the manufacture of ships and cannon at the Anqing Domestic Armory (Anqing Neijunxiesuo) founded by Zeng Guofan. He successively wrote up his research findings in such essays as “Zhi Tie Mo Fa” (“Method of Making the Iron Mold”), “Tie Mo Zhu Pao Fa” (“The Iron-Mold Method of Cannon-Casting”), “Tie Mo Quan Tu Shuo” (“Complete Illustrated Account of the Iron Mold”), and “Shuji Paojia Tu Shuo” (“Illustrated Account of the Pivoting Gun-Carriage”), which were compiled by Wei Yuan into juan 86 and 87 of the Haiguo Tuzhi (“Illustrated Treatise on the Maritime Kingdoms”).

Besides Gong Zhenlin, other figures of that time, such as Wang Zhongyang, Ding Gongchen, and Huang Jue, also made fresh advances in the study of cannon; among them, Wang Zhongyang, in his “Zhu Pao Shuo” (“On the Casting of Cannon”), carried out a concrete analysis and study of the proportion of each cannon component relative to the bore diameter, the materials for cannon-casting, the relation between range and firing angle, the rules of firing, and the design of the gun-carriage. These are recorded in considerable detail in juan 87 of the Haiguo Tuzhi.





Section 7 The Classification of Cannon in the Early Qing and the Research and Manufacture of Coastal-Defense Firearms

The cannon of the early Qing period were generally classified, by the weight of the cannon’s body, into two types, heavy and light, with 560 catties and above generally counted as heavy-type, and below 560 catties as light-type. There was, in addition, a type known as the short-barreled cannon, the forerunner of what later ages called the mortar. Before and after the Opium War, some firearms researchers, while manufacturing a fairly large quantity of cannon, also made a good many improvements to the manufacturing technique for the accompanying projectiles and for the equipment used in transporting cannon. In addition, explosive weapons of considerable destructive power, such as land mines and naval mines, were also manufactured.


1. Heavy-Type Cannon

Apart from those already mentioned above, the heavy-type cannon of the early Qing period also included the Wucheng Yonggu Da Jiangjun (“Wucheng Eternally Secure Generalissimo”) cannon (rendered as Wucheng 武城 in the Qing Huidian Tu, and as Wucheng 武成 in the Qinding Da Qing Huidian Shili), the Shengong Jiangjun (“Divine Merit General”) cannon, and the Fagong Pao (“Law-Attacking Cannon”), among others①.


(1) The Wucheng Yonggu Da Jiangjun Cannon

Manufactured in the twenty-eighth year of Kangxi (1689), 61 pieces in all. Juan 100 of the Qing Huidian Tu (“Illustrated Compendium of Qing Statutes”), “Wubei shiyi, Qiangpao san” (“Military Preparations, XI: Guns and Cannon, III”), records its illustration and description. The National Museum of China has in its collection 1 bronze-cast Wucheng Yonggu Da Jiangjun cannon, which has in recent years been exhibited on the plaza in Beijing between the Duan Gate and the Meridian Gate, within the Tiananmen precincts (Photograph 16). Its measured data are as follows: the barrel is 362 centimeters in overall length, the bore 330 centimeters deep, the muzzle’s internal diameter 15.5 centimeters, the muzzle’s external diameter 46.15 centimeters, and the breech bears, in parallel Manchu and Chinese script, the inscription: “Cast in the twenty-eighth year of Kangxi of the Great Qing, the Wucheng Yonggu Da Jiangjun. Powder charge ten catties. Cast-iron shot twenty catties. Sight height six fen three li. Design official Nan Huairen [Ferdinand Verbiest]. Supervising officials Fobao and Shuo’entai. Manufacturing official Wang Zhichen. Craftsmen Li Wende and Yan Si.” The barrel remains completely intact to this day, mounted upon a two-wheeled carriage; the barrel’s bronze is of fine quality, the casting-work exquisite, and the ornamentation magnificent, making it the finest surviving product among the cannon cast in the late Ming and early Qing.

From the inscription “Design official Nan Huairen,” it can be known that this cannon’s construction was designed by Ferdinand Verbiest during his lifetime, and was cast two years after his death; it represents the culminating masterpiece among the cannon Verbiest designed for the Qing court, and is also a product fusing the cannon-casting techniques of China and the West current at that time into one. The form and construction recorded in the inscription should represent the common characteristics of these 61 Wucheng Yonggu Da Jiangjun cannon. This cannon’s measured data differ slightly from what is recorded in the Qing Huidian Tu: its “sight height of six fen one li” is greater than the recorded “four fen nine li”; and its barrel length of 362 centimeters is greater than the recorded “one zhang, one chi, one cun” (about 356.2 centimeters).

After this cannon was completed, no record has been found of its being used or collected elsewhere. In the seventh month of the twenty-sixth year of Guangxu (1900), when the Eight-Nation Alliance invaded Beijing, the various gates of the city of Beijing possessed altogether more than 900 city-defense cannon; after the war these were, in some cases, destroyed, and in others, plundered by the Eight-Nation Alliance forces. This cannon was seized by German troops and carried off to the German legation in the Dongjiaomin Alley of Beijing, and after the Second World War it was collected by the

① Qing Huidian Tu, juan 100, “Wubei shi, Qiangpao san” (“Military Preparations, X: Guns and Cannon, III”), see the Zhonghua edition of the Qing Huidian Tu (I), pp. 977–979, 981, 983.

Museum of Chinese History. The Japanese army likewise carried off one such cannon back to Japan, where it was placed within the Hachiman Shrine at Hakozaki. Furthermore, according to the researches of the Italian scholar G. Stary (Giovanni Stary), at least 12 of them have to this day been located, held respectively in museums in Italy, Germany, Austria, and Hungary, and it is to be hoped that they may one day return to their native home in China.



(2) The Shengong Jiangjun Cannon

The Shengong Jiangjun (“Divine Merit General”) cannon was likewise manufactured in the twenty-eighth year of Kangxi (1689), 80 pieces in all, and, together with the Shenwei Wudi Da Jiangjun (“Divine Awe, Peerless Generalissimo”) cannon, the Shenwei Da Jiangjun (“Divine Awe Generalissimo”) cannon, and the Shenwei Jiangjun (“Divine Awe General”) cannon, was known collectively as the “Four Great Divine Cannon.” Juan 100 of the Qing Huidian Tu, “Wubei shi, Qiangpao san,” records its illustration and description: the cannon weighed a thousand catties, was 7 chi in length, fired a shot weighing 3.5 catties, with a powder charge of 1.75 catties, had 5 reinforcing bands, and a foresight at the front, and bore the inscription: “Cast in the twenty-eighth year of Kangxi, the Shengong Jiangjun…Design official Nan Huairen. Supervising official Fobao and Shuo’entai. Manufacturing official Wang Zhichen. Craftsmen Li Wende and Yan Si.”

This cannon, like the Wucheng Yonggu Da Jiangjun cannon, was likewise designed by Verbiest during his lifetime, and was manufactured, under the same supervising official and craftsmen, in the twenty-eighth year of Kangxi, showing that the cannon-manufacturing bodies of the Ministry of Works at that time were, within a single year, already capable of casting 141 large-type cannon, amply demonstrating the great scale of their manufacturing capacity. After the Shengong Jiangjun cannon was completed, the court, in the thirtieth year of Kangxi, allotted 32 pieces of it, together with 48 pieces of the Shenwei Jiangjun cannon, to be transported to Xuanhua and Datong, the garrisons of the two places each receiving half, for their separate use②.




2. Light-Type Cannon

Apart from those already mentioned above, the light-type cannon of the early Qing period also included the iron-core bronze cannon, the Zhisheng Jiangjun (“Conquering General”) cannon, the Weiyuan Jiangjun (“Awe-Inspiring at a Distance General”) cannon, the Desheng Pao (“Victory-Attaining Cannon”), the Yanwei Pao (“Stern Awe Cannon”), the Qipao (“Wondrous Cannon”), the Shenji Pao (“Divine Mechanism Cannon”), and the Shenshu Pao (“Divine Pivot Cannon”), among others.


(1) The Zhisheng Jiangjun Cannon

Manufactured in the thirty-fourth year of Kangxi, 48 pieces in all, of two kinds: the first kind numbered 46 pieces, the cannon weighing 500 catties and 5 chi in length, with 4 reinforcing bands, firing a shot of 3 catties, with a powder charge of 1.5 catties, a sight height of 5 fen, and bearing the inscription: “The Great Qing, thirty-fourth year of Kangxi, Imperially Manufactured within Jingshan, the Zhisheng Jiangjun…Chief Supervisor of Manufacture, First-Class Imperial Bodyguard Haiqing. Supervising official, Bureau Vice Director Bafushou. Bithesi [scribe] Shuo’entai and Nge’ertu. Craftsmen Li Wende and Yan Si”; the second kind numbered 2 pieces, each weighing 360 catties, 5 chi in length, firing an iron shot of 2 catties, with a powder charge of 1 catty. Both the Zhisheng Jiangjun and the Shenwei Jiangjun cannon were long-barreled, direct-fire cannon suited to field warfare.



(2) The Weiyuan Jiangjun Cannon

There were two kinds. The first kind was manufactured in the fifty-seventh year of Kangxi, 10 pieces, the barrels of bronze, each 3.1 chi in length, weighing 170 catties, firing a lead shot of 19 taels; the weapons-display room atop the city tower of Shanhaiguan preserves 2 of these, the barrels 101 centimeters and 100 centimeters in length, with bore diameters of 4 centimeters and 5 centimeters, the muzzle’s outer edge having a raised lip, the barrel narrower at the front and thicker at the rear, the base cap shaped like an inverted lid, with a spherical knob atop it, trunnions projecting horizontally from both sides of the rear portion, and a large pin beneath the barrel to facilitate mounting the cannon upon its carriage (Figure 9-18); both bear, in parallel Manchu and Chinese script, the inscription: “The Great Qing, fifty-seventh year of Kangxi, Imperially Manufactured within Jingshan, the Weiyuan Jiangjun Pao. Chief Overseer of the Jingshan Cannon and Musket [Bureau], Supervisor of Manufacture, Zhao Chang. Supervising official, Bureau Vice Director Zhang Shengzu. Bithesi Xi’erge. Ministry of Works Vice Director Shixiang. Bithesi Kangge. Craftsman Li Wende.” The Palace Museum likewise has in its collection 1 bronze Weiyuan Jiangjun cannon, with a bore diameter of 5 centimeters and a length of 107.5 centimeters, of the same form and construction as the above 2 pieces, with slight differences in the inscription.

The second kind was manufactured in the fifty-eighth year of Kangxi (1719), the barrel 3 chi in overall length, weighing 140 catties, and firing a lead shot weighing 15 taels.

The two specifications of the Weiyuan Jiangjun cannon were much alike, and were light-type cannon suited to field warfare.



(3) The Qipao (“Wondrous Cannon”)

Manufactured in the twenty-fourth year of Kangxi, its barrel cast of iron, closed at the base. The barrel was 5.56 chi in overall length, weighing 30 catties, and fitted with a sighting device. A wooden handle was affixed to the rear, slightly curved and somewhat lowered, capable of being opened and closed, so as to receive the removable breech-chamber. Each Qipao was furnished with 4 breech-chambers, which could be loaded and fired in rotation. From the middle portion of the barrel, a trunnion projected horizontally to either side, and, by means of an iron plate, the barrel could be mounted upon a tripod for firing. By grasping the melon-shaped end of the handle, the direction and angle of fire could be conveniently adjusted. The Palace Museum in Beijing has in its collection 1 Qipao, its barrel 180 centimeters in length, with a bore diameter of 27 centimeters. The breech-chamber was cone-shaped, 14 centimeters in length, with a diameter of 28 centimeters, weighing 0.73 kilograms. Once the breech-chamber was inserted into the bore, the wooden handle would be closed over it and secured with an iron pin, and it was fired by means of a lit matchcord. The Qipao belonged to the parent-and-child-cannon lineage, but, being loaded with its breech-chamber from the base of the bore and closed by means of the wooden handle and iron pin, it had comparatively good sealing performance.




3. Short-Barreled Cannon

The short-barreled, large-bore cannon, known to later ages as the mortar, had already come into being in the early Qing period; although its products bore two names, the Chongtian Pao (“Skyward Cannon”) and the Weiyuan Jiangjun Pao (called, in juan 194 of the Qingchao Wenxian Tongkao, the “Weiyuan Da Jiangjun Pao,” and also called the “Chongtian Pao”), these were, in form, construction, and manner of firing, fundamentally identical, being used chiefly to destroy, by means of plunging fire, city walls and the enemy troops massed behind tall structures, and were mostly employed in siege warfare and in the destruction of fortified watchtowers. The documentary records concerning the Chongtian Pao and the Weiyuan Pao are of several kinds, but contain instances of overlap and confusion. Li Heng, in juan 120 of the Guochao Qixian Leizheng Chugao (“Draft Compendium of Classified Biographies of Eminent Officials of the Reigning Dynasty”), “Ci Chen Liu” (“Court Officials, VI”), states that Dai Zi, having been commanded by the Kangxi Emperor to manufacture the Chongtian Pao, was, upon its successful trial demonstration, granted the title Weiyuan Jiangjun Pao, and had his own name, Dai Zi, engraved upon the cannon, “so as to make it immortal.” This account merges the names of the two cannon into a single cannon body, both names referring to one and the same piece. The Qingshi Gao · Dai Zi Zhuan (“Draft History of the Qing, Biography of Dai Zi”), on the other hand, states that Dai Zi “was commanded to manufacture the parent-and-child cannon; the mother sent forth the child, which fell and shattered, in the manner of a Western exploding shell. The Sacred Ancestor [the Kangxi Emperor], leading his assembled officials, personally viewed it, and bestowed upon it the name Weiyuan Jiangjun, with the title of the manufacturer engraved upon the cannon.” What is meant here by “the parent-and-child cannon, the mother sending forth the child” does not refer to the Folangji-style parent-and-child cannon, but rather refers to the “double-ignition method” employed by the Chongtian Pao.

The Chongtian Pao is recorded in detail in juan 194 of the Qingchao Wenxian Tongkao (“Comprehensive Examination of the Documents of the Qing Dynasty”), “Bingkao shiliu, Junqi, Huoqi” (“Military Studies, XVI: Military Equipment, Firearms”): the Chongtian Pao was manufactured in the twenty-sixth year of Kangxi, 5 pieces in all, and was imperially designated the “Weiyuan Jiangjun Pao”; the cannon was 2.1 chi in length, weighing 285 to 250 catties, firing an iron shot of 30 catties, hollow in the middle like a cavity, with rings at both ears; it was fired by the double-ignition method, in which the slow-match fuse of the shell’s own bursting charge was lit first, followed swiftly by the lighting of the slow-match fuse at the touch-hole; with a powder charge of 1 catty it could fire 200 to 250 paces, with a powder charge of 1.125 catties it could fire 300 paces, and with a powder charge of 3 catties it could fire 2 to 3 li, the range being greatest when fired at an angle of 45 degrees. This record, besides indicating the era in which the Chongtian Pao was created and its Kangxi-bestowed name of “Weiyuan Da Jiangjun,” also describes in detail the form and construction of the Chongtian Pao, its length, weight, the relation between powder charge and range, the method of loading the powder charge, the fact that the range was greatest at a firing angle of 45 degrees, and the manner of firing. No other record concerning the Chongtian Pao is as detailed or as accurate as this one①.

The Weiyuan Pao was manufactured between the Kangxi and Yongzheng reigns, and both documentary records and surviving physical specimens exist for it. According to juan 98 of the Qing Huidian Tu (I), “Wubei ba, Qiangpao yi, Yuzhi Weiyuan Jiangjun Pao tu” (“Military Preparations, VIII: Guns and Cannon, I, Illustration of the Imperially Manufactured Weiyuan Jiangjun Cannon”): the barrel was shaped like an upturned bell, weighing 750 catties, 2.5 chi in length, firing a shot of 30 to 35 catties, with a powder charge of 0.5 to 6 [catties], fired by the same “double-ignition method” as the Chongtian Pao. The Palace Museum in Beijing has in its collection 1 bronze Weiyuan Pao manufactured in the twenty-ninth year of Kangxi (1690) (see Figure 9-18, Chongtian Pao), which provides measured data and an inscription recording the circumstances of its manufacture: the barrel is 69 centimeters in overall length, with a bore diameter of 21 centimeters, weighing about 600 catties; it is shaped like an upturned bell, and is mounted upon a four-wheeled carriage; the barrel bears the inscription, in both Manchu and Chinese script: “The Great Qing, twenty-ninth year of Kangxi, Imperially Manufactured within Jingshan, the Weiyuan Jiangjun. Chief Supervisor of Manufacture, First-Class Imperial Bodyguard Haiqing. Supervising official, Bureau Vice Director Leli. Bithesi Bage. Craftsmen Yi Bangzheng and Li Wende” (the name of Li Wende is inscribed upon a great many cannon, showing that he was a renowned cannon-casting craftsman of that era). The measured data of this bronze Weiyuan Jiangjun cannon differ slightly from the length and weight of the Chongtian Pao manufactured, as mentioned above, in the twenty-sixth year of Kangxi, but are similar to the 8 bronze Chongtian Pao manufactured in the twenty-ninth year of Kangxi as recorded in juan 194 of the Qingchao Wenxian Tongkao.

Besides the cannon mentioned above, the Qing forces also used a number of other cannon, but these were, in form, construction, and type, generally the same as the cannon already described.



4. Improvements in the Casting Method of Cannon-Shells

The shells fired by the cannon of the early Qing period were for the most part solid shot. By the time of the Opium War, owing to the increase in the number of large-type coastal cannon, Ding Gongchen and Huang Jue vigorously advocated the manufacture and use of hollow, explosive shells.

The firearms researcher Ding Gongchen was the first to expound upon the necessity of adopting hollow, explosive shells and of improving the technique of shell-casting. He pointed out that, for cannon weighing 3000 to 5000 catties, the firing of solid shot would not have a great effect upon range or killing power, but that, for cannon weighing 8000 catties or more, even up to ten thousand catties, the excessive weight of the solid shot would restrict them to bombarding only nearby targets, while against distant targets they would prove powerless, owing to insufficient propulsive force; the adoption of hollow shells would avoid this defect. Through actual firing trials, he arrived at the conclusion that, for shells of equal diameter, a hollow shell would be 14% to 28% lighter than a solid shell — that is, if a cannon of 11000 catties fired a solid shell weighing 70 catties, then, upon switching to a hollow shell, the weight could be reduced by 10 to 20 catties, and its range would, owing to the increase in effective propulsive force, be considerably greater, while its destructive effect against distant targets would likewise increase correspondingly. At the same time, because the hollow shell was loaded internally with gunpowder, upon exploding its fragments would scatter and fly in all directions, so that its killing effect, too, would be much greater.

The hollow shells fired by the cannon of the early Qing period were all cast by joining together two half-round molds, so that a casting-seam remained in the middle, the surface uneven, and the shell’s properties inconsistent from one direction to another. In order to eliminate this casting-seam, Ding Gongchen first used wax to form a smooth, round shell-model, and fitted within the model a core of clay; he then coated the exterior of the wax shell-model with clay, so that it became an outer clay shell, leaving one small hole in the shell; once the clay shell had dried naturally, or been dried by fire, the wax shell-model within was melted and poured out, leaving the interior of the clay shell hollow, with only the clay core remaining. Finally, molten iron was poured in through the hole in the clay shell, so as to cast a hollow iron shell-casing, and gunpowder was then packed into the hollow space within the casing, and a slow-match fuse fitted, thereby producing a hollow, explosive shell with a smooth, seamless exterior, greatly increasing the shell’s killing power.②

Huang Jue (1810–1885), courtesy name Fuzhou, sobriquet Nanpi, was the second son of Huang Bo, the Prefect of Minzhou. At the age of 20 he served as a Salt Commissioner of the Lianghuai region. After the fifteenth year of Daoguang (1835) he served as a candidate prefect in Jiangsu. In the twenty-fourth or twenty-fifth year of Daoguang, he accompanied Lin Zexu to Qinghai. In the twenty-sixth year, Lin Zexu, while serving as acting Governor-General of Shaan-Gan, mentioned that he had, one or two years earlier, organized personnel to trial-manufacture hollow, explosive shells: these shells were “called explosive shells…hollow within, with one hole left, half-filled with gunpowder, mixed with sharp iron spikes…once discharged, wherever their explosive force reached,” the fragments of the shell-casing, together with the iron spikes, would scatter in all directions, killing and wounding the enemy’s men and horses①. The firearms researcher Huang Jue, who took part in this work, stated: “Its shell, being cast in one piece as a whole, is, compared with the foreign-barbarian flying-shell made by joining two halves together, still more round and smooth and fit for use.” Its shell was cast, using clay as a mold, into an iron casing, loaded internally with gunpowder and sharp iron spikes, its killing power far exceeding that of a solid shell. Huang Jue accordingly proposed that the court organize manpower and material resources to manufacture hollow, explosive shells in quantity, so as to remedy the defect, then current in the river-defense forces, that the 7,000-to-8,000-catty great cannon in use had bodies too unwieldy and bores too small, firing without force, being fit for use only by cannon of 3,000 to 4,000 catties②. His proposal had an important influence at the time. In the third year of Xianfeng (1853), Huang Jue, on account of his merit in supplying provisions for Zeng Guofan, was appointed Prefect of Ji’an (in present-day Jiangxi). In the sixth year of Xianfeng, after being removed from office, Huang Jue lived at the residence of Zeng Guoquan, and died of illness in the eleventh year of Guangxu (1885), at the age of 75.

Besides the hollow, explosive shell, Zeng Guofan, during the Xianfeng reign, also organized craftsmen in Jiangxi to cast grapeshot cannon-projectiles by a new method. According to Zeng Guofan’s own account, this type of projectile was made by taking red-hot iron rods and, through repeated hammering, forming them into spherical pellets; when fired, each cannon used more than a hundred of these pellets, sometimes three or four hundred, which sprayed forth like pearls or rain, leaving no gap uncovered, and whatever they struck was shattered③. Grapeshot manufactured by this method overcame the former defect whereby grapeshot cast of pig iron, being full of honeycomb-like porosity, could not be fired to any great distance.

① It is recorded in the histories that the Kangxi Emperor once ordered Nan Huairen [Verbiest] to attempt to manufacture the Chongtian Pao, but without success. Verbiest, moreover, died in the twenty-sixth year of Kangxi; and the Qing Huidian Tu (I), in describing the Chongtian Pao and the Weiyuan Pao, likewise does not engrave the name of Verbiest — hence it may be concluded that the Chongtian Pao was the creation of Dai Zi. ② Ding Gongchen of the Qing dynasty: “Zhu Pao Dan Fa” (“Method of Casting Cannon-Shells”), see Zhongguo Bingshu Jicheng, vol. 47, pp. 309–311.



5. The Manufacture of New-Style Gun-Carriages and Cannon-Transport Equipment

In order to strengthen the mobility of cannon in combat, and to enlarge the field of fire of cannon, the firearms researchers of that time made many efforts in the design of new-style gun-carriages.

Among the manufacturers of new-style gun-carriages, Gong Zhenlin and Ding Gongchen may be taken as representative. The heavy-type millstone-shaped rotating gun-carriage designed by Gong Zhenlin was chiefly used for mounting bow-chasers, fortress cannon, and city-defense cannon, enabling these cannon, in combat, to adjust their firing angle by means of the carriage’s rotation, and to bombard invading enemies from any direction. The light-type gun-carriage was chiefly used to mount cannon of under a thousand catties, so as to facilitate their mobility on the battlefield, the carriage itself being usable directly as the mount for firing.

The rotating, movable gun-carriage designed by Ding Gongchen was, at that time, employed at every gun emplacement in Guangdong province. This type of gun-carriage was divided into two tiers, smaller above and larger below; from both sides of the upper frame projected two crossbeams, which were pushed and pulled by manpower, so that the cannon placed upon the frame could, in accordance with the direction from which the invading enemy approached, be rotated to bombard them. With the adoption of this rotating, movable gun-carriage, the former defect, whereby cannon could fire only in a fixed direction, was overcome.

In order to transport and hoist heavy-type cannon, Ding Gongchen further devised a pulley-and-winch apparatus for cannon transport. This winch apparatus enabled the cannon to be moved up and down, left and right, changing its firing angle and field of fire. This winch apparatus was both sturdy and ingenious, and convenient to operate. When a heavy cannon of 2000 to 3000 catties was transported using the pulley winch, two-thirds of the manpower otherwise required could be saved. An 8000-catty cannon, which had originally required 80 men to move, could, using the pulley, be hauled by only 24 men, and, if the winch were further employed, could be moved by only 8 men. The design and use of this pulley-and-winch apparatus demonstrates that the researchers of that time were already able to apply new knowledge of modern physics and mechanics to the design of mechanical devices for the towing, loading and unloading, and moving of cannon④.



6. Improvements in the Method of Casting Land Mines

In order to strengthen the defense of the important coastal points, the firearms researchers of the Daoguang period, Huang Jue and Ding Gongchen, likewise made improvements to the method of casting land mines.


(1) Huang Jue’s Method of Casting the Pull-Detonated Land Mine

His method was to use a clay core on the inside and a wooden mold on the outside, casting the outer casing into the shape of a hemisphere, a rectangle, a square, or a triangular pyramid, after which the clay core was removed, leaving a hollow iron mine-casing; gunpowder and iron shrapnel were then packed into the casing, with a small hole left in the surface of the casing, through which a fuse-cord was passed out, for the purpose of detonation. The cast-iron casing of the land mine, in its lighter form, weighed 10 to 20 catties, and, in its heavier form, 100 to 300 catties. According to Huang Jue’s calculations, the gunpowder packed within a land mine should generally amount to about 10% of the weight of the iron casing. If the casing were too thick and the powder charge too little, the force of the explosion would be weak and slow, and its killing power small. If the casing were too thin and the powder charge too great, the force of the explosion, upon detonation, would shoot upward and pass over the heads of the enemy, likewise reducing its killing power. If the quantity of powder charged were properly proportioned, then a land mine of 10 to 20 catties could have a blast radius of several dozen zhang, and a land mine of 100 to 300 catties could have a blast radius of several hundred zhang (both of these blast-radius figures contain some element of exaggeration). Huang Jue further pointed out that, to guarantee the explosive power of the land mine, the mine’s casing had to be sealed tightly and securely; the fuse had to be properly made and suitably placed, kept dry and not exposed, and situated in a well-concealed spot; the fuse-hole should not be made too large — small ones of 1 to 2 fen, large ones of 1 cun — and the opening had to be sealed with oil-putty, so as not to let air escape. Huang Jue recommended manufacturing land mines in large numbers, because they consumed little iron, and did not demand as high a quality of iron as cannon did. The iron-casing land mine was small in size, required little gunpowder, and was low in cost of manufacture; if, at the dangerous and strategic points of the coastal regions, dummy minefields were laid out, with land mines buried in multiple layers, each layer numbering several dozen, and the detonating fuses of the mines linked together like the creeping tendrils and stem of a melon vine, to be controlled by the officers and soldiers guarding the strategic point, then, when the enemy entered the minefield, it would only be necessary to pull the fuse of a single mine for all the remaining mines to detonate in a chain reaction, forming a sheet of fire, and blasting to death the enemy caught within it — thereby achieving the aim of guarding the sea approaches and annihilating the invading enemy①.



(2) Ding Shoucun’s Method of Casting the Step-Detonated Land Mine

Ding Shoucun (1812–?) was a renowned firearms researcher of the Qing dynasty. His courtesy name was Xinzhai, his sobriquet Zhuxi, and he was also known by the sobriquet Zhushi Shanren; he was a native of Rizhao, Shandong. In the fifteenth year of Daoguang (1835) he obtained the jinshi degree, and successively held the posts of Secretary in the Ministry of Revenue, Secretary of the Grand Council, Bureau Vice Director, Grain Intendant of Hubei, and acting Provincial Judge. From his youth he was diligent and fond of learning, expert in astronomy and calendrical calculation, and skilled in the manufacture of all manner of devices. When the British forces invaded the southeastern coast of our country during the First Opium War, he enthusiastically took up the study of manufacturing, researching new types of gunpowder and firearms. In the eighth month of the twenty-second year, in his “Ji Fu Yong Dilei Fa” (“Method of Employing Land Mines to Plan a Counter-Attack”), he expounded the method of manufacturing and using the step-detonated land mine. Ding’s land mine was composed of the mine body and the detonating apparatus. The mine-casing was cast of pig iron in a spherical shape, and housed within a cabinet of red pomelo wood. Each mine weighed 80 catties, and was packed with 5 catties of explosive powder; inside was placed 1 iron tube weighing 8 catties, packed with 10 taels of gunpowder, with a bamboo tube inserted in the middle, through which a paper fuse-cord ran; this passed out of the cabinet through a wooden trough at the base of the wooden cabinet, the wooden trough itself packed with 1 tael of ignition powder, sealed with cotton paper, to prevent the ignition powder from scattering. Atop the wooden trough was a wooden board with a square hollow opening, upon which was placed a bottomless earthenware basin containing a smoldering ember; the round opening was covered with a wooden lid, and one small air-hole was left, to let out the fumes of combustion. Once the land mine had been placed within its wooden cabinet, a pit 2 chi deep was dug at a strategically important road junction, and the mine placed within the pit, with measures taken to waterproof and camouflage it. A further pit was then dug 2 or 3 chi outside the mine-pit, in which a tripping mechanism was installed, connected to the mine-cabinet, inside the earth, by a fine, sturdy hempen cord passed through a bamboo tube; the tripping mechanism, too, was fitted with waterproofing and camouflage measures. When enemy troops came and trod upon the tripping mechanism, the weight would press upon the cord, the cord would activate the mechanism, the smoldering ember would fall into the gunpowder, and the land mine would thereby be detonated②.

Wei Yuan (1794–1849) once made a comparison between Huang Jue’s pull-detonated land mine and Ding Shoucun’s step-detonated land mine, holding that each had its own particular strengths: the former was pulled by a soldier, and was not as convenient as the latter, which was detonated by stepping; the former could allow the enemy’s entire force to enter the minefield before detonating in a chain reaction, killing more of the enemy than the latter, and was suited to places where the enemy force to be dealt with was large and the terrain fairly open; the latter, being a step-detonated mine, would have its forward ranks blown up while its rear ranks could then flee, and thus killed fewer of the enemy than the former, but could be used to control a strategic pass; the former was simpler to manufacture and to lay out, and convenient for laying in large numbers, while the latter, because the places where the enemy might land were numerous, was difficult to lay out everywhere. For this reason, if step-detonated mines were laid at strategic passes,

① Huang Jue of the Qing dynasty: “Dilei Tushuo” (“Illustrated Account of the Land Mine”), see Zhongguo Bingshu Jicheng, vol. 47, pp. 467–474. ② Ding Shoucun of the Qing dynasty: “Ji Fu Yong Dilei Fa,” see Zhongguo Bingshu Jicheng, vol. 47, pp. 477–479.

and pull-detonated mines laid in open ground, then, each type exercising its own particular strength, the enemy landing forces could be inflicted with heavy casualties.①

The manufacture and use of firearms during the early Qing period once, in the more than sixty years from the fifth year of the Later Jin’s Tiancong reign to the thirty-fifth year of Kangxi (1631–1696), reached a high tide of development, playing an important role in wars both domestic and foreign. In the more than 100 years from the thirty-sixth year of Kangxi to the tenth year of Jiaqing (1697–1805), owing to the diminishing of wars both at home and abroad, the manufacture and use of firearms fell into a state of mere conservative maintenance. In the more than 50 years from the eleventh year of Jiaqing to the eleventh year of Xianfeng (1806–1861), although a considerable number of large-type cannon were manufactured in response to the needs of coastal defense and of the Opium War, the backwardness of the manufacturing and operating technique meant that the country could not avoid the fate of being beaten for its backwardness.





Section 8 The Stagnation of Firearms Manufacture in Korea

After the Korean royal court achieved victory in the wars of national defense of the Imjin and Jeongyu years (1592–1598) at the end of the sixteenth century, it adopted a number of policies for the restoration of production, and both agriculture and handicraft industry experienced a measure of development, while trade and intercourse with China and Japan grew increasingly frequent. Excavated and surviving physical objects show that, at that time, firearms such as the matchlock gun and the Folangji continued to be manufactured. When Qing forces twice invaded Korea, in the seventh year of Tianqi (1627) and the ninth year of the Ming Chongzhen reign (1636), the Korean army on both occasions used matchlock guns and Folangji to resist the advance of the Qing forces (the Later Jin forces).

Korea’s handicraft industry was, in the eighteenth century, administered by the state Ministry of Works (Gongjo, corresponding to the Ministry of Works of the Qing dynasty), the craftsmen all being under official control, manufacturing exclusively for state production, divided between metropolitan craftsmen (gyeong-gongjang), administered by the various central government offices, and provincial craftsmen (oe-gongjang), administered by the various local circuits, prefectures, and counties. The number of craftsmen was subject to a fixed quota, with more than 2,800 metropolitan craftsmen and more than 3,500 provincial craftsmen. By the nineteenth century, the official craftsman system had already disintegrated. Apart from still being required to render service when the state had need of it, craftsmen of the officially run handicraft industry could also produce directly for the market. Under this system, the craftsmen’s work gained a measure of latitude, giving the handicraft industry some vitality and development; but, down to the middle of the nineteenth century, military-industrial products continued to be manufactured chiefly by handicraft workshop methods, producing matchlock guns, Folangji, and red-barbarian cannon, without much change for the better.

The First Opium War between China and Britain, and the American forcing-open of Japan in 1854, caused a great shock throughout the whole of Korea. The Korean court began to carry out a policy of national seclusion; on the one hand suppressing foreign missionaries and the Korean converts to the foreign religion, and, on the other hand, also adopting a number of measures to strengthen national defense, reinforcing the defensive installations of the northern, southeastern coastal, and western coastal regions, repairing the gun emplacements of Ganghwa Island, and manufacturing, as well as purchasing from Japan, guns and cannon to improve the equipment of its armed forces, so as to guard against the invasion of Japan, Tsarist Russia, and the various Western powers — measures which, to a certain degree, played a role in resisting the incursion of Western capitalist powers.


1. The Matchlock Gun

Although Korea, during the national-defense wars of the Imjin to Jeongyu years (1592–1597), copied and modified a portion of Japanese-style matchlock guns, these were all emergency products, and their effect was not very significant. After the war, Korea’s military-industrial departments began to manufacture standardized matchlock guns. The Tugam (“Illustrated Survey”) collects a good many pictures and textual descriptions of surviving iron matchlock guns used in that period. Although none bear an inscription indicating the year of manufacture, their form and construction, viewed as a whole, basically reflect the general situation of the matchlock guns manufactured from the seventeenth to the mid-nineteenth century. They may, broadly speaking, be divided into the following several categories.

The first is the thin-barreled, octagonal matchlock gun. Three surviving specimens exist, slender and elongated in form, octagonal in cross-section, with a foresight at the front and a rear sight at the back, the powder chamber of the same thickness as the barrel bore, the rear end sealed, without a curved gunstock, an internal bore diameter of 15 to 18 millimeters, an external bore diameter of 20 to 25 millimeters, a comparatively thin barrel wall, an overall length of 101.2 to 104.5 centimeters, and a weight of 3 to 3.5 kilograms. They are respectively held in the collections of Konkuk University and Dong-A University.

The second is the thick-barreled, octagonal matchlock gun. Four surviving specimens exist, somewhat thicker in form, octagonal in cross-section, with a foresight at the front and a rear sight at the back, the powder chamber somewhat thicker than the barrel bore, fitted externally with a trigger, and sealed at the rear end, without a curved gunstock. The internal bore diameter is 21 to 25 millimeters, the external bore diameter 47 to 57 millimeters, the barrel-wall thickness 13 to 16 millimeters, the overall length 117.5 to 127.3 centimeters, and the weight 13.5 to 22.5 kilograms. They are held in the collection of Gyeongju University Museum.

The third is the thin-barreled, curved-stock, long-fore-end matchlock gun. Eight surviving specimens exist, the barrels slender and elongated (a few octagonal), with a foresight at the front and a rear sight at the back, the powder chamber somewhat thicker than the barrel bore, fitted externally on the gunstock with the matchlock mechanism, having a comparatively long curved gunstock and fore-end, the barrel set into a groove in the fore-end, the rear end of the barrel sealed and fixed against the gunstock, the barrel secured to the fore-end by several bands, with the front portion of the barrel projecting beyond the fore-end. The internal bore diameter is 13 to 17 millimeters, the external bore diameter 20 to 25 millimeters, the barrel-wall thickness 3.5 to 4 millimeters, the barrel length 99.7 to 139 centimeters, the overall length 105 to 142 centimeters, and the weight 3 to 6.5 kilograms; this was the most widely used type of matchlock gun (Figure 9-19). They are held respectively in the collections of the National Central Museum and the museums of Gyeongju, Korea, and Busan universities.

The fourth is the thin-barreled, curved-stock, short-fore-end matchlock gun. Two surviving specimens exist, the barrels slender and elongated, with a foresight at the front and a rear sight at the back, a curved gunstock joined to a short fore-end, the matchlock mechanism fitted externally on the gunstock, the powder chamber of the same thickness as the barrel bore, the rear half of the barrel secured within a groove in the fore-end by a band, the rear end of the barrel sealed and fixed against the gunstock, and the front half of the barrel projecting beyond the fore-end. The internal bore diameters are 13 and 17 millimeters, the external bore diameters 21 and 23 millimeters, the barrel-wall thicknesses 2 and 3 millimeters, the barrel length being 99.5 to 75.5 times the bore diameter, and the weight 3.5 kilograms (Figure 9-20). They are held respectively in the collections of the museums of Korea University and Gwangju Namsan.

The fifth is the thick-barreled, curved-stock, long-fore-end matchlock gun. Three surviving specimens exist, the barrels somewhat thick and long, with a foresight at the front and a rear sight at the back, a curved gunstock joined to a long fore-end, with the matchlock mechanism fitted beneath the gunstock, the powder chamber somewhat thicker than the barrel bore, the barrel secured within a groove in the fore-end by bands, the rear end sealed and fixed against the gunstock. The internal bore diameter is 14 to 16 millimeters, the external diameter 21 to 34 millimeters, the barrel length 59 to 134 centimeters, the overall length 91 to 139 centimeters, and the weight 4 to 4.75 kilograms. They are held in the collections of the Jinju Great East Asia National Museum and the Korea University Museum.

Besides these, there are also a number of matchlock guns of comparatively unusual construction, which were probably not matchlock guns issued as standard equipment to organized troop units. From the surviving specimens of matchlock guns described above, it can be seen that they were not sufficiently uniform in form, construction, specification, or dimensions, and that their manufacturing technique was also cruder than that of China and Japan.



2. The Folangji

Korea had already been in frequent contact with the Portuguese by the sixteenth century, and the Folangji it manufactured was much influenced by them, while also clearly reflecting the distinctive features of the Folangji manufactured in China. During the Japanese invasion of Korea of 1592–1598, the Japanese forces obtained a number of Portuguese-style, Chinese-style, and Korean-made Folangji. Yu Seong-nyong, in the Jingbi-rok · Hu Zaji (“Book of Corrections, Later Miscellaneous Notes”), states that the Koreans first became acquainted with the Folangji through Qi Jiguang’s Jixiao Xinshu (“New Treatise on Military Efficiency”), and later, in the twenty-fifth year of the reign of King Seonjo (1597), when Ming forces came to Korea’s aid against Japan, saw with their own eyes the actual Folangji carried by the Ming forces. Yu Seong-nyong, moreover, in the Jingbi-rok · Chensi-rok (“Book of Corrections, Chronicle of the Jiawu-Yiwei Years”), records that Korean gunners test-fired the Folangji in that same year. From this it can be known that Korea’s trial manufacture of the Folangji began at the end of the sixteenth century, and that by the seventeenth century it had already been manufactured in considerable numbers. From the materials collected in the Tugam and in the Liuchuan (“Transmission”), it is known that among Korea’s surviving Folangji specimens, there are more than ten pieces, of which 12 bear an inscription with a clear date of manufacture. Their basic form and construction are the same as those of the Folangji manufactured in China described above. However, the shape of their cascabel end all resembles that of the “victory”-character hand-cannon (shengzi shouchong).

The bronze Folangji in the collection of Gyeongbokgung Palace has distinctly Korean Folangji characteristics; the barrel has 5 reinforcing bands, a foresight, a rear sight, as well as trunnions and a locking pin, making the barrel convenient for mounting upon a carriage for firing. The cascabel is shaped like that of the “victory”-character hand-cannon, and within the square-shouldered breech-chamber there still remains one removable breech-chamber fitted with a handle. The parent-cannon has a bore diameter of 40 millimeters, an overall length of 99.5 centimeters, and weighs 58.5 kilograms. The barrel bears the inscription: “Made on a day of the eighth month of the twenty-third year of Wanli, right [illegible][illegible], weight 90 catties 8 taels, craftsman Zhang Jiejing,” and the like. The inscription “twenty-third year of Wanli” shows that this Folangji was manufactured in 1595 (the twenty-eighth year of the reign of King Seonjo of Korea), making it the earliest-dated Folangji surviving in Korea (Figure 9-21).

The bronze Folangji in the collection of the Yushukan (Yūshūkan) number 5 pieces in all, numbered You-1, You-2, You-3, You-4, and You-5. Their form and construction are basically similar to that of the Gyeongbokgung-style Folangji. Their measured data and inscriptions are as listed in Table 9-4.

Table 9-4. Folangji of the “You” Numbered Series














	No.
	Dynastic Reign Year
	Western Year
	Bore Diameter (mm)
	Weight (kg)
	No. of Bands
	Inscription
	Collection and Source





	You-1
	41st year of Wanli
	1613
	58
	1430
	6
	“Made on a day of the ninth month of the guichou year, Folangji No. 1…cast under the supervising official Qian Lingshi Shen Qiliu, [and] this office’s military officer Qian Lingshi Jin Deyuan”
	Held in the Yūshūkan, Japan; Liuchuan, p. 563



	You-2
	same
	same
	52
	1310
	6
	“Made on a day of the ninth month of the guichou year, Folangji No. 2, No. 2 weighing two hundred and ten catties, cast under the supervising official Qian Lingshi Shen Qiliu, [and] this office’s military officer Qian Lingshi Jin Deyuan”
	same



	You-3
	same
	same
	43
	1180
	6
	“Made on a day of the ninth month of the guichou year, Folangji No. 3, No. 3 weighing six catties, cast under the supervising official Qian Lingshi Shen Qiliu, [and] this office’s military officer Qian Lingshi Jin Deyuan, [with] the artisan-overseer Se Dongsong-zhi De, craftsman Jin Ailipo”
	Held in the Yūshūkan, Japan; Liuchuan, p. 565



	You-4
	5th year of Kangxi
	1666
	36
	908
	5
	“[illegible text], the fifth year of Kangxi, bingwu year, third month, on a day, made by order of the Tongying Office”
	Held in the Yūshūkan, Japan; Liuchuan, p. 565



	You-5
	26th year of Kangxi
	1687
	29
	910
	—
	“[illegible text], dingmao year, seventh month, on a day, cast under the supervision of the Training Bureau, weighing ninety-three catties”
	Held in the Yūshūkan, Japan; Liuchuan, pp. 566–567





From Table 9-4 it can be known that the three Folangji You-1, You-2, and You-3 were cast by the same supervising official in 1613, being products of identical form and construction; the discrepancies in their measured data may be the result of inconsistency among the craftsmen, or of insufficiently strict requirements as to specification and form.

The bronze Folangji in the collection of Geunjeongjeon Hall in the capital number 3 pieces in all, numbered Jing-1, Jing-2, and Jing-3. Their form and construction are basically similar to the Folangji held at Gyeongbokgung, except that their measured data and inscriptions differ.

The Jing-1 Folangji has a bore diameter of 39 millimeters and an overall length of 860 millimeters; on the left side of its cascabel is engraved: “On a day of the second month of the forty-seventh year of Wanli, craftsman Zhang Junjin, powder charge weighing sixty catties five,” and the like. The forty-seventh year of Wanli corresponds to 1619. The inscription “powder charge weighing sixty catties” appears to be an error, as an ordinary Folangji could not possibly use so great a powder charge.

The Jing-2 Folangji has no measured data recorded. Its barrel is engraved with the characters “Made in the jiyou year, Shang Hao [Upper Storehouse] No. 4 Folangji, weight one hundred catties,” and the like; its cascabel is engraved with the characters “Tianyi, Yujingshang,” and the like. The jiyou year corresponds to the eighth year of Kangxi (1669).

The Jing-3 Folangji has a bore diameter of 37 millimeters and an overall length of 1350 millimeters. The surface of its parent-cannon is engraved with the characters “Cast on a day of the eighth month of the wuwu year, the seventeenth year of Kangxi, Folangji No. 4, weight ninety catties,” and the like. The surface of the removable breech-chamber preserved within the parent-cannon is engraved with the characters “Made on a day of the [illegible] month, breech-chamber of Xingcheng Shang [Upper], craftsman [illegible][illegible],” and the like. The seventeenth year of Kangxi corresponds to 1678.

The bronze Folangji in the collection of the museum of the Army Military Academy number 2 pieces in all, numbered Lu-1 and Lu-2. Their form and construction are basically the same as the Folangji held at Gyeongbokgung, except that their measured data and inscriptions differ.

The Lu-1 Folangji has a bore diameter of 25 millimeters, an overall length of 697 millimeters, and weighs 29 kilograms, with 5 reinforcing bands; the surface of its barrel is engraved with the characters “Zhuangyong Camp, made on a day of the eleventh month of the jiyou year, weight fifty-two catties,” and the like.

The Lu-2 Folangji has a bore diameter of 39 millimeters, an external bore diameter of 100 millimeters, a barrel-wall thickness of 30.5 millimeters, an overall length of 1380 millimeters, and weighs 60.5 kilograms, with 5 reinforcing bands. The surface of its cascabel is engraved with the characters “Above the Great Fortress Wall,” and the like. The surface of its ammunition chamber is engraved with the characters “Made on a day of the sixth month of the dingsi year, the sixteenth year of Kangxi, Folangji No. 4, No. 37, weight ninety-three catties, cast under the supervising official Qian Lingshi Shen Qiliu, [with] the artisan-overseer official Yu Jun[illegible], craftsman Jin Aili.” The sixteenth year of Kangxi corresponds to 1677. The supervising official who oversaw the manufacture of this gun, Shen Qiliu, and the craftsman Jin Aili, bear the same names and titles as the supervising official and craftsman who, 64 years earlier, cast the Folangji You-1, You-2, and You-3. If these were the same persons, then both men would, by this time, have already been more than 80 years of age; alternatively, the inscription may contain an error, or the names of the two men may have been borrowed for the inscription — this cannot now be known for certain.

The bronze Folangji in the collection of the Incheon Museum number only 1 piece. It has an internal bore diameter of 40 millimeters, an external bore diameter of 110 millimeters, a barrel length of 525 millimeters, a cascabel length of 140 millimeters, an overall length of 1045 millimeters, and weighs 67.5 kilograms, with 5 reinforcing bands. The surface of its barrel is engraved with the characters “Made on a day of the second month of the nineteenth year of Kangxi, cast by the Commander-in-Chief Jin and others, Jiangdudun [illegible] Shang Folangji No. 115, weight one hundred catties, supervising official Zhechong [Deputy Commander] Shenqing, acting-military-officer Qian Guan [Deputy Battalion Commander] Cui Yihou, acting Wanhu [Chiliarch] Lou Jun, craftsman Qian Shouren,” and the like. The nineteenth year of Kangxi corresponds to 1680.

Bronze removable breech-chambers. Apart from the removable breech-chambers already mentioned as attached to their respective parent-cannon, there are also a number of removable breech-chambers existing on their own, some of them likewise bearing inscriptions. For instance, the 2 removable breech-chambers in the collection of the museum of the Army Military Academy (Figure 9-22) are engraved on their surface with the characters “the fifth year of Kangxi, inscribed removable breech-chamber No. 4,” and the like. The fifth year of Kangxi corresponds to 1666.

Besides these, there are also a number of removable breech-chambers bearing no inscribed date of manufacture, such as the 5 removable breech-chambers of identical specification in the collection of Gyeongbokgung Palace, and the 3 removable breech-chambers in the collection of Korea University (with bore diameters of 28, 38, and 41 millimeters respectively, and overall lengths of 19.3, 32.4, and 29.4 centimeters respectively), each belonging to parent-cannon of different sizes.

Like the matchlock gun, the Folangji manufactured in Korea lacked a relatively uniform form, construction, specification, and dimensions, the content of their inscriptions likewise all differing from one another, and their manufacturing technique was comparatively crude and unrefined; the same held true of their removable breech-chambers. These shortcomings would have brought inconvenience to their use in actual combat.



3. The Red-Barbarian Cannon

The red-barbarian cannon surviving in Korea are all made of cast iron; some bear a date of manufacture, others lack one.

The red-barbarian iron cannon of the twelfth year of Chongzhen. This cannon is in the collection of Korea University. It has an internal bore diameter of 80 millimeters, an external bore diameter of 175 millimeters, an overall length of 166.5 centimeters, an external diameter at the cascabel of 215 millimeters, and 3 reinforcing bands. The surface of its barrel is engraved with the characters “Made on a day of the twelfth year of Chongzhen,” and the like. The twelfth year of Chongzhen corresponds to 1639. The muzzle has a raised lip, the cascabel is shaped like an overturned hat, with a spherical knob at its end, and the touch-hole is set behind the third reinforcing band counting from the muzzle, with trunnions for mounting upon a carriage for firing; its form and construction are similar to the red-barbarian cannon manufactured in China during the Chongzhen reign of the Ming dynasty.

The red-barbarian cannon in the collection of the Army Military Academy. There are 2 pieces. In form and construction they are similar to the red-barbarian cannon made in China during the Chongzhen reign of the Ming dynasty. Their measured data differ from one another; the Tugam records them as manufactured in 1854. Among them, the “Shou”-character red-barbarian cannon has an internal bore diameter of 10 centimeters, an overall length of 215 centimeters, and weighs 1800 kilograms, with 8 reinforcing bands; the surface of its barrel is engraved with the character “Shou” (“Receive”). The “Sheng”-character red-barbarian cannon has an internal bore diameter of 135 millimeters, an overall length of 213 centimeters, and weighs 1800 kilograms, with 3 reinforcing bands; the surface of its barrel is engraved with the character “Sheng” (“Life”) (Figure 9-23).

The red-barbarian cannon in the collection of the Zhang family. There are 2 pieces, identical in form, construction, and specification; apart from having a flat base, they otherwise resemble the red-barbarian iron cannon of the twelfth year of Chongzhen. They have an external bore diameter of 72 millimeters, an overall length of 272.5 centimeters, and 5 reinforcing bands, with no inscribed date of manufacture. They are presently held in the private residence of Zhang Zexiang, of Wollyang-yul, in his family’s collection.

The red-barbarian-type cannon in the collection of the Naval Military Academy. This cannon is comparatively similar to the red-barbarian cannon in the Zhang family’s collection. It has an internal bore diameter of 133 millimeters, an external bore diameter of 270 millimeters, an overall length of 281 centimeters, and 4 reinforcing bands, with no inscribed date of manufacture.

The red-barbarian cannon in the collection of the Park family. This is a red-barbarian cannon with a comparatively pronounced barrel taper. It has an internal bore diameter of 135 millimeters, an external bore diameter of 260 millimeters, an overall length of 213 centimeters, with no inscribed date of manufacture. It is held in the collection of Mr. Park Ki-jun of Busan.



4. The Use of Korean Firearms in Warfare

After the Later Jin forces of China raised troops to attack the Ming in the fourth year of Tianming (the forty-seventh year of Ming Wanli, 1619), in order to eliminate the threat to their rear in their campaign against the Ming, and taking advantage of internal disorder in Korea, they dispatched troops to invade Korea on the eighth day of the first month of the first year of Tiancong (the seventh year of Ming Tianqi, 1627), occupying the greater part of its territory. On the third day of the third month, the royal house of Yi Jong, which had only just been installed by the military commander Yi Gwal, was compelled to sue for peace, and to style the Later Jin a “brotherly state.” The Later Jin forces thereupon withdrew their troops back to their own country.

Although Korea’s King Injo was compelled to accept the terms of peace offered by the Later Jin, he still maintained a “father-son” relationship with the Ming dynasty, and did not genuinely submit to the Later Jin, repeatedly refusing the demands put forward by the Later Jin. Hong Taiji of the Later Jin, deeply displeased by this, watched for an opportunity to bring further pressure to bear upon Korea. In the second month of the tenth year of Tiancong (1636), Hong Taiji, on the pretext of preparing to proclaim himself emperor, dispatched envoys to Korea, demanding that Korea send an envoy to attend his enthronement ceremony, so as to demonstrate Korea’s intention to submit as a vassal state. The court and populace of Korea’s King Injo unanimously opposed this, and refused to send an envoy. On the second day of the twelfth month, Hong Taiji personally led an army of 120,000 men to invade Korea a second time. On the fourteenth day, the Later Jin forces advanced to the walls of Hanseong (Seoul), and Injo fled to Namhansanseong (South Han Mountain Fortress). On the sixteenth day, the Qing forces surrounded Namhansanseong.

The Qing forces besieging Namhansanseong, on the twenty-third day of the twelfth month of the tenth year of Tiancong (1636), bombarded the city wall fiercely with many red-barbarian cannon. Injo, on the one hand, ordered the defenders of Hanseong to counter-fire with matchlock guns, Folangji, and red-barbarian cannon, and, on the other hand, mobilized relief troops to lift the siege. On the twenty-sixth day, the Korean commander of Wonju garrison, Park Jeong-gil, led troops carrying guns and cannon to come to the rescue, and the defending troops within the city likewise fired their cannon in support. In the end, however, the defending Korean forces, being too few in number and too weak in strength, their firearms at a disadvantage, proved unable to withstand the fierce bombardment of the Qing forces’ red-coat cannon, and on the thirtieth day their troops were routed and the city fell; Hanseong was lost.

Injo, besieged at Namhansanseong, could only wait for relief troops to come to his aid. At the beginning of the first month of the second year of the Qing Chongde reign (1637), Korea’s last two relief forces, led by the Jeolla-do garrison commander Sim and the Chungcheong-do garrison commander Yi, had not yet reached Namhansanseong when they were defeated by the Qing forces. At this time, the red-coat cannon transported by the Qing generals Kong Youde, Geng Zhongming, and Shang Kexi had already been set up beneath the city walls. On the twenty-second day, the Korean forces on Ganghwa Island sent out 30 large ships and a thousand matchlock-gun soldiers to resist, but these too were defeated by the Qing forces. On the thirtieth day, Injo, after Hong Taiji had repeatedly written to urge his surrender, accepted Hong Taiji’s terms, left Namhansanseong, and surrendered to the Qing forces, thereby terminating his alliance relationship with the Ming dynasty, and forming with the Qing dynasty a relationship of “ruler and subject,” honoring the official calendar of the Great Qing, having the ministers who had advocated war for punishment, and sending his own son to the Qing court as a hostage. On the second day of the second month, the Qing forces returned in triumph to Shenyang, thereby removing the threat to the Qing forces’ rear in their contest with the Ming forces for control of Liaodong. The inferiority of their firearms was one important reason for Korea’s defeat in this war.

The matchlock guns, Folangji, red-barbarian cannon, and other firearms manufactured by Korea from the seventeenth to the mid-nineteenth century were not only inferior to those of the European countries, but also inferior to those of China (including the firearms of both the Ming and Qing forces) and of Japan. Judging from the surviving physical specimens, the firearms of Korea at that time were not standardized in model and specification, were few in quantity, and troops equipped with firearms in an organized, systematic fashion were not numerous, so that it was difficult to form an overall fighting strength; for this reason, in fighting against the Later Jin forces, Korea suffered repeated defeats, was swiftly routed, and submitted to the newly risen Qing dynasty.




Section 9 The Stagnation and Advancement of Firearms Manufacture in Japan

From the early seventeenth century to the mid-nineteenth century was the period of Japan’s Tokugawa shogunate, the feudal regime established in 1603 (the eighth year of Japan’s Keichō era) at Edo (present-day Tokyo) by the Japanese Minister of the Interior Tokugawa Ieyasu (1542–1616), and hence also known as the Edo shogunate. The Tokugawa shogunate lasted 265 years, until Tokugawa Yoshinobu resigned in 1867.

At the time of the founding of the Tokugawa shogunate, it was precisely the period in which the European powers — Portugal, Spain, Holland, and England — came, one after another, to Japan with increasing frequency to proselytize and to trade. In order to consolidate the shogunate-domain system, the shogunate authorities prohibited the spread of Christianity, and guarded against merchants growing wealthy and powerful and thereby coming into opposition with the shogunate. In 1616, the shogunate issued an order stipulating that, apart from Chinese vessels, foreign merchant ships were restricted to anchoring at only the two ports of Nagasaki and Hirado (at the northern tip of present-day Hirado Island, Nagasaki Prefecture). In 1624, the shogunate refused to trade with Spain. In 1633, the shogunate issued the “Sakoku Order” (Closed-Country Order), strictly forbidding all Japanese ships and Japanese persons from leaving the country, and likewise forbidding Japanese persons from returning from abroad, on pain of death for violators. In 1634, an artificial island was constructed at Nagasaki, to which foreigners were relocated to reside, strictly forbidden from contact with the Japanese. In 1639, the Portuguese were forbidden to enter the country, and only China and Holland were permitted to come to Nagasaki to trade. In 1641, the Dutch trading post at Hirado was relocated to the island, whereupon the closed-country system was complete; in the more than two hundred years during which the Sakoku Order remained in force, Japan existed in a state of feudal seclusion, isolated from the international world.

Arisaka Nariakira, a researcher of the history of Japanese firearms, has stated: “The era of the Tokugawa shogunate saw more than two hundred consecutive years of peace and prosperity, without the calamity of military disorder, and consequently research into firearms technology was also comparatively scant, firearms technology being regarded merely as an infantry skill and thereby held in low esteem, so that during this period firearms technology saw no development or improvement whatsoever. During the Kansei era (1789–1800), Takashima Shūhan, lamenting that Japan’s cannon-manufacturing technique lagged behind that of Europe and America, thereupon studied under the Dutch, attaining a first-rate standard, a great advance in modern gun-and-cannon technology. Thereafter, European ships came to Japan with increasing frequency. In the sixth year of Kaei (1853), the American naval commodore Perry (M. C. Perry), leading his black ships (referring to the East India Squadron), harassed Uraga, demanding friendly relations, and so, from this time on, Japan’s exchanges with the various countries of Europe and America increased day by day, gun-and-cannon technology spread widely within our country, and our country, too, began to attach importance to invention and experimentation.”① Koyama Hirotake likewise states: “Under the influence of the closed-country policy, Japan’s general production technology and military technology remained in a state of stagnation, and weapons production saw no advance.”② The discussions of Arisaka Nariakira and Koyama Hirotake objectively reflect the state and causes of the backwardness of firearms manufacture and use during Japan’s shogunate era.


1. The Matchlock Gun and the Flintlock Gun

The manufacturing industry of Japan’s matchlock guns during the Tokugawa shogunate period continued to follow the techniques handed down from the Tanegashima gunsmith Yaita Kinbei, the monk-artisans of Negoro-dera temple, and the ironsmiths of Sakai and Kunitomo, in the manufacture of matchlock guns. Among these, the matchlock guns manufactured by the ironsmiths of Sakai and of Kunitomo were considered the finest.

The ironsmiths of Sakai, upon entering the seventeenth century, experienced a boom in gun manufacture. According to such documents as the shogunate-era Sakai Shishi (“History of Sakai City”), the number of matchlock guns manufactured by these ironsmiths from 1623 to 1695 (the ninth year of Japan’s Genna era to the eighth year of Genroku) (tabulated once every 10 years) was roughly as follows.

From 1623 to 1633, a total of 2,895 were manufactured, an average of about 263 per year.

From 1634 to 1644, a total of 2,647 were manufactured, an average of a little over 240 per year.

From 1645 to 1655, a total of 8,507 were manufactured, an average of about 773 per year.

From 1656 to 1665, a total of 25,596 were manufactured, an average of about 2,560 per year.

From 1666 to 1675, a total of 14,301 were manufactured, an average of about 1,430 per year.

From 1675 to 1685, a total of 8,540 were manufactured, an average of about 850 per year.

From 1686 to 1695, a total of 4,225 were manufactured, an average of about 420 per year③.

The above record shows that, in the 73 years from the ninth year of Genna to the eighth year of Genroku, the ironsmiths of Sakai manufactured, in total, 66,711 matchlock guns, an average of about 914 per year, this being the period in which the largest quantity of matchlock guns was manufactured. Mr. Yoshioka Shin’ichi of Kyoto, Japan, has in his collection surviving matchlock guns manufactured by the ironsmiths of Sakai, 9 pieces in all, as shown in Figure 9-24. As can be seen from the illustration, their form and construction are basically similar to the matchlock guns and the Satsuma-style guns displayed at the Yūshūkan. The specifications and dimensions of 8 of these matchlock guns are as listed in Table 9-5.

① See Bingqi Kao · Paozhen Pian · Haijun Paozhi · Xiaochong (“Study of Weapons, Cannon-Emplacement Volume, Naval Gun System, Small Arms”), pp. 122–123. ② Koyama Hirotake of Japan: Jindai Junshi Jishu Shi (“A History of Modern Military Technology”), p. 74. ③ See Liuchuan, pp. 659–661. The original book’s statistical materials contain some discrepancies — for instance, the fifth year of Kanbun is given as 1674, and the third year of Enpō as 1685 — and the years calculated in the text do not tally exactly with those in the original book; the Western calendar years given here should be taken as authoritative.

Table 9-5. Matchlock Guns Manufactured by the Ironsmiths of Sakai













	No.
	Bore Diameter (cm)
	Barrel Length (cm)
	Overall Length (cm)
	Projectile Weight (qian)
	Inscription
	Stock Inscription





	1
	1.4
	83.5
	112
	4.3
	Made by Sakai Umoto-ya Sabee, resident of Makuwari
	(Katsutake)



	2
	1.6
	101
	131
	6.5
	unclear
	(Nasu Yoichi)



	3
	1.3
	98
	130
	3.5
	Made by Tanaka Nihee, resident of Makuwari
	(Yi, Tani)



	4
	1.3
	99
	129
	3.5
	none
	(Ma)



	5
	1.2
	100
	130
	3.0
	Made by Inoshō Tarō, resident of Yamashiro, double-wrapped
	(Yi)



	6
	1.3
	100
	129
	3.5
	Made by Sunotani Gonzaemon, resident of the province
	(Daikoku)



	7
	1.3
	100
	129
	3.5
	Sōjin-kin, made by Tanaka Hyōe, resident of Makuwari
	(Shōkaku)



	8
	1.5
	100
	129
	6.5
	Made by Umoto Katsuzaemon
	(Mei ni Ō)



	9
	1.6
	100
	129
	6.5
	Made by Tanaka Nihee
	—





The ironsmiths of Sakai had, by the beginning of the Shōwa era (1926), already faded from memory.

The Kunitomo ironsmiths were a matchlock-gun manufacturing workshop directly under the control of the Edo shogunate; from the beginning of the Bunsei era (1818) onward, it came under the influence of Western science and technology, and the surviving specimens of matchlock guns it manufactured are as listed in Table 9-6.

Table 9-6. Surviving Matchlock Guns Manufactured by the Kunitomo Ironsmiths













	No.
	Bore Diameter (cm)
	Barrel Length (cm)
	Overall Length (cm)
	Projectile Weight (qian)
	Inscription
	Stock Inscription





	1
	1.3
	104
	130
	3.5
	Kunitomo Tayosuke Katsumasa
	



	2
	1.2
	100
	127
	3
	Kunitomo Tōbee Mitsutoshi
	



	3
	1.35
	100
	124
	4
	Kunitomo Tōbee Shigemasa
	Ōtori Kichibee



	4
	1.2
	99.5
	124
	3
	Kunitomo Tōdayū Masakazu
	Kunitomo Kahee



	5
	1.4
	99
	127
	4
	Kunitomo Hyōgonosuke Yoshikata
	



	6
	1.2
	100
	127.5
	3
	Kunitomo Chūzaburō Tsunatsuna
	Saku Ryōhei



	7
	1.3
	100
	127
	3.5
	Kunitomo Kyūbee Rokuju
	



	8
	1.35
	90.5
	115.5
	4
	same as above
	



	9
	1.1
	63.8
	91
	2
	Kunitomo Tōbee
	



	10
	1.4
	18
	33
	4
	Kunitomo Tarōdayū
	



	11
	1.9
	69.7
	97.5
	10
	Kunitomo Tanba Ōzutsu Munetoshi
	



	12
	22.5
	69.5
	97.5
	20
	Kunitomo Utadayū Norimasa
	Ōsaki Masa[illegible]dō[illegible]



	13
	27.5
	67
	100
	30
	Kunitomo Kandayū Shigemasa
	Shii Jintayū Sadahide





① See Liuchuan, p. 678.

The 13 matchlock guns listed in Table 9-6 can, broadly speaking, be divided into four categories: Nos. 1 through 8 are long-stocked guns, and should have been matchlock guns issued to individual soldiers; Nos. 9 and 11 are short-stocked guns, and should have been matchlock guns used by soldiers of comparatively short stature; Nos. 12 and 13 are thick-barreled guns, firing a heavy shot with comparatively great power, and should have been matchlock guns used by soldiers engaged in siege and defense of cities; the handgun would have been an early matchlock gun used by commanding officers①.

Multi-barreled matchlock guns. Apart from single-barreled matchlock guns, the Kunitomo ironsmiths also manufactured multi-barreled matchlock guns. Among these are the 20-barrel repeating gun created by Kunitomo Kan’emon, displayed at the Yūshūkan, as well as the 5-barrel repeating gun created by Jindayū, and the 8-barrel matchlock gun created by Shichibee — these all reflect the improvement of Japan’s matchlock-gun research and manufacturing technique①.

The flintlock gun. At the beginning of the Tenpō era (1830), Takashima Shūhan of Nagasaki studied the European technique of manufacturing and using the flintlock gun. In the twelfth year of Tenpō, Tokumaru-hara in Japan began to carry out firing drills with the flintlock gun, and, following this, a training unit equipped with flintlock guns was organized. Kunitomo Tōbee Ikkansai of Japan was the first to attempt the trial manufacture of the flintlock gun; in the process of imitation he focused his attention on innovating the flintlock mechanism, and the flintlock gun he trial-manufactured adopted a spring mechanism of comparatively strong elasticity and a steel plate of comparatively strong impact force, enabling the flint to strike out a fierce spark, thereby increasing the power with which the projectile was discharged.



2. The Folangji

Arima Seiu holds the view that Japan’s Folangji was imitated from the Portuguese Folangji as a model, with a good many improvements made in the course of imitation; the Japanese study of the Folangji was chiefly based upon such Chinese military treatises of the Ming dynasty as the Chouhai Tubian (“Illustrated Compendium of Maritime Planning”), the eighteen-juan edition of the Jixiao Xinshu, the Dengtan Bijiu (“Essentials for Ascending the Command Platform”), the Wubei Zhi (“Treatise on Military Preparedness”), and the Wubei Yaolüe (“Essentials of Military Preparedness”). Japanese scholars collated and interpreted these military treatises, and published several works on the subject: Hirayama Shiryū’s annotated 10-juan edition of the Jixiao Xinshu Kokujikai (“Japanese-Language Interpretation of the New Treatise on Military Efficiency”); Mono Shigekiyo’s Seiyō Kakō Shinki Setsu Kokujikai (“Japanese-Language Interpretation of the Account of Western Fire-Attack Divine Weapons”), 2 juan, published in the eleventh year of Kansei (1799), a work devoted chiefly to interpreting juan 13 of the Bing Lu; Chikamatsu Shigenori’s Folangji Kao (“Study of the Folangji”), 1 juan, published in the seventh year of Kyōhō (1722); and Ōhashi Genken’s Sendai Honjō Jūki Folangji Kao (“Study of the Folangji Firearm of Sendai’s Main Castle”) (recorded in the Bansui Sonkyōjo). The Folangji manufactured in Japan exist in the following several kinds of surviving specimens.

The first is the bronze Folangji in the collection of Yasukuni Shrine, made in imitation of the pattern of the Falcon cannon. Its bore diameter is 60 millimeters, the bore length 1.525 meters, the breech-chamber length 0.75 meters, the cascabel damaged and incomplete, and the overall length 2.275 meters. The surface of its barrel is engraved with the characters “No. 13 of 400” and “3 hyaku-me tama” (“300-momme shot”), and the like; it was manufactured in imitation of the Ōtomo Cannon of the Satsuma domain (Figure 9-25)①.

The second is the bronze Folangji in the collection of the Yūshūkan. There are 2 pieces, numbered Yū-Folangji No. 1 and Yū-Folangji No. 2. Their form, construction, and ornamentation are the same as the Ōtomo Cannon of the Satsuma domain, except that their measured data and inscriptions differ: the Yū-Folangji No. 1 has a bore diameter of 60 millimeters, a bore length of 1.525 meters, a breech-chamber length of 0.75 meters, and a cascabel length of 0.36 meters. The surface of its barrel is engraved with the characters “No. 14 of 400” and “350 momme tama, 300 momme,” and the like; the surface of its breech-chamber is engraved with the character “Yama” (“Mountain”)②. The Yū-Folangji No. 2 has distinctly Japanese-manufactured characteristics, the exterior of its bore having 3 reinforcing bands in the Chinese style. It has a bore diameter of 60 millimeters, a bore length of 1.02 meters, a chamber length of 0.37 meters, a cascabel length of 0.495 meters, and an overall length of 1.885 meters. The surface of its barrel is engraved with the characters “No. 250 of 5” and the like; the surface of its breech-chamber is engraved with the characters “300 momme tama” and the like. This piece was manufactured by the Higo domain during the Genroku era (1688–1703)②.

The third is the bronze Sendai Folangji in the collection of the Yūshūkan. There are 2 pieces, numbered Sen-1 and Sen-2. Their form and construction differ from that of the Portuguese Folangji and the Ōtomo Folangji: they have trunnions on both sides, with a chrysanthemum-flower motif above the trunnions, and Tang-style scroll-grass ornamentation on the side of the breech-chamber, the breech-chamber having a square open mouth, distinctive features of the Folangji manufactured by the Dutch. These 2 Folangji were originally kept at Sendai Castle, and were later transferred to the Yūshūkan. The Sen-1 Folangji has a bore diameter of 75 millimeters, a bore length of 1115 millimeters, a chamber length of 500 millimeters, a cascabel length of 280 millimeters, and an overall length of 1955 millimeters, weighing 170 kilograms, with a shot weighing 2.25 kilograms. The surface of its chamber is engraved with the characters “600 me” and “46-kan 400 me,” and the like④; the Sen-2 Folangji has a bore diameter of 71 millimeters, a bore length of 1250 millimeters, a chamber length of 500 millimeters, a cascabel length of 350 millimeters, and an overall length of 1975 millimeters. The surface of its chamber is engraved with the characters “500 me” and “45-ryō me,” and the like⑤.

The fourth is the Japanese-style Folangji in the collection of the Yūshūkan. There are 3 pieces, numbered Wa-1, Wa-2, and Wa-3. They have distinctly Japanese characteristics. The chamber is rectangular, with a ring on either side of the front of the barrel, fitted with an iron breech-chamber. The Wa-1 Folangji has a bore diameter of 46 millimeters, a bore length of 1015 millimeters, a chamber length of 400 millimeters, a cascabel length of 300 millimeters, and an overall length of 1715 millimeters, with no inscription⑥; the Wa-2 Folangji has a bore diameter of 41 millimeters, an overall length (including the iron cascabel portion) of 1420 millimeters, a bore length of 940 millimeters, and a chamber length of 420 millimeters, with no inscription⑦; the Wa-3 Folangji has a bore diameter of 55 millimeters, a bore length of 1571 millimeters, a chamber length of 660 millimeters, and a cascabel length of 760 millimeters. The surface of its barrel bears the engraved characters “No. 9 of 200,” and the like. The surface of its chamber is engraved with the characters “200 me tama,” and the like⑧.

① See Liuchuan, p. 571. ② See Liuchuan, pp. 571–572. ③ See Liuchuan, p. 573. ④ See Liuchuan, p. 574. ⑤ See Liuchuan, pp. 574–575. ⑥ See Liuchuan, pp. 577–578. ⑦ See Liuchuan, p. 578. ⑧ See Liuchuan, p. 579.



3. Cannon

Japan did not begin to manufacture cannon until as late as the beginning of the seventeenth century. According to the Japanese work Honchō Seji Dan Kōsei Go (“Corrected Errors in Discussions of Worldly Affairs of Our Dynasty”): the earliest caster of Japanese cannon was Shitsuji Riemon of the Sakai region; his forebears had for generations carried on a family tradition of metal-smelting, and resided on Kitashō Sakura-machi street. In the sixteenth year of Keichō (1601), he cast an iron cannon, its bore diameter 1.3 chi, its cascabel diameter 1.1 chi, and its length 1 zhang, firing a shell of 51.3 kilograms (Figure 9-26)①. According to juan 1 of the Quanzhou Zhi (“Gazetteer of Izumi Province”), moreover: this cannon was cast, at the wish of Tokugawa Ieyasu, first by Shitsuji Riemon.

Earlier than this, in the sixth year of Keichō, Inoue Gaiki and Nakamura Wakasa-no-kami had made a gun-carriage convenient for aiming, called the “Whirlwind Platform.” Once the above-mentioned cannon was completed, it was accordingly mounted upon the Whirlwind Platform, and later, in the Battle of Osaka, struck terror into the hearts of the Toyotomi family’s troops. After the Battle of Osaka, this cannon came into the collection of the lord of Kishū, and was later transferred to the collection of Yasukuni Shrine. The surface of this cannon is engraved with the characters “Made and sealed by Shitsuji Riemon-no-jō, resident of Sesshū, an auspicious day of the third month of the sixteenth year of Keichō,” and the like. After this cannon, right down to the beginning of the nineteenth century, although Japan had come into contact with the cannon of Britain, Holland, and other countries, no organized effort was made to have Japanese craftsmen cast such cannon.



4. The Improvement of Cannon Manufacture

Japan’s cannon technology began to improve in the 1830s. Its advocate was Takashima Shūhan. Takashima Shūhan was the tax-collecting magistrate of Nagasaki and concurrently the artillery instructor of the Nagasaki public office; he frequently studied the manufacture and use of new-style firearms from the Dutch residing in Japan, and, sparing no expense from his own private purse, purchased guns, cannon, and ammunition from the Dutch, and was the first to organize 300 of his students into gun units and cannon units, to carry out drills in Western-style guns and cannon. In the eighth year of Tenpō (1837), he spent a large sum of money to take his students aboard foreign warships in the port of Nagasaki to study live-fire shooting. In the twelfth year, with the support of the late-Edo-period artillery expert Egawa Tan’an (Egawa Tarōzaemon), he carried out live-fire shooting and gun-unit drill formations at the outskirts of Edo, using a purchased howitzer, a mortar, and two cart-mounted field guns. Takashima Shūhan was, for this reason, framed by his political enemies and imprisoned for 12 years. Through the efforts of Egawa Tan’an to secure his release, Takashima was freed from prison, and continued to assist Egawa Tan’an in training young officers in new-style guns and cannon and new tactics. Subsequently, Egawa Tan’an built a small reverberatory furnace at Nakamura, in the vicinity of Mount Izu, to conduct cannon-casting trials, but ultimately, owing to the crudeness of the equipment and the excessively small scale, this could not be sustained for long. Moreover, failing to obtain the support of the shogunate, the plans of Takashima Shūhan and Egawa Tan’an to expand the cannon-manufacturing enterprise could not be realized.

In the third year of Bunkyū (1863), 7 British warships invaded the territory of the Satsuma domain (present-day the Kagoshima area of Japan), bombarding Sakurajima and Kagoshima with Armstrong guns. In the same year, the feudal lords of Chōshū engaged in battle at Shimonoseki (present-day the southwestern region of Yamaguchi Prefecture, Japan) with the four powers of Britain, America, France, and Holland, and the backwardness of Japan’s existing firearms was thereby laid utterly bare. The whole of Japan, high and low, was for this reason deeply struck by the vital importance of firearms research and manufacture, and thereupon a number of local domains, too, began to establish workshops for casting cannon.

The Yushima Ironworks was the first, in the sixth year of Kaei (1853), to adopt the mold-casting method of Izu-Nirayama, manufacturing 30 12-pound bronze cannon, 10 long mortars, and 10 6-pound cannon, with which the Shinagawa gun battery was equipped; this gun battery was built on the riverbank at Kanda Sakuma-chō. But the cannon thus manufactured performed poorly. In the first year of Genji (1864), the Yushima Ironworks was relocated to Sekiguchi and renamed the “Sekiguchi Cannon Manufactory,” and began to adopt foot-pedal bellows for the blast, smelting bronze in furnaces and cauldrons, and casting solid cannon-bodies, which were afterward bored through with a drilling machine, producing the French-pattern 4-pound mountain gun, the French-pattern 4-pound rifled howitzer, the 30-pound rifled long gun, the ship-mounted howitzer, the 30-pound 160-millimeter rifled bronze gun, the French-pattern 12-pound rifled gun, the Dutch-pattern 30-pound rifled gun, the Napoleon-pattern 12-pound rifled gun, and the French-pattern 4-pound rifled gun, among others, and also manufactured a good many gun-carriages.

In the fourth year of Ansei (1857), Japan also established the Nagasaki Ironworks at Iinoura, to manufacture and repair ship-mounted cannon.

In the closing years of the shogunate, the domains of Saga, Mito, Satsuma, and others likewise established cannon-manufacturing workshops for the casting of cannon.

Nabeshima Naomasa, lord of the Saga domain, in the thirteenth year of Tenpō (1842), established, at the Genjū-goryō Tea House, a Saga cannon-casting workshop modeled on Dutch cannon. Once this workshop was completed, it manufactured, in the fourteenth year of Tenpō, bronze mortars, howitzers, and field guns. It further manufactured, in the first year of Kōka (1843), 1 3-pound field gun, 2 mortars of 200-millimeter bore, 2 howitzers of 150-millimeter bore, and 20 field guns of 0.75 kilograms. Among the cannon manufactured in the sixth year of Kaei (1853), 25 36-pound cannon and 25 20-pound iron cannon were sold to the shogunate authorities, for military use. In addition, a good many gun-carriages were manufactured.

The lord of the Mito domain, during the Tenpō era (1830–1843), founded the Kanzaki Cannon Foundry, the largest of the late-shogunate period, dedicated to the manufacture of every kind of cannon. In the tenth year of Tenpō alone, 14 bronze cannon were manufactured. Afterward, more than 70 large-type cast-iron cannon and other pieces were further manufactured.

The lord of the Satsuma domain, in the third year of Kōka (1846), established the Kagoshima Cannon Foundry, manufacturing a variety of rifled coastal cannon, and, in the third year of Bunkyū (1863), in the counter-attack against the invading British warships, repulsed the invading British vessels. After the Meiji Restoration, this foundry became an important gun-and-cannon manufactory.

Besides the cannon-manufacturing workshops mentioned above, there were also not a few small and medium-sized cannon-manufacturing workshops manufacturing cannon, forming a boom in cannon manufacture; the cannon thus manufactured were not only great in number, but also embodied many innovations in casting technique, creating the conditions for the improvement of the equipment of Japan’s army, navy, and coastal fortifications. To this day, the Yūshūkan in Japan still displays the many varieties of cannon cast by the various domains in the closing years of the Japanese shogunate (Photograph 17).

The various cannon foundries established in Japan during the closing years of the shogunate before long became, after the Meiji Restoration, the foundation of the deformed development of the militarist military industry.




Summary

From the seventeenth century to the mid-nineteenth century, the various countries of Asia were in a period in which feudal society was declining and disintegrating, and the backward situation of this decline and collapse of feudal society was manifested with particular clarity in the sphere of military technology. China, Korea, and Japan, all three countries, on account of their pursuit of closed-door, isolationist policies, thereby found their military technology growing outdated and backward.

Although China, in the Ming dynasty, under the efforts of scientists and military technologists represented by Xu Guangqi, saw a high tide of imitating and modifying European matchlock guns and cannon, yet, because its science and technology as a whole had already fallen far behind that of Europe, it had, in military technology, lost the possibility of innovation, and the situation of decline and collapse grew ever more severe by the day; under the blows of the West’s “sturdy ships and sharp cannon,” even the wish to defend itself proved impossible, and it could not, in the end, escape the tragic fate of being passively beaten. The closed-door, isolationist national policy in the end caused the Qing dynasty, in its self-conceited arrogance, to sink into becoming a semi-colonial, semi-feudal country. The situation of Korea was, on the whole, similar to that of China, but even more severe.

Japan, entering the Edo shogunate period at the beginning of the seventeenth century, under the severe circumstance of the ceaseless encroachment of the Western powers, saw its shogunate authorities, in order to guard against Western aggression, likewise, in the same manner as the Qing dynasty of China, promulgate the “Sakoku Order” in 1633, thereby cutting off any channel for learning advanced science and technology from the West, and causing Japan’s military technology to remain stagnant for a long period. Down to the beginning of the nineteenth century, its military technology still lingered at the level of manufacturing matchlock guns and Folangji, its gap with the world’s advanced firearms technology even greater than that of China. However, from the 1830s onward, a number of persons devoted to the research and use of firearms began to awaken, running about and calling for change one after another, striving to break free of the shackles of the “Sakoku Order,” even, sparing no expense from their own private purses, engaging Dutch instructors as advisors, establishing cannon factories, and manufacturing new-style guns and cannon, so as to resist the invasion of the Western powers. Because they had taken a step ahead of China on the road of learning advanced Western science and technology, the spread of the manufacture and use of new-style guns and cannon in Japan was likewise more than 20 years earlier than in China; add to this the deformed development of military technology after the Meiji Restoration, and Japan thereby avoided the calamity of becoming a colony or a semi-colony, and became the first capitalist nation to rise independently in Asia.

India, the great nation of Asia, began to disintegrate after the death of the Mughal Empire’s ruler Aurangzeb (1618–1707). In 1774, Warren Hastings was appointed by Britain as the first Governor-General resident in India, and India, from that time, sank into becoming a colony of the British Empire, possessing no independent domestic military industry of its own, being merely a country for the manufacture and repair of the guns and cannon of Britain and the other countries of Europe. The matchlock guns used by the people of India (which the Indians call the Torador) were all of British-manufactured lock mechanisms, and, moreover, the form and construction of the matchlock guns used in the various regions were not consistent: the matchlock guns used in the north had a pronouncedly curved gunstock, flaring outward into a great fishtail shape, with a bore diameter of 15 millimeters, a barrel length of 125 centimeters, and an overall length of 170 centimeters. The matchlock guns used in central India were slightly curved. The gunstocks of the matchlock guns used in southern India were comparatively crude.

The Ottoman Empire, whose territory spanned across the three continents of Asia, Europe, and Africa, had, in the sixteenth century, once created the comparatively advanced matchlock gun known as the “Lumi musket” (lumi chong), which exerted a certain influence upon the manufacture of matchlock guns in China during the late Ming dynasty. Its army was composed of cavalry, palace-guard infantry, and naval forces, equipped with a considerable number of matchlock guns and cannon. By the end of the eighteenth century, the Ottoman Empire had begun to decline, its military technology, too, growing increasingly backward day by day, and the guns and cannon it used were for the most part imitations of the guns and cannon of France, Germany, and other countries.

Other countries of Asia, such as Vietnam, Laos, Cambodia, Burma, Thailand, Malaya, and Indonesia, likewise became, one after another, colonies of the Western powers, possessing no independent military industry, and for the most part using European matchlock guns and a small quantity of cannon.

The domestic and international causes for the stagnation, and even the decline, of the technology of manufacturing and using firearms in the countries of Asia, from the seventeenth century to the mid-nineteenth century, were, by and large, similar, close, or identical to one another, the most crucial of these being the obstinate rule of feudal despotism and the all-around backwardness of science and technology.





Chapter Ten Europe Enters the Firearms Age in the History of Military Technology

Since the seventeenth century, the capitalist countries of Europe had already entered a stage of high-speed development; workshop-based manual manufacture rapidly evolved into machine industry, and the victory of the bourgeois revolutions swept away the obstacles to the development of capitalism. The British Industrial Revolution, which originated in the 1760s, received further development from the invention of the steam engine in the 1780s, and by the 1830s it had already been completed. France, Germany, the United States, and other countries also successively caught up with Britain, carrying out their own industrial revolutions; industrial systems for mining, metallurgy, machine manufacturing, and the like had already taken shape, and technical methods were continually being renewed under the guidance of advanced theories of natural science.

While the capitalist countries applied advanced theories of natural science and industrial technology to develop production, they also strove with all their might to develop military industry, so that the research, manufacture, and use of firearms attained a degree of development unprecedented before. Corresponding theoretical works also appeared one after another in great numbers. The most important among them were: R. Boyle’s (Robert Boyle, 1627–1619) New Experiments on the Springiness of Air of 1660; S. Surireyde’s (Saintremy Pierre Surireyde, c. 1650–1716) Mémoires d’artillerie of 1697; Britain’s Experimental Comparison of the Muzzle Velocity and Pressure of Firearms of 1736; B. Robins’s (Robins Benjamin, 1707–1751) New Principles of Gunnery of 1742, together with Russia’s Lomonosov’s (Михаил Васильевич Ломоносов, 1711–1765) Investigations into the Elastic Force of Air; K. Struensee’s (Struensee Karl August, 1735–1804) Principles of Artillery of 1760; G. Tempelhoff’s (Tempelhoff Georg Fridlich, 1737–1807) On the Flight of Artillery Shells—Assuming that Air Resistance is Proportional to the Square of the Velocity of 1781; Spain’s General T. Morla’s (Morla Thomas, 1752–1820) Treatise on Artillery of 1784; Hutton’s A Comparison of the Muzzle Velocity, Range, and Pressure of Firearms Tested of 1785; Austria’s General G. Vega’s (Vega Georg, 1756–1802) Manual of Gunnery (with Range Tables) of 1787; Hoyer’s Dictionary of Common Artillery Terms of 1804; and Fudong’s New Principles of Gunnery of 1805, among others. These treatises, from different angles, carried out deep and detailed qualitative and quantitative analytical research into the research, manufacture, and use of firearms, and caused this field to enter a new stage of development under the guidance of advanced scientific theory.


Section 1 Historic Breakthroughs in Gun Research and Development

This breakthrough began, first of all, with the creation of the percussion-lock gun.


1. The Creation of the Percussion-Lock Gun


(1) The Successful Development of Fast Priming Explosives

Following the Italian Baoxi’s successful development of the fast-priming fulminate of gold explosive, the Englishman E. Howad (Edward Howad) in 1799 developed the fast and easily detonated mercury fulminate powder. Although this powder detonated very quickly, it carried a considerable degree of danger and often caused gun barrels to burst, and it did not increase the muzzle velocity of the bullet, so it was not put into wide use.

In July 1799, the British clergyman J. Forsyth (Alexander John Forsyth) published an article titled “On Certain Useful Properties of Oxymuriatic Acid” in the journal Philosophical Transactions, arguing that mercury fulminate was an instantaneously detonating powder rather than a substitute for the main charge. After repeated research, he succeeded in compounding the fast-priming explosive fulminate powder.

In 1805, the Englishman Poli manufactured a cartridge fitted with an ignition device. In 1809, he went on to manufacture a fast-priming cartridge wrapped in a paper case containing mercury fulminate. When fired, a steel needle pierced the base of the paper cartridge case and struck the mercury fulminate explosive, expelling the bullet. The successful development of this cartridge provided a suitable round for the newly created percussion-lock gun.



(2) Improvements to the Percussion Lock

The percussion lock was a new type of gun mechanism developed on the basis of the flintlock mechanism; its principle was that after the shooter squeezed the trigger, the hammer struck the firing pin, and the firing pin struck the priming explosive in the cartridge, expelling the bullet. In 1818, the British technician J. Egg (Joseph Egg) invented the percussion cap and applied it to the priming of cartridges, whereupon the percussion-lock mechanism came into widespread use. Britain’s Baker rifle① was the first to use a percussion-type lock mechanism. In 1836, Britain replaced the Baker rifle with the Brunswick rifle②, whose lock mechanism was an improved Forsyth–Egg-type mechanism. Because the percussion-lock gun both overcame the shortcomings of the flintlock and simplified the firing procedure while increasing the rate of fire, it therefore began gradually to replace the flintlock.




2. The Cutting of Rifling

In order to further increase the rate of fire of firearms, gun researchers also carried out careful research into the cutting of rifling inside gun barrels. The rifling inside gun barrels was at first of the straight-groove type, whose purpose was to make it easier to clean the powder residue remaining in the bore after firing, and to reduce the friction between the bullet and the bore wall.

In 1845, the Italian Major Cavalli, on the basis of his research into the structure of guns and artillery, cut spiral rifling (Rifle) into the bore of a gun; this type of rifling could improve the trajectory of the bullet after firing. Rifling came in two forms, left-hand and right-hand twist: that which twisted from right upward to the left was called left-hand rifling, and that which twisted from left upward to the right was called right-hand rifling. Because spiral rifling was cut into the bore, the bullet, propelled by the gas produced from the combustion of the powder, acquired a rapid rotational motion continuously about the bullet’s own axis, which kept the bullet stable in flight, so that the bullet flew along its trajectory toward the target, increasing both accuracy and killing power. Afterward, gun researchers, through further in-depth study, concluded that for a bore diameter of 6–8 millimeters, it was appropriate to cut 4–6 grooves of rifling. Too few grooves would fail to achieve the purpose; too many would increase the chances of powder gas leakage and thereby reduce the muzzle velocity of the bullet. Furthermore, the height of the rifling grooves and lands (that is, the depth of the rifling) also had a certain limit, with 0.15–0.3 millimeters being appropriate; too shallow, and the rotational force would be too weak; too deep, and it would produce gas leakage that reduced the velocity of the bullet, that is, reduced its killing power.



3. The Creation of the Breech-Loading Gun

Although the above improvements to the percussion-lock gun considerably improved the combat performance of firearms, they still employed the method of loading the cartridge from the muzzle, which hindered further increases in the rate of fire. Gun researchers in Europe therefore also made improvements to the method of loading cartridges, changing the earlier method of loading from the muzzle to loading from a movable breech at the tail of the gun, thereby simplifying the loading procedure of the weapon and increasing the rate of fire.

This research was first successfully carried out in 1840 by Dreyse, a civilian from Sömmerda in Prussia, and was known as the breech-loading needle-fire rifled gun. Its structural feature was a sliding bolt (commonly called the “breech bolt”) fitted at the tail of the barrel, inside which was fitted a firing needle. When fired, the firing needle pierced through the charge to fire the round. The Prussian government kept this invention strictly secret, and it did not become known to the public until 1848. At that time its caliber was 15 millimeters, its barrel length was 87 centimeters, and it weighed 10.5 pounds. Because the loading procedure was simplified, the rate of fire increased from 2 rounds per minute to 5 rounds per minute (Fig. 10-1). This gun originally used a paper-cased cartridge, round-headed, with a paper cartridge case; the priming charge was placed at the base of the cartridge case, and the firing needle struck the priming charge to fire the round (Fig. 10-2).

Fig. 10-1 Dreyse’s Breech-Loading Needle-Fire Rifled Gun

Fig. 10-2 Paper-Cased Cartridge

After the secret of the Dreyse gun was revealed, France in 1866 imitated it to produce the Chassepot (Shasipu) breech-loading needle-fire rifled gun. Britain, for its part, modified its Enfield (Le Enfield) rifle in the same manner, and the rifles of Europe began the transition from muzzle-loading guns to breech-loading needle-fire rifled guns. However, some countries neglected this transition, causing their rifles to fall behind those of other countries in their development, as was the case with Austria, with the result that in the Austro-Prussian War of 1866 it was defeated by Prussia.



4. Improvements to Ammunition

In improving the structure of cartridges, the French officer Delvigne (Dalvigne) achieved considerable success. In 1830, after repeated improvements to the bullet, he created an elongated bullet in the shape of a small cylinder with a pointed tip; this type of bullet reduced the resistance it experienced in flight, so that its muzzle velocity decreased only slowly, its trajectory was flatter, and its accuracy was improved. In the 1840s, Du Wenien made improvements to the structure of the bullet. By 1849, the French officer C. C. E. Minié (Minie) continued to improve upon Du Wenien’s rifle and its bullet, thereby creating the Minié-type rifle, which was simple to load, had a long range, and had comparatively high accuracy; the technical specifications of this gun were: caliber 17.8 millimeters, length 1.4 meters, weight (excluding bayonet) 4.8 kilograms, maximum muzzle velocity 365.7 meters per second, maximum range 914 meters, with 4 grooves of rifling; it used an elongated egg-shaped bullet, hollow at the base, slightly smaller than the bore diameter, making it a cartridge that was easy to load; upon firing, the powder gas caused the base of the bullet to expand and grip the rifling, giving the bullet full rotation about its axis and causing it to fly accurately toward its target. After the successful creation of the Minié rifle, it was immediately adopted that same year by the armed forces of Britain, France, the United States, Belgium, and other countries. In 1871, Britain adopted the American Martini-type lock mechanism together with the Henry-type barrel, manufacturing the Martini–Henry breech-loading gun, which fired a paper-cased cartridge and simplified the loading procedure.



5. The Use of Rifled Breech-Loading Needle Guns in War

The Austro-Prussian War, which broke out in Europe in 1866, and the Franco-Prussian War, which broke out in 1870, were both bound up with the rifled breech-loading needle-fire gun. The technical specifications of the principal types of guns used by the three countries at that time were as follows: Prussia employed the Model 1855 Dreyse breech-loading needle-fire rifled gun, caliber 15.4 millimeters, weighing 5.1 and 5.3 kilograms, bullet weight 31 grams, maximum range 600 meters, rate of fire 5 rounds per minute; Austria employed the Model 1855 muzzle-loading smoothbore gun, weighing 4 kilograms, bullet weight 30 grams, maximum range 800 meters, rate of fire 2 rounds per minute; France employed the Model 1866 Chassepot breech-loading needle-fire rifled gun, caliber 11.4 millimeters, weighing 4.1 and 4.6 kilograms, bullet weight 24.5 grams, maximum range 1,300 meters, rate of fire 10 rounds per minute.


(1) The Use of the Dreyse Gun in the Battle of Sadová

In June 1866, in order to contend for leadership in the unification of Germany, Moltke (Helmuth Karl Bernhard Von Moltke, October 26, 1800 – April 24, 1891) led 300,000 Prussian troops equipped with Dreyse guns in an offensive against the 340,000-strong Austrian army commanded by L. A. Benedek. The war unfolded across three theaters—northwest Germany, Italy, and Bohemia—with the main theater in Bohemia. From the 27th to the 29th, 50,000 Prussian troops invaded Hanover, defeating the Hanoverian army at Langensalza with rapid, fierce fire from Dreyse guns and breech-loading artillery and forcing its surrender. At the same time, in late June the Prussian army advanced into Bohemia in three columns. From the 27th to the 30th, the Prussian army repulsed the Austrian and Saxon armies near Münchengrätz and Nade. On July 3, the two sides fought the decisive battle at Sadová (Königgrätz). Moltke, commanding 221,000 Prussian troops equipped with Dreyse guns and 702 breech-loading guns, launched a fierce bombardment against the Austrian army from the front and both flanks; the Austrian army suffered a disastrous defeat, with 43,000 casualties, and was forced to retreat. Relying on its superiority in guns and artillery, the Prussian army won victory at a cost of 9,000 men. The following year, the North German Confederation, led by Prussia, was established.



(2) The Use of the Dreyse Gun in the Battle of Sedan

In the early morning of September 1, 1870, the Prussian chief of staff Moltke led 220,000 Prussian troops equipped with Dreyse guns and 813 breech-loading guns in a converging attack from all sides against the 120,000-strong French army, equipped with 393 guns and Chassepot rifles, that had been trapped at Sedan. At 7 o’clock, the Prussian army, with its superiority in guns and artillery, bombarded the surrounded French army fiercely; the French army suffered heavy casualties, Marshal M. MacMahon (Mac Mahons) was struck and wounded, and in the afternoon withdrew into the town, the French army falling into total confusion. On September 2, Napoleon III (Napoléon III, 1808–1873), leading more than 83,000 men, surrendered to the Prussian king Wilhelm I (Willemn I, 1772–1843). On September 4, revolution broke out in Paris, and the Second French Empire came to an end.





Section 2 The Deepening of King Gustav II Adolf of Sweden’s Reform of the Artillery System

Building on the reform of artillery manufacture that had taken place in Europe in the sixteenth century, this reform was continuously and unceasingly deepened and refined, causing the manufacturing and use of artillery to develop rapidly on a new level, and giving rise to a new situation in which the various countries of Europe vied with and outdid one another in artillery from the seventeenth century to the mid-nineteenth century; and it was the Swedish king Gustav Adolphus II (Gustaus adolphus Ⅱ, or Gustav Ⅱ Adolf, 1594–1632; reigned 1611–1632) who took the lead in carrying out this deepening reform. It was precisely in this immense undertaking of deepening the reform of Swedish artillery that his military talent came to be revealed.


1. The Purpose of Deepening Artillery-System Reform

In 1611, the seventeen-year-old Gustav ascended the throne of Sweden. He was fluent in the languages of seven countries and could conduct diplomatic negotiations directly in four languages; whichever language could most accurately express his thinking, he would choose to use in speaking with the other party, and his eloquence and quick-witted skill in debate often won over the other side completely. Even before ascending the throne he had led troops into battle, and in the protracted warfare between the Swedish Protestants and the Holy Roman Empire, he had led from the front and fought with great courage. In commanding troops in battle, his aim was not the seizure of cities and territory; rather, he held that speed was of the essence in warfare, and he often used mobile warfare to strike the enemy with the swiftness of a thunderclap too sudden to cover one’s ears.

In battle, Gustav placed particular importance on the role of surprise artillery assaults. In order to bring the role of artillery in war into full play, he decided to carry out a thorough reform of the old-style artillery, which was cumbersome in its gun-bodies, slow on the march, and inconvenient to use, with the aim of increasing the speed of movement of troops and the mobility of artillery. After repeated trials and comparisons of firing from multiple sources, he decided to adopt the “leather” gun (Leather or Kalter) designed by the gun researcher Warmbrandt (Warmbramdt).



2. The Creation of the Leather Gun and Unitary (Fixed) Ammunition

The new type of gun designed by Warmbrandt used brass for the barrel, joined by screw connection to an iron-clad brass breech; the outside of the barrel was wrapped alternately in layer after layer of rope and layers of clay-and-glue paste, and the outermost layer was covered with lacquered leather, which is why it came to be called the “leather” gun; the barrel weighed only 90 pounds, and its carriage was not heavy either, so that it could be hauled and fired by just two men (Fig. 10-3). In the two campaigns against Poland of 1628–1629, it achieved good results in both.

Fig. 10-3 Sweden’s Leather Gun

In the past, the projectile fired by a gun and its propellant charge had been transported and loaded separately. In order to increase the rate of fire of artillery, Gustav took the lead in combining the projectile and the propellant charge into a single unit: the propellant charge was loaded into a cartridge case, with the projectile fitted at the head of the cartridge case, the two being combined into a single round. After this reform, the round not only simplified the firing procedure and shortened the firing process, increasing the rate of fire, but every round also carried the same charge weight, which increased accuracy. On September 17, 1631, when Gustav led his army in the Battle of Breitenfeld, he used a paper-cartridge-type canister shot, the cartridge case packed full of bullets and metal fragments; upon striking the target and exploding, the bullets scattered widely, increasing the area of lethality.



3. The Classification of Artillery

Gustav classified Sweden’s artillery, according to its combat purpose, into field guns, siege guns, and regimental guns. His tactical use of artillery was as follows: first rapidly maneuver the guns onto the battlefield, deploy them in the center or on both wings of the position so that the artillery occupied a favorable position, and then win through a sudden artillery assault. In the Battle of Breitenfeld in Saxony, Gustav adopted precisely this tactic and won victory through it. Gustav placed extremely great importance on the role of artillery in combat, and continually increased the number of artillery pieces with which his army was equipped: from an initial rate of 2 guns per regiment, by the Battle of Frankfurt in April 1631, among 18,000 soldiers there were 200 guns equipped, an average of 1 gun for every 90 soldiers. Gustav’s reforms made the Swedish field artillery the first to become an independent branch of the service, and established field artillery units equipped with 70–200 heavy guns, an achievement of epoch-making significance in the history of the development of European artillery and artillery corps.



4. The Use of Artillery in the Battle of Breitenfeld

The Battle of Breitenfeld (Brietenfeld) was a major engagement of the Thirty Years’ War (1618–1648), in which a civil war within the Holy Roman Empire developed into a conflict drawing in the principal powers of Europe. The two sides that fought were the Swedish army on the one hand, and the allied forces of Saxony and the Catholic League on the other. After the Catholic League army occupied Leipzig in Saxony on September 15, 1631, Saxony defected to Sweden, forming an allied army with Sweden to advance on Leipzig. On the 16th, the two sides encountered each other at Breitenfeld, 8 kilometers north of Leipzig. The Catholic League’s general, Count J. T. Tilly, commanded the army of the Holy Roman Empire, which possessed 35,000–40,000 officers and men and 26 guns. Tilly adopted the formations and tactics customarily used by the various countries in the past: he deployed his army at the uppermost end of a narrow stretch of plain, with the front formed of multiple Spanish-style squares arranged in a single straight line, each square having 50 ranks; on both wings he deployed a considerable body of cavalry, while the artillery and artillery positions were placed at the very rear of the entire formation. This method of deploying in squares, when used against a charge by enemy cavalry, was extremely effective: soldiers wielding long pikes could, from 18 feet away, pierce the enemy’s war-horses and unseat the riders; troops equipped purely with cold weapons likewise found it difficult to break through from the front. However, this type of square was very inflexible: only after the front-rank soldiers had fallen could the rear-rank soldiers thrust with their pikes at the enemy, and throughout the entire battle, the artillery and the artillery positions could not be moved, nor could individual guns be shifted from one another. Because each gun required 28 horses to haul it, otherwise it would be unable to maneuver and would be left in a passive position, absorbing blows without being able to respond.

Yet the 47,000-strong Swedish-Saxon allied army commanded by Gustav possessed some 100 guns. Gustav broke with the outmoded formation and deployment methods of the European countries, adopting for the first time a two-line linear tactical formation, deploying to face Tilly’s army as follows: 6 infantry brigades and two cavalry regiments equipped with matchlock muskets were placed in the center of the battle line, formed into 6 ranks; 7 cavalry regiments equipped with matchlock muskets were placed on the right wing of the battle line; the Saxon army’s cavalry regiments were placed on the left wing of the battle line; the artillery positions firing 9-pound shot were placed at the front of the battle line; the guns firing 4-pound shot were placed between the first line of infantry and cavalry; at the same time a certain number of reserves were kept in hand. Gustav personally commanded the right wing, Gustav Horn commanded the left wing, and the forward artillery was commanded by Torstensson.

On the morning of September 17, the two armies began to advance toward each other, and then opened fire on each other with artillery. The Swedish forward guns firing 9-pound shot fired volley after volley of devastating canister shot into the advancing Spanish squares, blasting several gaps in their front ranks, though the rear-rank soldiers moved up to fill them. At this point, the Swedish army began firing over the heads of its own forward positions and guns, with the shot flying over the heads of the Swedish soldiers toward the enemy.

At the moment when the two armies had not yet come into direct contact and the Swedish army could still maneuver freely, the Catholic cavalry on the left wing attempted to outflank the Swedish right wing, but met with devastating bombardment from numerous 4-pound guns and dense volleys of musket fire. The Catholic cavalry charged seven times in succession, and each time was repulsed by Swedish artillery fire; the Swedish army then pressed its advantage with a counterattack, annihilating the Catholic cavalry.

When the Catholic cavalry’s attack on the Swedish right wing from the left failed, Tilly concentrated his main force in an attack on the Swedish left wing, suppressing the Swedish artillery fire with his own guns, and the Swedish army suffered heavy casualties. Tilly attempted to press his advantage and outflank the remnants of Gustav Horn’s forces, but because a frontal attack would have placed him under fire from his own cumbersome artillery, he was forced to carry out an encircling maneuver instead. This gave Horn a moment’s respite, in which he regrouped his forces to meet the attack.

At this critical juncture, Gustav rapidly organized the guns firing 4-pound shot together with the artillery reserve into a fast-moving mobile detachment, sending them to reinforce the right wing, and then ordered the victorious right wing to launch an assault on Tilly’s heavy-artillery position. Caught in this pincer attack from both sides, the army of the Holy Roman Empire was routed, and its soldiers fled in confusion. After capturing Tilly’s artillery, the Swedish army turned to bombard the fleeing troops; Tilly himself was wounded three times, and escaped under the cover of more than 600 soldiers. The Swedish army pursued the fleeing enemy as far as Merseburg, capturing 3,000 prisoners; the Swedish army itself suffered more than 2,000 casualties. From this point onward, the Catholic side’s military dominance in Europe came to an end①.

Aside from political and religious causes, the victory of Gustav’s Swedish army at Breitenfeld was chiefly due to the Swedish army’s adoption of highly mobile artillery: the fierce bombardment of light, rapidly maneuverable artillery reduced the once formidably powerful Spanish square, in the space of a moment, to a shattered wreck. From this point on, the type of artillery that had to be hauled by several dozen horses, creaking and swaying as it advanced along dirt roads, gradually withdrew from the stage of war and was consigned to history museums, to become an exhibit for people to view.

① [US] Philip Stevens: Chats on Old Ordnance, 1979 mimeographed translation, pp. 32–38.




Section 3 The Deepening of King Frederick II of Prussia’s Reform of the Artillery System

In 1740, after the Grand Duke of Prussia Frederick II (Fredrick II, January 24, 1712 – August 17, 1786; reigned 1740–1786) ascended the Prussian throne, he took command of the best-trained and most disciplined infantry in Europe, an infantry that had become renowned far and wide for having repeatedly won victories while serving as mercenaries abroad. The officers at every level of command in this infantry were thoroughly versed in military affairs, able to coordinate the various units in using Gustav-style artillery, striking terror into the enemy through swift action. To meet the needs of this new situation, Frederick also adopted measures to relatively standardize the form and structure of artillery, in order to lighten the weight of Prussia’s field artillery and achieve the goal of rapid maneuver leading to victory.


1. Further Reduction in Gun Types and Standardization of Artillery Specifications

According to the new regulations promulgated by Frederick, the short-barreled light guns assigned to Prussian regiments were to have barrels no longer than 14, 16, or 18 times their caliber, with the weight of the gun 80–150 times the weight of its shot, firing shot of 3, 6, 7, 10, or 12 pounds, with a charge weight of 1/3 the weight of the shot (Fig. 10-4).

Fig. 10-4 Prussian Artillery of the Early Eighteenth Century

After Frederick’s reforms and adjustments, the number of guns with which the artillery corps was equipped continually increased through the late eighteenth century: in 1756, among 70,000 artillerymen there were 206 guns; in 1762, among 67,000 artillerymen there were 275 guns; in 1778, among 180,000 soldiers there were 811 guns, the number of guns per 10,000 artillerymen increasing from 29 and 41 to 45, an increase of one half over 22 years. In addition, Prussia’s artillery corps was also equipped with howitzers of 5.5-inch caliber. When besieging fortresses, it also employed carronades firing 24-pound explosive shells.



2. The Establishment of Horse Artillery and Echeloned Artillery Organization

One of Frederick’s major innovations was the establishment of a new branch of service, the “horse artillery,” equipping each horse-artillery company with 2 short-barreled, lightweight howitzers and 6 light carronades. This type of horse-artillery company was highly mobile, and at critical moments in battle, it cooperated with the cavalry and infantry in rapid assaults. To coordinate with the operations of the horse artillery, he also gave the cavalry special training, having them, when going into action, first advance at a walk, then gradually accelerate to a trot and a canter, before finally charging the enemy at full gallop. This charging momentum alone was enough to send many enemy soldiers tumbling beneath the horses’ hooves. Following the cavalry came the horse-drawn gun teams, which galloped forward together with the cavalry; upon spotting a target, they would rapidly change direction, unlimber the guns, establish a firing position, and bombard the enemy formation. As soon as the battle required a change of position, the guns would be rapidly limbered up again and transferred to a new position to join the new engagement. The grooms and horses assigned to the gun teams were all counted as part of the horse artillery and included in the army’s organizational establishment.

In addition to establishing horse-artillery companies, Frederick also divided the artillery on the battlefield into two echelons. The first echelon: each battalion was equipped with 2 howitzers and 1 seven-pound gun, 5 battalions formed 1 brigade, and each brigade was additionally assigned 1 heavy-gun company equipped with 10 twelve-pound guns, giving the first echelon a total of 25 guns. The second echelon: each battalion was equipped with 2 three-pound guns, and each brigade was additionally assigned 1 heavy-gun company equipped with 10 twelve-pound guns, giving the second echelon a total of 20 guns, held in reserve. Frederick held that in the attack, the bulk of the artillery should be concentrated against one wing of the enemy, preferably occupying high ground, to destroy the enemy’s defensive positions—especially its artillery positions—with fierce bombardment; thereafter, at a range of 600–700 yards from the enemy, a continuous assault should be carried out; at a range of 500 yards, the guns should be pushed forward by manpower to fire at close range, penetrating all the defenses within the enemy’s position. On the defensive, when enemy cavalry approached to within 900–800 yards, continuous fire should begin; at 60–50 yards, canister shot should be fired to increase the killing effect; before the first echelon’s guns had withdrawn, the second echelon’s guns were not to engage; when withdrawing, the heavy guns should be withdrawn first and the light guns last, and guns were on no account to be abandoned on the battlefield, so as to prevent them from falling into enemy hands.

By the mid-nineteenth century, Prussia already had 9 artillery regiments, each artillery regiment having 8 infantry-gun companies (4 six-pound-gun companies, 3 twelve-pound-gun companies, and 1 howitzer company), 3 horse-artillery companies, and 1 reserve-artillery company. In addition there were 4 fortress-artillery companies, 1 labor company, and reserve artillerymen. Each company had 2 howitzers and 8 carronades, with about 100 artillerymen. At this time, Prussia already possessed about 1,150 guns, comparable to the 1,200 guns possessed by France. Its types were as follows (Fig. 10-5).

1842 12-Pound Gun 1816 12-Pound Gun Fig. 10-5 Guns Used by the German Army in the Early Nineteenth Century



3. Strengthening of Artillery Training and Promotion of Artillery-Science Research

In 1756, with the outbreak of the “Seven Years’ War” (1756–1763), in which Prussia, allied with Britain, fought against the alliance of France, Austria, and Russia for colonial possessions and hegemony in Europe, Frederick increased his field-artillery battalions from 2 to 6, each battalion having 900 men, and increased his fortress artillerymen from 1 battalion to 2, garrisoning the various fortresses by company. In ordinary times, field artillery and siege artillery were given separate technical and tactical training. Field artillery, in carrying out an offensive, was required to push its guns forward to within 500 yards of the enemy, and had to keep pace with the infantry, providing covering fire for the infantry’s charge. To this end, Frederick did not hesitate to pay a high price to purchase 70 howitzers firing 10-pound shells, of a new type, which became the best guns for entering mountainous terrain and commanding high ground. He required that, when troops were deploying in open order, the guns should be pushed forward at the front of the position to provide covering fire, and then withdraw to the defensive line. When subsequently advancing, a sufficient interval was to be left between every 2 adjacent battalions, for 2 infantry guns to construct a temporary firing position. In addition, Frederick put forward many original ideas for technical and tactical training. Through Frederick’s rigorous training, the artillery became an important branch of service by which the Prussian army defeated its enemies.

Frederick not only strengthened the training of the artillery, but also promoted the study of artillery science among the people, and many artillery generals and gun researchers emerged, publishing many works of artillery scholarship.

Tempelhoff was a Prussian artillery general who not only assisted the Prussian king in establishing field mortar companies and field light-gun companies, but also published, in 1781, The Prussian Gunner, or On the Flight of Artillery Shells—Assuming that Air Resistance Is Proportional to the Square of the Velocity, making a creative exposition of the principles of artillery fire and the relationship between the flight of shells and aerodynamics. The gun researcher Struensee published Principles of Artillery Science in 1760, which became the basic textbook for educating and training Prussian artillery officers and men. Another artillery-science expert, Scharnhorst, published Handbook for Officers—The Practical Part of Military Science, Part One: Artillery in 1787, in which he discussed the tactics of field artillery. This work was regarded by the military-technology circles of the time as the first comprehensive and truly scientific work on artillery science.



4. The Use of Artillery in the Battles of Rossbach and Leuthen

One year after the “Seven Years’ War” began, France, Austria, Russia, and Sweden advanced in 1757 from the west, south, east, and north respectively, attempting to encircle and dismember Prussia. Facing this crisis, Frederick, while dividing his forces to resist the attacks, resolved to annihilate the weakest of the enemy forces—the western Franco-Austrian allied army—before the enemy armies could complete their encirclement, and thereafter seek an opportunity to break the allies’ strategic encirclement. In October, the Franco-Austrian allied army of 35,000 men occupied the town of Weissenfels, southwest of Leipzig. Frederick led 22,000 men to a position near Weissenfels, seeking an opportunity to engage. On November 4, seeing that the enemy camp was strongly fortified, Frederick moved his army to the hills of Rossbach to lure the enemy into attacking. From the high ground at Rossbach, Frederick could observe the entire movements of the Franco-Austrian allied army; he maneuvered his troops and deployed an ambush, awaiting the enemy’s attack. The Prussian army’s feigned withdrawal convinced the Franco-Austrian allied army that it was genuine, and they mistakenly believed the Prussian army to be weak and afraid to fight. At 11 o’clock on November 5, the Franco-Austrian allies entered the Prussian army’s ambush zone. More than 4,000 Prussian cavalry and horse artillery suddenly bombarded the allied army fiercely with their guns, and the 22 guns of the Prussian army on the high ground opened fire simultaneously; after suffering this devastating blow, the allied army collapsed immediately. In this battle, at the trifling cost of 500 casualties, the Prussian army killed and wounded 3,000 of the allied troops, captured 5,000 prisoners, and seized 67 guns, breaking the allies’ strategic encirclement.

After the Battle of Rossbach, Frederick resolved to press his advantage by continuing operations through the winter, in order to thoroughly turn the tide of the war. After a forced march of 15 days, in late November 1757 he led 36,000 men with 167 guns into Silesia. The Austrian army, 66,000 strong with 210 guns, deployed for battle at Leuthen on December 4. At dawn on the 5th, the Prussian army advanced toward Leuthen in four columns along the main road, and encountered 5 Austrian regiments, which it swiftly routed, capturing more than 800 prisoners. Thereafter, the Austrian army retreated step by step in defeat; in the afternoon, the main Prussian force closed in on the Austrian army and carried out an artillery bombardment, and the Austrian army was routed. At 16:00, the Prussian army launched a full-scale assault, using fierce artillery fire to destroy in succession the Austrian army’s central, left, and right positions; the Austrian army collapsed along the entire front, and the remnants crossed the Schweidnitz River that night, retreating to Breslau. In this battle, at the cost of 6,000 casualties, the Prussian army killed and wounded nearly 10,000 of the Austrian army, took 12,000 Austrian prisoners, and captured the greater part of the Austrian army’s artillery.




Section 4 The Deepening of Artillery-System Reform in France

In the late seventeenth century, France’s feudal economy was highly developed, and its gun- and artillery-manufacturing industry stood at the forefront among the countries of Europe; the question of emulating the artillery-system reforms of Sweden and the German states duly rose to the top of the agenda.


1. Gribeauval’s Deepening of Artillery-System Reform

In 1661, as soon as the French king Louis XIV (Louis XIV, 1638–1715) assumed personal rule, he expanded the manufacture of artillery. In 1671, he took the lead in establishing an artillery corps, fixing the ranks and grades of officers at every level, incorporating gunsmiths into the army as a core body of rank-and-file soldiers, and abolishing the old guild system, so that the artillery truly became a branch of the state’s armed forces. In 1690, he founded the world’s earliest artillery school, which also remained, for the following 50 years, the only artillery school in the world.

In 1697, the French gun researcher Sa’en Rémy (also translated as Saint-Rémy) compiled and published an artillery-science handbook, Mémoires d’artillerie, used as a textbook for the technical and tactical training of artillerymen. Under the encouragement and impetus of Louis XIV, French gun research flourished increasingly, and various types of relatively advanced artillery of the time were manufactured (Fig. 10-6).

Fig. 10-6 French Artillery of the Early Eighteenth Century

In 1776, Gribeauval (Jean Baptiste Gribeaval) took up the post of Inspector General of Artillery of France, taking charge of all major matters of gun research and artillery-corps construction. As soon as he assumed office, he carried out a sweeping reform of the artillery system.

The first step was to reduce the number of gun types. In response to the drawbacks of France’s existing artillery, which had too many types and confused forms, unfavorable to both mobility and combat operations,

Gribeauval decided to retain only the 4-, 8-, and 12-pound carronades, stipulating that the barrel length be 18 times the caliber, the weight of the gun 150 times the weight of the shot, and the charge weight 1/4 the weight of the shot; at the same time, 5 types of howitzer of 6- and 8-inch caliber were also retained, so that they could be mounted on carriages of standardized dimensions. At the same time, it was stipulated that siege artillerymen should be equipped with large guns of 12 pounds and above, and the existing 12-pound carronades were retained. According to the History of the Development of French Firearms, after Gribeauval’s reforms, the French army was equipped with and used 5 types of artillery (Fig. 10-7).

(1) 12-Pound Carronade; (2) 8-Pound Carronade; (3) 4-Pound Carronade; (4) 6-Inch Howitzer; (5) 8-Inch Howitzer. Fig. 10-7 The Gun Types Retained by Gribeauval

Because the artillery retained after the reform of the gun-manufacturing system had relatively unified gun types and comparatively consistent specifications, it was convenient to use standardized gun carriages, which increased the mobility of the artillery and made it better suited to the needs of combat.

The second step was to standardize ammunition, gun carriages, and artillery organization. The guns described above fired three types of shot: round solid shot, with a range of 700–900 meters; flying shot, with a range of 200–800 meters, used to kill densely massed attacking enemy soldiers; and shells, with a range of 700–1,200 meters, fired on a curved trajectory, used to destroy the enemy’s defensive installations. All these guns used carriages of standardized dimensions. In addition, he devised a traversing gun carriage, enabling the gun to change its direction of fire, making it convenient for engaging a moving enemy or warships at sea. In order to increase the mobility of the new-style carriages in transporting artillery, he also designed a limber that could be disassembled to transport heavy artillery; when a change of position was required, the gun barrel could be lifted clear of its carriage and loaded into a special gun case, while the carriage was towed by the limber, allowing rapid movement (Fig. 10-8).

Fig. 10-8 French Army Using a Limber to Transport Heavy Artillery

The unified artillery crew organization established by Gribeauval was as follows: each 75-millimeter-caliber 4-pound gun was assigned a crew of 8 gunners: 1 to swab the bore and load the shot, 1 to apply the match and fire, 1 to stand at the right side of the gun barrel to measure and set the angle of elevation and take aim, 1 as loader, 1 to clean out the touch-hole and insert the fuse into it, 1 squad leader to check and correct the angle of elevation, and 2 to carry ammunition beside the gun. Their positions were arranged as shown in Fig. 10-9:

Fig. 10-9 Diagram of the Positions of French Gun Crews

Through Gribeauval’s reforms, entirely new conditions emerged in France’s gun research and use. Thereafter, propelled further by Napoleon, French gun research and use rose to yet another new level.



2. Napoleon I’s Deepening of Artillery-System Reform

Napoleon Bonaparte (Napolén Bonaparte), that is, Napoleon I (Napoléon I, August 15, 1769 – May 5, 1821), was Emperor of the First French Empire (1804–1814, 1815). He was born in the town of Ajaccio on the island of Corsica, the son of a declining noble family. In 1779, he entered a French military academy. In 1785, he was commissioned a second lieutenant of artillery, and in October he entered service with the La Fère (La Fere) artillery regiment, where he studied artillery tactics and technique, becoming an outstanding artillery officer. In 1795, after becoming commander-in-chief of the French army, he continued, on the foundation laid by Gribeauval, to carry out further reform of the form and specifications of artillery and of the organization of the artillery corps, making artillery further standardized and the artillery corps better adapted to the needs of the development of warfare.

After Gribeauval’s standardization of the artillery system, the guns with which France’s field artillery was mainly equipped were the 4-pound gun and the 8-pound gun. However, at that time, all the countries of Europe except Spain used shot of 6, 12, and 24 pounds. Napoleon accordingly ordered the manufacture of guns matching the calibers used by the artillery of the various European countries, so that the French army could make convenient use of enemy guns and shot captured on the battlefield.

In the early nineteenth century, Napoleon reformed France’s artillery organization, focusing on abolishing the artillery regiment and strengthening the artillery company. He additionally equipped horse-artillery companies and field-artillery companies with 2 howitzers each, for destroying the enemy’s multi-sided redoubts. At that time, a field-artillery company was equipped with 6 six-pound carronades and 2 5.5-inch howitzers, with an establishment of 100 gunners; the 8 guns were equipped with 8 spare gun carriages, 2 spare reserve carriages, 1 forge, 1 baggage wagon, and 6 ammunition wagons. Each ammunition wagon was drawn by 6–12 mules, and each of the 4 shot-transport wagons was drawn by 4 mules. After Napoleon’s reforms, the artillery company could maneuver rapidly and could cooperate in operations with an infantry brigade. At the same time, it could also be organized flexibly into different formations depending on the combat mission. If a particular battlefield had special requirements, several artillery companies could also be rapidly ordered to rush to the front, concentrating their firepower in a fierce bombardment of the enemy, opening the battle and achieving victory by surprise.

After the Napoleonic Wars, France, beginning in 1827, made further adjustments to its artillery. Field guns were mainly equipped with 8-pound and 12-pound guns. The barrel length was 18 times the caliber, the charge weight was 1/3 the weight of the shot, and the weight of the gun was 150 times the weight of the shot; British-style gun carriages and ammunition chests were adopted. In addition, field artillery was also equipped with howitzers of 15- and 16-centimeter caliber, while mountain artillery was equipped with howitzers of 12-centimeter caliber. Field artillery was issued only two types of gun carriage—one limber, and one type of wheel and axle—with the gunners riding on the limber, which carried the ammunition chest. Through these adjustments, the mobile combat capability of the artillery was greatly increased.

Louis Napoleon, that is, Napoleon III (Napoléon III, 1808–1873), further added, in 1853, a new type of 12-pound light carronade, with a barrel length of 15.5 times the caliber and a gun weight of 110 times the weight of the shot, with a charge of 1/4 the weight of solid shot; the gun carriage and limber of this artillery piece were better suited for the gunners to ride on during rapid changes of position, increasing the combat effectiveness of the artillery.

After these adjustments, France had organized 13 field-artillery regiments and 137 artillery companies (including horse-artillery companies). In addition, there were more than 60 infantry-gun companies in reserve, each company equipped with 6 guns, giving the entire army a total of 1,200 guns, a total unmatched by any other country.



3. The Use of Artillery in the Napoleonic Wars

Napoleon was a celebrated artillery marshal, possessed of superb skill in commanding artillery battles; under his command, the French army, in the Battle of Ulm, the Battle of Friedland, and the Battle of Wagram, successfully brought the advantages of artillery into full play and achieved victory in these operations.

The Use of Artillery in the Battle of Ulm. From April to August 1805, Britain, Russia, Austria, Sweden, Naples, and other countries formed the Third Coalition against France, forming a crescent-shaped encirclement of France stretching from Hanover to Italy. Of these, the Austrian army posed the most direct threat to France: the Austrian commander-in-chief Archduke Charles (Ludwig Johann Karl, September 5, 1771 – April 30, 1874) led a main force of 95,000 men south into Italy, intending to attack the French forces stationed there; the King of Naples, Archduke Ferdinand (Ferdinand I, 1751–1825), led an army of about 60,000 men in an attack on France’s ally Bavaria, intending, once the Russian army arrived, to invade French territory itself. In mid-September, the Austrian army crossed the Lech River and advanced to occupy Ulm. Once Napoleon had determined the Austrian army’s intentions, he personally led 176,000 French troops, ordering numerous artillery companies to bring along 286 guns, and, marching at forced-march speed for 25 days, covering more than 600 kilometers, suddenly appeared near the Austrian positions at Ulm on October 6; the Austrian army, caught completely unprepared, suffered defeat after defeat under repeated blows from French artillery. On October 14–15, the French army launched a fierce assault, bombarding the Austrian forces at Ulm with more than 200 guns; on the 20th, Archduke Ferdinand’s chief of staff, Mack, seeing no hope of breaking out, led his troops in surrender. Ferdinand fled toward Sicily. At a cost of only some 1,500 casualties, the French army had annihilated more than 50,000 Austrian troops. After this victory, the French army immediately marched swiftly eastward, capturing Vienna on November 13. At this time, the Russian army had only just arrived at the front, but it was already too late—Napoleon had achieved his preset objective of capturing Vienna before the Russian and Austrian armies could join forces.

The Use of Artillery in the Battle of Austerlitz. After capturing Vienna, Napoleon led 40,000 French troops in continuing to pursue the Russo-Austrian allied army northward, advancing in late November to a position between Brünn (present-day Brno) and Austerlitz (present-day Slavkov u Brna, within the Czech Republic), where the pursuit halted. At this time, the 87,000-strong Russo-Austrian allied army occupied positions in the Olmütz (present-day Olomouc) area, and the French army found itself in the dangerous position of being threatened both front and rear. Napoleon decided on a swift decisive battle to extricate himself from this dangerous position. To this end, he feigned a request for negotiations, deliberately displaying weakness, while secretly bringing up 33,000 reinforcements and deploying them on hilly ground east of Brünn. On December 2, 1805, the Battle of the Three Emperors at Austerlitz began, with the participation of Emperor Napoleon I of France, Tsar Alexander I of Russia (Александр I, 1777–1825), and Emperor Franz II of Austria (Franz Ⅱ, 1768–1835; Emperor of Austria 1804–1806).

Once the battle began, Napoleon adopted the tactic of a central breakthrough, first using a superior force of 50,000 men to seize the Pratzen Heights, controlled by the Russian army under the command of the Russo-Austrian allied commander-in-chief Kutuzov (Михаил Илларионович Кутузов, September 16, 1745 – April 28, 1813). Kutuzov held the high ground firmly and would not be drawn into rash action. The glory-seeking tsar, however, urged Kutuzov to give battle. Pressing its advantage, the French army fiercely bombarded the position with artillery and captured the Pratzen Heights. Napoleon then ordered every artillery company to rapidly construct artillery positions on the high ground, from which they fiercely bombarded the main force of the allied left wing, compressing the greater part of it onto the small, ice-covered surface of Lake Satschan and the marshland nearby. Pressing this advantage, the French army used fierce artillery fire to shatter the ice covering the lake, and the allied troops and guns crowded onto the ice surface suddenly plunged into the icy water; a great many Russian soldiers drowned or were killed by the bombardment (some say as many as 20,000). Alexander I and Franz II barely managed to escape.

In this battle, at a cost of more than 8,800 casualties, the French army killed and wounded more than 12,200 allied troops, took 15,000 prisoners, and captured 133 guns. Russia and Austria were forced to sign the Treaty of Pressburg with France on December 15; the Third Coalition collapsed, and the Austrian emperor was compelled to dissolve the Holy Roman Empire.

The Use of Artillery in the Battle of Wagram. From July 5–6, 1809, Napoleon’s army fought a major engagement at Wagram, northeast of Vienna, against the army of the Fifth Coalition. The French army numbered about 187,000 men with 584 guns; the Austrian army about 136,000 men with more than 500 guns. Because Napoleon took the enemy by surprise, directing the French army to launch its attack from a direction the Austrian army did not expect, the Austrian army was forced to abandon its forward positions and retreat in haste to its main position at Wagram, its units falling into confusion. At 15:00 on July 5, the French army pressed its advantage with an all-out assault, fiercely bombarding the Austrian army’s central position with more than a hundred guns. By 16:00, the Austrian army was routed along the entire front, with about 45,000 killed, wounded, or captured; all its guns and baggage train fell into Napoleon’s hands. French losses were 34,000. On October 14, the Austrian emperor Franz sued for an armistice, and the two sides signed the Treaty of Vienna, by which Napoleon gained further territory and reparations, breaking up the Fifth Coalition.




Section 5 The Deepening of Artillery-System Reform in Britain

Since the reforms of Elizabeth I (1558–1603) and James I, the types of British artillery had been relatively reduced and their specifications relatively standardized; in the periods that followed, further reforms of the artillery system were carried out to varying degrees of thoroughness.


1. Seventeenth-Century Artillery-System Reform and the Artillery Corps

From the seventeenth century onward, Britain first classified artillery into four major categories by combat purpose.

Field guns. These were mainly the culverin and the duck gun; the culverin had a caliber of 5 inches, fired a 15-pound shot, with a direct-fire range of 460 yards, a maximum range of 2,650 yards, weighed 1.75 tons, and fired 10 rounds per hour; the demi-culverin had a caliber of 4.5 inches, fired a 9-pound shot, with a direct-fire range of 400 yards and a maximum range of 2,400 yards.

Light field guns. These comprised a greater variety of guns, mainly culverins, with calibers of 1.12–3.5 inches, shot weight of 0.75–5 pounds, direct-fire range of 320–360 yards, maximum range of 1,920–2,170 yards, and a gun weight not exceeding 1 ton.

Siege guns. These were mainly the royal carronade, the carronade, and the demi-carronade. The royal carronade had a caliber of 8 inches, a shot weight of 63 pounds, and weighed 3.5 tons; the carronade had a caliber of 7 inches, a shot weight of 47 pounds, and weighed 2 tons; the demi-carronade had a caliber of 6 inches, a shot weight of 27 pounds, and weighed 1.75 tons.

Coastal guns. These were mainly the carronade and the demi-carronade. The carronade fired shot weighing 70–100 pounds; the demi-carronade fired shot weighing 30–50 pounds.

After the reform, the British army assigned a crew of 3 to each gun: 1 gunner, 1 assistant gunner, and 1 ammunition handler. Gunpowder was normally kept in a powder barrel, carried at the rear of the gun carriage as it moved. When loading, an iron hook was used to draw the powder out of the barrel and load it into the gun. Solid iron shot or explosive shells were normally fired. Each infantry regiment was assigned 2 light field guns. Heavy guns, on the other hand, were assigned to artillery companies. The use of the guns was directed by the artillery officer. In battle, positions were chosen according to the needs of the infantry, and when the guns were emplaced, the muzzle was tilted slightly upward. Smaller guns were mainly used to cover the infantry, to prevent enemy cavalry from breaking through the position. The deployment of the artillery was divided into three parts: the first was positioned in front of the infantry position; the second was positioned between infantry brigades; and the third was positioned on the flanks of the infantry position. If the terrain of the infantry position was relatively elevated, the guns were positioned to the rear of the infantry position instead. The interval between guns was 50–100 yards. Every gun was fitted with a drag-rope, used to help turn the gun. Every gun was also provided with flintlock-musket-armed troops for protection.



2. New Guns Manufactured from the Eighteenth to the Early Nineteenth Century

From the late eighteenth century to the early nineteenth century, Britain manufactured 9 new types of artillery according to new regulations.

The large carronade. Also called the short-barreled iron gun. This gun took its name from having been created at Carron in Scotland in 1799, and was originally used by the British fleet as a naval gun. It had a caliber of 20.2 centimeters, with a barrel length of 7–8 times the caliber. The barrel had no trunnions, but was secured to its carriage by a lug beneath the middle of the gun body; it fired two types of shot, solid shot and shell, and was mostly used as a naval gun and coastal gun.

The 42-pound and 32-pound heavy guns. The 42-pound gun had a caliber of 15.7 centimeters, with a barrel length of 20 times the caliber; the 32-pound gun had a maximum range of about 1,000 meters and a rate of fire of 1–1.5 rounds per minute, and could be used in both naval and land warfare.

The 24-pound gun. Caliber 14.2 centimeters, barrel length 20 times the caliber, maximum range about 1,350 meters, rate of fire 1–1.5 rounds per minute; mainly used to destroy the enemy’s defensive works, and could also be used as a naval gun and coastal gun.

The 18-pound gun. Maximum range 1,350 meters, rate of fire 1.5 rounds per minute, mainly used in field operations.

The 12-pound gun. Caliber 11.3 centimeters, barrel length 29 times the caliber, maximum range about 1,200–1,350 meters, rate of fire 1–1.5 rounds per minute, used for the same purposes as the 18-pound gun.

The 6-pound gun. This came in two forms: a long-barreled carronade with a barrel length of 7 feet and a gun weight of 1,344 pounds, and a short-barreled carronade with a barrel length of 5 feet and a gun weight of 616 pounds. Rate of fire 1–1.5 rounds per minute, maximum range about 1,350 meters.

The howitzer. The British army began using howitzers in the late seventeenth century, following the Dutch example, and from the eighteenth century onward made further improvements to it, developing two types with calibers of 10 inches and 8 inches. The latter weighed 1,432 pounds and fired a 6-pound shell; its barrel was shorter than that of a carronade but longer than that of a mortar; it was mainly used in field operations and siege warfare, with a rate of fire of 1–2 rounds per minute and a maximum range of about 1,000–1,500 meters. In 1820, the British General Miler began using this type of gun.

The mortar. Small mortars had a caliber of 5.5 inches; large mortars came in two calibers, 8 inches and 10 inches, and were fired from a mortar bed, with a rate of fire of 1–2 rounds per minute and a maximum range of about 1,000 meters.

Mountain guns. In 1772, Britain manufactured mountain guns carried by pack mules, and later made further improvements to them; these were mainly used in mountain warfare.

Apart from the mortar, by around 1840 the range of British artillery had already increased to 2,000–3,000 meters; the ratio of barrel length to caliber was: 14 times or more for heavy guns, 4–10 times for howitzers, and 3–4 times for mortars.



3. Reform of the Artillery Corps’ Organizational System

On the foundation of the large-scale manufacture of artillery, Britain also reformed the organizational system of its artillery corps.

The first step was the establishment of artillery companies. In 1808, following the example of the countries of continental Europe, Britain organized artillery companies, each company equipped with 6 guns, and changed the limber of the guns to one drawn by a double file of horses. In 1818, Britain’s Review Committee formally replaced the earlier designation “artillery” with the name “field-artillery company.” From this time on, British artillery became a fully equipped branch of service with excellent equipment. At the same time, Britain also organized horse-artillery companies, and the entire body of Royal Horse Artillery was also known as the Horse Artillery Brigade. On the march or in battle, the gunners of a field-artillery company marched on foot together with the infantry, and could ride on the gun carriages when necessary. Horse artillerymen, however, could ride in four-wheeled carriages.

In 1854, Britain’s Royal Artillery was organized into 7 horse-artillery battalions, 12 artillery battalions, and 1 rocket company, each artillery battalion consisting of 8 artillery companies (horse-artillery battalions and artillery battalions were together referred to as artillery companies). Each artillery company was equipped with 4 carronades and 2 howitzers (some accounts say 5 carronades and 1 howitzer). The carronades came in 5 types—3, 6, 9, 12, and 18 pounds—with the 6- and 9-pound types the most numerous. Among the howitzers, the 12- and 24-pound types were the most numerous.

Artillery companies also adopted a system of mixed equipment with different types of guns. For example, some were equipped with a mix of 6-pound carronades and 12-pound howitzers, or a mix of 9-pound carronades and 24-pound howitzers. This mixed-equipment approach achieved good combat results. During the Crimean War (1853–1856), Britain already possessed about 650 guns of various types, with naval guns making up a particularly large proportion. Looking at the overall distribution of equipment, British artillery displayed a pattern of being strong at sea and weak on land, with the navy holding more guns than the army. In total artillery holdings, Britain had 550 fewer guns than France, only 55% of France’s total artillery holdings. In addition, British artillery was also equipped with 6-pound and 12-pound rockets.

The second step was the establishment of mountain-gun companies. After the British army began using mountain guns in warfare in the late eighteenth century, it organized its first mountain-gun company in 1813, each company equipped with 6 mountain guns firing a 3-pound shot, each gun weighing 252 pounds and able to be carried by a single mule. In 1816, a mountain-artillery unit equipped with 4-inch-caliber howitzers and mortars was also organized. In 1850, a permanent mountain-gun company was also organized in India.



4. Advances in Gun-Casting Technique and the Creation of the Shrapnel Shell

During this period, the artillery used by Britain was first designed by the Ordnance Department, which provided the design drawings, and the casting was then undertaken by several private foundries, including the Low Moor Company, the Walker Company, and the Carron Company. The gun-casting process generally proceeded as follows: first, a gun pattern was made of hard, dry wood or cast iron, and a mold was cast in cast iron around the pattern. The mold was divided into 12 sections, each section having a raised edge with holes drilled in it, into which bolts could be inserted, the sections being joined into a single unit by the bolts. The mold was filled with sand moistened with a clay solution, the sand being of an adhesive consistency, and packed against the pattern on all sides. The surface of the pattern was covered with a layer of charcoal powder moistened with a clay solution, to prevent the pattern from adhering to the mold. Sand moistened with a clay solution was then packed between the mold and the pattern, forming the shape of the pattern and thereby creating the casting mold. The mold was then loosened and the outer shell removed from the pattern, and left in a dry room for about 12 hours. After drying, each section of the outer shell had a mortise-and-tenon joint, by which the sections were joined together and set upright. Molten metal was then poured in from the top of the mold, and after cooling for 24 hours it was removed, placed on a lathe to be drilled, then placed on a boring machine to bore out a vent hole, and finally the bore was finished with a boring machine.

In 1713 (some say 1739), the Swiss gunsmith Maruizhi, building on the sand-core-cast guns created in Britain, further created a method of casting the gun body directly as a solid cylinder from molten metal, which was then finished into a bore with a boring machine. Guns made by this method not only had improved accuracy, but also saved labor time and increased durability.

The shrapnel shell is a type of shell that uses the powder gas of the propellant charge inside the gun or the shell itself to hurl out lethal fragments. In 1803, the British officer Lieutenant H. Shrapnel created this type of shell. The shell casing of the early shrapnel shell was a cylindrical shape of tin-plated iron with a base; the base was used for loading the propellant charge, and the interior of the tube was divided into layers by membranes or partitions, each layer holding a certain number of spherical lead balls, with the gaps between the balls packed with a filler compound to keep them from shifting. The shrapnel shell was loaded with a large number of small balls—a single 9-pound gun could hold 41 to 126 balls. The shrapnel shell was mostly used on naval guns in Britain. Prussia’s artillery used a version of the shrapnel shell that held 41 small balls. France’s artillery, before 1854, also used a type of shrapnel shell capable of killing densely massed enemy troops over a wide area. After its creation, the spherical shrapnel shell came to be adopted by the armies of nearly every country in Europe.



5. The Use of Artillery in the Battle of Waterloo

After the Battle of Leipzig, Napoleon abdicated in March 1814 and was exiled to the island of Elba, though he retained the title of Emperor. In early March 1815, Napoleon secretly returned to France, entering Paris on the 20th and restoring his rule, an episode known in history as the “Hundred Days.” On the 25th, Britain, Russia, Prussia, Austria, and other countries formed the Seventh Coalition at Vienna, resolving to send 700,000 troops into the field to utterly defeat Napoleon. On June 18, the Anglo-Russian allied commander-in-chief the Duke of Wellington (Wellington, Duke of, May 1, 1769 – September 14, 1852) led 68,000 men with 154 guns in the Waterloo (Waterloo) region, 120 kilometers south of Brussels, constructing artillery positions anchored on the hill of Mont-Saint-Jean, and defeated Napoleon’s 73,000-strong French army, which was equipped with 270 guns; Napoleon fled the battlefield with only a small body of attendants.




Section 6 Artillery and Artillery Corps of Other European Countries

The other countries of Europe, such as Russia, Austria, Italy, Spain, Portugal, the Netherlands, Denmark, Norway, Belgium, and Turkey (sometimes also classed among the Asian countries), also achieved considerable development, by the mid-nineteenth century, in the research and use of artillery and in the organization and use of artillery corps, and some achieved creative results as well. Engels discusses this at length in such works as Artillery and The Armies of Europe.


1. The Artillery and Artillery Corps of Russia

Russian artillery had already achieved a certain degree of development by the seventeenth century, and from the time of Peter I (Алексеевич Пётр I, 1672–1725; reigned 1682–1725; took the title Tsar of Russia in 1721) onward, the vigorous development of gun- and artillery-manufacturing workshops began, laying the foundation for the development of Russian artillery.


(1) Russian Artillery of the Earlier Period

The Moscow gun works, established in Russia in the sixteenth century, had, by the mid-seventeenth century, already adopted water-powered trip-hammers for processing castings, with 400–500 gun-makers, foundrymen, forgers, and workers in 32 other trades, casting pilixia guns, howitzers (a technique learned from the Dutch), and trumpet-shaped guns. The bronze gun cast by the Russian craftsman Yakov in 1483 is still preserved today in the historical museum of the engineer and signal corps at Petrograd, while the “Tsar Cannon,” cast by Andrei Chokhov in 1586, is one of the most outstanding examples of the art of gun-casting from the sixteenth and seventeenth centuries. Besides Moscow, gun works were also established in the Russian cities of Ustyug, Vologda, Novgorod, Pskov, and others. However, their manufacturing capacity was limited, and they were as yet unable to equip the army on a large scale.

In 1697, the ambitious Peter dispatched a large embassy to Western Europe, and he himself traveled incognito under the name Peter Mikhailov, going to Zaandam and Amsterdam in the Netherlands and to London in England to study shipbuilding and navigation techniques, and in the summer of the following year returned to Russia, where he encouraged the development of workshop-based manual manufacturing, increasing the number of manual workshops from 20 to more than 100; making use of serf labor, he established 13 gunpowder works throughout the country, and the major cities of Moscow, St. Petersburg, Volkhov, Okhta, Sestroretsk, Kashira, and Tula became centers of gun and artillery manufacture, while the Urals began to become a base for the metallurgical industry; all the gun- and artillery-manufacturing workshops now manufactured guns according to standardized specifications. At the same time, he began to build an army of 200,000 men and a navy possessing 48 warships. By the late eighteenth and early nineteenth centuries, gun-casting works such as Bryansk, Kamensk, and Aleksandrovsk had reached an annual output of several hundred guns.



(2) The Artillery of Russia

By the late eighteenth to early nineteenth century, Russian artillery had already been divided, according to combat requirements, into regimental artillery, field artillery, siege artillery, and fortress artillery, with artillery companies incorporated into infantry regiments and infantry brigades. When artillery accompanied the army on the march, it was equipped with standardized towing equipment, and horse artillery was also established, greatly increasing the mobility, rate of fire, and accuracy of the artillery. Around 1805, Russian artillery was already equipped with 6-pound guns of 9.5-centimeter caliber and 12-pound carronades of 13-centimeter caliber, with a barrel length of 18 times the caliber, a gun weight of 150 times the weight of the shot, and a charge weight of 1/3 the weight of the shot. Howitzers had a caliber of 5.6 inches. Depending on caliber and the mission of the artillery company, an artillery company was equipped with either 8 or 12 guns, carronades and howitzers each making up half. Maximum range was 200–600 meters (Fig. 10-10).

1, 2 Carronades 3 Mortar 4 Howitzer Fig. 10-10 Guns with Which the Russian Army Was Equipped in the Early Nineteenth Century

By the time of the Crimean War of 1853–1856, the Russian artillery was mainly equipped with 6-pound and 12-pound carronades, as well as 5-inch and 6-inch howitzers. When firing shrapnel shells, the range was 640 yards. The artillery made up about 1/13 of the entire army’s establishment, with a total of 2,000 guns; in terms of the quantity of artillery it possessed, it was on a par with Britain, France, Germany, and the other countries.



(3) The Use of Artillery in War

The artillery used by the Russian army in the Russo-Japanese War of 1904–1905 will be discussed in Chapter Eleven. Here only its use in wars against the countries of Europe will be discussed.

The Use of Artillery by the Russian Army in the Battle of Borodino against France. On August 18, 1812, the newly appointed Russian commander-in-chief Kutuzov decided to meet the French army commanded by Napoleon at the village of Borodino (124 kilometers west of Moscow), on the road leading to Moscow. From September 5–7, Kutuzov, commanding 120,000 Russian troops with 640 guns, relying on favorable terrain, constructed complete artillery positions across a position 8 kilometers wide and 3–4 kilometers deep, awaiting an opportunity to strike the enemy. On September 5, Napoleon, commanding 135,000 French troops with 587 guns, forced the Russian army into battle and captured the Shevardino Redoubt position. On September 7, the two sides exchanged fire with a thousand guns; the fighting continued until 18:00, when Napoleon, skilled as he was in artillery warfare, was forced to withdraw without achieving success; Kutuzov, who had used artillery to block the French army, shattered the myth of Napoleon’s invincibility.

The Use of Artillery by the Russian Army in the Battle of Sevastopol. In the later stages of the Crimean War, the allied forces of Britain, France, the Ottoman Empire, and Sardinia attempted to capture Sevastopol, the base of Russia’s Black Sea Fleet. In September 1854, the allied forces, with 62,000 men and 112 guns, advanced on Sevastopol. The Russian army, under Admiral Nakhimov (Павел Степанович Нахимов, 1802–1855) and Vice Admiral Kornilov (Владимир Алексеевич Корнилов, 1806–1854), defended the city, adopting such measures as sinking ships to block the harbor, rushing to repair the fortress works, constructing more than 20 gun emplacements, and deploying 34 coastal guns and other measures, in order to resist the allied advance. On October 17, the allies bombarded the fortress for the first time. On November 5, a Russian counterattack was repulsed. From November 14 to June 10 of the following year, the allies carried out three bombardments and numerous ground assaults, tightening the encirclement. On August 16, 1855, a further Russian counterattack was repulsed. On August 17 and September 5, the allies carried out two more bombardments in succession, destroying the greater part of the fortress works. On September 8, the allies launched an all-out assault. The Russian army blew up its remaining fortifications and all its warships before withdrawing from Sevastopol, suffering 102,000 casualties. Allied casualties were about 73,000. The Russian garrison commander Kornilov and the allied commander-in-chief Lord Raglan (Laglun) were both killed in the fighting. This battle became the greatest siege in the history of world warfare in terms of the use of siege guns and coastal guns.




2. The Artillery and Artillery Corps of Austria

The Habsburg rulers of Austria retained the titles of Emperor of the Germans and Holy Roman Emperor right up until 1804. In view of the fact that the Holy Roman Empire had, by the late eighteenth and early nineteenth centuries, become an empire in name only, Franz II, Holy Roman Emperor, declared himself Emperor of the Austrian Empire, taking the title Franz I (reigned 1792–1835). In 1809, Franz I appointed Metternich (Klemens Wenzel Nepomuk Lothar von Metternich, 1773–1859) as Foreign Minister, and later as Chancellor. Thereafter, wars were frequent, with France and Austria fighting each other repeatedly, and the manufacture and use of artillery achieved great development.


(1) The Artillery of Austria

The artillery with which the Austrian army was equipped included 6-pound and 12-pound carronades, with a barrel length of 16 times the caliber, a gun weight of 135 times the weight of the shot, and a charge weight of 1/3 the weight of the shot. Each artillery company was equipped with 6 carronades and 2 howitzers (Fig. 10-11). The form and construction of the howitzer were the same as those of the Prussian howitzer.

From the late eighteenth to the early nineteenth century, the Austrian army had 12 field-artillery regiments, each regiment consisting of 4 six-pound infantry-gun companies, 3 twelve-pound infantry-gun companies, 6 horse-artillery companies, and 1 howitzer company, 14 companies in all, with 112 guns; 7 artillery regiments, equipped with a total of 1,344 guns; and in addition 1 coastal-defense artillery regiment and 1 rocket regiment, making 20 artillery regiments in all, with 160 guns and 160 rocket-launching tubes. The Austrian artillery numbered about 53,000 men in total, equipped with more than 1,500 guns①.

Fig. 10-11 Austrian Bronze Guns, 1683–1863



(2) The Use of Artillery in War

During the Napoleonic Wars (1793–1815), the Austrian and French armies fought numerous engagements at Marengo, Ulm, Austerlitz, and Aspern–Essling, among other places.

The Use of Artillery by the Austrian Army in the Battle of Marengo. In November 1799, after Napoleon took power, he resolved to recover the territory that had been lost in Italy.

① [Germany] Engels: “The Army—The Austrian Army,” in Marx-Engels Werke on Military Affairs, vol. 1, p. 247.

In early June 1800, he led 60,000 French troops to capture the Austrian supply bases of Milan, Pavia, and other places, and then crossed the Po River southward, occupying the crossing at Piacenza and other points, cutting off the Austrian army’s line of retreat; the Austrian commander-in-chief Melas resolved to break through Napoleon’s blockade. On the afternoon of the 13th, the leading elements of the two armies encountered each other near Marengo, and the Austrian army lost the opening engagement. At 9 o’clock on the 14th, 30,000 Austrian troops, with 100 guns, launched a fierce assault against 25,000 French troops, and the French returned fire with 15 guns. At 10 o’clock, the two sides fought a fierce battle at Marengo. The Austrian army captured Marengo and pursued the French army with its main force. At 17:00, French reinforcements arrived and carried out a counterattack, and the Austrian army was defeated and retreated to the west bank of the Bormida River. On the 15th, Melas sued for peace, and the two sides signed an armistice agreement. In this battle, although the Austrian army had more guns, it suffered defeat owing to poor command.

The Use of Artillery by the Austrian Army in the Battle of Aspern–Essling. In January 1809, Austria and Britain, taking advantage of the opportunity presented by the French army’s being bogged down in the Peninsular War①, formed the Fifth Coalition. On April 9, the Austrian Archduke Charles led 200,000 men in an attack on France’s ally Bavaria. Napoleon led 120,000 French troops in a rush to the battlefield, and between April 19–23 defeated the Austrian army five times in succession, and on May 13 occupied Vienna. The Austrian army withdrew to the left bank of the Danube to defend it. On the 21st, the leading elements of the French army, 30,000 strong, forced a crossing of the Danube and seized the two villages of Aspern and Essling on the left bank. Taking advantage of the moment when the French army had not yet gained a firm footing, Archduke Charles, at 14:00 on the 21st, launched a fierce bombardment of the French positions with 80,000 troops and 300 guns. Napoleon rushed up reinforcements through the night, and at dawn the next day carried out a counterattack with 60,000 men and 150 guns, and the two sides fought a fierce artillery duel. The French Marshal Lannes (Lanar) was killed in action, the supply boats were burned, and the French army was defeated and forced back to Lobau Island, suffering nearly 30,000 casualties, marking the first defeat Napoleon had suffered since he began commanding troops in war. The Austrian army suffered 23,000 casualties; Archduke Charles had won through the fierce use of artillery, but was unable to press his advantage and expand on his victory, and the fighting came to a halt.

① The Peninsular War: 1807–1814, the war of France’s invasion of the Iberian Peninsula countries of Spain and Portugal. The Spanish refer to it as the “War of Independence.”

② The Congress of Vienna: after the collapse of Napoleon’s empire, a congress held in Vienna, the capital of Austria, from October 1814 to June 1815. It was attended by 216 delegates from the countries of Europe, and, under the manipulation of Britain, Russia, Prussia, and Austria, Italy was dismembered.

③ Engels: “The Army—The Sardinian Army,” in Marx-Engels Werke on Military Affairs, vol. 1, pp. 284–286.




3. The Artillery and Artillery Corps of the Kingdom of Sardinia, Italy

From 1796 to 1814, Italy was occupied by Napoleon I. After the Congress of Vienna② of 1814–1815, Italy was again dismembered, and only the Kingdom of Sardinia (that is, the Kingdom of Piedmont) retained a degree of independence; its manufacture of artillery, though it lagged behind that of the other countries of Europe, nevertheless also achieved a certain degree of development. Its army had 3 artillery regiments, 1 field-artillery regiment, 1 fortress-artillery regiment, and 1 labor-and-technical regiment. The artillery regiment consisted of 6 infantry-gun companies, 2 heavy-gun companies, and 2 horse-artillery companies, 10 artillery companies in all. Each company was equipped with 8 guns, giving 80 guns in total. The light-gun companies were equipped with 8-pound carronades and 24-pound howitzers. The heavy-gun companies were equipped with 16-pound carronades, making them the heaviest field artillery in Europe. The horse-artillery companies and light-infantry companies were equipped with 8-pound carronades, giving them better mobility than the horse artillery and light infantry of the other countries of Europe. Sardinia’s artillerymen were made up of elite soldiers, commanded by officers of genuine ability and learning; the number of guns was no fewer than 200, their performance was comparatively good, and they played a fairly effective role in war③. On August 16, 1855, the artillery of the army of the Kingdom of Sardinia took part, together with the armies of Britain, France, and the Ottoman Empire, in the assault on the Russian fortress of Sevastopol. On August 17, the Russian army launched a large-scale counterattack. The Sardinian artillery, along the Chornaya River line, bombarded the Russian army with 16-pound heavy guns, forcing the Russian army to withdraw from Sevastopol.



4. The Artillery and Artillery Corps of Spain

The artillery with which the Spanish army was mainly equipped consisted of 6-, 8-, 12-, and 24-pound carronades, as well as howitzers of 5-inch and 6-inch caliber. Spain’s artillery was made up of artillery stationed within the country and artillery stationed in the colonies.

The artillery garrisoned within the country comprised: 5 infantry-gun regiments (each regiment consisting of 3 battalions, with 1 regiment garrisoning each region within the country), 5 heavy-gun battalions, 3 horse-artillery battalions, and 3 mountain-artillery battalions, 36 battalions in all. Each horse-artillery battalion consisted of 2 companies, and each infantry-gun battalion and mountain-artillery battalion consisted of 4 companies, equipped with a total of 588 field guns.

The artillery stationed in the colonial territories comprised: in Cuba, 4 infantry-gun battalions (each battalion consisting of 4 companies), 1 gun battalion (consisting of 4 companies), and 1 horse-artillery battalion (consisting of 2 companies); in the militia’s urban units, 20 horse-artillery companies; in Puerto Rico, 4 infantry-gun companies; in the Philippines, 9 infantry-gun companies, 1 horse-artillery company, and 1 mountain-artillery company, 57 artillery companies in all; if each company was equipped with 6 guns, this would give a total of 342 guns.

The artillery garrisoned within the country and the artillery garrisoned in the colonies together were equipped with more than 930 guns.

In addition, the following countries also possessed a certain number of guns and had organized artillery corps. The Portuguese army was equipped with 6-pound and 12-pound carronades, organized into 1 field-artillery regiment (consisting of 1 horse-artillery company and 7 infantry-gun companies), 3 positional-artillery companies, and a fortress-artillery regiment and 3 independent artillery battalions garrisoning the islands. The Dutch created the howitzer in the late sixteenth century; from the seventeenth century onward it was first imitated by Britain, and later spread to other countries as well, and this was a major contribution made by the Dutch to the research and use of artillery; by the mid-nineteenth century, the Dutch army was organized into 2 field-artillery regiments, under which were 5 six-pound infantry-gun companies, 6 twelve-pound infantry-gun companies, 2 six-pound horse-artillery companies, and 2 twelve-pound horse-artillery companies, equipped with a total of 120 guns. The Danish army was organized into 4 infantry brigades, 3 cavalry brigades, 1 artillery brigade, and 3 engineer companies, with a standing army of about 25,500 men and a reserve of 31,500 men. It was equipped with 80 six-pound guns and 16 twelve-pound guns, with 6 companies of reserve artillery. The Norwegian army had 5 infantry brigades (22 battalions), 1 cavalry brigade, and 1 artillery regiment (about 1,300 men), equipped with 6-pound and 12-pound carronades. The Belgian army had 16 infantry brigades, 38 cavalry companies, and 4 artillery regiments, under which were 4 horse-artillery companies, 15 infantry-gun companies, 4 reserve-artillery companies, and 24 fortress-artillery companies, equipped with a total of 152 guns of 6- and 12-pound caliber, as well as coastal-defense guns. The Turkish army was made up of the regular standing army (the Nizam), the reserve army (the Redif), irregular troops, and auxiliary troops from vassal states, equipped with 6-, 12-, and 24-pound carronades, together with howitzers, mortars, and other types of artillery, totaling nearly 800 guns①.

Judging from the above figures for artillery equipment and the strength of artillery corps, the countries of Asia had by this time fallen far behind, unable to catch up.

① Turkey straddles Europe and Asia; Engels, in his study of the armies of Europe, classed it among the European countries.




Section 7 The Zenith of the Sailing Warship and Naval Gunnery on an Unprecedented Scale

From the seventeenth century to the mid-nineteenth century, the naval wars for hegemony among the capitalist countries of Europe continually escalated; warships of every type were built and launched one after another, and the guns carried by every type of warship combined to form the firepower system of the warship, so that the scale of naval gunnery expanded to an unprecedented degree.


1. The Zenith of the Sailing Warship and the Formation of Shipboard Firepower Systems

During this period, the countries of Europe built large sailing warships one after another; among the more famous were the following.


(1) Britain’s Sailing Warship Sovereign of the Seas and Its Shipboard Firepower System

This ship was a large sailing warship built by Britain in 1637 (some say 1635), also bearing such names as Sovereign of the Seas and Ship Royal (Fig. 10-12).

The warship Sovereign of the Seas was, after the Prince Royal, built by Britain in the early seventeenth century, yet another large warship. Its displacement was 1,700 tons; the hull was 53 meters long, 15.3 meters wide, with a draft of 6.1 meters; it had three masts and three decks, on which the ship’s guns were mounted in tiers: on the upper deck were mounted a total of 28 three-pound and six-pound light carronades and demi-carronades, including 20 duck-type short-barreled guns mounted on both sides, and 8 demi-carronades mounted at the bow and stern; on the middle deck were mounted a total of 30 eighteen-pound and nineteen-pound culverin-type carronades and duck-type short-barreled guns, with 6 culverin-type carronades mounted at the bow; on the lower deck were mounted a total of 30 heavy guns of 42 and 32 pounds; on the forward deck were mounted 8 demi-carronades and duck-type short-barreled guns, on the midships deck were mounted 8 demi-carronades and duck-type short-barreled guns as well as 6 light guns, and on the after deck were mounted 2 light guns; in addition there were 20 auxiliary guns. In total the ship carried 124 guns (some say 100, others say 132). When operating on inland waterways, it carried only 100 guns, to prevent the warship from being overloaded and thereby hindered in its maneuverability.

Besides the Sovereign of the Seas, in 1656 the large warship Presentde was also built, with a displacement of 1,400 tons, a hull 35 meters long and 13 meters wide, and carrying 64 guns. In 1663, the large warship Chales was built, carrying 90 guns. In 1689, Britain built the warship Britannia, with a displacement of 1,640 tons, carrying 100 guns, with a speed of 8 knots. By the early eighteenth century, Britain had also built cruisers of 710 tons displacement, carrying 44 guns of 9–12 pounds, as well as several dozen 18-pound guns. In 1780, Britain also built a cruiser of 946 tons displacement,

Fig. 10-12 Britain’s Sailing Warship Sovereign of the Seas

carrying 38 guns of various types. By this time, Britain already possessed 429 warships of various types; by the early nineteenth century, Britain had divided its warships into seven classes, with gun armament as follows:














	Warship Class
	1st
	2nd
	3rd
	4th
	5th
	6th
	Unrated





	Number of Guns Carried
	100–120
	8–86
	74–78
	50–60
	22–48
	22–34
	10–22





In August 1840, during the First Opium War, the British warships that invaded the coast of China already numbered 16, with a combined total of 540 guns; by February 1842, the British warships invading China had increased to 25, with a combined total of 630 guns, forming a shipboard firepower system made up of a combination of large, medium, and small-caliber naval guns.



(2) France’s Sailing Warships Couronne and Saint-Louis (Le Grand Saint Louis) and Their Shipboard Firepower System

The Couronne was built in 1636, and the Saint-Louis (Fig. 10-13) was built in 1646, with a displacement of 2,000 tons; these two sailing warships may be regarded as representative of the warships built by France at that time.

The first-rate warships built by France during this period typically had, mounted on the upper deck, 34 sixty-pound carronades; on the middle deck, 4 eighty-pound carronades and 30 thirty-pound short-barreled guns; on the lower deck, 32 thirty-pound long-barreled carronades; and on the forward deck, after deck, and midships deck, 4 thirty-pound carronades and 16 thirty-pound carronade-type guns; the entire ship carried 120 guns in total. At that time, the largest cruiser carried 61 guns, and the smallest ship of the line carried 72 guns. By the time the three-decked, three-masted great warship Napoléon was built in 1847, it had a displacement of 5,047 tons, a hull 71.3 meters long, 16.2 meters wide, and 7.7 meters in draft, and carried 90 guns, making it the foremost large sailing warship in the world at that time.

Fig. 10-13 France’s Sailing Warship Saint-Louis



(3) The United States’ Sailing Warship Constitution and Its Shipboard Firepower System

In 1797, the United States built a sailing warship with a displacement of 1,576 tons, carrying 44 guns.



(4) Russia’s Sailing Warships Peter I and Peter I and II and Their Shipboard Firepower System

The Peter I was the flagship of a sailing ship of the line, built in 1715, carrying 64 guns. The Peter I and II, a sailing ship of the line, was built in 1727, carrying 100 guns.



(5) The Warships and Naval Guns of the Netherlands

The Netherlands was one of the great powers of Europe, and its shipbuilding industry was also highly developed; the warships it built had displacements as follows: large warships, 800–1,000 tons; medium warships, 600–800 tons; and small warships, 350 tons. Among these, the warship Holland (Holland), which took part in the Anglo-Dutch War of 1672–1674, was representative of Dutch shipbuilding.

As the various countries built increasing numbers of sailing warships, they gradually began to classify warships into a number of grades according to their combat role. As the number of warships built and their displacement increased, the classification of these grades also continually changed. In 1677, Britain classified warships into three grades based on displacement and the number of guns carried: first rate, displacement of 1,360 tons or more, 100 guns; second rate, displacement of 930 tons or more, 90 guns; third rate, displacement of 835–930 tons, 70 guns. At that time, Britain’s largest three-decked warship carried 26 forty-two-pound guns, 28 twenty-four-pound guns, 28 nine-pound guns, 14 six-pound guns, and 4 three-pound guns. By the early nineteenth century, the largest ships of the line already carried more than 100 guns of large, medium, and small caliber combined. The British navy further divided sailing warships into six rates: rates one through three were called ships of the line, with a displacement of 1,000 tons or more, carrying 70–120 guns on three or two decks; the fourth and fifth rates were called cruisers, with a displacement of 500–750 tons, carrying 40–64 guns on two decks; and the sixth rate was called a light cruiser, with a displacement of about 300 tons, carrying 6–30 guns on a single deck. The British warships that invaded China during the First Opium War between China and Britain were divided into seven rates (as detailed above).




2. The Creation of the Steamship and the Renewal of Naval Guns

In 1815, the American Fulton (Robert Fulton, 1765–1815) created the steamship Demologos. Fulton was an American engineer, born in Pennsylvania, who in adulthood studied gun- and artillery-manufacture and mechanical research. In 1797, he built an experimental submarine driven by a hand-cranked propeller in Paris. In 1804, he carried out trials of a steam-powered ship in Britain. In August 1807, the steam-powered ship Clermont was successfully built on a trial basis, plying back and forth on the Hudson River between New York and Albany, becoming the first steamship to be used for scheduled transport.

The Demologos, created by Fulton in 1815, was the first paddle-wheel steamship (it served as a floating battery, and was later renamed the Fulton), with a displacement of 2,745 tons, a speed of nearly 6 knots (each knot being one nautical mile per hour), and carrying 32 thirty-two-pound naval guns. After the appearance of the screw propeller in 1836, the steam engine gradually became the primary power plant of warships, with sail becoming an auxiliary power source. Compared with the sailing warship, the greatest advantage of the steam warship lay in its not being constrained by such factors as wind speed, wind direction, and tidal currents; its speed could be increased by several knots, or even more than ten knots, giving it broad prospects for development. Because, in the early stage of their creation, the paddle wheels and machinery of steamships were exposed to the enemy’s fire, once struck, the entire ship would become unusable, and moreover this machinery and reserve coal supplies took up too much space, leaving no room to mount naval guns, and so in the early nineteenth century they were not widely adopted.



3. Famous Battles at Sea

From the seventeenth century to the early nineteenth century, naval warfare among the countries of Europe was continuous and unbroken, and the sound of naval gunfire was never far from the ear.


(1) The Anglo-Dutch Naval Gun Battles

In the seventeenth century, fierce commercial competition between Britain and the Netherlands touched off three naval wars. The first was between 1652–1654, with repeated naval gun battles fought in the Strait of Dover and the English Channel, in which Britain prevailed through its superior naval guns. The second was between 1665–1667, with naval gun battles fought successively at Lowestoft, Dunkirk, North Foreland, and the port of Chatham, with victory and defeat divided between the two sides. The third was between 1672–1674, with Britain allying with France to fight naval gun battles against the Netherlands successively in the English Channel and the waters off the island of Texel; the Dutch fleet was at first defeated but later prevailed, and the British fleet voluntarily withdrew from the war, signing a separate peace treaty with the Netherlands. After this war, naval warfare gradually developed a three-tier organizational system of fleet, squadron, and grand fleet, and naval combat also shifted from single-ship engagements toward line-formation attacks centered on gunnery, with the seizure of command of the sea having already become the principal strategic mission of navies.



(2) The Russo-Turkish Naval Gun Battles

From the seventeenth to the nineteenth century, Russia fought numerous naval wars against the Ottoman Turkish Empire in order to seize an outlet to the Black Sea, of which three were the most famous.

The first was the Naval Gun Battle of Chesme. On July 5, 1770, a Russian fleet of 30 ships attacked a Turkish fleet of 72 ships anchored in the Strait of Chios; the Turkish flagship was sunk, and the Turkish fleet, losing its command, fled into the bay of Chesme. On the night of the 6th, the Russian fleet broke into Chesme Bay and fiercely attacked the Turkish fleet. By dawn on the 7th, 15 Turkish ships had been sunk and 6 captured, with losses of more than 10,000 men. The Russian navy thereby gained control of the Aegean Sea.

The second was the Naval Gun Battle of Kerch. On July 19, 1790, the Russian rear admiral Ushakov (Фёдор Фёдорович Ушаков, 1744–1817), commanding a Black Sea fleet of 16 warships, employed maneuver tactics 20–25 nautical miles south of the Strait of Kerch, concentrating the fire of all his ships to attack the flagship among the Turkish fleet’s 18 warships; the battle lasted from 12:00 to 15:00, inflicting heavy losses on the Turkish fleet and achieving a great victory. The Turkish fleet was forced to withdraw from the battle.

The third was the Naval Gun Battle of Sinop. In November 1853, the Turkish naval vice admiral Osman Pasha (Uthmanpasia) led a Turkish squadron of 16 warships, anchoring in Sinop Bay. The Russian naval vice admiral Nakhimov immediately led a Russian squadron of 9 warships to monitor and blockade it from the sea. At dawn on the 30th, Nakhimov divided his squadron into two columns and broke into the bay. At noon, at 12:30, when 400 meters from the Turkish flagship, he opened fire with a new type of explosive shell, launching a surprise attack. Half an hour later, the Turkish squadron’s flagship caught fire from a hit and hastily withdrew from the battle, and the other Turkish ships likewise caught fire one after another. By around 17:00, 15 ships of the Turkish squadron had successively sunk or been destroyed, with only a single steam-powered vessel breaking out and escaping; about 3,000 men were killed or wounded, and Osman Pasha was captured. The Russian ships suffered only light damage to several vessels, with more than 240 casualties. From this point on, the Russian navy seized command of the Black Sea.



(3) The Anglo-French Naval Gun Battle of Trafalgar

In May 1803, Britain declared war on France and blockaded the French coast. In order to break the British blockade, Napoleon, on October 19–20, ordered the combined Franco-Spanish fleet stationed at the port of Cádiz, 33 ships of the line (18 French, 15 Spanish), to sail out into the Atlantic Ocean. Upon learning of this, the British vice admiral H. Nelson (Horatio Nelson, September 27, 1758 – October 21, 1805) led a British fleet of 27 ships of the line to track and monitor the Franco-Spanish combined fleet. On the 21st, the two sides met off Cape Trafalgar. The Franco-Spanish combined fleet was arrayed in a column 6,000 meters long, sailing north. Nelson, according to a plan prepared in advance, divided his fleet into two squadrons: Nelson himself, with the Victory (Victory) as his flagship, led the

windward squadron’s 12 ships of the line in splitting off and attacking the main body and van of the Franco-Spanish combined fleet; the leeward squadron’s 15 ships of the line split off and attacked the main body and rearguard of the Franco-Spanish combined fleet. At 11:50, the British fleet launched its attack, and according to the prearranged deployment broke into the combined fleet transversely from the west (Fig. 10-14), splitting it into three sections. After a fierce battle of about 5 hours, the combined fleet was utterly destroyed, losing 19 ships, with about 14,000 casualties and prisoners; the fleet’s commander, the French vice admiral P. Villeneuve, was captured. The British fleet had 10 ships severely damaged, with nearly 1,700 casualties; Nelson was struck by gunfire and died, and was buried in London on January 9, 1806. From this point on, Britain reigned supreme at sea.

Fig. 10-14 The British Flagship Breaking into the Franco-Spanish Combined Fleet

In this naval battle, the British fleet’s flagship, the Victory, was a first-rate ship of the line, built in 1803, with a displacement of 2,162 tons, a hull 57 meters long and 16 meters wide, a draft of 5.8 meters, mast height of 53 meters, a speed of 10 knots, a crew of 850, and a sail area of 2,700 square meters; it was decommissioned in 1859 (Fig. 10-15). Its naval guns are listed in Table 10-1.

Fig. 10-15 The British Flagship Victory

Table 10-1 The Naval Guns with Which the Victory** Was Equipped**











	Gun Type (named by shot weight fired)
	68-Pound
	32.42-Pound
	24-Pound
	12-Pound





	Shot Weight (pounds)
	68
	32.42
	24
	12



	Caliber (cm)
	20.2
	15.7
	14.2
	11.3



	Barrel Length (multiple of caliber)
	8
	20
	20
	29



	Gunners per Gun (men)
	5
	14 or 7
	12 or 5
	10 or 5



	Gun Type (named by shot weight fired)
	68-Pound
	32.42-Pound
	24-Pound
	12-Pound



	Number of Guns
	2
	30
	30
	40



	Position Mounted
	Forward Deck
	Lower Deck
	Middle Deck
	Upper Deck 30, Lower Deck 10



	Range (yards)
	400
	—
	—
	200





The naval guns of the flagship Victory, on which Nelson sailed, all fired cast-iron spherical shot, including explosive shells, double-headed shot, canister shot, and heated spherical shot. The types of naval guns with which it was equipped essentially reflect the state of development of naval guns in Britain and Europe in the early nineteenth century (Fig. 10-16).

Fig. 10-16 Diagram of the Victory’s Naval Gun Layout





Section 8 The Deepening of Research into Firearms Development and Use Theory

From the seventeenth century onward, the countries of Europe entered the firearms age in the history of human warfare and of military technology; whether in field battles, siege warfare, the defense of cities, or naval warfare, the flash of cold steel had already been entirely replaced by billowing gunsmoke. In order to compete for supremacy on the battlefield, scientists, gun researchers, and military commanders alike continually made use of the latest achievements and methods of science, technology, and industry to carry out deep research into the theory of firearms research and use, so that the performance of firearms continually improved, and the level of skill in using firearms rose with each passing day.


1. The Deepening of Research into Ballistic Theory

With the widespread use of firearms, and artillery in particular, research into ballistic theory entered a stage of deepening and refinement.


(1) Newton’s Research Achievements

The British physicist and mathematician Isaac Newton (Isaac Newton, 1642–1727), in 1687, following the Italian physicist and astronomer Galileo (Galileo Galilei, 1564–1642), carried out deep research into parabolic and ballistic theory in his Dialogue on Mechanics and Mathematical Principles of Natural Philosophy. Its contents included: the effects that occurred within a gun at the moment of firing, and their variation; the minimum weight of a gun and its relationship to safety; a suitable method of aiming; the problem of trajectory in a vacuum; trajectory in air; the air resistance experienced by a bullet; and the deviation of a bullet from its trajectory. The questions Newton raised pointed the way toward the correction of ballistic theory.



(2) Research Achievements in Correcting Ballistic Theory

The parabolic theory put forward by Galileo, although it laid the foundation for the ballistic theory of artillery, nevertheless, in the actual practice of war, as the quality of gunpowder improved and gun-manufacturing technique advanced, the velocity of a shell after firing, and the air resistance it experienced, likewise increased, so that the ideal parabolic trajectory of the shell in theory came to be challenged by the actual results of the shell’s flight in practice, and required correction. The practice of war demonstrated that, when the muzzle velocity of a shell was 1,400–1,700 feet per second, its actual trajectory diverged considerably from the theoretically calculated value. This was because a shell fired at this velocity would achieve its maximum range if fired at an angle of elevation of 20 degrees, whereas in theory the calculation held that a shell could only achieve its maximum range if fired at an angle of elevation of 45 degrees. To resolve this, gun researchers, after repeated trials, accurately measured the value of this discrepancy, and, on the basis of the results of these trials, determined the angle of elevation that should be chosen for every type of gun, using a given charge weight, when firing at a given distance.



(3) Research Achievements Concerning the Factors Affecting the Flight of Shells

There were four main factors affecting the flight of a shell: first, the gap between the shell and the wall of the bore, a gap caused by the diameter of the shell being smaller than the diameter of the bore; because of the existence of this gap, the effective power of the charge would be less than the theoretically calculated value, and this would also cause the direction of the shell’s flight to deviate; second, the differing conditions of the charge at the moment of firing would affect the trajectory of the shell’s flight; third, the center of gravity of the shell and its geometric center were not identical, which caused the trajectory of the shell’s flight to deviate; fourth, because the shell, in moving through the bore, would experience friction and collision with the wall of the bore, this too would cause the trajectory of the shell’s flight to deviate. These research findings provided a basis for correction in the design of shells.



(4) Robins’s Research Achievements

Robins (Benjamin Robins) was a celebrated artillery scientist, born in Bath in 1707. In 1742–1743, he read his celebrated paper “New Principles of Gunnery” before the Royal Society of Britain, in which he expounded ballistic theory, pointing out that air resistance was considerably greater than commonly assumed. He subsequently put to the Royal Society the importance of the rifled gun. He pointed out: that when a shell moved through the bore, owing to friction and collision, it would undergo an irregular rotational motion, causing the projectile to deviate in flight after being fired, hindering accuracy. When a shell moved through the bore of a precision-manufactured rifled gun, the rifling would “continually correct” the projectile’s axis during flight, causing the projectile to fly along a path toward the target, thereby achieving the goal of increased accuracy. He therefore actively advocated the adoption of rifled guns. At the same time, he also demonstrated the superiority of using elongated projectiles.

In 1747, Robins further put forward a principle: that regardless of the caliber of a gun, a charge weight of 1/3 the weight of the shell caused the least damage to the gun and gave the best range. A charge weight greater than this achieved little additional effect.




2. Research into the Relationship Between Shell Charge Weight and the Ratio of Barrel Length to Caliber

A good many gun researchers also carried out research in this area.


(1) Malle’s Research Achievements

The German gun researcher John Malle (John Malle, 1699–1784) became commandant of the Royal Military Academy at Woolwich in Britain in 1741. In 1757, his work On Artillery (also translated as Artillery Science) was published. Malle held that: if the charge weight of a shell was too great, the gun would become difficult to maneuver. After many trials, he pointed out that: for any gun, if its length was 21 times its caliber, and the charge weight was half the weight of the shell, its range would be greater than that achieved with either a greater or a lesser charge weight in this same ratio. He also calculated that a barrel length of 14 times the caliber for field guns, and 15 times the caliber for naval guns, was the best choice for gun designers.



(2) The Research Achievements of French Gun Researchers

In 1850, French gun researchers carried out test-firing at a range of 500 yards on 8-pound and 12-pound carronades having a charge weight of 1/3 the weight of the shell and a barrel length of 16 times the caliber; the result was that the 8-pound gun’s best hit rate was 64%, with the hit rate at other ranges all lower than this value. Thereafter, the countries of Europe all adopted the results of this French test in manufacturing field guns.




3. Theoretical Research into the Safe Operation of Artillery and the Selection of Firing Positions

The power of artillery could only be brought to bear when it fired at a distant target; while on the move to a firing position, it lost its combat effectiveness. Artillery was therefore extremely vulnerable to enemy fire while moving into position under enemy fire and preparing to fire. Accordingly, when artillery and artillerymen moved into position and were deploying to fire, before the enemy’s own fire, they should make use of the cover of terrain folds, or be protected by lines of infantry, to avoid being struck by the enemy’s flanking fire. For this reason, it was safer and more reliable for artillery to move at night.

Artillery firing positions should be chosen in ground that could both bring the effect of bombarding the enemy into full play, and also avoid being destroyed by the enemy’s own fire. The ground on which an artillery position was constructed had to be firm and level, so that the wheels and trail could stand steady; otherwise, if the trail sank into soft ground, the recoil produced upon firing would damage the gun carriage. The front of an artillery position should have an open field of view, to facilitate observation of the positions occupied by the enemy, and it was necessary to ensure that the area around the artillery position had unobstructed roads, to facilitate maneuver and the timely transfer of position. The terrain in front of an artillery position—that is, the ground between the artillery’s position and the enemy’s position—should be favorable to our own side’s effective bombardment of the enemy, while being disadvantageous to the enemy’s own bombardment. In constructing an artillery position, concealment measures should be adopted, to avoid exposing the target and incurring bombardment by the enemy’s artillery.



4. Theoretical Research into Maximizing the Effectiveness of Artillery

Only by bringing the power of artillery fully into play could the greatest results of battle be achieved. The artillery generals and gunnery researchers of the time put forward many theories: that the artillery should bombard the enemy position posing the greatest threat to our own side; that when our infantry launched a charge, the artillery should bombard the enemy’s artillery positions, as well as the enemy infantry that was charging toward our own positions; that advantage should be taken of the moments when the enemy’s artillery had not yet moved into position, or was in the process of being loaded for transport or being repositioned, to carry out repeated, continuous bombardment, in order to destroy the enemy’s artillery positions and guns; that against enemy infantry columns or lines launching a charge, shrapnel shells should be fired to inflict mass casualties; that when enemy cavalry was discovered launching a charge, all guns should fire shrapnel shells together, to inflict mass casualties; that when the two sides were engaged in an artillery duel, our side should choose favorable terrain, select gunners of superior skill, and employ guns that were numerous and of excellent performance, concentrating firepower to bombard the enemy’s artillery positions and its effective strength; that when artillery was supporting infantry or cavalry in combat, it should always occupy a position on their flank, providing covering fire; that when the infantry charged, the artillery should advance in step alongside the infantry ranks; that when a large body of infantry launched a charge, the artillery should rapidly advance to within 400 yards of the enemy and fire shrapnel shells to force the enemy infantry to retreat; that horse artillery, in combat, should be both bold and composed, maneuvering swiftly, appearing suddenly before the enemy, bombarding the enemy fiercely at the opportune moment, and being ready at all times to transfer position; that artillery, whether attacking or defending a position, should bombard the point posing the greatest threat to our own side within the enemy’s field of fire; that in an attack, it should be used to destroy the enemy’s fortified obstacles, fortress gates, city walls, and barricades; that reserve artillery should be positioned behind the echelon currently engaged in battle, beyond the field of view and the range of the enemy’s own artillery, and, when the decisive moment of the battle arrived, should be transferred at any time to the key position, to bombard the enemy’s effective strength, so that finally the infantry reserve would be committed to battle and, after close combat, achieve victory. It was precisely because Napoleon made correct use of his artillery reserve at the Battle of Wagram that the assault columns of three enemy divisions were instantly shattered.




Summary

In the more than 250 years from the seventeenth century to the early nineteenth century, Europe, with black powder—that is, smoky powder—as the lethal power source, developed the muzzle-loading smoothbore gun and cannon to an advanced stage. The composition ratios of black powder became increasingly standardized day by day, and the various formulas for propellant powder for small arms, propellant powder for artillery, and other purposes had all become relatively stable and basically fixed in form; the successful creation of fast-priming explosives caused the individual soldier’s hand-held firearm to make a natural transition from the flintlock to the percussion-lock stage, and the creation of the new type of breech-loading rifled gun had already been placed on the agenda. The deepening of theoretical research into the manufacture and use of pistols and firearms not only caused the artillery of the various countries to become increasingly refined through reform, but also caused the differences in the form and construction of the principal types of artillery of the various countries to gradually narrow, displaying a trend toward internationalization in their development. The successful creation of the steamship laid the foundation for the transition from the sailing warship to the steam warship. The intensifying rivalry and colonial expansion among the capitalist countries caused the scale of war to expand to a degree unprecedented before, creating an urgent desire to seek new breakthroughs in the development of firearms, so that an unstoppable new round of arms racing was on the verge of arriving, while the innovative achievements of scientific and technological research and the comprehensive development of a vast industrial system in turn provided the theoretical and practical conditions to meet the demands of this new round of arms racing.

Between 1857 and 1860, Engels published and brought out many treatises, amounting to dozens of articles and several hundred thousand words in all, on such subjects as gunpowder, rifles, firearms, military fortification, infantry, artillery, the navy, and the army; he carried out detailed research and deep exploration into China’s invention of gunpowder and its transmission westward, and into the rise and development of the research and use of firearms technology in the countries of Europe, and, with veritable historical material and ample evidence, gave a comprehensive and incisive account and summation of more than 400 years of the history of the development of firearms in Europe, leaving behind many brilliant chapters in the history and science of firearms, and exerting a profound and important influence on later researchers.





Chapter Eleven The Rapid Advance of World Firearms and the Continually Escalating International Wars

From the late nineteenth century until the end of the Second World War in 1945 was an era of rapid, leaping advances in the technology of manufacturing and using firearms and of wave upon wave of international war. During this period, research in the natural sciences deepened and grew ever more refined day by day, advanced technical methods were renewed with each passing day, large industrial systems developed rapidly, the arms race reached a fever pitch, large-scale arms factories were established, precision machining advanced, and electrical power came into use; all these things caused the power source relied upon by guns and artillery to inflict casualties and destruction to leap from black powder to smokeless powder and high explosives, and caused the successive appearance of breech-loading needle-fire rifled guns, automatic rifles, repeating firearms, machine guns, artillery of every kind of great destructive power, steam-powered armored warships, tanks, and aircraft, so that the products of military industry displayed a pace of change and a rate of replacement by new models never before seen in history. All of this was both cause and consequence of the continual escalation in the scale of international war.


Section 1 The Rapid, Leaping Development of the Military Industry

The high-speed development of the world’s military industry during this period can be divided into two stages of development: before the First World War, and the period between the two World Wars. In the first stage of development, the major capitalist countries were in the stage of transition from free capitalism to imperialism, their ambitions for aggression and expansion rapidly swelling; in order to defeat their rivals in the competition to seize and carve up the weak and poor countries, they exerted themselves to the utmost to develop their military industries, seeking to win by surprise through new-style weapons, and this gave rise to numerous major international wars, including the First World War. After the end of the First World War, the all-around crisis of the imperialist countries was not resolved, but rather continued to intensify, and so a new round of arms racing was launched, and their military industries entered a second, deformed stage of development. The Soviet Union and the other countries of the world’s anti-fascist camp also vigorously developed their military industries, in order to resist the aggression of the fascist countries. From this point on, the world’s military industry entered a period of comprehensive, high-level development.


1. The Vast Military Industry Before the First World War

From the late nineteenth century to the First World War, not only did the long-established capitalist countries build vast military industries, but the latecomers Germany and the United States also caught up, and even Japan, which had only just freed itself from the bullying of the European and American powers, established, by the end of the nineteenth century, a military industry for the aggression of weak and poor countries.


(1) Britain’s Large Arms Factories

In the 1850s, Britain’s Armstrong arms factory, relying on high-quality steel and advanced steam-engine manufacturing equipment, in 1859 produced the breech-loading gun designed by W. Armstrong. Before long, it stood alongside the breech-loading gun manufactured by Germany’s Krupp gun works, each factory having its own particular strengths.

Around 1887, the scale of the Armstrong gun works was further expanded, with subsidiary factories established for gun manufacture, shipbuilding, and steelmaking; it possessed 25,000 employees and various kinds of advanced machinery and equipment: a 3,000-ton hydraulic press and the 2,000-horsepower steam-engine equipment it required; equipment capable of smelting 700 tons of steel per week; and the capacity to manufacture 2,500 Enfield-type breech-loading rifled

repeating rifles and Vickers machine guns, as well as equipment for manufacturing advanced muzzle-loading guns and breech-loading built-up rifled guns, making it, before the First World War, the largest arms factory in Britain and indeed foremost in the entire world①. Besides the Armstrong factory, Woolwich was also, at that time, a large integrated arms factory, mainly manufacturing heavy artillery, rifles, and gunpowder. There were also the Enfield Arms Factory, which specialized in manufacturing rifles, the Vickers Machine Gun Works, the Waltham Abbey explosives factory, several arms factories established at Quebec, and 19 shipyards building large warships. The employees of these arms factories numbered more than 100,000②. In order to meet the needs of war, many private factories also took on the manufacture of war matériel; on the basis of having already taken on 69% of military-industry orders in 1900, this rose further to 90% by 1912③.



(2) France’s Large Arms Factories

Before the Franco-Prussian War, France’s military industry already possessed a powerful productive capacity, manufacturing large quantities of superior arms and military supplies to equip its army. In the Franco-Prussian War, besides losing 558 guns, 6,600 rifles, and 6,000 warhorses on the battlefield, France also lost, in 1873, 602 field guns, 1,357 heavy carronades, more than 66,000 rifles, and the ammunition and military supplies carried in 1,155 railway wagons, all shipped away by the Prussian army from the border city of Belfort. After the war, following several stages of recovery, France, from 1875 onward, once again relied on its own military industry to manufacture new-style guns and artillery, giving the French army an entirely new suit of equipment. The Saint-Chamond naval metallurgical and steel works manufactured 800–1,000 fine guns every year. The Mediterranean shipyards at Le Havre and Marseille could manufacture 325 howitzers, enough to equip 50 field-artillery companies, an average of 6 guns per company. The Schneider arms factory not only manufactured artillery for the French army, but also sold more than 6,000 guns to more than 20 countries on the international arms market. On the eve of the Sino-French War (1883–1885), French arms factories could manufacture every kind of Canet gun from 37 millimeters to 240 millimeters in caliber. By 1888, the scale of the Saint-Chamond naval metallurgical and steel works had been greatly expanded further: it occupied a total area of 800 acres, possessed 316 kilometers of railway and several coal and iron mines, and had gathered together more than 14,000 workers④. On the eve of the First World War, France possessed 23 arms factories (some say 29), including 3 gun works, 4 shell works, 1 cartridge works, 10 gunpowder works, 4 artillery works, and 1 fuze works, as well as 6 shipyards. These manufacturing plants had 57,000 employees⑤. Besides its dedicated arms factories, France also purchased war matériel from many privately run factories. According to incomplete statistics, before the First World War, the total number of people in France engaged in military-industrial production was as many as 100,000⑥.



(3) The Establishment and Development of America’s Arms Factories

From 1861 to 1865, the United States fought the Civil War, which spurred the development of its military industry. On April 9, 1865, the Confederate commander-in-chief Robert E. Lee surrendered to the Union commander-in-chief Grant. After the end of the Civil War, the United States rapidly developed its industrial production, including its military industry, with shipbuilding and machine manufacturing especially well developed; the Colt, Winchester, Smith, and Remington arms-manufacturing companies manufactured fine pistols, rifles, repeating firearms, machine guns, automatic rifles, carbines (that is, cavalry rifles), large carronades, and other firearms, whose quality could match the products of any first-rate nation. By the time of the First World War, the United States had already become a military-industrial power among the capitalist countries of the world.



(4) Germany’s Large Arms Factories

① [USSR] G. N. Xijialin: The Military Economy in the First World War (1914–1918), 1956, Moscow edition, p. 80. All subsequent citations of this work follow this same edition.

② The Military Economy in the First World War (1914–1918), p. 97.

③ The Development of Twentieth-Century Military Science, 1931, Moscow edition, p. 15.

④ [US] Kangpaiduo: The Age of Artillery, translated manuscript, pp. 67–69.

⑤ The Military Economy in the First World War (1914–1918), p. 82.

⑥ [USSR] И. И. Rostunov, ed.: History of the First World War, Shanghai Translation Publishing House, 1982 edition, p. 73.

Driven by the German Empire’s policy of expansionism, its military industry and industries related to military affairs underwent deformed development. In the era of the “Iron Chancellor” O. Bismarck (Otto von Bismark-Schönhausen, 1815–1898), of the industrial region of Essen in Germany, only the Krupp gun works flourished. The Krupp gun works, established in the early nineteenth century (1812), had only some 130 workers in 1845, but this had already increased to 2,000 by 1862, and it created the relatively well-sealing breech-loading rifled built-up gun and the hooped gun. By the 1870s, the Krupp gun works already possessed some 20,000 workers, and this more than doubled again in the 1880s; the guns it manufactured numbered in the tens of thousands, sold to many countries throughout the world, including China. In the Austro-Prussian War of 1866, the Krupp gun works sold guns to both belligerent sides, and the many Germans on both sides became victims of guns fired beneath their own maker’s banner. Around 1880, the Krupp gun works had already built 5 large steelworks, more than 500 iron mines, coal fields, quarries, and clay pits and sand pits, 1 fleet of steamships, and a rather large artillery proving ground①. By 1902, the works already had 44,000 employees, and this rose further to more than 80,000 by 1913②. Besides the Krupp gun works, Germany also had 16 state-run arms factories, including 3 gun works, 3 gunpowder works, 3 fuze works, 4 gun-and-rifle works, and 3 munitions works. In addition there were 13 privately run arms factories. The above 30 arms factories together had 180,000 employees③. Germany’s Lifo machine works, in 1888, was already able to export abroad a complete set of equipment with 120 horsepower, capable of manufacturing 50 repeating rifles a day and producing 75 to 120 mountain guns of 50-millimeter caliber a year.



(5) Japan’s Arms Factories

Japan after the Meiji Restoration, although not a capitalist power, nevertheless, because it vigorously developed capitalist productive forces, saw its social economy develop rapidly; while purchasing guns, artillery, and warships from Europe and America, it also vigorously introduced advanced equipment, establishing such famous new-style arms factories as the Tokyo Arsenal, the Osaka Arsenal, the Yokosuka Naval Arsenal, and the Naval Arms Factory. According to 1887 statistics, these 4 arms factories together possessed 69 units of power machinery, 1,511 horsepower of steam power, and 6,870 workers; while Japan’s other 34 privately run factories at that time possessed only 58 units of power machinery, 905 horsepower of steam power, and 4,588 workers④; the military industry therefore occupied a position of priority in development, so that the military industry originally established for the purpose of defending against Western aggression, after the 1870s, developed into a military industry for external aggression and expansion, transforming Japan, which had once resisted the aggression of the European and American powers in self-defense, into a Japan that expanded aggressively abroad; certain vanguard elements of the Meiji Restoration faction madly clamored that “what was lost to Europe and America should be taken back from our neighboring countries,” directing their spearhead straight at Korea and China, adding to the Chinese people yet another wolfish, tiger-like evil neighbor.



(6) Russia’s Military Industry

Before the First World War, Russia’s military industry had already established the 3 gun-and-rifle works of Tula, Izhevsk, and Sestroretsk, the 2 gun works of Obukhov and Perm, the 3 arms works of Okhtinsky, Gesijingsike, and Kazan, the Baltic shipyard, the 4 large arms factories of Moscow, St. Petersburg, Kiev, and Bryansk, as well as more than 20 state-run arms factories, including 4 shell works, 2 cartridge works, and 2 explosives works. In addition, several dozen privately run arms factories also took on the manufacture of military-industrial products⑤, with more than 80,000 employees.

The Austro-Hungarian Empire, before the First World War, likewise established a vast military-industrial system, possessing 40,000 employees, ranking
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at Pilsen, was the Škoda arms factory, which manufactured the then-famous rifles, machine guns, and artillery pieces and other weaponry.




2. The World Military Industry Between the Two World Wars

Because the crisis of the imperialist powers intensified across the board after the First World War, their ambitions to contend for world hegemony swelled even more urgently, and so developing a vast military industry to manufacture weapons of mass killing became a matter of pressing urgency for them.


(1) Germany’s Military Industry

In the 1930s, Nazi Germany madly expanded its armaments and prepared for war; its National Defense Work Committee, as early as the beginning of 1934, had already mobilized tens of thousands of factories into the service of manufacturing war matériel. In the first three months after Hitler (Adolf Hitler, 1889–1945) seized power in August 1934, more than 300 arms factories went into production, including 55–60 aircraft factories, 40 armored-vehicle and automobile factories, 80 artillery factories, 15 warship factories, and 70 chemical factories. From 1933 to 1939, Germany’s production of war matériel increased ninefold, and aircraft manufacture increased twentyfold①. By the outbreak of the Second World War, the German army already possessed 3,200 armored vehicles of various types, 11,200 anti-tank guns, 4,624 mortars, 3,340 infantry guns, 4,845 light guns, 2,049 heavy howitzers, and 300–350 100-millimeter carronades, as well as a large quantity of engineering and communications equipment and matériel②. In August 1939, the German air force possessed 4,093 combat aircraft③, and the navy possessed 2 battleships, 3 armored ships, 1 heavy cruiser, 6 light cruisers, 21 destroyers, 12 torpedo boats, and 57 submarines④. During the Second World War, the Krupp gun works actually manufactured as many as 3,000 guns a month.



(2) Italy’s Military Industry

Italy’s military industry, from the late nineteenth to the early twentieth century, still occupied the status of a second-rate power by European and American standards. After the fascist dictator Mussolini (Benito Amilcare Andrea Mussolini, 1883–1945) seized supreme power of the state in 1922, he exerted himself to the utmost to carry out the fascist theory of aggression and expansion abroad, transforming the national economy toward a war-economy system. In 1935, he announced the establishment of the “Munitions Factory Committee” and the “Industrial Mobilization Committee,” comprising 876 arms factories and 580,000 workers⑤. In 1938, the fascist government, through the “Institute for Industrial Reconstruction,” gained control of 45% of the nation’s steel production, 77% of its pig iron, 67% of its minerals, 42% of its machinery, 70% of its electric power, 80% of its shipbuilding capacity, 58% of its military-industrial products, and 90% of its shipping industry⑥. The weapons manufactured by its arms factories could equip 58 infantry divisions, 2 armored divisions, 2 motorized divisions, and 5 mountain-infantry divisions⑦. In 1939, the air force possessed 2,802 aircraft of various types⑧; the navy possessed 4 battleships, 2 cruisers, 128 destroyers, and 105 submarines⑨.



(3) Japan’s Military Industry

In the 1930s, in order to launch wars of aggression against China, Korea, and the countries of Asia, Japan’s military industry surged ahead on all fronts; comparing 1931 with 1937, in 1937 the annual output of weapons for the army, navy, and air force by Japan’s various arms factories was as follows: 43,000 rifles, an increase of 10.8-fold; 2,295 machine guns, an increase of 3.2-fold; 478 guns, an increase of 4.3-fold;
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479 tanks, an increase of 38.9-fold; 1,580 aircraft, an increase of 2.8-fold; and 52,000 tons of naval shipping, an increase of ninefold①. Among these, the total output of artillery of all kinds already surpassed that of France, approaching that of Britain and the United States. From 1931 to 1936, Japan’s production of weapons and ammunition of all kinds increased 3.93-fold, its shipbuilding reached 380,000 tons (ranking third in the world), and its automobile production reached 5,000 vehicles (ranking eighth in the world)②. In 1939, the ratio between the total tonnage of the Japanese navy and that of the American navy had already exceeded the 64% stipulated by the Washington Treaty, reaching the highest level of 80%, with 200 ships of various sizes, and the army and navy air forces together possessed 2,625 aircraft③.



(4) Britain’s Military Industry

The focus of Britain’s military industry was on countering the threat from Germany, and the top priority within this was building warships of every type to equip the navy; its Royal Navy could rival the American navy stride for stride. By 1939, it possessed 12 battleships, 3 battlecruisers, 6 aircraft carriers, 68 cruisers, 201 destroyers and escort vessels, and 69 submarines, with a total displacement of 659,000 tons④. The British air force, by 1939, already possessed 1,996 aircraft of various types.



(5) France’s Military Industry

Before the Second World War, because France adopted a passive defensive strategy, pouring a vast amount of its military budget into the construction of the Maginot Line, the equipment of its army, navy, and air force clearly lagged behind that of Germany. By 1939, although the French army had 1,770 tanks, it had still not organized a single armored division. On May 10, 1940, when the German army launched its massive invasion, the French air force had only 2,200 aircraft, less than half of Germany’s 4,500, and of these only 1,370 were actually usable. The French navy possessed 200 ships of various types in total⑤.



(6) America’s Military Industry

Before the Second World War, the United States adhered to a strategy of “forward defense,” emphasizing defense as the priority and striking only after being struck; the focus of its military industry was placed on the manufacture of warships and aircraft. By 1939, the American navy possessed 15 battleships, 5 aircraft carriers, 36 cruisers, 104 destroyers, and 56 submarines, 216 ships in total⑥. The air force possessed 4,100 aircraft of various types⑦.

During the Second World War, the workers on America’s military-industrial front, responding to the call of Franklin Delano Roosevelt (Franklin Delano Roosevelt, 1882–1945; President of the United States 1933–1945) to turn the United States into the arsenal of the anti-fascist nations, in the five years from July 1, 1940 to July 31, 1945, together manufactured more than 296,000 military aircraft, more than 102,000 tanks (including self-propelled guns), more than 372,000 guns, 2.45 million trucks, more than 87,000 combat vessels, 5,425 merchant ships, more than 582,000 tons of aerial bombs, more than 20 million light weapons, and 44 billion rounds of ammunition⑧, of which nearly half was supplied to the countries of the anti-fascist alliance⑨.



(7) The Soviet Union’s Military Industry

The Soviet Union was an important force in the Second World War opposing the threat of fascist war and safeguarding world peace. From the 20
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1930s onward, the focus of Soviet military industry was placed on the modernization of its weapons and equipment. In artillery, it developed carronades, carronade-howitzers, howitzers, mortars, and anti-aircraft and anti-tank guns of every caliber, as well as the multi-barreled rocket launcher that led the world at that time in its field and struck fear into the hearts of the enemy who heard its name, the “Katyusha.” In tanks and armored vehicles, it developed super-light, light, medium, and heavy tanks, amphibious tanks and armored cars, self-propelled artillery, and tracked armored personnel carriers, among which the KV-1 heavy tank and the T-34 medium tank became the famous tanks of the era. In aircraft, it developed various fighters, ground-attack aircraft, and bombers, among which the I-16 fighter and the Il-2 ground-attack aircraft became the famous aircraft of the era.

The greatest characteristic of Soviet military industry was the expansion of the variety of weapons and equipment, the increase in the quantity of production, and the improvement of product quality, continually equipping the army with innovative weapons. From 1930 to 1939, the output of Soviet weapons and equipment rose dramatically in a straight line: heavy, medium, and light artillery increased sixfold, small-caliber anti-tank guns and tank guns increased 69-fold, light and heavy machine guns increased 4.5-fold, tanks increased 42-fold, aircraft increased 5.5-fold, and the displacement of naval vessels increased 1.3-fold. This growth in the quantity of weapons and equipment greatly increased the degree of mechanization and motorization of the Soviet army; from 1930 to 1939, even as the absolute number of troops increased, the horsepower available per soldier still rose from 3.07 to 13; from 1934 to 1939, the motorization level of the entire army increased by 160%①. This increase provided the abundant material strength and laid the solid foundation for the Soviet army, led by Stalin (Иосиф Виссарионович Сталин, December 21, 1879 – March 5, 1953) and the Communist Party of the Soviet Union (Bolshevik), to achieve victory in the Great Patriotic War and in the world anti-fascist war.




3. Innovations in Firearms-Manufacturing Equipment

From the late eighteenth century onward, machinery and equipment, including that used in firearms manufacture, came into broad use and continual innovation throughout the world. As soon as machinery and equipment came into large-scale use, it brought about a tremendous transformation in firearms manufacture. First, large machines of great productive capacity and high product quality replaced hand tools and crude machinery; second, lifeless sources of power such as the steam engine, the internal combustion engine, the electric motor, and the generator replaced human labor and muscle power; and third, large, centralized factory production systems replaced scattered handicraft workshops.

Because firearms manufacture demanded a very high degree of regularity and precision in the lines, planes, cones, cylinders, spheres, and other geometric shapes of the finished product, extremely precise machinery and equipment were required for processing. For instance, in manufacturing cartridges, a mold first had to be cast, and machinery then used to manufacture the cartridge case, the primer pocket, the cap of the primer, the fuze, and other components; in building armored warships, ordinary lathes, turret lathes, automatic lathes, heavy-duty lathes, drilling machines, extrusion presses, wheel-turning machines, planing machines, and other machinery and equipment had to be used; in manufacturing howitzers and other artillery, the processes of casting, turning, heat-treating, straightening, shrink-fitting the barrel band, and drilling had to be carried out, along with the use of hydraulic presses, ordinary lathes, turret lathes, extrusion presses, rotary tables, heat-treatment furnaces, and other machinery and equipment; in disassembling, hoisting, transporting, and erecting giant, large-caliber artillery, large hoisting, assembly, and testing machinery and equipment, as well as transport equipment such as trains and ships, had to be used. Because industrial production was so highly developed at the time, it was possible to manufacture machinery and equipment and transport equipment capable of meeting these needs, thereby enabling firearms products to develop toward an advanced, precise, and cutting-edge stage.

In the 1870s, the power source used by various machinery and equipment also began to develop from steam power to electric power. In the early period of the use of electric power, the electric motor was generally installed at a certain distance outside the machine tool, driving the machine’s operation through belts and other transmission devices. Before long, the electric motor came to be installed directly inside the machine tool. By the late nineteenth century, a small number of machine tools had already begun to use 2 or more electric motors, separately driving the main spindle and the feed mechanism, among other components. After entering the twentieth century, the rapidly developing automobile
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industry, and the aircraft industry that followed it, further drove the development of machine-manufacturing technology toward ever greater difficulty, scale, specialization, and automation, causing the quantity manufactured and the destructive power of firearms to increase tenfold and a hundredfold. The capacity of Japan’s Osaka Arsenal to manufacture shells developed from its former ordinary daily rate of 100 shells to a rate of 2,000 shells a day during the Second World War①.




Section 2 The Leap from Black Powder to Smokeless Powder

Ever since our country invented black powder (that is, smoky powder), until the early nineteenth century, gunpowder researchers were only able to refine the purity of saltpeter and sulfur, and select fine grass- and wood-type plant matter to prepare into charcoal powder, and through repeated mixing and blending, increase the performance of the powder and strengthen the killing and destructive power of guns, artillery, and other firearms. With the continual creation of new-style firearms, black powder was already unable to meet the needs of these new-style firearms. The development of a new type of powder therefore became an urgent priority. The reason black powder was unable to meet the needs of new-style firearms was caused by four major defects inherent in it.


1. The Shortcomings of Black (Smoky) Powder

The shortcomings of black powder were caused by the inherent characteristics of the raw materials used in it.

The first was that the chemical energy produced by black powder after combustion was comparatively low, a matter determined by the quantity of powder used and its combustion efficiency. Taking guns and artillery as an example, if one wished to increase the destructive power of a shell without changing the performance of black powder, it would be necessary to increase the charge weight, which would inevitably increase the pressure within the bore, and an increase in bore pressure would affect the service life of the gun barrel. In order to extend the service life of the gun barrel, it would be necessary to lengthen the barrel and thicken its walls, which would in turn make the gun heavier, and thus disadvantageous for soldiers to carry and maneuver on the battlefield.

The second was that black powder, after firing, produced a large quantity of smoke, seriously affecting the gunner’s ability to aim at the target for a subsequent shot and reducing accuracy; this was especially so when using quick-firing guns and naval mines to carry out an attack, where the thick smoke and mist produced by black powder became an obstacle obscuring the line of sight.

The third was that shells fired using black powder would leave a considerable amount of residue inside the bore, and the gunner had to repeatedly clean it in order to restore the bore to a smooth condition; otherwise the bore would be damaged and its service life shortened, and might even lead to serious consequences. In the case of the rifle, because of the need to clean the barrel, the caliber of the barrel could not be too small, or else it would be difficult to clean the bore thoroughly. If a powder that left no residue in the bore after firing could be used, there would be no need to clean the bore, so that the caliber of the barrel could be reduced, the weight of the gun lightened, and the burden on the soldier correspondingly reduced.

The fourth was that black powder burned too quickly within the bore, producing comparatively little propulsive force, so that its killing and destructive power was correspondingly reduced.



2. Several Improved Types of Black Powder

In order to overcome the shortcomings of black powder, some powder researchers, while still basically using black powder, made certain improvements.

The first was that the German chemist Schulze, in 1865, created a method of impregnating wood pulp with potassium nitrate, in order to increase the killing power of the bullet. His method was to first nitrate the wood pulp, and then use it to manufacture powder, thereby increasing the firing power of the breech-loading needle-fire rifled gun, though the smoke of the powder was not thereby completely eliminated.

The second was that the Swedes J. Ohlsson and H. Norrbin, in 1867, created a powder made by mixing ammonium nitrate with charcoal. Although this powder was an improvement, its results were not ideal.
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The third was that German powder researchers, in 1868, developed on a trial basis a black hexagonal-prism powder block. This powder block was 25 millimeters high, about 20 millimeters on each side, 42 millimeters in diameter, and had 7 perforations, which increased the burning rate of the powder, making it an excellent propellant for breech-loading rifled guns. However, the shortcomings of black powder were still not completely eliminated.

The fourth was the development of brown powder. Brown powder, also called chocolate powder, used charcoal specially prepared from fine willow wood. In preparing it, the willow wood was first steamed, its sap removed, its bark stripped away, and it was then placed in a charring furnace and charred into brown charcoal. This charcoal contained 70% carbon and 30% wood fiber, and because the degree of carbonization was slight, wood fiber with a slightly brown tinge could still be seen. After the brown charcoal was prepared, it was pressed by a charcoal-rolling machine into charcoal powder. It was best mixed according to the proportions of 89.5 pounds of saltpeter powder, 4.5 pounds of sulfur powder, and 18 pounds of charcoal powder, compounded into a ratio of 80%, 4%, and 16%, forming brown powder; this was then subjected to grinding, pressing, and other processes, and finally sent to the hexagonal-cake pressing room, where it was formed into brown hexagonal-cake powder of a given size, dried, boxed, and shipped for use by the army. Trials showed that, because this powder had flame passages running through its interior, it was convenient to ignite, and, after burning inside the bore, the bore pressure was appropriate, causing the burning rate of the powder grains to gradually increase and the muzzle velocity of the shell fired to be increased, making it suitable for large-caliber artillery. Brown powder was successfully created by the German F. N. Heideman in 1882, and was accordingly called the Model 1882 Brown Powder.

In 1884, German powder researchers created a new type of brown powder, with a mixture ratio of 78% saltpeter, 3% sulfur, and 19% charcoal. The charcoal used contained 70% carbon and 30% wood fiber, with a comparatively slight degree of carbonization; after trial use, its results were excellent, and it was eagerly purchased by many countries. In February 1887, Japan’s Navy Minister Saigō Jūdō purchased brown powder from a German powder works. After purchasing brown powder from Germany, Britain used it as the basis for developing Cocoa Powder (Cocoa Power), with a composition of 79% saltpeter, 3% sulfur, and 18% charcoal; the charcoal used was carbonized from rye stalks by steam, and it was called hexagonal-prism brown powder. This powder likewise failed to meet the ideal requirements.



3. The Invention and Development of Smokeless Powder and High Explosives

In order to increase the killing power of guns, artillery, and other firearms, military technologists set to work on developing smokeless powder. So-called smokeless powder is a powder that produces no smoke or residue when guns and artillery fire ammunition using it. It is a compound powder produced by soaking plant cellulose in a nitric acid solution and allowing a chemical reaction to take place, differing from the mixed powder made by blending the three raw materials saltpeter, sulfur, and charcoal. The smokeless powders invented in the late nineteenth century were of two kinds, nitrocellulose and nitroglycerine, also called single-base powder and double-base powder.


(1) Nitrocellulose Smokeless Powder

This is a powder whose sole energy-bearing component is cellulose nitrate ester. Cellulose nitrate ester, also called nitrated cellulose, is the product of the esterification reaction between cellulose and nitric acid. When cotton is used as the cellulose raw material, the product is called nitrocellulose (guncotton). Its physical form is generally single-perforated or multi-perforated granules, single-perforated tubes, flakes, strips, rings, and other shapes, and it is widely used as the propellant charge for shells fired from guns and artillery.

In 1832, the French chemist H. Braconnot (Blaocnor) used concentrated nitric acid to act upon flax, starch, sawdust, and other substances, producing a flammable substance—that is, low-nitrogen nitrocellulose—but at the time its explosive nature was not understood, and so research was discontinued.

In 1846, the German chemist C. H. Schönbein (Schönbein, 1791–1868; some say he was Swiss) began research using a mixed acid of nitric and sulfuric acid to treat cotton and develop nitrocellulose on a trial basis; after many experiments, he finally succeeded in producing nitrocellulose and carefully studied its properties, discovering that its explosive power was 2–3 times greater than that of ordinary black powder. That same year, Schönbein gave a demonstration on the south bank of the Thames in London at the Woolwich Arsenal, proving the power of nitrocellulose; some believed it could replace black powder, but experiments showed that its detonation velocity was too fast, and it would burst gun barrels, so it could not be used as a propellant charge and could only be used

for manufacturing land mines or blasting in mines. Thereafter, people turned to researching a more stable form of nitrocellulose, and sought ways to compress it so as to allow it to burn slowly, but because the results achieved were so slight, research was discontinued for as long as 16 years.

In 1863, the Italian F. Abel (Abel), after many rounds of research and experimentation, for the first time truly invented a satisfactory method for manufacturing and purifying nitrocellulose. He subsequently also created a method for treating nitrocellulose that enabled it to be used as a propellant charge for guns and artillery. His method was to add a suitable solvent to the nitrocellulose to destroy its fibrous structure, and then evaporate the solvent, producing a nonporous, dense nitrocellulose that, once ignited, would burn layer by layer from the outside inward toward the center. In the process of treating it with solvent, the solution was evaporated to form an elastic, gel-like substance, which was then pressed into thin sheets, coarse strands, or other suitable shapes, and retained its original shape upon drying.

In 1884, the French engineer P. Vieille (Vielle) was the first to produce a volatile-solvent powder. His manufacturing process was as follows: nitrocellulose was first treated with an ether-alcohol solvent, and the well-mixed material was then rolled on a rolling mill, producing a sheet-form powder. This powder is a powder whose sole energy-bearing component is cellulose nitrate ester, and so is also called single-base powder or nitrocellulose smokeless powder. This powder followed a certain pattern when burning, its burning rate could be adjusted, and it was 2–3 times more powerful than an equal quantity of black powder, moreover producing no smoke when burning and leaving no residue in the bore after firing. This achievement was directly adopted by France that same year, in 1886, as the propellant charge for the Lebel (Lebell) rifle.

In 1891, the Russian chemist Mendeleev (Дмитрий Иванович Менделеев, 1834–1907), after many experiments and research into powder theory, produced a nitrocellulose powder with a comparatively high nitrogen content that dissolved completely and uniformly in an alcohol-ether solution, and this was quickly adopted by the Americans.

After the successful development of nitrocellulose, it became an indispensable material for manufacturing nitrocellulose smokeless powder. The main components of this powder were: 91%–95% nitrocellulose, volatile matter (solvent and water), a stabilizer (diphenylamine), a desensitizer (such as camphor), a flash suppressant (potassium nitrate), a cooling agent (dinitrotoluene), and a polishing agent (graphite), among others. There were two types of product, strong and weak, whose chemical reactions upon ignition and combustion can be represented respectively by the following two chemical equations:

Strong type: C₂₄H₂₉O₂₀(NO₂)₁₁ → 12CO₂ + 12CO + 8.5H₂ + 5.5N₂ + 6H₂O

Weak type: C₂₄H₃₂O₂₀(NO₂)₈ → 6CO₂ + 18CO + 10H₂ + 4N₂ + 6H₂O

The above two chemical equations show that, after nitrocellulose smokeless powder burns, it produces entirely CO₂, CO, H₂, N₂, and water vapor, so that the volume of gas produced is large, three times the volume of gas produced by the combustion of an equal quantity of black powder, and moreover no residue remains in the bore, reducing the time needed to clean the bore and thereby increasing the rate of fire.



(2) Nitroglycerine Smokeless Powder

Also called double-base powder. This is a double-base propellant powder whose two main components are cellulose nitrate ester and polyol nitrate ester. Its physical form is roughly similar to that of single-base powder. This smokeless powder was first researched by the Turin-born Italian A. Sobrero (Sobrero, 1812–1888), after he discovered nitroglycerine—that is, glyceryl trinitrate [C₃H₅O₃(NO₂)₃]—in 1847. Between 1862–1864, the Swedish engineer Nobel (Alfred Bernhard Nobel, 1833–1896; Fig. 11-1) established factories for manufacturing nitroglycerine at Stockholm and Hamburg. In 1867, Nobel produced a type of “glycerine explosive,” also called “Denami” (Denami) or “Dynamite” (Dynamite); this explosive was produced by having the capillary pores of diatomaceous earth absorb nitroglycerine. Later, 8% nitrocellulose was also dissolved in nitroglycerine, producing a more powerful gel-form explosive, also called blasting gelatin. In 1886, Nobel further combined equal quantities of nitroglycerine and nitrocellulose, mixing the raw materials by rolling them in a drum or between two heated rollers, and then forming them into horn-shaped or other required shapes of granules of various sizes, for use as a propellant charge in guns and artillery. In 1888, Nobel used nitroglycerine to gelatinize No. 2 soluble nitrocellulose, producing a nitroglycerine powder called Ballistite (Balliste) powder; before long, it came to be adopted by some countries. Japan began establishing factories to manufacture smokeless powder in 1897.

Fig. 11-1 Portrait of Nobel

In 1890, the Britons F. Abel and J. Dewar used nitroglycerine and acetone together to gelatinize high-nitrogen-content nitrocellulose, producing a strand-form powder resembling macaroni or noodles, called Cordite-type nitroglycerine smokeless powder, also called cordite double-base powder. It was suitable for use as the propellant charge for large-caliber artillery and mortars, and was quickly adopted by the military.



(3) Triple-Base Powder

In 1937, German powder researchers were the first to add a certain quantity of nitroguanidine to the components of double-base powder, producing triple-base powder. This powder is composed of three energy-bearing components—nitrocellulose (also called cellulose nitrate ester), nitroglycerine, and nitroguanidine (CH₄N₄O₂)—the content of the three being 20%–28%, 19%–22.5%, and 47%–55% respectively. It is also commonly called nitroguanidine powder, and is mainly used as the propellant charge for shells of large-caliber artillery.

In 1942, American powder researchers used an organic binder (asphalt) together with an inorganic oxidizer (KClO₄) to formulate a composite propellant. Thereafter, with the development of polymer-binder technology, polysulfide rubber powder, polyurethane powder, and others also appeared, used as solid rocket propellants.



(4) High Explosives

Ever since China invented gunpowder, the fundamental designation of gunpowder has never changed. The explosive phenomenon produced by the combustion of gunpowder was, for the most part, described and named using phono-semantic and pictographic characters such as pi (thunderclap), pili (crash of thunder), pao (cannon/bomb), bao (burst), and zha (explode). The Wubei Zhi (“Treatise on Military Preparedness”), in juan 34, contains not only the “exploding bomb,” the “stone exploding bomb,” and the “land-mine exploding backpack”①, but juan 13 also contains such firearms as the “flying-hammer exploding bomb”②, and moreover, in the phrase describing the stone exploding bomb, “packed full of explosive powder [zhuang zha yao man]”③, and in the phrase describing the flying-hammer exploding bomb, “loaded with explosive powder, filling the mouth of the stalk [ru zha yao, gan ying kou],” the characters “zha” (explode) and “zhayao” (explosive powder) appear④, yet in neither case was any scholarly distinction drawn, on the basis of the principle of gunpowder explosion, between the two. Likewise, from the fourteenth century, when certain European countries began imitating China’s gunpowder and firearms, down to the nineteenth century, they too used such phono-semantic words as Bombad, Gun, and Canon to describe the phenomenon of gunpowder explosion. After the nineteenth century, as explosive substances increased in number, the countries of Europe and America came to use “explosive” (zhayao) as a general term for gunpowder, high explosive, priming explosive, and pyrotechnic powder, with propellant and driving charges, whose deflagration properties resembled those of black powder, both being classed under gunpowder (huoyao). Japan, like China, for a long period used “gunpowder” as a synonym for explosive substances in general, serving as the general term for high explosive, propellant, and pyrotechnic powder. Contemporary scholars have shown a tendency to use “gunpowder” and “high explosive” side by side as a combined term; in the late 1950s, China adopted the combined term “gunpowder-and-explosives” (huozhayao) to refer to both together.

The main distinctions and basic common points between gunpowder and high explosives are as follows. Gunpowder and high explosives differ to a certain degree in the form in which they release energy: the typical form in which gunpowder releases energy is deflagration, whose burning rate is less than 340 meters per second, within the subsonic range; the typical form in which high explosives release energy is detonation, whose detonation velocity exceeds 340 meters per second, entering the supersonic range. For this reason, people came to

① Wubei Zhi, juan 134, “Exploding Bomb,” “Stone Exploding Bomb,” “Land-Mine Exploding Backpack,” see Complete Collection, part 5, p. 1126.

② Wubei Zhi, juan 22, “Flying-Hammer Exploding Bomb,” see Complete Collection, part 5, p. 1020.

③ Wubei Zhi, juan 134, “Exploding Bomb,” “Stone Exploding Bomb,” “Land-Mine Exploding Backpack,” see Complete Collection, part 5, p. 1127.

④ Wubei Zhi, juan 22, “Flying-Hammer Exploding Bomb,” see Complete Collection, part 5, p. 1020.

designate mixtures or compounds whose energy chiefly produces deflagration as gunpowder, and designate compounds or mixtures whose energy chiefly produces detonation as high explosives. However, the distinction between the two is not absolute; under certain conditions, the deflagration of gunpowder can transform into detonation, and a high explosive, too, can merely burn rather than detonate. Certain high explosives can also be used as a raw material for manufacturing gunpowder. For this reason, gunpowder and high explosives can, under their shared explosive nature, be unified and referred to together as “gunpowder-and-explosives.” Some powder researchers of the nineteenth century, in the process of developing gunpowder, also developed on a trial basis a variety of high explosives, and caused them to be continually further developed, because a high explosive, in the process of detonation, can, in an instant, produce high-temperature gas at a pressure of several tens of thousands of megapascals, rapidly expanding outward from the point of detonation and doing work; militarily, this is used to manufacture various kinds of munitions, delivered by gun-firing or by dropping in a variety of ways, causing them to explode within the enemy’s positions and territory, so as to kill and destroy the enemy’s effective strength and various engineering installations.

The development of high explosives was founded upon the development of modern chemistry and the establishment of the chemical industry. In 1825, Britain’s R. D. Clayton (R. D. Clayton) isolated benzene, toluene, naphthalene, and other substances from coal tar, providing an important raw-material foundation for the development of gunpowder and high explosives. The theory of nitration reactions, formed between 1834–1842, was applied by gunpowder and high-explosive researchers, thereby bringing to an end, in the late nineteenth century, the long era in which black powder reigned supreme without a rival, and leading to the development of a whole series of nitrocellulose smokeless powders and other new high explosives. The types of high explosives are extremely numerous; the main ones are as follows.

The first is TNT. In 1863, the German chemist J. Wilbrand (J. Wilbrand) was the first to develop TNT (C₇H₅H₃O₆) on a trial basis; its transliterated name is teennaite, and it is a monomolecular high explosive, generally produced by nitrating toluene with a mixed acid of nitric and sulfuric acid, and then purifying the nitration product with sodium sulfite. In 1891, Germany began industrial production of it according to the method of C. Hausser Mann (C. Hausser Mann). In 1902, Germany was the first to replace picric acid with TNT for filling shells. Thereafter it became a principal military high explosive, coming into wide use in the First World War, and remaining one of the most commonly used forms of gunpowder-and-explosives down to the Second World War.

The second is picric acid. Also called yellow explosive. It is produced from phenol through sulfonation and nitration. Its molecular formula is C₆H₃N₃O₇. In 1771, the Briton P. Woulfe was the first to develop picric acid on a trial basis, for use in manufacturing a yellow dye. In 1873, the German chemist H. Sprengel discovered that picric acid could be used with a detonator for initiation. In 1885, the Frenchman E. Turpin used picric acid to fill shells, and it came into wide use during the First World War. Because it is an acidic compound with a corrosive effect on the walls of guns and artillery, it was gradually replaced by TNT after the First World War.

The third is ammonium-nitrate explosive. This is a mixed explosive of comparatively low energy, composed of ammonium nitrate as its main component together with a combustible substance or a monomolecular high explosive. In 1867, the Swedes C. J. Ohlsson (C. J. Ohlsson) and J. H. Norrbin (J. H. Norrbin) were the first to develop ammonium-nitrate explosive on a trial basis. It could be used as a substitute filler for other high explosives, and was later used to fill mortar shells and hand grenades.

The fourth is RDX (heisuojin). Its power and sensitivity both exceed those of the monomolecular high explosive TNT; its molecular formula is C₃H₆N₆O₆. In 1899, G. F. Henning (G. F. Henning) produced RDX while synthesizing a medicinal compound. In 1922, G. C. Von Herz (G. C. Von Herz) was the first to recognize it as a high explosive of value, because of its excellent explosive properties and abundant raw materials; from the Second World War onward, many countries carried out research and development on it, and it became, after TNT, another principal explosive filler.

The fifth is HMX (aoketuojin). This is a high-powered monomolecular high explosive. Its molecular formula is C₄H₈N₈O₈. In 1941, G. F. Wright and W. E. Bachmann, while producing RDX by the acetic-anhydride process, discovered the HMX present within it, whose performance surpassed that of RDX. After the Second World War, high-explosive researchers carried out further research on it, and it underwent rapid development.

Besides the several main and commonly used high explosives described above, there are a great many other kinds, too numerous to list one by one.

The black powder invented by China is a low-energy mixed gunpowder-and-explosive; over more than a thousand years, through use and continual improvement by the various countries of the world, its performance and quality were both greatly refined and enhanced, and it played a major role in both military and civilian use. It was not until the late nineteenth century that it came to be replaced by the new high explosives picric acid, TNT, and dynamite (Denami). After the First World War, Amatol, composed of TNT and ammonium nitrate, and Ammonal, composed of TNT, ammonium nitrate, and aluminum powder, came into wide use for filling shells, land mines, and bombs. During the Second World War, as weapons developed, there also appeared, with RDX as their main component, molten-TNT-cast explosive (Composition A), plastic explosive (Composition C), and TNT-cast explosive. As military technology continues to develop, gunpowder-and-explosives will continue to be innovated without end.





Section 3 The Continuous Innovation of the Rifle

Not long after the creation of the Dreyse breech-loading needle-fire rifled gun, the bolt of the rifle was also improved, in the 1870s, into a sliding bolt, causing the form, construction, and performance of the rifle to undergo breakthrough improvement and enhancement.


1. The Advent of the Bolt-Action Rifle

The sliding bolt is what is commonly called the “rifle bolt,” also called a locking-type bolt. Unlike the fixed trigger mechanisms of the matchlock gun, the flintlock, and the percussion-lock gun of earlier times, it can be opened and closed. In opening and closing, the bolt moves back and forth along the axial direction of the bore. This type of bolt is composed of a locking bolt body, a firing mechanism, and a device for extracting the spent cartridge case, assembled within the receiver, so that the cartridge passes from the magazine into the chamber, is struck by the firing pin to discharge the round, while the bolt face seals tightly against the base of the cartridge case, preventing gas from escaping, and then ejects the spent case. The locking bolt body within the bolt assembly is cylindrical in shape and is the main body of the bolt, composed of the bolt handle, the firing-pin housing, and the extractor. The bolt handle makes it convenient for the shooter to open and close the bolt. Bolts are generally of two types, straight-pull and rotating. With a straight-pull bolt, when pulled backward after firing, the spent cartridge case is immediately extracted, and when pushed forward again, a new round is loaded into the chamber and the breech is closed at the same time. With a rotating bolt, after firing, the bolt is rotated 90° and pulled back, extracting the spent case, and the bolt is then pushed forward, loading a new round into the chamber, with the breech closing accordingly.


(1) The Straight-Pull Bolt Created by Mauser

The straight-pull bolt was created by the German gunsmith Mauser (Peter Paul Mauser, 1838–1914; Fig. 11-2). Mauser was born into a family of gunsmiths; he finished elementary school at age 14 and entered the Oberndorf arms factory as an apprentice; his father and 4 elder brothers were all workers at this factory, and under the strict training of his father and brothers he quickly became a skilled gunsmith, enlisting as a soldier in 1859; several years later he was demobilized and returned to his former trade. In 1865, Mauser designed a straight-pull-bolt rifle using a metal-cased cartridge, which, after repeated improvement, achieved success. On June 2, 1868, the first Mauser rifle he created was registered in the United States. In 1872, the Prussian government adopted this rifle and standardized it as the M71 type. Before long, Mauser further modified it into a rifle whose cartridges were linked end to end and could be fired repeatedly. The Prussian High Command adopted this gun in 1884 and standardized it as the M71-84 type Mauser rifle. After the invention of smokeless powder, the caliber of the Mauser rifle was reduced and its weight lightened; such rifles as the Belgian M1889 type and the Spanish M1893 type were both light-type Mauser rifles. Germany’s

Fig. 11-2 Portrait of Mauser

M1898-type Mauser rifle was the pinnacle product of this development. In 1914, Mauser died①. The preceding 20 years had also been the period of high tide in which the various countries competed with one another to imitate the Mauser rifle. The Mauser rifle continued in use all the way down to the Second World War.



(2) The Mauser Rifle

The 1871-model Mauser rifle created by Mauser was the world’s first rifle to successfully fire a metal-cased, fixed-form cartridge; it had a caliber of 11 millimeters, a length of 1,340 millimeters, and weighed 4.68 kilograms; it had no magazine, fired a black-powder cartridge, with the bullet having a muzzle velocity of 435 meters per second, and used a cam-actuated automatic-cocking firing-pin-type percussion mechanism. In 1880, Mauser further added, beneath the barrel, a tube magazine that could hold 8 rounds, and this was standardized in 1884 as the 1871/1884 type, equipping the Prussian army. It was later further improved, its caliber reduced to 7.92 millimeters, firing a smokeless-powder cartridge, with a single-row vertical box magazine holding 5 rounds, and was standardized as the 1888 type, becoming a genuinely modern rifle. The Mauser rifle created in 1898 had a barrel caliber of 7.9 millimeters and a length of 740 millimeters; the rifle’s overall length with bayonet fixed was 1,772 millimeters, and without bayonet 1,298 millimeters; the rifle’s weight with bayonet was 4.56 kilograms, and without bayonet 4.1 kilograms; the magazine was located in the middle②, held 5 pointed cartridges, each round weighing 10 grams, with 150 rounds carried, a muzzle velocity of 860 meters per second, and a maximum range of 2,000 meters (Fig. 11-3).

Fig. 11-3 Germany’s 1898-Type Mauser Rifle

After 1898, Mauser continued to make improvements, and although there were many variant models such as the 98b, 98k, and 05, their basic construction changed little, and it remained the standard-issue equipment of the German army right up until the Second World War.



(3) The Spread of the Mauser Rifle

After the creation of the Mauser rifle, because of its excellent performance, it came to be imitated and modified by the gunmaking circles of every country; apart from a small number of countries’ own gun types, more than 20 countries equipped their armies with imitations and modifications of the Mauser rifle. Among these, the types adopting a straight-pull bolt included: Austria and Hungary’s Mannlicher (Mannlicher), Switzerland’s Schmidt-Rubin (Schmidt-Rubin), and Canada’s Ross (Ross), among others. Types adopting a rotating bolt included Britain’s Mannlicher rifle, France’s Lebel rifle (Leble), Russia’s Nagant rifle (Nagant), the Netherlands’ Mannlicher rifle, Greece’s Mannlicher-Schönauer rifle (Mannlicher-Schonauer), and Denmark and Norway’s Krag-Jørgensen rifle (Krag-Jorgensen). Japan’s Meiji 22nd-year (1889) Murata rifle, America’s Springfield rifle (Springfield), and Italy’s Mannlicher-Carcano rifle (Mannlicher-Carcanon) were all quasi-Mauser rifles③. China, too, from 1893 onward, imitated several models of the Mauser rifle in succession.




2. Improvements to Ammunition

Following the French army captain C. C. E. Minié’s 1849 creation of a bullet designed for convenient muzzle-loading, hollow at the base, which expanded at the base upon firing and could

① W. H. B. Smith, Small Arms of the World, 1960, New York, pp. 66–68.

② This refers to the position at which the magazine is inserted into the stock, divided into three types: front, middle, and rear. The same applies below.

③ W. H. B. Smith, Small Arms of the World, 1960, New York, pp. 66–68.

reliably embed itself in the rifling and seal the propellant gas, Britain, France, and other countries also successively developed cartridges usable in breech-loading needle-fire guns. Afterward, a researcher at Britain’s Royal Arsenal, Boxer, further created, in 1865, a cartridge using a brass case, which was used in the Snider rifle. Because the base of the cartridge case used a round iron disc with a rim, and a percussion cap was fitted in the center of the case base, it could seal the propellant gas tightly, and the case could also be extracted after firing; compared with the paper-cased cartridge, it had clear advantages, and laid the foundation for the appearance of automatic weapons (Fig. 11-4).

Fig. 11-4 The Boxer Cartridge

Following the adoption of the Boxer cartridge by the Snider rifle, the cartridge fired by the Martini-Henry rifle was further improved; this cartridge had a progressively smaller diameter toward the upper part of the case, forming the prototype of the modern bottle-shaped cartridge case. In 1875, Switzerland began adopting a lead-core bullet with a copper-zinc-alloy jacket, whose jacket could grip the rifling closely, and this created the conditions for increasing the muzzle velocity of the bullet and for the development of special-purpose ammunition. In 1886, France was the first to use a smokeless-powder cartridge in the Lebel rifle. In the late nineteenth century, as firearms researchers’ study of exterior ballistics affected by air resistance grew ever deeper, they began to adopt pointed bullets.

The choice of bullet shape had a great bearing on the stability of the bullet in flight and on reducing air resistance; people had carried out trials on the coefficient of resistance experienced in flight by bullets of different shapes, and the results were as follows: if the resistance of a flat-nosed bullet is taken as 1, then that of a pointed bullet is 2/3–1/3, and that of a pointed, boat-tailed bullet is 2/7. Their state of resistance in air is shown in Fig. 11-5:

Resistance Experienced by a Flat-Nosed Bullet Resistance Experienced by an Egg-Shaped Bullet Resistance Experienced by a Pointed Bullet Fig. 11-5 Diagram of the Resistance Experienced by Different Bullets in the Air

From these three diagrams it can be seen that, in flight through the air, the flat-nosed bullet experiences the greatest resistance, followed by the egg-shaped bullet, while the pointed bullet experiences the least resistance.

The innovation of the rifle and its ammunition greatly increased its killing power. Within an effective range of 550 meters, a cartridge with an outer jacket and a lead-antimony-alloy core could penetrate 3 men, or pass through a 22-centimeter-thick brick wall, or penetrate a 0.25-centimeter-thick steel plate.

Firearms researchers from the late nineteenth to the early twentieth century, after carrying out deep research into the various factors affecting the rifle, concluded that, as far as firing a smokeless-powder cartridge was concerned, a rifle designed and manufactured according to the following data would be both light and portable, and would also possess the best killing effect. Such a rifle would have a caliber of 6.5–8 millimeters, a barrel length of 61–80 centimeters, an overall length (excluding bayonet) of 109.5–134 centimeters, a weight (excluding bayonet) of 3.64–4.4 kilograms, a magazine holding 5–10 rounds, 3–6 grooves of rifling, a cartridge length of 7.62–8.46 centimeters, a cartridge weight of 21.5–29.82 grams, a bullet length of 2.58–3.25 centimeters, and a bullet weight of 9.72–15.81 grams, with the length of the bullet being 3–4 times its diameter; a streamlined, boat-tailed bullet gave the most ideal muzzle velocity, range, penetrating power, and accuracy, with a charge weight of 1.948–3.241 grams and a muzzle velocity of 585–819 meters per second. The standardized rifles of the various countries at that time were, for the most part, designed and manufactured according to the above requirements.



3. The Creation of the Repeating Rifle

After the widespread use of the Dreyse breech-loading needle-fire rifle, which simplified the loading procedure and increased the rate of fire, causing a new breakthrough to appear in the development of the rifle, this type of gun could nevertheless still only be loaded and fired one round at a time. Rifle researchers, dissatisfied with the achievements so far attained, accordingly devoted great effort to further improving this method of loading and shortening the interval between loadings. Before long, this line of thought and experimentation bore fruit.

In March 1860, the American rifle researcher Spencer (Spencer) successfully designed a mechanical repeating rifle. The creation of the Spencer repeating rifle presupposed the use of a fixed-form metal-cased cartridge. This rifle’s stock contained a spring-loaded feed tube, fired externally by a hammer, and operated by a semicircular lever that rotated to feed a round and lowered to unlock the action. One important component of this gun was the magazine. The magazine was composed of four parts: the trigger guard, the cartridge carrier, the cartridge-return spring, and the ejector spring. It was also divided, according to its position on the stock, into three types: the fore-stock magazine, the butt-stock magazine, and the receiver magazine. The magazine of the Winchester (Winchester) repeating rifle was located in the fore-stock, called a fore-stock magazine; the magazine of the Spencer repeating rifle was located in the butt-stock, called a butt-stock magazine. Both of these were tubular magazines, capable of holding 5–9 rounds, or as many as 13 or 17 rounds in some cases. Once loading was complete, the shooter could fire. After a round was fired, the bolt would move backward, ejecting the spent cartridge case, and the bolt would then be pushed forward again, with the magazine simultaneously feeding a fresh round, which was pushed into the chamber. The shooter would then pull the bolt again to carry out a new firing action. Because the two types of magazine described above required that rounds be loaded into the magazine one at a time, loading was comparatively slow and time-consuming; in 1883, the receiver-type magazine was successfully created, using a stripper clip as a loading tool, allowing rounds to be loaded into the magazine all at once, making loading convenient and rapid. After the adoption of this type of magazine, the rate of fire of the rifle was greatly increased, rising from the 6–7 rounds per minute of the Dreyse breech-loading needle-fire rifle to the 10–12 rounds per minute of the repeating rifle. A spring-loaded receiver-type magazine fixed permanently to the rifle was called a fixed magazine; if it could be detached, it was called a detachable magazine.

After the creation of the magazine, the performance of the rifle was greatly improved, and its killing power likewise greatly increased; rifle researchers of the various countries, one after another, taking the magazine of the Spencer repeating rifle as their model, converted their own countries’ rifles into magazine-fed repeating rifles. In 1867, the United States adopted the Winchester five-round repeating rifle, and later also adopted the Lee (Lee) five-round repeating rifle; Britain adopted the Spencer nine-round repeating rifle, and later also adopted the Lee-Metford (Le Metford) repeating rifle; Switzerland adopted the Vetterli (Vetterli) seven-round repeating rifle. In 1868, France converted the Kropatschek (Kropatschek) rifle into a seven-round repeating rifle; later it also converted the Hotchkiss (Hotchkiss) rifle into a five-round repeater, and converted the Lebel rifle into a five-round repeater; in 1884, Germany converted the Mauser rifle into a five-round repeater; Japan first adopted the Murata-type repeating rifle in 1889 (Meiji 22), and later, in 1897, adopted the Meiji 30th-year-type repeating rifle, and afterward there was also the five-round repeater manufactured in the Meiji 38th year, commonly called the “Type 38” rifle. In 1890, China produced the five-round Kuaili repeating rifle. From the late nineteenth to the early twentieth century, the armies of the above countries, after several rounds of selection, had all equipped themselves with famous, standardized repeating rifles.



4. Famous Repeating Rifles of the World

From the late nineteenth to the early twentieth century, a number of countries had already produced the following famous, standardized repeating rifles. These included: Britain’s 1895 Lee-Enfield ten-round repeater, the 1902 Lee-Enfield five-round repeater, and the 1888 and 1892 Lee-Metford repeaters; France’s 1888 Lebel five-round repeater, the 1892 Mannlicher-Berthier five-round carbine repeater, and the 1907 Mauser-type five-round repeater; Germany’s Mauser series of repeaters; Italy’s 1891 Mannlicher-Carcano five-round repeater; Russia’s 1891 Nagant-type five-round repeater, the 1895 Winchester-type five-round repeater, and the 1891 Mosin-type five-round repeater; Austria’s 1895 Mannlicher-type five-round repeater and the 1888 Pull-type eight-round repeater; Switzerland’s 1889 Schmidt-Rubin six-round repeater and the 1878 Vetterli eleven-round repeater; Norway and Denmark’s 1895 Krag-Jørgensen five-round repeater; the Netherlands’ 1895 Mannlicher-type five-round repeater; the United States’ 1903 Springfield five-round repeater; Spain’s 1896 Mauser-type five-round repeater; Japan’s 1905 Type 38 five-round repeater, etc.

Apart from a small number of exceptional types, the construction and performance data (i.e., the specifications) of the above repeating rifles were roughly as follows: caliber 6.5–8.0 millimeters; overall length of the rifle, excluding bayonet, 1,096–1,381 millimeters, with bayonet fixed 1,486–1,825 millimeters; overall weight of the rifle, excluding bayonet, 3.643–4.274 kilograms, with bayonet 4.074–4.692 kilograms; the magazine was of fixed or detachable type; cartridge capacity 5–11 rounds; 4–5 grooves of rifling; ratio of barrel length to caliber, 30–33 times; cartridge length 73.9–83.6 millimeters; cartridge weight 22–28.5 grams; bullet shape, divided into pointed and round-nosed types; bullet jacket metal, including cupronickel, brass, mild steel, and unjacketed lead, among others; bullet weight 9–13 grams; bullet length 27.4–41.3 millimeters; charge weight 1.95–3.25 grams; charge type, including tubular powder and nitrocellulose smokeless powder; muzzle velocity 605–870 meters per second; chamber pressure 2,440–3,800 kilograms per square centimeter; maximum range 2,000–2,500 meters.

Most of the above repeating rifles remained in use even during the Second World War; their development spurred the creation of the automatic rifle and new types of multi-barreled gun.



5. The Creation of the Automatic Rifle

The rifles and repeating rifles described above all relied on human power to carry out such basic firing actions as feeding, locking, firing, unlocking, and case extraction; guns of this kind came to be called non-automatic rifles.


(1) The Research and Development of the Automatic Rifle

Even as the non-automatic rifle was still being continually improved in its form, construction, and performance, gun researchers had already come to realize that, without changing the reliance on human power to carry out the basic firing actions, it was no longer possible to further increase the killing effectiveness of the rifle, and accordingly shifted their attention to the research and development of the automatic rifle. The so-called automatic rifle is a rifle that uses the energy of powder gas to carry out the basic firing actions. Automatic rifles include the semi-automatic rifle, which can automatically load ammunition but cannot fire automatically, being capable only of single-shot firing, and the fully automatic rifle, which can automatically load, automatically fire, and fire continuously.

In 1908, the Mexican army formally equipped itself with the 6.5-millimeter-caliber Mondragón semi-automatic rifle. After the First World War, the United States developed the 7.62-millimeter-caliber M1 Garand automatic rifle, and the Soviet army was equipped with the 7.62-millimeter-caliber CBT-38 semi-automatic rifle, among others. During the Second World War, the German army began to use fully automatic rifles, naming it, in 1944, the StG44 assault rifle. After the war, the Soviet army was equipped with the AK47 automatic rifle, and subsequently also developed the 7.62-millimeter-caliber automatic rifle family. The United States also developed the 7.62-millimeter-caliber M14 automatic rifle family. After the 1950s, the armies of various countries successively equipped themselves with automatic rifles. The caliber of the automatic rifle was generally under 8 millimeters, and it developed in the direction of small caliber (under 6 millimeters). The automatic rifle fires rifle (or machine-gun) ammunition, has a length of around 1 meter, weighs about 4 kilograms, has a magazine capacity of 10–30 rounds, a muzzle velocity of 700–1,000 meters per second, and an effective range of 400 meters.



(2) The Types of Automatic Rifle

According to their purpose, automatic rifles can be divided into two major categories: the assault rifle and the sniper rifle.

The assault rifle. This is an automatic rifle with a comparatively short body, possessing the fierce firepower of the submachine gun along with firing power close to that of the ordinary rifle. Besides killing living targets with firepower, it can also be used with the bayonet and the buttstock for close combat, and some types can also fire rifle grenades or be fitted with a grenade launcher, for killing area targets and defeating light-armored targets. During the Second World War, the armies of some belligerent countries were equipped with this type of rifle; its caliber was generally under 8 millimeters, it fired intermediate-caliber or small-caliber ammunition, its length was under 1 meter, its weight was under 4 kilograms, its magazine capacity was 20–30 rounds (in some cases over 30 rounds), its muzzle velocity was 700–1,000 meters per second, and its effective range was 300–400 meters.

The sniper rifle. This is a rifle used by a sniper to fire at the enemy at a comparatively long distance, with comparatively high firing accuracy. Most types are fitted with an optical sighting device or a night-vision sighting device, used to deliver precision fire against a single target within 600–1,000 meters. The rifle weighs 4.5–6 kilograms, has a comparatively long barrel, is fed by a magazine, has a magazine capacity of 10–20 rounds, and most types have a suitable grip and an adjustable cheek rest, with some also fitted with a bipod resting on the ground for firing, to ensure stability of fire.

Ever since the Jin army first used the bamboo fire-lance in the sixth year of the Shaoding reign of the Southern Song dynasty of China (1233 CE), after more than 600 years of effort by gun researchers of China and abroad, by the 1870s to the early twentieth century, European gun researchers had successively created the repeating rifle and the automatic rifle, advancing the infantry rifle to an advanced stage of development, whose further development was the machine gun.





Section 4 The Development of the Multi-Barreled Gun and the Pistol

In the late nineteenth century, both the multi-barreled gun and the pistol underwent great development. The multi-barreled gun, in the 1880s, was rapidly replaced by the swiftly developing machine gun, while the pistol continued to develop right through the Second World War.


1. The Multi-Barreled Gun

In order to increase the rate of fire and killing power of firearms, many Western gun researchers, building further on the multi-barreled guns previously made, produced, in the 1860s–1880s, several types of multi-shot gun. These included the American Gatling hand-cranked 6-barreled gun, the Lowell double-barreled double-row gun, and the Gardner double-barreled gun; Britain’s Nordenfelt 5-barreled gun; and France’s Hotchkiss 5-barreled gun and the Montigny–Mitrailleuse 37-barreled gun, among others.


(1) The Gatling Hand-Cranked 6-Barreled Gun

This gun was created by the American Gatling in 1862. R. J. Gatling (Richard Joseph Gatling) was a famous American gun researcher and an army major. He was born on September 21, 1818, a native of Hertford County, North Carolina, United States. His father was a machinery expert, and Gatling, influenced by his father from childhood, designed a rice-transplanting machine while still young, and in 1847 entered the Lapute Medical School in Indiana. The following year, although he obtained a degree at the Ohio Medical College, his heart still lay with mechanical design, and between 1851 and 1861 he designed and produced on a trial basis a multi-barreled gun, giving a demonstration of it at Indianapolis the following year.

The Gatling 6-barreled gun was mainly used to protect bridges, river crossings, and other important military installations; in one target-firing trial at a range of 800 meters, the hit rate reached 80%. In 1867, Gatling signed a contract with the Colt arms company for mass production, and it was subsequently adopted as equipment of the American army. After the end of the Civil War, the Colt company sold this gun to many countries around the world. In 1871, Russia ordered 400 units from the Colt company. The United States and Austria also produced imitations of the Gatling-type 6-barreled and 10-barreled guns.

On July 11, 1882, the British army invaded Egypt. On the 13th, a British fleet made up of 25,000 men bombarded Alexandria and carried out a landing. On September 13, the British and Egyptian armies fought at Tel el-Kebir, an approach position on the way to Cairo. In this engagement, the British army used 6 Gatling 6-barreled guns, attached to a naval landing party made up of 30 sailors. This 6-barreled gun had a single-barrel caliber of 0.65 inches, and was mounted on a platform near the foremast. The entire gun was mounted on the base of a rotating gun carriage, allowing it to fire while traversing (Fig. 11-6), causing more than 2,000 Egyptians to lose their lives and more than 500 to be taken prisoner①.



(2) The Nordenfelt 10-Barreled Gun

This gun was designed by the Swedish engineer H. Palmcrantz (Heldge Palmcranz), and manufactured at a factory established by the banker T. Nordenfelt (Thorsten Nordenfelt). In 1880, the Nordenfelt 10-barreled gun was exhibited in Britain (Fig. 11-7).

① F. W. A. Hobart: Pictorial History of Machine Gun, P 18, 1971, London, Ian Allan.

Fig. 11-6 The Gatling 6-Barreled Gun Used by the British Navy

Fig. 11-7 The Nordenfelt 10-Barreled Gun

In 1882, Nordenfelt himself went to Portsmouth to give a test-firing demonstration for the officers and men of the British Royal Navy, firing 3,000 rounds within 3 minutes, an astonishingly high rate of fire. This gun’s single-barrel caliber came in a variety of models from 11 to 37 millimeters, and the product was extremely finely made, of comparatively high quality.

One type of Nordenfelt 10-barreled gun weighed 5.9 kilograms, with a rate of fire of 180 rounds per minute. When firing, one man loaded the rounds while another worked the lever back and forth. Because its gas-sealing and rate of fire did not meet the required standard, it was not adopted for widespread use. There was also another type of Nordenfelt 10-barreled gun that could be mounted in a high position on a warship, to sweep targets on the deck of an enemy warship; in field warfare, it could be used to command a comparatively broad forward position, sweeping the attacking enemy with heavy fire and inflicting heavy casualties on them.



(3) The Hotchkiss 5-Barreled Gun

The Hotchkiss 5-barreled gun was successfully created by the French gunsmith B. Hotchkiss (Benjamin Berkley Hotchkiss) in 1871. Hotchkiss was originally an American, born in 1826 in Watertown, Connecticut, United States. While working in Hartford, he had directed the design of a number of Colt revolvers, earning people’s praise.

In 1867, Hotchkiss went to France, where he designed a metal cartridge case, manufactured at the Stanting arsenal. In 1871, he designed a type of 5-barreled gun with a single-barrel caliber of 37 millimeters. Although this gun had points of resemblance to the Gatling 5-barreled gun, its construction was comparatively more complex, and it was mostly used for fortress defense and aboard naval warships. During the French invasion of China of 1884–1885, the French army used it to slaughter large numbers of Chinese soldiers and civilians in the Majiang naval battle.



(4) The Montigny–Mitrailleuse 37-Barreled Gun

A Belgian army captain, Fatschamps, in the 1860s designed a 37-barreled gun that people came to call the “Mitrailleuse” (Mitrailleuse, meaning “grapeshot-firer”), and sold the design drawings of this gun to the famous Belgian engineer J. Montigny (Joseph Montigny). This man had set up a factory at Fengtainilefukui, where he made improvements to the gun’s design and named it the “Montigny–Mitrailleuse” (Montigny-mitrailleuse), and at the same time recommended that Napoleon III adopt this gun; France accordingly began manufacturing this gun in the utmost secrecy (Fig. 11-8). At first, the Montigny gun had 37 gun barrels, laid flat together within one large circular tube, with the ammunition placed in a steel disc fitted with 37 round holes. By rotating the disc forward and backward, rounds could be loaded and spent cases ejected in sequence. The Montigny gun was mounted on a two-wheeled carriage fitted with an ordinary gun-carriage trail; the limber could carry one 2-ton gun body equipped with 2,100 rounds of ammunition. Later, Delafuye, on the recommendation of Major Boli, had this gun modified into a 25-barreled gun, using the Chassepot rifle cartridge. Not long after this gun was completed, the Franco-Prussian War broke out. In the early period of the war, although the French army possessed the 37-barreled gun, because it was used poorly, the Prussian army instead used captured 37-barreled guns to inflict heavy casualties on the French army. In the later period of the war, the Prussian army used the 37-barreled gun together with breech-loading needle-fire rifled guns to attack Sedan. The French army was defeated, most of the 37-barreled guns were destroyed, and the remaining portion was brought by the French army to Metz for safekeeping①.

Fig. 11-8 The Montigny–Mitrailleuse 37-Barreled Gun

Research on the multi-barreled gun began in the sixteenth century, and various products successively appeared over time; in the last 30 years of the nineteenth century it enjoyed a period of activity once more, and it too played a role in increasing the rate of fire. However, because the gun body was too cumbersome, inconvenient for battlefield mobility, and because the technology for researching and developing the more advanced automatic gun made a major breakthrough, the multi-barreled gun paled by comparison in its effect on increasing the rate of fire; guns such as Russia’s Baranov 10-barreled gun, the United States’ Ager multi-barreled gun, and France’s 25-barreled gun were all quickly eliminated. For this reason, the new high-rate-of-fire machine gun naturally came to replace the multi-barreled gun.




2. The Pistol

After Colt’s creation of the revolver in 1835, and Adams’s creation of the double-action pistol in 1851, Britain went on, in 1890, to create the two types of self-ejecting pistol, the Webley and the Smith & Wesson, and then, by 1894, firing-pin-type pistols also successively appeared, bringing the development of the pistol into the stage of the automatic pistol.

① F. W. A. Hobart, Pictorial History of the Machine Gun, P. 21.


(1) Britain’s Two Types of Self-Ejecting Pistol

The two types of British pistol mentioned above were created in 1890; in August of that year, the British army designated them as standard-issue equipment. Their caliber was 11.4 millimeters, the body of the gun was 150 millimeters long, and they could fire 6 rounds in succession. This gun originally had 6 models, but later only the Mk VI Webley pistol, with a caliber of 11.56 millimeters, was retained (Fig. 11-9), firing a smokeless-powder cartridge. This gun was later manufactured by the Royal Small Arms Factory at Enfield. The Smith & Wesson pistol saw comparatively little use.

Fig. 11-9 The Webley Mk VI Pistol



(2) France’s Ordonnance Pistol

In 1892, the French army used the 8-millimeter-caliber d’Ordonnance pistol, which belonged to the Colt pistol system, with 6 chambers, the cylinder swinging out to the right, making loading somewhat inconvenient, with the method of case ejection the same as that of the Colt-type pistol. This gun fired a copper-jacketed bullet, an elongated, centerfire, high-velocity rimmed cartridge, with a comparatively long range and comparatively high accuracy. However, because its caliber was too small, it was not practical for use, and was later replaced by the Mauser pistol.

If the several types of pistol mentioned above were fired at a 35° angle, their maximum range could reach approximately 1,300–1,550 meters.



(3) The Creation and Development of the Automatic Pistol

The firing principle of the automatic pistol has points in common with the firing principle of the machine gun (see in detail “The Basic Principle of Machine-Gun Firing” below); it uses the recoil of the barrel, or the pressure acting on the base of the cartridge case, to enable the pistol to complete each of the actions in the entire firing process, such as firing, ejecting the spent case, and reloading. The automatic pistol is divided into two types, the blowback type and the locked-breech type.

In 1893, Germany created the Borchardt (Borchart) barrel-recoil-type automatic pistol, which, because of its complex construction and poor durability, was not adopted for widespread use.

In 1894, the Mannlicher, Bergmann, and other automatic pistols were successively produced; after 1897, the Charola–Anitua, the Simplex, and other automatic pistols also successively appeared, and so the reputation of the automatic pistol rose with each passing day; moreover, because the Mauser automatic pistol became famous during the Boer War, the automatic pistol came to be designated by the governments of various countries as their military pistol. By the time of the First World War, the standardized automatic pistols of the various countries included: the German army’s Luger–Parabellum (Lug-Parabellum) pistol, the 8.1-millimeter-caliber Mauser pistol, and the 9-millimeter-caliber Steyr (steyl)–Mannlicher pistol, among others; the French army’s Browning pistol; the Italian army’s recoil-type Colt pistol; the American and Canadian armies’ 1911-model Colt pistol (Fig. 11-10); and the recoil-type Browning pistol of the armies of Belgium, the Netherlands, and other countries. The above automatic pistols, except where noted as recoil-type, were all of the gas-operated type, and all of them fired high-power, small-caliber, high-velocity cartridges; among these, Belgium’s Browning automatic pistol was the most popular and was adopted by the greatest number of countries, and in 1903 the Colt Firearms Company acquired the patent rights to this gun.

Fig. 11-10 The 1911-Model Colt Automatic Pistol

Compared with the revolver, the automatic pistol had such advantages as a larger ammunition capacity, faster loading, good ballistic performance, and compact, handy size. However, the revolver had a smaller recoil, a better safety mechanism, and greater reliability. The rate of fire of the two types differed little.

From the late nineteenth century to the First World War, the armies of many countries used automatic pistols in great numbers, whose performance data were as follows: caliber 7.65–11.4 millimeters, overall length 149–250 millimeters, weight 0.52–1.12 kilograms, mostly fed from a magazine, magazine capacity 6–8 rounds, cartridge weight 4.8–14.9 grams, charge weight 0.2–0.45 grams, muzzle velocity 228–360 meters per second; it was a small firearm suited for use by officers, special-purpose troops, police, and personnel carrying out special missions. After the war there were also many further types of automatic pistol, such as the high-power 9-millimeter-caliber Browning pistol used by the American army in 1925, the German-made 7.63-millimeter-caliber Mauser pistol of 1932, and the Soviet-made 7.62-millimeter-caliber 1933-model Tokarev pistol, among others. During the Second World War, the automatic pistol came into wide use, its types too numerous to count.





Section 5 The Creation of the Machine Gun

The machine gun is a single-barreled automatic firearm fitted with a gun carriage, gun mount, or bipod, and capable of carrying out continuous fire. It is also called a “jiguanqiang.” It is an important type of gun for killing massed enemy targets and supporting the combat operations of infantry units. From the 1860s onward, the many achievements of gun researchers, and especially the appearance of the various multi-barreled guns, created the conditions for the birth of the machine gun.


1. The Principle of Continuous Fire of the Machine Gun

The principle of continuous fire of the machine gun is as follows: after the shooter first fires the first round by pulling the trigger by hand, the successive actions of opening the bolt, ejecting the spent case, extracting the case, reloading, closing the bolt, and firing are all completed by such means as using powder gas as the power source to drive the barrel backward in recoil. At the same time, the machine gun possesses a high rate of fire, capable of firing 50–60 rounds per minute, and can fire 50–250 rounds continuously each time, producing a comparatively great killing and destructive effect within a range of 400–2,000 meters; for this reason, after it was successfully created, the various countries competed to imitate it. Someone once carried out tests and calculations showing that, if the firing rate of a machine gun reached 750–1,000 rounds per minute, it would consume 200 horsepower’s worth of energy; energy of this magnitude could power 6 automobiles, of which the energy consumed by the fired bullets themselves accounted for only about 1/4, while the remaining energy was in part converted into a powerful shock wave at the muzzle, in part absorbed by the barrel and converted into heat, and in part produced high temperatures within the bore. For this reason, after firing, the machine gun must use a cooling substance to lower its temperature and dissipate heat, so that the barrel does not become deformed or damaged.

There are mainly two methods by which the machine gun achieves automatic continuous fire.


(1) The Barrel-Recoil Type

This method uses the recoil force produced by the machine gun after firing the first round to complete each of the successive actions of further firing. Machine guns that adopted this method of continuous fire included the Maxim, the Vickers, the Colt, the Browning, the Madsen, the Fiat, and the Solothurn, among others.



(2) The Gas-Operated Type

This method uses the powder gas of the machine gun to drive backward a piston connected to the locked bolt, allowing the piston to transmit sufficient energy to complete each of the successive actions of further firing. Machine guns that adopted this method of continuous fire included the Hotchkiss, the Darne (Darne), the St. Etienne (St. Etienne), the Browning, the Vickers–Berthier (Vickers-Berthier), and the Czech-type, among others.



(3) The Cartridge-Case-Base-Pressure Type

This method uses the gas produced by the machine gun after firing the first round: besides the portion that drives the bullet forward, another portion of the gas simultaneously drives the cartridge case backward, increasing the pressure within the chamber, and completing each of the successive actions of further firing. Machine guns that adopted this method of continuous fire included the Schwarzlose, the Skoda, the Kiraly, the Bergmann, and the Thompson, among others.




2. The Machine Gun Created by Maxim

The machine gun was created by the British-American H. S. Maxim (Hiram Stevens Maxim, 1840–1916; Fig. 11-11); Britain, the United States, and other countries call him “the father of automatic weapons.” On February 5, 1840, Maxim was born in Sangerville, Maine, United States. His ancestors had originally been French Calvinists, who later moved to Massachusetts, United States. He settled in Britain in 1882, and took British citizenship in 1900.

As a child, Maxim received no formal education; as an adult he held many kinds of jobs and made many kinds of inventions. In 1883, Maxim developed the world’s first machine gun truly powered by powder gas as its energy source, successfully test-fired it in 1884, and obtained a patent for a machine gun using the automatic method of barrel recoil. The Maxim machine gun was 1.225 meters long and 1.17 meters high (including the tripod), with a caliber of 11.5 millimeters, and weighed 27.24 kilograms without water; it used a canvas ammunition belt with a capacity of 333 rounds and a length of 6.4 meters, and the belts could be linked together; its theoretical rate of fire was 600 rounds per minute, and it could fire single shots or continuous fire, and could also be adjusted to a slow rate of fire of 100 rounds per minute. It used a water-cooled cooling device (Fig. 11-12).

Fig. 11-11 Portrait of Maxim

On July 7, 1888, the Austrian military carried out a test-firing of the Maxim machine gun, at ranges of 200, 400, 600, 1,000, 1,200, and 1,575 meters respectively, firing a total of 13,500 rounds; when the 7,281st round was fired, the spring force of the main spring declined, and by the 10,233rd round the firing pin was damaged; after replacing it with a new pin, a further 3,267 rounds were fired, showing that the Maxim machine gun possessed considerably good durability. After this news reached the British War Office, the War Office required Maxim to carry out a test-firing demonstration, and put forward rather demanding requirements: it had to fire 400 rounds within 1 minute, 600 rounds within 2 minutes, and 1,000 rounds within 4 minutes, and the gun had to weigh less than 100 pounds (these details are recorded in the Proceedings of the Royal Artillery Institution, 1889, volume 16). Upon learning of this, Maxim linked 2 ammunition belts together, each belt holding 333 rounds. In the test-firing, the rate of fire reached 666 rounds per minute. Afterward, the British government purchased 3 guns, and subsequently purchased more in succession. In 1891, the British government approved the requirement that every battalion of the regular army be equipped with the Maxim machine gun.

Germany once carried out a comparative performance test of several machine guns: it specified that the Maxim machine gun be operated by a single man, the Gardner machine gun by 2 men, the Gatling machine gun by 4 men, and the Nordenfelt machine gun by 4 men; all were to fire 333 rounds at a target 200 meters away, to see which finished firing first, and the effect of the fire was also to be observed. After the test-firing concluded, a clear winner emerged: the single-man-operated Maxim machine gun took only 30 seconds, while the machine guns operated by multiple men all took 1 minute, earning the praise of the German Kaiser. The Maxim machine gun, not long after being successfully created, not only came to be used by every country, but also touched off a wave of imitation of the machine gun.



3. The Basic Construction of the Machine Gun

There are many types of machine gun, and although their construction and form each differ, they are usually composed of three major parts: the gun body, the gun carriage, and the sighting device. These three major parts were not yet complete in the early period when the machine gun was first created, and their manufacture was also comparatively crude. As the years passed, they too became increasingly complete, and their manufacture became increasingly refined. Down to the present day, the level of development of each part of the machine gun is no longer comparable to what it once was.


(1) The Components of the Gun Body and Their Function

The gun body of the machine gun is composed of three parts: the bolt, the barrel, and the receiver.

The ammunition fired by the machine gun is supplied by the ammunition-feeding device. There are two types of feeding device, the magazine type and the linked-belt type. Once a round is loaded into the chamber, the chamber is closed by the bolt. The bolt performs the function of locking during the machine gun’s firing process. When firing, the shooter pulls the bolt, closing the chamber, so that the powder gas produced during firing does not leak out, ensuring good firing performance and firing safety. At the instant the bolt closes the chamber, the machine gun’s firing mechanism—the firing pin or hammer—strikes the primer of the round, firing it. After firing, the spring-type recoil-return device suddenly releases the spring, and the powerful spring force produced as the spring extends springs the bolt or barrel back to its original position, whereupon the chamber opens. At the same time, the extractor hook pulls out the spent cartridge case and ejects it from the gun. The various actions of a new round of the firing process then proceed.

The barrel is the long, tube-shaped component the machine gun uses to fire the bullet in a given direction and at a given speed. Also called the bore tube or the gun tube, its inner wall is cut with a number of grooves of rifling, to ensure the stability of the bullet in flight. The rear portion of the barrel is fitted with the chamber, used to hold the round. At the instant the bullet is fired, the inner wall of the barrel must withstand the frictional force of the high-speed bullet traveling at 700–1,000 meters per second, as well as the erosive effects of powder gas at a high temperature of 2,500–3,500°C and a high pressure of 250–400 megapascals; only by using a fine steel tube resistant to high temperature, high pressure, and corrosion can the firing performance and service life of the machine gun be ensured, and at the same time a cooling apparatus must also be provided.

The receiver is the component that connects to the barrel at the front and to the stock at the rear, houses the various parts of the bolt inside it, and is used to mount the gun body on the gun carriage; on its exterior are fitted such component parts as the sight base, the dust cover, and the receiver cover.

Fig. 11-12 The Machine Gun Created by Maxim



(2) The Components of the Gun Carriage and Their Function

The gun carriage is the device by which the heavy machine gun mounts its gun body on the ground. It is composed of the cradle, the carriage body, and the lower carriage. There are two types, the towed type and the vehicle-mounted type, while the light machine gun instead uses a light, portable bipod.

Machine guns of different types manufactured in different eras also each possessed their own distinctive features in construction, owing to differences in the design thinking of their developers and in the needs of their use. From the late nineteenth century to the early twentieth century, after several rounds of improvement, some countries produced a number of famous heavy and light machine guns.




4. Famous Heavy Machine Guns of the World

From the late nineteenth century to the early twentieth century, the armies of some countries had already equipped themselves with the following comparatively famous heavy machine guns: Germany’s 1908 Maxim; Britain’s 1892 Vickers and 1895 Browning; France’s 1884 Hotchkiss; Italy’s 1908 Fiat–Revelli; Russia’s 1910 Maxim; Austria’s 1907 Schwarzlose, among other heavy-type machine guns. Their construction and performance data were roughly as follows: caliber 7.6–8 millimeters; barrel length 43–87 centimeters; length of gun body 88–128.8 centimeters; weight of gun body 13.3–24.5 kilograms; carriage weight 20–30 kilograms; total weight complete 36.9–54.5 kilograms; there were three methods of ammunition supply—belt, magazine, and strip-clip—with the belt being most common; ammunition capacity 30–250 rounds; there were two methods of cooling, water-cooled and air-cooled, with water-cooling being most common; there were three automatic methods—barrel recoil, gas-operated, and pressure-operated; rate of fire 400–650 rounds per minute; effective range 500–550 meters.

The process of creation and development of the machine gun differed from country to country.

In Germany, after the Kaiser observed the excellent results of a test-firing of the Maxim machine gun, he ordered that it be imitated at the Spandau, Berlin, and other arsenals, and it was standardized in 1908 (Fig. 11-13).

Not long after the German machine gun was standardized, more than a dozen machine-gun companies were organized; by the time the First World War broke out in 1914, the army had already equipped itself with 12,500 machine guns, and this quickly increased sharply to 50,000. In November 1914, when 155,000 German troops carried out a campaign-level offensive against the Russian army in the Łódź region, they employed 450 machine guns and 960 artillery pieces; the Russian army of 367,000 men met the attack with 740 machine guns and 1,305 artillery pieces, resulting in 35,000 German casualties and more than 90,000 Russian losses. Apart from Germany, the armies of almost all the belligerent countries made use of heavy machine guns. By the time of the Second World War, all the belligerent countries were using tens of thousands of heavy machine guns.

Fig. 11-13 Germany’s 1908-Model Maxim Machine Gun

Britain’s 1892-model Vickers machine gun was an improved type of Maxim machine gun. In 1888, after the Maxim and Nordenfelt companies merged, they manufactured the Maxim machine gun. In 1892, the Briton Vickers bought this company, and modified the Maxim machine gun into the Vickers machine gun (Fig. 11-14).

In 1893, British police stationed in Rhodesia used 4 machine guns to suppress a revolt by 5,000 members of the local tribes, and in 5 consecutive bursts of fire, left 3,000 people lying in pools of blood!

Fig. 11-14 Britain’s 1892-Model Vickers Machine Gun

In the Anglo-Boer War of 1899–1902, both sides used the Maxim machine gun. The Boers of that time were descendants of Dutch settlers in southern Africa, and fought against the British army over the redivision of southern Africa; the machine guns they used were purchased from the French, who in turn had purchased them from the British Royal Navy.

In 1904, when the British army suppressed an Indian revolt at Chitral in India, the British Royal Infantry machine-gun unit used the superior firepower of the Maxim machine gun to seize this position.

In 1914, two months after the outbreak of the First World War, Britain’s Enfield Lock Royal Small Arms Factory rapidly manufactured the Vickers machine gun, and at the same time also placed an order for 1,792 Vickers machine guns with the Vickers, Sons company located at Erith. From September 2, 1914, this company had to manufacture 50 guns a week for the French army. By December 1916 this had further increased to 321, and by November 1918 it had increased further still to 5,000 a month—the rate at which its manufacturing capacity grew was astonishing.

The earliest heavy machine gun with which the American army was equipped was the 1895-model Browning heavy machine gun, created by the American gun researcher Browning. J. M. Browning (John Moses Bronwning) was a native of Ogden, Utah, United States, born in 1865 into a family of gun workers, and as an adult devoted himself enthusiastically to gun design. In 1898 he designed a gas-operated machine gun, which was adopted by the American army in 1895. When the Eight-Nation Alliance invaded China in 1900, the American army used this machine gun to slaughter members of China’s Boxer movement and the broad masses of the people. In 1917, an improved-type Browning machine gun was further produced. In both world wars, the American army made extensive use of machine guns.

France’s 1884-model Hotchkiss heavy machine gun was a product created in 1884 through the collaboration of the French gun researcher Hotchkiss with Britain’s W. Armstrong, and was standardized in 1897 (Fig. 11-15).

Fig. 11-15 France’s 1897-Model Hotchkiss Machine Gun

During the First World War, the Hotchkiss machine gun used by the French army had considerable killing power. In the defense of Verdun in June 1916, the French army, at a point 140 yards behind the hilltop near Hill 304, used 2 machine guns to seal off a mountain pass, firing continuously for 10 days and nights; each machine gun fired 75,000 rounds, and at no point did a malfunction occur, showing that this gun was a fine machine gun that had passed the severe test of the fires of war.

The Roman Italian B. Revelli (Bethel Revelli) designed, in 1908, a water-cooled, gas-operated machine gun; because the Fiat (Fait) company financed the manufacture of this gun, it was named the 1908-model Fiat–Revelli machine gun (Fig. 11-16). It was successfully test-fired in 1911, and tens of thousands of units were manufactured during the First World War. In the Second World War, the Italian army still used this machine gun.

The Petersburg government of Russia held a test-firing demonstration of the Maxim machine gun in 1887; the government officials who watched the demonstration, seeing the Maxim machine gun fire 333 rounds within 30 seconds, were greatly astonished, and accordingly placed an order for this gun with the Maxim company. In 1905, Russia’s Tula arsenal began imitating the Maxim machine gun, and it was standardized in 1910. During the Russo-Japanese War, the Russian army began to use the Maxim machine gun; in the battle of Shenyang on March 10, 1905, the Russian army, with 16 Maxim machine guns, fired 200,000 rounds, inflicting heavy casualties on the Japanese army. The Japanese army used the Hotchkiss-type machine gun (this gun was imitated using, as its model, a Hotchkiss machine gun purchased from France in 1896, and because it was standardized in the thirty-eighth year of Meiji, it was also called the “Type 38” machine gun).

Austria’s 1907-model Schwarzlose machine gun belonged to the cartridge-case-base-pressure-type heavy machine gun, and was standardized in 1907.

The 7 types of heavy machine gun described above basically reflect the level of development of the machine gun from the 1880s to before the First World War.

Fig. 11-16 Italy’s 1908-Model Fiat–Revelli Machine Gun



5. Famous Light Machine Guns of the World

Because the light machine gun has a comparatively light body, it is skillful and handy. Around 1900, Italian gun researchers had already begun trial production. In 1902, a Danish artillery captain, W. O. H. Madsen (Madsen), developed the world’s first light machine gun. By the time of the First World War, further standardized light machine guns had appeared, including France’s 1909-model Hotchkiss, Britain’s 1915-model Lewis, Germany’s 1915-model Bergmann, Russia’s (the Soviet Union’s) 1915-model imitation Chauchat, and the United States’ 1917-model Browning. There were also, in addition, such light machine guns as the United States’ Marlin–Rockwell, Switzerland’s Solothurn, Germany’s Gast, and France’s Stanting, among others.

The light machine gun is fitted with a bipod, making it easy for the soldier to carry, and it combines the outward form of the rifle with the automatic-firing characteristics of the machine gun. Its construction and performance data were roughly as follows: caliber 5.45–8 millimeters; overall length of the gun 100.7–128.9 centimeters; total weight complete 7.55–12 kilograms; it used ammunition common to the rifle and machine gun; there were two methods of ammunition supply, belt and magazine; ammunition capacity 20–250 rounds; there were two methods of cooling, water-cooled and air-cooled;

Fig. 11-17 Denmark’s 1902-Model Madsen Light Machine Gun

there were three automatic methods, barrel recoil, gas-operated, and pressure-operated; rate of fire 40–600 rounds per minute; effective range 500–800 meters.

The light machine guns described above, once produced, quickly came into widespread use.

Not long after Denmark’s 1902-model Madsen light machine gun (Fig. 11-17) was standardized, it was adopted by the cavalry of Denmark, Norway, Sweden, and other countries. The Russian army also used this light machine gun in the Russo-Japanese War of 1904–1905, and it was not replaced until the 1970s.

France’s 1909-model Hotchkiss light machine gun, besides being issued to the French army for use in the First World War, was also imitated by the Ishikawa arsenal in Tokyo, Japan.

Britain’s 1915-model Lewis light machine gun was created by the American army colonel I. N. Lewis (Lewis). On October 12, 1858, Lewis was born in Pennsylvania, United States; in 1884, after graduating from the United States Military Academy, he engaged in the development of coastal artillery. In 1911, he produced 5 light machine guns on a trial basis, and had them manufactured at the Liège arsenal in Belgium. In 1914, when the First World War broke out, Britain’s Birmingham arsenal manufactured this light machine gun in large numbers, equipping the British army with it. By 1917, this factory’s weekly output had already reached as high as 400 units. Before long, the Savage Arms Company of Utica, New York, United States, also signed a contract with the Birmingham factory to manufacture this light machine gun for the American army, and by 1918 this company had cumulatively manufactured 34,000 units. In the same year, every infantry battalion of the British army was already equipped with 36 Vickers light machine guns, essentially reaching the high equipping rate of one per squad.

Germany’s 1915-model Bergmann light machine gun was created by the German machinery researcher Bergmann. It was a standardized light machine gun used comparatively extensively by the German army during the First World War (Fig. 11-18).

Fig. 11-18 Germany’s 1915-Model Bergmann Light Machine Gun

The French 1915-model Chauchat light machine gun with which the Russian army was equipped was the result of research carried out by the French army colonel Chauchat in 1907, and was standardized in 1915. This gun was inexpensive to produce and convenient to use. During the First World War, Russia purchased Vickers light machine guns from Britain and Chauchat light machine guns from France to equip the infantry and cavalry of the Russian army. Afterward, the Soviet Red Army continued to use this light machine gun. In April 1918, the American army purchased 37,864 Chauchat-type light machine guns from France, to equip the American army. It was only after the First World War that the Chauchat-type light machine gun was replaced by other light machine guns.

The United States’ 1918-model Browning light machine gun was a type of light machine gun produced on a trial basis by the American gun researcher Browning; it was standardized in 1918, and was a standardized light machine gun with which the American army was equipped.

There are many types of light machine gun; besides the several types mentioned above, there were also quite a few other products. Because the light machine gun has a comparatively light body, is simple to equip, has a simple carriage, is convenient to operate, has great killing power, and is quick and mobile, it did not need to be organized into special units or require the construction of special positions, and could fight using the same terrain as dispersed infantry, and so soldiers were glad to use it. During the Second World War, the armies of the belligerent countries used light machine guns even more extensively, often numbering in the tens of thousands, reaching an astonishing degree.



6. Famous General-Purpose Machine Guns of the World

The general-purpose machine gun can be supported on a bipod for use as a light machine gun, or supported on a gun carriage for use as a heavy machine gun. It is also called the light-and-heavy dual-purpose machine gun.

After the First World War, Germany took the lead in designing the MG34 general-purpose machine gun; the gun body came with a tripod, and its total weight was 12 kilograms, with a caliber of 7.92 millimeters, firing rifle ammunition with a cartridge length of 57 millimeters; the gun was 1,224 millimeters long, with a muzzle velocity of 755 meters per second; its designed rate of fire was 800–900 rounds per minute, its sustained rate of fire in continuous firing was 200 rounds per minute, and its effective range was 800 meters (as a light machine gun) and 1,000 meters (as a heavy machine gun); it was manufactured at the Mauser arsenal in 1934, and issued to the German army in the same year (Fig. 11-19). In 1942, it was further improved into the MG42-type machine gun, becoming one of the principal weapons of the German army during the Second World War.

Fig. 11-19 The MG34-Type General-Purpose Machine Gun

After the Second World War, the general-purpose machine gun developed very rapidly, and the armies of many countries were equipped with it.



7. Special-Purpose Machine Guns

Besides the general-purpose machine gun described above, there were also several types of special-purpose machine gun.

The large-caliber machine gun. Machine guns with a caliber over 12 millimeters are generally called large-caliber machine guns. They are mainly used to fire at ground targets with light armor and at firing points, and can also be used to fire at aerial targets under 2,000 meters. They are usually mounted for firing on the gun mounts of armored personnel carriers, tanks, aircraft, or naval vessels. In 1918, the German army was the first to be equipped with a large-caliber machine gun. Close behind in equipping themselves with large-caliber machine guns were: the French army’s 13.2-millimeter Hotchkiss, the British army’s 12.7-millimeter Vickers, and the United States’ 12.7-millimeter Browning, among others. Before 1940, the two large-caliber machine guns the United States’ 12.7-millimeter-caliber Browning and the Soviet Union’s 12.7-millimeter-caliber ДШК were the most famous. After the Second World War, with the continual development of aircraft, the increasing improvement of armor protection, and the sharp increase in the quantity of artillery in use, the role of the large-caliber machine gun relatively declined.

The anti-aircraft machine gun. Mainly used to fire at aerial targets, it appeared at the end of the First World War, with Germany and France being the first to use the anti-aircraft machine gun. It was not until the 1930s and 1940s that large-caliber anti-aircraft machine guns of 12.7 millimeters and 14.5 millimeters began to be used, and during the Second World War various types of anti-aircraft machine gun came into widespread use. After the war, as the flight altitude of aircraft increased, the role of the anti-aircraft machine gun correspondingly declined.

The tank machine gun. This is a machine gun mounted on a tank or other armored vehicle, with a dedicated gun mount. There are the coaxial machine gun, the course machine gun, and the anti-aircraft machine gun. The tank machine gun is an auxiliary weapon of the tank, but is a principal weapon on other armored vehicles. The caliber of the tank coaxial machine gun is mostly 7.62 millimeters, with a rate of fire of 100–300 rounds per minute and a range of 1,000–2,000 meters. The caliber of the tank anti-aircraft machine gun is mostly 7.62 millimeters or 12.7 millimeters, with a comparatively large firing angle and all-round traverse, a rate of fire of 70–150 rounds per minute, and an effective firing height of 2,000 meters. In 1916, the British army was the first to equip tanks with machine guns, some tanks carrying as many as 6–7, mainly to fire at enemy infantry. Thereafter, as the combat tasks of the tank changed, the tank machine gun came to be an auxiliary

weapon.

The anti-tank machine gun. Mainly used to fire at armored targets, it appeared after the use of the tank in the First World War. In 1918, the German army used the 1918-model 13-millimeter-caliber anti-tank machine gun, 1,680 millimeters long, with a total weight of 17–69 kilograms and a muzzle velocity of 913 meters per second, capable of penetrating 25-millimeter steel armor at a range of 200 meters. After this, there also appeared the British-made 14-millimeter-caliber Boai-type and the Swiss-made 20-millimeter-caliber Solothurn-type anti-tank machine guns. During the Second World War, the belligerent countries all used anti-tank machine guns. Among these, the comparatively famous ones included the Soviet-made 1941-model 14.5-millimeter-caliber Simonov anti-tank machine gun, 2,134 millimeters long, weighing 20.86 kilograms, with a muzzle velocity of 1,010 meters per second, capable of vertically penetrating 25-millimeter steel armor at a range of 500 meters. After the war, with the rapid development of armor and anti-armor technology, its role progressively declined until it was eliminated.



8. The Submachine Gun

This is a type of fully automatic gun held in both hands, firing pistol ammunition. Because it is capable of continuous fire, it has such names as the “small machine gun,” the “short machine gun,” and the “hand-carried machine gun.” It was created in 1918 by the Chief of the United States Ordnance Bureau, J. T. Thompson; the gun body weighed 4.74 kilograms and was 813 millimeters long, firing an 11.43-millimeter-diameter Colt automatic-pistol cartridge, with a magazine capacity of 20–30 rounds, a rate of fire of 700 rounds per minute, and a muzzle velocity of 280 meters per second; it had good killing effectiveness within a distance of 200 meters, was suited for use in close-quarters charges and assault combat, and served an assault-firepower role. During the First World War, there was also the Italian 1915-model Revelli submachine gun, considered to be the progenitor of the submachine gun. In 1918, the German army was equipped with the MP181-model submachine gun designed by H. Schmeisser. During the Second World War, the German army was the first to use the MP38-model submachine gun with a folding metal stock, and the armies of the Soviet Union, Britain, the United States, and other countries also successively adopted the submachine gun, giving rise to a peak period in the use of the submachine gun.




Section 6 Famous Guns of the World Before and After the Franco-Prussian War

From the late nineteenth century onward, the wars for hegemony among the great powers of the world grew ever more intense; those who controlled the machinery of war sought not only quantity of artillery, but attached even greater importance to the power of artillery. For this reason, they spared no expense in spending huge sums to purchase fine artillery from famous arsenals. The magnates of the famous arsenals also seized upon this opportunity, treating the development of fine artillery as a rare commodity, selling it at high prices to those who controlled the machinery of war, and thereby extracting the greatest possible margin of high profit. A number of famous artillery pieces were successfully created against this particular backdrop of the times.


1. Britain’s Armstrong-Type Built-Up Gun

The Armstrong gun was a series of artillery pieces created under the direction of the British artillery researcher W. G. Armstrong (Willieam Geoge Amstrong). Armstrong was born in 1810 in Northumberland, England, and as an adult had created many new types of machinery. Before long, with an order for 6 artillery pieces, he began his career in gun manufacturing; in order to secure a monopoly on the manufacture of artillery, he transferred the patent rights for the creation of some of his artillery pieces to the British government. In 1854, he was the first to create a rifled breech-loading gun with a good locking mechanism, firing an 18-pound shell. The manufacturing process of this type of gun was as follows: first, the inner tube of the gun was cast according to the designed caliber; afterward, on the outside of the inner tube, one to several layers of hoops or sleeves were successively shrunk on in tight bands. The inner diameter of each outer sleeve (hoop), in its cooled state, was slightly smaller than the outer diameter of the tube it was to be fitted over; when heated and expanded it fitted exactly over the inner tube, and after cooling and contracting it fitted tightly over the inner tube, forming a dense, sturdy gun barrel, which people of the time called the “built-up gun” or the “hooped gun.” Its breech used an interrupted-screw bolt to seal the gas, which effectively solved the problem of gas leakage from the breech after the shell was fired, both increasing its killing and destructive power and eliminating the danger of injury to the gun crew from gas leakage. Britain’s largest arsenal, Woolwich, carried out mass casting of it, successively casting several dozen calibers of the Armstrong gun, which was issued not only to the army’s artillery, but also equipped coastal fortresses and naval warships (Fig. 11-20), becoming a world-famous gun popular for several decades.

Fig. 11-20 The Armstrong Naval Gun, Manufactured in 1860



2. Germany’s Krupp Hooped Gun

In 1810, the Krupp company was established in the Essen industrial region of Germany. The family that founded this company had, since the seventeenth century, been a family long engaged in the manufacture of munitions. In 1812, A. Krupp (Alfred krupp) was born in Germany, and at the age of 14 became the head of the Krupp company (Fig. 11-21). Because he was skilled in management and in making use of the achievements of the various inventors of his time, his gun works was able to draw broadly on the technical strengths of every factory, casting the fine steel, breech-loading, rifled Krupp gun, which was, at the time, on a par with Britain’s Armstrong gun.

In 1855, at the World’s Fair held in Paris, the steel gun cast by the Krupp gun works won the admiration of Napoleon III (Nappoleon Ⅲ, 1808–1873, Emperor of the Second French Empire, younger brother of Napoleon I, youngest son of Louis Bonaparte, King of Holland), and was awarded a gold medal by the Exposition.

In 1864, the Krupp gun works cast the all-steel, breech-loading, rifled built-up gun and hooped gun, using a bolt-type, cone-shaped breechblock for locking; this breechblock achieved locking by sliding within a groove perpendicular to the bore, and its advantage lay in the fact that the gas-expansion force produced by the combustion of the powder acted entirely upon the breechblock, which had extremely great resistance to compression, so that gas could not leak from the breech, giving an excellent gas-sealing effect, and moreover the breechblock could be opened quickly. In 1867, the Krupp gun works, at the second Paris Exposition, exhibited artillery of many calibers, among which the most outstanding was the 36-centimeter-caliber hooped gun. Thereafter, it further produced several dozen calibers of the Krupp gun, equipping the army’s artillery, coastal fortresses, and naval warships (Photo 18).

Because the fineness of the Krupp gun far exceeded that of other artillery, almost every European government became one of its buyers; by 1866, the Krupp company had already manufactured 21,000 guns, earning it the title of “King of Artillery.”

Before 1866, both Prussia and Austria, in preparation for war, purchased new-model artillery from the Krupp works; among these, Prussia purchased 162 four-pound guns, 256 six-pound guns, and 115 twenty-four-pound guns, 533 in total. In order to overwhelm Austria in the quantity of artillery, the Prussian Minister of War once demanded that the Krupp works stop selling artillery to the Austrian side; the Krupp gun works, on the grounds that it could not violate its contracts, continued selling to them as before. However, because Austria’s financial resources were ultimately insufficient, the quantity of guns it purchased was far less than Prussia’s. In June 1866, the Austro-Prussian War broke out, and the two sides fought fiercely. Within a very short time, Prussia assembled 280,000 troops and 800 artillery pieces, and after several engagements achieved victory.

Fig. 11-21 Portrait of Krupp

After the Austro-Prussian War, discerning individuals and artillery researchers in France reported to Napoleon III on the situation in which the artillery manufactured by French arsenals was far inferior to that of Krupp, and recommended that he raise his guard. Napoleon III, proud and contemptuous of the enemy, turned a deaf ear to this, and as a result, in the Franco-Prussian War, the French army proved unable to withstand a single blow. He himself also became a prisoner of the Prussian army.

After the Franco-Prussian War, the European economy showed a trend of depression, yet the Krupp gun works alone flourished in business, with China, Japan, Mexico, and all the countries of the Balkan Peninsula coming to place orders. Krupp, taking advantage of the senility and confusion of the Prussian King Wilhelm I (Wilhelm I, 1797–1888, reigned 1861–1888) and Chancellor Von Bismarck, saw its business grow ever more prosperous. In 1887, Krupp died; by then his factory had manufactured 24,567 artillery pieces, of which only 10,666 were sold domestically. Thereafter, the Krupp gun works experienced difficult operating conditions during the dark era of the Weimar Republic. The war fanatic A. Hitler once again revived it. After Germany’s defeat in the Second World War, the Krupp gun works closed.



3. France’s Three Famous Guns

In the 1870s and 1880s, gun researchers created the following three famous guns.

The Hotchkiss quick-firing gun. In 1870, French artillery researchers created a quick-firing gun with a caliber of 37–57 millimeters, firing 3-pound and 6-pound shells, with a rate of fire of 25–30 rounds per minute, a maximum range reaching 2,000 meters, and a recoil distance of 8.9 centimeters; it could effectively kill living forces and light armored targets, and was an excellent quick-firing naval gun (Photo 19). In the Sino-French Majiang naval battle of 1884, the invading French forces used the Hotchkiss quick-firing gun (that is, the Hotchkiss multi-barreled gun) to slaughter Chinese soldiers and civilians. According to the account recorded by Kangpalanduo in The Age of Firearms, an American journalist at the time reported that, on the Min River near Fuzhou, a burst of shells fired from the revolving-chamber Hotchkiss guns aboard French gunboats mowed down the Qing troops like grass beneath a great scythe… within less than 10 minutes, the Chinese fleet was destroyed.

The Reffye gun. The French artillery researcher V. Reffye (Verchere de Reffye) produced, in 1878, 2,000 interrupted-screw-type artillery pieces. The design principle of this gun was to cut away a portion of the internal threading of the breech-loading rifled gun, so that it matched the projecting teeth of the breech bolt. Artillery made by this method thereby had the same strength as if the entire bore were threaded, and the breech bolt needed only to be rotated 1/4 turn for the breech to close without leaking gas. The Reffye gun fired shells with a brass case, the breech bolt sealed the gas safely and reliably, it had safe centerfire ignition, the shells used could be produced rapidly, in quantity, and safely, the charge was fixed, and it was unaffected by changes in weather. It is said that this gun could rival other famous guns.

The De Bange gun. France’s Major H. De Bange (De Bangl), in 1877, developed 80- and 90-millimeter-caliber breech-loading field guns and an 80-millimeter breech-loading mountain gun. These were all steel built-up guns, using an interrupted-screw locking device and a compressive obturator pad, convenient for loading and unloading, with good sealing and excellent gas-sealing effect. Among these, the breech-loading field gun could also be used as a coastal gun and a naval gun. By the 1880s, the French army was equipped with the 220-millimeter-caliber De Bange gun. In 1884, firing trials of the Krupp, Armstrong, and De Bange guns, among others, were carried out in Serbia; the De Bange gun ranked first in flexibility and mobility, and the number of shells it fired exceeded that of the Armstrong gun, putting it on a par with the Krupp gun (Photo 20).



4. America’s Rodman Gun

America’s gun-casting expert T. J. Rodman (Thomas Jackson Rodman) once used two advanced methods to cast giant guns. One method was first to cast molten iron into a solid cylinder, and then use a giant drill to bore the cylinder into a hollow gun barrel. The other method was first to use a sand core as a mandrel, then cast the gun barrel around it, and afterward use mechanical processing methods to make the bore smooth and clean. In using the sand-core mold to cast artillery, Rodman had an outstanding innovation: his method was first to produce a water-cooled core, and then cast the outer gun barrel around it; because the surface temperature of the water-cooled core was comparatively low, when the molten iron was poured, the layer of metal close to the core surface cooled faster than the layer of metal on the outside, forming a state in which the rate of cooling progressively decreased from the inside toward the outside, causing the wall of the gun barrel to gradually become denser toward the interior. Artillery cast using this method could have an inner bore that withstood comparatively great chamber pressure.



5. The Use of Artillery in the Austro-Prussian War

The war between Prussia and Austria, fought in June and July of 1866 (because the war lasted only 7 weeks, history calls it the “Seven Weeks’ War”), both demonstrated the superiority of the breech-loading needle-fire rifled gun used by the Prussian army, and showed the formidable power of the breech-loading, rifled, steel Krupp gun used by the Prussian army.

Both sides in the war committed large forces and quantities of weapons: Prussia’s participating force totaled 630,000 men, its soldiers equipped with the fine breech-loading needle-fire rifled gun, and nearly a thousand breech-loading, rifled, hooped steel Krupp guns and other fine artillery of various types; Austria’s participating force totaled 588,000 men, its soldiers mostly equipped with the old-style muzzle-loading percussion gun, and about 700-odd artillery pieces (mostly muzzle-loading guns, with a small number of Krupp guns). In terms of troop strength and weaponry, the relative advantages and disadvantages of the Prussian and Austrian sides were already quite evident, and this was especially pronounced in the deployment and composition of the artillery and artillery units.

The Prussian artillery was mostly equipped with 6-pound and 12-pound cannon, with a barrel length 18 times the caliber, a gun weight 145 times the shell weight, and a charge weight 1/3 of the shell weight. Each artillery battery was equipped with 6 cannon and 2 howitzers, using the Gribeauval-type wheeled gun carriage and limber. In the infantry-artillery units, in order to be able to relocate quickly, 5 gun crew sat on the limber or rode on horseback while on the march, and ammunition was transported using an improved British-type ammunition wagon. Before the war, the artillery was organized into 1 army-level artillery general reserve, 1 corps-level artillery reserve (organized into 6 batteries), 1 division-level artillery unit (organized into 4 batteries), and 1 brigade-level artillery battery.

The Austrian artillery was equipped with 4-pound, 6-pound, and 12-pound cannon and howitzers, with a barrel length 18 times the caliber, a gun weight 150 times the shell weight, and a charge weight 1/3 of the shell weight.

Not counting the artillery of the army-level general reserve, the Prussian divisions were organized on average into 7 batteries, with each infantry battalion equipped with about 3–5 artillery pieces; the Austrian divisions were organized on average into 4–5 batteries, with each infantry battalion equipped with about 3 artillery pieces. It can thus be seen that the artillery with which the Austrian army was equipped was inferior in both quality and quantity, and as a result, after its defeat at Sadowa on July 3, it was forced to sue for peace.



6. The Use of Artillery in the Franco-Prussian War

Between the Austro-Prussian War and the Franco-Prussian War, the Prussian army carried out earnest research into artillery and its combat use, and adopted effective improvement measures: first, in 1867 the Prussian army replaced all its field guns with breech-loading rifled guns, with each infantry battalion equipped with 3–5, firing explosive shells and using special fuze tubes; by 1870 it further switched to a ring-type fuze tube, increasing the maximum range of the artillery to 3,500 meters, and the accuracy of fire was also greatly improved, becoming nearly double the accuracy of French artillery; second, the Prussian artillery, in peacetime, frequently carried out large-scale artillery-combat exercises, and, based on the experience of these exercises, drew up plans for the resupply of ammunition to the artillery in actual combat, to ensure the needs of artillery combat; third, in the tactics of artillery combat, the Prussian army adopted the methods of rapid movement and deployment, and of concentrated use.

In contrast to the Prussian army, the French army, before the war, first reduced its artillery, withdrew the artillery equipping its fortresses, and used old-style artillery with a maximum range of only 1,500–2,800 meters, and, clinging to outdated experience, believed that the flat-trajectory cannon with a range of only 2,800 meters was already the longest-ranged artillery of the time, remaining blindly ignorant of the Prussian army’s artillery with a range of 3,500 meters; second, the French artillery lacked proper training in peacetime, and the firing skill and level of command of its gunners were both inferior to those of the Prussian army; third, in combat, there was a lack of a concept of coordinated combat between artillery units, and between artillery and infantry; they often acted independently, each going its own way, exposing the artillery positions in the open field, and after being subjected to concentrated bombardment by the Prussian army, a great many artillery pieces were destroyed before they could even fight.

The Franco-Prussian War, beginning on August 2, 1870, when the French army was the first to cross the border and launch an attack on Saarbrücken, and continuing to September 2, 1870, when Napoleon III surrendered to Prussia at Sedan, saw the defeat of the French army become a foregone conclusion. On January 5, 1871, the French forces in Paris were surrounded; several attempts to break out failed, and on the 28th they requested a ceasefire from the Prussian army; on May 10 the Treaty of Frankfurt was signed, under which France paid an indemnity of 5 billion francs, and ceded the whole of Alsace and most of the industrial region of Lorraine to Prussia; in 1873 it further paid 1.5 billion francs, and all guns, artillery, and other military supplies on the battlefield became the property of the Prussian army.




Section 7 The Creation of the Recoil-Absorbing Gun and the Classification of Artillery

After the Franco-Prussian War, firearms researchers carried out many kinds of research into reducing the recoil force produced by artillery after firing a shell, and in the course of this research successfully created the recoil-absorbing gun.


1. Research into Reducing the Recoil Force of Artillery

In order to reduce the harm caused by the recoil force of artillery, firearms researchers carried out many kinds of trials.


(1) Several Measures for Reducing Recoil Force

In 1876, Russian artillery researchers designed a field gun; this gun absorbed recoil force by means of an intermediate “buffer pad” fitted within the trunnion and the draw bar, reducing the recoil distance to 30 centimeters. Another measure was to have two guns mutually constrain each other, that is, to use the recoil force produced by one gun to return the other gun to the ready-to-fire position.

In 1890, Britain’s Woolwich Arsenal used a hydraulic piston to absorb the recoil force of artillery, and used a heavy-duty coil spring to return the gun to the ready-to-fire position.

In the last 10 years of the nineteenth century, the famous ordnance engineers of Schneider, Engelhardt, Canet, Vickers, De Bange, Saint-Chamond, Laosipan, and the Beiqin’erhaimu steel companies all devoted themselves to researching the problem of reducing recoil force. At the same time, the designers of field-gun carriages had already adopted various combined measures to reduce recoil force, such as wheel brakes, rear-mounted spades, plow-shaped devices fitted on the axle, retractable trail arms and levers, springs, pads, and pistons. These research achievements finally brought about the recoil-absorbing gun with a recoil-and-recuperator mechanism.




2. The Successful Creation of the Recoil-Absorbing Gun

The characteristic feature of the recoil-absorbing gun is that, after firing a shell, the gun carriage itself does not recoil; only the gun barrel recoils a certain distance on the carriage, and afterward the recoil-and-recuperator mechanism returns the barrel to its pre-firing position, so that it remains in the ready-to-fire state. For this reason, the recoil-and-recuperator mechanism is the key component of the recoil-absorbing gun. Around 1879, the Frenchman Mohi (Mohi), after many trials, created the earliest recoil-and-recuperator mechanism, but because the problem of gas sealing was not solved, it was not put into use. In 1897, the Frenchmen Deviel–Limalhe (Deviel-Limalhe) created a hydro-pneumatic recoil mechanism, and further, in 1898, created a 76-millimeter-caliber recoil-absorbing gun, which better solved the gas-sealing problem, thereby constituting the earliest true recoil-absorbing gun. This recoil-absorbing gun had a barrel length of 2.7 meters, 36 times its caliber, and was fitted at the front with a protective shield, to safeguard the safety of the gun crew; its rate of fire was 20 rounds per minute, and its range could reach 6–8 kilometers. After the recoil-absorbing gun was successfully created, the rate of fire of artillery was greatly increased, reaching more than 20 rounds per minute, with a range of up to 5–7 kilometers, and moreover it had a comparatively high hit rate. Not long after this gun was produced, France began mass production of it, to replace such guns as the De Bange and the Hotchkiss. After France created and put the recoil-absorbing gun into use, China, along with Russia, the United States, Austria, Japan, Germany, and other countries, between 1900 and 1908, successively imitated it to produce their own countries’ recoil-absorbing guns. In the process of imitation, each country also made various improvements, in order to equip their armies and carry out combat training.



3. The Creation of the Recoilless Gun

At the beginning of the twentieth century, artillery researchers created a gun that used the momentum of matter ejected rearward at the moment of firing to reduce the recoil force of the gun body, bringing the research into eliminating gun-body recoil into a new stage of development.

In 1914, the American naval lieutenant commander C. Davis (Davis) developed a type of gun with two breeches joined back to back. In this gun, while one gun fired a shell, the other gun fired a counterweight plug and shotgun pellets, so that the recoil forces of the two exactly canceled each other out, and the gun body remained motionless as before. In 1936, the Soviet Union produced a type of recoilless gun that fired through a venturi tube, used in the war against Finland, and was used successfully. In 1939, Germany developed a double-projectile-type recoilless gun, in which the recoil momentum produced after firing a shell was canceled out by the momentum of an equal-weight charge case fired in the reverse direction. In 1943, the United States developed a recoilless gun with a pre-engraved driving band. This pre-engraved driving band eliminated the engraving stress of the projectile against the rifling and the negative effects produced in balancing the recoil momentum. This gun had a caliber of 75 millimeters, a muzzle velocity of 305 meters per second, a maximum range of 6,670 meters, and a total weight of 50 kilograms.



4. The Classification of Artillery

The classification of artillery arose and continually developed along with the development of artillery and the needs of actual combat. At the very beginning of the creation of the metal tube shape, people did not even distinguish between the gun and the cannon, calling both the “fire-tube” (sometimes also called the “fire-cylinder”). In the early Yuan dynasty of China, because the shape of the muzzle of the fire-tube resembled an ancient wine cup or a large bowl, it was called the “cup-mouth gun” or the “bowl-mouth gun.” Afterward, there further appeared the “great cannon-tube” manufactured in the eighth year of the Hongwu reign (1375) of China. In the eighth year of the Yongle reign (1410), the term “divine-mechanism gun” appeared in the Ming Huidian (“Collected Statutes of the Ming”), and the fire-tube began to be distinguished into the “hand-tube” and the “gun”; at the same time, guns were also given separate names according to the size of their shape, such as “Grand General,” “Second General,” “Third General,” and “Gate-Seizing General” (apparently referring to great guns used for attacking cities); right up until before the Opium War (1840–1842), China’s military circles had still not classified artillery by series, but only roughly regarded artillery over 250 kilograms as heavy-type artillery, with artillery below that weight described as light-type artillery, calling the short-barreled gun with a mouth resembling an upturned bell the “sky-thruster gun” (or “field-chicken gun”), and sometimes also using such names as the “mountain-splitting gun” and the “blasting gun.”

Before the sixteenth century, the names of artillery in the European countries were likewise quite varied and complex, including such names as the bombard, the cannon, the serpentine, and the demi-serpentine, among others, and these too existed in a state without clear classification. Afterward, owing to the needs of use, artillery was classified. The methods used were roughly as follows.


(1) Naming Artillery According to the Weight in Pounds of the Shell Fired

For example, guns that fired 4-, 8-, 12-, and 24-pound shells were respectively called the 4-, 8-, 12-, and 24-pounder. This method remained in use right up to the nineteenth century.



(2) Naming Artillery According to Caliber in Millimeters

This method originated roughly from the late fifteenth to the early sixteenth century. For example, guns with a caliber of 40, 50, 75, or 120 millimeters were respectively called the 40-, 50-, 75-, and 120-[millimeter] gun. This method has continued in use right down to the present. Guns with a caliber under 90 millimeters are generally called small-caliber artillery, guns with a caliber of 90–190 millimeters are called medium-caliber artillery, and guns with a caliber over 200 millimeters are called large-caliber artillery.



(3) Distinguishing Rifled Guns from Smoothbore Guns by the Presence or Absence of Rifling

The smoothbore gun refers to artillery whose bore has no spiral rifling grooves cut into it. Also called the “smooth-bore gun.” In 1945, after the Italian Major Cavalli cut spiral rifling grooves into the bore, people came to call this type of gun the rifled gun. Before this, there were also those who had cut straight-line grooves into the bore, in order to reduce the friction of the shell against the bore wall, or for the convenience of cleaning the bore; this type of gun was not called a rifled gun but was called a straight-grooved rifled gun, to distinguish it. All artillery before 1845 was smoothbore; afterward, only the mortar and the recoilless gun remained smoothbore, and all the rest were rifled.



(4) Distinguishing Breech-Loading Guns from Muzzle-Loading Guns by the Loading Location

Artillery researchers call guns loaded with ammunition from the breech of the barrel breech-loading guns; rifled guns all belong to the breech-loading category, and people often refer to the two together as the breech-loading rifled gun. At the same time, people call the artillery loaded with ammunition from the muzzle before the mid-nineteenth century the muzzle-loading gun, and because muzzle-loading guns were all smoothbore, people also refer to the two together as the muzzle-loading smoothbore gun.



(5) Distinguishing Artillery by Ballistic Characteristics

European artillery researchers also, according to ballistic characteristics, divided artillery into the cannon, the howitzer, the gun-howitzer, and the mortar (sometimes also including the earlier mortar-type piece), each of which had a relatively defined ratio of barrel length to caliber, mutually

distinguishing them.

The cannon. It has a flat trajectory, a long barrel, and a high muzzle velocity; its firing angle is generally less than 45°, and it fires fixed or separate-loading shells, with few variable-charge numbers; it is suitable for firing at armored targets, vertical targets, and long-range targets, and its ratio of barrel length to caliber is 30–50 times. It is generally used as the field gun, the tank gun, the anti-tank gun, the anti-aircraft gun, the aircraft cannon, the naval gun, and the coastal gun.

The howitzer. It has a more curved trajectory, a comparatively short barrel, and a comparatively low muzzle velocity; its firing angle can reach 75°, it uses separate-loading shells, with a greater number of variable charges, and has great trajectory flexibility; it is suitable for firing at horizontal targets, and its ratio of barrel length to caliber is 10–30 times. It is generally used as the infantry’s curved-trajectory gun (Fig. 11-22) and as positional heavy artillery, and is also often used in coordination with the cannon and the mortar.

The gun-howitzer. Artillery combining the ballistic characteristics of both the cannon and the howitzer. Abbreviated as the gun-howitzer. When fired with a large charge and a small firing angle, its trajectory is comparatively curved, approaching the performance of the howitzer,

Fig. 11-22 The Light Field Howitzer

it is commonly used to fire at long-range targets and to destroy sturdy engineering installations.

The mortar. A curved-trajectory gun in which the base plate bears the recoil force. Small in size and light in weight, with a simple construction, it is convenient for accompanying infantry in concealed movement; it has a curved trajectory, a low muzzle velocity, a short range, and a large firing angle (generally 40°–85°), and is suitable for firing at targets behind close-range cover and on reverse slopes; its ratio of barrel length to caliber is 5–10 times. The mortar evolved from the earlier mortar-type piece. At the end of the First World War, Britain’s W. Stokes developed a mortar with a caliber of 76.2 millimeters. At the beginning of the Second World War, mortars with a caliber of 82 millimeters or less were mostly used. As the war developed, medium-caliber mortars of 105–120 millimeters, and large-caliber mortars of over 160 millimeters, demonstrated their power in destroying sturdy fortifications.



(6) Distinguishing Artillery by Combat Purpose

From the late nineteenth century to the early twentieth century, firearms researchers, according to combat purpose, divided artillery into the field gun, the siege gun, the coastal gun, and the naval gun.

The field gun. This is further divided into the field gun proper, the mountain gun, the cavalry gun, the light field gun, and the heavy field gun.

The field gun proper is artillery that fights in coordination with other branches of the armed forces, especially the infantry. It is required to have good mobility, a fast rate of fire, a flat trajectory, a long range, and high firing accuracy; it is mostly a recoil-absorbing gun, mounted for firing on a wheeled gun carriage, with a caliber of 75–90 millimeters.

The mountain gun has the same function as the field gun proper, and is mostly used for fighting on mountain slopes and hilly terrain. Its distinguishing feature is its light weight; the gun body and carriage can be disassembled for transport, the barrel weight does not exceed 100 kilograms, and it can also be used in close combat.

The cavalry gun is artillery used by the cavalry, lighter and more mobile than the field gun proper, with the same caliber as a field gun proper of equal power (Fig. 11-23).

The light field gun is mostly a howitzer, used to destroy enemy troops and horses behind cover.

The heavy field gun is mostly used to destroy long-range targets and enemies within sturdy fortifications. It is mostly a howitzer.

The siege gun. High-power artillery used to destroy fortresses and sturdy defensive positions, strongholds, and gun-turreted works. It includes the cannon and the mortar-type piece with a caliber of 120, 150, or over 200 millimeters, and the howitzer with a caliber of 150–300 millimeters (Fig. 11-24).

Fig. 11-23 The Cavalry Gun

Fig. 11-24 France’s 1890-Model 270-Millimeter Siege Mortar

The coastal gun, the naval gun, and others are included among the special-purpose artillery, and will be discussed there.

Besides the main classification methods described above, there are also some other classification methods, which will not be further elaborated here.





Section 8 Special-Type and Special-Purpose Artillery

During the First World War, some countries developed various types of large-caliber, long-range artillery and railway guns, as well as special-purpose artillery such as the tank gun and the anti-aircraft gun, among others.


1. Special-Type Artillery

Germany was the first to manufacture and use special-type artillery in the First World War.


(1) The Three Types of Special-Type Artillery Manufactured by Germany

The three types of special-type artillery were named respectively with the Greek letters γ and β and the Latin letter M; later, people came to call them respectively the γ-gun, the β-gun, and the M-gun.

The special-type γ long-range gun. In 1910, the Krupp gun works of Germany produced this gun, abbreviated as the γ-gun. Its caliber was 42 centimeters, its barrel length was 16 times the caliber, the gun body weighed 88,750 kilograms, the gun bed weighed 37,500 kilograms, the shell weighed 1,200 kilograms; it was mounted on rails and towed by a locomotive, and its maximum range could reach more than 14,200 meters, making it the largest artillery piece in history up to that time.

The special-type M howitzer. In order to rapidly destroy the enemy’s fortresses in war, the Krupp gun works further produced this gun in 1912, abbreviated as the M-gun. Its caliber was 42 centimeters, the gun body length was 12 times the caliber, the gun body weighed 44,400 kilograms, the gun carriage weighed 39,200 kilograms, the gun bed weighed 71,200 kilograms, the shell weighed 1,200 kilograms, its traverse field of fire was 360°, and its maximum range was 9,300 kilometers.

Because of the production of the tractor vehicle, the German army was able to use 5 tractor vehicles to transport the giant gun to the battlefield. By the eve of the First World War, the German army already possessed 5 γ-guns and 2 M-guns. On August 4, 1914, 25,000 German infantry, 8,000 cavalry, and an artillery force possessing 124 artillery pieces (including 210-millimeter mortar-type pieces) besieged the Liège fortress in Belgium, which guarded the crossing of the Meuse River①. Before the war, Belgium had strengthened the defenses of the Liège fortress, constructing 12 forts around the fortress, distributed along both banks of the Meuse River, each fort garrisoned by 80–100 defenders, forming a group of forts more than 50 kilometers in circumference; within the permanent fortifications built of reinforced concrete were deployed more than 400 artillery pieces of various types, the guns usually placed within armored shields or rotating armored gun turrets. On August 5, the German army used artillery with calibers of 28, 30, and 40 centimeters, as well as the 42-centimeter-caliber M-gun, to carry out an assault on the fortifications, and occupied the fortress on the 16th②. At the same time, the Namur and Antwerp fortresses of Belgium were also captured.

Not long after, the German army, on September 7, further used 120 artillery pieces of various types, including the M-gun, to capture the fortress of Maubeuge in France, taking 33,000 French soldiers prisoner and capturing 450 artillery pieces garrisoning the French fortress③; the spearhead of its advance pressed directly toward Paris, and all of France, government and people alike, was thrown into shock. According to an embedded correspondent at the time, when bombarding Liège, a single shell fired by the M-gun was actually able to pass through 500-millimeter-thick steel plate. When the German M-gun bombarded France’s fortress of Buju, the first shell killed 1,700 people, and the second shell killed 2,500 people. Not a few soldiers had their skulls crushed by the shock wave produced at the moment of impact. When this gun was fired, the gun crew needed to wear protective equipment over their eyes, ears, and mouth, to avoid accidental injury. The Krupp gun works took top-secret measures in the design and manufacture of this gun, to prevent foreign spies from stealing its secrets. It is estimated that the design and manufacture of this gun began after the Russo-Japanese War, and it was only after many years that it was finally successfully completed.

The special-type β long-range gun. At around 7 o’clock in the morning on March 23, 1918, a gigantic shell suddenly exploded in the center of Paris, causing devastating destruction. According to a report in Britain’s London News, at that time the German army, in order to bolster its already flagging morale and to weaken the fighting spirit of the French army, disguised 3 β-guns and transported them to the battlefield together with other artillery, so as to avoid detection by the French army. After the β-gun was transported to the battlefield, it was placed on a foundation built of concrete, with its muzzle aimed at Paris. This gun was designed by two men, Rosenberg and Aifu, with calibers of 21, 24, and 26 centimeters respectively; the gun body was 36 meters long, with the front 6 meters being smoothbore, and the rear bore wall having 64 grooves of rifling (with a twist of 4°); the shell was 0.94 meters long with a diameter of 21 centimeters, the charge weighed 240 kilograms, the powder chamber was 3 meters long, and there were 2 driving bands, front and rear; the maximum chamber pressure was 6,700 kilograms per square meter; when the firing angle was 42°, 50°, 52°, and 55° respectively, the muzzle velocity was 750, 850, 900, and 1,000 meters per second respectively; the maximum firing altitude was 40 kilometers, and the maximum range was 120–122 kilometers; the shell had 2 base plates and 2 fuzes inside it, and the shell, flying for the most part through the rarefied air at high altitude, struck its target after 3 minutes of flight; the gun weighed 400 tons (some say 375 tons), and had to rotate on 96 ball bearings 20 centimeters in diameter; if it were not braced tight with girders and steel cables, it would sag 2.54 centimeters. This gun had a very short service life, and after firing only 50 shells, the bore would be eroded to the point of being unusable.

At the time, a total of 8 β-guns were cast, but only 3 were used on the battlefield. By August 9, a total of 303 shells had been fired, of which

① The World War of 1914–1918, volume 1, 1925 Berlin edition, p. 105.

② The World War of 1914–1918, volume 1, 1925 Berlin edition, p. 119.

③ The World War of 1914–1918, volume 3, p. 325.

183 struck the urban area of Paris, killing 256 people and wounding 620. One β-gun was positioned in the forest of Saint-Gobain, 112.6 kilometers from Paris. At 4:30 p.m. on March 29, a shell struck the Church of Saint-Gervais in Paris, where worshippers were in the midst of mass; the Prime Minister and Minister of War, George Clemenceau (George Clemenceau, 1841–1929, served as Prime Minister 1917–1920), and other ministers rushed to the scene, and found that 88 people had died and 68 had been injured (Fig. 11-25)①.

Near the end of the First World War, the β-gun was dismantled and melted down by the German army, and people had no way of knowing its original form. A British army major, T. Addison, from a fragment of the first shell that had fallen in the center of Paris, almost perfectly reconstructed the shape of the β-gun, and calculated this gun’s trajectory and the various performance data described above (Photo 21). The successful firing of the β-gun showed that the technology of the Krupp gun works for casting artillery had reached a new peak.

Fig. 11-25 The Destroyed Church of Saint-Gervais

Besides Germany, in the First World War, France used long-range guns with calibers of 10 and 20 centimeters, with a range of 120 kilometers. Britain used a long-range gun with a caliber of 24 centimeters, with a range of 112 kilometers. Neither of these exceeded the range of the German guns. Because the long-range gun was too cumbersome, it was gradually eliminated after the war.



(2) The Railway Gun

Large-caliber artillery towed by a locomotive, moved and fired on the railway, also called the train gun. Mainly used for the attack and defense of sturdy installations such as cities and fortresses, and sometimes also used to support the combat operations of troops along a railway line. In the First World War, Britain, the United States, Germany, France, and other countries all used the railway gun, in two types, the cannon and the howitzer, with calibers mostly between 20 and 50 centimeters. The railway gun was not restricted by weight, could be transported rapidly, and could be given armor protection, but its range of use was restricted: when any local part of the train was damaged, it could neither be moved nor used. Moreover, because its target was exposed, it was easily destroyed by the enemy.

In the First World War, the German army used the γ-gun as its railway gun, Britain used the cannon and the howitzer as its railway gun, and France used the cannon and the Skoda-type howitzer as its railway gun. Their calibers were 38–52 centimeters, their overall length 16–50 times the caliber, and they fired the howitzer shell, the scope shell, and the hardened, pointed armor-piercing shell, with a shell weight of 385–1,650 kilograms, a charge weight of 36–139 kilograms, a rate of fire of 1/4–1 round per minute, a left-right traverse field of fire of 12°–360°, an elevation range of −7° to 63°, a muzzle velocity of 340–640 meters per second, and a maximum range of 10–40 kilometers. The cannon-type railway gun adopted by the United States in 1920 had a caliber of 356 millimeters, a barrel length 50 times the caliber, a total weight complete of 472,000 kilograms, and fired the howitzer shell, with a shell weight of 544–725 kilograms, loaded with 208 kilograms of smokeless powder, a rate of fire of 1 round per minute, a left-right traverse field of fire of 360°, and an elevation range of −7° to

① [Britain] Jack Lane, The Great Battles of the First World War, Shanghai Translation Publishing House, 1982 edition, pp. 231–232. In citing this battle account, this book was composed with reference to other sources as well.

50°, and a maximum range of 40 kilometers (Fig. 11-26)①.

During the Second World War, the Soviet Union, the United States, Britain, France, Germany, and other countries continued to use the railway gun, with a caliber reaching 800 millimeters, a muzzle velocity of 820 meters per second, a total weight in firing position of 1,350 tons, a howitzer-shell weight of 4.8 tons, and an armor-piercing-shell weight of 7.1 tons. After the Second World War, the railway gun was gradually eliminated.

Fig. 11-26 America’s 1920-Model Cannon-Type Railway Gun



(3) Self-Propelled Artillery

Integrated with a vehicle chassis, moving under its own power. Compared with towed artillery, it has good off-road performance, can enter and leave positions quickly, is convenient for movement, can rapidly change position and carry out fast firing, mostly has armor protection, has strong battlefield survivability, and is convenient for coordinated combat with infantry fighting vehicles; it was originally a small-type gun, but by the time of the First World War, self-propelled artillery had already reached a caliber of 20 centimeters②.



(4) Towed Artillery

Before the nineteenth century, artillery was all carried and hauled by mules and horses; during the First World War, it changed to being towed by motor vehicles, increasing the speed of movement. Compared with self-propelled artillery, towed artillery has a simple construction, is easy to operate, is inexpensive to produce, and is convenient to maintain, but its off-road performance is comparatively poor, its transition between march and combat is comparatively slow, it has no armor protection, and its battlefield survivability is comparatively poor. During the Second World War, towing by motor vehicle had already become the basic method of moving artillery, and so it developed comparatively rapidly.



(5) The Autocannon

After the First World War, various countries began to manufacture and use the autocannon; its construction and firing principle are the same as those of the machine gun, and machine guns with a caliber over 11 millimeters are generally called the autocannon, such as the 13-millimeter and 20-millimeter tank autocannon (that is, the tank gun), the anti-aircraft autocannon, and the aircraft autocannon. The autocannon is simple to operate and has a fast rate of fire, reaching 300–350 rounds per minute, and is suitable for firing at moving targets at a range of around 2,500 meters. The autocannon was still in use during the Second World War, with calibers of 13, 20, 25 millimeters, and so on③.



(6) The Rocket Launcher

The rocket launcher is a multi-round, combined-mount launching device that ignites the igniter of a rocket’s motor, and causes it to fly in a predetermined direction. It has such advantages as a fast rate of fire, fierce firepower, strong assault capability, wide area of fire coverage, strong off-road capability, and ease of movement; there are two methods of operation, towed and self-propelled, with self-propelled being more common. During the Second World War, the vehicle-mounted EM-13 rocket launcher with which the Soviet army was equipped had a projectile diameter of 132 millimeters, a slide-rail-type directional launcher, and could fire 16 fin-stabilized rockets in salvo within 9.5–11 seconds, with a range of 8,500 meters, and it played an important role in the war. In 1941, the German army used the 1941-model 158-millimeter 6-tube towed rocket launcher and the 10-tube tracked self-propelled rocket launcher, with a range reaching 8,000 meters. After the war, the rocket launcher continued to develop without pause.

① [Japan] Hasegawa Masamichi, An Overview of Weapons, Tokyo: Hobunkan, 1934 edition, pp. 211–214.

② See An Overview of Weapons, pp. 210–211.

③ See An Overview of Weapons, pp. 176–177.




2. Special-Purpose Artillery

Special-purpose artillery is named according to its combat purpose, and mainly includes the following several types.


(1) The Anti-Aircraft Gun

Because some countries in the First World War had already used aircraft for aerial reconnaissance and liaison, and to carry out combat actions such as bombing and firing at ground targets, the anti-aircraft gun, used by ground forces to fire at aircraft in the air, was accordingly produced (Fig. 11-27)①. Following Germany and France, the various belligerent countries also successively produced anti-aircraft guns with calibers of 40, 75, 76.2, and 105 millimeters, with a barrel length 37–60 times the caliber, a gun-body weight of 460–2,505 kilograms, a carriage weight of 1,885–6,000 kilograms, a total weight in firing position of 1,700–9,600 kilograms, a weight in traveling position of 3,450–12,000 kilograms, a shell weight of 5.7–17.4 kilograms; it was fitted with a sighting device, had a muzzle velocity of 600–17,400 meters per second, a rate of fire of 150 rounds per minute, a maximum firing altitude of 6,000–12,800 meters, a maximum range of 9,800–20,000 meters, an elevation range varying among −5° to 85°, 0° to 85°, and 6° to 85°, and a traverse field of fire of 360°; its recoil buffer was of the hydraulic or spring type, mostly towed, with self-propelled types less common; it possessed such advantages as a long barrel, high muzzle velocity, fast rate of fire, and high firing accuracy, and posed a great threat to aircraft.

Fig. 11-27 The Anti-Aircraft Gun

Anti-aircraft artillery crews were originally selected from ordinary artillery units; before long, specialized anti-aircraft artillery units were established. The anti-aircraft gun was deployed with 1 gun positioned every 5–10 kilometers along the front; later this was changed to 3 guns, positioned at the vertices of a ground-level triangle with sides of 4–5 kilometers, able to defend a 10-kilometer front. Because the aircraft of that time flew at only 110–130 kilometers per hour, at an altitude of only around 3,800 meters, they were easily hit. In the First World War, the belligerent countries together lost approximately 2,600 aircraft shot down.

In the Second World War, what saw the most use were small-caliber anti-aircraft guns with calibers of 20, 37, 40, and 50 millimeters, medium-caliber guns of 85, 88, and 90 millimeters, and large-caliber anti-aircraft guns of 120, 128, and 133 millimeters, used respectively to fire at aircraft at low, medium, and high altitude.



(2) The Anti-Tank Gun

On September 15, 1916, the British army was the first to use the tank, in the Battle of the Somme; because it used a tracked propulsion system, it possessed a high degree of off-road capability and mobility, and because it also possessed powerful direct fire and tough armor protection, it became a new type of weapon combining offense and defense, and ranged freely across the battlefield; by the end of the First World War, close to ten thousand tanks had been committed to combat. When the tank first appeared, it could only be attacked with the infantry rifle and the field gun, inflicting a certain amount of damage, but because the penetrating power of these shells was comparatively small, it was insufficient to endanger the survival of the tank on the battlefield. In the 1920s, Switzerland produced a 20-millimeter-caliber anti-tank machine gun, whose ammunition had a muzzle velocity of 900 meters per second and a rate of fire of 300 rounds per minute, and which, at a distance of 1,000 meters, could penetrate 15-millimeter tank armor. In 1934, the French army adopted a 37-millimeter-caliber anti-tank gun, firing an armor-piercing shell, with a rate of fire of 762 rounds per minute, and firing a hard-core armor-piercing shell with a muzzle velocity of 1,030 meters per second, which, at a distance of 500 meters, could penetrate 48

① See An Overview of Weapons, pp. 195–198.

millimeter armor, and its high-velocity armor-piercing shell could penetrate 51-millimeter-thick armor. By the time of the Second World War, the armies of the various belligerent countries were already using anti-tank guns with calibers of 50–100 millimeters, with a muzzle velocity of 900–1,000 meters per second, and a penetration thickness of 70–75 millimeters, while at this time the armor thickness of the medium tank was 40–100 millimeters, and the armor thickness of the heavy tank did not exceed 152 millimeters. After the appearance of the self-propelled anti-tank gun, combat effectiveness was greatly increased.



(3) The Coastal Gun

Island nations and countries bordering the sea, in order to defend against enemies invading from the sea, all had to deploy coastal guns at important sections of coastline, on coastal islands, and along the flanks of waterways. Also called the coast-defense gun or the fortress gun. China, in 1375 (the eighth year of the Hongwu reign of the Ming dynasty), already used the large bowl-mouth gun as a coastal gun, making it the earliest country in the world to use the coastal gun. Right up until before the eighteenth century, there was very little difference between the coastal gun and ordinary artillery. In the mid-nineteenth century, after the appearance of the breech-loading rifled gun, the dedicated coastal gun appeared (Fig. 11-28). At the beginning of the twentieth century, in some countries the coastal gun and the naval gun were manufactured to the same specifications. Among these were the coastal cannon, with a caliber of 24, 30, or 35.5 centimeters, positioned on both sides of a strait, with a range of 20,000–30,000 meters, used to bombard invading enemy warships; there was the howitzer, with a caliber of 20, 24, or 30 centimeters, positioned in mountain hollows, used to bombard personnel and naval guns on the decks of enemy warships; there was the small- and medium-type cannon with a caliber under 15 centimeters, used to bombard enemy minesweepers and enemy troops making a beach landing; some coastal fortresses were also fitted with disappearing-type coastal guns whose barrels could be raised and lowered, the barrel normally being mounted, in peacetime, on a carriage within a concealed pit, and when an invading enemy warship appeared, a hoist would be used to raise the barrel to the level of the muzzle, after which the muzzle would be extended out beyond the coastal fortification, to fire at the invading enemy warship. After the mid-twentieth century, owing to the use of guided missiles, the coastal gun became an auxiliary coast-defense weapon①.

Fig. 11-28 France’s Coastal Gun of the Nineteenth Century



(4) The Naval Gun

With the rapid development of the steam-powered armored warship in the late nineteenth century, the naval gun likewise rose along with it. By the end of the nineteenth century, the naval gun was composed of the main gun, the secondary gun, the auxiliary gun, and the light landing gun.

The main gun. This is a high-power naval gun, usually mounted within a rotating turret at the bow of the ship, with a caliber of 250–300 millimeters and a barrel length 45–50 times the caliber, firing a giant shell, capable of rotating fire, with a range of 3,000–10,000 meters; it is mainly used to penetrate the deck, conning tower, and thick, sturdy armor of an enemy warship, inflicting a fatal wound on the enemy ship, up to and including sinking it.

The secondary gun. This is a naval gun somewhat smaller than the main gun, mostly mounted along the sides of the ship, with a caliber of 120–150 millimeters, mostly of the quick-firing type, with a barrel length of around 45 times the caliber; it is the principal naval gun for damaging enemy ships and killing the living force aboard enemy ships.

The auxiliary gun. This is a quick-firing gun with a caliber of 50–70 millimeters, with a barrel length of around 40–50 times the caliber, mainly used to bombard torpedo boats of the enemy fleet and to kill the living force aboard enemy ships. The small-caliber autocannon also belongs to the category of the auxiliary gun.

① See An Overview of Weapons, pp. 208–210.

The light landing gun. Its caliber is between 60 and 70 millimeters, with a barrel length 40–50 times the caliber, used for combat after a landing, and is similar to the light field cannon. The light field gun and the mountain gun can both be used as the light landing gun.

In 1886, the British warships Nile (Nile) and Trafalgar (Trafalgar) each had 2 gun turrets, each turret equipped with 2 main guns of 34.3-centimeter caliber, with secondary guns of 12-centimeter caliber mounted along the sides of the ship.

In 1889–1891, the British warship Royal Sovereign was fitted with 4 main guns of 34.3-centimeter caliber, with 16 quick-firing guns of 15-centimeter caliber mounted along each side as secondary guns.

Fig. 11-29 The Naval Guns with Which the British Warship Rodney** Was Equipped in the First World War**

At the time of the Russo-Japanese War of 1904–1905, the main and secondary guns of the Russian navy did not exceed the level of the British warships.

In the First World War, the British warship Rodney was equipped with a number of main guns (Fig. 11-29).

Naval guns between the two world wars included: large-caliber guns of 40, 38, 36, and 30 centimeters; medium-caliber guns of 20, 15, 14, and 12.7 centimeters; small-caliber guns of 8, 6, and 5 centimeters; anti-aircraft guns of 15 and 7.5 centimeters; and the 7.5-centimeter-caliber field gun and mountain gun (landing guns).

After the Second World War, owing to the rapid development of aircraft and guided missiles, the status of the large-caliber naval gun gradually declined, while medium- and small-caliber naval guns continued to develop, mainly used to fire at low-altitude targets.





Section 9 The Use of Artillery from the Russo-Japanese War to the Second World War

From the Franco-Prussian War to the end of the Second World War on September 2, 1945, the world experienced many large-scale wars, chief among them: the Russo-Japanese War of 1904–1905, the Balkan Wars of 1912–1913, the First World War of 1914–1918, and the Second World War of 1939–1945, among others. Whether on land or at sea, artillery was the weapon most used by the armies of all the belligerent countries.


1. The Use of Artillery in the Russo-Japanese War

From February 1904 to July 1905, Japan and Russia launched an imperialist war to contend for control of Northeast China and Korea, and, further, to dominate the Far East.


(1) The Use of Artillery by the Two Armies in the Battle of Port Arthur

Port Arthur was, at the time, the main base of the Russian navy’s 1st Pacific Squadron. After Russia forcibly leased Port Arthur and Dalian from the Qing government of China in 1898, it invested large sums of money in constructing the Port Arthur fortress; by January 1904, its garrison forces totaled 42,000 army troops, with 116 fortress guns emplaced, and 48 vessels of various types berthed there. After the outbreak of the Russo-Japanese War in February 1905, although the Japanese army and navy carried out 3 strong assaults, they made little progress because of the fortress’s sturdy construction. On November 26, the Japanese army committed 64,000 men, and further allocated 280-millimeter-caliber howitzers, for a fourth strong assault. The Russian army firmly held Hill 203, relying on its sturdy

fortifications, to carry out repeated defensive counterattacks. The Japanese 3rd Army carried out tunneling operations, blasting through rock and breaching the parapets of the strongpoints, capturing the strongpoints one by one; after nine days and nights of bloody fighting, they captured Hill 203, which dominated Port Arthur harbor, and on December 6 further used 280-millimeter-caliber howitzers to bombard the Russian warships in the harbor, and successively captured the fort groups at Dongjikoushan North and at Erlongshan, Songshushan, and Wangtaibei. On January 2, 1905, the Russian commander, Lieutenant General A. M. Stessel, surrendered together with 32,000 Russian troops. In this battle, the Japanese army adopted the tactic of first using heavy artillery to capture the fort groups on the commanding heights around Port Arthur harbor, and then using numerous heavy guns to fire down from the commanding heights upon the Russian warships in the harbor, forcing the Russian defenders of the port to surrender in their entirety, and thereby capturing Port Arthur. 610 Russian artillery pieces and 200,300 shells fell into the hands of the Japanese army.



(2) The Use of Naval Guns in the Battle of Tsushima Between Japan and Russia

In the early morning of May 27, 1905, the Baltic Fleet, led by Vice Admiral Rozhestvensky, arrived at the Tsushima Strait; the whole fleet was composed of 8 battleships, 3 armored cruisers, and 18 other vessels, with a total displacement of 160,200 tons, and 92 main guns and side quick-firing guns①. The Japanese Combined Fleet, led by the commander of the Japanese Combined Fleet, Admiral Tōgō Heihachirō, was composed of 4 battleships, 8 armored cruisers, and 87 other vessels, with a total displacement of 217,800 tons, and 92 main and side guns, and lay in wait near the Tsushima Strait to engage the enemy②.

At 14:00 on May 27, the two sides began to bombard each other with naval guns. The flagship of the Japanese Combined Fleet, the Mikasa, fiercely bombarded the Russian fleet with its 300-millimeter-caliber main guns. The Russian flagship Suvorov and 2 other ships were struck by shells and caught fire; the fleet commander was wounded and lost command, and losses were severe. By around 19:00, the commander of the Russian 3rd Squadron, Rear Admiral N. I. Nebogatov, took over command. After nightfall, the Japanese Combined Fleet dispatched 21 destroyers and 41 torpedo boats to pursue and destroy the Russian ships. On the morning of the 28th, the main force of the Japanese Combined Fleet intercepted the remnants of the Russian fleet near Ulleungdo. At around 11:00, Nebogatov, seeing no hope of breaking out, was forced to surrender. In the 2 days of fierce fighting, 19 Russian ships were sunk and 5 captured, with 4,830 killed and 5,917 taken prisoner. The Japanese lost 3 torpedo boats, with 117 killed and 583 wounded.

In this naval battle, although the two sides bombarded each other with naval guns, the Japanese ships had the advantage in quick-firing guns and torpedoes; at a distance of 4,600 meters from the Russian ships, all their guns fired together. After the Russian flagship suffered heavy damage, the entire fleet fell into confusion, finding itself in a passive state of being battered, and the outcome of the battle was already decided almost within 1 hour of the start of the engagement. The torpedo had already shown its important role in this naval battle (Fig. 11-30).

Fig. 11-30 The Torpedoes and Mines Used in the Russo-Japanese War




2. The Use of Artillery in the First World War

The First World War, fought from 1914 to 1918, was fought between two great blocs of imperialist powers—the Central Powers, led mainly by Germany and Austria-Hungary, and the Entente Powers, centered on Britain, France, and Russia—contending for world hegemony, to redivide the world, and to contest colonies, spheres of influence, and places for investment; it was the first imperialist war conducted on a global scale.

During the war, in order to win victory, the belligerent countries, besides building additional arsenals, also compelled their major industrial sectors

① [Japan] Satō Ichirō, A Fifty-Year History of the Navy, pp. 220–221.

② [Japan] Satō Ichirō, A Fifty-Year History of the Navy, pp. 224–226.

all to carry out munitions production; among these: Germany had 30 arsenals, employing 180,000 people; France had 29, employing 100,000; Russia had more than 20, employing 80,000; and in Britain, every large privately owned factory manufactured munitions products, causing weapons-manufacturing capacity to increase sharply. According to incomplete statistics, in artillery alone, before the war the German army had 9,388 pieces (some say 8,438), the French army had 4,800 (some say 4,000), the Russian army had 7,030 (some say 3,200), the British Expeditionary Force had 328, and Italy (which declared war on Austria-Hungary on May 23, 1915) had 1,700①. In the course of the war, the artillery used by each belligerent country continually increased.

The armies of the belligerent countries were all equipped with the most advanced guns and artillery of the time. Among these: in small arms, the British army was equipped with the 1903-model Lee-Enfield rifle and the Maxim machine gun; the French army with the 1896-model Lebel rifle and the Hotchkiss machine gun; the Russian army with the 1891-model Mosin rifle and the Maxim machine gun; the German army with the 1898-model Mauser rifle and the Maxim machine gun; and the army of Austria-Hungary with the 1895-model rifle and the Schwarzlose machine gun; in artillery, there were the 1897-model 75-millimeter field quick-firing gun; the 1896-model 77-millimeter, 1902-model 76.2-millimeter, and 1905-model 76.5-millimeter light field guns; the 1909-model 122-millimeter and 1910-model 152-millimeter field howitzers; the 1909-model 105-millimeter and 1899-model 104-millimeter light field howitzers; the 1904-model 155-millimeter Lemeier, the 1902-model 150-millimeter, and the 1899-model 150-millimeter heavy field howitzers; the 1910-model 107-millimeter quick-firing gun; the 1904-model and 1899-model 105-millimeter heavy field guns; and the 1890-model 120-millimeter Bakou short-barreled gun, among several dozen other types②.


(1) Russian Artillery Losses in the Battle of East Prussia

After the start of the First World War, the Russian army, in August–September 1914, used 6.5 infantry divisions, 5.5 cavalry divisions, and 492 artillery pieces to attack the left flank of the German army from north of the Masurian Lakes region; and used 11.5 infantry divisions, 3 cavalry divisions, and 720 artillery pieces to outflank the rear of the German army from the southwest of the Masurian Lakes region, attempting to cut off the German army’s line of retreat. The German army, for its part, used 14.5 infantry divisions, 1 cavalry division, and 1,000 artillery pieces west of the Masurian Lakes, relying on sturdy fortifications, to carry out a mobile defense and resist the Russian attack③. Because the Russian army was unclear about enemy conditions and its command was ineffective, its offensive and defensive operations were mishandled; by September 15, under fierce German artillery bombardment, the two Russian columns were successively defeated, losing more than 650 artillery pieces in total, with 140,000 men taken prisoner and 130,000 killed or wounded.



(2) The Use of Artillery by the Russian and German Armies in the Battle of Łódź

On November 11–12, 1914, the German army, with 155,000 infantry and cavalry, 450 machine guns, and 960 artillery pieces, launched an attack on the Russian army in the Toruń region; the Russian army resisted with 367,000 infantry and cavalry, 740 machine guns, and 1,305 artillery pieces④. On the 18th–19th, the two sides bombarded each other with more than 200 artillery pieces in the Łódź–Piotrków sector; after repeated contests of assault and counter-assault, maneuver and counter-maneuver, and encirclement and counter-encirclement, the Russian army, owing to command errors and slow movement, lost more than 90,000 men and failed to achieve its aim of attacking German home territory, while the German army likewise failed to carry out its plan to encircle and annihilate the Russian army, suffering more than 35,000 casualties.

① The above figures for troop strength and weaponry differ among various works concerning the First World War; this book relies mainly on the account in [USSR] S. S. Lototsky et al., A History of War and Military Science, Warrior Press, 1980 edition, pp. 49–63, with reference also made to other works. This will not be re-annotated below.

② [USSR] I. I. Rostunov, ed., A History of the First World War, vol. 1, p. 116, table 7, and p. 119, table 8.

③ The account on p. 49 of A History of War and Military Science states: the Russian army in East Prussia had a total of 54 divisions and 21 cavalry divisions, 850,000 men, and 3,200 artillery pieces; the combined German-Austrian force had a total of 52 infantry divisions and 12 cavalry divisions, more than 1,000,000 men, and 2,700 artillery pieces.

The same book also states: in 1914, the German army in the Western European theater had 86 infantry and cavalry divisions, 600,000 men, and 5,000 artillery pieces; Britain, France, and Belgium together had 85 infantry divisions and 12 cavalry divisions, 600,000 men, and 4,640 artillery pieces.

[USSR] F. Khramov, The East Prussian Campaign of 1914, p. 14 (Moscow, 1924 edition), records the numbers of artillery and aircraft employed by the two armies as follows: the Russian army had 1,104 artillery pieces, 24 mortar-type pieces, and 54 aircraft; the German army had 1,044 artillery pieces, 156 heavy guns, 56 aircraft, and 2 airships; the German army’s equipment was superior to that of the Russian army.

④ [USSR] L. Rybin, The Battle of Łódź in 1914 (Moscow, 1938 edition), p. 14, cites a table from The Battle of Łódź (a document collection) which instead records: the German army had 1,440 artillery pieces and 700 machine guns; the Russian army had 1,305 artillery pieces and 700 machine guns. The Russian army’s equipment was slightly superior.



(3) The Use of Artillery in the Battle of the Somme

From July to November 1916, the British and French allied forces carried out an offensive against the German army in the Somme region of northern France. In this offensive, the British and French allied forces committed 39 divisions (later increased to 86 divisions, of which 54 were British), 3,500 artillery pieces, and more than 300 aircraft①, as well as the 49 tanks committed by the British army on September 15 (the number of tanks actually engaged in combat was 18)②. In launching the offensive, the British and French allied forces deployed a high density of artillery; on average, in a 1-kilometer-wide breakthrough sector, the density of artillery was: the British army employed 44 field guns and 31 trench guns; the French army employed 77 field guns and 24 trench guns③. By November 1916, after several rounds of fierce offensive and defensive engagements, the Allied forces, with superior artillery fire, captured 240 square kilometers of German positions, pinning down the German attack on Verdun, but suffered 615,000 casualties (420,000 British, 195,000 French). The German army, for its part, suffered 650,000 casualties. In this battle, the tank and the tank machine gun began to appear on the battlefield.



(4) The Use of Artillery in the Battle of Saint-Mihiel

In September 1918, the American and French allied forces carried out a campaign-level offensive against the German army at Saint-Mihiel in France. The allied forces committed a total of 500,000 troops, along with 2,900 artillery pieces, 273 tanks, and 1,100 aircraft, with a further 5 reserve divisions. The German army had only 7 understrength divisions, 560 artillery pieces, and about 200 aircraft, with a further 5 reserve divisions④. On September 8, the German army was ordered to withdraw to positions with better defensive installations, but the withdrawal had still not been completed by the time the American army launched its attack. The American infantry seized the opportunity, and after a 4-hour artillery preparation on September 12, launched a combined-arms offensive with the support of aircraft and tanks. By the 16th, the allied forces had advanced to the German army’s established positions and halted the offensive. In this operation, the American army used 26 types of artillery with calibers of 58–420 millimeters, deploying 3,010 artillery pieces across 667 artillery batteries, and fired 838,800 shells, causing the German army to lose more than 400 artillery pieces, with nearly 5,000 casualties and 16,000 taken prisoner. The American army also suffered nearly 7,000 casualties⑤. This was the largest-scale battle in which the American army took part during the First World War.



(5) The Use of Artillery in the Battle of the Moon Sound Strait

In October 1917, the German army, with 10 battleships, 10 cruisers, 52 destroyers, 6 submarines, and more than 300 other vessels such as minesweepers and transport ships; more than 100 aircraft and airships; and 25,000 army troops, launched a joint sea-land offensive against the Russian army in the Moon Sound Strait (also called the Muhu Strait), attempting to destroy the Russian naval fleet in the Gulf of Riga.

The Russian Baltic Fleet’s Gulf of Riga naval force had 2 battleships, 3 cruisers, 36 destroyers, 3 submarines, and 123 other vessels such as minelayers and transport ships, 30 aircraft, and 13,400 infantry and cavalry defending the coast and islands, who resisted the German army relying on the permanent fortifications on the islands and 137 coastal guns⑥.

On October 11, the German army, with superior troop strength and weapons and vessels, launched its offensive. By the 19th, the two sides had carried out repeated landing and anti-landing operations, and naval battles. In the landing and anti-landing operations, the German army used naval guns to fiercely bombard the Russian coastal defensive positions and airfields, while the Russian army used coastal guns to fiercely bombard the German vessels, damaging and destroying 1 German vessel. In the naval battles, the vessels of both sides bombarded each other with naval guns, each suffering damage. After the German army occupied the islands of Moon and Dagö, the Russian ships transported the island-defense troops back to their base within the Gulf of Finland, and sank the 5 destroyed vessels at the entrance to the strait, while at the same time laying mines throughout the strait. The German fleet, wishing to attack, was unable to do so,

① I. I. Rostunov, ed., A History of the First World War, vol. 1, p. 664.

② [Britain] D. Fuller, Tanks in the War of 1914–1918, Moscow, 1923 edition, Russian translation, p. 46.

③ I. I. Rostunov, ed., A History of the First World War, vol. 2, p. 664.

④ I. I. Rostunov, ed., A History of the First World War, vol. 2, p. 1018.

⑤ G. Kh. Sargent, Strategy on the Western Front (1914–1918), Moscow, 1923 edition, p. 71.

⑥ [USSR] A. L. Denisov and Yu. G. Perechnev, The Coastal Artillery of Russia (A Historical Sketch), Moscow, 1964 edition, pp. 211–218.

was forced to abandon its plan to land from the Gulf of Finland, and helplessly returned to the North Sea.



(6) A Numerical Summary of Artillery and the Transformation of Combat Methods

In the First World War, artillery was the primary weapon. The quantity of artillery, the quality of the guns, and how well their firepower was brought to bear were all important factors affecting the outcome of campaigns and battles. For this reason, some people in Western countries at the time called “artillery the king of war.” The speed of artillery’s development exceeded the expectations of everyone, including those who controlled the machinery of war and the manufacturers, and its killing power left everyone astonished.

At the very start of the war, Germany’s Schlieffen had drawn up an operational plan that dreamed of destroying France within 6 weeks, and afterward turning its forces against Russia; for this reason, the wartime mobilization order required only that the Krupp gun works assemble 200 artillery pieces, to meet the needs of the war, but the planners’ fantasy of a swift victory was quickly shattered, and they were forced to order the Krupp gun works to deliver 3,000 artillery pieces per month.

On the eve of the war, Britain, France, and Germany together had more than 15,000 light and heavy artillery pieces, and Britain and France together had 7,000 heavy machine guns; by the eve of the war’s end, the three countries together possessed 53,500 light and heavy artillery pieces of various types and 35,000 mortars, and Britain and France together had 80,000 light machine guns and 80,000 heavy machine guns. The proportion of artillery in the total organization of the French army rose from 18.1% in 1915 to 35% in 1918.

In an offensive campaign, the quantity of artillery used often reached several thousand pieces. Within the breakthrough sector, artillery and artillery units had to be used even more densely, with the density of artillery deployed per kilometer preferably exceeding 100 pieces. In actual combat, the maximum density of artillery deployed in gun positions at the time had already reached 187.8 pieces per kilometer, and infantry firepower correspondingly increased by 1.5–2 times. Not only did artillery preparation have to be carried out before the start of an offensive campaign, but dense artillery also had to be used to destroy assembled enemy troops, demolish enemy defensive installations and command posts, open passages through obstacles, and suppress enemy fire.

In the Battle of Artois in 1915, the British army had 10 infantry divisions, 2 cavalry corps, and 637 artillery pieces; the French army had 20 infantry divisions, 6 cavalry divisions, and 1,090 artillery pieces. Within the 19 days from May 3 to 9 and May 15 to 25, the British and French allied forces fired approximately 4,283,000 shells, weighing 107,000 tons; the 10th Army of the British and French allied forces alone fired 2.1 million shells①.

Owing to the extensive coordinated use of the magazine-fed rifle, the machine gun, and artillery, and the development of field fortification, combat methods also underwent corresponding changes. Before an offensive, artillery preparation had already become indispensable; the infantry’s combat formation had evolved from a dense skirmish line arranged in a single row, into a sparse skirmish line of three, four, or more rows, advancing forward together with machine guns. In defense, combat formations were deployed in echelon to increase the density of fire, complete trench systems and various combinations of obstacles were constructed, and echeloned positions were established, to strengthen the stability of the defense and expand its depth. In defensive combat, the artillery had to carry out interdiction fire and counter-battery preparation against the attacking enemy, to suppress the enemy’s own preparatory fire.

According to the incomplete records of some documents and works, the total number of casualties (including both on and off the battlefield) in the First World War was: 22,089,709 for the Entente Powers and 15,404,477 for the Central Powers, of which 65%–68% died under artillery fire②.

During the war, the army achieved mechanization. In 1914, the average mechanical power used per soldier was 0.4 horsepower; by 1918 this had risen to 1.5–2 horsepower. The advent of motor-vehicle transport brought the era of the horse-drawn gun and the cavalry gun to an end.

In order to continue fighting from a concealed position, the mortar, fired from within a trench, was created.

In order to search for concealed enemies or camouflaged targets such as artillery positions, balloons and aircraft began to be used for aerial reconnaissance.

① The World War of 1914–1918, vol. 8, p. 93.

② A History of War and Military Science, p. 55, states: in the First World War, “a total of 10 million people died on the battlefield, and 20 million were wounded.” [Britain] Jack Lane, in The Great Battles of the First World War, p. 1, states: 10 to 13 million died, and 21 million were wounded.

Because the British army put the tank into combat use in September 1916, the tank subsequently developed rapidly. France manufactured 100 tanks in 1916, and by 1918 was manufacturing 3,200; by the end of the war, the Entente Powers had already manufactured more than 8,000 tanks, whose speed had increased to 13 kilometers per hour, with a maximum range reaching 100–150 kilometers; the tank’s use of the autocannon increased its capacity to combine offense and defense. At the same time, anti-tank artillery units also increased correspondingly rapidly.

As the war developed, the air force had already developed from an auxiliary branch into an independent branch, and aircraft manufacturing developed rapidly. France manufactured 541 aircraft in 1914, and by 1918 was manufacturing 24,652; by the time of the armistice, the belligerent countries had manufactured a total of 10,131 combat aircraft, including 4,063 fighters, 4,578 reconnaissance aircraft, 686 day-and-night bombers, and 804 night bombers; both Britain and Germany manufactured more than 47,000 aircraft during the war; from 1917 onward, close to 1,000 or more aircraft were already carrying out coordinated air-ground operations with ground forces; conducting air combat with the autocannon and contesting air superiority had already become an important combat task. In the struggle against the air force, army air defense also developed, and the manufacture of anti-aircraft guns continually increased.

In the navy, new types of vessels appeared and developed, and the role of the submarine was greatly enhanced. Naval aviation had already developed into an independent branch. The naval gun, the coastal gun, the anti-aircraft gun, and the aircraft autocannon all developed to a great extent.

According to incomplete statistics, the cumulative quantities of guns, artillery, aircraft, tanks, and other weapons manufactured by the Central Powers and the Entente Powers during the First World War were extremely enormous, astonishing in the extreme. See Table 11-1 below for details.

Table 11-1 Cumulative Military-Industrial Products Manufactured by the Belligerent Countries in the First World War①















	Item
	France
	Britain
	Russia
	Italy
	United States
	Germany
	Austria-Hungary
	Total





	Rifles (10,000 units)
	250
	385.4
	330
	240
	350
	854.7
	350
	2760.1



	Machine guns (10,000 units)
	31.22
	23.94
	2.8
	10.1
	7.5
	28
	4.05
	107.61



	Artillery (10,000 pieces)
	2.32
	2.64
	1.17
	0.65
	0.4
	6.4
	1.59
	15.17



	Mortars (10,000 pieces)
	0.3
	0.25
	—
	—
	0.06
	1.2
	—
	1.81



	Shells (millions)
	290
	218
	67
	70
	20
	306
	80
	1051



	Small-arms ammunition (100 millions)
	63
	86
	135
	36
	35
	82
	40
	477



	Tanks (thousands)
	5.3
	2.8
	—
	—
	1
	0.1
	—
	9.2



	Aircraft (10,000 units)
	5.21
	4.78
	0.35
	1.2
	1.38
	4.73
	0.54
	18.19



	Trucks (10,000 units)
	11
	8.7
	2
	2.8
	3
	6.5
	—
	340





① This table was compiled with reference to various sources, including A History of the First World War, vol. 4, p. 980, by the Department of Military History Research of the Academy of Military Science, which records: “During the First World War, the principal belligerent countries were equipped with a total of 9,200 tanks, of which France had 5,300, Britain 2,800, and the United States 1,000, while Germany had only 100. The principal belligerent countries together had a total of 181,900 aircraft, of which Britain had 47,800, Germany 47,300, the United States 13,800, and France 5,200.” The number of aircraft listed for the French army’s equipment in that book appears to contain an error.




3. The Use of Artillery in the Second World War

The Second World War, fought from 1939 to 1945, was a war of unprecedented scale in human history, fought between the Axis powers of Germany, Japan, and Italy, and the Allied powers of China, the Soviet Union, the United States, Britain, and other countries, together with the anti-fascist forces of the entire world. In order to launch their war of aggression, Germany, Japan, and Italy adopted numerous frenzied measures to expand their armed forces and prepare for war. By September 1939, Germany had already expanded its forces to 4.6 million men, possessing 26,000 artillery pieces, more than 3,100 tanks, more than 4,000 combat aircraft, and more than 100 principal naval vessels①. Italy expanded its forces to 1,753,000 men, possessing more than 12,000 artillery pieces, more than 360 tanks, more than 2,800 combat aircraft, and more than 250 principal naval vessels②. After Japan’s expansion, it had a total of 4,481,000 men under various forms of military service, possessing more than 2,000 tanks, more than 2,625 combat aircraft, and more than 200 principal combat vessels.

Although Britain and France adopted a policy of concession and appeasement toward Germany, they also carried out a certain amount of preparation before the outbreak of war. Before the war, Britain’s army had about 1,273,000 men, possessing more than 5,100 combat aircraft and more than 370 principal combat vessels. France’s army had 2,674,000 men, more than 14,000 artillery pieces, 3,100 tanks, more than 3,300 combat aircraft, and 200 principal vessels.

The Soviet Union carried out a strategy of active defense, pursuing a foreign policy of upholding peace and opposing aggression, and, in order to defend against invasion by the imperialist powers, also carried out a certain amount of war preparation. The total strength of the Soviet army reached 5,373,000 men, possessing more than 67,000 artillery pieces, more than 1,860 tanks both new and old, more than 2,700 combat aircraft, and more than 270 principal naval vessels.

In December 1941, the United States had a total strength of 1,644,000 men, possessing numerous artillery pieces, tanks, and aircraft, and more than 900 vessels.

Although the role of artillery declined somewhat during the Second World War, it remained an important weapon of combat.


(1) France’s Errors in the Use of Artillery in the Early Period of the War

On May 10, 1940, the German army, with a total strength of 14 divisions, used 7,378 artillery pieces, 2,445 tanks, and 3,960 aircraft to launch an offensive against France. Although France possessed an army of 2,438,000 men, a navy of 126,000 men, and an air force of 110,000 men, as well as the numerous aircraft, tanks, and artillery mentioned above, because it worshipped positional warfare and pursued a strategy of passive defense, it dispersed large forces and weapons such as artillery across the French border region on the Western Front from Dunkirk to Switzerland, the line from the English Channel to Longwy, the Maginot Line, and other areas, conducting a passive defense. As a result, it was broken through by the rapid assault of the German armored forces, and 34 days after the offensive began, on June 14, Paris fell into enemy hands, and France swiftly collapsed and surrendered.



(2) The Successful Use of Artillery by the British Army in the Battle of El Alamein

At 21:40 on October 23, 1942, the commander of the British 8th Army, B. L. Montgomery (Bernard Law Montgomery, November 17, 1887 – March 25, 1976), commanded the 8th Army’s 7 infantry divisions, 4 armored divisions, and 5 tank brigades, about 195,000 men, with 2,311 artillery pieces, 1,200 tanks, and 750 aircraft, to launch an offensive against the German and Italian forces in the El Alamein region of Egypt③. The German and Italian forces, with 8 infantry divisions, 4 armored divisions, 1 anti-aircraft division, and 1 paratroop brigade, totaling 104,000 men, with 1,219 artillery pieces, 489 tanks, and 675 aircraft, adopted a deep echeloned deployment, holding firm behind sturdy defensive lines. In its several successive attacks, the attacking British army each time first fiercely bombarded the German and Italian positions with artillery, carrying out fire preparation, and afterward the infantry launched an assault on the enemy’s forward positions. The two sides fought fiercely until November 4, when German Field Marshal E. Rom-

① A History of War and Military Science, p. 129, records: the German army possessed 10,000 artillery pieces, 3,200 tanks, more than 4,000 aircraft, and 112 principal vessels; [Germany] A. Hillgruber et al., A Chronicle of the Second World War (Military Science Publishing House, 1987 edition), p. 381, states: the German army was equipped with 3,200 armored vehicles and 26,408 artillery pieces of all types.

② Department of Military History Research of the Academy of Military Science, The Second World War, vol. 1, pp. 167–168, 184.

③ [Britain] Peter Young, Atlas of the Second World War, New York, 1974 edition, p. 68.

mel (Erwin Rommel, November 15, 1891 – October 14, 1944) ordered the German and Italian forces to retreat along the entire front, and the Italian army was largely annihilated during the retreat. On November 6, the British army halted its pursuit because of rain, and the campaign ended. In this battle, the British army destroyed 55,000 of the enemy, captured more than 400 artillery pieces, and destroyed or captured more than 350 tanks.



(3) The Use of Artillery in the Soviet-German War

Before the outbreak of the Soviet-German War, the German army, together with its allies Romania, Hungary, Finland, and other countries, assembled, in June 1941, 190 divisions with a total strength of more than 5 million men, near the Soviet border region, possessing more than 50,000 artillery pieces and mortars, about 3,800 tanks, more than 5,000 aircraft, and 192 vessels①. Before the war, the Soviet army’s total strength was 303 divisions, about 5,373,000 men; in order to resist the German invasion, it deployed a total force of 170 divisions plus 2 brigades, about 2.9 million men, in the western border region, with 34,695 artillery pieces and mortars over 50 millimeters, 1,475 new-model KV and F-34 tanks and 322 old-model tanks, 1,540 aircraft and a large number of old-model aircraft, and 269 surface vessels and 127 submarines②. At dawn on June 22, 1941, the German fascists tore up the Soviet-German Non-Aggression Pact and suddenly attacked the Soviet Union. Because of misjudgment and insufficient preparedness on the part of the Soviet Union, the German army broke through the Soviet defenses at a single stroke, penetrating 300–600 kilometers into western Soviet territory within 3 weeks. After more than 5 months of hard fighting, although the Soviet army paid a heavy price, it delayed the German offensive, shattered the German plan for blitzkrieg, and changed the situation on the Soviet-German front. From the Soviet Union’s shattering of the German offensive at Moscow on April 20, 1942, to the Soviet army’s capture of Berlin on May 8, 1945, many large-scale operations were carried out combining artillery, armor, and air forces.

The use of artillery by the Soviet army in the defense of Moscow. Before the Battle of Moscow on September 30, 1941, the German army had assembled a force of 76 divisions plus 3 brigades, about 1.8 million men, with more than 14,000 artillery pieces, 1,700 tanks, and 1,390 aircraft, in preparation for attacking Moscow. The total strength of the Soviet army defending Moscow was about 1.25 million men, along with 7,600 artillery pieces, 990 tanks, and 677 aircraft③. After more than 200 days of hard fighting, the Soviet army shattered the German offensive on the outskirts of Moscow; the German army lost 500,000 officers and men, 2,500 artillery pieces, 1,300 tanks, and more than 15,000 vehicles, and its plan for blitzkrieg was ruined.

One important reason for the Soviet army’s victory was its skill in organizing coordinated combat between artillery, infantry, and tank units: in the defensive phase, artillery was used to bombard fiercely the attacks of massed enemy troops and tanks; in the offensive phase, artillery was used densely in the breakthrough sector, and artillery preparation was changed into artillery offense, so as to be able to support the fighting of the infantry and tank troops without pause throughout the entire depth of the enemy’s defense, and to coordinate with the air force. Second, the Soviet air force, in the defense of Moscow, made full use of 602 aircraft and 1,044 anti-aircraft guns, and successfully shot down 952 of the German air force’s aircraft that attacked Moscow, so that of the more than 8,000 sorties flown by the German air force in 122 air raids on Moscow, only 229 sorties penetrated into the urban area of Moscow, a success rate of only 2.8%. In addition, the Soviet air force also took part in combat against German tanks and infantry.

The use of artillery by the Soviet army in the defense of Stalingrad. In mid-July 1942, the German General F. Paulus (Friedrich Paulus, September 23, 1880 – February 1, 1957, promoted to Field Marshal on January 31, 1943, and surrendered to the Soviets on the same day) commanded 14 German divisions, about 270,000 men, with about 3,000 artillery pieces and mortars, about 500 tanks, and 1,200

① Department of Military History Research of the Academy of Military Science, A History of the Second World War, vol. 4, p. 912.

② [USSR] Fifty Years of the Soviet Armed Forces, Moscow, 1956 edition, p. 244.

③ Department of Military History Research of the Academy of Military Science, The Second World War, vol. 2, p. 376.

aircraft, and was preparing to attack Stalingrad①. The Soviet army’s initial defending forces and weapons numbered only 12 divisions, about 160,000 men, with 2,200 artillery pieces and mortars, about 400 tanks, and 454 aircraft②, commanded by Marshal of the Soviet Union S. K. Timoshenko (Semyon Konstantinovich Timoshenko, 1895–1970) (and, from July 23, by Lieutenant General V. N. Gordov). The Soviet army’s initial operations were defensive (July 17–November 18, 1942), and it began its counteroffensive on November 19, 1942. By that time it already had more than 1.1 million men under arms, with 15,500 artillery pieces and mortars, about 1,500 tanks, and more than 1,300 aircraft③. The German army had a total of more than 1 million men under arms, with 10,290 artillery pieces and mortars, 675 tanks and assault guns, and more than 1,200 aircraft④. The Soviet army’s forces and weapons had already turned from inferior to superior. The fighting continued until February 2, 1943, when Paulus was taken prisoner and the German army surrendered.

In this fighting, the Soviet army, for the first time, made full use of artillery offensive tactics and the single-layer rolling barrage tactic, supporting the infantry and tank troops in carrying out their assault, while the air force, for the first time, adopted an offensive mode of operation, and, in coordination with the anti-aircraft artillery, successfully carried out an aerial blockade of the encircled German army, so that the Soviet army won the victory in the defense of Stalingrad.

Although, owing to the rapid development and extensive use of the tank and the aircraft, artillery was no longer, as it had been before the First World War, the weapon of war possessing the greatest power of killing and destruction, it nevertheless remained one of the most important weapons of war. Matters such as artillery preparation in the offense, supporting the infantry and tank troops in their assaults and combat, destroying the enemy’s defensive installations, and killing the enemy’s massed troops; counter-battery preparation in the defense, intercepting a densely attacking enemy; and the coordinated combat of artillery with the infantry, tank troops, air force, anti-aircraft artillery, and other branches and arms—all of these still could not do without artillery and the artillery branch.





Section 10 The Comprehensive Development of Ammunition

What is ordinarily called ammunition refers to a combat-load product of a firearm that has a metal casing on the outside, is loaded on the inside with gunpowder, explosive, or some other filling, and, by being thrown or fired through a barrel, destroys or kills an enemy target or accomplishes some other task. After more than 600 years of development, by the time of the Second World War, there already existed small-arms cartridges, artillery shells, thrown grenades, rifle grenades, rockets, demolition tubes, demolition charges, land mines, naval mines, torpedoes, and aerial bombs, as well as non-military-purpose items such as the salute cartridge and the police cartridge, among others.


1. Small-Arms Cartridges

The cartridges used by European armies, after the breech-loading needle-fire rifle and the breech-loading cartridge were created in the 1830s, began, by the 1860s, to use the brass-cased cartridge. In the 1870s, the use of the bottle-shaped case and of the copper-zinc-alloy-jacketed, lead-core bullet raised the bullet’s muzzle velocity. In 1886, the French army’s Lebel rifle was the first to use the smokeless-powder cartridge, which improved the rifle’s performance. At the end of the nineteenth century, the pointed, streamlined bullet began to be adopted, which reduced drag and increased the muzzle velocity, range, and power of the fired cartridge. In the two world wars, because the belligerent countries generally equipped the machine gun and the rifle to fire the same cartridge, or else adopted a light cartridge and a heavy cartridge with bullets of different weight, supplied respectively to the light machine gun and the heavy machine gun, their effective ranges were, respectively, 800 meters and 1,000 meters, while the rifle cartridge had a maximum range of about 2,000 meters and an effective range of about 600 meters.

In addition to ordinary cartridges, there also appeared, after the First World War, large-caliber cartridges with a diameter greater than 12 millimeters, mainly used for the anti-tank machine gun and the anti-aircraft machine gun. By the time of the Second World War, the various participating countries were already using large-caliber cartridges of 12.7, 13.2, 13.9, and 14.5 millimeters, among other calibers. Corresponding to the large-caliber cartridge was the small-caliber cartridge of 5.56-millimeter diameter used in the Second World War, intended to increase the mobility of infantry combat and improve the firing accuracy of the automatic rifle, so as to achieve a greater density and sustainment of fire for killing living targets within 400 meters.

In addition, there was also the intermediate-type cartridge created by Germany in 1941, for the smoothbore-gun cartridge fired by the smoothbore gun; the blank cartridge used for combat and exercise training; the caseless cartridge of 7.92-millimeter diameter used by the German army in the Second World War; and the dum-dum bullet developed by Britain at the end of the nineteenth century at the Dum Dum Arsenal in Calcutta, India, which was banned from use not long afterward.



2. Artillery Shells

The artillery shell shares a common origin with the small-arms cartridge, but has a larger body, and possesses greater killing, destructive, and explosive power. In the mid-nineteenth century, the smoothbore gun fired spherical shells such as the explosive shell, the case shot, the incendiary shell, and the illuminating shell; from the 1860s onward, the armor-piercing shell began to be used against steel-armored warships and against tanks and armor. By the time of the two world wars, a large-caliber, ultra-high-velocity armor-piercing shell with a tungsten-carbide core had also been manufactured.

By the time of the Second World War, artillery shells had already been divided, according to combat purpose, into three major categories: primary-purpose shells, special-purpose shells, and auxiliary shells. The primary-purpose shell is a shell used directly to kill the enemy’s living force and to destroy the enemy’s targets. These include the fragmentation shell, the demolition shell, the fragmentation-demolition shell, the armor-piercing shell (also called the penetrating shell), the concrete-piercing shell, the shaped-charge shell, the squash-head shell, the incendiary shell (also called the burning shell), the chemical shell (also called the gas shell), the case shot, and the shrapnel shell, among others. The special-purpose shell is a shell that accomplishes a specific task. These include the smoke shell, the illuminating shell, the tracer shell, the propaganda shell, the communications shell, the jamming shell, and the electromagnetic reconnaissance shell, among others. The auxiliary shell is a shell used by troops for training and for range trials and other non-combat purposes. These include the training shell, the drill shell, and the test shell, among others. The various shells described above are all widely fitted for use with land artillery, tank guns, anti-aircraft guns, coastal guns, naval guns, and aircraft cannon, forming an artillery-fire system that destroys various targets. Classified according to the dedicated gun used, shells can be divided into more than ten types, including the field-gun shell, the howitzer shell, the mortar shell, the tank-gun shell, and the aircraft-cannon shell. Classified according to filling, they can be divided into the ordinary shell, the atomic shell, the chemical shell, and so forth; classified according to method of loading, they can be divided into the fixed-round shell and the separate-loading shell, and so forth.



3. Mortar Shells

Because the mortar has low chamber pressure and low muzzle velocity, a curved trajectory, and a large angle of fall, it can fire at a high angle, and is accordingly convenient for use in urban street fighting and mountain warfare, and is favorable for destroying personnel and equipment sheltering behind cover. At the beginning of the twentieth century, Japan, Germany, Russia, Austria, and other countries successively began to use mortar shells. In the First World War, because trench warfare continually developed, the various belligerent countries all began to attach importance to the use of the mortar, and the Krupp gun works manufactured a considerable quantity of mortars for the German army. By the time of the Second World War, the mortars used by the armies of the participating countries had already increased in caliber from 50 millimeters to 160 millimeters.



4. Hand Grenades

The hand grenade is a firearm thrown by an individual soldier. It is made up of a body, an explosive (or other combat agent), a fuze, and auxiliary components, and takes its name from its outward resemblance to a pomegranate. In China, the earliest thrown firearms of the individual soldier included various types of fire balls. In Europe, the earliest thrown firearm of the individual soldier was likewise the hand grenade, whose casing was made of wood or brass, with the casing filled with such things as pieces of iron, pieces of lead, or shards of glass; a skilled thrower could throw a hand grenade weighing 500 grams so that it exploded at a distance of 30–50 meters. By the 1930s, many types of hand grenade were already in combat use, including France’s cast-iron oval-shaped explosive hand grenade, smoke hand grenade, incendiary hand grenade, and gas hand grenade, among others①.


(1) Early Products

At the beginning of the sixteenth century, a man named Beidisita Dila created a hand-thrown firearm with a diameter of 8.3 centimeters.

① [USSR] V. L. Morozov, ed., A History of the Second World War, vol. 5, Shanghai Translation Publishing House, 1982 edition, p. 266.

② Department of Military History Research of the Academy of Military Science, A History of the Second World War, vol. 3, p. 151.

③ Department of Military History Research of the Academy of Military Science, A History of the Second World War, vol. 2, p. 160.

④ [USSR] Research Institute of Military History of the Soviet Ministry of Defense et al., eds., A History of the Second World War: Summary and Lessons, Military Science Publishing House, 1988 edition, p. 100.

① See An Overview of Weapons, pp. 199–200.

In 1536, the European Alisili created the earliest hand grenade. Italians were the first to use the hand grenade in the defense of fortifications, and before long also used it in the offense: in 1562, it was used in the siege of Lyon in France; in 1571, it was used in the siege of the city of Bagusita in France. From the seventeenth century to the late nineteenth century, because the various countries’ firearms developers concentrated their attention on the improvement and innovation of guns and artillery, the development of the hand grenade had still not received sufficient attention from people. At the beginning of the seventeenth century, the hand grenade was usually cast as a hollow iron-shelled sphere, filled inside with gunpowder and a fuze cord, weighing about 2.5 pounds. In combat, the soldier would light the fuze, igniting the fuze cord, causing the hand grenade to spin, and then throw it at the enemy. When the hand grenade was first used, the thrower frequently injured himself owing to accidental explosions. For this reason, it had to be thrown by soldiers who had been selected and trained, in order to guarantee safety and effectively kill the enemy. Although the French army equipped each company with 4 hand grenades in 1667, its use still did not expand. It was not until the Russo-Japanese War of 1904–1905 that the hand grenade came into large-scale use.



(2) The Hand Grenade in the Russo-Japanese War

Both Japan and Russia used the hand grenade in the war. In January 1905, in the battle to contest Port Arthur between Japan and Russia, the Russian army manufactured hand grenades using old iron cans or artillery-shell casings, filled inside with explosive or guncotton, with a safety fuze cord run out from within, so that they exploded after being thrown. The Japanese army, for its part, used old tin cans or bamboo tubes, filled inside with 1 pound of guncotton along with a fuze cord and detonating charge, to make hand grenades. It can thus be seen that the ones used in the early period were all improvised hand grenades, and afterward both sides came to use formally manufactured hand grenades. In March 1905, in the Battle of Shenyang (Mukden), the hand grenades used by the Japanese army were made of a wooden handle, a percussion fuze cord, and a round metal outer shell; the hand grenades used somewhat later had a guide strip fixed to the handle, to keep the hand grenade’s head striking the ground first. The Russian army likewise used hand grenades of roughly similar construction. Among the hand grenades used by the Japanese army was a type called the Marten Hale hand grenade, whose outer shell was a copper tube 6 inches long and 1.75 inches in diameter, filled inside with 1/3 pound of high explosive guncotton; the top of the tube was sealed with a wooden plug, to which was tied an 18-inch throwing cord, the other end of which served as a tail; the base of the tube was fitted with a detonating agent, a percussion cap, and a direct-impact firing-pin mechanism; about 1 inch above the base of the tube there was a copper ring, on the outside of which were 24 teeth, and the grenade weighed 1.37 pounds.



(3) The Hand Grenade in the Two World Wars

After the Russo-Japanese War, the effectiveness of the hand grenade in combat drew the attention of firearms developers in every country, and products were continually updated and replaced. In preparation for war, the countries of Europe all rushed to manufacture hand grenades one after another.

In 1913, the German army was equipped with a rod-type hand grenade similar to the Marten Hale type, with a safety device installed inside the grenade; this device contained auxiliary components—the firing pin, the percussion cap, and a powder pellet—which, in ordinary times, served to prevent movement of the firing pin. When thrown, because the powder pellet burned, the main firing pin was made free to move, striking the explosive and causing the hand grenade to explode. In addition, the German army was also equipped with a hand grenade made up of a shell tube and a wooden handle 16 inches long. The shell tube was a brass tube bound with a toothed iron ring, forming the grenade head. At the top of the grenade head was a detonating chamber, covered with a copper cap, the center of which connected to a steel firing pin; the copper cap could be rotated to any one of 3 positions, and was fitted with a safety device. The wooden handle was fixed to the base of the shell tube, and the end of the handle was tied with a silk, whip-shaped tail. In use, the copper cap was disengaged from the safety pin, the hand grenade was thrown at the target, and the iron ring struck the detonating charge, producing an explosion. In 1914, the First World War broke out, and the armies of the Central Powers, including Germany and Austria-Hungary, threw large numbers of hand grenades at the positions of the Entente forces.

Likewise, the Entente forces also used many hand grenades to strike back at the Central Powers’ armies; Britain alone manufactured 25 types of hand grenade in the First World War, of which the most numerous was the Mills melon-shaped hand grenade (Fig. 11-31). This hand grenade was successfully developed in 1915 by Britain’s Sir W. Mills. It was composed of a body, an explosive, a lever-and-striker-pin, time-delay fuze, and a base screw cap, among other components. The grenade weighed 0.68 kilograms; the cast-iron body was pineapple-shaped, with vertical and horizontal fragmentation grooves on the outside, giving it a pineapple-scale appearance, and was filled inside with 71–85 grams of Amatol or Ammonal explosive. In ordinary times, the firing mechanism within the fuze

Fig. 11-31 The Mills Hand Grenade and Its Manufacturing Workshop

was stored separately from the grenade body, and the two were assembled together when used, then thrown at the target; about 5 seconds later, the impact caused it to strike fire and explode, producing high-velocity fragments that killed living targets, with a killing radius reaching 100–150 meters; it was an effective weapon for attacking living forces within trenches and behind obstacles. According to British statistics, Britain manufactured a total of 33 million Mills hand grenades in the First World War, and, because of its excellent performance, the various countries vied with one another to imitate it, and it remained in use continually up through the Second World War.



(4) Types of Hand Grenade

In addition to the hand grenade used directly for explosive killing, the two world wars also gave rise to the smoke hand grenade, the signal hand grenade, the anti-tank hand grenade, the illuminating hand grenade, the incendiary hand grenade, the gas hand grenade, the stun hand grenade, the flash hand grenade, the disorienting hand grenade, and the training hand grenade, among others.

The smoke hand grenade. Its casing is made of a thin, tin-plated steel sheet, filled inside with an incendiary agent consisting mainly of white phosphorus, and fitted with an Adams striker system. The burster tube is composed of a percussion cap, a safety fuze cord, and a detonator. The detonator bursts open the burster tube, causing the material inside the burster tube to scatter in all directions; the white phosphorus then burns in the air, producing a dense white smokescreen.

The signal hand grenade. Its casing contains a paper parachute and special signal supplies, such as cigarettes and candles, and is fitted with a small quantity of colored-fire powder. This type of hand grenade can sometimes also be fired from a rifle. When fired, the fuze cord is first lit; when the fuze cord has burned down to the black-powder charge inside the hand grenade, the hand grenade has also just reached the highest point of its flight. When the black powder ignites, the material inside the grenade is ejected from a round tube, simultaneously igniting the signal candle; the parachute inside the grenade also opens at the same time, with the signal candle hanging beneath the parachute, drifting slowly down toward the ground, displaying a pre-arranged signal.

The anti-tank hand grenade. In the Second World War, owing to the extensive use of the tank, many types of anti-tank hand grenade appeared, falling into two major categories: the demolition type and the armor-piercing type. The former relies on the blast wave to destroy the weak part of the tank’s armor shell, while the latter uses a shaped charge, relying on a metal jet to penetrate the armor, and is mostly fitted with an impact fuze. The handle is fitted with a stabilizing device such as a cloth strip, cloth parachute, or tail fins, to ensure stable flight and a correct angle of impact. The grenade weighs about 1 kilogram, has a vertical armor-piercing thickness of about 200 millimeters, and can penetrate a concrete fortification 500 millimeters thick.

The incendiary and illuminating hand grenades and the like. These are mostly of thin-walled, cylindrical-bodied construction, filled inside with a chemical combat agent, and use a delay fuze; the grenade weight is mostly 0.5–1 kilogram.

The hand grenade is simple in construction, low in manufacturing cost, light and portable, and widely used; it is an indispensable weapon for infantry close combat.




5. Land Mines

The countries of Europe came comparatively late to the use of the land mine. In the Russo-Japanese War of 1904–1905, the Russian army, in the defense of Port Arthur, used the bounding mine and the controlled command-detonated mine. In 1918, the German army once converted artillery shells into anti-tank mines. Afterward, two further types of anti-tank mine were developed. In 1935, the Soviet Union, Britain, and the United States also developed anti-tank mines. In the Second World War, the types, quantity, and quality of land mines all saw great development and improvement. According to incomplete statistics, the Soviet Union manufactured 61 standard types of land mine, and Germany had 36 types. In 1944, the German Misnaili created a high-velocity explosive land mine, capable of penetrating armor at a certain distance.

In the Second World War, land mines, classified by combat purpose, could be divided into three major categories: the anti-personnel mine, the anti-tank mine, and the special-purpose mine, with their products numbering in the dozens of types; their main function was to use large numbers of land mines to lay out minefields, obstructing the enemy’s movement, killing the enemy’s living force, destroying its technical equipment, and inflicting a tremendous psychological threat upon the enemy.



6. Naval Mines

The naval mine is an underwater firearm laid in the water, detonated either by collision or by manual control. It is used to damage or destroy enemy warships or to obstruct their movement, and can also be used to destroy bridges and hydraulic structures. In December 1777, the American D. Bushnell manufactured naval mines using gunpowder packed in small kegs, for use in attacking British warships; people called this engagement the “Battle of the Kegs.” This was probably the earliest naval mine manufactured and used by the countries of Europe and America.


(1) The Use of the Naval Mine in Nineteenth-Century Wars

In 1812, the American Puruton was devoted to the development of the mechanical naval mine, and tested it successfully in the War of 1812, achieving a certain amount of effect. In the Crimean War of 1854–1856, the Russian army, in the defense of the fortresses of Sevastopol and Kronstadt, laid mechanical naval mines at the harbor mouths①.

In the American Civil War (1861–1865), 27 vessels were sunk by mechanical naval mines laid in the water.

In 1878, the Russian army, in the Russo-Turkish War, dealt a heavy blow to the Turkish fleet by laying large numbers of naval mines②.

It was in the Russo-Japanese War and the two world wars that the naval mine came into large-scale use.



(2) The Use of the Naval Mine in the Russo-Japanese War

Both sides used naval mines in the Russo-Japanese War. The one used by the Russian army was the electrolytic-contact-detonated automatic depth-set naval mine created in 1840 by the Russian B. S. Jacobi. This type of naval mine was fitted with a horn-type fuze; the lower part of the horn was fitted with a carbon rod and a zinc cup, the two of which formed the electrodes, while the upper part was fitted with an electrolyte flask containing an electrolytic solution inside; when an enemy vessel struck and bent the horn, the electrolyte flask would shatter, and the electrolytic solution would pour in between the electrodes, forming a battery, producing an electric current, and detonating the naval mine. According to Japanese statistics, in the Russo-Japanese War, the Japanese naval fleet lost a total of 11 vessels sunk from striking mechanical mines laid by the Russian army, of which the greatest number were sunk while Admiral Tōgō Heihachirō of the Japanese Navy was directing the Japanese army’s 8 assaults on Port Arthur. Likewise, the Russian army also had numerous vessels, including its naval flagship, sunk outside Port Arthur harbor from striking mechanical naval mines laid by the Japanese army③.



(2) The Use of the Naval Mine in the First World War

In the First World War, the principal participating countries of Europe all used naval mines. In January 1916, in the fighting for the Dardanelles in Turkey, the Turkish army laid 10 lines of mine obstacles. Although the British and French allied fleet used 21 minesweepers to carry out mine-clearing, 2 battleships and 1 cruiser were still sunk after striking mines, and a further 3 destroyers were heavily damaged. During the war, the German army’s submarines and naval mines blockaded the waters around the British Isles and the shipping lanes of the Atlantic; the warships of the Entente Powers that were sunk or destroyed were extremely numerous, posing a tremendous threat to the naval vessels and transport ships of the various countries. For this reason, Britain, the United States, and other countries all adopted the naval mine designed by the Italian navy colonel Elia, laying it in port fortresses and water shipping lanes, for use against German submarines. Of these,

① See An Overview of Weapons, p. 695.

③ See An Overview of Weapons, p. 695.

③ See An Overview of Weapons, pp. 640, 694, 695.

the British army used 300,000, the American army used 100,000, and the Italian, French, and German armies and others used nearly 600,000. The British navy deployed more than 5,000 auxiliary vessels and several hundred miles of barbed wire, and millions of depth charges, naval mines, bombs, and shells, sinking more than 200 German submarines①.



(3) The Use of the Naval Mine in the Second World War

In the Second World War, the total number of naval mines laid by the various participating countries reached more than 800,000. During the war, most of the mines used were non-contact bottom mines. This type of naval mine is composed of a mine body and a fuze, possesses extremely great buoyancy, and sinks to the seabed after being laid, filled inside with explosive and a detonating device; the fuze compartment is fitted with sensors, signal-processing circuitry, auxiliary instruments, and a power source. The combination fuze includes 3 types of fuze—magnetic, acoustic, and hydrostatic-pressure—and, according to combat needs, any combination of 1 to 3 types of fuze can be used, forming a magnetic, an acoustic, a magnetic–hydrostatic-pressure, a magnetic–acoustic, or a magnetic–acoustic–hydrostatic-pressure combination fuze. When a vessel sails close to the naval mine, the magnetic, acoustic, and hydrostatic-pressure sensors are respectively affected by the vessel’s magnetic field, acoustic field, and hydrostatic-pressure field, producing a corresponding signal current, which is sent into their respective signal circuits, and closes the detonating circuit, detonating the naval mine.

In the Second World War, the American army, from the end of 1943 to the end of 1944, in order to blockade and cut off Japan’s principal sea communications and sea areas, laid a total of 11,000 naval mines at the various ports along Japan’s coast, in its inland-sea shipping lanes, in the Tsushima Strait, at the ports of Korea, at the ports and shipping lanes of the countries of the Southeast Asian sea area, and at the ports and shipping lanes along the coast and rivers of China②. According to incomplete statistics, the vessels of the principal participating countries sunk or destroyed by naval mines numbered as many as 2,700.




7. The Torpedo

The torpedo is an underwater-warfare weapon that is launched into the water from a carrier platform, capable of self-propulsion, self-control, self-guidance, or composite guidance, used to destroy an enemy target; it was first created in the 1860s.


(1) The Creation of the Torpedo

In 1860, the Austrian naval petty officer Baote began research into a weapon for destroying enemy warships; this weapon was successfully trial-manufactured in 1864 by the Austrian naval captain Luobosi. Afterward, with the assistance of the Scotsman Robert Whitehead (1823–1905) at the Fiume Iron Works, a controllable torpedo capable of automatically traveling underwater was produced. Because the English meaning of Whitehead’s name is “white head,” later generations called this the “Whitehead torpedo.” This torpedo had a diameter of 356 millimeters, a length of 4.26 meters, a weight of 135.4 kilograms, and an explosive charge of 8.2 kilograms, with a speed of 6–7 knots and a range of 640 meters, using compressed air at 25–48 atmospheres to drive a piston engine, which turned the propeller and propelled the torpedo forward. In 1870, Whitehead sold the torpedo’s patent rights to the British navy, which became the foundation for the development of the torpedo by France, Germany, Austria, Italy, and other countries. Whitehead thus came to be called the “father of the torpedo.”



(2) The Use of the Torpedo in the Russo-Turkish War and Its Improvement

In the Russo-Turkish War of 1877–1878, the Russian army used the Whitehead torpedo for the first time, sinking 6 Turkish naval warships including the Intibah. After the war, Whitehead bought back from the Turkish navy a Whitehead torpedo that had struck its target but failed to explode, and, through research and improvement, raised the torpedo’s hit rate.

After the Russo-Turkish War, the torpedo was continually improved. In 1892, there appeared the wire-guided torpedo, whose power source was electric current transmitted through a wire from the launching vessel. Afterward, the torpedo was also fitted with a depth-setting device using hydrostatic-pressure principles, to control a predetermined running depth. In 1897, the Austrian Luswig Obry invented the gyroscope for controlling the torpedo’s heading, enabling the torpedo to travel comparatively accurately toward its target along a predetermined direction. In 1904, the engineer W. Leavitt of the American Bliss Company invented the combustion chamber, replacing the cold-power engine with a heat-power engine, producing the heat-power steam-gas torpedo, whose speed increased to 35 knots, with a range reaching 2,740 meters. By this point, the development of the torpedo had undergone three great transformations—from unpowered to powered, from uncontrolled to controlled, and from a cold engine to a heat engine—and its combat capability had been greatly increased.



(3) The Use of the Torpedo by the French Far East Fleet in the Majiang Naval Battle

In August 1884, among the 10 vessels of the French Far East Fleet that invaded China’s Min River at Majiang, there were 2 torpedo boats, No. 45 and No. 46. At 13:56 on August 24, the Far East Fleet launched a sudden attack on the Fujian Navy’s ships anchored at Majiang; the battle lasted less than half an hour, and of the Fujian Navy’s 11 ships, apart from 2 that ran aground while sailing upstream, the remaining 9 were all sunk. Among these, the flagship Yangwu and the Kaixuan were both sunk by torpedo boats of the Far East Fleet①.



(4) The Use of the Torpedo in the Battle of the Yellow Sea Between China and Japan

At 12:50 noon on September 17, 1894, Japan, which had launched a war of aggression against China, invaded the sea area of China’s Yellow Sea with its Combined Fleet and fought a decisive naval battle with China’s Beiyang Fleet. Among the 12 vessels of the Japanese Combined Fleet that took part in the battle, a total of 36 torpedo tubes were fitted. Among the 18 ships of China’s Beiyang Fleet that took part in the battle, apart from 4 torpedo boats fitted with 9 torpedo tubes, the remaining 14 vessels were fitted with a total of 27 torpedo tubes. The two countries’ fleets were fitted with equal total numbers of torpedo tubes. After more than 5 hours of fierce fighting, 5 ships of the Japanese Combined Fleet, including the Matsushima and the Yoshino, suffered heavy damage; of China’s Beiyang Fleet, the Zhiyuan, the Jingyuan, the Yangwei, and the Chaoyong were sunk (of these, the Zhiyuan was sunk by a torpedo), the Guangjia destroyed itself, and the remaining vessels were mostly damaged②.



(5) The Use of the Torpedo in the First World War

From the Russo-Japanese War to the First World War, the tactical parameters of the torpedo all saw considerable improvement: a weight of 1/2–1 ton, an overall length of 5–6 meters, a diameter of 45–53 centimeters, and a range of 2,000–10,000 meters at various speeds, and its combat effectiveness was extremely evident. According to incomplete statistics, in the First World War, the total displacement of transport ships sunk by torpedoes was 11.53 million tons, accounting for 89% of the total tonnage of transport ships sunk; 162 large and medium-sized vessels were sunk, accounting for 49% of the total number of vessels sunk, among which were 12 battleships, 23 cruisers, and 35 destroyers. Among these, from May 31 to June 1, 1916, in the course of the British and German naval fleets’ engagement at Jutland in the North Sea, the German navy fired 109 torpedoes, while the British naval fleet fired 74 torpedoes③.



(6) The Use of the Torpedo in the Second World War

In the Second World War, the torpedo could be fired both from warships and from torpedo bombers, and could even be used as a coastal-defense weapon to sink and destroy enemy warships.

At around 11:00 on December 10, 1941, the Japanese navy’s land-based air force, in the sea area near Kuantan on the Malay Peninsula, formed a strike force of 34 bombers, 51 torpedo bombers, and 9 reconnaissance aircraft, and carried out repeated attacks on the British Far East Fleet; the British warships Repulse and Prince of Wales were struck in multiple places by bombs and torpedoes and sank.

At 7:57 on December 7, 1941 (December 8 Tokyo time), the Japanese army’s first strike wave of 183 aircraft (including 40 torpedo bombers, 51 dive bombers, 49 level bombers, and 43 fighters) launched a surprise attack on the American Pacific naval base at Pearl Harbor. Following this, Japan’s second strike wave of 171 aircraft then began to attack Pearl

① Compilation Group of the Academy of Military Science’s A History of Modern Chinese Warfare, A History of Modern Chinese Warfare, vol. 2, Military Science Publishing House, 1984 edition, p. 79.

② Compilation Group of the Academy of Military Science’s A History of Modern Chinese Warfare, A History of Modern Chinese Warfare, vol. 2, Military Science Publishing House, 1984 edition, pp. 153–158.

③ [USSR] I. I. Rostunov, ed., The First World War, vol. 2, p. 147.

Harbor, and the entire strike operation lasted 2 hours. The Japanese army dropped 40 torpedoes and 556 bombs of various types, totaling 144 tons, and, at the small cost of 200 killed and wounded, 29 aircraft lost, and 5 submarines lost, sank or damaged more than 40 American vessels of various types, destroyed 188 American aircraft, and killed or wounded more than 4,500 American personnel①.

From 9:20 to 10:26 on June 4, 1942, 41 torpedo bombers of the American 16th Task Force, from the Hornet, the Enterprise, and the Yorktown, in the sea area near Midway, together with multiple sorties of carrier-based torpedo bombers and dive bombers, repeatedly attacked the Japanese Navy’s Combined Fleet. As a result, the Japanese army lost 4 aircraft carriers, 1 heavy cruiser, 332 aircraft, and 3,500 personnel②. Admiral Isoroku Yamamoto, commander-in-chief of the Japanese naval fleet, was forced to order a halt to the Midway operation on June 5.

On April 9, 1940, the Norwegian army, in order to resist German warships attempting to force their way in from the sea, built a fixed torpedo-launching platform on Kaholm Island in the Oslofjord, north of the Norwegian capital, Oslo. When the German heavy cruisers Blücher (Blucher) and Lützow (Lutzow) (some say the Emden), carrying landing troops, attempted to carry out a landing, they were respectively sunk and damaged by torpedoes fired from the shore③.

According to incomplete statistics, in the Second World War, the total displacement of transport ships sunk by torpedoes was 14.45 million tons, accounting for 68% of the total tonnage of transport ships sunk; 369 large and medium-sized vessels were sunk, accounting for 38.5% of the total number of vessels sunk.




8. The Aerial Bomb

The aerial bomb is an explosive munition without self-propulsion, dropped by an aircraft or other aerial vehicle. It is an important weapon of the bomber and the fighter-bomber. It is composed of a body, an explosive charge, lugs, and a fuze, among other components; its outward shape is formed of an oval-shaped nose, a cylindrical body, a conical tail, and arrow-feather-shaped tail fins, resembling in shape an eggplant, a torpedo, or an artillery shell. A bomb carried internally has a length-to-diameter ratio of about 4–5, giving the body a stubby, thick appearance. A bomb carried externally has a length-to-diameter ratio of 7, giving the body a slender appearance, and encounters little drag when falling; it is called the low-drag bomb. If the tail fins of the low-drag bomb are replaced with retarding tail fins, it becomes a retarded-type bomb suitable for low-altitude, high-speed bombing. A bomb fitted with a guidance mechanism is called a guided bomb. In use, the bomb is hung on the aircraft by its suspension lugs. After being dropped, it is stabilized in its fall by its tail fins, and after striking the ground or the target, the fuze detonates the explosive charge inside the bomb, producing a powerful shock wave, fragments flying in all directions, and high-temperature and burning effects, destroying and killing the target. In addition, there are also bombs for auxiliary purposes, such as the illuminating flash bomb, the smoke bomb, the marker bomb, the simulation bomb, and the training bomb, among others.

The method of dropping bombs onto the ground from an aerial vehicle began in 1849. In that year, the Austrian army once used a hot-air balloon to test-drop a small bomb on the city of Venice, Italy. From 1911 to 1912, Italy, in order to seize the Ottoman Turkish Empire’s North African territories of Tripolitania and Cyrenaica, launched a war of aggression against Turkey. On November 1, 1911, Second Lieutenant Giulio Gavotti of the Italian air corps flew an aircraft to take part in combat. The aircraft carried Cipelli-type grenades. In the course of combat, he dropped 4 grenades of 4.4 pounds (1,997.6 grams) each on enemy forces in the Tagiura Oasis and the Ain Zara area, achieving good combat results④. This opened the way, in the history of human warfare, for the dropping of explosive bombs from aircraft. In May 1912, 100,000 Italian troops, with 35 aircraft and several airships committed, attacked Turkish army positions; the Turkish army was forced to sue for peace, and on October 18 signed the Treaty of Lausanne with Italy, whereupon Tripoli, Tania, and Cyrenaica became colonies of Italy.

① [Japan] Materials on Modern History, No. 39: The Pacific War, vol. 5, Misuzu Shobo, 1975 edition, p. 808.

② [Japan] Mitsuo Fuchida and Masatake Okumiya, The Battle of Midway, Commercial Press, 1980 edition, p. 67.

② Department of Military History Research of the Academy of Military Science, The Second World War, vol. 2, p. 23.

③ [Britain] W. R. Taylor and Kenneth Munson, eds., The World’s Aviation History, PLA Publishing House, 1985 edition, p. 126.

In the First World War, the various belligerent countries all made extensive use of aircraft; by the end of the war, the aircraft belonging to the air-force establishments of the various countries numbered 10,131, of which 4,063 were fighters, 4,578 reconnaissance aircraft, 686 day-and-night bombers, and 804 night bombers①. Among these aircraft, some dropped specially designed bombs, of 3 types—demolition, fragmentation, and incendiary—with a maximum bomb weight of 454 kilograms.

In the Second World War, the principal participating countries all possessed large numbers of aircraft. Among these, the United States had 296,100, Britain 102,600, and Germany 104,000, which were, respectively, 21 times, 2 times, and 2 times the numbers in the First World War. New breakthroughs appeared in both the tactics and the technology of the bomber, and the scale of bombing operations was unprecedented in history; the British army had already used the 1,000-kilogram demolition bomb, and there also appeared the armor-piercing bomb, the anti-tank bomb, the napalm incendiary bomb, the illuminating bomb, and the guided bomb.

Worth mentioning is the strategic bombing carried out by the United States against the Japanese home islands in the final stage of the Second World War. This bombing began in June 1944 and ended on August 14, 1945. In the course of more than a year, the American army dropped a total of 160,800 tons of bombs. Of these: 104,000 tons of bombs were dropped on 66 cities, destroying 40% of the houses and other buildings; more than 14,000 tons of bombs destroyed aircraft-manufacturing plants; more than 10,000 tons of bombs were dropped on petroleum-industry targets; 4,708 tons of bombs bombed arsenals; 3,500 tons of bombs bombed other industrial targets; Japan’s national territory was blockaded, and its maritime transport was brought almost to a standstill; 670 warships totaling about 1.4 million tons were sunk or destroyed by bombing; annual rifle production fell from 1,178,000 to 209,000; artillery fell from 2,047 pieces to 94 pieces; ammunition fell from 17.783 million tons to 2.676 million tons; vessels fell from 270,000 tons to 98,000 tons; aircraft and engines fell, respectively, from 9,636 units and 9,636 units to 6,823 units and 6,509 units; several million people went hungry, in what was called the “Starvation Campaign,” so that the Japanese army completely lost the ability to continue struggling. This clearly shows that this strategic bombing achieved a marked strategic effect②.

On August 6, 1945, an American aircraft dropped the first atomic bomb on Hiroshima, Japan, opening, in the history of human warfare, an era in which the energy produced by the nuclear-fission reaction served as the power source for killing and destruction—that is, the era in which nuclear weapons took the stage of war.



9. The Guided Missile

The guided missile is a destructive weapon that propels itself and is able to control its flight trajectory as it flies toward its target. It is also called the flying missile. It is a product of the highly advanced development of gunpowder-and-explosive and rocket technology. It is composed of a warhead and a delivery rocket, and its configuration, construction, and killing principle bear a resemblance to the winged rockets created in the late Ming dynasty in China—the “Divine-Fire Flying Crow” and the “Sky-Flying Bandit-Striking Heaven-Shaking Thunder”—and, in the underlying approach to firearms manufacture, form a single continuous lineage with them.

In the 1930s, Germany began research into modern rocket and guided-missile technology. On June 13, 1944, the German army, from a launch installation set up in northern France, fired for the first time the V-1 (Vergeltungswaffe-1) cruise-type guided missile at a target in southern England. The missile body was 7.7 meters long, with a maximum diameter of 0.82 meters and a wingspan of 5.3 meters; it weighed 2.2 tons, its warhead was loaded with 700 kilograms of explosive, and it used a pulsejet engine, with gasoline as its propellant. It was launched from the ground using a catapult, with a maximum speed of 740 kilometers per hour. When its speed was 550–600 kilometers per hour, its maximum thrust was 2.7 newtons, with a range of 370 kilometers, a flight altitude of 2,000 meters, and an airborne flight time of about 25 minutes. The V-1 missile was very noisy and had low accuracy; of more than 10,500 missiles launched, only 2,500 landed in London, giving a hit rate of 42% and a failure rate of 20%. After the war, the United States and the Soviet Union, building on the V-1 missile, developed many types of improved cruise missile.

On September 8, 1944, Germany also launched the V-2 (Vergeltungswaffe-2) surface-to-surface ballistic missile against London and other places (Fig. 11-32). The missile body was composed of a warhead, a middle section, and a tail section, and was 14 meters long, with a maximum diameter of 1.65 meters and a wing-

① [USSR] I. I. Rostunov, ed., The First World War, vol. 2, p. 1075.

② Department of Military History Research of the Academy of Military Science, The Second World War, vol. 4, pp. 544–545.

span of 3.57 meters, weighing about 4 tons. Its warhead was loaded with 750 kilograms of explosive. The middle section housed an oxidizer tank, a fuel tank, and an instrument compartment, one of each. The tail section had 4 symmetrical tail fins, 2 of which had air vanes; inside was fitted a pump-fed liquid-fuel rocket engine, with 4 graphite jet vanes at the nozzle. The ground launch equipment was made up of more than 30 special-purpose vehicles, and it was launched vertically. Its launch mass was about 13 tons, its maximum thrust was 270 newtons, its maximum flight speed was about 1.7 kilometers per second, its range was 240–370 kilometers, its flight altitude was 80–100 kilometers, its hit accuracy was 50%, and its failure rate was nearly 47%. After the war, the United States and the Soviet Union, building on the V-2 missile, developed many different types of intercontinental ballistic missile.

Fig. 11-32 The V-2 Missile




Summary

The nearly 90 years from the 1860s to the Second World War were a period of tremendous transformation in the history of the world’s development of firearms. During this period, black powder (that is, powder that produces smoke), invented by China through the mixing together of the three materials saltpeter, sulfur, and charcoal, was in many respects rapidly replaced by smokeless powder and other high-energy compound explosives, greatly increasing the power of the gunpowder by which firearms produced their killing and destructive effect. At the same time, the numerous innovations in the mechanical construction of every kind of gun, artillery piece, and ammunition; the large-scale smelting of high-quality steel; the rapid development of the steam-powered warship; the creation of many types of armored fighting vehicle, represented by the tank; and the invention and upgrading of every kind of combat aircraft—all of these not only expanded, to an unprecedented degree, the scale on which war had previously been waged on land and at sea, but also made it possible for war to be waged simultaneously in three-dimensional space; firearms came into wide use in three-dimensional warfare, and methods of combat began to undergo a transformation without precedent since ancient times.

The methods with which combat had previously begun—the artillery assault, fire suppression, and the covering of massed infantry charges—evolved into the combination of aerial bombing with artillery assault, covering the rapid assaults of tank troops, armored troops, and motorized infantry, with the tank troops becoming the vanguard force for breaking through enemy positions; the coordinated combat of infantry, artillery, and cavalry evolved into coordinated combat in the air, on the ground, and at sea; positional warfare, in which two armies confronted each other, evolved into aircraft flying beyond the enemy’s positions to carry out furious bombing deep in the enemy’s rear, so that the near rear area gradually ceased to exist, and the flames of war were already burning everywhere behind enemy lines; anti-aircraft fire and air combat proceeded simultaneously; and seizing air superiority and command of the sea had already become an important matter in the planning of those who directed war. And so on and so forth—too numerous to list in full.

On August 6 and 9, 1945, the American army successively dropped two atomic bombs on Hiroshima and Nagasaki, Japan, marking the beginning of the use of nuclear weapons; the era in which gunpowder was the sole power source of weapons for killing and destruction was thereby declared at an end, and the history of the development of weapons from this point entered a new stage of development.





Chapter Twelve The Tortuous Course of Development of China’s Modern Military Industry

China’s modern military industry went through three stages of development—the late Qing court (1861–1911), the Beiyang government (1912–1927), and the National Government (1928–1949)—and, over the course of nearly 90 years, China, besides purchasing weapons and equipment from abroad, also successively established 115 weapons-manufacturing and scientific-research institutions (of which 42 belonged to the late Qing period, 27 to the Beiyang government period, and 46 to the National Government period), tracking, imitating, and using the advanced weapons of the countries of Europe and America, so that China’s manufacture and use of weapons advanced from an age in which firearms and cold weapons were combined into the age of firearms①. From 1928 to 1949, the “gun-barrel industry” of the Chinese people’s revolution, led by the Communist Party of China, because its founding, development, and growth had a character all its own, will be discussed separately in Chapter Fourteen.


Section 1 The Modern Military Industry Established in the Late Qing

In China’s late Qing period, the imperialist powers invaded again and again, and popular peasant uprisings rose up one after another throughout the country; in order to preserve its own rule, the Qing court began to establish a modern military industry, founding arsenals, as a measure for self-strengthening and national survival.


1. The Late Qing Court’s Establishment of Arsenals in Pursuit of Self-Strengthening and National Survival

The Qing army’s defeat in the Second Opium War caused the country and its people to suffer a calamity even more grave than that of the First Opium War. Some people of reformist thought, such as Feng Guifen (1809–1874), believed that this was a supreme humiliation for the Chinese nation, and that everyone “who had any feeling in his heart and blood” ought not to seek an idle, stopgap peace, but should rise up in search of a path to self-strengthening. For this reason, they proposed that the mastery of the foreigners be made “the foremost task under Heaven, so as to spare China from being preyed upon by the myriad nations of the world”②. Their basic proposal was to found modern arsenals, develop a military industry, imitate the guns, artillery, and ships of Europe and America, and improve the nation’s military preparedness, so as to achieve self-strengthening and national survival.

Among a portion of the power-holders at the Qing court and in the localities—men such as Prince Gong, Yixin (1832–1898), Zeng Guofan (1811–1872), Zuo Zongtang (1812–1885), and Li Hongzhang (1823–1901)—likewise, on the basis of the needs of the developing situation of the time, on the one hand wished to make use of the power of Western-style guns and artillery to suppress the Taiping Rebellion and to maintain and rescue the rule of the Qing dynasty; on the other hand, they also wished to make use of the power of Western-style guns and artillery to resist foreign insults and preserve the political power of the Qing dynasty. And so they, too, all made use of Wei Yuan’s proposal to “learn the superior techniques of the barbarians in order to control the barbarians” as a slogan for self-establishment and self-strengthening, successively memorializing the throne, urging the study of Europe and

① The military industry spoken of in this book refers mainly to the weapons industry, so as to be consistent with the military industry spoken of in other chapters of this book. The weapons spoken of in this text refer specifically to firearms; the two terms are synonymous. Before the modern era, because firearms and cold weapons were used together, “firearms” refers specifically to weapons that use gunpowder as their killing power source, so as to distinguish them from cold weapons; hereafter, firearms are uniformly called weapons, for the sake of consistency. There are various statistics and accounts regarding the number of China’s modern arsenals; this book refers specifically to manufacturing and research institutions.

② Qing dynasty, Feng Guifen: Jiaobinlu Kangyi, part 2, “On a Strategy for Mastering the Barbarians,” Jufengfang, 1897 corrected-and-engraved edition, Jiaobinlu Kangyi, part 2, pp. 70–74.

America’s superior technique of building sturdy ships and powerful artillery, so as to strengthen the nation’s military preparedness, quell internal troubles, and resist foreign insults.

Because the above proposals were favorable to preserving the rule of the Qing dynasty, the court adopted their proposals and began, in the early 1860s, to carry them out as a national policy; Yixin, Zeng Guofan, Li Hongzhang, Zuo Zongtang, and others thus became the actual implementers and directors of the policy of military self-strengthening, and were also the managers of our country’s first modern arsenals. The course of history shows that the modern military industry established by the Qing dynasty, and the results it achieved, played a certain role in the Chinese nation’s military struggle against foreign aggressors.



2. The Policy of Borrowing Materials from Abroad and Introducing Technology in Establishing Factories

The basic content of the policy of borrowing materials from abroad and introducing technology in establishing factories had two aspects: the first was to select officials of a quick and skillful mind, “to be sent specifically to study foreign explosive artillery and bombs, and various munitions machinery and tool-making tools … applying themselves with complete diligence, studying morning and night, striving to obtain the secrets of the Westerners …”①; the second was to purchase machinery and equipment from Europe and America and install it in arsenals, “letting Chinese officials, non-commissioned officers, and craftsmen learn from one another”②, mastering the technique of imitating the guns, artillery, and ships of the countries of Europe and America, and obtaining “the means to resist insult and the art of self-strengthening”③. These approaches were not unreasonable for the Qing dynasty, whose military technology had already fallen far behind the advanced standard of the world, and which could not, in the short term, rely on its own strength to build a new-type weapons-industry system. Because when a backward country introduces the technology of an advanced country, it can, technologically, avoid shutting its doors and carrying out redundant invention and creation, and can not only, in a comparatively short time, narrow the gap with advanced countries in technological development, but can also possibly catch up to the level of advanced countries in certain individual technologies. Doing so can also reduce the investment of manpower and material resources.



3. Yung Wing’s Contribution

Yung Wing (1828–1912) was a native of Nanping Township, Xiangshan, Guangdong (now part of Zhuhai). In the twenty-sixth year of the Daoguang reign (1846), he graduated in Hong Kong from the missionary school founded by the Englishman R. Morrison (R. Morrison, 1782–1834), where he studied the modern scientific knowledge of Europe and America. The following year, he studied abroad in the United States. In the fourth year of the Xianfeng reign (1854), he graduated from Yale University in the United States, and returned to China the following year. He was the first person in modern China to study in the United States. In the second year of the Tongzhi reign (1863), through the introduction of the famous mathematician Li Shanlan and two written invitations from Zeng Guofan, Yung Wing traveled from Shanghai to the camp of the Xiang Army stationed at Anqing, where he was received with courtesy and given an important role; in the course of several amicable conversations, he spoke his mind freely, putting to Zeng Guofan many important proposals regarding introducing, studying, and absorbing the tool-making methods of Europe and America, and founding machine factories and manufacturing guns and artillery. He held that, in founding factories, one should found foundational factories, so as to promote China’s independent and self-reliant industrialization and its path toward wealth and power. For this reason, before the planning of the Jiangnan Arsenal had even begun, he already proposed to Zeng Guofan that they should “first establish a single parent factory, and then have the parent factory produce all the other various machine factories.” He said: “The machine factory to which I am attending is not one devoted solely to manufacturing guns and artillery, but one capable of manufacturing the various machinery used to make guns and artillery.”④ His proposal was thereupon adopted by Zeng Guofan, who recorded the essential points of purchasing “tool-making tools” in his diary of the twenty-third day of the tenth month of the second year of Tongzhi. From this point on, the pursuit of “tool-making tools” became an important slogan and principle by which the Qing government introduced machinery and equipment from Europe and America, one to which those who founded factories and bureaus paid great attention.

After hearing Yung Wing’s proposal, Zeng Guofan appointed Yung Wing as “Commissioner for Going Abroad,” allocated 68,000 taels of silver, and sent him to America to order complete sets of machinery and equipment of various kinds. Having accepted the appointment, Yung Wing, on the twenty-sixth day of the tenth month of the second year of Tongzhi (1863), packed his bags and set out, traveling by way of Hong Kong to Britain and on to America, where, at Fitchburg, in the state of Massachusetts, in the United States, he ordered more than a hundred kinds of tool-making tools,

① “Memorial of Prince Gong (Yixin) and Others of the Zongli Yamen,” in The Self-Strengthening Movement (III), pp. 466–468.

② “Memorial of Li Hongzhang, Governor of Jiangsu,” in The Self-Strengthening Movement (IV), p. 10.

③ “Memorial of Li Hongzhang,” in The Self-Strengthening Movement (IV), p. 14.

④ Qing dynasty, Yung Wing: A Record of the Eastward Transmission of Western Learning, in Historical Materials on China’s Modern Industry, series 1, vol. 1, Zhonghua Book Company, August 1962 edition, pp. 269–270.

and, in the spring of the fourth year of Tongzhi, they arrived safely in Shanghai, providing a first batch of basic equipment for the founding of the Jiangnan Arsenal, at that time the largest comprehensive arsenal. This idea of introducing machine tools had a considerable influence on the construction and development of the Jiangnan Arsenal; from then on, whenever the factory purchased machinery from abroad, in addition to purchasing machinery for manufacturing arsenal products, it also took care to purchase general-purpose machinery, for use in manufacturing all sorts of other machinery①. Precisely because of this, the Jiangnan Arsenal was quickly built up into what was, at the time, “the finest machine factory east of the Cape of Good Hope.” The founding of the Jiangnan Arsenal played a certain role in supporting and promoting the founding and development of other arsenals, and this was inseparable from Yung Wing’s contribution.



4. The Arsenals Founded by the Late Qing Court

From the founding of the Anqing Domestic Armaments Bureau by Zeng Guofan in the eleventh month of the eleventh year of Xianfeng (1861) to the second year of Xuantong (1910), over these 50 years, the late Qing court successively founded, throughout the country, 42 arsenals, including the Anqing Domestic Armaments Bureau, the Shanghai-Suzhou Foreign Cannon Bureau, the Jiangnan Arsenal, the Jinling Machine Bureau, the Fujian Shipbuilding Bureau, and the Tianjin Machine Bureau②.

As the number of arsenals increased, the department by which the Qing court administered weapons manufacture also changed correspondingly. In December 1903, the Qing court established the Office for Training New Armies to supervise the training of the New Armies, and matters relating to weapons manufacture were also transferred from the Ministry of War to the Office for Training New Armies to administer. In November 1906, the Ministry of War was reorganized into the Ministry of the Army, with the Office for Training New Armies placed under it. The arsenals of the various provinces, meanwhile, were the responsibility of the governors-general and governors of the respective provinces. In January 1911, the Ministry of the Army memorialized the throne, and, with the court’s approval, planned to place the arsenals of the whole country uniformly under the direct jurisdiction of the Ministry of the Army. In the course of carrying this out, the Xinhai Revolution broke out, and the matter had to be abandoned.

The 42 arsenals founded by the late Qing court, although they did not realize the hopes for self-strengthening and national survival held by men of vision, and did not achieve the Qing dynasty’s aim of preserving its own rule, and although, in the course of their founding, they went through many hardships and setbacks—even being afflicted by such ills as the corruption and self-seeking of feudal officials and the incompetence and ignorance of managerial personnel, so that these arsenals could not develop in a healthy way, some flourishing at times and falling idle at others, some closing down prematurely, and some even consuming great expense while achieving little result—their characteristics and historical role nevertheless cannot be slighted or underestimated.


(1) Taking the First Step from Nothing to Something

The arsenals founded in the late Qing were an important mark of China’s military industry making the transition from handicraft manufacture to machine manufacture, taking the first step of China’s modern arsenals from nothing to something, forming, in preliminary fashion, China’s modern weapons industry, and laying the foundation for the later development of mechanized arsenals. Among the 42 arsenals, there were more than 7,000 pieces of machinery and equipment of various kinds, and more than 20,000 employees. Among these, the largest in scale, the Jiangnan Arsenal and the Hubei Gun and Artillery Factory, already had, in 1905, 3,848 and 4,500 employees, respectively; the medium-scale arsenals of Jinling, Fujian, Tianjin, Sichuan, and Guangdong—5 arsenals in all—already had 1,000–3,000 employees each; there were 35 arsenals with fewer than 1,000 employees; and even the smallest arsenals had about 100 employees. The large and medium-sized arsenals described above had already become the backbone of China’s modern military industry.



(2) A Wide Geographic Distribution

The 42 arsenals described above were established, respectively, in the various major cities of China (mainly cities at the provincial-capital level); apart from a small number of remote border provinces such as Ningxia, Qinghai,

① According to the record in Wei Yungong’s A Record of the Jiangnan Arsenal: Table of Manufactures, in the 37 years from 1867 to 1904, using the imported machine tools, the following were manufactured: 249 machine tools of various kinds, 84 cranes, 77 water pumps, 32 steam-boiler machines, 15 steam boilers, 3 shell-rolling machines, 3 shell-core-molding machines, 4 shell-head-grinding machines, 5 brass-case-pressing machines, 5 brass-case-polishing machines, 15 cartridge-making machines, 5 gun-sight-making machines, 10 powder-mixing machines, 12 powder-grinding machines, 8 powder-cutting machines, 4 percussion-cap-fitting machines, 1 lead-bar-pressing machine, 4 generators, 5 iron-plate-rolling machines, 8 gear-cutting machines, 4 steam hammers, 3 large lathes, 10 grinding-wheel machines, 2 dredging boats, 3 screw-twisting machines, 4 sand-turning machines, 5 steel-rolling machines, 1 steel-sawing machine, 1 steam-valve horsepower-twisting machine, 3 grinding-press machines, and 1 hydraulic press, among others; in addition, there were more than 1.105 million other parts and tools of various kinds. Of the machine tools operating in the bureau altogether, more than one-third were manufactured by the factory itself.

② For an overview of these arsenals, see the “Summary Table of the Historical Development of China’s Modern Arms-Research Institutions” in Section 5 of this chapter.

and Tibet, every other province had at least 1, and as many as 2 or 3. This arrangement basically ensured that arsenals existed everywhere—southeast, southwest, northeast, northwest, and center—throughout the country, forming, in preliminary fashion, a support network for China’s modern military industry, a historic advance that cannot be overlooked. This pattern of distribution both reflected the basically consistent understanding, among China’s principal officials from the central government down to the localities at that time, of the problem of improving the nation’s military preparedness, and also made it convenient to equip garrison troops with arsenal products on the spot, reducing long-distance transport and, to a certain degree, reducing the outflow of silver and the government’s fiscal expenditure.



(3) A Comparatively Appropriate Distribution of Specializations

The 42 arsenals described above possessed a certain degree of comprehensiveness in their distribution of specializations. Among them were arsenals that manufactured guns, artillery, and ammunition, shipyards that built warships, and large comprehensive arsenals that combined both functions; for a nation and a people that had been chronically weak for more than 200 years to build, within little more than 30 years, a weapons-industry system that was both comparatively comprehensive in its specializations and yet also possessed a division of labor, the hardship and difficulty involved can well be imagined.



(4) Supplying the Qing Army with a Certain Quantity of Arsenal Products

The 42 arsenals founded in the late Qing, although still mainly manufacturing consumable products and light weapons, nevertheless also showed, in the products they trial-manufactured, the beginnings of diversity. According to incomplete statistics compiled from various sources, from 1861 to 1911, a total of the following were manufactured: 10,100 wall guns, more than 273,000 rifles, more than 17,000 carbines, more than 200 light and heavy machine guns, 4,798 pistols, and more than 3,900 artillery pieces of various types; 265 million rounds of rifle-and-machine-gun ammunition, more than 2.93 million rounds of pistol ammunition, and more than 3.65 million shells of various types; 8.71 million kilograms of black powder, more than 610,000 kilograms of chestnut-brown powder, and 580,000 kilograms of smokeless powder①; as well as small quantities of explosives, naval mines, torpedoes, and aerial bombs, and even high-quality military-grade steel—basically covering the various types of weapons and equipment needed by the Qing army of that time.




5. Outstanding Military Technologists

Around the time of the First Opium War, Gong Zhenlin, Ding Shoucun, Ding Gongchen, and others in our country, who were among the first to become acquainted with the modern military technology of Europe and America, although, owing to the corruption and short-sightedness of the court at that time, their creative talents were not able to be fully realized, so that they could only, within certain limited departments and individual studies, give off sparks of innovative thought—nevertheless, their bold attempt to introduce the modern military science and technology of Europe and America into China ahead of other branches of science and technology caused this field, dim and weak for more than 200 years, to flash with a point of new light, opening up the situation for later development, and a group of military technologists thoroughly versed in modern natural science, influenced by them and rising up in their wake, emerged. Among them, Xu Shou, Xu Jianyin, Li Shanlan, Hua Hengfang, Hua Shifang, Wu Jialian, Gong Yuntang, Wang Shishou, and others made valuable contributions to the rise and development of China’s modern weapons industry.

Xu Shou (1818–1884) was an outstanding military technologist, chemist, and translator of China’s late Qing period. His courtesy name was Leicun, and he was a native of Wuxi (now part of Jiangsu). He lost his father at the age of 5 and his mother at the age of 17; his family circumstances were poor, but he was fond of learning and eager to advance himself, and although he possessed a solid grounding in traditional learning, he did not cling to convention, nor did he have any interest in pursuing an official career. Around 1850, he resolved to study the mathematics, physics, chemistry, and natural-science and technical knowledge of mineral resources, the steam engine, and the like of Europe and America, and devoted himself to research in natural history and chemistry. At the age of 29, he formed a scholarly friendship, despite the difference in age, with Hua Hengfang, who was then only 14, and the two studied and compared their learning together, continuing until they had achieved thorough mastery and complete understanding. In the early years of the Xianfeng reign, in order to study the scientific knowledge transmitted from Europe and America, he went to Shanghai together with Hua Hengfang, becoming a reader at the Mohai Bookroom founded by the Englishman A. Wylie (Alexander Wylie, 1815–1887), and took the opportunity to seek instruction from the mathematician Li Shanlan, who worked at that institution. In the ninth year of the Xianfeng reign (1859), while at the Mohai Bookroom, he read a work by the Englishman B. Hobson (Ben-

jamin Hobson)’s A New Compendium of Natural History, and learned the basic principles of the steam-powered ship, along with knowledge relating to the steam engine and shipboard machinery, and, following a rough diagram in the book, produced a small-scale model of a ship’s steam engine. All of this laid the foundation for his later development in the field of shipbuilding.

In the eleventh year of Xianfeng, Xu Shou, bringing his second son, Xu Jianyin, together with Hua Hengfang, went to join the camp of Zeng Guofan, Governor-General of Liangjiang, stationed at Anqing. Zeng Guofan, with the assessment that he “studies instruments and numbers with precision, and is broadly versed in many fields,” engaged him to work at the Anqing Domestic Armaments Bureau, where he became one of the earliest core members within the bureau devoted to research into machine manufacture and the study of military technology.

In the third month of the first year of Tongzhi (1862), Xu Shou took on, within the bureau, the task of trial-manufacturing a steam engine and other shipboard machinery for a steamship. In the course of this trial manufacture, “everything was made entirely by hand, without relying on outsiders.” After more than three months of effort, he produced China’s first steam engine. By the fourth year of Tongzhi, our country’s first steam-powered ship was finally completed at Nanjing. Of the tools and equipment used in building the ship, apart from the rotating shaft, the smokestack, and the boiler, which used imported steel, all the rest were manufactured by processing domestically produced raw materials.

In the sixth year of Tongzhi (1867), the Jiangnan Arsenal was founded in Shanghai, and Xu Shou and his son were transferred there in the third month of that year, continuing their work of building steamships. Through the efforts of Xu Shou and others, the arsenal’s shipyard, by the thirteenth year of Tongzhi, had successively completed various types of naval steamships, including the Tianji, the Weijing, the Caojiang, the Hai’an, and the Yuyuan, and he also translated and wrote such works as The Beginnings of the Steam Engine and Questions and Answers on the Steam Engine, by means of which to transmit advanced shipbuilding theory and technique to the craftsmen building ships in China. Apart from building warships, he also trial-manufactured guns, artillery, and ammunition at the bureau, and developed sulfuric acid, nitric acid, nitrocellulose smokeless powder, mercury fulminate, and other munitions products. Whenever the Shandong Machine Bureau and the Sichuan Machine Bureau needed support in the course of their founding, he would always provide guidance upon request.

Alongside his work in military-technology research, Xu Shou also successively collaborated with the Englishman John Fryer (1839–1928), Alexander Wylie, and others, and, in the tenth year of Tongzhi, translated and published An Investigation into the Origins of Chemistry, in six volumes, and other works on chemistry and the steam engine; he founded the Gezhi Academy and the science periodical Gezhi Huibian, and opened a bookstore selling scientific and technical books, the “Gezhi Bookroom.” These efforts of Xu Shou’s all came as timely rain for the development of scientific and technical education, the dissemination of scientific and technical knowledge, and the exchange of new techniques. He was called by people of his time a military technology expert “of broad and thorough learning,” who was “deeply proficient in machinery, able to do the work with his own hands,” and who “labored diligently for years on end, sparing no effort,” and he received the attention of the authorities.

Throughout his life, Xu Shou devoted himself single-mindedly to his work, being learned and capable in many fields; as a person he was “utterly simple and unaffected,” “seeking neither fine food and clothing, his dwelling merely sheltering him from wind and frost,” not striving for advancement in an official career, but seeking only depth of learning; he was a modern military technologist imbued with patriotic thought. Under the influence of his spirit of complete dedication to duty, several dozen people among his son Xu Jianyin, his son Xu Huafeng, his grandson Xu Shangwu, his great-great-grandson Xu Eyun, and his descendants of the fifth and sixth generations engaged in military-technology research both at home and abroad, making his family, without exaggeration, our country’s only modern lineage of military technologists.

Xu Jianyin (1845–1901, Fig. 12-1) was an outstanding military technologist, scientist, and translator of China’s late Qing period. His courtesy name was Zhonghu; he was Xu Shou’s son, and, under his father’s instruction and influence, his scholarship advanced very rapidly, and his grounding in natural-science knowledge was extremely solid. In the first year of Tongzhi, he went together with his father to the Anqing Domestic Armaments Bureau, taking part in the building of the first steamship, repeatedly offering ingenious ideas to assist his father, and resolving many technical difficulties, becoming an important member of the core military-technology

Fig. 12-1 Portrait of Xu Jianyin

team within the bureau.

In the fifth year of Tongzhi (1866), Xu Jianyin followed his father into the Jiangnan Arsenal in Shanghai to work, successively assisting his father in building our country’s earliest steamships, including the Huiji, the Caojiang, the Cehai, the Chengqing, and the Yuyuan, and developing new-model guns, artillery, and ammunition, nitric acid, sulfuric acid, mercury-fulminate explosive, and other munitions products, and, together with the Englishman John Fryer, the American T. Kreyer (Carl R. Kreyer), and others, translated a group of modern military-technology books, including Essentials of the Steam Engine, Shells and Armor Plate, and Naval Ship Formations. In the twelfth year of Tongzhi, he was appointed superintendent of the Jiangnan Arsenal. The following year, Xu Jianyin was transferred to the Tianjin Machine Bureau to manufacture nitric acid, which he personally compounded, quickly producing a finished product priced several times lower than the imported equivalent. At the same time, he devoted his utmost effort to the expansion of the Tianjin Machine Bureau and the expansion of its manufacture of products.

In the eighth month of the first year of Guangxu (1875), Xu Jianyin, at the request of Ding Baozhen, Governor of Shandong, went to Jinan to serve as director-general of the Shandong Machine Bureau. In the course of founding the bureau, he consistently upheld the principle that everything “must be created by our own hands, and not a single foreign craftsman may be employed”①, organizing skilled craftsmen of every kind from within the country to take on the work of building the factory and installing the equipment. “By calculation, the completion of the entire factory would take no more than one year.” For this reason, Ding Baozhen, in a memorial to the throne in the tenth month of the following year, praised Xu Jianyin, saying that, in the course of founding the factory, he “had a well-formed plan in mind, and personally handled the compasses and rulers, one man being worth several foreign craftsmen”②, and that the projects he designed were “all put to practical use”③. In the two years after the founding of the Shandong Machine Bureau, it manufactured more than 111,000 catties of black powder, refined 115,000 pounds of purified saltpeter, distilled 1,350 pounds of purified sulfur, and smelted 7,212 pounds of charcoal, manufacturing several hundred Martini rifles, breech-loading artillery pieces, and machines large and small, supplying the naval forces garrisoned at Dengzhou and Rongcheng in Shandong and the trained troops at Yantai, and playing a considerable role.

In the fifth year of Guangxu, Xu Jianyin, under instructions relayed by the Zongli Yamen, went to serve as Second-Class Counselor at the Qing government’s legation in Germany, and also traveled to Europe on an inspection tour, successively visiting more than 30 arsenals and academic research institutions, including a large steam-hammer factory in France, the Lifo Machine Works and a powder works in Germany, and a naval-mine works, a cartridge works, an artillery works, and the Vulcan Shipyard in Britain. While visiting the Vulcan Shipyard, he once ordered, on behalf of the Chinese government, an ironclad warship from the shipyard. In addition, he also observed a grand maneuver of the German army and studied the German army’s military system.

Xu Jianyin was our country’s first modern scientist to go abroad to carry out an inspection of military technology; in the course of his visits, he made detailed records of the production and research conditions at the various arsenals and research institutions, for reference in the building of China’s modern arsenals. He promptly organized some of the important content from among these records and sent it back to China, where it was published in Shanghai’s Gezhi Huibian; such articles as An Account of a Visit to the Kelubu (Krupp) Works to See Artillery Cast and The Method of Manufacturing Naval-Mine Casings were published in that periodical. Later, he compiled what he had seen and heard in the course of his visits into such works as Miscellaneous Records of a European Journey, in two volumes, Regulations of the German Parliament, in one volume, and A Complete Account of the German Confederation, in one volume. Among these, Miscellaneous Records of a European Journey became an important scientific and technical book for the dissemination, at that time, of European military science and technology.

In the tenth year of Guangxu, Xu Jianyin, in response to an imperial summons, returned to China for an “audience,” and, owing to his meritorious inspection work, was, by special decree, dispatched to Zhili with the rank of prefect. Shortly afterward, because his father fell gravely ill, he returned to Shanghai to attend to him. In the eighth month, Xu Shou died of illness at the Shanghai Gezhi Academy, and, in accordance with custom, Xu Jianyin returned to Shanghai to observe mourning; two years later, when the mourning period was complete, he was transferred by the Governor-General of Liangjiang of the time to Jinling, to superintend the Jinling Machine Bureau using new methods. In the sixth month of the thirteenth year, Zeng Guoquan memorialized the throne, praising Xu Jianyin for handling all matters within the bureau in imitation of “foreign methods,” and for evaluating, for all personnel working within the bureau—from commissioners and clerks at the top down to apprentice workers at the bottom—regardless of the rank or grade of their official position, a fixed wage according to the degree of complexity of the work they undertook and the depth of their qualifications, uniformly, and for regularly assessing them, increasing or decreasing wages and deciding personnel’s continuation or

① “Memorial of Ding Baozhen, Governor of Shandong,” third day of the tenth month, second year of Guangxu, The Self-Strengthening Movement (IV), pp. 301–302.

② Qing dynasty, Xu Jianyin: Miscellaneous Records of a European Journey, in Toward the World Book Series, vol. 7 (numbered according to the order on the book’s inside back cover), Yuelu Publishing House, 1985 edition, p. 714.

③ “Memorial of Ding Baozhen, Governor of Shandong,” third day of the tenth month, second year of Guangxu, in The Self-Strengthening Movement (IV), pp. 301–302.

departure, entirely overturning the old practices of the past. Because Xu Jianyin managed with such skill, and governed the bureau with such method, he received the confidence and heavy responsibility of the bureau’s director-general.

In the twenty-second year of Guangxu (1896), Xu Jianyin was transferred to serve as superintendent-general of the Fujian Shipbuilding Bureau. When the Zongli Yamen inquired by telegram of Yulu, the Minister of Shipbuilding Affairs, into Xu Jianyin’s abilities, Yulu, in his reply memorial, praised Xu Jianyin as being “extremely familiar with conditions in machine manufacturing, and fit to serve as superintendent of the shipbuilding bureau.” During his term of office, he was extremely uneasy about the crisis of imperialist aggression and the carving-up of China, and so, making use of his leisure hours, he applied himself diligently to widely reading many books, compiling and writing A New Book on Military Science, in sixteen volumes. In the preface to the book, he explained his purpose in writing it: “To seek self-strengthening, one must prepare for war; to prepare for war, one must train troops; to train troops, one must establish rules and methods—without this, one cannot make a nation.” A New Book on Military Science was the first entirely new military-technology book compiled by a modern Chinese military-technology expert; the book absorbed the newest achievements, at the time, in the world’s research into military-technology theory; it introduced the newest weapons and equipment of the armies of the various countries, such as Austria’s Mannlicher rifle and Germany’s Mauser rifle, as well as the form, construction, and methods of use and maintenance of the Gruson gun and Krupp artillery; it introduced the methods of constructing various field fortifications and coastal gun emplacements; and it introduced the various tactics and drill methods after an army was equipped with new-model guns and artillery, among other things. Because this book was written on the basis of the circumstances in which the Qing army of the time had already adopted new-model equipment, it suited the needs, at that time, of carrying out combat training and military education for the officers and men of the Qing army, and played a certain role in the Qing army’s adoption of new methods of combat to resist foreign aggression.

In the fifth month of the twenty-sixth year of Guangxu, Xu Jianyin was transferred to Hubei by Zhang Zhidong, serving as Chief Military Instructor at the Hubei Military Affairs Office and the Officials’ Training Hall, engaging in work in modern military education, and tempering officers and soldiers with a spirit of self-strengthening. At that time, Zhang Zhidong happened to be superintending the Bao’an Powder Bureau, and military gunpowder was again about to run short, whereupon Xu Jianyin was appointed by Zhang Zhidong as superintendent-general of the Hanyang Steel and Powder Works. Xu Jianyin at once “instructed the assembled workers, personally built the machinery, and imitated Western methods,” rushing to manufacture black powder, whose finished product was equal in performance and power to the imported equivalent.

In order to increase the killing power of shells fired from guns and artillery, Xu Jianyin then set about trial-manufacturing smokeless powder. For this purpose, he referred to the records of his visit, in the fifth month of the sixth year of Guangxu, to a German powder works at Hu’erfu, and proceeded strictly in accordance with the technical specifications for manufacturing nitrocellulose smokeless powder. Heedless of personal danger, “working the pestle and mortar with his own hands day after day, personally refining and processing,” after many trial manufactures, he finally, in the second month of the twenty-seventh year of Guangxu, produced nitrocellulose smokeless powder. Upon testing, “its explosive power was found to be quite sufficient,” and its quality was “almost indistinguishable from the best foreign product.” Afterward, Xu Jianyin personally led the workers to the powder-making workshop to carry out mass production. Tragically, owing to an explosion accident at the powder-making workshop, the machinery suddenly burst apart, “the roof tiles flew into the air, and the ground split open (che, meaning to crack open) for a dozen or more zhang,” and Xu Jianyin, together with the 16 workers present, met a tragic death in the line of duty (some say he was murdered)①.

Throughout his life, besides actively engaging in the development of munitions products and various scientific experimental activities, Xu Jianyin also wrote and translated a great quantity of scientific, technical, and military-technology books; according to incomplete statistics, these included 15 translated works, 3 original works, 10 monographic essays, and 1 proofread book, totaling about 1.7 million characters. As a person, Xu Jianyin was “upright and forthright, with little pretense,” diligent in his research and industrious in his practice; with his broad and profound scientific knowledge, he made outstanding contributions to every aspect of our country’s field of modern military science and technology, and was, without exaggeration, an outstanding, patriotic, multi-talented military technologist of modern China.

Hua Hengfang (1833–1902) was a famous military technologist and mathematician of China’s late Qing period. His courtesy name was Ruoting, and he was a native of Wuxi. In his youth, he did not practice the examination-essay style, and abandoned the imperial examinations, not only delving deeply into the rich knowledge of ancient Chinese natural science, but also striving to explore the mysteries of modern Western natural science. At the age of 14, he formed a scholarly friendship, despite the difference in age, with Xu Shou, who was then 29. The two studied and compared their learning together, and whenever they encountered a difficult point, they would not stop until it had been completely resolved. In the early years of Xianfeng (1851), Hua Hengfang went to Shanghai to study mathematics, physics, and chemistry.

In the eleventh year of Xianfeng, Hua Hengfang, together with Xu Shou, went to Anqing to join Zeng Guofan’s camp. Zeng Guofan, with the assessment that he “studies instruments and numbers with precision, and is broadly versed in many fields,” specially recommended him by memorial to take up a post at the Anqing Domestic Armaments Bureau. When Xu Shou was personally engaged in building the first steam-

① Qing dynasty, Yang Mo: A Compilation of the Facts Concerning the Four Sages of Xijin: Family Biography of Mr. Xu Zhonghu, in The Self-Strengthening Movement (VIII), p. 36.

powered ship, he worked in close cooperation with Xu Shou; “all the investigation of the principles of motion, and the calculation and measurement of the steam engine” were mostly done by Hua Hengfang, and he made an outstanding contribution to the manufacture of China’s first steam engine and first wooden-hulled steam-powered ship. At the very founding of the Jiangnan Arsenal, Hua Hengfang took charge of matters such as building the factory buildings and installing the machinery. After the bureau established its translation bureau, he, together with Xu Shou, J. Macgowan (Daniel Jerome Macgowan, 1814–1893), Bolanya, and others, translated 12 works, in more than 160 volumes, of mathematics and other technical books from Europe and America, among which were many military-technology books, making an important contribution to the dissemination of European and American military science and technology in China. When Hua Hengfang worked at the Longhua Powder Works in Shanghai, he was able to manufacture nitric acid himself, for use in compounding gunpowder, and, heedless of the danger, personally went to the site to direct the trial manufacture①, and the expense involved amounted to only 1/3 that of imported nitric acid. When he served as an instructor at the Tianjin Military Preparedness Academy, the Chinese legation in Germany once purchased and brought back a bullet-velocity-testing machine, and those who saw it did not know how to use it; Hua Hengfang, using the method of calculus, carried out an analysis to understand it, and finally solved the mystery of this machine, mastering the method of its use. In the thirteenth year of Guangxu (1887), he also trial-manufactured, for the students of the Tianjin Military Preparedness Academy, a small balloon 5 chi in diameter, and extracted hydrogen from nitric acid to fill the balloon, and as a result produced China’s first hydrogen balloon, striking a blow against the arrogance of the German instructors present, who looked down on China, and winning honor for the Chinese officers and men.

Throughout his life, Hua Hengfang devoted himself single-mindedly to scientific work, conducted himself with modesty and humility, and left behind a rich body of writings, his fame spreading far and wide, with students scattered across the four seas; to the end of his life he wore plain cloth and ate simple vegetable fare, not seeking advancement in an official career, but seeking only depth of learning; “on the day of his death, his family had no surplus wealth.”

Hua Shifang (1854–1904) was a famous mathematician of China’s late Qing period, the younger brother of the military technologist Hua Hengfang. His courtesy name was Ruoxi; he was once engaged by Zhang Zhidong to serve as a mathematics instructor at the Ziqiang Academy in Hubei, making a contribution to military education in the late Qing.

Li Shanlan (1811–1882) was a famous mathematician of China’s late Qing period. His courtesy name was Renshu, his sobriquet Qiuchu; his original name was Conglan, with the courtesy name Jingfang; he was a native of Haining (now part of Zhejiang). From childhood he delved into mathematics, and, upon reaching adulthood, became a renowned mathematician, with a great many mathematical writings. In his book The True Secrets of Firearms, compiled around 1861, he explored the question of the accuracy of artillery fire, making it our country’s first work to study ballistics from a mathematical perspective, and it had a great inspirational effect on later military technologists’ study of the firing of guns and artillery. At the same time, he also played a certain role in the founding of the Anqing Domestic Armaments Bureau and in guiding the military-technology personnel within the bureau②.

Besides Xu Shou and his son, the Hua Hengfang brothers, and Li Shanlan, the late Qing period also saw the emergence of many other experts and engineering-technical personnel possessing a particular specialized skill; for example, Wang Ronghe, a canjiang (assistant regional commander) who served at the Jiangnan Arsenal, was thoroughly proficient in foreign languages, and translated such books as those on the manufacturing methods of the explosive shell and the rocket, playing an important role in the imitation of European and American guns and artillery at that time③. The bureau’s circuit intendant, Feng Junguang, and its prefect, Zheng Zaoru, had also acquired proficiency in matters such as marine-engine manufacture④. Wang Shishou, a commissioner of the Jiangnan Arsenal and a candidate prefect of Zhili, was quick of mind and skillful of hand, and made a considerable contribution to the bureau’s imitation manufacture of chestnut-brown powder, research into smokeless powder, manufacture of quick-firing rifles and artillery, and adoption of new steelmaking methods, among other matters⑤. Liu Qixiang (?–1897), superintendent-general of the Jiangnan Arsenal, was an expert who devoted painstaking effort to the imitation manufacture of the Mauser and Mannlicher rifles and the Armstrong gun⑥. The other machine bureaus likewise had personnel thoroughly skilled in technology, who managed the production of the factories.

Although the above late Qing military technologists each had their own particular specialization and each achieved different things, they nevertheless shared certain common characteristics. First, they were not infatuated with the old learning, and gave up the opportunity for advancement in an official career, and, on the basis of a critical inheritance of the old learning, strove to explore the mysteries of European and American natural science, daring boldly to learn the strengths of modern European and American military technology, and applying them to reform

① Qing dynasty, Yang Mo: A Compilation of the Facts Concerning the Four Sages of Xijin: The Renxuebu Public Petition, in The Self-Strengthening Movement (VIII), pp. 15–19.

② See A History of Chinese Firearms, p. 364.

③ “Memorial of Ding Richang,” in The Self-Strengthening Movement (IV), p. 22.

④ “Note of Li Hongzhang, Governor-General of Zhili,” in The Self-Strengthening Movement (IV), p. 26.

⑤ “Memorial of Liu Kunyi, Governor-General of Liangjiang, Reporting the Successful Manufacture of Smokeless Powder,” in The Self-Strengthening Movement (IV), p. 142.

⑥ “Biography of Li Hongzhang, Governor-General of Zhili,” in The Self-Strengthening Movement (IV), p. 69.

China’s ancient military technology, injecting fresh blood into it, so that it became applicable to China’s modern military technology, and played a valuable role in improving the nation’s military preparedness. In this respect, they were the successors of the generation of military technologists of Xu Guangqi, completing the unfinished work of Xu Guangqi and others, causing China’s scientists and technologists to shake off, in basic terms, the shackles of the doctrine of “yin-yang and the five phases, transformation and generation,” and enter, in preliminary fashion, onto the track of the modern science and technology of the world. It is true that, under the social conditions of the time, they were still not able to complete this historical task thoroughly; nevertheless, they fulfilled the responsibility of their era, causing modern military technology to begin to take root, sprout, and grow in China. Second, in the course of seeking out Western learning, they studied diligently, sparing neither themselves nor their families, and not only mastered, in preliminary fashion, the essential elements of European and American natural science, but also achieved a measure of original creation. They possessed not only a solid theoretical foundation, but also achieved considerable results in practice. Third, most of them were imbued with patriotic thought; in order to revitalize the nation’s military preparedness, they shirked no hardship, overcame many difficulties, and, for their poor and weak motherland and their nation that was being passively battered, built a military-industrial system with the beginnings of a mechanized scale, and manufactured many modern weapons, playing a certain role in improving the equipment of the Qing army; although the mechanized military weapons system established at that time was still extremely fragile, and the quantity and quality of its products were still comparatively small and low, and there remained a great distance to go before China’s military weapons and equipment were thoroughly improved, their historical role nevertheless cannot be overlooked.




Section 2 The Arsenals Established Independently by Many Sides in the Beiyang Government Period

In October 1911, the Xinhai Revolution broke out, overturning China’s more than 2,000 years of feudal monarchical autocracy. On January 1, 1912, the provisional government of the Republic of China was established in Nanjing, and Sun Yat-sen (1866–1925) took office as Provisional President, establishing a bourgeois political power. Yuan Shikai (1859–1916), with the support of the imperialist powers, serving as Prime Minister of the Qing court’s cabinet, led troops south to suppress the revolution. On the one hand, he coerced the Qing emperor into abdicating; on the other, he used military force to compel the revolutionary party to yield power, seizing the position of Provisional President of the Republic of China, and, in March 1912, formed a separate government of the Republic of China in Beijing, establishing the Beiyang warlord regime, known to history as the “Beiyang government.” On June 6, 1916, Yuan Shikai died of fright and anxiety amid the curses of the people of the whole country.

After Yuan Shikai’s death, the Beiyang government split apart, and, throughout the country, a situation of warlord fragmentation and continuous, unending warfare took shape. In order to expand their military strength, the warlords of the various regions spared no expense, on the one hand purchasing weapons and equipment from the countries of Europe and America, and on the other rebuilding, expanding, and newly founding a number of arsenals, manufacturing guns, artillery, and ammunition of every kind for mutual slaughter, giving rise to a situation of many sides coexisting independently, with a lopsided development of weapons-manufacturing and weapons-use technology.


1. The Beiyang Government’s Attempts and Measures to Control the Arsenals

At the very founding of the Beiyang government, Yuan Shikai set about planning to seize control over the arsenals of the whole country, first, on June 27, 1912, sending a circular telegram to the various provinces in the name of the Ministry of the Army: “Ascertain the number of factories and bureaus in this province that manufacture munitions, the types of products made, and their locations.”① in preparation for taking them over and reorganizing them; he then brought the Shanghai Arsenal (formerly the Jiangnan Arsenal), the Jinling Manufacturing Bureau, the Guangdong Manufacturing General Weapons Factory, the Shandong Machine Bureau, the Hubei Arsenal, the Hubei Steel and Powder Works, the Dezhou Arsenal, and the Sichuan Arsenal (the Sichuan Machine Bureau), among other arsenals, under the jurisdiction of the Ministry of the Army, and, according to plan, reorganized them one by one. He then also renamed the Guangdong Manufacturing General Weapons Factory the Guangdong Arsenal, the Hubei Arsenal the Hanyang Arsenal, the Dezhou Arsenal the Dexian

① Compiled by the Ministry of the Army’s Ordnance Department: A Brief Chronicle of Important Matters of the Ministry of the Army’s Ordnance Department (July 1912), in Archival Historical Materials on China’s Modern Weapons Industry, vol. 2, p. 4 (Archives of the Ministry of the Army of the Beiyang Government), Ordnance Industry Press, 1993 edition; subsequent citations of this book are all to this same edition, abbreviated as Archives.

Arsenal, the Shandong Machine Bureau the Shandong Arsenal, and the Hubei Steel and Powder Works the Hanyang Steel and Powder Works①. After being renamed, the arsenals still had their required research and manufacturing funds disbursed from the finances of the province in which they were located, and so the various arsenals were, at the same time, also controlled by the military governors of the various provinces, and were not subordinate to one another.

In order to strengthen his control over the arsenals of the whole country, Yuan Shikai, from June 1915 to February 1917, established, in Beijing, the Office for the Superintendence of Arsenal Affairs, responsible for the superintendence of arsenal affairs throughout the country, and placed it under the direction of Sa Zhenbing (1858–1952). After Sa took power, he brought the 5 principal arsenals—the Shanghai Arsenal, the Hanyang Arsenal, the Hanyang Steel and Powder Works, and the Dexian Arsenal—entirely under the jurisdiction of the Office for the Superintendence of Arsenal Affairs, and attempted to abolish the original establishment of the Shanghai Arsenal and merge it into the Hanyang Arsenal, intending to build the Hanyang Arsenal into the center of weapons manufacture for the whole country. However, because Yuan Shikai harbored ulterior motives, fearing that the expanded arsenal might fall into the hands of the southern revolutionary party and become a weapons-manufacturing base controlled by revolutionaries, he then changed his original plan, and decided instead to select Gong County in Henan as the site for a newly built arsenal. At the same time, the Shanghai Arsenal’s 138 pieces of machine-processing equipment, 18 gunpowder-manufacturing machines, and the shell-manufacturing machinery of the Hanyang Arsenal were all transported together to Gong County, to be installed in the newly built Gongxian Arsenal. In order to ensure that the newly built Gongxian Arsenal could begin operations on schedule and possess sufficient technical strength, a portion of the core technical personnel from the Shanghai Arsenal and the Hanyang Arsenal were selected and relocated to Gong County together with the machinery and equipment, and the Beiyang government appointed Yuan Naikuan as factory director and Zhang Zhengfang as superintendent. However, just as this matter was being carried out, Chen Huan (1869–1943), Military Governor of Sichuan, and Tang Xiangming (1883–1975), Military Governor of Hunan, successively declared the independence of their two provinces, and the plan had to be abandoned②.

On June 6, 1916, Yuan Shikai died of fright and anxiety amid the curses of the people of the whole country, and Vice President Li Yuanhong (1864–1928) succeeded him as President, controlling the military and political power of the Beiyang government. In February 1917, Li’s Beiyang government ordered the abolition of the Office for the Superintendence of Arsenal Affairs, placing the arsenals of the whole country directly under the jurisdiction of the Ministry of the Army, under which was established the General Ordnance Bureau, its director-general managing all matters of the Ordnance Bureau③. At the same time, a plan was proposed to expand military armaments, readjusting the layout of the arsenals throughout the country; any factory manufacturing military ordnance items for the army was to be called the “Army Arsenal No. [X]”④, and it was decided to establish 6 major arsenals throughout the country. Their establishment was as follows: Hanyang as No. 1, Beiyang as No. 2, Nanyang (Shanghai) as No. 3, Guangzhou as No. 4, Dexian as No. 5, and Yinbian (newly added) as No. 6, with all other arsenals to be abolished; the more than 170 pieces of machinery and equipment of the Shanghai Arsenal’s rifle factory were to be transferred to the Hanyang Arsenal, and 2 million silver yuan were allocated to expand the Hanyang Arsenal. Before this plan could be fully realized, Zhang Xun (1854–1923), Military Governor of Anhui, gathered together the remnants of the Qing loyalists and, in July 1917, staged the farce of restoring Puyi to the throne; Li Yuanhong was forced to step down, and the plan for expanding military armaments fell through. Nevertheless, the Hanyang Arsenal, having received generous subsidies from the Beiyang government, was able to develop ahead of the others.

Besides the Hanyang Arsenal, the Gongxian Arsenal, which the Beiyang government had planned so painstakingly to establish, also developed rapidly. This factory occupied about 700 mu of land; its planning and construction began in August 1915, and, by 1927, it had successively built an electrical-machinery factory, a water tower, a railway spur line, a shell-pressing factory, a pistol workshop, a shell-loading factory, three I-shaped office buildings, and several dozen other factory buildings, workshops, and office buildings; it was equipped with various kinds of weapons-manufacturing equipment purchased from the American Bullard Company and others, and adopted a generator, boiler, and electrical system manufactured by the Siemens Company. Starting in 1925, it manufactured automatic pistols, hand grenades, aerial bombs, and shells of 150-millimeter diameter. By 1927, it had already succeeded in imitation-manufacturing the submachine gun and the 82-millimeter-caliber mortar and its accompanying shells.

① Draft Letter from the Ministry of the Army’s Ordnance Department to the Qing History Institute Concerning the Historical Development and Manufacturing Conditions of the Arsenals (June 28, 1917), Archives, vol. 2, p. 9 (Archives of the Ministry of the Army of the Beiyang Government).

② Wang Guoqiang: A History of the Development of China’s Ordnance-Manufacturing Industry, Liming Cultural Enterprise Center, Taiwan, China, 1986 edition, p. 74.

③ Draft Regulations for the Organization of the Ministry of the Army’s Ordnance Bureau (1917), in Archives, vol. 2, p. 19 (Archives of the Ministry of the Army of the Beiyang Government).

④ Draft Regulations for the Organization of the Arsenals Proposed by the Ministry of the Army (1917), in Archives, vol. 2, p. 20 (Archives of the Ministry of the Army of the Beiyang Government).



2. The Rival Establishment of Arsenals by Warlords on All Sides

From the time of Yuan Shikai’s death in June 1916, the Beiyang government began to fragment, taking shape as a situation of warlord fragmentation throughout the country; in order to expand their military strength and stand as equals against the Beiyang government in Beijing, the warlords of the various regions, on the one hand, strove with all their might to contest and control the existing arsenals, and, on the other hand, also vigorously founded new arsenals within their own spheres of influence.


(1) An Overview of the Arsenals Founded by the Various Sides

From 1917 to 1925, the arsenals founded by the warlords of the various sides numbered more than a dozen; nominally they were subordinate to the Ministry of the Army of the Beiyang government, but in reality each acted as it pleased, and the Ministry of the Army’s control over them was very weak. Among these were: the Fengtian Ordnance Bureau, the Northeastern Three Provinces Arsenal, and the Fengtian Mortar Factory, successively founded in Shenyang by Zhang Zuolin (1875–1928), Military Governor of Fengtian; in 1925, the machine-gun factory newly built, on the foundation of the Shandong Arsenal, by Zhang Zongchang (1881–1932), Military Governor of Shandong, internally divided into a machine factory, a gunpowder magazine, a cartridge magazine, and a materials magazine, manufacturing rifles of 7.9-millimeter caliber, nitric acid, sulfuric acid, and ammunition①; the Shanxi Army Ordnance-Repair Institute, expanded at Taiyuan by Yan Xishan (1883–1960), Military Governor of Shanxi; the Shanwei Ammunition Factory, founded at Haifeng, Guangdong, by Chen Jiongming (1878–1933), Military Governor of Guangdong; the arsenal founded at Daxian, Sichuan, by Yan Deji (1882–?), Commander of the National Pacification Army at Daxian, Sichuan; the ordnance-repair-and-cartridge-reloading factory founded at Baise by Liu Rifu, Commander of the First Army of the Guangxi Autonomous Army; the Longnan Machine Bureau founded at Tianshui by Kong Fanjin, Pacification Commissioner of Longnan, Gansu; the Chishui Arsenal and the Yanhe Gun Factory founded in Guizhou by Zhou Xicheng, Commander-in-Chief of the Guizhou Army; the ammunition factory and the Guangxi Arsenal founded at Guiping, Guangxi, by Li Zongren (1891–1969); the Tengxian Ammunition Factory, the Wuzhou Yong’an Smokeless Powder Factory, the Guangxi Explosives Factory, and the Guangxi Ammunition Factory founded in Guangxi by Huang Shaohong (1895–1966); and the Hengyang Ordnance Bureau founded at Hengyang by Tang Shengzhi (1889–1970), Southern Hunan Pacification Commissioner, among others.

Among the arsenals founded by the various warlords described above, the Northeastern Three Provinces Arsenal and the Taiyuan Arsenal (that is, the Shanxi Army Ordnance-Repair Institute) were comparatively large in scale, and had an important influence on the development of China’s modern weapons industry.



(2) The Northeastern Three Provinces Arsenal

Also called the Northeast Arsenal or the Shenyang Arsenal. Zhang Zuolin, together with the Beiyang government and the authorities of Jilin and Heilongjiang provinces, agreed to establish an arsenal at Fengtian, to manufacture guns, artillery, and ammunition. On June 5, 1919, the former site of the Survey Bureau, outside the Great East Side Gate of Shenyang city, was chosen as the factory site, and a new-model arsenal was built there, occupying an area of 3,692 mu; foreign technicians were engaged to supervise the manufacture of the various types of ordnance, and the funds for building the factory were shared by the three provinces of Fengtian, Jilin, and Heilongjiang in the proportions of 50%, 30%, and 20%; the finished products were supplied for the use of the garrison troops of the three provinces, and were also sold externally to other provinces. When the new factory was completed in 1922, the Fengtian Ordnance Factory was merged into it, and it was further expanded in 1925, importing a large batch of equipment from Germany. By 1928, the factory had various sub-factories, including a gun factory, an artillery factory, a shell factory, a fittings factory, a gunpowder factory, a foundry, a machine factory, a mint, and a power factory; it possessed more than 8,000 pieces of machinery and equipment, had its own electricity-generating plant with an installed capacity of 10,000 kilowatts, more than 21,000 employees, and engaged more than 30 technical personnel from Japan, Austria, Germany, and France; it could manufacture 4,000 rifles, 15 million rounds of rifle ammunition, and more than 100 tons of gunpowder and explosives per month, and was able to manufacture carronades and howitzers of 37–130 millimeter caliber, as well as mountain guns, field guns, and anti-aircraft guns of 75 millimeters; it was, at that time, the largest arsenal belonging to a local power in China②.



(3) The Taiyuan Arsenal

This factory’s predecessor was the Shanxi Machine Bureau, with its factory site outside the north gate of Taiyuan. In 1914 it was renamed the Shanxi Army Ordnance-Repair Institute. By the early period of the Beiyang government, it had only more than 30 machines and more than 200 employees, and was capable only of repairing firearms and manufacturing bayonets. Starting in 1917, Yan Xishan carried out repeated expansions, and its scale grew larger year by year; in March 1920 it was renamed the Shanxi Military Industrial Apprenticeship Institute,

① An Overview of the Shandong Arsenal, in Archives, vol. 2, p. 117 (Concise Statistical Report of the Army).

② For subsequent developments, see the “Summary Table of the Historical Development of China’s Modern Arms-Research Institutions” in Section 5 of this chapter.

and, by 1926, already possessed 2,300 machines and more than 11,000 employees, with 17 sub-factories, including ones for the submachine gun, artillery, small-arms ammunition, shells, rifles, machine guns, bombs, fuzes, powder-pressing, smelting, wooden patterns, machinery, aircraft, and stamping, mainly manufacturing rifles, machine guns, artillery, and ammunition, producing 900 submachine guns, more than 10 artillery pieces, and 30,000 hand grenades per month; it had once trial-manufactured a helicopter, which crashed during a test flight owing to technical and quality problems. In January 1927, Yan Xishan once renamed it the Taiyuan Arsenal, but because Chiang Kai-shek did not permit local governments to run arsenals, the factory’s name was changed back①. Its scale was second only to that of the Northeastern Three Provinces Arsenal.

The arsenals built and expanded in the Beiyang government period advanced the manufacturing and use technology of late Qing firearms forward by a great step. What is regrettable and unfortunate is that this progress played no role in resisting foreign invasion, but was instead dissipated in warlord civil wars. Some arsenals, such as the Dexian Arsenal and the Sichuan Arsenal, suffered severe destruction in warlord civil wars not long after their founding.




3. Famous Weapons Developers

The arsenals of the Beiyang government period were in a technologically backward state, relying heavily on foreign engineering and technical personnel, and, in many respects, displayed all the various ills of a colonial weapons industry controlled by outsiders; the talent of domestic weapons developers was, owing to various forms of suppression, unable to be fully displayed. Nevertheless, there were also some weapons developers who, amid difficult circumstances, through their own unremitting efforts, created, in certain respects, achievements worthy of note.

Han Linchun (1888–1931) was a famous firearms developer of China’s Beiyang government period. His courtesy name was Fangchang, and he was a native of Shenyang. He graduated from the artillery branch of the Japanese Army Officer Academy. After returning to China, he served, from April 1912, as section chief of the Weapons Section of the Ministry of the Army’s Ordnance Department. In June of the following year, he went to the Shanghai Arsenal to trial-manufacture a machine gun then under design. This machine gun took Japan’s newest-model machine gun as its sample, used ammunition interchangeable with the rifle, and performed well. While serving as superintendent of the Northeastern Three Provinces Arsenal in 1922, he modified the originally manufactured machine gun of 7.9-millimeter caliber, adding a protective cover to the gun body to guard against the intrusion of windblown sand, and this became known as the “Han-Type 7.9 Machine Gun” or the “Han Linchun-Made” machine gun②.

Shen Fengming (?–1916) was a smokeless-powder developer of China’s Beiyang government period. His courtesy name was Hanting, and his native place is unknown. In 1911, he was in charge of part of the operations of the Hubei Steel and Powder Works. In July 1912, he was promoted to superintendent, and took charge of improving the technique for compounding smokeless powder, raising the factory’s daily output of smokeless powder from 200 pounds in the first half of 1913 to 300 pounds, and enabling it to be used with the 75-millimeter-caliber recoil-tube gun imitation-manufactured by the Hubei Arsenal; at the same time, he also led the factory’s employees in improving the powder-manufacturing equipment, fractionally distilling and recovering the waste acid solution left over the years from nitrating cotton fiber, and, from processing 2,800 pounds of waste acid solution per day, was able to recover 400 pounds of nitric acid and 1,600 pounds of sulfuric acid for reuse. On July 13, 1916, while clearing out several crates of explosives handed over by the Pacification Commissioner of Hankou, he was killed in an explosion, becoming, after Xu Jianyin, the second superintendent-level smokeless-powder developer at the factory to die in a gunpowder explosion accident③.

Liu Qing’en (1869–1929) was a gun-and-artillery developer of China’s Beiyang government period. His courtesy name was Guochen, and he was a native of Deyang, Sichuan. He was a graduate of the Guangdong Naval Academy. He later went to Tokyo Imperial University in Japan to study the specialty of gun-and-artillery manufacture, and, after graduating, returned to the Hubei Arsenal to engage in gun-and-artillery manufacture. Once, in his capacity as a member of the Tongmenghui, under orders from Sun Yat-sen, he went to the Krupp gun works to inspect gun-casting technology and to purchase artillery for the revolutionary party. When he was promoted to superintendent of the factory in July 1912, using an American product as a sample, he imitation-manufactured China’s earliest semi-automatic rifle, and received the award of the Fifth-Class Order of Merit from the authorities. In 1918, Liu Qing’en, using his own private funds, trial-manufactured artillery,

① For an overview of this factory after 1930, see the “Summary Table of the Historical Development of China’s Modern Arms-Research Institutions” in Section 5 of this chapter.

② See China’s Modern Weapons Industry, p. 256.

③ See China’s Modern Weapons Industry, p. 256.

whose range was comparatively long, and, because it fired in succession and hit its target in succession, came to be called by people the “Qing’en Gun”①. In August 1920, he left his post owing to a cerebral hemorrhage, and died the following year.

Xu Shangwu (1871–?) was an explosives developer of China’s Beiyang government period. The son of Xu Jianyin, he came from a family lineage devoted to explosives, and was thoroughly versed in the technology of developing and using explosives. When he was sent to the Shanghai Arsenal in July 1912, in the capacity of senior technician, to take up technical work, he, together with the employees there, produced smokeless powder for use with the 7.9-millimeter rifle cartridge, and smokeless powder for use with the 75-millimeter artillery shell②. In the autumn of 1915, he imitation-manufactured, at the Dexian Arsenal, yellow picric acid and oil-sweet explosive, and, at Nanyuan in Beijing, carried out a comparative test with the yellow explosive manufactured by Japan. Through nine types of test method—test-detonating rails, steel plate, large trees, large stones, and cast-iron plate, projectile impact, forceful impact, ignition, and underwater release—its performance was found to be roughly equal to the yellow powder manufactured by Japan, and he received the award of the Fifth-Class Order of Merit from the authorities. In 1917, drawing on more than 20 years of experience, inheriting the achievements of his father and grandfather, and absorbing the essence of foreign treatises, he wrote The Xu Family Method of Explosives, which was reviewed and published by the Ministry of the Army. After he became director of the Shanghai Arsenal in October 1917, this book was printed in 1924. Starting in 1918, he repeatedly organized technical personnel to test newly developed explosives, bombs, cartridges, and the firing of shrapnel-shells. He himself, in 1924, also trial-manufactured a safety explosive, usable for filling hand grenades, aerial bombs, land mines, artillery shells, and the like, whose explosive power was equal to that of yellow explosive, with good stability and ease of storage③.

Lai Ruilin (?–1962) was a developer of explosives and ammunition of China’s Beiyang government period. In 1925, he served as a technician at the Guangxi Explosives Factory, and made many innovations in ammunition-manufacturing technology, successively trial-manufacturing white-iron submachine-gun-type hand grenades, hemp-tailed hand grenades, land mines, naval mines, and various other kinds of ammunition. Among these, the hemp-tailed hand grenade was an impact-detonated hand grenade with comparatively great killing power, which was once manufactured in large quantities and used extensively in the Northern Expedition War. From 1929 to 1938, he successively served in such posts as director of the Guiping Ammunition Factory, director of the Bomb Department of the Fourth Group Army of the National Revolutionary Army, director of the Second Machine Factory of the Fifth Group Army, director of the Bomb Factory of the Fortieth Factory, and chief engineer of the Thirtieth Factory, making contributions to ordnance-development technology④.

Yang Wenkai (1883–?) was a machine-gun development expert of China’s Beiyang government period. Also known as Yang Jianzhang, he was a native of Huanghua, Hebei. In 1902, he entered the Infantry Section of the Baoding Army Officer-Training Camp as a soldier-student, and was selected to enter the Army Accelerated Military-Preparedness Academy. From 1904 to 1909, he studied at the officer academy in Japan, and returned to China after graduating. In October 1921, he served as superintendent-general of the Hanyang Arsenal, organizing and leading the factory’s employees in imitation-manufacturing more than a thousand Browning-type light machine guns, with good test-firing results. This happened to occur on the tenth day of the tenth month of the tenth year of the Republic, and so the machine gun was named the “Three Tens Festival”-type heavy machine gun, and was later imitated by other arsenals. In December 1922, he also organized the employees in imitation-manufacturing 2 mortars, which performed so well that, in April 1923, the President’s Office Military Affairs Bureau ordered 50 of them along with 10,000 accompanying shells. During Yang Wenkai’s term of office, because his organization and leadership were skillful and his measures appropriate, the munitions products manufactured were of superior quality, and orders poured in from the various provinces one after another; manufacturing capacity rose to 200 rifles per day and 2 million rounds of ammunition per month, placing it at the forefront among all the arsenals. In January 1925, Yang Wenkai left his post.

Besides the comparatively famous figures described above, there were also some other weapons developers, who each achieved a certain degree of success.

The period of the Beiyang government happened to coincide with a time when the Western countries were preoccupied with the First World War, having no time to attend to the East, and China’s weapons industry, along with other national capitalist industries, achieved a certain degree of development. After the war, the weapons of the European countries also underwent many improvements on the basis of summarizing the experience and lessons of the war. China’s arms developers took advantage of this opportunity to keep pace, achieving a certain degree of progress in the development and use technology of gunpowder, firearms, and artillery; the types of weapons manufactured increased day by day, their performance improved somewhat, and their quality

① Liu Shuyun: The Deeds of Liu Qing’en, Historical Materials on the Ordnance Industry, vol. 15, p. 170; Wu Chengxi: Miscellaneous Recollections of Arsenals in the Early Republic, Selected Historical and Literary Materials, vol. 11.

② A Brief Chronicle of Important Matters of the Ministry of the Army’s Ordnance Department, in Archives, vol. 2, pp. 1, 347–350.

③ Wu Chengxi: Miscellaneous Recollections of Arsenals in the Early Republic, in Selected Historical and Literary Materials, vol. 11.

④ Huang Shaohong: The Relationship Between the Rise of the New Guangxi Clique and the Ordnance Industry, originally published in Historical Materials on Guangxi’s Modern Ordnance Industry.

also improved, with the caliber, length, and other technical parameters of guns and artillery becoming increasingly standardized, taking an important step forward in the standardization and normalization of weapons as well.

According to statistics compiled from various sources in China’s Modern Weapons Industry: in the Beiyang government period there were a total of 28 arsenals, and, from 1912 to 1927, they manufactured, in total, 725,200 firearms of various kinds, 2,643 artillery pieces (of which 2,302 were mortars), 846.46 million rounds of ammunition, 276,300 shells (of which 125,700 were mortar shells), 143,200 hand grenades, and 1.5438 million kilograms of gunpowder and explosives①.




Section 3 The Military Industry of the National Government Period

Just as the Northern Expedition army advanced into the middle and lower reaches of the Yangtze River in 1927, and the revolution was winning victory after victory, Chiang Kai-shek (1887–1975) betrayed the policy of Kuomintang-Communist cooperation and opposition to imperialism and feudalism established by Sun Yat-sen, colluded with the imperialist powers, and launched the “April 12” counter-revolutionary coup in Shanghai, cruelly massacring Communists and revolutionary masses; he established a separate Kuomintang Central Committee and National Government in Nanjing, firmly controlling the army and grasping military power, and established the Ordnance Department under the Ministry of Military Administration, uniformly managing weapons manufacture and optimizing the army’s equipment, so that the administration of the military industry began to move, from each faction governing itself, gradually toward centralized unity, entering a period of development in which manufacture was carried out according to plan and under unified regulations. This period can further be divided into three stages of development: before the War of Resistance Against Japan (1928–July 1937), the War of Resistance Against Japan (July 1937–August 1945), and after the victory of the War of Resistance Against Japan (August 1945–September 1949)②.


1. The Military Industry Before the War of Resistance Against Japan

After Chiang Kai-shek seized power over the whole country, he encountered manifold difficulties in the political, economic, and military spheres alike. Factional struggles within the Kuomintang and chaotic warfare among the new warlords never ceased for a single day; the intensification of Japanese imperialist aggression against China deepened the crisis of the Chinese nation, and the calls of the people of the whole country for unity in resisting Japan rose ever higher, while his policy of passive resistance to Japan and active opposition to the Communists met with bitter condemnation from the people of the whole country; the development of the revolutionary base areas and the Workers’ and Peasants’ Red Army, led by the Communist Party of China, left Chiang Kai-shek unable to sit still, in a state of alarm and terror, and, in order to preserve his own reactionary rule, he carried out the policy—running against the tide of history—of “internal pacification before external resistance,” using his military strength to deal with the Communist Party and suppress the revolutionary people, and, taking this as his starting point, deployed the construction of arsenals and the manufacture of weapons accordingly.


(1) Establishing the Ordnance Department to Centrally Control the Arsenals of the Whole Country

On November 11, 1928, the Nanjing National Government established the Ordnance Department, appointing Zhang Qun (1889–) as its director. On December 11, it promulgated the Regulations of the Ministry of Military Administration’s Ordnance Department, stipulating that “the Ordnance Department is directly subordinate to the Ministry of Military Administration, and manages the ordnance of the whole country and all construction matters relating to ordnance”③, deciding that major matters such as the design and manufacture of products, weapon standardization, finished-product inspection, and allocation at the various arsenals were not to be interfered with by local governments, and that whenever major matters relating to ordnance construction involved local governments, they were to be coordinated and handled directly between the Ordnance Department and the local government. After Yu Dawei (1896–1993) took over as director of the Ordnance Department on January 26, 1933, he, in 1935, established, within the Ordnance Department, such departments as the Main Office, the Manufacturing Bureau, the Technical Bureau, and the Ordnance Bureau, and, taking October 1929

① China’s Modern Weapons Industry, p. 10. Regarding the number of arsenals in the Beiyang government period, this book records it as 28 on p. 132, and as 47 on p. 10; further, checking against the book’s “Summary Table of the Historical Development of Modern Ordnance Bureaus, Factories, Institutes, Schools, Offices, and Depots,” only 28 arsenals are listed for 1912–1928, so the figure given on p. 10 is in error.

② For an overview of the historical development of the ordnance-development institutions in each stage, see the “Summary Table of the Historical Development of China’s Modern Arms-Research Institutions” in Section 5 of this chapter.

③ Regulations of the Ministry of Military Administration’s Ordnance Department, in Archives, vol. 3, pp. 12–13 (Chongqing Archives, Materials, Laws and Regulations, vol. 373). “Chongqing Archives” is the abbreviated name for the archives held by the Chongqing Archives Bureau; the same applies below.

31, as its basis, the Law on the Organization of Arsenals① promulgated by the Executive Yuan, exercised even stricter control and jurisdiction over the arsenals of the whole country.



(2) Readjusting the Layout of the Arsenals

Immediately after its founding, the Ordnance Department readjusted the layout of the arsenals of the whole country. By 1932, the arsenals under its direct jurisdiction were the Shanghai Arsenal, the Shanghai Steel-Refining Factory, the Jinling Arsenal, the Hanyang Arsenal, the Hanyang Gunpowder Factory, the Gongxian Arsenal, the Northeastern Three Provinces Arsenal, and the Huayin Arsenal. Among these, the Shanghai Arsenal ceased operations after the “January 28” Incident of 1932. The Northeastern Three Provinces Arsenal was seized by the Japanese army at the time of the “September 18” Incident in 1931.

After the “September 18” Incident, the Chinese nation faced a crisis of national subjugation, and the National Government’s authorities likewise encountered a perilous situation of life and death, and so the focus of ordnance manufacture began to be appropriately readjusted, from being centered mainly on “internal pacification” to being centered mainly on resisting Japan and national self-defense. For this purpose, the Ministry of Military Administration, at its departmental affairs meeting of April 16, 1932, decided that the Ordnance Department, together with the Military Affairs and Ordnance Bureaus of the Army Department, would draft a Plan for New Arsenals; after several rounds of consultation, the First Bureau of the General Staff Headquarters, on August 29, 1932, put forward a Draft Plan for the Reorganization of the Arsenals; although this Draft Plan focused mainly on reorganizing the old factories, with the construction of new factories as a secondary matter②, it fell short of the main aim of resisting Japan and “repelling foreign aggression.”

The content of this readjustment included the abolition, merger, and transfer of some arsenals: the Shanghai Arsenal was abolished, and its subordinate sub-factories were transferred, respectively, to the Jinling Arsenal, the Hanyang Arsenal, and the Hanyang Gunpowder Factory; the Jinling Arsenal itself was no longer to be expanded, and the scale of its mortar factory was to be reduced; the machine-gun factory and artillery factory of the Hanyang Arsenal were to be strengthened, to meet the need for manufacturing heavy machine guns, rifles, field guns, and mountain guns; the scale of the shell factory of the Gongxian Arsenal was to be expanded, with additional machinery and equipment installed; the scale of the Jinan Arsenal’s cartridge factory, light-mortar factory, and hand-grenade factory was to remain unchanged, while production at its heavy-mortar factory and aerial-bomb factory was to be halted; and the status quo of the Huayin Arsenal was to be maintained (it ceased operations in 1933). In addition, there were also some other ordnance institutions that fell within the scope of this readjustment.



(3) Taking Over and Reorganizing the Arsenals of the Various Localities

Before the “September 18” Incident, the area actually ruled by the National Government was limited to the provinces of the middle and lower reaches of the Yangtze River, and some provinces were still controlled by regional power-holders, who also each possessed their own arsenals. Examples included Guangdong’s First and Second Weapons-Manufacturing Factories and Chemical Arsenal, the various arsenals of Chongqing and Guangxi, and the Taiyuan Arsenal and the Shenyang Arsenal, among others. Apart from the Shenyang Arsenal, which had already fallen into the hands of the Japanese army, the other arsenals all possessed a considerable scale and manufacturing capacity, and had to be uniformly taken over and reorganized for use in resisting Japan. The circumstances of their being taken over and reorganized were tortuous, difficult, and quite complex.

Guangdong’s three arsenals were controlled by the Guangdong-faction warlord Chen Jitang (1890–1954); the factories were equipped with advanced machinery manufactured in Germany, and mainly manufactured various types of artillery and shells. In 1936, Chen Jitang and Li Zongren launched the “June 1 Incident” of the two Guangs (Guangdong and Guangxi), which the National Government quickly quelled; the three arsenals were brought under the control of the National Government, and the Ordnance Department was ordered, in November 1936, to reorganize them into the Guangdong First and Second Arsenals and a mask factory.

The various arsenals of Guangxi were controlled by the Guangxi-faction leader Li Zongren (1891–1969). On July 7, 1937, the Marco Polo Bridge Incident broke out, and Li Zongren held that “the situation today allows only two paths to follow: either resist to the end to preserve the nation, or surrender and perish”③, and so he voluntarily handed over the various arsenals of Guangxi, requesting that the central government take overall charge of them.

The various arsenals of Chongqing were founded and controlled by Liu Xiang (1889–1938), Governor of Sichuan Province and concurrently commander of the 21st Army④. Among

① Directive of the Executive Yuan Promulgating the Law on the Organization of Arsenals, in Archives, vol. 3, pp. 231–233 (Guizhou Provincial Archives, Fonds No. 02, Volume No. 255).

② Official Letter from the General Staff Headquarters Forwarding the Draft Plan for the Reorganization of the Arsenals to the Ministry of Military Administration (August 29, 1932), in Archives, vol. 3, pp. 94–96 (Chongqing Municipal Archives, Ordnance Department, Section 1, Volumes 38–42).

③ The Memoirs of Li Zongren, in The Weapons Industry of Chongqing During the War of Resistance, p. 35.

④ Lin Huajun: Liu Xiang’s Arsenals, in Selected Historical and Literary Materials of Sichuan, vol. 15.

these were the Chongqing Weapons Repair Institute, the Sichuan-Xikang Pacification Office Cartridge Factory, and the Huaxing Machine Factory, among others①. On June 22, 1937, He Yingqin (1890–), commander-in-chief of the Fourth War Zone, formally transmitted, by telegram, the Sichuan-Xikang Army Reorganization Plan to Liu Xiang; Article 8 of the Plan stipulated: “The defense industry and the ordnance-manufacturing enterprise are to be uniformly managed by the central government, and all manufacturing and repair factories are to be taken over by the central government.”② After receiving this telegram, Liu Xiang put up all manner of obstruction, and it was not until the War of Resistance broke out and Liu Xiang died of illness in 1938 that the National Government, at great cost, was able to take them over.

When the National Government attempted to take over the Taiyuan Arsenal, the negotiations were unsuccessful, and, as a result, the factory fell into the hands of the Japanese army when Taiyuan fell on November 9, 1937.



(4) Establishing Weapons Research Institutions

In order to develop new-model weapons and improve the performance of existing weapons, the Ordnance Department decided to establish some weapons research institutions.

Five research institutes were established in Nanjing. Among these were: the Physics and Chemistry Research Institute, established at Dafang Lane in Nanjing from 1932 to 1937, which carried out testing of weapons materials③; the Applied Chemistry Research Institute, engaged in research into chemical reagents and defense against chemical warfare technology④; the Ballistics Research Institute, engaged in research into the interior and exterior ballistics of guns and artillery⑤; the Precision Research Institute, established outside the Zhongshan Gate in Nanjing, engaged in research into precision instruments⑤; the Aviation Ordnance Technology Research Office, established at Longpanli in Nanjing, engaged in research into aviation weapons⑦; and the Optical Equipment Research Institute, established at No. 5 Luojia Road in Nanjing⑧.

A chemical factory was established at Gong County. In 1932, after the “January 28” Incident, the Ordnance Department established a chemical factory at Gong County, under which were established such sub-factories as a sulfuric-acid factory, a salt-electrolysis factory, a tear-gas factory, a smoke-screen factory, a shell-filling factory, a gas-mask factory, and an activated-carbon factory⑨.

Although the Draft Plan for the Reorganization of the Arsenals of the General Staff Headquarters still did not entirely meet the demands of the all-out resistance situation of the time, nor the wishes of patriotic people, it had nevertheless already begun to gradually take shape as an approach to developing the weapons industry aimed at resisting the Japanese invaders’ aggression against China: establishing arsenals in the comparatively safe, deep interior regions of Sichuan, Yunnan, Hunan, Guizhou, and elsewhere, forming a strategic base for weapons manufacture for the whole country; striving for self-sufficiency in raw materials and an independent weapons-manufacturing industry; while developing weapons manufacture, beginning to establish weapons-development institutions, paying attention to cultivating a domestic body of weapons-development talent and skilled workers, and setting about mastering the technology for developing new-model weapons; causing ordnance manufacture to gradually move toward standardization and normalization; and increasing the output of ordnance products, founding some new arsenals to the extent that resources allowed⑩.



(5) Gun and Artillery Manufacture Begins to Standardize and Normalize

In view of the mixed and inconsistent state of the weapons with which the army was equipped at that time, the Ordnance Department convened meetings, in June 1932 and December 1934, to discuss the standardization of weapons, holding that it should be based on the trends in the development of weapons worldwide, and should take detailed account of China’s

① Lu Dayue: The Weapons Industry of Chongqing in the Republican Period, in Chongqing Historical and Literary Materials, vol. 35, Southwest Normal University Press, 1991 edition.

② Zhu Huisen, ed.: An Outline of the Historical Events of the Republic of China, entries for June 2 and June 22, 1937, Academia Historica, Taiwan, 1985 printing.

③ Plan for the Relocation to Taiwan and Resumption of Work of the Ordnance Research Institute (1949), archives held by the Second Historical Archives of China.

④ Fourteenth-Anniversary Report of the Ordnance Department’s Applied Chemistry Research Institute (1948), archives held by the Second Historical Archives of China.

⑤ Plan for the Relocation to Taiwan and Resumption of Work of the Ordnance Research Institute (1949), archives held by the Second Historical Archives of China.

⑥ See A History of the Development of China’s Ordnance-Manufacturing Industry, p. 99.

⑦ A History of the Development of Factory No. 27 of the Ordnance Department (1947), in Archives, vol. 3, p. 1226.

⑧ Luo Jianming and Yuan Jiafu: A True Account of the Relocation of Arsenal No. 22 to Yunnan During the War of Resistance, in Industrial and Commercial Enterprises Relocated to the Southwest During the War of Resistance, Yunnan People’s Publishing House, 1989 edition, pp. 134–146.

⑨ For an overview of the research institutions described above, see Section 5 of this chapter: “An Overview of the Historical Development of China’s Modern Arms-Research Institutions.”

⑩ Official Letter from the General Staff Headquarters Forwarding the Draft Plan for the Reorganization of the Arsenals to the Ministry of Military Administration (August 29, 1932), in Archives, vol. 3, pp. 94–100 (Chongqing Archives, Ordnance Department, Section 1, Volumes 38–42).

actual conditions of national defense and army-building, and the needs of combat training, so that the ordnance products manufactured would achieve relative uniformity in their models and specifications①.

For this purpose, the June 1932 meeting formulated the List of Standard Weapons Stipulated by the Standard Weapons Conference, and the December 1934 meeting further formulated the List of Our Country’s Currently Used Weapons and Ammunition of Various Types②. The former stipulated the construction and performance parameters of 17 types of weapons, including the rifle, the light machine gun, the heavy machine gun, the pistol, the anti-aircraft machine gun, and the infantry flat-trajectory gun. The latter, in turn, listed 12 categories of table, covering artillery of various types, the cavalry carbine, the machine gun, the hand grenade, the mortar shell, the artillery shell, the field-gun shell, gunpowder, rifle-and-machine-gun ammunition, the aerial bomb, chemical weapons, optical equipment, and the land mine, listing in full the names and principal construction data of the various standard weapons then in common use; it was the earliest reference archive of modern Chinese standard weapons. Starting in 1935, standardization criteria were first established for the rifle, the machine gun, ammunition common to the rifle and machine gun, and the mortar and mortar shell.

For the rifle, the rifle manufactured by the Gongxian Arsenal in 1935 in imitation of the German 1898-model Mauser rifle was adopted as the standard rifle, and named the Year 24-model rifle. It was later renamed the Zhongzheng-style rifle.

For the machine gun, the heavy machine gun manufactured by the Jinling Arsenal in 1935 in imitation of the German 1908-model Maxim heavy machine gun was adopted as the standard machine gun, and named the Year 24-model heavy machine gun; the Czech-type light machine gun of 7.9-millimeter caliber, imitation-manufactured by the Dagu Shipbuilding Institute, the Chongqing Weapons Repair Institute, the Guangdong Weapons-Manufacturing Factory, the Guangxi First Machine Factory, and the Gongxian Arsenal, was adopted as the standard light machine gun.

For ammunition common to the rifle and machine gun, the rifle-and-machine-gun ammunition of 7.9-millimeter diameter was adopted as the standard ammunition for the rifle and machine gun.

For the mortar and its shell, the 82-millimeter-caliber mortar designed by the Jinling Arsenal in 1931, and its accompanying mortar shell, were designated as standard equipment.

In 1934, the standardization measures determined by the Ordnance Department created the conditions for expanding manufacture at the arsenals and for the standardization of the army’s equipment. Thereafter, weapons standardization gradually became more complete, and, on June 1, 1940, the Unified Nomenclature and Classification Table for Ordnance, drafted by the Ordnance Department, was promulgated in the name of the Ministry of Military Administration, uniformly dividing ordnance into 5 major categories—guns and artillery, ammunition, operational equipment, weapon parts and accessories, and special-purpose vehicles—with a unified nomenclature for ordnance established under each major category. For example, the guns-and-artillery category had 17 product names: the rifle, the light machine gun, the heavy machine gun, the anti-aircraft machine gun, the submachine gun, the pistol, the signal pistol, the grenade discharger, and so on; and the mortar, the flat-trajectory gun, the autocannon, the anti-tank gun, the infantry accompanying gun, the mountain gun, the field gun, the howitzer, and the anti-aircraft gun, among others③. After the unification of nomenclature, it became more convenient both for storage in peacetime and for unified allocation in wartime, and was more conducive to the coordinated use of equipment in combat.



(6) The Increase in Weapons Output

Through the various readjustment measures described above, the output of weapons saw a considerable increase from 1928 to 1936. According to incomplete statistics, the total quantities of the various weapons manufactured during this period were: 514,000 rifles, 15,200 light machine guns, 6,003 mortars, 1,802 artillery pieces, 589 million rounds of rifle-and-machine-gun ammunition, 1 million mortar shells, 335,000 artillery shells, 6.02 million hand grenades, 100,000 rifle grenades, 1,000 rifle-grenade launchers, 109,000 aerial bombs, 90,000 kilograms of black powder, 1.5 million kilograms of smokeless powder, 2.37 million kilograms of explosives, and 57,000 gas masks④.




2. The Military Industry During the War of Resistance Against Japan

On July 7, 1937, Japanese imperialism deliberately engineered the “Marco Polo Bridge Incident,” launching a war of aggression against China, and the Chinese people rose up in resistance. The National Government, at the beginning of 1936, formulated the Outline for the Implementation of National Defense for 1936, in which the Outline proposed

① Directive of the National Government Military Affairs Commission for Convening a Discussion Conference on Weapons Standardization, in Archives, vol. 3, p. 461.

② See Archives, vol. 3, pp. 459–460, 476–492 (Chongqing Archives, Ordnance Department, Section 1, Volume 742).

③ Unified Nomenclature and Classification Table for Ordnance (Promulgated by the Ministry of Military Administration, June 1, 1940), in Archives, vol. 3, p. 502 (Second Historical Archives, 774, Volume 14).

④ See China’s Modern Weapons Industry, p. 14.

that “all important factories and schools should find ways to relocate to base areas or general base areas”①. This Outline clearly decided to relocate the arsenals to the interior, establishing an ordnance-production base in the great rear area, to supply the needs of the army’s resistance against Japan, and thereby promoting the development of ordnance production. Although this Outline was not fully carried out, most of the arsenals and schools were nevertheless relocated to the great rear-area base centered on Chongqing, playing a certain role in the struggle for final victory in the War of Resistance Against Japan.


(1) The Deployment for Establishing an Ordnance Base in the Great Rear Area

After the full-scale outbreak of the War of Resistance, the Ordnance Department, acting under orders, formulated a plan for relocating the arsenals to the interior: first, the ordnance-development institutions east of the Beijing-Hankou Railway and north of the Longhai Railway were to be relocated to Sichuan, to form a rear-area ordnance-production base; second, a “Three Yangs” arsenal strategic deployment zone was to be established, centered on the three places of Luoyang, Hanyang, and Hengyang. For the sake of secrecy, the Ordnance Department, on February 2, 1938, drew up new factory names for the various arsenals. The new factory names were uniformly stripped of the place name of the factory site and replaced with numerical designations: Arsenals No. 1 through 9 were in Hubei, Factories No. 10 through 19 in Hunan, Factories No. 20 through 29 in Sichuan, Factories No. 30 through 39 in Shaanxi, Factories No. 40 through 49 in Guangxi, and Factories No. 50 through 59 in Yunnan②. In order to promptly organize the relocated arsenals to resume production, the Ordnance Department, starting in September 1937, established offices at Changsha, Wuhu, Yichang, Chongqing, Kunming, Guiyang, Xi’an, Hong Kong, Yangon in Burma, and Dibrugarh in India, responsible for matters relating to the relocation of the factories. In October 1938, the Japanese army invaded Wuhan, and the arsenals that had been relocated to Hubei, Hunan, and Guangxi were forced to relocate again, to Sichuan, Guizhou, and other provinces.

Among the above relocations were: 17 arsenals, 22 scientific-research units, and 1 school, 22 units in total.

In addition, the National Government also established, in November 1944, the Wartime Production Bureau, mobilizing a portion of civilian enterprises to take part in weapons manufacture. In August 1945, Japan surrendered unconditionally, and the Wartime Production Bureau was abolished accordingly.

With the relocated arsenals as the mainstay, together with the various southwestern arsenals that had been taken over and reorganized, and the use of some civilian enterprises to take part in weapons manufacture, a rear-area weapons-manufacturing base took shape, centered on Chongqing and encompassing Sichuan, Yunnan, Guizhou, Hunan, and Shaanxi. Among these, the Chongqing and Sichuan region concentrated 12 of the country’s large and medium-sized arsenals. The relocation of the arsenals to the interior and the formation of the rear-area ordnance base provided a certain quantity of weapons conditions to support the resistance on the frontal battlefield and to secure final victory in the War of Resistance; the relocation of the arsenals to the interior had an important and far-reaching influence on the subsequent industrial development of the western regions, with the development of the steel-smelting and coal-mining industries being especially pronounced; and the relocation of the arsenals to the interior made the layout of China’s weapons industry more balanced and rational.



(2) Progress in Weapons Development

During the War of Resistance Against Japan, the various arsenals, in accordance with the needs of actual combat, achieved a certain degree of progress in improving the manufacturing technique and performance of guns, artillery, and ammunition, and in trial-manufacturing urgently needed weapons.

The improvement of the Chinese-style rifle. Factory No. 21 (formerly the Jinling Arsenal), established in Chongqing in August 1940, improved the barrel, sighting, and firing devices of the Zhongzheng-style rifle; its performance was superior to that of the original Zhongzheng-style rifle and the Hanyang-style rifle, and, after being certified in September 1943, it went into formal production.

The improvement of the Maxim-type heavy machine gun. In 1945, Ordnance Factory No. 21 improved the water-cooled Maxim heavy machine gun into an air-cooled Maxim heavy machine gun, suited to the needs of actual combat in the cold weather of the north, reducing the gun’s weight from 40 kilograms to 31.75 kilograms; it was finalized for production in August 1947, and could fire 500 rounds in continuous succession, achieving a breakthrough advance in heavy-machine-gun manufacturing technology.

The improvement of the Czech-type light machine gun. In 1939, Factory No. 21, drawing on the strengths of the Czech-type light machine gun and the Qilali light machine gun,

① Draft Outline for National Defense Facilities for 1936, archives held by the Second Historical Archives of China.

② Directive of the Ordnance Department for Changing the Names of the Arsenals (February 2, 1938), in Archives, vol. 3, p. 240 (archives held by the Chongqing Municipal Archives).

of the Czech-type light machine gun and the Qilali light machine gun, developed the ZBZ6-type light machine gun in October 1940. From 1941 to 1943, the factory, together with Factory No. 53, made a variety of improvements to this machine gun: the originally designed cooling ring on the barrel was removed, the front-sight guard and the grip were changed to welded steel plate, a rate-of-fire regulator was added, the gas port was moved appropriately rearward, the piston rod was shortened, and the weight of the gun was reduced, making it more convenient to use①.

The improvement of cartridge-manufacturing technique. Factory No. 20 (that is, the 21st Army’s Cartridge Factory) successively made three major improvements to the cartridge-manufacturing process: first, the necking of the brass case was changed from two operations to one, which not only saved manpower and materiel but also reduced wastage and raised the rate of sound cartridge cases; second, the drawing process for the brass case was improved, raising the rate at which the brass case met chamber-fit specifications; third, the sequence of operations for producing the brass case was adjusted, raising the quality of the finished product and saving on brass material—for every 10,000 cartridges manufactured, 50 kilograms of copper sheet could be saved, and, calculated on the basis of manufacturing 15 million cartridge cases per month, 75 tons of copper sheet could be saved per month, so that 900 tons of copper sheet could be saved over the full year; fourth, automation of single-machine cartridge production and combined-stamping processing was realized, shortening the sequence of operations, saving on labor and materials, and raising the rate of production②.

The improvement of the lethality of the hand grenade. In the winter of 1940, the Ordnance Department organized technical personnel of Factory No. 30 to carry out research into improving the structure of the hand grenade, reducing the length of the wooden-handled hand grenade to 215 millimeters and correspondingly shrinking its volume, with its weight also reduced to 560 grams; at the same time, the bottle-shaped casing was changed to a cylindrical casing, with its diameter reduced from 56 millimeters to 42 millimeters, and a mixed explosive of TNT (60%) and potassium nitrate (40%) was adopted, with 50 grams of explosive charge loaded per grenade, using the compression-loading method for filling, which raised its moisture resistance; its lethal radius was 10 to 15 meters, and it could be used in both offense and defense.

The development of new-type explosives. In 1939, the Ballistics Research Institute developed a mixed explosive of potassium chlorate and TNT, with good explosive effect.

In 1945, Factory No. 26 used potassium chlorate and matured tung oil to produce a mixed potassium-copper explosive, whose explosive power and safety were comparable to those of nitrate-TNT explosive, and which was suitable for filling land mines, hand grenades, mortar shells, and aerial bombs, and for use in demolition engineering③.

The development of new-type artillery. In 1943, Factory No. 21, taking the French Brandt-type 120-millimeter-caliber mortar as its point of reference, designed and trial-manufactured a 120-millimeter light mortar, which was finalized for production in 1943 as the Year 33-model mortar. It was later further improved, reducing the weight of the gun from 470 kilograms to 212 kilograms, and, by 1945, 49 had been manufactured, making it a mortar that was convenient to move and easy to operate④. In 1941, Factory No. 50 imitation-manufactured the German Solothurn-type gun. Its caliber was 37 millimeters, with a barrel length of 59 calibers, an anti-tank autocannon, filling a gap in the domestic development of artillery. In addition, the arsenals and research departments of the time also produced fine-quality steel materials and military optical instruments for use with guns and artillery.



(3) The Output of Major Weapons

During the War of Resistance, the broad ranks of employees of the relocated arsenals, united in sincere solidarity, overcame every manner of difficulty, and manufactured a certain quantity of weapons and equipment for the Chinese army. According to statistics compiled by the relevant departments, over the eight years of the War of Resistance the various arsenals manufactured, in total: 837,200 rifles, 111,200 light and heavy machine guns, 5,100 signal pistols, 15,600 pistols, 98 artillery pieces, 15,300 mortars, 1.062 billion rounds of rifle-and-machine-gun ammunition, 10.57 million rounds of pistol ammunition, 100,000 rounds of submachine-gun ammunition, 1.716 million artillery shells, 8.4112 million mortar shells, 33.2985 million hand grenades, 7.1056 million rifle grenades, 1.69 million throwing grenades, 83,800 throwing-grenade-launcher tubes, 39,100 rifle-grenade-launcher tubes, 1.1773 million signal flares, 62,000 aerial bombs, 718,900 gas masks, 13,700 6×30 monocular and binocular telescopes, 562 80-centimeter rangefinders, 3,780 sighting scopes, 31,300 compasses, 938,700 land mines, 8.4117 million explosive charge packs, 840,000 kilograms of black powder, 437,100 kilograms of smokeless powder, and 840,000 kilograms of explosives. These weapons and equipment played an important role in securing victory in the War of Resistance Against Japan①.



(4) The State of the Nation’s Major Arsenals at the Time of Victory in the War of Resistance

On August 20, 1945, the National Government’s Military Affairs Commission issued the Survey Table of the Current Status of the Various Arsenals in the Rear Area, entering into the table the output of the principal products, the number of employees, and the number of pieces of machinery and equipment of each of the arsenals of China’s rear area at that time. Although this table cannot be said to be entirely accurate, it nevertheless basically reflects the level and scale of the development of China’s weapons industry at that time, and is one of the reference materials available for the study of the history of weapons development during the War of Resistance period.

Table 12-1 Survey Table of the Current Status of the Various Arsenals in the Rear Area












	No.
	Factory Name
	Location
	Product Names and Monthly Output
	Personnel
	Machines





	1
	Factory No. 1
	Chongqing
	Rifles 5,400; 75mm artillery shells 4,000
	5,071
	1,073



	2
	Factory No. 2
	Chongqing
	Black powder 2,000 kg; smokeless powder 4 kg; alcohol 4,000 gallons
	2,247
	357



	3
	Factory No. 10
	Chongqing
	37mm artillery shells 5,000; 60mm mortars 150; 60mm mortar shells 50,000
	2,739
	712



	4
	Factory No. 11
	Chenxi, Hunan
	Rifle-and-machine-gun ammunition 1,300,000; 75mm artillery shells 4,000; hand grenades 100,000
	5,114
	1,178



	5
	Factory No. 20
	Chongqing
	Rifle-and-machine-gun ammunition 10,700,000; Type A mines 16,000
	4,347
	1,131



	6
	Factory No. 21 (Main Body)
	Chongqing
	Rifles 8,000; light machine guns 250; heavy machine guns 500; 82mm mortars 220; 82mm mortar shells 70,000; 120mm mortars 10; 120mm mortar shells 3,000
	10,370
	3,424



	7
	Factory No. 21, Qijiang Branch
	Qijiang, Sichuan
	Rifle-and-machine-gun ammunition 1,000,000; 82mm mortar shells 10,000
	2,559
	767



	8
	Factory No. 21, Anning Branch
	Anning, Yunnan
	82mm mortar shells 40,000; Type A mines 4,000
	2,272
	553



	9
	Factory No. 23 (Main Body)
	Luxian, Sichuan
	Gas masks 3,000 sets; potassium chlorate 2,000 kg; alcohol 8,000 gallons; bleaching powder 20,000 kg
	2,516
	1,710



	10
	Factory No. 23, Chongqing Branch
	Chongqing
	Military supplies, produced as needed
	344
	56



	11
	Factory No. 23, Kunming Branch
	Kunming, Yunnan
	Yellow phosphorus 3,000 kg
	142
	44



	12
	Factory No. 24
	Chongqing
	Steel material 300,000 kg; rifle-grenade-discharger tubes 1,000
	4,471
	893



	13
	Factory No. 25
	Chongqing
	Rifle-and-machine-gun ammunition 5,500,000; hand grenades 60,000
	3,267
	1,430



	14
	Factory No. 26
	Chongqing
	Potassium chlorate 20,000 kg
	1,285
	199



	15
	Factory No. 27
	Chongqing
	Year 28-model rifle grenades 10,000; charge packs 70,000
	3,190
	677



	16
	Factory No. 28
	Chongqing
	Alloy steel 7,000 kg; ferrosilicon 5,000 kg
	1,018
	130



	17
	Factory No. 30
	Chongqing
	Rifle-grenade-discharger rounds 30,000; hand grenades 145,000
	2,762
	515



	18
	Factory No. 31
	Xingping, Shaanxi
	Hand grenades 60,000; weapon repair
	1,517
	214



	19
	Factory No. 41
	Tongzi, Guizhou
	Rifles 1,000; light machine guns 300
	3,913
	1,118



	20
	Factory No. 42
	Zunyi, Guizhou
	Gas masks 3,000 sets; protective goggles 7,000
	745
	344



	21
	Factory No. 44
	Guiyang, Guizhou
	Hand grenades 40,000; pistols 300; weapon repair
	2,459
	221



	22
	Factory No. 50 (Main Body)
	Chongqing
	37mm anti-tank guns 2; 60mm mortars 200; 150mm mortar shells 4,000; 60mm mortar shells 20,000; 75mm artillery shells 4,000
	3,890
	740



	23
	Factory No. 50, Chengdu Branch
	Chengdu, Sichuan
	60mm mortar shells 30,000
	1,359
	336



	24
	Factory No. 52
	Yiliang, Yunnan
	Hand grenades 80; charge packs 30,000
	1,066
	156



	25
	Factory No. 53 (Main Body)
	Haikou, Yunnan
	Light machine guns 500; telescopes/binoculars 450; sighting scopes 50; rangefinders 20; compasses 2,000
	2,873
	1,734



	26
	Factory No. 52, Guiyang Branch
	Guiyang, Guizhou
	Repair of optical instruments; planning production of optical glass
	141
	53



	27
	Steel Factory Relocation Committee
	Ba County, Sichuan
	Steel material 3,000,000 kg; pig iron 600,000 kg
	12,218
	1,796



	28
	Southeast Region, Branch No. 1
	Changting, Fujian
	Light machine guns 20; pistols 10
	691
	115



	29
	Southeast Region, Branch No. 2
	Nanping, Fujian
	Rifles 600; hand grenades 15,000
	1,233
	320



	30
	Southeast Region, Branch No. 3
	Yong’an, Fujian
	82mm mortars 15; 82mm mortar shells 1,500
	438
	107



	31
	Southeast Region, Branch No. 4
	Jiangle, Fujian
	Light machine guns 20; reloaded cartridges 200,000
	693
	105



	32
	Southeast Region, Branch No. 5
	Guidong, Hunan
	Light machine guns 15; heavy machine guns 10
	693
	105



	
	Total①
	
	
	82,670
	22,191





Table 12-1 shows that Chongqing and the area in its immediate vicinity, over the course of the eight years of the War of Resistance, relatively concentrated the greater part of the country’s major arsenals, basically forming a strategic base for weapons manufacture and supply in the great rear area.

The various arsenals concentrated in the Chongqing region, manufacturing each category of weapon according to a unified plan, had both a relatively concentrated professional division of labor and were able to complement and support one another, so as to ensure that each category of weapon could bring its combined destructive effect to bear in every manner of combat.

The quantity of weapons manufactured by the various arsenals of the great rear area, the relative completeness of their variety, and the relative excellence of their performance, all exceeded every prior historical period, providing a certain guarantee for securing final victory in the War of Resistance.

Over the eight years of the War of Resistance, approximately eighty to ninety thousand people were engaged in weapons manufacture each year, making an important contribution to victory in the War of Resistance Against Japan, some even giving up their precious lives in the process.




3. The Military Industry After the Victory of the War of Resistance Against Japan

On August 15, 1945, Japan announced its unconditional surrender, and the Chinese people won complete victory in the War of Resistance Against Japan. On May 5, 1946, the National Government returned from Chongqing to Nanjing. In June, the Ordnance Department was placed under the Joint Logistics Command of the Ministry of National Defense. In August, a comprehensive readjustment of the weapons industry began to be carried out.


(1) The Reorganization of Ordnance Machinery and Adjustment of Layout

On August 20, 1945, the Ordnance Department, in accordance with the Military Affairs Commission Plan for the Reorganization of Arsenals and Depots and its related attachments, began to reorganize the ordnance organs and adjust their layout①.

The arsenals that remained in the southwest were: Factories No. 20, 21, 23, 24, 30, and 53, established in Yunnan, as well as the Chongqing Iron and Steel Factory Relocation and Reconstruction Committee, the Chongqing Branch of Factory No. 23, and the Chengdu Branch of Factory No. 50.

The arsenals that were relocated were: Factory No. 11, relocated from Chenxi, Hunan, to Wuhan; Factory No. 31, relocated from Xingping, Shaanxi, to Guozhen; and Factory No. 44, relocated from Guiyang to Jinan.

The arsenals that were reorganized as branch factories were: Factory No. 10 (originally the Artillery Technology Research Institute established in Zhuzhou, Hunan, in 1936, ordered relocated to Chongqing in June 1938) was reorganized into a branch of Factory No. 50 (originally the shell factory of the Second Guangdong Arsenal, established in November 1936, ordered relocated to the new Zhongshu factory in Sichuan in the spring of 1938, called the Zhongshu Branch from the end of 1938). Some factories, after being reorganized, had their subordinate relationships changed, and were relocated and merged into other factories; and some, in addition, were closed and had their operations suspended, being handed over to the relevant factories for safekeeping.

The arsenals that had been established during the period of the Japanese invasion of China were taken over: the arsenals and depots of the Beijing-Shanghai, Northeast, North China, Guangzhou, Shandong, and Wuhan regions were, in 1946, handled by personnel dispatched by the Ordnance Department to each of these locations, who adopted, according to the differing circumstances of each, such measures as new construction, reconstruction, expansion, abolition, and transfer and merger.

The arsenals that were retained were expanded and reinforced: for Factory No. 50 (the Second Guangzhou Arsenal), which was retained on account of its comparatively good original foundation, 110 new pieces of machinery and equipment purchased from the United States were added, raising its manufacturing capacity; the Zhongshu Branch of Factory No. 50 was supplied with additional precision machinery and grinding equipment from the United States; Factory No. 21 ordered 45 machines and 42 sets of tools from the United States; in addition, machinery and equipment worth 1.5 million US dollars were ordered from the United States, to reinforce the various other retained arsenals.

The matter of planning and constructing new-type arsenals was handled by the newly established Ordnance Construction Committee. Starting on January 9, 1946, this committee dispatched personnel abroad to study new technology and to train specialized talent, planning and constructing a new-type cartridge factory, tank factory, ammonia factory, and nitric-acid factory, among others.

The expansion and new construction of ordnance schools and scientific-research institutions began in September 1947: the original Ordnance School was relocated back to Wusong, Shanghai, to organize a new school, and an Ordnance Engineering College and a Training Department were established; the Engineering College established an Ordnance Engineering Department, an Applied Chemistry Department, and a War

① Li Chenggan: The Technical Improvements of Factory No. 21 During the War of Resistance (February 12, 1947), originally published in the solicited manuscripts of Recollections of Serving in Ordnance Work During the War of Resistance.

② Factory History of the Ordnance Department’s Factory No. 20 (May 1948), in Archives, vol. 3, p. 1192 (Chongqing Archives, Factory No. 20, All-Fonds).

③ The Historical Development of the Ordnance Department’s Factory No. 26 (1948), in Archives, vol. 3, p. 1223 (Changshou Chemical Factory archives).

④ Factory History of the Ordnance Department’s Factory No. 21 (February 1948), Table of Changes in Products and Output from 1927 to 1947 (Year 34 [1945] column), in Archives, vol. 3, p. 1207 (Chongqing Archives, Factory No. 21, General Fonds No. 86, vols. 1–3).

① See China’s Modern Weapons Industry, p. 19.

① This table is drawn from the Military Affairs Commission Plan for the Reorganization of Arsenals and Depots, Appendix Table 7, Survey Table of the Current Status of the Various Arsenals in the Rear Area (August 20, 1945), in Archives, vol. 3, pp. 131–133.

① Military Affairs Commission Plan for the Reorganization of Arsenals and Depots, in Archives, vol. 3, pp. 127–130.

Armored Vehicle Engineering Department; the Training Department established an Ordnance Service Section and a Chemical Warfare Section; in addition, such training units and sections as a Meteorological Unit, a Practice Unit, a Junior-Class Student Unit, an Armored Vehicle Engineering Study Unit, and a Gas-Defense Training Section were also established.

At the same time as the ordnance school was being established, the ordnance scientific-research organs were also expanded. In October 1947, the Ordnance Department, taking the former Weapons Exhibition Hall as its basis, established a new Weapons Research Institute, under which were set up 5 research groups—light weapons, heavy weapons, aviation weapons, rockets, and military vehicles—as well as a weapons testing ground.

Some ordnance units were hastily relocated to Taiwan. After the Chinese People’s Liberation Army won victory in the Three Great Campaigns—the Liaoshen Campaign (September 12, 1948 – November 2, 1948), the Pingjin Campaign (November 29, 1948 – January 31, 1949), and the Huaihai Campaign (November 6, 1948 – January 10, 1949)—it crossed the Yangtze River on April 20–21, 1949, and liberated Nanjing on April 23; the Kuomintang army suffered one defeat after another and fled in disorder. The portion of the Ordnance Department’s organs that had remained in Nanjing together with the National Government was hastily relocated to Guangzhou, setting up offices in the three places of Guangzhou, Shanghai, and Taipei. On July 1 it relocated again to Chongqing. In August 1949, the National Government’s Ministry of National Defense was reorganized, and the Ordnance Department was placed directly under the Ministry of National Defense. From November 1948 to May 1949, the Ordnance Department was ordered to urgently relocate some of its main ordnance units to Kaohsiung and Keelung in Taiwan: those relocated to Kaohsiung were Factory No. 26 (renamed Arsenal No. 26 in July 1949), Factory No. 60 (renamed Arsenal No. 60 in July 1949), and Factory No. 11 (merged into Arsenal No. 60 in March 1950); the arsenals relocated to Taipei were Factory No. 44, Factory No. 61 (originally named the Ordnance Department’s Shanghai Repair Office, renamed Arsenal No. 61 in August 1949), and Factory No. 80 (merged into Arsenal No. 61 in March 1950); the Weapons Research Institute, the Applied Chemistry Research Institute, and the Ballistics Research Institute, relocated to Taipei, were merged in February 1949 to form the Ordnance Engineering College; and the Ordnance School relocated, in February 1949, to Lianhua Harbor in Taiwan.



(2) The Total Quantity of Weapons and Equipment Manufactured During the Period of the National Government’s Rule Over the Mainland

According to incomplete statistics, during the period from 1928 to 1949 in which the National Government ruled the mainland, there were, in total, 63 arsenals, which manufactured: 1.8125 million rifles, 2.52 submachine guns, 45,700 pistols, 11,400 signal pistols, 177,900 machine guns, 56,600 mortars, 2,939 artillery pieces, 2.32 billion rounds of rifle-and-machine-gun ammunition, 16.3559 million mortar shells, 1.8613 million artillery shells, 58.1362 million hand grenades, 9.608 million rifle grenades, 2.3303 million rifle-grenade-discharger rounds, 252,000 aerial bombs, 1.41 million land mines, 8.4117 million explosive charge packs, 930,000 kilograms of black powder, 2.0217 million kilograms of smokeless powder, 3.3627 million kilograms of explosives, 20,670 sighting scopes, 24,500 telescopes, 650 rangefinders, 776,000 gas masks, 177,900 rifle-grenade-discharger tubes, and 138,500 rifle-grenade-launcher tubes①.



(3) The Progress and Drawbacks of Weapons Development During the National Government Period

First, a centralized and unified leadership organ was established, which, in accordance with the needs of war and national-defense construction, formulated long-range plans and short-term plans for weapons development, and rationally laid out the weapons-development organs, and, on the basis of reinforcing the specialized weapons-development organs, gave attention to building a comprehensive, nationally interconnected weapons-development system.

Second, the management systems of the various arsenals were strengthened, causing them to develop in the direction of institutionalization and standardization.

Third, the strengths of the fine weapons of other countries were absorbed, tracking imitation-manufacture and modification were carried out, outdated and backward weapons were eliminated, causing the weapons with which the Chinese army was equipped to develop gradually in the direction of standardization and normalization.

Fourth, attention was given to gradually establishing weapons-research organs while developing weapons manufacture at the same time, so that the quality of light weapons such as the rifle, the machine gun, and the mortar was continuously raised, and new products also appeared from time to time.

Fifth, weapons development was markedly unbalanced, giving rise to a lopsided state in the development of light and heavy weapons. Although light weapons made clear progress, the development of such weapons as heavy artillery, anti-tank artillery, and anti-aircraft artillery, which had a comparatively great influence on combat, lacked the attention it deserved, and there were even quite a few gaps, so that, in the War of Resistance Against Japan, there was a lack of weapons capable of defeating the enemy, causing the nation and the people to suffer heavy losses and profound calamity.

Sixth, the arsenals relocated continuously, and their subordinate relationships changed frequently; nominally unified, in reality factions stood in a dense thicket, each going its own way, even harboring their own separate schemes, openly contending and covertly guarding against one another, so that a unified ordnance system was never formed, with the result that, in the War of Resistance Against Japan, the weapons’ effectiveness in destroying the enemy could not be fully brought into play.

Seventh, because Chiang Kai-shek, out of the need to eliminate dissidents, suppress the revolution, and pursue civil war with abandon, a considerable portion of the weapons manufactured at the time were not used to fight and destroy the enemy in the War of Resistance, but were instead consumed in civil war, seriously distorting the purpose for which the nation developed and produced weapons.




4. Famous Weapons Developers

From 1928 to 1949, China saw the emergence of a group of weapons developers, who achieved a certain degree of success in the development of guns, artillery, and ammunition; some played an important role in the War of Resistance Against Japan, and still others, after the founding of the People’s Republic of China, made contributions to the development of the people’s ordnance cause.

According to incomplete statistics, by July 1936, before the War of Resistance, the specialized technical talent and intellectuals holding posts in the various important departments of the National Government’s Ordnance Department numbered as many as 25; among the members of the Ordnance Research Association attached to the Ordnance Department there were 28, of whom 20 had studied abroad in Britain, the United States, France, Germany, Japan, Belgium, and other countries, accounting for more than 70%; among the 23 staff members holding posts at the Science and Engineering Research Institute, 10 had graduated from famous universities abroad, accounting for about 41%①. During the War of Resistance period, among the 14 arsenals under the Ordnance Department in Chongqing, the directors of 13 of the arsenals had all graduated from various specialized technical schools at home and abroad.② Among these, the comparatively famous ones were the following personnel.

Li Chenggan (1888–1959) was a famous patriotic weapons developer of the National Government period. His courtesy name was Zhiqing, and he was a native of Changsha. In his early years he studied in Japan, suspending his studies in 1911 to return to China and take part in the Xinhai Revolution. In July 1916, he graduated from the Department of Electrical Machinery of Tokyo Imperial University in Japan. From 1919 to 1949, he successively engaged in ordnance development at such arsenals as Hanyang and Jinling, successively serving as section chief, technical rectifier, engineer, department head, division chief, factory director, and deputy director of the Ordnance Department, a span of nearly 30 years③. He was skilled both in the design, manufacture, and improvement of ordnance products, and in organizing and leading ordnance technical personnel and the broad ranks of workers to excellently accomplish their production tasks. Under his direction and participation, the design, manufacture, and performance of many kinds of guns, artillery, and ammunition were improved, including the Zhongzheng-style rifle, the Maxim machine gun, the Czech-type light machine gun, the 120-millimeter-caliber mortar and its accompanying shells, the American-style armor-piercing rifle grenade, and the 2.36-inch rocket launcher and its accompanying rocket, fully demonstrating his refined skill and profound ordnance scholarship. While serving as director of the Jinling Arsenal, he “fixed the regulations, to clarify responsibilities; abolished the bad old customs, to guard against embezzlement,” giving attention to raising work efficiency, carrying out scientific management, and “sharpening his resolve to reform,” and put forward a sixteen-character motto: “impartial and incorrupt; diligent, frugal, and eager to learn; affectionate and sincere; faithful to one’s duties.” He took the lead in running the factory diligently and frugally, was cautious and self-disciplined, economized on labor and materials, and made use of waste materials; he strove to raise the quality of products and lower manufacturing costs; he shared hardship and ease alike with the entire factory’s employees and their families, reclaiming wasteland for cultivation, raising pigs and growing vegetables, building housing, and improving medical facilities and cultural and recreational venues; he carried out patriotic education among the employees, founding primary and secondary schools, technical-worker schools, and remedial schools for their children, subsidizing outstanding apprentices to further their studies, and dispatching outstanding technical personnel to the United States for study and on-the-job training.

① Roster of Personnel of the Ministry of Military Administration (July 1936, original held in the Chongqing Municipal Archives), in The Weapons Industry of Chongqing During the War of Resistance, pp. 193–196.

② Handover Inventory of Ordnance Units at the Time Chen Cheng Took Over from He Yingqin as Minister of Military Administration (1944), in Archives, vol. 3, pp. 249–252 (Second Historical Archives of China, Fonds 2(1), Volume 8638).

③ Handover Inventory of Ordnance Units at the Time Chen Cheng Took Over from He Yingqin as Minister of Military Administration (1944), in Archives, vol. 3, p. 249 (Second Historical Archives of China, Fonds 2(1), Volume 8633).

At the very outbreak of the War of Resistance, he completed the task of relocating the whole factory to Sichuan in only 3 months’ time, and resumed production in a timely manner①. His successor as factory director, Yu Zhuozhi, compiled his profound sayings into the Record of Zhiqing’s Wise Sayings, which was widely recited within the factory. Because of his outstanding achievements and moving character, he received commendation and decoration nine times. On March 10, 1947, he resigned from his post at Factory No. 21. In May, he went to the United States for an inspection tour②. After the founding of the People’s Republic of China, he served as a delegate to the National People’s Congress, deputy director of the National People’s Congress Budget Committee, and director of the State Bureau of Metrology. He died in 1959.

Li Daizhen (1891–1959) was a famous gun-and-artillery developer and author of the National Government period. His courtesy name was Boqin, and he was a native of Hengshan, Hunan. In 1919, he graduated from the Department of Ordnance of Tokyo Imperial University in Japan, obtaining a bachelor’s degree in engineering. In June 1923, he obtained a doctorate in metallurgy from Harvard University in the United States. In 1924, he served as director of the Hunan Iron Works, successfully smelting a high-quality steel material to replace “Martin steel,” and manufacturing fine-quality rifle barrels with it. Afterward, he also manufactured a rifling-cutting machine, a gun-stock-forming machine, and various other machine tools, tools, and templates. In December 1927, he served as director of the Weapons Research Office of the Shanghai Arsenal, and, in less than a year, directed the formulation of 7 design schemes, including an anti-aircraft machine gun, a 57-millimeter-caliber anti-aircraft gun, and a 75-millimeter field gun. From 1928 to June 1946, he successively served as department head, bureau director, and deputy director of the Ordnance Department, making many contributions to matters such as unifying the models of guns, artillery, and ammunition, drafting plans for the construction of new-type arsenals, ordnance education, and ordnance manufacture. In the autumn of 1943, he received the award of one commendation for great merit for being “impartial and scrupulous, with sustained excellence in product results.”

Throughout his life, Li Daizhen carried out deep research into the manufacturing technique of guns, artillery, and ammunition, and his writings were extensive; he was the gun-and-artillery technical writer of greatest scholarly attainment in modern China, and, in the early twentieth century, already authored such monographs and national-defense-knowledge articles as The Foundations of National Defense Construction, Essential Illustrations for Improving Ordnance, The Manufacture of Ordnance, A Comparison of Our Country’s Weapons with the Weapons of the Great Powers, The Development of Our Country’s Weapons Manufacture and Its Current State, The Manufacture of Artillery, The Current State of the World’s Guns and Artillery, Trends in Modern Guns and Artillery, and The Construction and Theory of Guns and Artillery, and compiled The Field Artillery of the United States Army in Recent Years. These treatises were of important reference value both to firearms developers and to ordnance educators②.

Zhuang Quan (1895–?) was an ammunition-development specialist of the National Government period. His courtesy name was Jixing, and he was a native of Wujin, Jiangsu. He graduated from the Department of Mechanical Engineering of the Saxony Institute of Technology in Germany. After completing his studies and returning to China, he threw himself into research and development work at the Northeastern Three Provinces Arsenal and the Ministry of Military Administration’s Ordnance Department, first serving at the arsenal as technician, engineer, and director of the rifle department of the gun factory, and then successively serving at the Ordnance Department as a full-time member of the Ordnance Research Committee and section chief of the inspection section; because of his expertise in artillery-manufacturing technique, he was further appointed by the National Government as director of the newly established Artillery Technology Research Office, specially responsible for planning the construction of the Zhuzhou artillery-manufacturing factory. After the outbreak of the War of Resistance, while concurrently serving as director of the Ordnance Department’s Technical Bureau and director of its Changsha office, Zhuang Quan directed the wartime transformation of ordnance technique and the relocation of the various arsenals to the interior. In April 1940, owing to the urgent needs of the war, he also led 6 technical personnel to the Budapest arsenal in Hungary to complete the supervision of the manufacture of new-type artillery, and, after reporting back on his mission upon returning to China, continued to serve as director of the Artillery Technology Research Office, which had by then been relocated to Chongqing. On January 1, 1941, this office was reorganized into the Ordnance Department’s Factory No. 10, and Zhuang Quan accordingly took office as factory director, achieving outstanding results in the development of artillery and its accompanying shells; from April 1941 to April 1945, he successively trial-manufactured more than 10 new products, including the Solothurn 2-centimeter-diameter tracer shell, the Oerlikon shell, and the 60-millimeter mortar③. In October 1945, Zhuang Quan was ordered to go to the Northeast region to serve as chairman of the committee for taking over the various arsenals.

Wang Rengzhi (1901–?) was an artillery-and-shell-development specialist of the National Government period. He was a native of Ruichang, Jiangxi. He graduated from the Advanced Mechanical Engineering Department in Paris, France. After returning to China, he served, in 1930, as director of the gun-manufacturing department of the Hanyang Arsenal, and later also as director of the gun-manufacturing factory of the Jinling Arsenal; drawing on his specialized academic training, he organized the department’s technical staff, and, taking the French Brandt 1930-model 81-millimeter-caliber mortar as a reference and absorbing its strengths, carried out a wide-ranging improvement of the 81-millimeter-caliber mortar manufactured by the Shanghai Arsenal, designing and manufacturing a new-type 82-millimeter mortar. In the summer of 1933, he was transferred to serve as director of the Liuzhou Ammunition Factory, leading technical personnel in tackling key problems, trial-manufacturing equipment for 81-millimeter-caliber mortar shells, and successfully resolving the problem of the reliability of the shell’s fuze. At the same time, he also designed and trial-manufactured a simplified mortar sight, the ingenuity of whose design lay in making use of two spirit-level bubbles, one longitudinal and one transverse, to keep the gun position level, raising the precision of the artillery’s aimed fire. In the autumn of 1938, while serving as chief of the engineering department of Factory No. 40, he went to the Schneider arsenal in France to take receipt of the equipment and materiel for manufacturing 105-millimeter-caliber mountain guns and their shells, ordered from that arsenal by the Sichuan provincial government, for use in constructing a factory. After becoming director of Factory No. 52 in 1942, he manufactured large quantities of hand grenades, wire cutters, and explosive charge packs, among other items, supporting the Chinese army’s resistance against Japan, and received commendation from the Ministry of Military Administration①. He later remained residing in France. In the autumn of 1982, he re-established contact with his children in China, returned to China to settle, and had his People’s Republic of China citizenship restored.

Gu Jingxin (1907–1989) was an explosives-development specialist of the National Government period. A native of Nanhui, Jiangsu, he graduated, in 1928, from the Department of Chemistry of Central University in Nanjing. In 1931, he obtained a doctoral degree and the rank of engineer from the Technical University of Berlin in Germany, and returned to China after the outbreak of the War of Resistance. In September 1941, he succeeded in extracting yellow phosphorus from animal bone by the electrothermal method. In 1942, while serving as director of the preparatory office of the Kunming Branch of Factory No. 23, he led technical staff in successfully smelting yellow phosphorus from the calcium-phosphate ore near Kunming. In December 1943, he directed the completion of a smelting furnace with a daily output of 200 kilograms of yellow phosphorus, supporting the War of Resistance Against Japan. In July 1944, he used yellow phosphorus, which combusts spontaneously at room temperature, to produce a comparatively stable red phosphorus, raising the safety of manufacturing finished phosphorus products. After the founding of New China, he served as chief engineer of the Planning Bureau of the Ministry of Heavy Industry, a member of the National Committee of the Chinese People’s Political Consultative Conference, and vice-chairman of the Chinese Chemical Society, among other posts②.

Ding Tianwei (1903–?) was an ordnance specialist of the National Government period. A native of Yuyao, Zhejiang, he studied in Germany in his youth, and, after graduating, returned to China to engage in the ordnance profession, successively serving as a member of the Ordnance Department’s Ordnance Research Committee and acting section chief of the Ballistics Section of the Technical Bureau; in 1938 he served as director of the Ballistics Research Institute after its relocation to Chongqing, and, in February 1940, he took office as director of Factory No. 25; under his direction, that year the factory manufactured more than 14.1 million round-nosed rifle cartridges, more than 19 million pointed rifle cartridges, 1 million machine-gun cartridges, 1.6 million blank cartridges, and more than 185,000 wooden-handled hand grenades③. In 1942, he took office as director of Factory No. 50; under his direction, the factory’s 150-millimeter-caliber mortar shells were praised as having “a stable trajectory throughout, good precision, and a comparatively long range”④; the factory’s 37-millimeter-caliber anti-tank gun was hailed as the beginning of our country’s independent completion of a new artillery piece⑤. By 1945, the quantity of artillery manufactured by the factory had reached: 9 37-millimeter anti-tank guns, 1,500 60-millimeter mortars, 25,650 150-millimeter mortar shells, 4,000 Year 10-model mountain-gun shells, 13,000 Krupp-type mountain-gun shells, and 3,000 Year 38-model field-gun shells. Its contribution can be called outstanding.

Chen Zheye (1899–?) was a cartridge-development specialist of the National Government period. A native of Xinchang, Zhejiang, he held a master’s degree from the Faculty of Science of the University of Paris in France. After returning to China, he engaged in ordnance teaching and development work, having served as professor, instructor, department head, division chief, and factory director, among other

① Yang Jizeng’s Petition to the National Government Requesting the Award of a Decoration to Li Chenggan (October 1948), archives held by the Second Historical Archives of China.

② Li Chenggan’s Petition to His Superiors and Farewell Letter to His Colleagues Upon Resigning as Director of Factory No. 21, in Archives, vol. 3, pp. 301–302.

② See China’s Modern Weapons Industry, pp. 263–264.

④ Ordnance Department: The Historical Development of Factory No. 10 (July 1949), in Archives, vol. 3, pp. 1182–1187 (Chongqing Municipal Archives, Factory No. 10, vols. 661–664).

① Historical Materials of Factory No. 52 (1943), in Archives, vol. 3, pp. 1265–1266 (Yunnan Provincial Archives, Full Case No. 34, item 2).

② See China’s Modern Weapons Industry, pp. 272–273.

③ Factory History of Factory No. 25 (1948), in Archives, p. 1220 (Chongqing Archives, Factory No. 20).

④ See Archives, vol. 2, p. 715 (Chongqing Archives, Factory No. 50, vol. 2766).

⑤ Factory History of Factory No. 50 (March 6, 1948), in Archives, vol. 3, p. 1258 (Chongqing Archives, Factory No. 50, vol. 256).

posts①. In March 1941, Chen Zheye became director of Factory No. 20 (called the Sichuan-Xikang Pacification Command’s Cartridge Factory before the War of Resistance, and called the Ordnance Department’s Sichuan First Arsenal from August 1937). This factory was the largest cartridge-manufacturing factory of the War of Resistance period. To meet the needs of the War of Resistance, he directed the improvement of cartridge development, organizing technical personnel and workers, and developing a pointed rifle cartridge of comparatively good quality. He then went on to improve the manufacturing process for the cartridge’s brass case and steel cup, so that the output and quality of machine-gun cartridges also rose accordingly, raising the ratio of the output of machine-gun cartridges to rifle cartridges manufactured by the factory from 5:8 to 1:1. In 1942, Chen Zheye received commendation from the Ministry of Military Administration. Because of his skillful organization of production, the factory also manufactured ordnance parts, copper-tin-zinc sheet, and the No. 4 Type A mine, among other products. By the eve of victory in the War of Resistance, the factory already possessed 1,131 pieces of machinery and 4,347 employees and laborers, and could manufacture, each month, 1,070 cartridges of various kinds and 16,000 Type A mines②.

Besides the famous ordnance specialists described above, there were also quite a few other ordnance-development personnel who achieved research and development results of varying degrees; this book will discuss and comment on them in other relevant passages.




Section 4 The Arsenals Founded in Modern China

From the founding of the Anqing Inner Weapons Bureau by Zeng Guofan, Governor-General of Liangjiang in the late Qing, in 1861, to the 88 years before the founding of the People’s Republic of China on October 1, 1949, a total of 115 major ordnance-development organs were founded, of which 42 were of the late Qing period, 27 of the Beiyang government period, and 46 of the National Government period. In addition to introducing some representative arsenals, this section also presents a summary table listing the 115 arsenals, for reference.


1. The Anqing Inner Weapons Bureau

On the first day of the eighth month of the eleventh year of the Xianfeng reign of the Qing (September 5, 1861), Zeng Guofan led the Hunan Army in capturing Anqing, and, not long afterward, began seeking out scientific and technical personnel, preparing to establish an arsenal, in order to “manufacture foreign rifles and foreign artillery, and broadly stockpile military supplies.” At that time, the famous scientists Yung Wing, Xu Shou, Xu Jianyin, Hua Hengfang, Hua Shifang, Gong Yuntang, Feng Junguang, Ding Jie, Zhang Sijia, Xu Wenhu, Wu Jialian, and others, successively gathered together at the Anqing Inner Weapons Bureau, engaging in the work of establishing the factory and manufacturing military-industrial products. In the first year of the Tongzhi reign (1862), the Anqing Inner Weapons Bureau was completed and began production. It was divided into three parts: a Gunpowder Bureau, a Gunpowder Depot, and a Shipbuilding Bureau. The Gunpowder Bureau was located within Zongyang Gate (that is, the East Gate) of Anqing, and manufactured explosive shells and cartridges. The Gunpowder Depot was located in the area of Nanzhuangling, outside the North Gate of Anqing, and trial-manufactured artillery shells for gun-firing demonstrations. The Shipbuilding Bureau was located at the former manufacturing bureau outside Baoquan Gate (that is, the West Gate) of Anqing, and trial-manufactured steam engines and steamships. The Qing army stationed a naval camp in its vicinity. The bureau employed only Han Chinese, and hired no foreign craftsmen; although every stage of the production process was carried out by hand, it was already a handicraft workshop with the beginnings of scale, based on a division of labor, and the workers within the workshop were the first to manufacture machinery by hand, opening up, in China, the precedent of manufacturing machinery by hand. In the intercalary eighth month of the first year of the Tongzhi reign, the bureau’s engineering and technical personnel and craftsmen trial-manufactured China’s first small steam engine, causing our country to begin entering the age of the steam engine. Afterward, Xu Shou, Hua Hengfang, and others, on this foundation, went on to carry out experiments in trial-building steamships. In the third year [of Tongzhi], the bureau relocated to Nanjing, and was renamed the Jinling Weapons Bureau. In the fourth year, our country’s first steamship was completed, and, in the fifth year of Tongzhi, it successfully carried out a trial voyage at Xiaguan.



2. The Jiangnan Arsenal

The Jiangnan Arsenal was the largest comprehensive arsenal founded in the late Qing, also called the Shanghai Machine Bureau, abbreviated as the Shanghai Bureau. It was planned and founded in the fourth year of Tongzhi (1865), with the support of Zeng Guofan, by Ding Richang, the Shanghai Customs Intendant, and others, whom Li Hongzhang had dispatched for the purpose. In the fifth year, Ding Richang, after going through many twists and turns, purchased, for 60,000 taels of silver, the Qiji Iron Works, established in Hongkou, Shanghai, by an American merchant; it was said that, at the time, this factory “was able to repair and manufacture ships large and small as well as explosive-shell guns and foreign rifles, and was truly the finest machinery among the foreign factories of the Yangjingbang”①. After the iron works was purchased, Li Hongzhang further merged into it the two gun bureaus that Ding Richang and Regional Commander Han Dianjia had originally established in Shanghai, and renamed it the Jiangnan Arsenal, memorializing the throne for its establishment in the eighth month of the same year. Ding Richang served as director-general, with Han Dianjia, Feng Junguang, Wang Dejun, Shen Baojing, and others jointly managing the bureau’s affairs. At its founding, the bureau had only 8 foreign technicians, including J. Falls (T. J. Falls), and more than 50 Chinese craftsmen, manufacturing guns, artillery, and ammunition. Subsequently, more than 100 pieces of machinery and equipment purchased by Yung Wing in the United States were also shipped to Shanghai that same year. Taking the opportunity, Li Hongzhang memorialized the Qing court requesting that they all be allocated to the bureau, thereby expanding the scale of the bureau’s construction and raising its production capacity. For the sake of expanding the new factory, the factory authorities also purchased more than 70 mu of land at Gaochangmiao, in the southern part of Shanghai city, as the site of the new factory. In the summer of the sixth year of Tongzhi, the bureau relocated to the new site, and its scale was greatly expanded, establishing such sub-factories as a boiler factory, a machine factory, a wrought-iron factory, a gun factory, a woodworking factory, a copper-and-iron factory, and a shipbuilding factory, together with such supporting buildings as warehouses, storehouses, a coal depot, a documents office, an engineering office, and dormitories for the Chinese and foreign craftsmen. By the seventeenth year of Guangxu (1891), it had successively been further expanded to include an artillery factory (Photo 22), a gunpowder factory, a cartridge factory, a shell factory, a naval-mine factory, and a steel-smelting factory, among others. In this way, the bureau developed into a comprehensive arsenal comprising 13 (some say 17) sub-factories and 1 engineering office, occupying nearly 670 mu of land②, with 3,592 employees, 2,579 factory buildings, 361 steam-powered lathes, planers, drills, boring machines, and other machine tools, and 31 large and small steam boilers (with a total power output of 10,657 horsepower). In addition, it also maintained such auxiliary organs as the Guangfangyan Institute, a technical-arts school, a translation bureau, and an artillery unit, becoming, at that time, the center of China’s ordnance production, the cultivation of military-technical talent, and the dissemination of European and American military science and technology.

From the very founding of the Jiangnan General Manufacturing Bureau, Li Hongzhang stipulated that its basic mission was to “manufacture rifles and artillery, mainly to supply military use,” and, secondarily, to build steamships, while also manufacturing various machine tools, and, by the 1890s, also smelting military-grade steel. From 1867 to 1911, it manufactured, in total: 76,414 firearms of various kinds, including the Remington rifle, the Lee rifle, the Kropatschek rifle, the new-model Kropatschek rifle, the Mannlicher rifle, and the Mauser rifle; 1,075 artillery pieces of various calibers, including the Armstrong gun and the Krupp gun; 93.69 million rounds of rifle ammunition and 1.66 million artillery shells; more than 8,000 tons of various types of high-quality military-grade steel; from 1874 to 1904, a total of 2.3315 million kilograms of black powder; from 1893 to 1904, 523,800 kilograms of various types of brown powder; from 1895 to 1911, a total of 174,400 kilograms of smokeless powder—after 1904, its capacity for manufacturing gunpowder increased, and the output of all three types of gunpowder rose further; by 1885, a total of 15 vessels of various types had been built; and from 1867 to 1904, a total of 692 pieces of various types of machinery were manufactured. The peak of the Jiangnan Arsenal’s production capacity was in the 1890s. In May 1895, the bureau’s director-general, Liu Qixiang, in a telegram to Zhang Zhidong, reported in comparative detail on the bureau’s capacity for manufacturing guns, artillery, and ammunition. Calculated on the basis of 300 working days per year after deducting holidays, it could manufacture 1,500 small-caliber rifles, 12 quick-firing guns firing 40-pound shells, and 6 heavy guns firing 100-pound shells; each day it could manufacture 5,000 cartridges, 100 pounds of brown powder, and 400 pounds of smokeless powder③.

The Jiangnan Arsenal’s ordnance products supplied dozens of units across the country, including garrison-troop systems and weapons bureaus in every locality. Among these were the troops directly subordinate to the Nanyang Commissioner, the troops directly subordinate to the Beiyang Commissioner, the garrison troops of the various gun emplacements along the river and coast, the Huiji, the Caojiang, and other

① Inventory of Ordnance Units at the Time Minister of Military Administration He Yingqin Handed Over to Chen Cheng (1944), in Archives, vol. 2, p. 249 (Second Historical Archives of China, Fonds 2(1), Volume 8638).

② Ministry of Military Administration: Survey Table of the Current Status of the Various Arsenals in the Rear Area (August 20, 1945), in Archives, vol. 3, pp. 131–133 (archives held by the Second Historical Archives of China).

① Qing dynasty, Li Hongzhang: Memorial on Establishing a Foreign Iron Works and Machinery, in The Complete Works of Li Wenzhonggong, Memorials, vol. 9, p. 32, 1905 Jinling edition; all subsequent citations of this book are to this same edition.

② Of this, the Gaochangmiao factory occupied more than 400 mu, and the Longhua Gunpowder Factory and Cartridge Factory occupied 267 mu. By 1911, the total land occupied had reached 1,129 mu.

③ Qing dynasty, Liu Qixiang: Liu Qixiang’s Telegram to Zhang Zhidong, in Historical Materials on China’s Modern Industry, vol. 1, part 1, p. 297. See also China’s Modern Weapons Industry, pp. 138–139.

warships, and the garrison troops within the jurisdictions of the Viceroys of Huguang, Liangguang, Minzhe, and Yungui, among others. As a result of the Jiangnan Arsenal’s supply, the weapons and equipment of these garrison-troop systems were improved to a certain degree①.

After the Wuchang Uprising of October 1911, Li Zhongjue, Director-General of Civil Affairs of the Revolutionary Army’s Shanghai Military Governor’s Office, concurrently managed the bureau’s affairs, and, on November 4, renamed the Jiangnan Arsenal and its Longhua Branch Bureau as the Shanghai Arsenal and the Shanghai Manufacturing Branch Bureau, respectively. In July 1912, the Brief Chronicle of Important Matters of the Army Department’s Ordnance Bureau stated that the Shanghai Arsenal would, starting in February 1913, begin manufacturing 7.9-millimeter cartridges, while also trial-manufacturing Krupp-type and Gruson-type field and mountain guns, and (gathering) the documentary and pictorial materials on the new-model pistols and machine guns then manufactured by the various countries, so as to select the best for imitation-manufacture②. In February 1917, the Shanghai Arsenal was placed directly under the Army Department of the Beiyang government. On April 2, in the Regulations for the Organization of Army Arsenals Drawn Up by the Army Department, it was, respectively, further renamed the Shanghai Arsenal and the Longhua Branch Factory③. However, because of the Beiyang government’s financial difficulties, production and operations were extremely irregular. In November 1925, Sun Chuanfang (1885–1935), commander-in-chief of the allied armies of the five provinces of Zhejiang, Fujian, Jiangsu, Anhui, and Jiangxi, took control of the Shanghai Arsenal. At that time, the Shanghai Arsenal occupied a total of 1,374.8 mu of land; production was resumed in 1926, with more than 1,500 employees, manufacturing 120 Browning pistols and 30 Bergmann machine guns per month, manufacturing 48,000 cartridges per day, and also manufacturing a small quantity of 50-millimeter- and 75-millimeter-caliber mortars and their shells.

In March 1927, the National Revolutionary Army took over the Shanghai Arsenal, ending Beiyang government rule, and renamed the factory the National Revolutionary Army Shanghai Arsenal; starting on April 1, it began urgently manufacturing munitions for the Northern Expedition army.

In March 1928, the Jinling Manufacturing Bureau was reorganized as the Jinling Branch Factory of the Shanghai Arsenal. In May, the Shanghai Arsenal absorbed the Fujian Arsenal, and, in November, was placed under the jurisdiction of the National Government Ministry of Military Administration’s Ordnance Department. In June 1929, the Shanghai Arsenal separated out the Jinling Branch Factory and the steel-smelting factory to form an independent organization, consolidating the whole factory’s organizational structure. From 1912 to 1929, the factory manufactured, in total: 21,500 firearms of various kinds, 2,315 artillery pieces, 68.63 million cartridges, 205,700 artillery shells, 93,600 kilograms of smokeless powder, and more than 1,570 tons of steel material. By 1931, it had more than 3,300 employees, and manufactured, per month, 2.7 million cartridges, 37 Model 30-Section machine guns, 1 75-millimeter field gun, 6 mountain guns, and 40 80-millimeter mortars together with 500 accompanying shells, as well as 600 18-kilogram aerial bombs, 100 50-kilogram aerial bombs, 10,000 hand grenades, and 7,250 kilograms of smokeless powder. On January 28, 1932, the Japanese army invaded Shanghai, and the factory ceased operations in July. In August 1932, the General Staff Headquarters ordered that a portion of the equipment and materiel of the machine factory and the cartridge factory be transferred to the Jinling Arsenal, the equipment and materiel of the gun factory to the Hanyang Arsenal, the equipment and materiel of the shell factory and the cartridge factory to the Gongxian Arsenal, and the equipment and materiel of the gunpowder factory to the Hanyang Gunpowder Factory④.

The Jiangnan Arsenal was the first mechanized military-industrial factory bureau founded in modern China; using machinery and equipment that was comparatively advanced for its time, it manufactured a certain quantity of guns, artillery, ammunition, and steamships, and was a representative military-industrial factory bureau in our country’s transition of military-industrial products from handicraft manufacture to machine manufacture; it not only played the role of an initial starting point for the modernization of our country’s military industry, but also played a leading and promoting role in the modernization of our country’s industry as a whole. Nevertheless, under the severe threat of imperialist invasion, it was forced to be dismembered and relocated to the interior.



3. The Jinling Machine Bureau

The Jinling Machine Bureau was the second mechanized arsenal founded in modern China after the Jiangnan Arsenal. Also called the Jinling Manufacturing Bureau, abbreviated as the Nanjing Bureau, it was expanded on the basis of the Suzhou Foreign Gun Bureau, which had relocated to Yuhuatai, Jinling (present-day Nanjing, Jiangsu), in the fourth year of Tongzhi (1875). That year, Li Hongzhang, then acting Governor-General of Liangjiang while serving as Governor of Jiangsu, went to Jinling to take control of the bureau, and appointed the British doctor H. Macartney (Halliday Macartney), who had no knowledge of firearms manufacture, to superintend the bureau①. At the founding of the factory, it was able to manufacture only such consumable military-industrial products as cartridges, artillery shells, and fuze primers, for use in the army’s combat training. In the tenth year [of Tongzhi], a gunpowder bureau was further built at Wulong Bridge outside Tongji Gate. By the fifth year of Guangxu (1879), the bureau had already developed into a medium-sized arsenal possessing three machine factories, two casting factories, two wrought-iron factories, and two woodworking factories, as well as a naval-mine bureau, a gunpowder bureau, and a rocket bureau. In the seventh year [of Guangxu], Liu Kunyi, acting Governor-General of Liangjiang, memorialized the throne requesting the establishment of a “Foreign Gunpowder Bureau,” which was completed and began production in the summer of the tenth year, with an annual output of 200,000 pounds of gunpowder, for use by the various gun emplacements along the river and the garrisons kept in reserve.

In the spring of the tenth year of Guangxu, Zeng Guofan was transferred to serve as acting Governor-General of Liangjiang; taking the outbreak of the Sino-French War, and the Qing army’s urgent need for large quantities of weapons, as an opportunity, he invested 100,000 taels of silver, expanded the factory buildings, and purchased more than 50 additional pieces of machinery and equipment for manufacturing guns, artillery, and ammunition, raising production capacity. In the twenty-second year, a further more than 10,000 taels of silver were allocated to replace the boilers, again raising production capacity. By the twenty-fifth year, the bureau could manufacture, each year, 180 breech-loading rifles, 48 2-pound breech-loading guns, and 16 1-pound quick-firing guns, as well as 6,580 artillery shells of various kinds, 50,000 cartridges, and 81,500 Mauser cartridges, together with some other products (Figure 12-2). Although the military-industrial products manufactured by the Jinling Machine Bureau could not be called advanced, the Krupp guns, the Nordenfelt multi-barrel quick-firing guns, and the Gatling multi-barrel quick-firing guns that it imitation-manufactured were, at the time, guns and artillery celebrated as being of excellent quality.

Figure 12-2 Products of the Jinling Manufacturing Bureau

From 1900 to 1911, the Nanjing Bureau alternated between suspension and operation, its products also changed frequently, and its output was not large. At the beginning of 1912, it was taken over by the provisional government of the Republic of China, its workforce falling to just over 500, and it was later placed under the jurisdiction of the Ordnance Bureau of the Army Department of the Beiyang government. By 1827, the workforce had recovered to more than 900, with an annual output of 170 Maxim heavy machine guns, 5.44 million 7.9-millimeter round-nosed rifle cartridges, 80,000 7.65-millimeter submachine-gun cartridges, and 385 7.65-millimeter submachine guns, and, that year, it began manufacturing smokeless powder.

In March 1928, it was renamed the Jinling Branch Factory of the Shanghai Arsenal. The following year, it was again renamed the Jinling Arsenal, and, by September 1937, had manufactured 3,506 Maxim heavy machine guns, 52,500 82-millimeter yellow-phosphorus mortar shells, 156,000 pistol signal flares, and 211.13 million cartridges of various kinds, 115 TNT explosive charge packs, 62,980 gas masks, and 65,000 filter canisters, with more than 2,830 employees at the factory②; it was ordered to relocate to Chongqing on November 15, 1937, and resumed production on March 1, 1938.

On April 11, 1938, the Jinling Arsenal was renamed the Ministry of Military Administration Ordnance Department’s Factory No. 21, with the famous weapons developer Li Chenggan serving as factory director. From July 1938 to July 1945, it successively absorbed 7 ordnance units, including the rifle factory of the Hanyang Arsenal and the light-machine-gun factory of Factory No. 20, with 15,201 employees and laborers and 4,744 pieces of various machinery and equipment. Its monthly production capacity was: 8,000 rifles, 250 light machine guns, 500 heavy machine guns, 220 82-millimeter mortars together with 70,000 accompanying shells, and 10 120-millimeter mortars together with 3,000 accompanying shells. Its Anning Branch manufactured, per month, 40,000 82-millimeter mortar shells and 4,000 Type A mines; its Qijiang Branch manufactured, per month, 1,000,000 cartridges and 10,000 82-millimeter mortar shells. After victory in the War of Resistance, in April 1946 the Anning Branch was transferred to Factory No. 53; in May, the Qijiang Branch ceased operations, and its employees were dispersed,

① See A History of Chinese Firearms, pp. 347–349.

② See Archives, vol. 2, pp. 2–3.

③ See Archives, vol. 2, p. 14.

④ National Government General Staff Headquarters: Draft Plan for the Reorganization of the Arsenals (August 29, 1932), Appendix Table 4, in Archives, vol. 3, pp. 97–100 (Chongqing Archives, Ordnance Department, Section 1, vols. 38–42).

① In 1875, because a gun that Macartney (also translated as Mai Katini) supervised the manufacture of for the Dagu Forts exploded, Li Hongzhang memorialized the throne to have him removed from his post, and the bureau was thereafter superintended by a Chinese official.

② See China’s Modern Weapons Industry, pp. 143–144.

and dispersed more than 3,370 employees①.

No sooner had the War of Resistance Against Japan just ended than Chiang Kai-shek was eager to launch full-scale civil war, rapidly expanding the military industry; in March 1946, he dispatched more than 1,200 employees to Nanjing, establishing the Nanjing Branch of Factory No. 21 on the former site of the Jinling Arsenal, and, in September, it was further reorganized as the independent Factory No. 60; by November 1948, it had successively absorbed seven or eight more factories, becoming the largest arsenal then under the Ordnance Department.

From 1946 to 1949, the factory manufactured, in total: 339,720 Zhongzheng-style rifles, 12,000 Czech-type light machine guns, 13,260 Maxim-type heavy machine guns, 850 air-cooled Maxim heavy machine guns, 6,936 82-millimeter mortars together with 1,674,200 accompanying shells, 211,000 yellow-phosphorus shells, 135,960 yellow-phosphorus hand grenades, 229 120-millimeter mortars together with 19,000 accompanying shells, 1,950,000 armor-piercing rifle grenades together with 650 accompanying armor-piercing rifle-grenade launcher tubes, and 4,000 armor-piercing rockets together with 20 accompanying rocket launcher tubes②.

In April 1946, Li Chenggan was promoted to deputy director of the Ordnance Department while concurrently remaining director of Factory No. 21, and, in May 1947, resolutely resigned all his posts and went to the United States for an inspection tour. On November 29, 1949, more than 2,000 Kuomintang inspection troops, on the eve of Chongqing’s liberation, transported in more than 600 crates of explosives, preparing to blow up the factory. The factory’s underground Communist Party members and a large number of workers braved death to protect the factory, and Yu Zhuozhi (1908– ), who had succeeded as factory director, likewise disregarded his own personal safety and joined in protecting the factory. Apart from the factory’s Dabanqiao gunpowder magazine, which was blown up, and the power plant and tool depot, which were partially blown up, everything else was preserved; but 83 employees and family members who protected the factory lost their lives, 59 were injured, and more than 500 households’ worth of buildings were destroyed.

On November 30, 1949, Chongqing was liberated, and Factory No. 21 returned to the hands of the people. Yu Zhuozhi remained as factory director, and later served as deputy director of the Precision Research Institute of the People’s Republic of China’s Third Ministry of Machine-Building Industry, secretary-general of the Chinese Ordnance Society, and other posts. Li Chenggan’s eventual fate has already been described above.



4. The Tianjin Machine Bureau

The Tianjin Machine Bureau was an arsenal of the Beiyang garrison-troop system, abbreviated as the Tianjin Bureau. In the winter of the fourth year of Tongzhi (1865), Chonghou, Superintendent of Trade for the Three Ports, consulted with Li Hongzhang about purchasing machinery and equipment to transport to Tianjin, for use in establishing the bureau. In the eighth month of the fifth year, Prince Gong memorialized the court, and Chonghou was put in charge of preparing to establish the bureau, entrusting the British merchant J. Mendowes to manage the affairs of establishing it. In the second month of the sixth year of Tongzhi, the site of Jiajiagu Road, east of the city, was first selected, and the Tianjin Machine Eastern Bureau was built there, occupying more than 2,230 mu of land; subsequently, a Southern Bureau, also called the Western Bureau, was built at Haiguang Temple, south of the city. At the founding of the bureau, 42 factory buildings, comprising more than 290 rooms, were built, together with offices and more than 300 rooms of dormitories for the Chinese and foreign craftsmen. During the establishment of the bureau, the Jiangnan General Manufacturing Bureau in Shanghai dispatched the military technologist Xu Jianyin to assist in its construction, and also allocated and sold a portion of its machinery and equipment to reinforce the bureau. Because Chonghou’s supervision was without proper method, the bureau’s production capacity was limited in the early period after its founding, being able only to trial-manufacture some small bronze mortars, gun carriages, and gun mounts, with a daily gunpowder output of only three or four hundred pounds, less than a third of the daily output of the Jiangnan General Manufacturing Bureau.

In the fifth month of the ninth year of Tongzhi, the Tianjin Massacre occurred, and the Qing court dispatched Chonghou to France to handle the aftermath, transferring Li Hongzhang to serve as Governor-General of Zhili and concurrently Commissioner of Trade for the Northern Ports, to supervise the Tianjin Machine Bureau. Li Hongzhang immediately set about reorganizing the bureau, expanding the factory buildings and purchasing additional machinery, and, the following year, dispatched Shen Baojing, Superintendent of the Jiangnan General Manufacturing Bureau, to replace Mendowes in “managing the affairs of the Tianjin Machine Bureau,” and also drew a large number of craftsmen from the south to work at the Tianjin Bureau, so that production was greatly revitalized for a time. From 1872 to 1874, an iron-casting factory, a wrought-iron factory, a sawmill, three powder-grinding factories, a foreign-rifle factory, and a cartridge factory were successively added, along with the addition of machinery for manufacturing the needle-percussion cartridges used in the Remington rifle, among other equipment. By the second year of Guangxu (1876), the Tianjin Bureau’s capacity for manufacturing military-industrial products had already increased three- or four-fold over what it had been at its founding, and it was able to undertake the repair of warships and small machine-powered boats. In the third year, it trial-manufactured naval mines. In the thirteenth year, it began building a comparatively large-scale brown-powder factory. In the nineteenth year, a steel-smelting factory was completed. In this way, the Tianjin Machine Bureau became the large-scale, comprehensive Beiyang arsenal second only to the Jiangnan Arsenal; its name was also changed, in the eleventh year, to the Directorate-General of the Beiyang Machine Bureau, and its products mainly supplied the various Beiyang land and naval forces, playing an important role in improving the equipment of these forces.

The Tianjin Machine Bureau’s capacity for manufacturing military-industrial products had, by the twenty-fifth year of Guangxu, already developed to its peak; according to the estimate of Yulu, Commissioner of Trade for the Northern Ports, the bureau at that time had an average annual output of 650,000 pounds of foreign gunpowder, 15 million percussion caps, 3.8 million breech-loading cartridges, and 15,000 artillery shells large and small, with its highest annual output being: 1 million pounds of gunpowder, 28 million percussion caps, and 4 million breech-loading cartridges. In the twenty-sixth year, the Eight-Power Allied Forces captured Tianjin, and the bureau was destroyed by the flames of war, unable to be restored. After Yuan Shikai succeeded to the post of Governor-General of Zhili and concurrently Commissioner of Trade for the Northern Ports, he decided, in the twenty-ninth year, to select a new site at Waihuayuan, Dezhou, Shandong, to rebuild the Directorate-General of the Beiyang Machine Bureau; it was completed and began production in the thirtieth year, but its scale and production capacity could no longer compare with those of its flourishing years①.



5. The Hanyang Gun-and-Artillery Factory

The Hanyang Gun-and-Artillery Factory was a large-scale, comprehensive arsenal established and developed in the 1890s (Photo 23), and, together with the Jiangnan General Manufacturing Bureau and the Tianjin Machine Bureau, became one of the three great military-industrial factories built by the Qing dynasty. In the seventh month of the fifteenth year of Guangxu, Zhang Zhidong, Viceroy of Liangguang, memorialized the court, holding that the purchase of foreign guns and artillery “not only drained China’s material resources through leakage that was difficult to stop up, but also required time to order, was transported over long distances, and involved many twists and turns in its handling; should an urgent need arise, the foreign ports would prohibit sale, enemy ships would blockade the ports, and there would be, moreover, the worry of having nowhere to buy and nowhere to ship from.” He therefore resolved to establish a new-style gun-and-artillery factory, mining ore and smelting iron on his own, “so as to avoid being controlled by others, and thereby pursue a plan for self-strengthening”②. At the same time, he also entrusted Hong Jun, the minister dispatched to Germany, to order, from the German Ludwig Loewe machine works, one complete set each of machinery and equipment for manufacturing rifles and for manufacturing artillery. Among these, the steam power of the rifle-manufacturing machinery was 120 horsepower, capable of manufacturing 50 new-style ten-round Mauser rifles per day; the artillery-manufacturing machinery was capable of manufacturing, per year, 50 Krupp mountain guns of 75- to 120-millimeter caliber; in addition, he also purchased a set of machinery and equipment for manufacturing bayonets, intending to establish a factory in Guangdong to manufacture them.

Just as Zhang Zhidong was intensifying his efforts on the method of planning and establishing the gun-and-artillery factory, the Qing court transferred him to serve as Viceroy of Huguang. After repeated maneuvering on Zhang’s part, the Qing court, in the sixteenth year of Guangxu, agreed to have the various pieces of machinery and equipment that had been ordered shipped to Hubei. In the eighteenth year, construction of the factory began. The factory site was at the foot of Dabie Mountain in Hanyang (present-day Guishan), occupying 237 mu. In the nineteenth year, the factory buildings were completed, and the machinery ordered from the German Ludwig Loewe arsenal arrived at the same time; production began immediately after installation and testing. Because funds were scarce, the Hanyang Gun-and-Artillery Factory, in the early period after its founding, was able to make use of only half of its production capacity. In the twentieth year, a fire broke out at the gun-and-artillery factory, damaging the machinery and equipment; after more than a year of repairs, it resumed production in the twenty-second year. In order to catch up with the world’s advanced standards, Zhang Zhidong once again ordered machinery from abroad, while at the same time expanding the factory buildings. In the nineteenth year and the twenty-fifth year, a steel-smelting factory and a smokeless-powder factory were further built at Hanyang, greatly expanding the scale of the whole factory. In the thirtieth year, the Hanyang Gun-and-Artillery Factory was renamed the Hubei Arsenal. The following year, the Hubei Arsenal had already developed into a large-scale, comprehensive military-industrial factory bureau possessing 9 sub-factories, and, in the thirty-second year, it was renamed the Hanyang Arsenal③.

The rifles manufactured by the Hanyang Arsenal were mainly imitations of the German 7.9-millimeter-caliber rifle and the Mauser carbine; from 1896 to 1910, a total of more than 136,100 Mauser rifles were manufactured, making it one of the military-industrial factories with the greatest rifle output. Most of the artillery it manufactured was in imitation of the German Gruson type, comprising 9 specifications in total, mainly manufacturing light land artillery of 57-millimeter caliber, with an average monthly output

① Factory History of the Ordnance Department’s Factory No. 21 (February 1948), in Archives, vol. 3, pp. 1206–1207 (archives held by the Chongqing Municipal Archives, Factory No. 21, General Fonds No. 86, vols. 1–3).

② Factory History of the Ordnance Department’s Factory No. 21 (February 1948), in Archives, vol. 2, pp. 1206–1207 (archives held by the Chongqing Municipal Archives, Factory No. 21, General Fonds No. 86, vols. 1–3).

① See A History of Chinese Firearms, pp. 349–350.

② Qing dynasty, Zhang Zhidong: Memorial of Zhang Zhidong, Viceroy of Liangguang, in The Westernization Movement, vol. 4, p. 383.

③ A Brief Account of the Arsenals Directly Under the Army Department: The Hanyang Arsenal, in Archives, vol. 2, p. 58.

8 guns per month, and, up to the first year of Xuantong (1909), the factory had manufactured 988 artillery pieces of various kinds in total. The cartridge factory could manufacture, on average, 600,000 rounds per month, reaching as many as 1.3 million at its highest, and, from the factory’s founding to the first year of Xuantong, manufactured 63 million rounds in total. The shell factory manufactured, on average, 7,000 shells per month, and, from the factory’s founding to the first year of Xuantong, manufactured 660,000 shells in total. The smokeless-powder factory could ordinarily manufacture 200 pounds per day, reaching as much as 600 pounds at its highest, and, from the start of operations to the first year of Xuantong, manufactured 330,000 pounds in total. The steel factory’s furnace was lit in the fifth month of the twenty-ninth year of Guangxu (1903), and it ceased operations in the first month of the thirty-first year; it resumed operations in the first year of Xuantong; in all, over less than two years of operation, it produced a total of more than 446,900 pounds of steel billet.

The Hanyang Gun-and-Artillery Factory was renamed the Hubei Arsenal in the thirtieth year of Guangxu, and, 4 years later, was further merged with the Hubei Steel and Powder Works, being renamed the Hubei Arsenal and Steel and Powder Works; it was the largest arsenal manufacturing rifles, light artillery, and gun-and-artillery ammunition in the late Qing, and, as the Jiangnan General Manufacturing Bureau increasingly declined after the Sino-Japanese War, and the Tianjin Machine Bureau was destroyed in the war of the Eight-Power Allied Forces’ invasion of China, its position became increasingly important, and the quality of its products also showed a marked tendency to overtake the others; it not only had a great influence on improving the weapons and equipment of the late-Qing army, but was also, later, one of the main manufacturers of the guns and artillery used by the Chinese Kuomintang army①.

In 1912, the Hubei Arsenal and Steel and Powder Works separately became independent once again as the Hubei Arsenal and the Hubei Steel and Powder Works. Afterward, its subordinate relationships changed frequently, with repeated separations and mergers. In September 1926, the Northern Expedition army captured Hanyang and Hankou, ending the control of the Beiyang warlords, and it came under the jurisdiction of the National Government’s Military Affairs Commission, adopting a factory-director system. In November 1928, its jurisdiction was changed to the Ministry of Military Administration’s Ordnance Department. The main factory had 3,710 employees, and the branch factory had 845 employees, with 1,378 pieces of gun-and-artillery-manufacturing machinery and the like. From 1912 to 1928, it manufactured, in total: 577,928 rifles of various kinds, 1,024 machine guns, 14,800 Mauser semi-automatic pistols, 1,303 artillery pieces, 386.69 million cartridges, 7.98 million machine-gun cartridges, 6.44 million pistol cartridges, 121,800 artillery shells, 39,600 hand grenades, and 864 aerial bombs. By 1935, it still maintained a comparatively high manufacturing capacity.

From November 1936 to July 1938, the gun factory and the rifle factory of the Hanyang Arsenal were transferred, respectively, to the Ordnance Department’s Artillery Technology Research Office and Factory No. 21, and its scale began to shrink. It was then relocated to the interior, to Chenxi, Hunan, in June 1938, and, on November 21, was renamed the Ordnance Department’s Factory No. 1; at the same time, the gun factory that had relocated to Yuanling, Hunan, was reorganized as Factory No. 1’s Yuanling Gun-Repair Factory. In the spring of 1940, Factory No. 1 and Factory No. 11, established in Anhua County, Hunan, each simultaneously relocated a portion of their operations to Chongqing; after the two factories merged, they established a factory at Egongyan, Chongqing, using the name Factory No. 1; while the portions of the two factories that remained in Hunan established a factory at Chenxi, called Factory No. 11②.

In 1942, Factory No. 1 was completed and began production at Egongyan, with a comparatively large scale, occupying more than 2,000 mu of land and possessing more than 1,000 pieces of machinery, with 9 manufacturing departments established for rifles, artillery shells, hand grenades, machinery, and the like. It mainly manufactured the Zhongzheng-style rifle, manufacturing 2,000 of them in September 1944; in August 1945, the factory possessed 1,703 pieces of machinery and 5,071 employees and laborers, manufacturing 5,400 rifles per month; in September 1944, it manufactured 4,000 75-millimeter-caliber artillery shells③. In addition, it also manufactured more than 10,000 mortar shells and other artillery shells of various kinds, as well as weapon parts and steel rod, among other items. In March 1946, Factory No. 1 was abolished, with its factory buildings and a portion of its machinery taken over by Factory No. 21, and another portion of its machinery transferred to Factory No. 20 (the Second Guangdong Arsenal, at that time established in Kunming, Yunnan).



6. The Gongxian Arsenal

The Gongxian Arsenal was an arsenal established, in August 1915, by the Beiyang government’s Office for the Superintendence of Arsenal Affairs, at Xiaoyi Town, Gong County, Henan. It was also called Factory No. 11. Starting in 1921, a portion of the factory buildings was completed, and it began manufacturing mountain guns and field-gun shells; in 1921, it was formally named the Gongxian Arsenal, abbreviated as the Gong Factory. On October 26, 1930, it was taken over by the National Government’s Ministry of Military Administration, resuming production on December 26, with manufacturing capacity continuously rising. By 1935, it could manufacture, per month: 1,800 7.9-millimeter-caliber rifles (up to 3,200 with overtime); 5,200 75-millimeter-caliber light shells and Year 38-model field-gun explosive shells, and 150-millimeter-caliber heavy shells (up to 9,000 with overtime); 1,700 82-millimeter-caliber mortar shells (up to 3,000 with overtime), and 690 150-millimeter-caliber mortar shells (up to 1,200 with overtime); and 4,600 wooden-handled hand grenades (up to 8,000 with overtime). Ordinarily, work was calculated on the basis of 8 hours per day, while overtime work was calculated on the basis of 14 hours①.

After the outbreak of the War of Resistance Against Japan, it relocated to the interior on June 1, 1938, establishing a factory at Yanxi Town, Anhua County, Hunan, and was renamed the Ministry of Military Administration Ordnance Department’s Factory No. 11. In 1940, it was ordered to relocate a portion to Chongqing, merging with the portion of Factory No. 1 that had relocated to Chongqing, to form Factory No. 1; the portions of the two factories that remained in Hunan were likewise merged into one, called Factory No. 11. By the time of victory in the War of Resistance in August 1945, Factory No. 11 had 5,114 employees and laborers and 1,178 pieces of equipment of various kinds. Its main products had a monthly manufacturing capacity of: 1.3 million cartridges, 4,000 75-millimeter-caliber artillery shells, and 100,000 hand grenades. From 1946 to May 1949, the factory changed and relocated and was handed over repeatedly, unable to produce normally, and, on May 19, 1949, was renamed Arsenal No. 11; on August 20 it was ordered to relocate to Yulin on Hainan Island, and, in March 1950, relocated further to Kaohsiung, Taiwan, where it was merged into Arsenal No. 60. Arsenal No. 11 thus came to an end.




Section 5 The Historical Significance of Establishing China’s Modern Military Industry

From 1861 to 1949, modern China founded, in total, 115 arsenals and research organs; their founding and development had a profound influence on the political, military, economic, and scientific-technological spheres of modern society alike, and carry important historical significance.


1. A General Account of the Founding and Development of China’s Modern Ordnance-Development Organs

Besides providing a comprehensive introduction to the famous arsenals described above, in order to give an understanding of the general picture of the other ordnance-development organs, this book, synthesizing the many monographs, compiled source materials, and special collections provided by various sources, has compiled a summary table, for reference and consultation②. The summary table presented in this book focuses mainly on manufacturing factories and research organs; other units, such as storage and exhibition departments and tank- and warship-manufacturing and research units, are not included. The ordnance-development organs selected and listed in this book number 115 in total, of which 42 are of the late Qing period, 27 of the Beiyang government period, and 46 of the National Government period. In their sequential arrangement, all are based on the year in which they began to be founded. See Table 12-1 for details.



2. The Characteristics of the Development of China’s Modern Military Industry

China’s modern military industry was founded and developed under the social conditions of a semi-colonial, semi-feudal society, and has many characteristics of its own.


(1) A Tortuous Course of Development

China’s modern military industry, out of the need of the highest rulers of the late-Qing court to preserve their own rule, adopting the schemes of far-sighted men and important court officials for seeking self-strengthening and national survival, began to be founded with the aim of consolidating its own defenses and resisting the invasion

① See A History of Chinese Firearms, pp. 351–353.

② Factory History of the Former Factory No. 1 of the Ordnance Department (February 1948), in Archives, vol. 3, p. 1175 (archives held by the Chongqing Municipal Archives, Factory No. 21, General Fonds No. 86, vols. 1–3).

③ Ministry of Military Administration: Survey Table of the Current Status of the Various Arsenals in the Rear Area (August 20, 1945), in Archives, vol. 3, p. 131.

① See China’s Modern Weapons Industry, pp. 275–276.

② The reference materials for this table are mainly: Archival Historical Materials on China’s Modern Weapons Industry; Wang Zhaochun’s A History of Chinese Firearms; the historical-development and factory-history archives of the various arsenals held in the Chongqing Municipal Archives; the relevant archives held in the Second Historical Archives of China; China’s Modern Weapons Industry; the Shanghai Academy of Social Sciences Institute of Economics’ A History of the Jiangnan Shipyard; Sun Yutang’s Historical Materials on China’s Modern Industry, vol. 1; Wang Jingyu’s Historical Materials on China’s Modern Industry, vol. 2; Chen Zhen’s Historical Materials on China’s Modern Industry, vol. 3; Wei Yungong’s A Record of the Jiangnan Arsenal; the Catalogue of Descriptive Booklets for Products of the Jiangnan Arsenal; Wang Guoqiang’s A History of the Development of China’s Ordnance-Manufacturing Industry; and Wang Erhmin’s The Rise of the Ordnance Industry in the Late Qing, among others.

of the European and American capitalist countries progressive for its time; through half a century of painstaking effort, by the eve of the Xinhai Revolution, 42 arsenals of varying scale had successively been founded, causing China’s modern military industry to develop gradually from handicraft manufacture to the stage of machine manufacture, taking the step from nothing to something in its advance toward mechanization.

After the Xinhai Revolution, the Beiyang government and the warlords of the various factions, in order to develop their own respective strength, besides taking over a portion of the arsenals that had been operated by the Qing government, also founded some arsenals, including ones for the manufacture of aircraft and aerial bombs, raising development capacity, expanding production scale, and increasing the quantity and quality of products; as a result, they in turn suffered setbacks amid their mutual chaotic warfare and successive downfalls.

After the Northern Expedition, the Nanjing National Government once formulated a plan for developing ordnance production, founding some arsenals and ordnance-development organs, and developing some new-type weapons, so that the development of the military industry showed an upward trend. On September 18, 1931, Japan launched its war of aggression against China, and the Nanjing National Government carried out the policy of “internal pacification before external resistance,” so that the military industry did not receive normal development.

In 1945, the Chinese people won a great victory in the eight-year War of Resistance. Not long afterward, Chiang Kai-shek again launched full-scale civil war, and all the weapons and equipment manufactured by the arsenals, as well as the military assistance obtained from the United States government, were used in the civil war, and the development of the military industry took a wayward path.

Table 12-1 Summary Table of the Historical Development of China’s Modern Ordnance-Development Organs











	Institution Name
	Year Founded
	Factory Site
	Historical Development
	Main Products and Operations





	Anqing Inner Weapons Bureau
	1861
	Anqing
	See this book’s “Famous Arsenals of Modern China: 1. The Anqing Inner Weapons Bureau”
	Gunpowder, explosive mortars, artillery shells, steamships



	Explosives Bureau No. 3
	1863
	Songjiang
	Formed from the Songjiang Foreign Gun Bureau, the Han Dianjia Bureau, and the Ding Richang Bureau, three bureaus combined; renamed the Suzhou Foreign Gun Bureau at the end of that year
	Manufactured black powder, cartridges, and artillery shells using hand tools



	Suzhou Foreign Gun Bureau
	1863
	Suzhou
	Renamed at the end of that year from the Explosives Bureau No. 3 after its relocation to Suzhou; merged into the Jiangnan Arsenal in 1865
	Same as above



	Jiangnan Arsenal
	1865
	Shanghai
	See this book’s “Famous Arsenals of Modern China: 2. The Jiangnan Arsenal”
	Same as at left



	Jinling Machine Bureau
	1865
	Nanjing
	See this book’s “Famous Arsenals of Modern China: 3. The Jinling Machine Bureau”
	Same as at left



	Fuzhou Shipbuilding Bureau
	1866
	Fuzhou
	Ceased operations in 1889; called the Fujian Shipbuilding Bureau in 1912; called the Mawei Shipyard in 1926; relocated to Taiwan in 1949
	Artillery shells, warships, naval mines, torpedoes; trial-built training aircraft from 1917 to 1935



	Tianjin Machine Bureau
	1866
	Tianjin
	See this book’s “Famous Arsenals of Modern China: 4. The Tianjin Machine Bureau”
	Same as at left



	Xi’an Machine Bureau
	1869
	Xi’an
	Relocated to Lanzhou in 1872, following Zuo Zongtang’s transfer
	Black powder, wall guns, muzzle-loading guns and their shells



	Fujian Machine Bureau
	1869
	Fuzhou
	Called the Fujian Manufacturing Bureau in 1902; renamed the Fujian Arsenal in 1922 by Sun Chuanfang, the warlord who came to Fujian’s aid; merged into the Shanghai Arsenal in 1928
	Black powder, wall guns, Mauser rifles, smokeless powder, cartridges, artillery shells



	Tianjin Field-Headquarters Machine Bureau
	1871
	Tianjin
	Also called the Huai Army Manufacturing Bureau; burned down by the Eight-Power Allied Forces in 1900
	Wall guns, cartridges, artillery shells, gunpowder



	Lanzhou Machine Bureau
	1872
	Lanzhou
	Merged with the Lanzhou Wool-Weaving Bureau in 1982, called the Lanzhou Machine Bureau; merged with the Military Uniform Bureau in 1898, called the Gansu Machine Bureau; called the Gansu Construction Department Manufacturing Factory in 1938; called the Gansu Provincial Machine Factory in 1941; called the Northwest Chief Administrator’s Office Arsenal in 1949
	Firearms, cartridges, artillery shells, artillery, rifles, machine guns, hand grenades, black powder, some civilian products



	Guangdong Military Uniform Machine Bureau
	1873
	Guangzhou
	Also called the Guangdong Machine Bureau; merged into the Guangdong Munitions Bureau in 1886
	Guns, artillery, ammunition; ship repair



	Wulongshan Machine Bureau
	1874
	Nanjing
	Merged into the Jinling Machine Bureau in 1879
	Manufactured munitions specially for the river-defense gun emplacements



	Hunan Machine Bureau
	1875
	Changsha
	Ceased operations at the end of 1877
	Black gunpowder, wall guns, explosive shells



	Guangdong Munitions Bureau
	1875
	Guangzhou
	After absorbing the Guangdong Military Uniform Machine Bureau in 1886, called the Guangdong Munitions Bureau; called the Guangdong Manufacturing Bureau in 1887; merged into the Guangdong Cartridge-Manufacturing Factory in 1907
	Black powder, cartridges



	Shandong Machine Bureau
	1875
	Jinan
	Called the Shandong Arsenal in 1912; called the Jinan Arsenal in 1929; called Arsenal No. 30 in 1949
	Black powder, lead shot, percussion caps, rifles, artillery, artillery shells



	Hangzhou Machine Bureau
	1877
	Hangzhou
	A new bureau was established beside Baoguo Temple in 1883; the old Baoguo Temple bureau and the Hangzhou Kunshan Gate Gunpowder Bureau were absorbed in 1885
	Gunpowder, artillery shells, naval mines, breech-loading rifles



	Sichuan Machine Bureau
	1877
	Chengdu
	Called the Sichuan Ordnance-Manufacturing Bureau in 1909; called the Sichuan Arsenal in 1913; called the No. 50 Technical School in 1939; called the Chengdu Branch of Factory No. 50 in 1941
	Firearms, artillery, guns, ammunition





Dagu Shipyard | 1880 | Dagu | Called the Dagu Shipbuilding Institute in 1913 | Naval vessels, firearms and artillery, naval mines, ammunition | Jilin Machine Bureau | 1881 | Jilin | Burned down by the invading tsarist Russian army in September 1907 | Firearms and artillery, ammunition, small steam launches | Jinling Foreign Gunpowder Manufacturing Bureau | 1881 | Nanjing | Merged into the Jinling Machine Bureau in 1907; ceased operations in 1912 | Gunpowder of various kinds | Hangzhou Genshanmen Inner Gunpowder Bureau | 1882 | Hangzhou | Merged into the Hangzhou Machine Bureau in 1885 | Black powder | Shenjiying Machine Bureau | 1883 | Beijing | Destroyed by a great fire in December 1890 | Cartridges, naval mines, breech-loading rifled guns | Yunnan Machine Bureau | 1884 | Kunming | Called the Army Arsenal in 1911; called the Yunnan Arsenal in 1925; placed under Factory No. 53 in 1946 | Cartridges, artillery shells, rifled guns, flat-trajectory guns | Taiwan Machine Bureau | 1885 | Taipei | Seized by the Japanese army in April 1895 | Gunpowder, cartridges, artillery shells | Guangdong Cartridge-Manufacturing Factory | 1886 | Guangzhou | Called the Shijing Arsenal in 1907; called the Guangdong Arsenal in 1912; called the Guangdong Weapons-Manufacturing Factory in 1925; called the Guangdong First Arsenal in 1936; called Factory No. 41 from 1938 to 1946 | 4 types of rifles including the Mauser and the Steyr, machine guns of various kinds, black powder, smokeless powder, ammunition of various kinds | Hubei Gun-and-Artillery Factory | 1890 | Hanyang | Called the Hubei Arsenal in 1904; called the Hubei Steel and Powder Works in 1908; called the Hubei Arsenal in 1912; called the Hanyang Arsenal in 1914; called Factory No. 1 from 1938 onward | Rifles, artillery, ammunition, wall guns, quick-firing rifles, breech-loading guns and artillery, black powder, smokeless powder | Shaanxi Machine Manufacturing Bureau | 1894 | Xi’an | Placed under the Shaanxi Machine Bureau in 1927; called the Shaanxi Provincial Machine Bureau in 1930; called the Huayin Arsenal in December 1930 | Firearms, cartridges, artillery shells, black powder | Hubei Munitions Depot | 1896 | Hubei | No record of its subsequent historical development has been found | Artillery manufactured by traditional methods, a small quantity of new-style artillery | Shengjing Machine Bureau | 1896 | Shenyang | Seized by tsarist Russia in 1900; recovered in 1903; called the Fengtian Mint in 1910 | Ammunition, a small quantity of weapons | Henan Machine Bureau | 1897 | Kaifeng | Called the Henan Army Arsenal Bureau in 1912; changed to the Kaifeng Arsenal in 1928; ceased operations after 1931 | Wall guns, Mauser rifles, 2-pound Krupp guns, cartridges, artillery shells | Xinjiang Machine Bureau | 1897 | Urumqi | Called the Dihua Arsenal in 1903; called the Xinjiang Arsenal in 1933 | Black powder, ammunition of various kinds | Hubei Steel and Powder Works | 1898 | Hanyang | Called the Hubei Arsenal and Steel and Powder Works in 1908; called the Hubei Steel and Powder Works in 1912; called the Hanyang Steel and Powder Works in 1914; called the Hanyang Arsenal Branch Factory in 1917; called the Hanyang Gunpowder Factory in 1932; called the Ordnance Department’s Factory No. 2 from July 1938 to August 1946 | Black powder, smokeless powder, yellow explosive, TNT, mortar propellant, steel billet, cartridges, alcohol | Shanxi Machine Bureau | 1898 | Taiyuan | Called the Shanxi Army Ordnance-Repair Institute in 1914; called the Shanxi Military Personnel Technical-Practice Institute in 1920; called the Taiyuan Ordnance-Repair Institute in 1931; called the Renshen Manufacturing Factory in 1932; called the Northwest Industries Company Machine Factory Administration Office in 1934; called the Northwest Manufacturing Factory in 1936; called the Northwest Industries Company Engineering Office in 1945; called the Northwest Industries Construction Company from August 1947 to April 1949 | Rifles of various kinds, black powder, smokeless powder, cartridges, artillery shells, hand grenades, bombs, submachine guns, machine guns, artillery | Guangxi Machine Bureau | 1899 | Longzhou | Called the Guangxi Border-Defense Gun-and-Artillery Repair Factory in 1911; called the Nanning Ordnance Repair-and-Manufacture Factory in 1921; called the Mechanical Section of the Ordnance Office of the National Revolutionary Army’s Fourth Group Army in 1931; called the Guangxi First Mechanical Factory in 1937 | Rifles, machine guns, hand grenades, mortar shells, breech-loading cartridges | Guizhou Machine Bureau | 1899 | Guiyang | No record of its subsequent historical development has been found | Cartridges | Wuchang Public-Security Gunpowder Institute | 1900 | Wuchang | Xu Jianyin served as director-general; merged into the Hubei Steel and Powder Works in 1913 | Black powder | Heilongjiang Machine Bureau | 1900 | — | No record of its subsequent historical development has been found | Munitions | Jiangxi Machine Bureau | 1901 | Nanchang | Expanded in 1903; no record of its subsequent historical development has been found | Mauser rifles, cartridges | Beiyang Machine Bureau | 1902 | Dezhou | Called the Dezhou Machine Bureau in 1911; called the Beiyang Arsenal in 1912; called the Dezhou Arsenal in 1913; called the Dexian Arsenal from 1914 to 1925 | Black powder, smokeless powder, cartridges, artillery shells, nitric acid, sulfuric acid | Anhui Machine Bureau | 1907 | Anqing | Changed to an electric-light factory in 1910 | A small quantity of cartridges; operated for only a very short time | Yili Cartridge Factory | 1908 | Yili | No record of its subsequent historical development has been found | Weapon repair |

Heilongjiang Ordnance-Repair Institute | 1912 | Qiqihar | Divided into repair and manufacturing sections in 1929; called the Nenjiang Provincial Ordnance-Repair Institute in 1946 | Carbines, hand grenades, grenade-discharger tubes, machine guns | Hunan Metalworking Factory | 1912 | Changsha | Called the Practice Workshop of the Hunan Higher Industrial School in 1915; called the Machinery Workshop of the Hunan Army Factory in 1916; called the Hunan Arsenal in 1918; called the Hunan Ordnance Bureau in 1926; ceased operations in 1928 | Rifles, pistols, heavy machine guns, cartridges | Gongxian Arsenal | 1915 | Gong County, Henan | Called the Gongxian Ordnance Preparatory Office in 1917; called the Gongxian Arsenal in 1921; called the Ordnance Department’s Factory No. 11 in 1938; called Arsenal No. 11 in 1949 | Firearms, artillery, ammunition | Fengtian Ordnance Factory | 1916 | Shenyang | Merged into the Northeastern Three Provinces Arsenal in 1922 | Smokeless powder, cartridges | Jilin Ordnance Factory | 1916 | Jilin | Called the Repair Institute of the Jilin Public-Security Command in 1946; Jilin was liberated in 1948 | Hand grenades; also weapon repair | Guangdong Shanwei Ammunition Factory | 1917 | Haifeng, Guangdong | Taken over by the Guangdong Weapons-Manufacturing Institute in 1925 | Smokeless powder, ammunition | Daxian Arsenal | 1919 | Daxian, Sichuan | Controlled by local troops from 1920 to 1932; confiscated by the Red Army in October 1933 | Rifles, machine guns, mortars, cartridges | Longnan Machine Bureau | 1919 | Tianshui, Gansu | Merged into the Gansu Machine Bureau in 1927 | Firearms, cartridges, mortars | Xishui Arsenal | 1921 | Xishui, Guizhou | Ceased operations in April 1924 | Rifles, cartridges, hand grenades | Northeastern Three Provinces Arsenal | 1921 | Shenyang | Formally named in 1922; occupied by the Japanese army from September 18, 1931 to August 1945; garrisoned by Soviet forces from August to October 1945; garrisoned by the Chinese Communist Northeast Military Region’s Military Industry Department from October 14 to October 1945; taken over by the Kuomintang army in February 1946; in 1946, successively renamed the Shenyang Arsenal and the Ordnance Department’s Factory No. 90 | Gunpowder and explosives of various kinds, firearms, artillery, cartridges, artillery shells, mechanical equipment | Fengtian Mortar Factory | 1922 | Shenyang | Called the Liaoning Mortar Factory in May 1929; occupied by the Japanese army on September 18, 1931; taken over by the Kuomintang after victory in the War of Resistance; Shenyang was liberated in 1948 | Mortars of various kinds and their accompanying shells | Guangxi Baise Ordnance-Repair and Cartridge-Reloading Factory | 1922 | Baise, Guangxi | The factory ceased operations in 1926 | Weapon repair, cartridge reloading | Guangxi Yulin Arsenal | 1922 | Yulin, Guangxi | Called the Guangxi Second Arsenal and the Guangxi Arsenal in 1925; ceased operations in October 1928 | Rifles; also weapon repair | Chishui Arsenal | 1923 | Chishui, Guizhou | Called the Chishui Branch of the Guizhou Arsenal in 1928 | Firearms, cartridges, hand grenades | Hengyang Ordnance Bureau | 1924 | Hengyang, Hunan | Called the Ordnance Repair Office of the Fourth Army in 1929; ceased operations three times, in 1928, 1933, and 1935 | Cartridges, self-loading pistols, Model 30-Section machine guns | Yanhe Gun Factory | 1924 | Yanhe, Guizhou | Merged into the Guizhou Arsenal in February 1927 | Mauser rifles | Guangxi Guiping Ammunition Factory | 1924 | Guiping | Combined with the Tengxian Ammunition Factory in 1925 to form the Guangxi Ammunition Factory | Cartridges | Guangxi Tengxian Ammunition Factory | 1925 | Tengxian | Combined with the Guiping Ammunition Factory in 1025 to form the Guangxi Ammunition Factory | Cartridges | Guangxi Wuzhou Yong’an Smokeless Powder Factory | 1925 | Wuzhou | Called the Gunpowder Factory of the Fourth Group Army’s Ordnance Office in 1931; merged into the Ordnance Department’s Guangxi Arsenal Preparatory Office in 1937 | Smokeless powder, yellow explosive, cartridges and propellant | Guangxi Explosives Factory | 1925 | Wuzhou | Ceased operations in November 1928; merged with the Guangxi Ammunition Factory in 1930 to form the Explosives Section of the Fourth Group Army’s Ordnance Office | Land mines, naval mines, hand grenades, rifle grenades, bombs | Guangxi Ammunition Factory | 1925 | Guiping | Formed by the merger of the Tengxian and Guiping ammunition factories; absorbed the Guangxi Explosives Factory in 1930, forming the Explosives Section of the Fourth Group Army’s Ordnance Office; merged into the Ordnance Department’s Guangxi Arsenal Preparatory Office in 1937 | Cartridges of various kinds, hand grenades, rifle grenades, bombs | Hanyang Ordnance Specialized School | 1925 | Hanyang | From 1926 to 1927, successively renamed the National Government Hanyang Ordnance School, the Ministry of Military Administration’s Ordnance Specialized School, the Ministry of Military Administration’s Ordnance School, the Joint Logistics Command’s Ordnance School, and the Ordnance School; relocated to Lianhua Harbor, Taiwan, at the end of 1948 | Cultivated ordnance talent: from 1925 to 1948, 223 specialized-program graduates and 191 armored-troop graduate trainees |

Guangdong Ordnance Testing Factory | 1926 | Guangzhou | Merged into the Guangdong Weapons-Manufacturing Factory in 1928 | Tested mortars and their accompanying shells | Guizhou Arsenal | 1926 | Guiyang | Called the Guiyang Ordnance-Repair Factory in 1935; merged into the Ordnance Department’s Central Ordnance-Repair Factory in 1939 | Rifles, ammunition of various kinds | Guizhou White-Powder Factory | 1926 | Guiyang | Merged into the Guizhou Arsenal in 1929 | Ammunition | Shanxi Gunpowder Factory | 1927 | Taiyuan | Called the Taiyuan Ordnance-Repair Institute in 1931; called the Renshen Chemical Factory in 1932 | Gunpowder and explosives of various kinds | Twenty-First Army Weapon Repair Institute | 1928 | Chongqing | Called the Chongqing Weapon Repair Institute in 1935; after the Ordnance Department took it over in 1939, its equipment was divided and distributed to Factories No. 20 and No. 50 | Firearms of various kinds, ammunition, mortars | Henan Xixia Houzhai Rifle-Manufacturing Factory | 1929 | Neixiang, Henan | Manufacture of weapons ceased after Bie Tingfang’s death in 1940; merged into the Xixia Electric-Light Company in 1941, converting to manufacture farm implements | Rifles, machine guns, mortars and their shells, hand grenades | Shanghai Steel-Refining Factory | 1929 | Shanghai | Called the Ordnance Department’s Factory No. 2 in 1938 | Gun steel, ship armor steel, steel billet for various guns and artillery | Twenty-First Army Cartridge Factory | 1930 | Chongqing | Called the Sichuan-Xikang Pacification Commissioner’s Office Cartridge Factory in 1935; called the Sichuan First Arsenal in 1937; called the Ordnance Department’s Factory No. 20 in 1938; called Arsenal No. 20 in 1949 | Ammunition of various kinds | Huayang Arsenal | 1930 | Huayin, Shaanxi | Ceased operations in November 1933 | Firearms and ammunition of various kinds | Guangxi Research Institute | 1931 | Nanning | Relocated to Wuzhou in 1937; merged into the Ordnance Department’s Guangxi Factory Preparatory Office in November | Developed gas masks | Zhejiang Public-Security Command Ordnance-Repair Factory | 1931 | Hangzhou | Relocated several times after its founding; relocated back to Hangzhou in 1945; Hangzhou was liberated on May 3, 1949 | Rifle grenades, light machine guns | Physics and Chemistry Research Institute | 1932 | Nanjing | Called the Physics and Chemistry Research Office of the Ordnance Department’s Technical Bureau in 1933 | Researched physics and chemistry for military application | Gongxian Arsenal Branch Factory | 1933 | Gong County | Called the Ordnance Department’s Factory No. 23 in 1938, with the factory site relocated to Luxian, Sichuan; called Factory No. 23 in March 1949; Gong County was liberated in December | Gas masks, chemical artillery shells and bombs, ordnance chemical products of various kinds | Guangdong Second Weapons-Manufacturing Factory | 1933 | Jiaojiangkou, Guangdong | Called the Guangdong Second Arsenal in 1937; relocated to Jiangbei County, Sichuan, in 1938, thereafter called Factory No. 50; called Factory No. 50 in June 1949 | Rifles, artillery, recoilless guns, cartridges, artillery shells | Huaxing Machine Factory | 1933 | Chongqing | Taken over by the Sichuan First Arsenal in October 1937 | Light machine guns | Guangxi Liuzhou Ammunition Factory | 1933 | Liuzhou | Called the Third Mechanical Factory of the Fifth Route Army in 1937; merged into the Guangxi Arsenal in November 1937 | Cartridges, mortar shells | Ordnance Department Applied Chemistry Research Institute | 1934 | Nanjing | Relocated to Luxian, Sichuan, in November 1937; handed over to Factory No. 23 at the end of 1939; relocated back to Nanjing in 1946; relocated to Taipei at the end of 1948 | Researched incendiary oil, incendiary shells, flamethrowers, smoke-screen equipment, and DDT | Guangzhou Mask Factory | 1934 | Guangzhou | Relocated to Liuzhou in 1938, called Factory No. 42; relocated to Zunyi in 1940; production ceased after the War of Resistance; abolished in February 1946 | Gas masks and various accessory parts | Ordnance Department Baishuiqiao Research Institute | 1934 | Nanjing | Relocated to Ciqikou, Sichuan, at the end of 1937, administered by the Sichuan First Arsenal; came to an end in September 1938 | Testing the performance of ordnance materials and carrying out trials | Shandong Provincial Government Ordnance-Repair Institute | 1936 | Jinan | Called the Repair Institute of the Shandong Provincial Public-Security Command in 1946 | Cartridges, light machine guns, mortars | Ordnance Department Artillery Technology Research Office | 1936 | Nanjing | Absorbed the Hanyang gun factory that same year; relocated to Chongqing in 1938; called the Ordnance Department’s Factory No. 10 in 1941; called the Zhongshu Branch of the Ordnance Department’s Factory No. 50 in 1946; called the Ordnance Department’s Factory No. 10 in January 1949; called Arsenal No. 10 in July 1949 | Artillery shells of various kinds, detonators, TNT, explosive charge packs, and the like | Ordnance Department Military Optical Equipment Preparatory Office | 1936 | Nanjing | Called the Ordnance Department’s Factory No. 22 in 1939; called the Ordnance Department’s Factory No. 53 in 1949; called Arsenal No. 53 from June to December 1949 | Developed telescopes, rangefinders, sighting scopes | Ordnance Department Nanchang Pyrotechnics Factory | 1936 | Nanchang | Formally named in 1937; ceased operations in 1938 | Filled aerial bombs |

Ordnance Department Central Ordnance-Repair Institute | 1936 | Nanjing | Called the Central Ordnance-Repair Factory in 1940; called the Ordnance Department’s Factory No. 44 in 1943; called Arsenal No. 44 in 1949 | Mortars and their accompanying shells, ammunition of various kinds | Ordnance Department Ballistics Research Institute | 1936 | Nanjing | Relocated to Chongqing in the winter of 1937; relocated back in 1947; relocated to Taiwan in December 1948 | Researched the internal and external ballistics of guns and artillery | Ordnance Department Chongqing Steel-Refining Preparatory Office | 1937 | Chongqing | Called the Ordnance Department’s Factory No. 24 in 1939; called Arsenal No. 24 from July to November 1949 | Military-grade steel, rifle grenades, launcher tubes, ammunition of various kinds | Ordnance Department Pacification Commissioner’s Office Ordnance-Repair Factory | 1937 | Guilin | Called the Ordnance-Repair Institute of the Guangxi Public-Security Command in 1939; merged with the Liuzhou Cartridge-Reloading Factory in the spring of 1948, called the Guangxi Public-Security Department Ordnance-Repair and Cartridge-Reloading Factory; relocated to Nanning in November 1949 | Repair of firearms, artillery, and ammunition | Ordnance Department Aviation Ordnance Technology Research Office | 1937 | Nanjing | Called the Ordnance Department’s Factory No. 20 in November 1942; disbanded in April 1946 | Land mines, rifle grenades, hand grenades of various kinds, pistol signal flares, and the like | Ordnance Department Guangxi Arsenal Preparatory Office | 1937 | Longzhou, Guangxi | Called the Ordnance Department’s Factory No. 40 in 1938; came to an end in November 1944 | Mortars, gunpowder, explosives, machine guns, cartridges | Hunan Chenxi Naval-Mine Factory | 1938 | Chenxi | After the finished-goods warehouse exploded in 1940, no record of its subsequent historical development has been found | Naval mines | Zhejiang Iron Works | 1938 | Lishui, Zhejiang | Called the Southeast Region’s Branch No. 2 in 1942; later converted to civilian use | Rifles, machine guns, hand grenades | Ordnance Department Factory No. 52 | 1938 | Hexian, Sichuan | Merged into the Ordnance Department’s Factory No. 53 in 1946 | Hand grenades, explosives, ordnance materiel | Ordnance Department Factory No. 25 | 1938 | Chongqing | Ceased operations in April 1946; taken over by Factory No. 20 in July | Cartridges of various kinds, hand grenades | Ordnance Department Factory No. 26 | 1939 | Chongqing | Formally established in February 1945; in July 1949, the new factory of Factory No. 26 that had relocated to Kaohsiung was called Arsenal No. 26 | Potassium chlorate, sodium chlorate, potassium-copper explosive | Northwest Ordnance-Repair Institute Preparatory Office | 1939 | Xingping County, Shaanxi | After several renamings as the Northwest Ordnance-Repair Institute, the Ordnance-Repair Factory, and Factory No. 30, it was called Arsenal No. 31 on July 1, 1949 | Hand grenades, light machine guns; also weapon repair |

Ordnance Department Factory No. 51 | 1939 | Kunming | Formally established in June 1941; combined with Factory No. 22 in 1942 to form Factory No. 53 | Light machine guns | Ordnance Department Guilin Gun-Repair Factory | 1939 | Guilin | Called the Ordnance Department’s Factory No. 43 in June 1942; relocated to Dushan County, Guizhou, in March 1944; came to an end at the end of that year | Hand grenades, No. 4 Type A mines, signal flares; also repaired optical instruments | Ordnance Department Factory No. 53 | 1942 | Kunyang, Yunnan | Formed by the Ordnance Department’s combination of Factory No. 22 and Factory No. 51; the Guiyang Branch of Factory No. 53 was established in Guiyang in January 1943 | Light machine guns, military optical instruments; also repaired optical instruments | Ordnance Department Southeast Region Branch No. 1 | 1942 | Changting, Fujian | Relocated to Changting from Guidong, Hunan, in 1944 | Pistols, light machine guns | Ordnance Department Southeast Region Branch No. 2 | 1942 | Hangzhou | Formed by the combination of the First, Second, and Third Zhejiang Iron Works; relocated to Nanping, Fujian, in July 1942; ceased operations in June 1946 | Rifles, hand grenades | Ordnance Department Southeast Region Branch No. 3 | 1943 | Yong’an, Fujian | Ceased operations in June 1946 | 82-millimeter mortars and their shells | Ordnance Department Southeast Region Branch No. 4 | 1944 | Jiangle, Fujian | Ceased operations in June 1946 | Light machine guns, cartridges | Ordnance Department Southeast Region Branch No. 5 | 1944 | Guidong, Hunan | Formed by renaming a portion of Southeast Region Branch No. 1; ceased operations in 1946 | Light machine guns, cartridges, heavy machine guns | Shandong Provincial Government Machine Factory | 1945 | Jinan | Formally named in May 1946; Jinan was liberated in September 1948 | Rifles, machine guns, mortar-shell bodies | Hebei Provincial Public-Security Command Ordnance-Repair Institute | 1945 | Baoding | Factory established in 1945; formally named in August 1947; Baoding was liberated in 1948 | Rifles and machine guns, mortars | Ordnance Department Factory No. 60, Nanjing Section | 1946 | Nanjing | Relocated to Kaohsiung in November 1948 | Firearm and artillery ammunition of various kinds, machinery, flamethrowers | Ordnance Department Factory No. 60, Xuzhou Section | 1946 | Xuzhou | Called the Xuzhou Ordnance-Repair Institute of Factory No. 60 in September 1946; Xuzhou was liberated in November 1946 | Rifles, machine guns, grenade-discharger tubes, mortars, cartridges | Ordnance Department Tank Factory Preparatory Office | 1946 | Yuyuan, Shanghai | Relocated to Taipei at the end of 1948; called the Ordnance Department’s Arsenal No. 61 at the start of 1949 | Mortars and their shells, recoilless guns and their shells |

Ordnance Department Factory No. 70 | 1946 | Beijing | Formally named in January 1947; Beiping was liberated on January 31, 1949 | Rifles, submachine guns, ammunition | Ordnance Department Factory No. 80 | 1947 | Guangzhou | Established on January 1, 1947; relocated to Yulin, Hainan, in May 1949, and later relocated to Taiwan | Rifle grenades, hand grenades, cartridges | Ordnance Department Weapons Research Institute | 1947 | Nanjing | After being reduced and reorganized together with the Applied Chemistry Research Institute and the Ballistics Research Institute in December 1948, it relocated to Taiwan; the three institutes merged on February 1, 1949, and the Ordnance Research Institute was established in Taipei on February 1, 1949 | Comprehensive research on weapons of various kinds |

The people’s army led by the Communist Party of China, after the Autumn Harvest Uprising of 1927, on the one hand seized the enemy’s weapons on the battlefield to arm itself, and, on the other hand, also took matters into its own hands, establishing arsenals, so that the people’s military industry went from nothing to something, and from small to large. With the continuous victories and ever-growing development of the people’s war, by 1949 it already possessed a certain scale. After the founding of the People’s Republic of China, the people’s military industry entered a new period of development, in order to meet the needs of national-defense modernization.



(2) The Forerunner of the Development of China’s Modern Industry

The military industry of the European and American countries achieved its full development on the basis of the comprehensive development of such various industries as mining, metallurgy, power, machinery, raw-material processing, and transportation. China’s modern military industry, by contrast, was the opposite: it preceded the other various industrial sectors, beginning with the direct importation of supporting military-industrial equipment from the European and American countries, and the imitation-manufacture of firearms, artillery, and ammunition; this was brought about by the social conditions and background of the era in China at that time.

In 1843, when the foreign missionary Walter Henry Medhurst established the London Missionary Society Press in Shanghai, he installed a printing press within it, and the city’s residents heard the sound of industrial machinery for the first time. Subsequently, foreign capitalists arrived one after another, establishing shipyards and dockyards at China’s treaty ports, to repair and build ships. Then, the industrial ventures operated by foreign capitalists in China increased in number, and the many advantages of using machinery and equipment for production had a certain demonstrative and exemplary effect on the Chinese officials and merchants of the localities where they were situated. Some far-sighted men and important court officials, at a loss for a way forward in planning strategies for self-strengthening and national survival, turned their attention toward purchasing foreign machinery and equipment, establishing factories, and imitation-manufacturing firearms, artillery, and ammunition, in order to resist foreign aggression. For a time, news reports, fashionable information, and the memorials of court ministers were submitted to the throne one after another. The court then allocated funds from the state treasury, and levied likin taxes from the customs houses of the various localities, for use in establishing factories and beginning production. In this way, a trend of founding arsenals swept the whole country, and, in less than a year, more than a dozen arsenals sprang up from the ground, becoming the forerunner of China’s modern industry.

Driven by the military industry, a group of industrial sectors supporting ordnance manufacture—steel-smelting, mining, metallurgy, machine processing, chemistry, acid manufacture, shipbuilding, power, transportation, fuel, and the like—also sprang up one after another in a chain reaction. As the times progressed, the various trades of China’s civilian industry also all achieved a greater or lesser degree of founding and development. Right up until the founding of the People’s Republic of China on October 1, 1949, China’s modern industry, under the oppression and obstruction of the Western powers, although it achieved a certain degree of development, nevertheless endured hardships that can well be imagined.



(3) The Herald of the Dissemination of Modern Science

Modern science and technology began with the Renaissance movement in Italy, and then, on the road opened up by the bourgeois revolution in Britain, swiftly

ahead; the industrial revolution triggered by modern science and technology, in turn, further promoted the development of science and technology itself toward an even higher level. China’s scientific and technical personnel, who had long wandered outside the halls of modern science and technology, were neither able nor required to begin again from basic scientific theory in order to develop China’s modern science and technology; they therefore took the founding of modern arsenals and the purchase of Western machinery as an opportunity, directly importing and learning Western technology, so as to achieve the goal of learning modern science. This method determined that the rise and development of China’s modern science and technology had, of necessity, to begin with the direct importation of modern Western technical science, with technical science being imported into China ahead of theoretical science, among which military technology was especially prominent. Owing to the urgent need brought about by the situation of national and state peril, military technology, as the military industry developed, obtained more funding allocated by the court and more advanced equipment purchased, advancing forward at a comparatively rapid pace, so that military technology became the leading discipline among the various branches of science and technology at that time and received priority development, becoming the technical science that first took systematic shape in China and developed into an industrial sector. This was very different from Europe, where a breakthrough in theoretical science came first, subsequently driving innovation in technical science and the establishment of industrial sectors.

The natural-scientific theory embodied in military technology was disseminated throughout society, and had its effect, mainly through two channels: the establishment of ordnance schools and the translation of scientific and technical books; these two channels arrived hand in hand with the founding of the arsenals, following as closely as a shadow follows its form.

The Shipbuilding Administration School, established within the Fuzhou Shipbuilding Bureau, opened at the beginning of the twelfth month of the fifth year of Tongzhi (January 6, 1867). The school was divided into a Front School (that is, the Manufacturing School) and a Rear School (that is, the Navigation-and-Engine-Room School). The basic natural-science courses offered included arithmetic, algebra, geometry, trigonometry, analytic geometry, calculus, physics, chemistry, mechanics, acoustics, electricity, optics, and thermodynamics, among others, while the specialized courses included mining science, mechanical engineering, geology, and astronomy, among others. This was the earliest systematically established curriculum of basic scientific and technical courses in modern China. The several dozen military-technical schools successively founded thereafter all offered, to a greater or lesser degree, similar courses. After the reform of the educational system in the late Qing, schools of every kind throughout the country made basic scientific and technical courses a required subject for students. In this way, basic scientific and technical knowledge, as well as specialized knowledge, came to be disseminated widely throughout the country.

The translation of Western books began after the founding of the London Missionary Society Press in Shanghai, and, by the second year of Xianfeng (1852), translated books had already been published. In the seventh year of Tongzhi (1868), the Jiangnan Arsenal in Shanghai established a translation bureau, engaging Chinese and foreign translators of scientific and technical books to translate Western works; by the eve of the Sino-Japanese War (1894–1895), no fewer than 200 kinds had already been translated, including such subjects as astronomy, geography, chemistry, natural history, steam engines, surveying, industrial arts, mining, smelting, and military technology. According to incomplete statistics, the Fuzhou Shipbuilding Administration School, the Tianjin Machine Bureau, the Jinling Machine Bureau, and other arsenals, together with more than a dozen other units, translated 468 kinds of scientific and technical books from 1853 to 1911. Among these: 164 volumes on mathematics, 98 volumes on natural philosophy (physics), 92 volumes on natural history, 12 volumes on geography and meteorology, and 44 volumes of general treatises and miscellaneous writings①. Thereafter, the number of books translated became too numerous to count. After these books were printed and distributed, they played an important role in disseminating science and technology and raising the scientific, technical, and cultural level of the populace.



(4) The Emergence of a Group of Military Technologists and Staff Devoted to the Development of China’s Modern Military Industry

With the development of the ordnance cause, from 1861 to 1949, a great many military technologists and specialized technical staff emerged. Among them was the ordnance-development family lineage running from Xu Shou down to his sixth-generation descendants; there were Xu Jianyin and Shen Fengming, who gave their lives developing smokeless powder at the Hubei Steel and Powder Works; there was Li Chenggan, who ran his factory with skill, was impartial and incorrupt, faithful to his duties, and achieved a comparatively great number of creative results, and who held patriotic convictions; there were those who, after the founding of New China, continued to serve the people’s ordnance cause: Du Wei (1889–1965), Wang Guozhang (1906–1991), Zhou Zixin (1909–1971), Gu Jingxin (1907–1989), Chen Xiuhe (1897– ), Yu Zhuozhi (1908– ), Zhou Youjin (1903–?), Xu Qingyun (1898–1971), Gong Zu-

① The number of translated books cited above is given differently by different sources; see Liang Qichao’s A Bibliography of Western Learning, Wei Yungong’s A Record of the Jiangnan Arsenal, John Fryer’s A Brief Account of the Translation of Western Books at the Jiangnan Arsenal, and Wu Xin and Yao Wen’s A Continuation of the Gazetteer of Shanghai County, among other works.

tong (1904–1986), and Zhong Lin (1903–1967), among others①. They each made their own contributions in their respective eras.

At the same time, workers using machinery to manufacture firearms and artillery appeared in society, numbering nearly 22,000 by the end of the Qing dynasty; although their numbers were not large, they were the earliest industrial workers to appear in China, a newly emerging proletarian contingent. This contingent continuously grew in strength, and, by the founding of the People’s Republic of China, there were already approximately 102,000 industrial employees. At that time, they had the most tightly organized structure, the best spirit of unity and cooperation, comparatively high professional and technical skill, and the strongest awareness of safeguarding the interests of the nation and the people; not only were they able to devote themselves attentively to production in ordinary times, but, at critical moments, they came forward boldly, waging a valiant struggle against the reactionary warlords and the Kuomintang ruling authorities, and, on the eve of the National Government’s flight, they waged a life-and-death struggle against the enemy to protect the safety of the arsenals, some even giving up their precious lives. Together with workers on every other front, they became a force driving Chinese society forward.




3. The Reasons China’s Modern Military Industry Could Not Develop Healthily

Although China’s modern arsenals, over the course of 88 years, took tortuous steps from nothing to something, from few to many, and from small to large, they were nevertheless always struggling within a predicament and could not develop healthily; this had its own domestic and international causes at the time.


(1) The Management Methods of Feudal Officialdom and Bureaucratic-Comprador Capital

Unlike the European and American countries, which adopted a commercialized, market-oriented mode of managing the arms trade, China’s modern arsenals, from their very founding in the late Qing, operated under a mode of state investment and management by feudal officialdom. The persons who ran the factories were bureaucrats and politicians appointed by the court and by local governments at every level, who brought the declining atmosphere of corruption, sycophancy, and speculative profiteering from official circles into the factories; they held all power within the factories while being ignorant and incompetent, understood nothing of scientific methods of business management, were unfamiliar with the operations, produced without regard to cost, had products with no competitiveness, treated the factories as their own private treasuries, and placed many relatives and friends on the payroll in name only within the factories, so that the factories’ administrative organs became bloated and unwieldy, with many drawing salaries and few actually performing their duties; at the Jiangnan Arsenal alone there were 648 non-production personnel, accounting for a quarter of the factory’s total workforce; according to the report of director-general Wei Yungong, On the Circumstances of Reorganizing the Shanghai Bureau and Concurrently the Pingxiang Bureau, the funds spent every year on those who drew salaries purely through personal connections and family ties without ever coming to work amounted to tens of thousands of taels of silver②. They also embezzled the payments for guns and artillery purchased for other provinces, misappropriated the interest on deposits held at banks③, skimmed and embezzled the payments for purchasing machinery and materiel, and resold goods for profit④, among other methods, embezzling silver amounting to millions of taels each year. Because incompetent men were appointed to manage the factories, production efficiency was comparatively low, with each person able to manufacture, on average, only 4 to 7 rifles per year, and some rifles were moreover of inferior quality, with cases of chamber explosions injuring the shooter also occurring from time to time.

Entering the Beiyang government and National Government periods, the corruption of the bureaucrat-compradors grew even more rampant. Taking the Jiangnan Arsenal again as an example: after victory in the War of Resistance, the factory’s administrative organs, in the name of a “complete system” and “rigorous division of labor,” changed from a two-tier system of factory director and departments to a three-tier system of factory director, division chief, and department head; the number of administrative staff increased from more than 200 to 456, and administrative expenditure increased more than twofold, while work efficiency became a case of “three monks having no water to drink.” The methods of corruption within the factory also became more numerous and “sophisticated” than before; in matters of design, bidding, construction, supervision, inspection, procurement, and so on, there existed practices of bribe-giving, bribe-taking, gift-giving, and kickbacks. In 1935, Feng Zifan, a clerk in the factory’s Statistics Section, had a daily salary of only 35 yuan, yet the money he embezzled amounted to as much as 140,000 silver yuan.

After victory in the War of Resistance, the National Government’s “plunder-and-takeover” (i.e. “takeover”) officials seized the opportunity to make a great “plunder-and-takeover” fortune. Under the pretext of publicly auctioning off scrap and waste materials from the factories, they colluded with the bidding merchants, collectively accepting bribes from the merchants, selling good goods as scrap, worth less than a fraction of their true value, and completing the transactions as half-sale, half-giveaway, making a huge profit from it. A mid-level engineering staff member at the factory later admitted that he had taken part in the collective division of spoils from three auctions of scrap-iron proceeds, receiving, each time, payment worth 20 piculs of rice①.

From the Jiangnan Arsenal to the Jiangnan Shipyard, even in this, the most advanced of arsenals, the practice of corruption by feudal officialdom and bureaucrat-compradors was already so rampant—how much more so, then, at the other arsenals. The greatest domestic cause of China’s modern arsenals’ inability to develop and grow healthily was the corruption that arose alongside the management system of the time.



(2) Control by the Powers and Dependence on the Powers

China’s modern arsenals, from their very inception, had a very clear dependence on the European and American countries for machinery and equipment, ordnance raw materials, and manufacturing technique. Under conditions of national poverty and weakness, political corruption, and a declining national strength, this multifaceted external dependence inevitably brought all manner of inequality; being controlled technologically, constrained in raw materials, and blockaded, defrauded, and extorted were common occurrences. Although, through the various efforts of the broad ranks of patriotic military technologists and staff, some slight improvement was achieved in certain respects, it was ultimately no more than a drop in the bucket, and, on the whole, could not thoroughly shake off the troubled and declining trend.

Taking the Jiangnan Arsenal as an example: the machinery and equipment purchased by Yung Wing played a certain role in building the bureau’s initial scale. But this state of affairs remained unchanged for a long time; from 1867 to 1904, the factory’s expenditure on purchasing machinery from abroad amounted to as much as 20,003,645 taels of silver, paying, on average, 50,000 taels of standard silver per year, with the highest years exceeding 200,000 taels. This machinery was purchased on the factory’s behalf by foreign trading houses in China, whose commission profits commonly exceeded 10%. Over the same period, the standard silver spent on purchasing raw materials such as steel, copper, and lead reached as much as 14,767,640 taels, with nearly 400,000 taels spent per year②. The total expenditure of all the arsenals across the country was even more staggering. This huge expenditure and outflow of silver inevitably constrained the scale and pace of the arsenals’ development at the time, and also constrained the improvement of the quality of ordnance products.



(3) Encountering the Frenzied Aggression of the Powers

The destruction and devastation that China’s modern arsenals suffered from the frenzied aggression of the powers in the course of their development was, in the world, also unique and unparalleled.

In February 1868, with the memorial of Zuo Zongtang, Viceroy of Min-Zhe, approved, the Fuzhou Shipbuilding Bureau, with Shen Baozhen, Governor of Jiangxi, directing its shipbuilding administration, began operations, and the two banks of the Majiang River at Fuzhou at once became lively and prosperous. On August 23, 1884, the Fujian Navy, under the bombardment of the French Far East Fleet, was reduced to ashes and smoke, masts and oars alike. On the 24th, the Fuzhou Shipbuilding Bureau was destroyed, and the Fuzhou Shipbuilding Administration School suffered severe damage. Not long afterward, the Qing court ordered Zuo Zongtang to take charge of military affairs in Fujian. Fortunately, Zuo Zongtang, who was unwavering in his devotion to the construction and development of the Shipbuilding Bureau, with a national resolve and spirit rare among feudal officials, swiftly restored and developed the construction of the Fuzhou Shipbuilding Bureau.

On November 22, 1894, the Japanese army captured Lüshun, and the dockyard and ordnance-repair works built by the Qing court were entirely destroyed by the Japanese army.

On July 14, 1900, the Eight-Power Allied Forces captured Tianjin, and the Tianjin Machine Bureau was destroyed by the flames of war.

On September 23, 1900, the tsarist Russian army, invading China’s three northeastern provinces along five routes, entered Jilin, and the machinery and equipment of the Jilin Machine Bureau were completely plundered.

On May 3, 1928, the Japanese army engineered the Jinan Massacre, occupying the Shandong Arsenal, seizing its precision machinery and equipment, and blowing up its gunpowder magazine.

① See A History of Chinese Firearms, pp. 256–265, and the portions covering certain figures in China’s Modern Weapons Industry, pp. 242–276.

② See A Record of the Jiangnan Arsenal, vol. 3, Table of Establishments, p. 71.

③ See A Record of the Jiangnan Arsenal, vol. 4, Accounting Table, p. 24.

④ Wang Jingyu: Historical Materials on China’s Modern Industry, vol. 1, part 1, p. 422, Zhonghua Book Company, 1961 edition.

① Shanghai Academy of Social Sciences Institute of Economics: A History of the Jiangnan Shipyard, pp. 208, 289, Jiangsu People’s Publishing House.

② See A History of the Jiangnan Shipyard, p. 75.

On September 18, 1931, the Japanese army seized the arsenals of the three northeastern provinces, turning them into a production base for Japanese army munitions.

From 1937 to 1945, during the Japanese army’s invasion of China, it subjected 15 ordnance-development organs of China—including the Jinling Manufacturing Bureau, the Shanxi Machine Bureau, the Gongxian Arsenal, and Factories No. 10, 11, 20, 22, 24, 25, 29, 30, 40, 50, 51, and 53, and the Ordnance Department Chemistry Research Institute—to more than 80 bouts of frenzied bombing and destruction, causing enormous losses.





Summary

This chapter has given an account of the general development of China’s modern ordnance industry over the three periods of the late Qing, the Beiyang government, and the National Government. From this, it can be seen that, over the course of nearly 90 years of tortuous development, China’s modern ordnance industry achieved certain accomplishments. Taking the state of development in the 1880s as an example, the level of development of China’s modern ordnance industry was not in the least inferior to that of Japan, which had begun learning from the West only after the Meiji Restoration. Owing to the efforts of China’s ordnance developers, the gap between China and foreign countries in the level of research into and use of advanced firearms and artillery was greatly narrowed. These achievements played a certain role in propelling Chinese society forward, and carried a certain historical significance. However, owing to the constraints of the various domestic and international conditions of the time, the momentum of this progress was extremely fleeting and, moreover, subject to many limitations, amounting to no more than a fleeting moment of glory, like the phoenix feather and unicorn horn, in the history of China’s modern ordnance. It was not until after the founding of the People’s Republic of China in 1949 that China’s technology for the manufacture and use of gunpowder and firearms once again returned to the ranks of the world’s advanced nations.





Chapter 13 Modern Chinese Ordnance Products

After the late-Qing court began founding modern arsenals in the 1860s, although the Qing army still had a considerable proportion of soldiers using cold weapons, the number of soldiers using firearms and artillery gradually increased. In the wake of the Second Opium War, the Huai Army trained by Li Hongzhang rapidly grew to become the Qing army with the greatest amount of firearms and artillery equipment. As the use of firearms and artillery increased, if ordnance products were imported entirely from the European and American countries, this would not only cause a great outflow of the nation’s silver, but the varieties would also be complex and difficult to unify and use; more frightening still, in times of urgent need the country would be subject to all manner of difficulties and constraints imposed by foreigners. Consequently, the arsenals founded by the late Qing began by manufacturing the guns, artillery, and ammunition urgently needed. Entering the early twentieth century, they were already able to imitate-manufacture such advanced firearms and artillery matériel as smokeless powder, rifles, machine guns, and breech-loading artillery. After being spurred on by the chaotic warfare among warlords during the Beiyang government period, as well as by the development of China’s national industry during the First World War, ordnance products achieved comparatively rapid development, so that by the time of the National Government, the country was able to imitate-manufacture and modify, on a rudimentary level, a certain quantity and variety of guns, artillery, and ammunition for multiple purposes.


Section 1 Modern China’s Gunpowder and Explosives

After China began using modern firearms in the Tongzhi period (1862–1874), it continued to use hand-compounded black powder. As the performance of firearms improved, the existing gunpowder was already “unable to achieve accuracy and range,”① and so the requirement to use machinery to manufacture new types of gunpowder became imminent.

1. Black powder

From the sixth year of Tongzhi to the tenth year of Guangxu (1867–1884), the Qing court had already built gunpowder mills at the Tianjin Machine Bureau, the Jiangnan Manufacturing Bureau, the Shandong Machine Bureau, and the Jinling Machine Bureau, and had also built two gunpowder bureaus in Guangzhou and Zhejiang. These several gunpowder mills all adopted the machinery and equipment of European gunpowder mills, so that the processes of refining saltpeter, roasting sulfur, calcining charcoal, grinding sulfur, grinding saltpeter, compounding the powder, grinding the powder, granulating, sieving the powder, glazing the powder, drying the powder, and loading the powder, among other processes, basically achieved mechanization. The use of machinery to manufacture gunpowder could both raise output and improve the quality of the powder produced. At that time, two kinds of gunpowder were produced, with saltpeter, sulfur, and charcoal ratios of 75%, 10%, 15% and 75%, 12.5%, 12.5% respectively, both being comparatively good propellant powders.

Among the aforementioned several arsenals, the Tianjin Machine Bureau, as early as August 1870, had already built China’s first steam-powered gunpowder mill with a daily output of 140–180 kilograms of black powder; by around 1874, daily output had already increased to 900 kilograms, and from 1876 to 1882, it manufactured 2.632 million kilograms of black powder, supplied for use by the various armies of the Northern Beiyang. The Jinling gunpowder bureau was completed comparatively late, but its equipment was the newest and its quantity the greatest; the gunpowder it produced, together with other munitions, was supplied for use by the Qing armies of both the Southern and Northern Beiyang, and it was one of the largest gunpowder supply bases for the Qing army at the time. The gunpowder mill of the Jiangnan Manufacturing Bureau had the most advanced technology, and the gunpowder it produced was supplied for use by the Qing armies of the nearby region; its annual output had already reached 158,700 kilograms by 1884. The gunpowder mill designed and built by Xu Jianyin at the Shandong Machine Bureau was completed in 1876, and its annual output had already reached 118,000 kilograms by 1900. The Sichuan Machine Bureau ’s gunpowder mill was completed in 1880, and its annual output had already reached 59,000 kilograms by 1890. The Jilin Machine Bureau’s gunpowder mill was also completed in 1887, and in the four years from 1896 to 1899, it manufactured a total of 331,000 kilograms. From 1874 to 1911, the various mills together manufactured 8,714,500 kilograms of black powder. Of this, the Jiangnan Manufacturing Bureau made 2,331,500 kilograms, the Shandong Machine Bureau 2,383,000 kilograms, the Tianjin Machine Bureau 2,176,900 kilograms, and the Sichuan Machine Bureau 800,000 kilograms. The black powder manufactured by these four gunpowder mills accounted for 83.3% of the nation’s total output. From 1912 to 1949, although black powder continued to be manufactured, its output was no longer great, and within military-use gunpowder it had already retreated to a secondary position, being used as an auxiliary powder.

In order to meet the special requirements of breech-loading rifled steel cannon for propellant powder, the aforementioned gunpowder mills, while manufacturing black powder, had already purchased machinery and equipment for manufacturing hexagonal-cake-block gunpowder. The exterior form of hexagonal-cake-block gunpowder is a flattened cylinder, abbreviated as hexagonal-prism powder; it was first created by a German in 1868. The hexagonal-prism powder is 25 millimeters in height, each side of its cross-section measuring 20 millimeters, with a diameter of 40 millimeters, and has 7 round holes in its middle, which raises the burning rate; it is a comparatively superior propellant powder. In order to imitate-manufacture hexagonal-prism powder, in 1876—the eighth year after hexagonal-prism powder had been created and put into use—the gunpowder mill of the Tianjin Machine Bureau purchased this equipment, and built a dedicated factory building to conduct trial manufacture①. Afterward, the Jinling gunpowder bureau also purchased this equipment, imitation-manufacturing hexagonal-prism powder. The further development of hexagonal-prism powder led to brown hexagonal powder, created by the German Heidemann in 1882, also called brown powder.

2. Brown powder

The compounding principle of brown powder has already been described in Section 2 of Chapter 11; because it was suited as the propellant powder for large-caliber artillery, Li Hongzhang, at the same time as he dispatched men to purchase brown powder, in the thirteenth year of Guangxu (1887) also sent men to Europe to order machinery and equipment and build a factory building, resolving to imitation-manufacture brown powder. In the eighteenth year [of Guangxu], the artisans of the Tianjin Machine Bureau, having been instructed and trained by Germans, succeeded in manufacturing brown powder, and memorialized the court, stating: “For the new-style large cannon within the coastal artillery batteries, and the great guns of the ironclads and fast ships, without using this powder [i.e. brown powder] to fire them, one cannot achieve distant and superior range.”② Thereupon the Tianjin Machine Bureau built China’s earliest brown-powder mill, and by 1898 its annual output had already reached 90,000 kilograms. This mill had already manufactured 524 tons of brown powder by 1904. The Shanghai Jiangnan Manufacturing General Bureau also began manufacturing this powder in 1893. According to the September 8 issue of the Capital Gazette [Jiebao] of that year: “The factory for the exclusive manufacture of brown powder newly built by the Jiangnan Manufacturing Bureau formally commenced operations last Friday.” Wei Yungong, in A Record of the Jiangnan Manufacturing Bureau: On the Manufacture of Brown Powder, gave a complete record of the manufacturing process for brown powder. Because brown powder, when burning within the gun barrel, burns more slowly than black powder, approaching parallel-layer combustion, it improved the combustion performance of the powder, meeting the needs of the breech-loading rifled long-range artillery of the time for loading powder. Historical records show that the era in which the Chinese army used brown powder was only about ten years later than the era of its invention. In the early twentieth century, owing to the appearance and extensive use of smokeless powder, picric acid, and TNT, the military use of black powder and brown powder markedly diminished, being used only for igniter charges and fireworks.

3. Smokeless powder

Historical documents show that the first thing our country’s modern arsenals researched and manufactured was nitrocellulose smokeless powder, at the time called cotton powder or gun-cotton powder, that is, single-base smokeless powder. Research into it began in the latter period of the Europeans’ trial manufacture of nitrocellulose smokeless powder. According to Li Hongzhang’s memorial of the eighth month of the seventh year of Guangxu (1881): “Gun-cotton powder is made by soaking cotton in concentrated water [i.e. concentrated nitric acid, also called strong nitric acid]; it is more than twice as powerful as saltpeter-sulfur powder. Using seven liang of gun-cotton powder can shatter an iron plate four inches thick, on a par with the newly made products of foreign countries.”③ By the seventh month of the eleventh year of Guangxu (1885), “the imitation manufacture of gun-cotton powder has already achieved results.” Li Hongzhang thereupon, that same year, proposed building a factory building to imitation-manufacture smokeless powder. But because there was at that time still no manufacturing equipment, this proposal was for the time being shelved.

(1) General survey of smokeless powder manufacture

In the twentieth year of Guangxu, the smokeless powder mill of the Jiangnan Manufacturing Bureau was built at Longhua in Shanghai. According to the report in the Capital Gazette of the nineteenth day of the fifth month (June 22) of that year, the machinery of this mill was purchased from the famous German Gruson ordnance works; among the workers at the mill were two foreigners, one a chemist and one an engineer, who respectively served as instructor and supervisor within the mill①. In the twenty-first year, this mill began machine-manufacturing single-base smokeless powder. According to a memorial by Liu Kunyi, although the foreign employees originally hired by the bureau had made trial manufacture many times, over a long period they had achieved no success. Afterward, the bureau’s clerk, the candidate-appointee Prefect of Zhili Wang Shou, was put in charge of organizing trial manufacture, and finally succeeded: “the foreign craftsmen themselves admit they cannot match it; at present, up to six-some piculs can be manufactured each year, and in future, further machinery will be purchased to expand [production].”② After the first batch of smokeless powder was successfully trial-manufactured, a complete set of machinery and equipment was adopted for batch production in accordance with the technical procedures; its principal products were: smokeless powder for rifles, sheet-form smokeless powder for 75-millimeter artillery, and strip-form smokeless powder for 57-, 150-, and 120-millimeter artillery. The smokeless powder produced was not only of good quality and many varieties, but its output was also comparatively large; according to Wei Yungong’s statistics, in the ten years from the twenty-first year to the thirty-first year of Guangxu, a total of 406,000 pounds of smokeless powder was manufactured③, supplied for the Qing army’s combat training use.

In order to coordinate with the manufacture of black powder, brown powder, and smokeless powder, the gunpowder mill of the Jiangnan Manufacturing Bureau also drew up technical procedures for the manufacture and inspection of nitric acid, concentrated nitric acid, sulfuric acid, and mercury fulminate rapid detonators④. In September 1933, the Hanyang Steel and Powder Works drew up the “Work Procedures for the Manufacture of Smokeless Powder,” in order to guarantee the quality of the smokeless powder produced. Among its 32 processes—including the manual selection of used cotton wadding, degreasing, washing, nitrating, drying, teasing, redrying, nitrification, rinsing, steam-washing the cotton powder, grinding, bathing, water-sieving, spin-drying, alcohol dehydration, mixing the powder, pressing the powder, rolling the powder, cutting the powder, soaking the powder, and then, after three further dryings and dryings again, through to boxing and storage—the quality of the smokeless powder produced could compare favorably with the world’s high-quality products of the time⑤.

From 1895, when the gunpowder mill of the Shanghai Jiangnan Manufacturing Bureau successfully manufactured single-base smokeless powder, up to 1927, many arsenals within the country successively established smokeless powder mills; those recorded include: the smokeless powder mill of the Tianjin Machine Bureau in 1896, that of the Hubei Steel and Powder Works in 1897, the smokeless powder mill of the Dezhou branch of the Beiyang Machine Bureau in 1904, the smokeless powder mill of the Guangdong Ordnance Manufacturing Factory in 1905, the smokeless powder mill of the Sichuan Machine Bureau in 1906, the Hanyang Steel and Powder Works in 1914, the smokeless powder mill of the Fengtian Military Equipment Bureau in 1920 (this mill was merged into the Three Northeastern Provinces Arsenal in 1922), the smokeless powder mill of the Shanxi Military Industrial Arts Practice Factory in 1921, and the smokeless powder mill of the Jinling Manufacturing Bureau in 1927. In addition, there were also the Wuzhou Yong’an Smokeless Powder Mill, the Fujian Manufacturing Bureau, and the Guangdong Shantou Ammunition Manufacturing Bureau, among others, which also successively manufactured smokeless powder. From 1938 to 1949, although Ordnance Department Factory No. 23 and Factory No. 2 also manufactured smokeless powder, output was extremely small, and production was in a depressed state.

According to incomplete statistics from various sources, from 1895 to 1949, the nation’s smokeless powder mills together manufactured more than 3,750 tons. Of this: the Longhua powder mill of the Jiangnan Manufacturing Bureau made 268 tons, the Hubei Steel and Powder Works 2,675 tons, the Three Northeastern Provinces Arsenal 300 tons, and the Dezhou smokeless powder mill of the Beiyang Machine Bureau 201 tons. The above four mills together accounted for 91.8% of the nation’s total output. The various other mills, whether because the time since their founding was short, or because their output was small, or because construction was not yet complete and production had not yet begun, together accounted for only 8.2% of the nation’s total output⑥.

① Qing, Li Hongzhang: “Memorial of Viceroy of Zhili Li Hongzhang,” in The Self-Strengthening Movement (4), p. 249. ② Qing, Li Hongzhang: “Memorial of Viceroy of Zhili Li Hongzhang,” in The Self-Strengthening Movement (4), p. 273. ③ Qing, Li Hongzhang: “Memorial of Viceroy of Zhili Li Hongzhang,” in The Self-Strengthening Movement (4), p. 262.

① Jiebao [Capital Gazette], vol. 51, p. 338, in Historical Materials on China’s Modern Industry, vol. 1, part 1, p. 285. ② Qing, Liu Kunyi: “Memorial of Viceroy of Liangjiang Liu Kunyi Reporting the Successful Manufacture of Smokeless Powder,” in The Self-Strengthening Movement (4), p. 142. ③ Qing, Wei Yungong: A Record of the Jiangnan Manufacturing Bureau, vol. 3, “Table of Manufactures — Machinery,” pp. 37–54, Shanghai Baowen Bureau, 1905 edition; subsequent citations of this book all use this same edition. ④ See A Record of the Jiangnan Manufacturing Bureau, vol. 9, “Gunpowder, Priming Tubes, Cartridges, Summary,” pp. 1–20. ⑤ See Archives, vol. 3, pp. 537–538 (Hunan Library). ⑥ See China’s Modern Ordnance Industry, p. 78.

(2) Principal uses of smokeless powder

The smokeless powder manufactured at the time was mainly used as the propellant charge for various gun and artillery projectiles. Among these were: round-nosed rifle cartridges of 6.5, 6.8, 7.7, and 7.9 millimeter caliber, pointed rifle cartridges of 7.9 millimeter caliber, cartridges for Mauser pistols and Browning pistols, submachine gun cartridges, field-artillery shells of 20 millimeter caliber, quick-firing artillery shells of 37 and 57 millimeter caliber, mountain-gun shells of 75 millimeter, field-gun shells of 75 millimeter caliber, shells of 100 millimeter caliber, shells of 105 and 150 millimeter caliber, and mortar shells of 105.75 millimeter caliber, among others.

4. Explosives

The picric acid, TNT, and other explosives used by China in the early twentieth century were all imported from abroad, and it was only from 1915 that trial manufacture began.

(1) Trials of explosives

In May 1915, Xu Shangwu, a technical officer of the Ordnance Bureau of the Military Affairs Department of the Beiyang government, trial-manufactured yellow explosive, and on the 18th the Military Affairs Department organized, near the Nanyuan Xin Palace in Beijing, a comparative explosive-performance trial using picric acid and cresylite explosives against Japanese-made yellow explosive. Afterward, He Shouren, Military Consultant of the Military Affairs Department, stated in his report: “Although the two explosives manufactured by Technical Officer Xu are of imitation manufacture, they are not without their own original contrivance; moreover, having undergone trials, they have shown themselves fit for use, being comparable to those manufactured by Japan, and his diligence and skill are indeed not without merit.”① Although Xu Shangwu obtained a commendation for this, his achievement was not afterward put into wider use.

On September 6, 1924, Xu Shangwu, Consultant of the Ordnance Bureau, conducted two trial firings of the explosive he had researched on open ground outside the Dongda Bridge, outside Chaoyang Gate. In the first trial, a small hole was bored into the middle of a “huge rock the size of a table,” about one chi deep, into which one hundred and fifty ge (that is, grams) of explosive were packed; a detonator and fuse were inserted, and after ignition, the trial personnel withdrew inside the wall; after about 2 minutes, the explosive detonated, “the sound shaking like thunder, and the huge rock fell to the ground at a distance; its radius reached about two hundred mida (meters), and where the large fragments of rock landed, they struck [the ground], raising dust.” After the second firing, some rock fragments flew out more than a li, and “observing the results of this trial, [the effect] was about three times greater than black powder, and moreover surpassed even yellow explosive.”② This explosive was called by people “safety explosive,” and could be used for filling hand grenades, aerial bombs, land mines, and artillery shells, its explosive power being comparable to yellow explosive. Xu Shangwu may be called the first person in modern China to conduct trial manufacture of explosives.

(2) Manufacture of explosives

The earliest in modern China to succeed in trial-manufacturing explosives was the Hubei Steel and Powder Works. This works merged with the Hanyang Arsenal in 1917, and was called the Hanyang Arsenal; in 1922 and 1924 it successively succeeded in trial-manufacturing picric acid and TNT, and by the end of 1928 had manufactured a total of 1,272 kilograms of picric acid and 3,094 kilograms of TNT. The Wuzhou Yong’an Smokeless Powder Mill, from 1925 to 1928, together manufactured more than 5,000 kilograms of picric acid, and at the same time also manufactured special cresylite explosive; the Shanxi Military Industrial Arts Practice Factory built in 1923 manufactured picric acid and ammonium nitrate explosive; in addition, the smokeless powder mill of the Jinling Manufacturing Bureau and the smokeless powder mill of the Guangdong Ordnance Manufacturing Factory also respectively trial-manufactured picric acid and TNT in laboratories and in small quantities.

In 1924, the Three Northeastern Provinces Arsenal built China’s first explosives mill for production on a regulated scale. This mill purchased two sets of machinery and equipment from Germany: one set used German-imported toluene as raw material, adopting the three-stage nitration method to manufacture TNT explosive; the other set used German-imported benzene as raw material, manufacturing picric acid through nitration and sulfonation. After going into production, monthly output of TNT increased from 12 tons to 120 tons, and picric acid increased from 3 tons to 30 tons. After the “September 18th” Incident, the Japanese army occupied this mill, and

① “He Shouren’s Report on the Detailed Circumstances of the Trials of Xu Shangwu’s Newly Manufactured Explosive (May 1915),” see Archives, vol. 2, p. 340. ② “Xu Shangwu’s Report on the Circumstances of the Trial Manufacture of Explosives (September–October 1924),” see Archives, vol. 2, p. 349 (Archives of the Beiyang Government Presidential Office).

moved the mill’s principal equipment to Liaoyang to establish a factory (that is, Unit 383 of the Japanese army at Liaoyang). Thereafter, for a period of time, the explosives used by the Chinese army all had to be imported from abroad.

After the outbreak of the War of Resistance against Japan, the Ordnance Bureau, in January 1945, built a potassium chlorate explosives mill at Changshou in Sichuan, formally named Factory No. 26; in May it succeeded in manufacturing potassium chlorate combined with tung oil to form potassium-tung [chlorate-based] explosive, and by the end of the year had manufactured 1.5 tons in total. By the eve of victory in the War of Resistance, this mill possessed 199 sets of machinery and equipment, with 1,285 factory staff and workers①. From January to August 1945, it manufactured altogether 170 tons of potassium chlorate②.

After victory in the War of Resistance, the Ordnance Bureau, in 1946, took over Unit 383 of the Japanese army at Liaoyang, reorganizing it as the Second Branch Factory of Factory No. 90, manufacturing ammonium nitrate explosive; by 1948 it had manufactured only 30 tons of ammonium nitrate explosive.

The large-scale manufacture of black powder and the successful trial manufacture of smokeless powder enabled our country’s gunpowder manufacturing industry to begin to shake off its backward state of manual compounding, so that within 30 years it basically reached the smokeless powder manufacturing level of the world at that time; apart from manufacturing scale and output falling short of the large arsenals of Europe and America, the gap in terms of time was no more than about 10 years. However, China’s gunpowder and explosives industry, having only just begun to catch up to the world’s advanced level, was, in the early twentieth century, owing to the corruption of the authorities and the sluggishness of domestic research, compounded further by the aggression and destruction of Japanese imperialism, strangled in its cradle just as it was on the verge of showing signs of life.



Section 2 Modern China’s Firearms

China’s modern firearms manufacturing industry, from its beginnings in the 1860s up until the eve of the 1911 Revolution, was centered mainly on following and imitation-manufacturing the muzzle-loading guns, breech-loading needle-fired rifled guns, and repeating guns of Europe and America. From the late nineteenth century to the early twentieth century, although some arsenals had already begun trial-manufacturing machine guns and pistols, their numbers were few. From the 1920s until the founding of the People’s Republic of China, the research and manufacture of firearms gradually achieved relatively comprehensive development.

1. Rifles

In the early period of the founding of the arsenals in the 1860s–1870s, although the Qing army still mainly used the British Snider, Martini-Henry, and Lee-Enfield, the French Minié, and the American Springfield, among other muzzle-loading guns, it had already begun to use some rifles self-manufactured by the three large and medium-sized arsenals of the Jiangnan Manufacturing Bureau and the Tianjin, Jinling, and Shandong Machine Bureaus. From a comparison of the historical records, it can be seen that the rifles manufactured by the gun factory of the Jiangnan Manufacturing Bureau were the greatest in quantity, the best in quality, and their specifications and models also changed along with the renewal of gun types made throughout the world, basically reflecting the state of development of our country’s rifle manufacture at the time. The late-Qing arsenals’ imitation manufacture of modern rifles broadly went through three stages: muzzle-loading guns, breech-loading guns, and repeating guns.

(1) Muzzle-loading guns

What the Qing government imported in the early 1860s were all muzzle-loading guns; after the sixth year of Tongzhi (1867), some arsenals began to imitation-manufacture these muzzle-loading guns, at first transplanting the percussion-ignition mechanism of European percussion guns onto the bird guns [niaochong] and pick guns [qiangchong] with which the Qing army was equipped, which, after appropriate modification, became the foreign-style rifled guns and foreign-style pick guns with which the Qing army was equipped. This type of gun was manufactured only in the early period of the founding of the gun factory of the Jiangnan Manufacturing Bureau, and it was not long before it disappears from the records.

The muzzle-loading rifled guns were mainly the rifles and carbines with which the armies of France, Britain, Germany, and other countries were equipped; they were composed of such principal components as a rifled barrel, a curved stock, a firing mechanism with a hammer and percussion cap, and sights fitted with a rear sight leaf

leaf (Fig. 13-1), and fitted with a bayonet. Their principal structure and performance data were similar, such as the Minié rifle.

The gun’s caliber was 17.8 millimeters, its length (excluding bayonet) 1.4 meters, its weight (excluding bayonet) 4.8 kilograms, its projectile weight 68 grams, its muzzle velocity 360 meters per second, and its sighted range 914 meters. This gun fired an elongated round-nosed bullet with an egg-shaped head, hollow at the base and slightly smaller than the bore, which made it easy to load. After firing, the gunpowder gas caused the base of the bullet to expand and bite into the rifling, reducing the leakage of the powder gas, increasing the range and killing power, and improving the accuracy. After the gun factory of the Jiangnan Manufacturing Bureau was built in the sixth year of Tongzhi, it imitation-manufactured this type of muzzle-loading rifled gun, in both rifle and carbine form; among those recorded were 1,487 rifles and 5,990 carbines. However, because the muzzle-loading gun required the powder charge to be loaded from the muzzle, the gun body was heavy, the caliber large, it was inconvenient to carry, and the rate of fire was comparatively slow; consequently, after the second year of Guangxu (1876), there are no further records of the manufacture of this type of gun①. But as a type of firearm, because the quantity purchased by the Qing army was comparatively large, from the 1870s onward it continued to be used in conjunction with breech-loading guns, and was not phased out until the end of the nineteenth century.

(2) Breech-loading guns

Our country’s imitation manufacture of breech-loading guns began with the imitation manufacture, in the sixth year of Tongzhi (1867), of the American Remington breech-loading needle-fired rifled gun. This gun was originally created by the American gunmaker Remington in 1863, with a caliber of 13 millimeters, a length (excluding bayonet) of 136 centimeters, a weight (excluding bayonet) of 4.9 kilograms, a projectile weight of 41.4 grams, and a sighted range of 1,100 meters. From 1867 onward, the Jiangnan Manufacturing Bureau, as well as the machine bureaus of Shandong, Tianjin, and Sichuan, successively carried out imitation manufacture of it. In 1884, the Jiangnan Manufacturing Bureau shortened the length of this gun and reduced its caliber to 10 millimeters, modifying it to use needle-fired metal-cased fixed cartridges. Although it had undergone the above improvements, because this gun “frequently suffered from accidental discharge and other defects, so that the various camps were in the end unwilling to draw it for use,” by the sixteenth year of Guangxu its imitation manufacture was stopped, with the more than 30,000 already imitation-manufactured being the only ones ever issued for use.

From 1871 to 1905, the Tianjin Machine Bureau and the Shandong Machine Bureau had at one time imitation-manufactured the Berdan and Martini-Henry breech-loading guns, but because the results in use were not ideal, this was abandoned. From 1883 to 1892, the breech-loading guns of the Wetterli [Lí yì] type imitation-manufactured by the Jiangnan Manufacturing Bureau likewise could not be sustained, its total imitation manufacture not exceeding 2,000 guns.

In 1883, the Jiangnan Manufacturing Bureau began imitation-manufacturing the 1871 Mauser gun with which the German army was equipped②. Afterward, the machine bureaus of Sichuan, Henan, Guangdong, and Guangxi also successively imitation-manufactured this gun. Among these, the Sichuan Machine Bureau, from 1905 to 1910, together imitation-manufactured 5,386 guns, making it the breech-loading gun imitation-manufactured in the greatest quantity.

(3) Repeating guns

In the 1880s, the American Winchester 17-round repeating gun and the Wetterli 5-round repeating gun, as well as the French Hotchkiss 5-round repeating gun, successively spread to our country, giving rise to a wave of imitation manufacture of repeating guns among our country’s various arsenals, which continued right up to the 1940s, the trend of the various arsenals imitation-manufacturing repeating guns rising ever upward throughout, and their products being very numerous.

The Quick-Profit gun [Kuaili qiang]. In 1890, the Jiangnan Manufacturing Bureau imitation-manufactured a type of quick-profit gun. Its barrel was similar to, but lighter than, the Wetterli barrel, and its spring mechanism was similar to and as ingenious as the Mauser spring mechanism; its magazine could be loaded at one time with 5 rounds, its caliber was 11 millimeters, its length 141 centimeters, its weight 4 kilograms, its projectile weight 26.5 grams, its charge of smokeless powder 2.1 grams, and its range could reach 2,700 meters (this figure appears exaggerated).

① See A Record of the Jiangnan Manufacturing Bureau, vol. 7, “Summary of Guns — Table of Guns Imitation-Manufactured over the Years,” p. 17. ② See A Record of the Jiangnan Manufacturing Bureau, vol. 7, “Summary of Guns — Table of Guns Imitation-Manufactured over the Years,” pp. 17–18. ___

After undergoing target trials, at a distance of 270 meters from the target it could pierce a steel plate 7 millimeters thick. This gun was the first 5-round repeating gun our country ever imitation-manufactured. That year, a total of 6 sample guns were made①.

The New Quick-Profit gun [Xin kuaili qiang]. In 1891, the Jiangnan Manufacturing Bureau again made 6 guns of an improved-type 5-round quick-profit gun, called the New Quick-Profit gun. This gun adopted the barrel of the Quick-Profit gun together with a straight-handle bolt action (with this type of bolt, one need only push the bolt handle backward and forward to load a round into the chamber for firing and, after firing, to eject the spent case, and moreover this can be done without taking the gun down from the shoulder), giving convenient operation and high accuracy. In September 1892, this gun was put through firing trials, achieving a rate of fire of 22–25 rounds per minute, with a muzzle velocity of 489 meters per second, capable of penetrating a steel plate 5 millimeters thick at a distance of 180 meters, as well as a pine board 5 centimeters thick after penetrating the steel plate; its performance was “no different from that purchased from foreign countries.”② That year it immediately went into batch production, with 460 made, and the following year a further 578 were made③. Because this gun’s performance was comparatively good, the troops were mostly willing to use it, and so output progressively increased. In 1894, 1,224 were made, and the year of greatest output, 1898, reached 1,980. From 1891 to 1901, this factory together made a total of 11,541. After 1902, this factory converted entirely to manufacturing the Mauser series of rifles.

The Mauser series of rifles. In 1898, the Jiangnan Manufacturing Bureau had already imitation-manufactured 8 guns of the Model 1888 Mauser rifle (Fig. 13-2). This gun was, at the time, the world’s most advanced repeating gun, with a length (excluding bayonet) of 124 centimeters, a caliber of 7.9 millimeters, a weight (excluding bayonet) of 3.75 kilograms, a muzzle velocity of 600 meters per second, and a sighted range of 2,000 meters. This gun adopted a rotating-bolt action; when opening and closing the bolt, the handle had to be rotated 90°, in order to facilitate drawing back and pushing forward, giving comparatively good locking performance and not readily leaking gas. Outside the barrel there was a jacket, with a gap of 0.5 millimeters between it and the barrel, in order to facilitate heat dissipation and prevent the barrel from overheating during continuous firing. Besides the gun factory of the Jiangnan Manufacturing Bureau, the Fujian Machine Bureau, the Sichuan Machine Bureau, the Hanyang Arsenal, and others, also all imitation-manufactured this type of Mauser gun. The Hanyang Arsenal used machinery purchased from the Löwe factory [Ludwig Loewe & Co.] with a daily output of 50 repeating guns, to imitation-manufacture the Model 1888 Mauser rifle. In the course of imitation manufacture, the barrel jacket was removed, a wooden hand-guard was added at the muzzle, the sight was made a fixed arc-form, and the weight (excluding bayonet) was 4.66 kilograms; the bolt was comparatively sturdy and easy to manufacture, and people called it the “Hanyang type.” From 1895 to 1910, this factory together manufactured 136,100 “Hanyang-type” Mauser guns, supplied for the new armies’ use. In the early twentieth century, the Jiangnan Manufacturing Bureau and the Guangzhou and Sichuan Machine Bureaus also successively imitation-manufactured improved versions of the 6.4-millimeter Mauser gun of Model 1898 and Model 1904, among which the Jiangnan Manufacturing Bureau’s pace in following and imitation-manufacturing the Mauser gun was the fastest, and the quality of its products was also foremost in the country.

China’s modern arsenals, beginning with the Jiangnan Manufacturing Bureau’s imitation manufacture of muzzle-loading guns in 1867, and passing through breech-loading single-shot guns and breech-loading new quick-profit guns, took, by the time of the 1897 imitation manufacture of the Model 1888 breech-loading repeating Mauser gun, only 26 years altogether. If measured from the mastery of the manufacturing technique of the Model 1888 Mauser gun, this was only 10 years behind the country that had originally created it; for the late-Qing military industry, which had originally lagged behind Europe by more than 200 years, to have narrowed the gap with the world’s advanced gun-manufacturing technique at such a pace was indeed no easy achievement. According to the documentary record, from the time the gun factory of the Jiangnan Manufacturing Bureau began imitation-manufacturing the Model 1888 Mauser gun in 1897, its gun-manufacturing technique had already greatly improved, and the quality of the guns was also guaranteed from three aspects: first, in the careful selection of raw materials, using the steel material self-refined by the bureau to make the barrel and the fittings of the bolt, and using walnut wood produced in Shandong and Henan provinces for the stock; second, in the manufacturing equipment, machinery, using advanced machines as far as possible, the proportion of machine use having already reached as high as 80%; and third, in the gun-manufacturing technique, strict requirements were put forward, so that the various parts of the whole gun had to undergo inspection and be found up to standard before they could be polished and assembled into a finished gun. After the whole gun was assembled, it also had to pass live-fire trials (at ranges of 50 to 100 meters), and only after the trial firing succeeded could it leave the factory. The above technical requirements fully reflect that the gun-manufacturing experts and the broad ranks of workers at the gun factory of the Jiangnan Manufacturing Bureau at the time valued quality and managed strictly, so that in terms of gun-manufacturing standard, they were already not far behind the advanced countries of the time①.

After the 1911 Revolution, the Hanyang Arsenal continued manufacturing the Mauser repeating rifle: from 1912 to 1928, it together manufactured more than 600,000; from 1934 to 1936, it could manufacture 3,200 per month; from 1939 to 1944, it together manufactured more than 200,000 guns, of which the peak annual output, in 1940, once reached 53,000.

The Yuannian [First Year] type rifle. In 1912, the Guangdong Arsenal improved upon the Model 1904 Mauser gun it had imitation-manufactured in 1907, naming it the Yuannian-type rifle (Photo 24)②. This gun had a caliber of 6.8 millimeters, a barrel length of 738 millimeters, an overall length of 1,292 millimeters, a weight of 4.1 kilograms, a muzzle velocity of 700 meters per second, and a sighted range of 200–2,000 meters. A carbine of the same caliber was imitation-manufactured at the same time, with a barrel length of 440 millimeters, an overall length of 1,055 millimeters, and a weight of 3.6 kilograms. Both types of gun fired smokeless-powder cartridges. In order to use the same caliber of cartridge as other rifles, the Guangdong Arsenal further, in 1919, changed the caliber of the Yuannian-type rifle to 7.9 millimeters, with a barrel length of 730 millimeters, a weight of 3.897 kilograms, a muzzle velocity of 810 meters per second, and a sighted range of 2,000 meters, firing a 7.9-millimeter pointed bullet. The modified carbine had a barrel length of 440 millimeters, a weight of 3.62 kilograms, a muzzle velocity of 530 meters per second, and a sighted range of 1,400 meters.

In 1924, the Three Northeastern Provinces Arsenal imitation-manufactured the Czech Model 1898 Mauser gun, naming it the Liao Thirteenth Year-type 7.9-millimeter rifle, with a monthly output of 400, its peak monthly output reaching 4,000, making it at that time China’s principal gun-manufacturing plant. In addition, Guangxi and the Gongxian Arsenal also both imitation-manufactured the 7.9-millimeter Model 1898 Mauser gun.

The Zhongzheng-type rifle. The German Mauser arms factory, during the First World War, manufactured a short Mauser gun of the same length as a carbine, convenient for repelling the enemy’s attacks in the trenches. The Gongxian Arsenal imitation-manufactured this in 1924. In 1934, the Ministry of Military Administration purchased 10,000 Model 1924 Mauser guns from Germany, and in 1935 succeeded in imitation-manufacturing it, naming it the “Zhongzheng-type rifle”③. From 1942 to 1945, monthly output was 2,000. This gun had a caliber of 7.9 millimeters, a barrel length of 590 millimeters, an overall length of 1,100 millimeters, a weight of 4.08 kilograms, firing a 7.9-millimeter pointed bullet and heavy pointed bullet, with a muzzle velocity of 810 meters per second and a sighted range of 2,000 meters. In addition, the Guangdong No. 1 and No. 2 Arsenals, the Zhejiang Iron Works, and others, also imitation-manufactured and modified the Zhongzheng-type rifle between 1937 and 1949.

Imitation of the Japanese Type 38 rifle. This gun was originally an improved-type Mauser gun designed and manufactured by Japanese gun researchers in the 38th year of Meiji (1905); the Shanxi Military Industrial Arts Practice Factory began imitation-manufacturing it in 1924④, with a caliber of 6.5 millimeters, a barrel length of 769 millimeters, an overall length excluding bayonet of 1,289 millimeters, a weight excluding bayonet of 3.95 kilograms, firing a 6.5-millimeter caliber pointed smokeless-powder bullet, with a muzzle velocity of 762 meters per second and a sighted range of 2,000 meters; the bolt was fitted with a dust cover, and the safety mechanism was at the rear of the bolt, making it simple to operate. In 1928, this gun was successfully manufactured, with peak monthly output of 3,000. From 1934 to 1942, the Northwest Iron Works, the Northwest Manufacturing Factory, the Ningxiang Branch Factory, and other arsenals all carried out imitation manufacture of it. Afterward, because the caliber was too small and the killing power in-

① See A History of Chinese Firearms, pp. 382–383. ② See China’s Modern Ordnance Industry, p. 31. ③ See China’s Modern Ordnance Industry, p. 32. ④ See A Comprehensive Survey of Weapons [Bingqi daguan], p. 223, “Japanese-Made Guns and Artillery,” and p. 225, “The Weapons of the Chinese Army.” ___

sufficient, manufacture of it was stopped.

Automatic rifle. In 1915, Liu Qing’en, Director-General of the Hanyang Arsenal, designed a type of rifle that used the energy of the powder gas to complete automatic loading of the chamber; when its performance was tested at the Nanyuan firing range in Beijing together with the Baoding Army Officers’ School, the results were excellent. Because the report submitted by the Nanyuan firing range stated that this gun was somewhat heavy, consumed rather too many cartridges, and that after being issued to the troops it was feared it would not be worth the loss①, in the end, owing to the short-sightedness of the authorities, it was set aside and shelved.

Although the research into modern rifles in our country made a certain amount of progress after the 1911 Revolution, and manufactured a comparatively large quantity of Hanyang-type and Zhongzheng-type rifles for equipping the army, right up until the founding of New China, because there was never any major breakthrough, it was never able to enter the ranks of the world’s famous guns, nor did it ever shake off its state of dependence on foreign countries for rifle research and manufacturing technique.

2. Repeating-multi-barrel guns [duoguan qiang]

In the 1870s, the Gatling gun and the Nordenfelt multi-barrel gun spread to our country, drawing the great attention of the Qing government’s military-industrial departments, and were imitation-manufactured by the Jinling Machine Bureau. During the Sino-French War of 1885, this bureau had, at various times, dispatched various types of artillery to Guangdong, Yunnan, Taiwan, and other provinces to support the Qing army in resisting the French army; among the artillery allocated to Taiwan province, there were 10 Gatling guns (also called Gatling cannon) and 4 Nordenfelt guns②. However, because multi-barrel guns had cumbersome gun bodies, inconvenient to maneuver on the battlefield, their imitation manufacture was abandoned after a period of time.

3. Machine guns

After Maxim created the machine gun in 1884, it was very quickly imitated by the various competing countries. Some officials of the Qing government learned of the news of the West’s creation of the machine gun very promptly. According to an American-compiled book, An Illustrated Account of Machine Guns, after the Maxim machine gun was successfully made, Li Hongzhang once watched a firing demonstration in London (Fig. 13-3, reproduced from an original photograph), personally witnessing the person firing use the machine gun to fell a large tree. Li Hongzhang took the opportunity to inquire about the machine gun’s performance, price, and other particulars, and upon learning that the machine gun could fire at most 600–700 rounds per minute, at a cost of 30 pounds sterling, said: “This type of gun consumes too many cartridges, and is too expensive; China cannot use it.” Under the influence of this thinking, together with the financial straits of the Qing government treasury at the time, it was for a time unable to purchase equipment from abroad to carry out imitation manufacture, thereby delaying the matter of imitation-manufacturing the machine gun③.

(1) Heavy machine guns

The heavy machine guns imitation-manufactured by China’s arsenals were mainly of the following several kinds.

The Maxim heavy machine gun. In 1888, the Jinling Machine Bureau was the first to attempt imitation manufacture of the Maxim heavy machine gun, at first making 30, but because it did not

① “Report of the Ministry of Military Affairs Ordnance Bureau Concerning Liu Qing’en’s Trial Firing of the New Gun (‘Automatic Rifle’) at Nanyuan,” and other circumstances (memorial of the Chief of the Ministry of Military Affairs, presented by the Ordnance Bureau Chief) (September 13, 1916), see Archives, vol. 2, pp. 345–346 (Archives of the Beiyang Government Ministry of Military Affairs). ② Qing, Peng Yulin: Report on Expanding the Machine Bureau, see The Self-Strengthening Movement (4), p. 197. ③ See A History of Chinese Firearms, pp. 386–387. ___

live up to expectations, manufacture was stopped in 1893. In 1914, this bureau imitation-manufactured the Model 1899 Maxim heavy machine gun, and in 1915 sent it to Beijing for trial firing, with good results; after manufacturing more than 300, because of a lack of funds, manufacture was stopped. From 1924 to 1935, this bureau again made a comparatively newer batch of 35 Maxim machine guns①. During this period, the Gongxian Arsenal and the Huayin Arsenal imitation-manufactured the Russian-type cart-mounted Maxim machine gun, and the Dagu Shipbuilding Works imitation-manufactured the new-type German Maxim machine gun that used both pointed and round-nosed bullets together.

The Model 24 Maxim heavy machine gun. In October 1935, under the direction of the famous gun and artillery researcher Li Chenggan, the Jinling Arsenal (renamed from the Jinling Machine Bureau) imitation-manufactured the Model 1908 Maxim heavy machine gun, with a caliber of 7.9 millimeters, a barrel jacket of 721 millimeters, an overall length of 1,198 millimeters, the barrel’s inner wall cut with 4 spiral rifling grooves, a weight of 20 kilograms, a mount weight of 29 kilograms, firing smokeless-powder pointed and heavy-pointed bullets, with a muzzle velocity of 870 meters per second and a rate of fire of 600 rounds per minute; after firing, the barrel recoiled 1.25 inches. It adopted a barrel-recoil-operated automatic loading mechanism, and could also be used for anti-aircraft fire, with a maximum range of 2,500 meters (when firing pointed bullets) and 3,500 meters (when firing heavy pointed bullets); it was named the Model 24 Maxim heavy machine gun (Fig. 13-4). From 1937 to 1945, the Maxim machine gun became this factory’s principal product during the War of Resistance, its output rising year by year: 626, 1,060, 1,971, 2,468, 1,860, 1,980, 2,680, 2,986, 3,063. The output of 1945 was 4.8 times or more that of 1937②. In 1947, this gun was changed from water-cooled to air-cooled, its weight reduced from 49 kilograms to 31.75 kilograms, so that it could be carried by one man. More than a dozen arsenals, including those of Guangdong, Gongxian, Hanyang, Kaifeng, and Shandong, also all manufactured this type of heavy machine gun.

The Thirty-Jie heavy machine gun. On October 10, 1921, the Hanyang Arsenal, using the American Model 1917 Browning heavy machine gun as a sample, imitation-manufactured a new-type heavy machine gun. Because this occurred at the time of the tenth day of the tenth month of the tenth year of the Republic, it was named the Thirty-Jie heavy machine gun (Photo 25), and because of its low accuracy, its manufacture was stopped.

The Schwarzlose heavy machine gun. In 1912, the Sichuan Arsenal was the first to imitation-manufacture the Austrian Model 1907–1915 Schwarzlose heavy machine gun. In 1919, the Guangdong Arsenal, after imitation-manufacturing it, called it the Austrian-type water-cooled machine gun, with a caliber of 6.8 millimeters, adopting a delayed-blowback automatic loading mechanism using the pressure at the base of the cartridge case, fed by an ammunition belt, with a muzzle velocity of 780 meters per second and a maximum range of 2,500 meters.

From 1924 to 1949, some arsenals also, to a greater or lesser extent, imitation-manufactured such heavy machine guns as the Hotchkiss, the Browning, and the Japanese Taishō 3rd Year (1914) type and Type 92, but all of these, because of the short time involved and the small output, were not put into batch production and so did not gain wide adoption. After victory in the War of Resistance, because Chiang Kai-shek launched full-scale civil war, the output of heavy machine guns continued to rise, so that by 1945 the Twenty-First Arsenal’s monthly output of heavy machine guns reached 500.

(2) Light machine guns

Light machine guns generally weighed less than 30 catties (13.62 kilograms), and their types were comparatively numerous. Among them were: the Madsen light machine gun, imitation-manufactured by the Guangdong Machine Bureau and the Hanyang Arsenal in 1908 and 1915 respectively; the Hotchkiss light machine gun, imitation-manufactured by the Shanghai Manufacturing Bureau, the Hunan Jin Factory, the Shanxi Military Industrial Arts Practice Institute, and other arsenals from 1915 to 1923; and, from 1927 to 1948, the Czech-type light machine gun, successively imitation-manufactured by the Dagu Shipbuilding Works, the Chongqing Weapons Repair Works, the Guangdong Ordnance Manufacturing Factory, the Guangxi No. 1 Machine Factory, and Arsenals No. 11, 21, 31, 40, 41, 51, and 53, among others. Because the Czech-type light machine gun had a reliable locking mechanism and could have its barrel changed rapidly, it became the principal type imitation-manufactured at the time. Among these, the finished product modified by the Fifty-Third Arsenal was the most refined, and was named the Model 37 light machine gun; the product improved by the Twenty-First Arsenal was called the Improved Czech-type light machine gun①. According to incomplete statistics, from 1908 to 1949, more than 30 arsenals in China successively imitation-manufactured 7 types of light machine gun, with the Czech-type light machine gun occupying first place.

As for general-purpose light/heavy machine guns and special-purpose machine guns, although there was some trial manufacture, none of it was put into batch production.

From 1908 to 1949, the research and manufacture of machine guns in China remained throughout in a state of imitation and partial improvement; although it succeeded in manufacturing the Maxim heavy machine gun and the Czech-type light machine gun, it was likewise unable to change the trend of long-term backwardness.

4. Pistols, submachine guns, and signal pistols

As the technology for manufacturing and using rifles and machine guns continuously developed, automatic pistols and submachine guns were also successively introduced into China and imitation-manufactured and used.

(1) Pistols

The automatic pistols introduced into and imitation-manufactured by modern China were of three kinds: Mauser (also called Zilaide [self-obtained/“come-by-itself”]), Browning, and revolver.

The Model 1896 Mauser semi-automatic pistol. This was imitation-manufactured using a German sample gun (Fig. 13-5). In 1918, the Sichuan Arsenal was the first to trial-manufacture it, with a monthly output of 200, and by 1928 a total of more than 14,000 had been made. The Taiyuan Arsenal also began manufacturing it in 1928, with a monthly output of 400. In addition, the Three Northeastern Provinces Arsenal, the Guangdong Arsenal, the Gongxian Arsenal, and others, also all manufactured the Mauser automatic pistol. This gun adopted a recoil-operated automatic mechanism and a bolt-locking mechanism, with a caliber of 7.63 millimeters, a barrel length of 132 millimeters, an overall length of 280 millimeters, a total weight of 1.16 kilograms, firing 7.63-millimeter cartridges (changed to 11 millimeter in 1928), with an effective range of 70 meters and a sighted range of 1,000 meters, and a vertical magazine holding 10 rounds. It was the finest and most widely used pistol.

The Model 1900 Browning semi-automatic pistol. This came in two specifications, 6-inch and 8-inch caliber [barrel length], both adopting a blowback automatic mechanism using pressure at the base of the cartridge case, with a recoil-spring locking device.

The 6-inch gun was trial-manufactured by the Jinling Manufacturing Bureau beginning in 1913, and by 1915 several hundred had been made. From 1915 to 1921, the Shanghai Manufacturing Bureau together made 7,121. This gun had a caliber of 7.65 millimeters, a barrel length of 106 millimeters, an overall length of 152.4 millimeters, a total weight of 0.68 kilograms, firing 7.65-millimeter caliber Colt automatic pistol cartridges, with a magazine capacity of 7 rounds, a muzzle velocity of 295 meters per second, an effective range of 70 meters, and a maximum range of 500 meters.

The 8-inch gun was first trial-manufactured by the Shanghai Manufacturing Bureau in 1917, and by 1921 a total of 2,801 had been made. From 1919 to 1920,

① “Report on the Manufacturing Process of the Zhongzheng-type Rifle etc. of the Twenty-First Arsenal (November 1948),” see Archives, vol. 3, p. 550 (Reorganized Archives, Ordnance Bureau, section 1, vol. 13). ___

the Jinling Manufacturing Bureau made more than 600, with a caliber of 7.65 millimeters, a barrel length of 142 millimeters, an overall length of 203 millimeters, a total weight of 0.907 kilograms, firing 7.65-millimeter Colt automatic pistol cartridges, with a magazine capacity of 7 rounds, a muzzle velocity of 318 meters per second, an effective range of 70 meters, and a sighted range of 1,000 meters. The 8-inch gun manufactured by the Shanghai Manufacturing Bureau was fitted with a magazine holster for each gun, with an added wooden case that could also serve as a stock, and could be used as a combat pistol.

In addition, there was also the Smith & Wesson revolver, manufactured by the Central Weapons Repair Factory from 1940 to 1948.

(2) Submachine guns

The submachine gun, also called the hand-carried machine gun, is suited to trench warfare and close-quarters ground combat, and appeared during the First World War. From the 1920s onward, some of China’s arsenals began imitation-manufacturing the American Model 1921 Thompson submachine gun and the German Model 1918 Bergmann submachine gun.

The Thompson submachine gun. In 1923, the Guangdong Arsenal was the first to imitation-manufacture it, and by 1924 had already made 39. It adopted a blowback automatic mechanism using pressure at the base of the cartridge case, and a bolt-locking mechanism, and could fire in either fully automatic or semi-automatic mode. The Taiyuan Arsenal, from 1928 to 1946, imitation-manufactured this gun, with peak monthly output reaching 250. From 1928 to 1935, the Chongqing Weapons Repair Works also made 4,700 of another pattern of Thompson submachine gun①.

The Bergmann submachine gun. The Shanghai Arsenal and the Jinling Arsenal, from 1926 to 1928, respectively imitation-manufactured 5,000 and 1,000, with a caliber of 7.65 millimeters, a barrel length of 200 millimeters, an overall length of 820 millimeters, a total weight of 4.32 kilograms, a vertically-fed magazine holding 30 rounds, a muzzle velocity of 390 meters per second, and a sighted maximum range of 1,000 meters. It adopted a blowback automatic mechanism using pressure at the base of the cartridge case, and a bolt-locking mechanism, and could fire in either fully automatic or semi-automatic mode. The Guangdong Ordnance Manufacturing Factory and the Hanyang and Gongxian Arsenals also imitation-manufactured this type of gun.

The M3A1 submachine gun. The American army was equipped with this gun in 1944, and its performance was comparatively good. China’s Sixtieth and Ninetieth Arsenals were ordered, in 1947, to carry out batch imitation manufacture, naming it the Model 36 11-millimeter submachine gun, which became China’s standard-issue submachine gun, with a caliber of 11.43 millimeters, a barrel length of 203 millimeters, an overall length of 567 millimeters (marching position) and 757 millimeters (combat position), a total weight of 3 kilograms, firing .45-inch caliber pistol cartridges, with a magazine capacity of 30 rounds, and a muzzle velocity of 280 meters per second and an effective range of 300 meters. It adopted a blowback automatic mechanism using pressure at the base of the cartridge case, and a bolt-locking mechanism, being mainly used for automatic fire, though a practiced shooter could also fire it semi-automatically.

(3) Signal pistols

The signal pistols manufactured in China were of two kinds, single-barrel and double-barrel. The single-barrel type had a caliber of 26.8 millimeters, a barrel length of 231 millimeters, and was a smoothbore gun. The Jinling Arsenal made more than 1,000 in 1934. Arsenal No. 11 made 2,610 from 1939 to 1942. The Central Weapons Repair Factory made 2,490 from 1941 to 1943 (renamed Arsenal No. 44 in 1943). Arsenal No. 30’s peak monthly output, from 1948 to 1949, reached 150–200.

(4) Rifle-grenade launcher tube

The rifle-grenade launcher tube is a device fitted to the muzzle for launching rifle grenades. From 1920 onward, some arsenals had already begun trial manufacture. In 1928, the Chongqing Weapons Repair Works began batch production, and by 1938 had together made 1,000. In 1940, the Aviation Ordnance Technical Research Office made 12,000 of a new-type Model 28 rifle-grenade launcher tube, with an inner bore diameter of 26 millimeters, an overall length of 250 millimeters, a smoothbore interior, and a total weight of 0.7 kilograms. From 1942 to 1949, three arsenals—Nos. 24, 21, and 44—together made 111,950.

① “Report of Chairman Blue-Field [Lantian] to the Committee (May 1938),” Chongqing Municipal Archives, held archive. ___



Section 3 Modern China’s Artillery

In the 1860s, the late-Qing arsenals began imitation-manufacturing European and American muzzle-loading artillery, and, right up until the founding of the People’s Republic of China in October 1949, passed through four developmental stages: imitation of European and American muzzle-loading smoothbore artillery, Armstrong-type (abbreviated as “A-type”) muzzle-loading artillery, breech-loading artillery, and recoil-barrel artillery.

1. Muzzle-loading smoothbore artillery

In 1868, the Jiangnan Manufacturing Bureau began adopting the integral-casting method to imitation-manufacture smoothbore artillery. Its method was first to cast a solid cylindrical core, “then use a machine lathe to scrape and bore it out, so that the exterior of the gun was as bright as a mirror and as smooth as grease inside. In manufacturing such artillery as explosive-shell guns and field-mortars [tianji, ”quail” mortars], together with the gun carriages, shells, powder primers, wooden fuze plugs, and other items, all matched what was made abroad.”① In fact, this was the beginning of our country’s modern manufacture of artillery using machinery. From 1869 to 1873, this bureau together manufactured, according to the new method, more than 128 bronze guns of various types, of 12, 16, 24, and 32-pound calibers, equipping the Qing army for combat training. Thereafter, the use of machinery to manufacture artillery became increasingly common, and gun-manufacturing technique also continuously improved. In addition, the Hubei Gun and Artillery Factory and the machine bureaus of Tianjin, Sichuan, and Lanzhou also all manufactured some muzzle-loading artillery.

2. Armstrong-type muzzle-loading artillery

From 1873 onward, the Jiangnan Manufacturing Bureau successively purchased 12-, 40-, 120-, 150-, and 180-pound Armstrong-type muzzle-loading artillery pieces as samples for imitation manufacture, and by 1888 had together imitation-manufactured 91 pieces of the above types of Armstrong-type muzzle-loading artillery②. These artillery pieces were all manufactured with the Chinese workers of the time doing the work themselves, being “in skill not inferior to the workers of any European factory.” Most of the Armstrong-type muzzle-loading artillery imitation-manufactured by this bureau were installed at the various gun batteries of Wusong, at the mouth of the Shanghai [Huangpu/Yangtze estuary] (Photo 26). According to the record of the late-Qing official Yao Xiguang in his work A Discussion of the Artillery Batteries of the Yangtze River, at the time, among the coastal artillery installed at the Wusong, South Stone Pond [Nanshitang], and Lion Grove [Shizilin] gun batteries, there were 6 pieces of 40-pound gun of 120-millimeter caliber and 2.75-meter barrel length, of 120-millimeter caliber, and 5 pieces of 120-pound gun of 175-millimeter caliber and 3-meter barrel length, [and] 2 pieces of 180-pound gun of 200-millimeter caliber and 7-meter barrel length. These artillery pieces played a certain role in strengthening the defensive capability of the Wusong stronghold. After 1900, this bureau stopped manufacturing Armstrong-type muzzle-loading artillery.

Although the Armstrong-type muzzle-loading artillery represented a comparatively great improvement over the previous muzzle-loading smoothbore artillery, the flaws and shortcomings of muzzle-loading artillery in general remained unavoidable, and so the imitation manufacture of the more advanced breech-loading artillery also became a matter of the greatest concern to the military commanders and gun-manufacturing experts of the time.

3. Breech-loading artillery

In 1854, at almost the same time that the Armstrong factory achieved major progress in researching muzzle-loading artillery, it also created a refined Armstrong-type breech-loading gun. At the same time, the German Krupp gun factory also succeeded in manufacturing a refined breech-loading gun. In the 1870s, the European Armstrong-type, Krupp-type, and Gruson-type (hereafter abbreviated as “G-type”) breech-loading artillery successively spread to China, and China’s arsenals began, from the 1880s onward, imitation-manufacturing various types of breech-loading artillery. This can be divided into two stages before and after: the first stage, from 1884 to 1904, was mainly the imitation manufacture of carriage-recoil breech-loading artillery. The second stage, from 1905 up until the founding of the People’s Republic of China, was throughout mainly the imitation manufacture of recoil-barrel-type breech-loading artillery.

(1) The 2-pound breech-loading gun imitation-manufactured by the Jinling Machine Bureau

In 1884, the Jinling Machine Bureau was the first to imitation-manufacture the German Gruson-type light breech-loading rifled steel gun, with a caliber of 37 milli-

① Qing, Zeng Guoquan: “Memorial of Viceroy of Liangjiang Zeng Guoquan Stating the Circumstances in Brief,” see The Self-Strengthening Movement (4), p. 79. ② See A Record of the Jiangnan Manufacturing Bureau, vol. 3, “Table of Manufactures — Guns and Artillery,” pp. 3–23. ___ meters, firing a 2-pound shell, mounted on a gun carriage for firing, convenient for mobile warfare. Zeng Guoquan, Viceroy of Liangjiang, in his memorial “On Expanding the Machine Bureau” of the fifth month of the eleventh year of Guangxu, mentioned that this bureau had supplied Yunnan with 4 breech-loading guns, as well as the matter of manufacturing 6 breech-loading guns respectively for Taiwan and the Beiyang garrison troops. These breech-loading guns, for the people of Yunnan and Taiwan resisting the French army during the Sino-French War, played a certain supporting role. By 1896, this bureau could manufacture 64 pieces per year.

(2) The various types of breech-loading artillery imitation-manufactured by the Jiangnan Manufacturing Bureau

The Jiangnan Manufacturing Bureau had, by 1884, already imitation-manufactured 3 pieces of large-type Armstrong-type breech-loading artillery. Thereafter, new products appeared in almost every year, and by 1904, a total of more than 400 pieces of various types of Armstrong-type breech-loading artillery had been manufactured (among which not a few were 100-, 40-, 7-, and 6-pound quick-firing guns); among those on record were large-caliber artillery pieces of 800, 380, 250, 180, 140, 120, 100, and 80 pounds, medium-caliber artillery pieces of 40 and 12 pounds, and light artillery pieces of 7, 6, 3, and 2 pounds. The performance data of several of the principal large-caliber breech-loading guns are listed in Table 13-1.

Table 13-1 Several types of large-caliber Armstrong-type breech-loading guns manufactured by the Jiangnan Manufacturing Bureau















	Gun name
	
	Caliber (cm)
	Barrel length (m)
	Gun weight (tons)
	Shell weight (lb)
	Charge (lb): Brown cake powder
	Charge (lb): Black cake powder
	Range (m)





	800-lb
	
	30.4
	11.8
	50
	800
	300
	200
	10,000



	380-lb
	
	23
	8.7
	25
	380
	165
	176
	11,000



	250-lb gun
	Long type
	23
	8.7
	25
	300
	200
	150
	11,000



	
	Medium type
	23
	7
	21.5
	300
	165
	120
	8,000



	
	Short type
	23
	5.5
	19.5
	250
	100
	72
	7,000



	180-lb gun
	Long type
	20.3
	7.8
	17.5
	200
	100
	75
	8,400



	
	Medium type
	20.3
	5.8
	14
	200
	90
	65
	7,700



	
	Short type
	20.3
	4.7
	8.5
	180
	60
	50
	7,000



	80-lb gun
	
	14.9
	4.8
	4.5
	80
	35
	25
	7,500





This table is compiled based on the record in A Record of the Jiangnan Manufacturing Bureau: Summary of Artillery — A Brief Account of the Five Types of Quick-Firing Guns Presently Manufactured, Together with the Various Types of Artillery Cast over the Years. The “brown cake powder” in the charge column refers to six-hole cake-form brown propellant powder, and the “black cake powder” refers to single-hole cake-form black powder; both were propellant powders manufactured by this bureau for large-caliber coastal guns and naval guns. The 800-, 380-, 250-, and 40-pound guns listed in the table were all successfully test-fired in 1893 and 1894, and may be called the finest coastal defense guns and naval guns of the time.

Besides the aforementioned Armstrong-type breech-loading guns, this bureau also, after 1897, imitation-manufactured several types of Krupp-type breech-loading quick-firing mountain guns; these, unlike the Armstrong-type breech-loading guns’ practice of naming by the weight of the shell fired, were instead named by the caliber in millimeters of the gun; the performance data of several of the principal Krupp-type breech-loading guns are listed in Table 13-2.

Table 13-2 Several types of Krupp-type breech-loading guns manufactured by the Jiangnan Manufacturing Bureau














	Gun name
	Caliber (mm)
	Barrel length (m)
	Gun weight (lb)
	Shell weight (lb)
	Charge (lb): Smokeless powder
	Charge (lb): Black cake powder
	Range (m)





	150-gun
	150
	7.2
	—
	100
	15.6
	—
	—



	120-gun
	120
	5
	5,138
	40
	4.5
	12
	7,200



	76-gun
	76
	1.3
	267
	12
	0.41
	8.3
	4,300



	57-gun
	57
	2.8
	1,280
	6
	0.4
	1.5
	8,000



	47-gun
	47
	0.92
	78
	3
	0.15
	0.35
	3,000





This table is compiled based on the record in A Record of the Jiangnan Manufacturing Bureau: Summary of Artillery — A Brief Account of the Five Types of Quick-Firing Guns Presently Manufactured, Together with the Various Types of Artillery Cast over the Years. The various types of Krupp-type breech-loading guns listed in the table had good-quality steel material and advanced manufacturing technique, adopting wheeled gun carriages, which made them convenient for mobility, among other superior qualities. At the same time, because they adopted smokeless propellant powder and the breech had good gas-sealing performance, their rate of fire was fast and their destructive power great. The various types of Armstrong-type and Krupp-type breech-loading guns of the Jiangnan Manufacturing Bureau, besides equipping the garrison troops of Suzhou, Songjiang, and other places, also had a considerable portion used as coastal guns, equipping the various gun batteries along the Yangtze River at Wusong, Jiangyin, Zhenjiang, Nanjing, and elsewhere, playing an important role in strengthening the defense of the river-defense strongholds along the Yangtze River.

(3) The breech-loading artillery imitation-manufactured by the Hanyang Arsenal

If it may be said that the artillery factory of the Jiangnan Manufacturing Bureau, in the 1880s and 1890s, was mainly manufacturing large- and medium-type Armstrong-type coastal-defense and naval-use breech-loading guns, then the Hanyang Arsenal, from the late nineteenth century to the early twentieth century, was mainly manufacturing small- and medium-type Krupp-type field-use breech-loading guns. From this factory’s going into production in 1896 up to 1909, it had already manufactured 988 pieces of various types of breech-loading guns, among which were Krupp-type breech-loading mountain guns of 37, 53, and 57 millimeter caliber, as well as breech-loading field guns of 75–120 millimeter caliber. After the fall of the Qing dynasty, the Hanyang Arsenal became one of the principal manufacturing plants for the artillery used by the Chinese Nationalist army. In addition, the Dagu Shipbuilding Works and the arsenals of Lanzhou, Fujian, Sichuan, and Jilin also manufactured breech-loading artillery.

For the various front- and rear-loading artillery pieces manufactured by the late-Qing military-industrial factories mentioned above, the gun barrel was in every case connected to the gun carriage by means of trunnions; this type of gun carriage was called a rigid carriage or recoil-carriage, and the artillery mounted on such carriages was called carriage-recoil artillery. In this type of artillery, after the shell was fired, the barrel recoiled together with the carriage, sliding backward on the platform or wheeled base of the carriage. This type of artillery was not easy to aim when firing, produced great recoil force after firing, the gun was cumbersome, and operation was inconvenient; moreover, after firing each round, the time needed to eliminate the recoil force of the carriage and restore it to its original position was comparatively long, so that the further increase of the rate of fire was subject to a certain limitation; the more advanced recoil-barrel gun could overcome this shortcoming.

4. Recoil-barrel artillery

Recoil-barrel artillery is a type of breech-loading artillery with better performance than carriage-recoil artillery, having such superior qualities as a long gun barrel, long range, high firing accuracy, and light weight, making it convenient for mobility on the battlefield, and it was widely used in every manner of combat. From 1905 to 1949, the recoil-barrel artillery imitation-manufactured by China’s various arsenals included mountain guns, field guns, howitzers, flat-trajectory guns, and anti-aircraft guns, among others.

(1) Mountain guns

Mainly used for mountain warfare, with the Krupp-type 75-millimeter mountain gun imitation-manufactured by the Jiangnan Manufacturing Bureau being the first of its kind (Photo 27).

The Shanghai-made Krupp-type 75-millimeter quick-firing mountain gun. In 1906, the Jiangnan Manufacturing Bureau began imitation-manufacturing the German Krupp Model 1906 type 75-millimeter caliber over-mountain quick-firing gun, supplying the training of the new-style army. The high-quality steel used to manufacture the gun was entirely self-refined by this bureau. The gun barrel was first solid-pressed using a 2,000-ton hydraulic press, then repeatedly forged with a 39-ton steam hammer to make it smooth and even; finally, after going through the processes of turning, drilling, boring, filing, and rifling-cutting, among others, it was made into our country’s first refined recoil-barrel mountain gun. The barrel length was 14 times the caliber, that is, 1,050 millimeters; the front of the gun body was fitted with a gun shield, the carriage was of the double-wheel, single-trail type, and the breech was of the horizontal-wedge type; in marching order the overall length was 4,600 millimeters and the overall weight in marching order 405 kilograms; the elevation range was -8° to 15°, and the traverse was 2° to either side. It fired a 12-pound shell, with a muzzle velocity of 280 meters per second, a rate of fire of 10–20 rounds per minute, and a maximum range of 4,300 meters; when on the march it was drawn by 4 horses. From 1907 to 1928, this bureau together manufactured 494 of these guns.

The Hanyang-made Model 10 75-millimeter mountain gun. In 1921, the Hanyang Arsenal imitation-manufactured the Japanese Taishō 6th Year (1917) type 75-millimeter mountain gun, naming it the Han Model 10 75-millimeter mountain gun (Fig. 13-6). The barrel length was 18 times the caliber, the muzzle velocity 342 meters per second, and the maximum range 6,000 meters, with an overall weight in marching order of 610 kilograms. The barrel was single-layered, adopting an interrupted-screw breech lock, which sealed well and gave the gun a comparatively long service life; the carriage was of the double-wheel, split-trail type, with the large frame divided at the front and joined at the rear, giving a comparatively large elevation angle, though the traverse angle was comparatively small and the barrel’s stability comparatively poor; the steel used was supplied by the Shanghai Arsenal and the Hubei Iron Works. By 1928, a cumulative total of 68 pieces had been made.

The Shenyang-made Model 14 75-millimeter mountain gun. In 1925, the Three Northeastern Provinces Arsenal imitation-manufactured the Japanese Meiji 41st Year (1908) type 75-millimeter mountain gun, naming it the Liao Model 14 75-millimeter mountain gun; its performance and structure were similar to the mountain guns manufactured by the Hanyang and Shanghai arsenals, firing a 5.74-kilogram fragmentation shell, a 3.74-kilogram case-shot shell, and a 6.575-kilogram armor-piercing shell, with a muzzle velocity of 360 meters per second and a maximum range of 6,500 meters; by 1931, 30 pieces had been made.

The Jin-factory-made 75-millimeter mountain gun and other mountain guns. “Jin factory” here refers to the names, in their various periods, of the Shanxi Machine Bureau (built in 1898), the Shanxi Military Industrial Arts Practice Factory, the Taiyuan Arsenal, the Northwest Industrial Company, and the Northwest Vehicle Factory, in Shanxi. From 1923 to 1948, it successively manufactured the Jin Model 12 and Jin Model 13 75-millimeter mountain guns, the Jin Model 16 105-millimeter mountain gun, and the Jin Model 36 75-millimeter mountain gun, together totaling more than 1,400 pieces. Among these, the Jin Model 36 75-millimeter mountain gun had a barrel length of 20.8 times the caliber, adopted a hydro-pneumatic recoil and counter-recoil mechanism, with an overall weight in marching order of 536 kilograms, a muzzle velocity of 385 meters per second, and a maximum range of 8,000 meters, with both the elevation angle and the traverse both increased; it was a comparatively refined 75-millimeter mountain gun.

(2) Field guns

Field guns are a type of artillery piece used in field warfare, being mostly cannon of around 75 millimeters caliber, with such characteristics as high muzzle velocity, a flat trajectory, and long range.

The 75-millimeter field gun. In 1913, the Jiangnan Manufacturing Bureau and the Hanyang Arsenal succeeded in imitation manufacture simultaneously. It adopted a self-hooped [autofrettaged] barrel, with a barrel length of 29 times the caliber, that is, 2,175 [mm], drawn by 6 horses, firing a fragmentation shell weighing 6 kilograms, with a muzzle velocity of 519 meters per second and a maximum range of 6,000 meters.

The Liao Model 13 75-millimeter field gun. In 1924, the Three Northeastern Provinces Arsenal imitation-manufactured the Japanese Type 38 75-millimeter field gun, naming it the Liao Model 13 75-millimeter field gun, with a barrel length of 31 times the caliber, a muzzle velocity of 510 meters per second, and a maximum range of 8,250 meters; by 1931, a total of 108 pieces had been manufactured.

The Liao Model 14 77-millimeter field gun. In 1925, the Three Northeastern Provinces Arsenal imitation-manufactured the Austrian Böhler Arsenal’s Model 18 77-millimeter field gun, with a barrel length of 30 times the caliber, naming it the Liao Model 14, 30-caliber, 77-millimeter field gun; its performance surpassed the 75-millimeter field gun manufactured by this same factory, with a muzzle velocity of 528 meters per second and a maximum range of 11,000 meters.

The Jin Model 18 88-millimeter field gun. From 1929 to 1937, the Shanxi Military Industrial Arts Practice Factory imitation-manufactured 150 pieces of the Soviet-Bofors [Suluotong] type 88-millimeter field gun, naming it the Jin Model 18 88-millimeter field gun, with a muzzle velocity of 525 meters per second and a maximum range of 10,500 meters, its performance being close to that of the Liao Model 14 77-millimeter field gun.

(3) Howitzers

Besides the 2 pieces of German Krupp-type 120-millimeter howitzer imitation-manufactured by the Hanyang Arsenal in 1918, modern China’s howitzers were mainly the following 3 types of howitzer imitation-manufactured by the Three Northeastern Provinces Arsenal from 1924 to 1931.

The imitation Austrian-type 100-millimeter howitzer. In 1924, this factory’s imitation-manufactured Austrian-type 100-millimeter howitzer had a barrel length of 21 times the caliber, a muzzle velocity of 360 meters per second, and a maximum range of 7,700 meters, with an overall weight in marching order of 1,350 kilograms; by 1931, 300 pieces had been made.

The imitation Japanese-type 105-millimeter light howitzer. From 1925 to 1928, this factory imitation-manufactured 16 pieces of the Japanese-type 105-millimeter light howitzer, with a maximum range of 11,000 meters.

The imitation Japanese Type 38 150-millimeter howitzer. From 1925 to 1931, this factory imitation-manufactured this piece, drawn by 6 horses, firing a fragmentation shell and armor-piercing fragmentation shell, in first, second, and third charges, with corresponding muzzle velocities of 275, 200, and 150 meters per second, and a maximum range of 5,900 meters (Fig. 13-7).

In addition, the Guangdong No. 2 Arsenal also, in 1936 and 1937, trial-manufactured 75-millimeter and 105-millimeter howitzers.

(4) Cannon [jianong pao, i.e., “canon” guns]

The Three Northeastern Provinces Arsenal, in 1924, imitation-manufactured the Japanese Taishō 14th Year type 105-millimeter cannon, with a barrel length of 29 times the caliber, an overall weight in marching order of 2,594 kilograms, a muzzle velocity of 540 meters per second, and a maximum range of 11,000 meters; by 1931, 12 pieces had been made.

(5) Flat-trajectory guns

Flat-trajectory guns belong to the light artillery of the infantry, mainly equipping infantry regiments and infantry battalions, convenient for mobile warfare, and used to destroy and suppress the enemy’s infantry weapons and war vehicles.

The Liao Model 14 37-millimeter flat-trajectory gun. In 1925, the Three Northeastern Provinces Arsenal imitation-manufactured the Japanese Taishō 14th Year type 37-millimeter flat-trajectory gun, naming it the Liao Model 14 37-millimeter flat-trajectory gun, with a barrel length of 29 times the caliber, an overall weight in marching order of 109.8 kilograms, a muzzle velocity of 450 meters per second, and a maximum range of 3,300 meters, with an elevation range of 0° to 15°; by 1931, a total of 370 pieces had been manufactured. This was our country’s first ever manufactured type of flat-trajectory gun (Fig. 13-8). In 1929, the Hanyang Arsenal also manufactured a 37-millimeter flat-trajectory gun.

The 37-millimeter anti-tank gun. During the War of Resistance against Japan, in order to resist the Japanese army’s armored cars and light tanks, the Ordnance Bureau, in May 1938, ordered the Fiftieth Arsenal to trial-manufacture a 37-millimeter anti-tank gun (also called a defense war-vehicle gun or anti-tank gun). In March 1941, this factory, using the German Sölothurn [Suluotong] 50-caliber 37-millimeter anti-tank gun as a sample, imitation-manufactured China’s first 37-millimeter anti-tank gun, named in 1942 the Model 30 50-caliber 37-millimeter anti-tank gun. Its muzzle velocity was 825 meters per second, maximum range 6,000 meters, and it could pierce 40-millimeter-thick steel plate within 400 meters. Owing to restrictions on raw materials imported from Germany, only 94 pieces were made before production was halted, because once the raw materials for the 100 pieces originally ordered were used up, it was, as the saying goes, hard for even a clever housewife to cook without rice①.

The 57-millimeter recoilless gun. The recoilless gun is suited, in close-range mountain-area combat, to destroying the enemy’s fortifications, firepower points, tanks, and armored vehicles. In November 1948, the Fiftieth Arsenal, using the American-made T18 57-millimeter recoilless gun as a sample, imitation-manufactured the Model 36 57-millimeter recoilless gun, with a muzzle velocity of 360 meters per second, a rate of fire of 15 rounds per minute, a maximum range of 3,660 meters, and a weight of 34 kilograms; by November 1949, 95 pieces had been manufactured. Afterward, owing to restrictions on raw materials and inferior product quality, it was never put into service②.

(6) Anti-aircraft guns

Modern China’s anti-aircraft guns, besides being mainly dependent on imports, were imitation-manufactured by only a small number of arsenals, and moreover were never put into batch production.

The 75-millimeter anti-aircraft gun. In 1927, because of the urgent need arising from the Northern Expedition war, the Shanghai Arsenal converted 2 pieces of 57-millimeter naval gun in its stock into anti-aircraft guns, which could be fixed on the ground or on a vehicle for firing, with a maximum firing height of 4,500 meters. It was not manufactured further thereafter.

The 20-millimeter anti-aircraft gun. In November 1937, the Fiftieth Arsenal, using the Danish Madsen 20-millimeter anti-aircraft gun as a sample, manufactured 4 pieces of 20-millimeter anti-aircraft gun, with a muzzle velocity of 890 meters per second, a rate of fire of 125 rounds per minute, a maximum elevation angle of 82°, and a maximum firing height of 3,500 meters. It likewise was not manufactured further thereafter.

(7) Mortars

The mortar is a type of smoothbore muzzle-loading artillery piece that uses the baseplate to absorb the recoil force produced by the tail-finned shell, firing at a high trajectory angle; it is mainly used to attack targets behind the enemy’s cover and to destroy the enemy’s field defensive works. It is composed of three parts: the barrel, the bipod, and the baseplate. During the First World War, the various participating countries all used mortars, and achieved a certain combat effect. Because the manufacturing difficulty of the mortar is less than that of other artillery pieces, it was easy to imitation-manufacture, and so China, from the 1920s onward, imitation-manufactured them in comparatively large numbers, with the Beiyang government period and the War of Resistance period seeing the most manufactured. The principal types were the two great categories of the British Stokes type and the French Brandt type, imitation-manufactured by the Liaoning Mortar Factory, the Shanghai Arsenal, the Shandong Arsenal, and the Chongqing Weapons Repair Works, among other arsenals. The calibers of the imitation-manufactured mortars ranged from 45 to 150 millimeters; barrel lengths from 1.5 to 1.9 meters; overall weight in marching order from 212 to 610 kilograms; shell weight from 4.6 to 17 kilograms; propellant charge from 0.8 to 5.4 kilograms; minimum range from 160 to 600 meters; maximum range from 1,050 to 1,500 meters; elevation range from 45° to 72°, traverse 0° to 360°; rate of fire 4–20 rounds per minute; among these, the 150-millimeter mortar required 1 gun-carrying cart and 2 ammunition carts, each cart carrying 10 shells. The lightest mortar had an overall weight in marching order of only 18 kilograms, and could be carried on the back by one man (Fig. 13-9).

Modern China’s artillery, from beginning to imitation-manufacture European and American muzzle-loading smoothbore artillery in the 1860s, passed through the developmental stages of breech-loading rifled

① “A Brief History of Ordnance Bureau Factory No. 50 (March 6, 1948),” see Archives, vol. 3, p. 1256 (Reorganized Archives, Factory 50, vol. 256). ② “A Brief History of Ordnance Bureau Factory No. 50 (March 6, 1948),” see Archives, vol. 3, p. 1256 (Reorganized Archives, Factory 50, vol. 256). ___

artillery and recoil-barrel artillery. Through the above various developmental stages, the achievements attained in following, imitation-manufacturing, and catching up with the world’s advanced gun-manufacturing level were not all the same.

In order to meet the needs of military-system reform and the training of new armies, the late-Qing court accelerated the imitation manufacture of new-type artillery, striving to raise the fighting strength of the Qing army, and thereby promoted the development of artillery research and manufacture, achieving thereby comparatively evident progress. The artillery factory of the Jiangnan Manufacturing Bureau and the Hanyang Arsenal’s following imitation manufacture of the various types of Armstrong-type, Krupp-type, and Gruson-type breech-loading artillery shows that our country’s gun-manufacturing capability and gun-manufacturing technique had, by the end of the nineteenth century, already greatly improved. As far as the artillery factory of the Jiangnan Manufacturing Bureau is concerned, its successful imitation manufacture of its first recoil-barrel gun was only 8 years behind France, which had originally created the recoil-barrel gun, while compared with the recoil-barrel guns imitation-manufactured by some other countries, it was only 2–3 years behind, and with some it started at almost the same time, making it hard to distinguish who came first; in catching up with and surpassing the world’s advanced gun-manufacturing level, it achieved notable success. According to the documentary record, when this factory manufactured guns, it chose to use high-quality nickel steel smelted by its own steelworks, containing 0.32% carbon and 3.5% nickel, which was both hard and tough, and also had elasticity. In terms of gun-manufacturing technique, it had already progressed from the previous mold-casting to the layer-built gun-manufacturing method, and developed further into the self-hooping [autofrettage] gun-manufacturing method. The so-called layer-built gun-manufacturing method, according to the technical procedure this factory used in manufacturing 150-millimeter caliber breech-loading artillery, was as follows: first, a crane of 40 tons was used to lift the steel block, weighing several tons, into the heating furnace to be heated, and, once it reached 870–1,040°C, it was removed and, driven by a 2,000-ton hydraulic press together with a steam hammer of fifty or sixty tons, rolled and forged; on the exterior of the inner barrel, two or three progressively shortened sleeves or jackets were successively hooped on tightly, in order to strengthen the gun body; finally, a breech ring was fitted onto the end of the jacket, forming the breech chamber; the other parts of the gun were likewise mostly made by machine. The technical procedure of the self-hooping method was: first, the inner barrel of the gun was made according to the layer-built method, and then a further jacket, with an inner diameter slightly smaller than the outer diameter of the inner barrel, was made, and heated to above 500°C to expand its inner diameter, making it slightly larger than the outer diameter of the inner barrel, and it was immediately hooped onto the exterior of the inner barrel; once it had cooled and contracted, the jacket would then be tightly fitted onto the inner barrel, thereby forming a solid gun barrel whose inner layer was dense with strong compressive capability, and whose outer layer was tough and hard, not prone to bursting. Owing to the improvement of steel-material quality and manufacturing technique, the recoil-barrel guns thus manufactured had an increased rate of fire and enhanced killing power, and had already approached the world’s advanced gun-manufacturing level of the time①.

After the 1911 Revolution, owing to the chaotic warfare among the various warlord cliques, and the Japanese imperialists’ insane launching of the war of aggression against China, together with Chiang Kai-shek’s pursuit of the reactionary policy of “internal pacification before resisting external aggression,” launching full-scale civil war, purchasing large quantities of foreign munitions, and exhausting the national financial strength, although the various arsenals within the country carried out some stop-gap trial manufacture of artillery, the results achieved were meager; apart from mortars and light artillery, the research and manufacture of the heavier artillery pieces, which had a greater effect on combat, virtually made no further progress.



Section 4 Modern China’s Ammunition

The types of ammunition manufactured in modern China included rifle cartridges, artillery shells, hand grenades, rifle grenades, throwing grenades, aerial bombs, land mines, and naval mines, among others; apart from rifle cartridges and artillery shells, the rest all began comparatively late.

① See A History of Chinese Firearms, pp. 395–396. ___

1. Rifle cartridges

The research and manufacture of modern China’s rifle cartridges, broadly speaking, during the Tongzhi period (1862–1874), was mainly the manufacture of muzzle-loading cartridges. From the sixth year of Tongzhi to the sixteenth year of Guangxu (1867–1890), it was mainly the manufacture of breech-loading cartridges for the Remington, Martini-Henry, old-pattern Mauser, and Wetterli guns, among others. From the seventeenth year [of Guangxu] onward, smokeless-powder cartridges for breech-loading repeating guns began to be manufactured, among which were Quick-Profit gun cartridges, 8-millimeter caliber Manlicher [Manlixia] cartridges, 7.9-millimeter caliber Model 1888 and Model 1898 Mauser cartridges, and 6.8-millimeter caliber small-caliber Mauser cartridges, among others; this stage continued right up to the 1940s.

(1) Muzzle-loading cartridges

In 1864, the Suzhou Foreign Artillery Bureau began adopting machinery to manufacture muzzle-loading cartridges. Thereafter, the arsenals of Jiangnan, Jinling, Tianjin, Jilin, Sichuan, Xi’an, Lanzhou, Shanxi, Shandong, and the Shenji Camp [Beijing Imperial Guards], among others, all successively manufactured muzzle-loading cartridges. As breech-loading guns and their associated cartridges increased in number, from the 1870s onward, muzzle-loading cartridges were progressively manufactured and used less, until, in the early twentieth century, they were phased out together with muzzle-loading guns themselves.

(2) Breech-loading cartridges

In 1867, the gun factory of the Jiangnan Manufacturing Bureau began manufacturing the cartridges used by the Remington needle-fired breech-loading gun. The breech-loading cartridge is a fixed cartridge combining the bullet, case, propellant charge, and primer into a single unit. In 1891, after the Jiangnan Manufacturing Bureau succeeded in manufacturing smokeless-powder rifle cartridges, black-powder rifle cartridges were progressively phased out, and replaced by smokeless-powder cartridges. The majority of the country’s arsenals were able to manufacture cartridges matched to the new-type firearms. Their products included rifle cartridges, machine-gun cartridges (including cartridges common to both rifles and machine guns), pistol cartridges, submachine-gun cartridges, and signal-pistol cartridges, among others. By cartridge caliber, there were rifle cartridges of such specifications as 7.9, 6.9, and 6.8 millimeters, among which the 7.9-millimeter was a cartridge shared by rifles and machine guns; and pistol cartridges of such specifications as 7.65 millimeters, among others; in 1941, the Twenty-Fifth Arsenal manufactured submachine-gun cartridges, most submachine guns using pistol cartridges of the same caliber.

The manufacture of modern China’s rifle cartridges began in the 1860s, and by the 1880s had already achieved mechanized manufacture; up until the 1940s, it passed through a process of output growing from small to large, and varieties changing from disorderly and complicated to relatively standardized and uniform, making it the product with the highest degree of mechanization among China’s ordnance manufactures.

2. Artillery shells

The rise and development of the research and manufacture of modern China’s artillery shells may be divided into three stages: muzzle-loading shells, breech-loading shells, and recoil-barrel shells.

(1) Muzzle-loading shells

From 1862 to 1874, the Anqing Domestic Arsenal and the Suzhou Foreign Artillery Bureau began, using a combination of manual labor and simple machinery, as well as mechanical equipment, manufacturing round solid shot and explosive shells matched to mortars [zhapao] and howitzers [pipao, lit. “leaping cannon”] for muzzle-loading. In 1867, the Jiangnan Manufacturing Bureau began manufacturing 12-, 18-, and 40-pound muzzle-loading artillery shells, and from 1892 onward, also imitation-manufactured shells of 40 to 800 pounds matched to the Armstrong-type artillery pieces. Right up to the 1890s, more than 20 arsenals, including the Jinling Machine Bureau, the Tianjin Machine Bureau, the Hubei Gun and Artillery Factory, and the Jilin Machine Bureau, all manufactured muzzle-loading shells to varying degrees.

(2) Breech-loading shells

From 1876 to the end of the nineteenth century, the aforementioned arsenals all successively manufactured shells matched to the Armstrong, Krupp, and Gruson artillery pieces, among others. The models and specifications of the shells manufactured were extremely disorderly and numerous; there were more than a dozen kinds of shell named by weight in pounds, such as 1, 2, 6, 7, 12, 380, and 800 pounds; and more than twenty kinds of shell named by the caliber of the gun in millimeters, such as 30, 37, 47, 50, 53, 57, 60, 75, 80, 87, 120, 150, 170, 203, 210, 230, 235, 240, 280, and 305 millimeters. The machinery and equipment used to manufacture the shells had, by this time, already improved greatly compared with before. According to the record in A Record of the Jiangnan Manufacturing Bureau, vol. 8, “Summary of Artillery — Machinery,” from the end of the nineteenth century to the early twentieth century, the smelting, forging, and casting equipment, metal-processing equipment, and other principal machines and equipment used numbered in the hundreds. For example: ground bellows, sand-grinding machines, sand-sieving machines, sand-turning machines, copper-melting furnaces, iron-melting furnaces, lathes, slotting machines, planing machines, sawing machines, washing machines, wire-drawing benches, gun-barrel boring lathes, screw-twisting lathes, shearing and mortising machines, tooth-grinding lathes, cart-grinding knife machines, and grinding-tool lathes, among others①. All of these machines used steam as their motive power, and were driven by line-shafts and leather belting; their introduction and use laid the foundation for the mechanized operation of artillery manufacture in China in the early twentieth century.

(3) Recoil-barrel shells

Taking the Jiangnan Manufacturing Bureau as an example, following upon this bureau’s success in 1905 in imitation-manufacturing recoil-barrel artillery, its associated shells were, like a shadow following its form, correspondingly developed. According to the record in the Product Catalogues [Shuomingshu], from 1905 to 1907, the shells manufactured by this factory to match the recoil-barrel guns included: 75-millimeter mountain-gun folded-fragmentation shells, mountain-gun case-shot shells, Krupp land- and naval-gun double-layer fragmentation shells, Gruson mountain-gun and land-gun ordinary fragmentation shells, Gruson mountain-gun and land-gun fierce shells, Vickers [Feikaishi] mountain-gun double-layer fragmentation shells, Japanese mountain-and-field-gun common-use fragmentation shells and substitute-fuze shells, and Krupp 87-millimeter quick-firing gun double-layer fragmentation shells, among others. The raw materials used to manufacture the guns included “Chinese Hubei pig iron, Hunan pig iron, and British Haimotai [Hematite?] pig iron, and British red copper.”② The machines used to manufacture the shells included: “casting-blank sand-turning machines, shell-turning drilling lathes, mortar-cast-shell lathes, and boring lathes combined with mortars,” among others. Manufacturing shells required passing through more than a dozen technical procedures, including mold-making, drying, casting the blank, turning the screw threads, and drilling the bore, among others; not the slightest error could be tolerated, in order to manufacture refined shells③.

As far as the arsenals of the whole country are concerned, from 1895 to 1949, they manufactured: 75-millimeter caliber mountain-gun and field-gun shells, 77-millimeter field-gun shells, 88-millimeter flat-trajectory-gun shells, 37-millimeter anti-tank-gun shells, anti-aircraft-gun shells, and recoilless-gun shells, among others.

(4) Mortar shells

The manufacture of modern China’s mortar shells began with Zhang Zuolin’s establishment, in 1922 at Fengtian (present-day Shenyang), of the Fengtian Mortar Factory (later renamed the Liaoning Mortar Factory), which both manufactured 80- and 120-millimeter mortars and manufactured their matching shells. The Shanghai Arsenal and the Hanyang Arsenal also, in 1923, imitation-manufactured the British Stokes-type 75-millimeter mortar and its matching shells. Thereafter, the arsenals of Shandong, Taiyuan, Jinling, Gongxian, and Nos. 10, 21, 50, 1, and 40, among others, also manufactured mortar shells of more than a dozen calibers, including 45, 47, 50, 53, 60, 75, 80, 82, 82.5, 83, 84, 120, 137, and 150 millimeters. Among these, the 150-millimeter mortar shell was manufactured earliest; by the eve of victory in the War of Resistance, the Fiftieth Arsenal could manufacture 4,000 pieces of 150-millimeter caliber mortar shell and 50,000 pieces of 60-millimeter caliber mortar shell per month; the Tenth Arsenal could manufacture 50,000 pieces of 60-millimeter caliber mortar shell per month④. Mortar shells were used comparatively extensively during the War of Resistance against Japan. The Twenty-First Arsenal, from 1944 to 1949, together manufactured nearly 14,000 rounds of 120-millimeter mortar shell; the 82-millimeter mortar shell was the type manufactured and used the most, with the Jinling Arsenal manufacturing more than 4.59 million rounds from 1935 to 1949⑤.

3. Rockets and rocket projectiles

From 1867 to 1873, the Jiangnan Manufacturing Bureau together manufactured 6,000 6-pound and 12-pound rockets⑥. In 1874, the Jinling Machine Bureau manufactured 1,000 rockets, fitted into a launching tube three chi in length, each tube able to hold several dozen rockets, capable, after being fired, of killing a comparatively large number of enemy troops.

① See A Record of the Jiangnan Manufacturing Bureau, vol. 8, pp. 48–54. ② See Catalogue of Product Descriptions of the Jiangnan Manufacturing Bureau, series 2, pp. 16, 17. ③ See Catalogue of Product Descriptions of the Jiangnan Manufacturing Bureau, series 2, p. 35. ④ “Survey of the Present State of the Rear-Area Arsenals (August 20, 1945),” see Archives, vol. 2, pp. 131–132. ⑤ “History of Arsenal No. 21 (February 1948),” see Archives, vol. 3, pp. 1206–1207. ⑥ See A Record of the Jiangnan Manufacturing Bureau, vol. 3, “Table of Manufactures — Machinery,” p. 2. ___

In 1946, Arsenal No. 21 imitation-manufactured the American M6A3-type 2.36-inch rocket launcher tube, and by 1947 had trial-fired it 22 times, naming it the Model 36 2.36-inch rocket tube and rocket. The projectile body was cone-shaped at the front, charged with 0.21 kilograms of TNT explosive; the rear was fitted with a base-detonating fuze, the middle housed the electric detonator tube and solid propellant, and the tail had a nozzle and tail fins; total weight was 1.55 kilograms, capable of piercing 75-millimeter steel armor, with a maximum range of 640 meters. In 1948, this factory also trial-manufactured the M6A5-type rocket projectile, naming it the Model 37 60-millimeter rocket projectile. From January to October 1949, a total of 4,000 were manufactured. Its structure and armor-piercing power were roughly equal to the Model 36 2.36-inch rocket projectile.

4. Hand grenades

The manufacture and use of modern China’s hand grenades began comparatively late. In 1917, the Shantou grenade factory was the first to have a record of manufacture. From 1922 to 1930, more than a dozen arsenals, including the Shanxi Military Industrial Arts Practice Factory, the Jinan Arsenal, the Gongxian Arsenal, and the Hanyang Arsenal, successively imitation-manufactured German-type, Russian-type, French-type, and stick-type hand grenades. After 1930, wooden-handled hand grenades manufactured by the aforementioned arsenals predominated, forming four patterns of hand grenade: the Jin, Cheng, Ji, and Han types. According to incomplete statistics, from 1919 to 1949, about 40 arsenals successively manufactured hand grenades, together manufacturing more than 58.27 million hand grenades of various kinds.

The ignition mechanism of hand grenades is divided into two kinds, timed ignition and impact ignition: the former is the empty-throw type, whereby, at the time of use, the throwing soldier pulls the ignition tube, and after a delay of several seconds it detonates; the latter is the impact-ignition type, fitted with a contact detonator tube, which detonates immediately upon striking. The varieties of hand grenade were very numerous, and may be broadly grouped into three major categories: wooden-handled hand grenades, handle-less hand grenades, and special-purpose hand grenades. The wooden-handled hand grenade was the most widely used type of hand grenade, composed of two principal parts, the wooden handle and the grenade body (Fig. 13-10); it held a comparatively large charge, was convenient to throw, was safe and reliable to ignite when not exposed to damp, and had comparatively great explosive power; among its products were the Gongxian-type, Jinan-type, small wooden-handled type, and Model 36 and Model 38 types, among several others. The handle-less hand grenade came in several types, including the pineapple type [Ma-wei, “hemp-tail”], the Italian type, the French type, and the pull-detonated type, and were only manufactured for a short period by a small number of arsenals such as Shanghai, Guangxi, and Jinan, and were not much used either. The special-purpose hand grenades mainly included: white-phosphorus hand grenades used for incendiary and smoke-laying purposes, illumination hand grenades, and tear-gas hand grenades; their form and structure were similar to the aforementioned several types of hand grenade, and some arsenals manufactured these hand grenades between 1938 and 1948.

5. Rifle grenades

The structure and combat function of the rifle grenade are broadly similar to those of the hand grenade, but because it is fitted onto the muzzle of the rifle and launched using a launching cartridge, its range is comparatively long. The Chongqing Weapons Repair Works, in the more-than-ten years before the War of Resistance, together manufactured more than 100,000①. In 1939, the Aviation Ordnance Technical Research Office manufactured the Model 28 explosive rifle grenade, and subsequently also researched and manufactured three types of rifle grenade: Model 28 white-phosphorus, illumination, and signal type. In 1940, batch manufacture was carried out. By the end of 1943, this factory was expanded into Ordnance Bureau Arsenal No. 27, with monthly output of rifle grenades already reaching 100,000②. These rifle grenades played a comparatively significant role during the War of Resistance against Japan. The explosive rifle grenade was about 50 millimeters long, weighed 0.5 kilograms, and was charged internally with TNT explosive, with a lethal radius of 10 meters; when it exploded 2 meters above the ground, its fragments could scatter as far as 50 meters, and it was mainly used to kill enemy troops behind cover.

① Compiled from the archives held at the Sichuan Provincial Archives, Statistical Table of the Principal Products of Arsenal No. 30 over the Years. ② Wang Guoqiang: A History of the Development of China’s Ordnance Manufacturing Industry, p. 142. ___

6. Throwing grenades [zhi liudan, i.e. hand-thrown fragmentation bombs launched from a discus/spigot device]

Apart from Japan, few other countries manufactured and used throwing grenades. In 1938, Arsenal No. 30, using the Japanese-type throwing-grenade tube and throwing grenade as samples, imitation-manufactured the Model 27 throwing-grenade tube and throwing grenade, and by 1945 had together manufactured 40,909 throwing-grenade tubes and more than 1.55 million throwing grenades①. From 1938 to 1939, the Gucheng branch factory of the Northwest Manufacturing Factory had a daily output of throwing-grenade tubes reaching 1,000. From 1947 to 1948, Arsenals No. 23 and No. 60 manufactured chemical projectile bombs, and Arsenal No. 44 manufactured smoke and signal throwing grenades, while Arsenal No. 60 manufactured illumination throwing grenades. The First Branch Factory of Arsenal No. 30, remaining in Chongqing, together manufactured, from 1948 to May 1949, 386,000 Model 27 throwing grenades.

7. Explosive ammunition

This category of ammunition uses the explosive-combustion effect of gunpowder and explosives to produce killing and destructive effects. Products in this category include land mines, naval mines, torpedoes, and aerial bombs, among others.

(1) Land mines

Among the documents concerning the late-Qing arsenals, records concerning the manufacture and use of land mines are not numerous. According to the Yi Wen Lu [Record of Things Heard and Seen], in its entry for the thirtieth day of the sixth month of the tenth year of Guangxu (1884), the Tianjin Machine Bureau manufactured 2,000 land mines. In A Record of the Jiangnan Manufacturing Bureau: Table of Manufactures, there are entries for the twentieth and twenty-first years of Guangxu, recording the manufacture of 491 and 371 iron-shelled land mines respectively. Neither of these gives any explanation of the form, structure, or method of use of the land mines. But from the records it may be judged that the land mines manufactured at the time were generally common-type land mines composed of two parts, an iron outer shell and an inner charge. This type of land mine generally used the pressure-contact action of the target to trigger the detonator, causing the charge within the shell to produce a strong explosive effect, in order to obstruct the enemy’s movement and kill the enemy’s effective strength and destroy the enemy’s war matériel.

From 1912 to 1937, although the Shantou grenade factory, the Guizhou Arsenal, the Guangxi Explosives Factory, and the Guangdong Ordnance Manufacturing Factory, among others, manufactured land mines, the scale of production was in every case not large, and output was likewise not great. After the outbreak of the War of Resistance against Japan, the use of land mines increased, with Arsenals No. 20, 21 (Anning branch factory), 24, 31, 40 (later changed to the Qijiang branch factory of Arsenal No. 21), and 43, among others, all increasing their manufacture. From 1937 to 1945, the arsenals under the Ordnance Bureau together manufactured more than 930,000 land mines. By before 1949, a cumulative total of 1.43 million had been manufactured.

(2) Naval mines

The manufacture of naval mines in the late Qing was concentrated mainly at the three coastal arsenals of the naval-mine factory of the Jiangnan Manufacturing Bureau, the Tianjin Machine Bureau, and the torpedo factory of the Fujian Shipbuilding Administration.

The Jiangnan Manufacturing Bureau, in the thirteenth year of Tongzhi (1874), manufactured 14 iron-shelled naval mines and 30 wooden-shelled naval mines, opening the way for our country’s self-manufacture of naval mines. From 1875 to 1880, it together manufactured 80 iron-shelled naval mines and 28 wooden-shelled naval mines. In order to expand the manufacture of naval mines, the Jiangnan Manufacturing Bureau, in the seventh year of Guangxu, established a naval-mine factory, dedicated to manufacturing naval mines. From this factory’s establishment up to 1904, it together manufactured 496 iron-shelled naval mines (including 2 iron-shelled floating mines).

The Tianjin Machine Bureau, from 1876 to 1881, together manufactured 1,347 naval mines of various kinds②. Thereafter, the arsenals of Jinling, Shandong, Jilin, the Shenji Camp, Hangzhou, and the Fujian Shipbuilding Administration, among others, also all established naval-mine factories to manufacture naval mines. The naval mines manufactured at the time were mostly electrically-detonated naval mines, detonated using an electric detonator tube, and there were also both controlled-detonation naval mines operated from a shore-based control station, and self-detonating naval mines that automatically detonated upon contact with the target. The naval mine was composed of a mine casing, the explosive charge and detonating device housed within the casing. The mine casing was made of pig iron, wrought iron, galvanized sheet iron [makoutie], copper, or wood; the explosive was mostly black powder. It was named according to the weight of the explosive charge housed within it,

② See The Self-Strengthening Movement (4), pp. 253, 257, 266. ___ so that, for instance, the 100-pound naval mine was a naval mine whose casing was charged internally with 100 pounds of explosive.

After 1927, the Jinling Arsenal, the Guangxi Explosives Factory, and the Guizhou Arsenal, among others, also manufactured a small quantity of naval mines for use in internal warfare. From 1938 to the end of 1940, although the Naval Department made use of some of the personnel and equipment of the Jiangnan Manufacturing Institute to successively establish factories to manufacture naval mines at Wuhan, Chenxi, and Changde, production ceased once Changde fell to the enemy.

(3) Torpedoes

The manufacturing and use technique of the torpedo spread to China in the 1870s; the Jiangnan Manufacturing Bureau had, around 1880, imitation-manufactured the Austrian Whitehead-type torpedo, with the torpedo body 14 inches in diameter, 11 feet in length, weighing 300 pounds, with an 18-pound charge, using compressed air as its motive power and a maximum range of 640 meters; because the depth of the torpedo could not be controlled underwater, this was abandoned. The Fujian Shipbuilding Administration, in the twelfth year of Guangxu (1886), began building a torpedo factory, originally intending to imitation-manufacture the torpedoes with which foreign naval vessels were equipped, but because of insufficient funds, the torpedo factory was disbanded in the fifteenth year of Guangxu, and its equipment was used instead to begin manufacturing naval mines.

From the early twentieth century to 1949, China was only able to maintain and repair a small number of torpedoes, and was not able to manufacture them.

(4) Aerial bombs

The research and use technique of modern China’s aerial bombs began comparatively late and had a weak foundation. From 1922 to 1949, the arsenals of Dexian, Guangdong, Gongxian, Jinan, Hanyang, Shanghai, Guizhou, Jinling, and Arsenal No. 24, among others, successively manufactured white-phosphorus aerial bombs of 9–55 kilograms and 50–500 kilograms, together with illumination bombs and other types of bomb, totaling more than 260,000, the great majority of which were low-grade products. Ordnance Bureau Arsenal No. 27, during the War of Resistance, also manufactured aerial bombs to equip both large and small aircraft, with monthly output reaching more than 100 tons①. Because domestic bomb-manufacturing output was extremely small, the aerial bombs used by the army were basically imported from abroad.



Section 5 The Use of Modern China’s Firearms and Artillery, and Military Reform

The use of modern firearms and artillery brought about, in China’s military affairs, a transformation from the ancient pattern to the modern pattern.

1. The reform of the army’s organization and equipment

The reform of the organization and equipment of China’s late-Qing army began with the Xiang Army and the Huai Army trained by Zeng Guofan and Li Hongzhang in the 1860s; these were the first step in the transition of the sword-and-spear-equipped Eight Banners and Green Standard troops toward being equipped with modern firearms and artillery. By around the time of the Sino-Japanese War, the Qing army had already given rise to new-style armies equipped with modern firearms and artillery. Taking as an example the Wuyi Army of the Huai Army, 13,000 strong, trained at Lutai (reorganized in 1898 as the Wuwei Front Army), this army was composed of infantry, artillery, cavalry, engineer, and baggage-train troops. The entire army was divided into two major parts, the general headquarters organs and the combat troops: the organs were organized into 5 offices—general affairs, instruction, provisions and pay, ordnance, and medical—while the combat troops were organized into 5 armies—front, center, rear, left, and right; each army was organized in a five-tier hierarchy of army, camp, squad, platoon, and section; it was equipped with the finest firearms, artillery, and ammunition then available within the country, and used German drill methods for combat training.

According to the record in Luyang Tenggao: The Advantages and Disadvantages of Firearms and Artillery②, the firearms and artillery with which it was equipped at the time included: 10,000 11-millimeter breech-loading single-shot Mauser guns, 200 7.9-millimeter breech-loading repeating Mauser guns, 10,000 8-millimeter breech-loading repeating Manlicher guns, 1,400 8-millimeter breech-loading repeating Manlicher carbines; six-shot revolvers used by officers for self-protection; a small quantity of Winchester, Hotchkiss, and other pattern rifles and carbines; 2 7.9-millimeter Maxim machine guns; 75-millimeter 12-pound Krupp

① Wang Guoqiang: A History of the Development of China’s Ordnance Manufacturing Industry, p. 142. ② Qing, Liu Fenghan (author): The Wuwei Army [Wuwei Jun], pp. 165–179, Chapter 2, Section 3, Part 2, “The Wuwei Front Army: Weapons and Equipment,” Institute of Modern History, Academia Sinica, Taipei, 1978 edition; the author of Luyang Tenggao was a person surnamed Lu, who managed the paperwork office of the Yi Army [毅军]. ___

guns, 16 pieces; 60-millimeter 7-pound breech-loading guns, 32 pieces; and 57-millimeter 6-pound Gruson quick-firing guns, 32 pieces (Fig. 13-11); as well as 37-millimeter 2-pound Krupp quick-firing guns and 87-millimeter 20-pound breech-loading guns, among others. These artillery pieces fired fragmentation shells, case shells [zimudan, lit. “child-mother shells”], grapeshot, and solid steel shot, among other types of shell. The rifles with which the Wuyi Army was equipped were divided into two categories, for training and for combat, with large reserves stored at both the general headquarters and the various army commands.

After this, Zhang Zhidong, training the Self-Strengthening Army in Jiangnan, and Hu Yufen, Judicial Commissioner of Guangxi, training the Dingwu Army (soon afterward taken over and retrained by Yuan Shikai and renamed the Newly Built Army), organized their armies broadly according to the pattern of the Wuyi Army. In 1905, Yuan Shikai, taking the opportunity of the Qing court’s reform of the military system, was the first to organize the new-style Beiyang Six Garrisons army, bringing military power under his own control.

After the 1911 Revolution, Yuan Shikai, on February 15, 1912, assumed the post of President of the Republic of China. After Yuan Shikai’s death in 1916, the Beiyang Army split into such factions as the Zhili, Anhui, and Fengtian cliques, which fought against each other in confused warfare. The organization and equipment of the Beiyang Army were basically the same as those of the New Army, except that the organizational hierarchy of zhen, xie, biao, ying, dui, pai, and peng was changed to the organizational hierarchy of division, brigade, regiment, battalion, company, platoon, and squad. Owing to the addition of such firearms and ammunition as submachine guns, machine guns, mortars, hand grenades, and explosives, its degree of modernization was raised.

The National Revolutionary Army was the army built by the National Government during the period of the Great Revolution. After 1927, it became the tool by which the Chiang Kai-shek clique maintained the dictatorial rule of the Kuomintang regime, and was called by the people the Kuomintang army; it was generally still organized in the hierarchy of army, division, brigade, regiment, battalion, company, platoon, and squad, though in practice the organization of the various units varied greatly and was complex. The entire ground force included artillery, engineer, baggage-train, signals, chemical, armored, and various special-purpose troops. Its equipment, compared with the Beiyang army, additionally included such items as signal pistols, rocket-launcher tubes, throwing-grenade launcher tubes, rifle-grenade launcher tubes, and signal flares, among others.

2. The founding of the navy and the evolution of its organization and equipment

As the steam warships and ship-mounted firearms purchased and built by the late-Qing court continuously increased, this created the conditions for founding and developing a modern navy to replace the old-style naval forces equipped with matchlock guns and cold weapons on wooden sailing warships. In November 1885, the Qing court established the Navy Yamen, and China’s modern navy was formally proclaimed founded, composed of the four fleets of Guangdong, Fujian, Nanyang, and Beiyang, together equipped with 73 warships, a displacement of 85,000 tons, 720 naval guns, and 82 torpedo tubes, possessing a relatively complete firearms-and-artillery equipment system combining rifles, artillery, torpedoes, and other various naval-warfare firearms. Among these, the naval guns were further divided into four categories—main guns, secondary guns, auxiliary guns, and light land-warfare guns—guarding the four great sea areas of Guangdong, Fujian, Nanyang, and Beiyang. Because of the corruption of the late-Qing court, and the incompetence of the fleet commanders, the firepower carried by the fleets was never given its due deployment, resulting finally in the complete annihilation of the Fujian Fleet in the Battle of the Majiang River against France in 1884, and the defeat of the Beiyang Fleet—the fleet with the strongest combat power—at the hands of the enemy in the Sino-Japanese naval battle.

After the Sino-Japanese War, the late-Qing navy no longer had any warships fit for combat. At the time of the 1911 Revolution, the late-Qing navy’s cruiser fleet and Yangtze River fleet rose in revolt, giving their allegiance to the revolution. After Yuan Shikai took power, all 39 vessels, with a total displacement of about 40,000 tons, were organized into the First, Second, and Training fleets, with equipment scarcely improved at all. After Yuan Shikai’s death, the navy frequently split apart and regrouped, forming the Fujian, Guangdong, and Northeastern three mutually unaffiliated fleets, with no unified, centralized national navy, and its equipment remained basically stagnant throughout the Beiyang government period.

After the Northern Expedition war, the National Government, from December 1928, unified the organization of the navy into the First through Fourth main-force fleets, together with the Training, Survey, and Patrol fleets, as well as such units as the Mine and Torpedo School. By 1937, the navy had more than 120 warships, with a total displacement of 68,000 tons; although the equipment was not much renewed, it still played a certain role during the War of Resistance. After the fall of Yichang in 1940, losses were almost total. After victory in the War of Resistance, having obtained some vessels from Britain and America, and having taken over a batch of Japanese warships, the navy again developed, and by 1949 already had 408 surface vessels, organized into the First and Second Fleets, the River-Defense Fleet, the Transport Fleet, and 10 gunboat flotillas, stationed at river-and-sea defense bases across the country. In the latter period of the Chinese People’s War of Liberation, part of the Kuomintang navy’s vessels rose in revolt and joined the Chinese People’s Liberation Army, while the other part withdrew to Taiwan. The renewal of naval equipment mostly reflected what was obtained from foreign warships, but this was also only of second-rate standard by the world level of the time. As for the equipment of vessels built domestically, renewal was not great.

3. The founding and development of the air force

In the early period of the founding of China’s air force, it consisted of the various air squadrons founded by the Beiyang government, the Guangzhou revolutionary government, and local powers.

(1) China’s early air squadrons

In October 1911, when the 1911 Revolution broke out, with the participation of overseas Chinese and returned students, the Guangdong Military Government’s air squadron, the Hubei Military Government’s air squadron, the Overseas Chinese Revolutionary Flying Corps, and the Shanghai Military Government’s air squadron were successively established, together possessing more than 10 aircraft, preparing to take part in combat to overthrow the Qing government, and aircraft began to appear in Chinese airspace.

In the early Republican period, the Nanjing Garrison Command’s Army Third Corps Transportation Regiment organized a flying camp equipped with 2 aircraft, becoming China’s earliest air squadron to have an organization and a designation.

The Beiyang government’s air squadron. In June 1913, the Beiyang government established a formal aviation school at Nanyuan in Beijing, purchasing 12 single-seat training aircraft from France, and engaging Chinese and French flight and tactics instructors to teach; by 1928, it had trained more than 150 pilots. During this period, aircraft of the aviation school took part in the Beiyang army’s suppression of the Bai Lang Uprising, as well as combat against the Protect-the-Nation Army in its attacks on Sichuan and Hunan. Aircraft thus began to take part in combat operations.

The rise of the Guangzhou revolutionary government’s military aviation. After the 1911 Revolution, Sun Yat-sen actively promoted the cause of military aviation in the Guangzhou revolutionary government, founding a flying school; the Guangzhou revolutionary government established an Aviation Office (Bureau) and air squadron, and the Guangzhou aircraft repair works began designing and manufacturing aircraft, so that military aviation achieved comparatively rapid development.

The rise of Northeastern military aviation. From 1920 to 1928, Zhang Zuolin established an Aviation Office in the Northeast, founded an aviation school, organized flying squadrons, built airfields and aircraft repair works, and established the Northeastern Aviation Command; its aircraft played a certain intimidating role in the Second Zhili-Fengtian War (September–November 1924).

After 1919, the warlords of Sichuan, Hubei, Hunan, Yunnan, Guizhou, Guangxi, Hebei, Shandong, Henan, Fujian, Zhejiang, and Xinjiang, among other places, also at various times established small-scale air squadrons.

While the various sides were establishing air squadrons, the manufacture of the aerial bombs used was also begun at the same time. For instance, the Hanyang Arsenal, from 1926 to 1928, manufactured bombs of such specifications as 20, 40, 60, and 120 pounds.

(2) The founding of China’s air force and the development of aviation ordnance

In October 1928, the Nanjing National Government’s Military Affairs Ministry established the Aviation Department, with 4 air squadrons under its jurisdiction and 24 aircraft (some say 32), marking the beginning of the founding of China’s air force. Thereafter, after several rounds of expansion, by 1936 the whole country had more than 600 aircraft (314 combat aircraft), organized into 9 groups, with 620 flying personnel, 230 mechanics, and 262 airfields. The 9 groups respectively bore the duties of bombing, pursuit, reconnaissance, and transport. From the beginning of the War of Resistance against Japan in November 1937, in aerial combat with the Japanese air force on the same day, China’s air force suffered severe losses, with only about 30 aircraft remaining. Afterward, with Soviet and American assistance, China’s air force again recovered and developed. From September 1945 to July 1946, China’s air force together received 1,797 Japanese aircraft, of which 291 were usable, and 626 repairable. In addition, it also received 25.39 million rounds of aviation machine-gun (cannon) ammunition and 210,259 aerial bombs. After reorganization, the Kuomintang air force was organized altogether into 9 groups plus 2 squadrons, with the total number of aircraft 40% greater than before the war. Thereafter, the Kuomintang air force’s aircraft were used in the civil war, madly bombing the liberated areas. From the end of 1948 to the end of 1949, patriotic officers and men within the Kuomintang air force rose in revolt one after another, with the remaining aircraft fleeing to Taiwan.

From 1928 to 1949, because the aircraft of the Kuomintang air force, apart from Soviet assistance and the aircraft taken over from Japan, were overwhelmingly purchased from the European and American countries, very few were self-manufactured. The aviation machine guns, cannon, and bombs used were all purchased from the aforementioned countries①. Apart from manufacturing 265,575 aerial bombs from 1928 to 1949, China’s arsenals manufactured almost no other aviation ordnance②.

4. The transformation of methods of combat

As the organization and equipment were renewed, and military training and education transformed, the methods of combat used by China’s armies in the various kinds of warfare, from the late Qing onward, likewise underwent corresponding transformation. Although, speaking overall, this transformation was never able to enable the Qing army to defeat foreign aggressor forces in combat on water and on land, nor change the situation of the nation being beaten passively, nevertheless, in individual battles and engagements, the application of new methods of combat was able to severely punish foreign aggressors, giving rise to sparks of resistance against foreign insult and aggression, and achieving a certain effect; such battle examples are likewise not few. During the War of Resistance against Japan, patriotic officers and men within the Kuomintang army, amid the tide of resistance of the whole nation, applied new methods of combat, making a contribution toward defeating the Japanese invading army, driving the Japanese aggressors out of China, and seizing final victory in the War of Resistance, and, in the course of this, also created many stirring and moving battle examples.

① Gao Xiaoxing, Shi Ping, et al. (eds.): The Flight Path of the Republican Air Force, tables listed at pp. 272, 393, 401, 250, 389. ② See China’s Modern Ordnance Industry, p. 427, Table 1 (continued). ___

(1) The use of coastal artillery to repel enemy warships in the defense of strongholds

In the sixth month of the tenth year of Guangxu (1884), French warships came to attack Keelung; Taiwan’s Patrol and Pacification Commissioner Liu Mingchuan directed the shore-defense troops of the Keelung gun batteries, first bombarding the French warships continuously with shore-defense artillery, and then, when the French army landed some distance from the range of the naval guns, carried out a three-pronged pincer attack; the French army was defeated and withdrew. In the eighth month of that year, French warships again attacked Danshui. The defenders of Danshui immediately used the 3 pieces of 170-millimeter caliber Krupp-type coastal gun installed at the North Danshui Red Fort to bombard the French warships for over an hour, and the French warships were forced to retreat. In the first month of the eleventh year, 4 French warships invaded Zhenhai harbor. The Qing shore-defense troops opened bombarding fire from the Jin Ji Mountain and Zhaobao Mountain gun batteries, and the French warships were forced to withdraw southward.

(2) The late-Qing navy’s fleet engaging in gunnery duels with enemy fleets

On the eighteenth day of the eighth month of the twentieth year of Guangxu (September 17, 1894), the Beiyang Fleet, north of the Yellow Sea near Dagu Island (located outside the mouth of the great ocean), engaged in a naval gunnery battle with the combined Japanese fleet to the south, and, with fierce naval gunfire, damaged 5 enemy ships including the “Matsushima” and the “Yoshino”; the Beiyang Fleet’s “Guangjia” was scuttled by its own crew, the “Laiyuan” and others among 5 ships were damaged, and nearly a thousand officers and men were killed. Although the Beiyang Navy was in the end defeated, it nevertheless wrote a tragic and heroic page in the history of the Chinese nation’s resistance against aggression. This naval battle concentratedly reflected the historic progress made by the late-Qing navy in tactics and technology; with its comparatively strong ship-borne firepower system, it pursued and engaged the enemy fleet for more than 5 hours, becoming the first great steel-ironclad-fleet battle in Eastern history without precedent, and one whose scale and the performance of the participating ships were likewise not often seen anywhere in the world at that time. This battle occurred only 54 years after the Qing navy’s wooden sail-and-oar-powered vessels had contended with the British navy in 1840, and only 9 years after the formal founding of the Beiyang Fleet. Within this not-very-long span of historical time, the late-Qing navy had already shaken off its backward paddle-wheel warships, and developed to the point of the Beiyang Fleet steaming out to meet the enemy head-on, waging large-scale gunnery battles at sea; the improvement in its combat capability was extremely evident.

(3) The ingenious application of artillery-battle tactics in the Zhili-Fengtian War

In the latter part of April 1922, the Fengtian-clique warlord Zhang Zuolin, with 4 divisions and about 9 mixed brigades totaling 120,000 men, equipped with 150 pieces of artillery, formed the Pacify-Might Army, and advanced into position at Changxindian, Langfang, Yangliuqing, and Chen Guantun. The Zhili-clique warlord Wu Peifu, with 7 divisions and about 5 mixed brigades totaling 100,000 men, equipped with more than 100 pieces of artillery, deployed at Liuliqian, Liangxiang, Gu’an, and Dacheng. On April 29, the two armies engaged in fierce combat; the Fengtian army, with its superior number of artillery pieces, fiercely bombarded the positions of the Zhili army. The Zhili army adopted a tactic of confusing the enemy and outflanking them: while the Fengtian army was firing, the Zhili army concealed itself within the woods, avoiding return fire, so that the Fengtian army’s shells fell in vain, uselessly consuming their ammunition; while the Fengtian army paused its bombardment, the Zhili army made use of its artillery to carry out counter-bombardment. After repeating this several times over more than 4 hours, the Fengtian artillery troops were exhausted and their ammunition spent. The Zhili army, seizing the advantage, launched a charge, and in one stroke occupied Changxindian. On June 17, the two sides ceased hostilities and made peace, and the war ended. With this, the Zhili-clique warlords gained control of the Beijing government. This battle, in which the Zhili army ingeniously applied artillery-battle tactics, became a famous example of artillery combat at the time, of the weak overcoming the strong and the few overcoming the many.

(4) The development of artillery-battle tactics in the Defense of Wuhan

In early July 1938, the Japanese army dispatched 250,000 men, equipped with more than 120 naval vessels and more than 300 aircraft, converging on Wuhan along both banks of the Yangtze River and via the Dabie Mountains. The Kuomintang army, with the Fifth and Ninth War Zones totaling about 1 million men, conducted the Defense of Wuhan. China’s Wuhan garrison troops, on September 3, made the following deployment: 1 division, 1 light-artillery battalion, and 1 heavy-artillery battalion to guard the Wuhan city defenses; 6 divisions, 1 brigade, 6 light-artillery battalions, and 3 heavy-artillery battalions to hold the southern-bank river-defense zone; 6 divisions, 6 light-artillery battalions, and 2 heavy-artillery battalions to hold the northern-bank river-defense zone; and 4 divisions, 3 light-artillery battalions, and 1 heavy-artillery battalion to guard the core defense zone. The various artillery battalions listed above all constructed artillery positions using terrain along the river that was advantageous for maneuver. In the early ten days of October, the Kuomintang army, in the Wanjialing area northwest of De’an, bombarded the Japanese army fiercely with intense artillery fire, annihilating 4 enemy regiments (equivalent in scale to a division-level organization), achieving the “Great Victory at Wanjialing.” In the latter ten days of September, the Japanese army departing from Hefei approached Macheng. In the latter ten days of October, the Japanese army, relying on its superior strength, attacked and occupied Wuhan along three routes. Although this battle was ultimately unable to hold Wuhan, the Kuomintang army, with inferior strength and equipment, adopted the tactical method of preset artillery positions to strike at the enemy, annihilating 4 enemy regiments, and, fighting in coordination against a stubborn enemy across land, sea, and air, waged fierce combat for close to 10 months, causing the enemy to pay a heavy price; it may fairly be called a famous battle example of the Chinese army during the War of Resistance against Japan.

(5) The successful application of air-combat tactics in the Defense of Wuhan

Besides the successful application of artillery-battle tactics on land, the successful application of air-combat tactics during the Defense of Wuhan also deserves a special mention. The air battles during the Defense of Wuhan lasted from January to August of 1938, with as many as 10 engagements fought, among which 3 were of comparatively large scale.

At midday on February 18, the Japanese army sent 26 aircraft to air-raid Wuhan. China’s air force Fourth Group sent up 29 I-15 and I-16 pursuit aircraft to intercept, and, after 12 minutes of fierce fighting, shot down 10 Japanese aircraft and damaged 2, and the enemy’s commanding officer, Kaneko Takashi [Jin Zilong], was killed when his plane crashed. China’s air force lost 5 aircraft, and the deputy group leader Li Guidan, squadron leader Lü Jichun, and pilots Ba Qingzheng and Wang Yi, together with Li Pengxiang, gave their lives heroically. After the battle, the former two were posthumously promoted to major, and the latter two posthumously promoted to lieutenant. More than 10,000 people in Wuhan gathered on February 21 to “celebrate the air victory and mourn the nation’s martyrs.” Representatives of the CPC Central Committee and the Eighteenth Group Army, including Zhou Enlai, Chen Shaoyu, Qin Bangxian, Dong Biwu, Ye Jianying, and Luo Binghui, among others, attended the gathering, and respectfully presented a memorial couplet:

“For five thousand years the ancestral country’s heroic sacrifice, their names immortal; With four hundred million fellow countrymen striving hard, victory may be expected.”①

On April 29, the Japanese army dispatched 39 aircraft, bombers and pursuit planes together, in a surprise attack on Wuhan. China’s air force and the Soviet Volunteer Air Squadron, having made preparations in advance, sent up 67 aircraft, bombers and pursuit planes together, to intercept. In the air battle, 21 Japanese aircraft were shot down, causing 50 Japanese pilots to lose their lives; the Chinese and Soviet air forces lost 12 aircraft, with 5 pilots sacrificed; pilot Chen Huaimin, after shooting down one Japanese aircraft, rammed into an enemy aircraft closing in to surround him, dying together with the enemy. On June 5, the National Government held a solemn memorial gathering in Hankou. Representatives of the CPC Central Committee stationed at the Hankou office, including Zhou Enlai, Chen Shaoyu, and Bo Gu, attended. Zhou Enlai, on behalf of the CPC Central Committee’s Hankou office, presented a floral wreath and a banner reading “Righteousness Piercing the Clouds” [yi bo yun tian], and wrote on the memorial couplet the four characters “Sacrificing the Self to Repay the Nation.” The CPC’s Liberation Weekly [Jiefang Zhoukan] published a short commentary titled “Long Live the Heroic Chinese Air Force!” Afterward, General Feng Yuxiang presented a poem in memory of pilot Chen Huaimin:

“Giving his life to achieve righteousness, together they perished; Dying gloriously in battle, even the spirits and gods weep.”②

On May 31, the Japanese army dispatched 54 aircraft, bombers and pursuit planes together, to air-raid Wuhan. China’s air force sent up 18 pursuit aircraft together with 21 fighter aircraft of the Soviet Volunteer Air Squadron to intercept, forming up in the air in a three-dimensional, layered combat formation. After 30 minutes of fierce fighting, the Japanese aircraft turned and fled eastward, greatly encouraging the confidence of the Chinese army and people in the certainty of victory in the War of Resistance③.

Engaging enemy aircraft in air combat was a method of combat first adopted by China’s air force during the War of Resistance against Japan; in combat, it applied such varied tactics as emergency scrambling to intercept, single-aircraft pursuit, multi-aircraft encirclement, and three-dimensional formation deployment, using machine cannon and machine guns to wage aerial gun battles against Japan, marking a major breakthrough in methods of combat in Chinese military history.

(6) The blocking operation at the Jiangyin stronghold

After the Marco Polo Bridge Incident of July 7, 1937, the Japanese fleet, assembled at the mouth of the Yangtze River and in the waters off Zhoushan, attempted to force its way into the Yangtze River, in coordination with the army’s rapid advance to seize Nanjing. The Nanjing government’s military authorities, given that China’s naval fleet lacked the strength to fight a decisive naval battle against the Japanese fleet, and also lacked air cover, and would likewise find it difficult to prevent the enemy from forcing its way into the Yangtze River, in order to obstruct the Japanese fleet’s rushing westward up the river, ordered the navy to adopt the following measures: assembling and requisitioning various types of naval vessel and merchant ship, together numbering 43 vessels and totaling more than 63,800 tons displacement (not including tugboats

① See The Flight Path of the Republican Air Force, pp. 283–284. ② See The Flight Path of the Republican Air Force, pp. 284–286. ③ See The Flight Path of the Republican Air Force, pp. 286–287. ___

and barges), sinking them in sequence in the narrow, swift-flowing Jiangyin channel of the Yangtze River, forming a blocking line, and constructing a secondary blocking line further upstream from it; requisitioning 185 civilian vessels, loading them with sand and stone and sinking them, to fill in the gaps; removing the lighthouses, light-buoys, and other various navigational markers downstream of Jiangyin, so that the Japanese ships would lose their navigational bearings; laying naval mines in the river; constructing, on both banks of the Jiangyin stronghold, more than 60 artillery positions, in order to use firepower to blockade the channel; and using 8 cruisers to patrol and guard the waters off Jiangyin, monitoring the movements of the Japanese fleet.

On August 13, the Japanese army began air-raiding the Jiangyin stronghold. On August 22, China’s navy cruiser “Pinghai” shot down 1 Japanese bomber aircraft. At midday on September 22, 18 Japanese aircraft madly bombed the Jiangyin blockade line; China’s navy’s 5 cruisers, equipped with 4 anti-aircraft guns, coordinated with the Jiangyin stronghold’s anti-aircraft artillery in a concentrated barrage against the Japanese aircraft. After 6 hours of fierce fighting, 5 Japanese aircraft were shot down. On September 23, the Japanese army dispatched 38 fighter and bomber aircraft in turns to bomb, at that time, the only 2 modernized naval vessels China possessed, the “Pinghai” and the “Ninghai.” The former was built in 1935, of 2,600 tons, with 7 130-millimeter main guns, 6 80-millimeter anti-aircraft guns, 4 torpedo tubes, and 1 aircraft; the latter was built in 1931, of 2,600 tons, with 6 130-millimeter guns, 6 80-millimeter anti-aircraft guns, 4 torpedo tubes, and 1 aircraft. Both vessels were struck in numerous places and, damaged, sank in the shallows at Twelve-Hectare [Shi’erping] Shoal, with nearly a hundred officers and men killed; 6 Japanese aircraft were shot down. By October 2, China’s navy’s remaining vessels, the “Chuyou,” “Yixian,” “Jiankang,” and others, were successively bombed and sunk①. By this point, China’s navy fleet’s main-force vessels were basically completely lost. The Japanese army likewise lost 12 aircraft. On December 1, the Japanese army and navy forces advanced on Jiangyin. Under the three-dimensional attack of the Japanese navy, army, and air force combined, the Jiangyin stronghold’s garrison was ordered to destroy its own gun batteries and withdraw from the battlefield. In this battle, China’s naval force and the Jiangyin stronghold’s garrison troops, lacking air cover, resisted the enemy jointly for more than 100 days; although the navy’s main-force vessels were almost entirely lost, and the broad ranks of officers and men fought a bitter and bloody struggle, they delayed the Japanese army’s advance. Viewed from the perspective of army-navy joint defense of a stronghold, only the late-Qing army and navy’s defense of Lüshun and Weihai strongholds, from November 1894 to January 1895, may be compared with it.

5. The transformation of stronghold garrison facilities

The so-called stronghold refers to a solid fortification constructed at a strategic location on the national border or in the strategic depth of the country, garrisoned by permanently stationed defense troops and equipped with various types of weapon, capable of conducting independent, all-around defense of its defended zone. By geographical position, strongholds may be divided into coastal-defense (harbor mouths, coastlines, islands), fortress (border-defense), river-defense (cities and strategic points along rivers), and land-defense (inland and border-defense) strongholds. In ancient China, “stronghold” was synonymous with cities and fortified settlements. Before the First Opium War, it was the walled city and watchtower that formed the main body of city defenses and city-form strongholds. The garrison troops relied on such various cold weapons as swords, spears, bows and arrows, together with firearms and defensive equipment, to guard them. From the Opium War onward, the armies of the capitalist countries, with their high-powered, long-range artillery, breached China’s old-style strongholds from land, sea, and river, and pried open China’s national gates.

Beginning in the 1860s, the late-Qing court carried out a policy of military self-strengthening, introducing into China the Western modern technique of constructing gun-battery-type strongholds, rebuilding city-fort-type strongholds as China’s modern gun-battery-type strongholds. This type of stronghold was centered on the gun batteries, with supporting structures including watchtowers, powder magazines, offices, barracks, and a drill hall, among others, surrounded by a low parapet wall; the various gun batteries were dispersed according to the terrain, deployed in successive tiers, and installed with several dozen pieces of large- and medium-type coastal guns, forming crisscrossing fields of fire, controlling the sea lanes and communication arteries; in the gaps between the gun batteries, concealed trenches and various obstacles were set up, together with the construction of several small gun batteries, to protect the safety of the main gun batteries, forming a battery group combining main and auxiliary artillery, in order to resist the enemy’s advance. From the 1860s to the end of the Qing, the late-Qing court constructed several hundred strongholds of various types throughout the country, such as the coastal strongholds of Guangzhou, Xiamen, Fuzhou, Zhangpu, Zhapu, Yantai, Weihai, Lüshun, Dalian Bay, and Shanhaiguan, along the coast; the harbor-mouth strongholds of Humen, Zhenhai, Wenzhou, and Dagu, Yantai, and others; the island strongholds of Dinghai, Keelung, Huwei, Anping, and Qiongzhou; and the [river-defense strongholds of] Wusong, Jiangyin, Zhen[jiang]

① Yang Zhiben (chief editor): Historical Materials of the Late-Qing Navy, “Chronicle of Major Naval Events,” pp. 1117, 1091–1092, 1125–1127, Ocean Press, 1987 edition. ___ jiang, Nanjing, Lanjiang Shoal, Matang Shoal, Wukou, Yueshimen, and other river-defense strongholds; the border-defense strongholds along the frontier at Hunchun, Sanxing, and Pingerguan, and Shuikouguan; and the inland strongholds of Wuchang and Tianjiazhen–Banbishan and others. The results of the multiple anti-aggression wars fought over the last 50 years of the late Qing proved that the gun-battery-type stronghold construction system had too small a range of mobility for the defending troops, was often outflanked and encircled by the enemy from the rear, and, moreover, was clearly exposed, with comparatively weak capacity for survival and resistance, making it difficult to withstand prolonged bombardment by new-style heavy artillery.

In the 1920s, China’s army further replaced the gun-battery-type fortification system with the positional fortification system, using low, camouflaged reinforced-concrete permanent firing works and underground shelter positions to replace gun batteries built of brick and lime-and-sand concrete. After 1932, the Nanjing-Shanghai-Hangzhou region constructed permanently fortified positions of this type. However, as is known from the actual combat of the War of Resistance against Japan, when the Japanese army carried out three-dimensional attacks with army, navy, and air force acting in coordination, this likewise found it difficult to play its due role for the Chinese army, which lacked air cover.



Summary

This section has given an account of the general development, over the three periods of the late Qing, the Beiyang government, and the National Government, of modern China’s ordnance products, including gunpowder and explosives, firearms, artillery, and ammunition, as well as of the use of firearms and artillery and the resulting military reforms. From this, it can be seen that, in the more-than-eighty years of arduous development of modern China’s arsenals, the manufacturing technique for modern firearms, artillery, and ammunition continuously improved, the varieties continuously increased, output daily grew greater, the modernization of the army’s equipment and national defense was raised to a certain degree, and the transformation of methods of combat was also displayed to a greater or lesser extent in various forms of combat. However, owing to the long-term corruption of the ruling authorities of each period, which kept the country’s overall national strength in a weakened state, the scale of the weapons industry and the quantity and quality of weapons and equipment always lagged behind the capitalist countries, and, under the tight control and savage aggression of the capitalist and imperialist countries, it was never able to escape from a situation of being beaten while passive. Nevertheless, the Chinese nation was never conquered, nor could it ever be made to submit to any external duress. For the liberation and revival of the nation, the whole Chinese people, fearless of sacrifice, advanced wave upon wave, seeking their way amid hardship, developing amid adversity, ceaselessly writing a brilliant chapter of self-strengthening and unceasing struggle, arduously advancing toward the great goal of national rejuvenation.





Chapter 14 The Ordnance Industry of the Chinese People’s Revolution

From the end of 1927 to 1945, besides the ordnance industry of the National Government, China also saw the ordnance industry of the people’s revolution—utterly different in nature, mission, purpose, and manner of operation—likewise advancing rapidly along the road of development and growth. On August 7, 1927, Mao Zedong (1893–1976), speaking at the “August 7th” Conference convened by the CPC Central Committee, said: “Hereafter we must pay great attention to military affairs. It must be understood that political power is obtained out of the barrel of a gun.”① His meaning was that the people’s revolution led by the Communist Party of China had to build its own armed forces, establish the people’s arsenals, arm itself with weapons of its own manufacture, overthrow the armed enemy, and establish the people’s political power.


Section 1 The Founding of Arsenals during the Agrarian Revolutionary War Period

After the Autumn Harvest Uprising of September 9, 1927, the people’s army led by the Communist Party of China both seized the enemy’s weapons on the battlefield and took matters into its own hands to found arsenals, manufacturing weapons to arm itself. Thereupon the ordnance, repair, and land-mine factories of the revolutionary base areas of Jinggangshan, the Xiang-E-Gan [Hunan-Hubei-Jiangxi] region, the E-Yu-Wan [Hubei-Henan-Anhui] region, northern Fujian, western Fujian, Shaanxi, and elsewhere, were one after another founded.

1. The Lianhua Repair Shop

In October 1927, Mao Zedong led the Autumn Harvest Uprising troops into Jinggangshan, founding China’s first rural revolutionary base area. By the end of April 1928, Zhu De (1886–1976) and Chen Yi (1901–1972), leading the troops preserved from the Nanchang Uprising, together with the peasant army of southern Hunan, came to Ningang County town on Jinggangshan, where they joined forces with the troops led by Mao Zedong, forming the Fourth Army of the Chinese Workers’ and Peasants’ Red Army. At the height of its territory, the base area encompassed the three counties of Ningang, Yongxin, and Lianhua, as well as parts of Ji’an, An’fu, Suichuan, Chaling, and Lingxian, starting from Nafeng in the east, reaching Shuikou in the west, Maoping in the north, and Huangyao in the south, with a circumference of 275 kilometers. The Fourth Red Army made use of the natural strategic terrain, building five great sentry posts, and establishing a Red Army hospital, a clothing factory, an ordnance office, a public-sale office, and rear-area posts for the various regiments.

The Ordnance Office established the Peasant Armed Forces Repair Shop in Lianhua County in 1927. In 1928, this shop moved to Jiangshan, and in 1929 moved successively to Huangsha Village and the Jiudong locality in Yongxin’s western district, among other places, these localities all being situated deep in the mountains and extremely well concealed, capable of carrying out safe production. In 1930, the repair shop already had a staff of more than 800, and was renamed the Lianhua Arsenal, comprising a cartridge factory and an ordnance factory. In 1931, it moved to Zengtan. In 1932, it moved to Shangfeng, and afterward moved on again to Xiagan. From 1933 to 1934, it successively moved to Xiangxing and Niutian, right up until the Red Army’s Long March. After this factory’s founding, it promoted the spirit of self-reliance and arduous struggle, mainly manufacturing rifle cartridges for the Red Army’s use, giving powerful support to the Red Army’s combat operations.

2. The Ordnance Office of the Fourth Red Army

In August 1928, this was founded at Ciping, the central area of Jinggangshan. Ciping was surrounded on all sides by mountains, forming a basin in the middle, with a stream running through it, its terrain being strategically commanding, with mountain roads connecting it to the Five Great Sentry Posts and to Greater and Lesser Wujing. At the time there was a folk song that said: “Traveling to the prefectural seat, Ciping county, at Greater and Lesser Wujing there is gold in the walled compounds.”

① Selected Military Writings of Mao Zedong, vol. 1, Military Science Publishing House / Central Party Literature Press, December 1993 edition, p. 2. — This was the location of the highest party, government, and military organ of the Jinggangshan base area at the time. The equipment originally used by the Ordnance Office when it was founded was extremely crude and simple: bricks and stones were used to build the furnace; the only tools were hammers, iron mallets, and tongs; charcoal was burned and iron smelted by traditional methods; weapons were repaired and single-shot rifles manufactured by hand, and damaged guns and rifles were repaired. In December 1929, Yuan Wencai (1898–1930), Chief of Staff of the Fourth Army, leading a guerrilla detachment in an attack on Chaling, captured the complete set of equipment of an arsenal run by the local Yuanhu Corps [挽户团], greatly improving the equipment of the Ordnance Office. Subsequently it moved to Meishuxia Village below Huangyangjie, and was converted into an arsenal. Besides repairing rifles, it was also able to manufacture five-round repeating rifles, pineapple-type hand grenades, and a variety of other weapons, improving the equipment of both the Fourth Red Army and the local armed forces.

3. The Gan-Dongbei [Eastern Jiangxi] Arsenal

In the winter of 1928, after the Red Army achieved victory in fighting in Fujian, it founded a small repair shop at Dawan, Shangkengyuan, in Xiban Township. By 1929, the whole shop already had more than 100 staff. On January 1, 1930, it was renamed as an arsenal, its site successively located at Xushanban and Yiyang Jiangtongyuan Village. In May 1931, the factory moved to Deyang Yangyuan Village, and, taking its name from this locality, was called the Yangyuan Arsenal, also known as the Gan-Dongbei Arsenal. The factory was organized under 5 production departments: manufacturing, explosives, sand-casting, tin-work, and sulfur-and-saltpeter; the manufacturing department mainly manufactured a certain amount of guns and artillery; the explosives department mainly manufactured hand grenades, mortar shells, and both large and small pull-cord land mines; the sand-casting department mainly made sand-casting ash boards for casting, manufacturing a certain amount of artillery shells and other explosive munitions and the tools to make them; the tin department mainly manufactured bullet heads and percussion caps; the sulfur-and-saltpeter department mainly manufactured gunpowder, red saltpeter, horse [crude] saltpeter, artillery-shell powder, and explosives, among other items. All departments were directly under the leadership of the factory management committee and the labor union.

4. The Central Arsenal

Also called the Guantian Arsenal. It was formed in October 1931 by the merger of the Central Repair Shop, the Repair Shop of the Jiangxi Provincial Soviet Government, and the Repair Shop of the Third Army Corps, and was located at Guantian Village in the Lianguang mining district of Xingguo County. The factory was organized into an ironworking section, a gun section, a wood-casing section, a leather section, a machinery section, an explosives section, and an artillery-shell section. Afterward, when the Red Army captured Shaxian, it seized the weapons of the two regiments under Lu Xingbang, along with a number of technical workers, and the factory accordingly further added an ammunition section and a gun-and-artillery section. By the time the Red Army withdrew, this factory had already repaired more than 40,000 rifles, manufactured more than 400,000 rounds of ammunition, 60,000 hand grenades, and more than 5,000 land mines, and repaired more than 2,000 machine guns and more than 100 mortars.

5. The Minbei [Northern Fujian] Arsenal

In February 1930, the Red Army, in northern Fujian, purchased a privately-run gun-manufacturing workshop, calling it the Minbei Arsenal, mainly manufacturing rifle cartridges and bayonets. In 1933, the factory’s scale began to expand, its equipment was considerably improved, and it organized various specialized production sections, implementing a specialized division of labor. The repair section mainly repaired firearms and manufactured submachine guns; the cartridge section mainly manufactured cartridges for the Mauser pistol [i.e. the C96 “broomhandle” pistol]; the explosives section specialized in manufacturing rifle cartridges and land mines. This factory’s manufacturing capacity continuously increased; in 1933, average monthly output was 131,400 rounds of ammunition and 7,000–8,000 explosive shells and land mines; in 1934, average monthly output could reach 150,000 rounds of ammunition and more than 10,000 explosive shells and land mines. The guns, artillery, and ammunition manufactured by this factory were mainly supplied for use by the Red Army in combat along the Fujian-Jiangxi border region.

Besides the aforementioned arsenals, the Second Front Army, in 1931, founded an arsenal at Yongshun in Hunan. The Fourth Front Army, in 1932, founded an arsenal in Tongjiang County, Sichuan. In 1933, after Liu Zhidan led the uprising of the people’s armed forces of northern Shaanxi, two repair shops were founded: the first was the Anding Yangdaoling Repair Shop, which moved together with the army, and people called it the “arsenal on the mule’s back”; it mainly manufactured pineapple-type hand grenades and repaired firearms; the second was the Qingjian Zhaotou Repair Shop, which mainly manufactured broadswords and red-tasseled spears. Among the workers at the factory, some were rural blacksmiths, and some were workers who had come from the arsenal of Fan Zhongxiu (1888–1930)①, using crude tools to carry out manual work. In 1935, in the battle to liberate the Yanchang oilfield district, 3 lathes, 1 sand-wheel grinding machine, and 1 diesel engine were captured, and used to equip the factory; the factory began to use power machinery together with skilled craftsmen as its foundation stock. In the summer of 1935, the Yangdaoling Repair Shop moved to Xiaoqiwan in Wayaobao, with a staff of 130.

① Fan Zhongxiu: Sun Yat-sen once appointed him Commander-in-Chief of the Henan Army for the Suppression of Rebels; in 1923, he served as Commander-in-Chief of the Henan Nation-Building Army; he was a Henan warlord. ___

6. The Communist Party of China’s Leadership of the Soviet-Area Arsenals

From 1932 to 1934, the Communist Party of China, in the name of the Central Revolutionary Military Commission (abbreviated as the “Central Military Commission”) and the Chinese Soviet Republic, exercised comprehensive leadership over such major matters as the construction of the Soviet-area arsenals, the collection of raw materials, and policy toward the personnel engaged in ordnance work.

(1) Establishing the leadership system of the arsenals

As the arsenals and repair shops built in the various revolutionary base areas of the Soviet districts increased in number, the Central [authorities] instituted, for the various arsenals and repair shops, a system whereby the army directly took charge, in keeping with the needs of the revolutionary war, in order to repair weapons for the Red Army’s combat operations.

On March 13, 1932, the Central Revolutionary Military Commission ordered Wu Hanjie, factory director of the Red Army arsenal, to dispatch riflesmiths and machine-gun repair workers to organize a repair shop, which arrived at Maodian in Jiangxi on March 19 to repair weapons for the Red Army’s Third Army Corps. At the same time, adopting the proposal of Xiang Ying, cadres were dispatched to the arsenals to carry out reorganization and management, implementing a labor law, and raising the workers’ production enthusiasm and output①.

On March 13, 1934, Zhu De, Chairman of the Central Revolutionary Military Commission, together with Vice-Chairmen Zhou Enlai and Wang Jiaxiang, jointly issued an order establishing the locations and organization of the Soviet area’s military ordnance repair shops: in the Jianning, Guangchang, and Ganjiang military districts, and at Tingzhou in the Fujian military district and Menling in the Yue-Gan [Guangdong-Jiangxi] military district, a repair shop was to be established in each, each organized with 4–8 personnel, its operations subordinate to and supplied by the Army Rear Services Department, while in matters of work it was directed by the military district and police district [authorities]. This was the earliest clearly established system of leadership over the arsenals instituted by the Communist Party of China②.

On July 24, 1934, the Central Revolutionary Military Commission ordered that the gun-and-artillery factory and the ammunition factory be merged to form Ordnance Factory No. 1; the former miscellaneous-repair factory was renamed Ordnance Factory No. 2. Factory No. 1 was organized under three sections—machinery, guns-and-artillery, and ammunition—implementing a scientific division of labor, in order to benefit production, and the production tools and various specialized technical workers were appropriately reassigned③.

(2) Collecting ordnance raw materials from many sources

In order to collect copper, tin, and other ordnance raw materials, Chairman Zhu De and Vice-Chairmen Zhou Enlai and Wang Jiaxiang issued an order: when confiscating the property of local tyrants or counter-revolutionaries, all manner of copper and tin articles must be inspected and fully collected; when clearing a battlefield, a dedicated person must be assigned, and the masses mobilized, to collect spent cartridge cases; the masses must be widely mobilized to donate or sell to the government any useless stored copper and tin articles; the collected copper, tin, and spent cartridge cases must be promptly sent to the army supply station, or delivered via the military district to the General Supply Department for use④. This practice of collecting old copper and tin to manufacture weapons continued in many localities right up to the eve of Liberation in 1949.

(3) Policies guaranteeing ordnance production

In June 1934, Zhang Wentian, in the name of Chairman of the People’s Committee of the Chinese Soviet Republic, issued an order concerning the guaranteeing of ordnance production: personnel engaged in ordnance production and their family dependents were to receive preferential treatment on a par with the Red Army and its family dependents; ordnance workers who had come from the White [Kuomintang-controlled] areas were to be given a subsidy; the raw materials for ordnance production were to be guaranteed; and personnel engaged in ordnance production were not to be transferred⑤, in order to guarantee the smooth progress of ordnance production.

① “Order of the Central Revolutionary Military Commission Concerning the Organization of the Repair Shop,” see Archives, vol. 4, p. 1 (Central Archives, vol. 333, file 31, and vol. 4, file 9). ② “Order of the Central Revolutionary Military Commission Concerning the Location and Organization of the Repair Shops,” see Archives, vol. 4, p. 2 (Central Archives, vol. 335, file 40). ③ “Order of the Central Revolutionary Military Commission Concerning the Merger of the Guns-and-Artillery and Ammunition Factories,” see Archives, vol. 4, p. 4 (Central Archives, vol. 335, file 108). ④ “Order of the Central Revolutionary Military Commission Concerning the Collection of Ordnance Materials,” see Archives, vol. 4, p. 3 (Central Archives, vol. 335, file 57). ⑤ “Order of the People’s Committee of the Chinese Soviet Republic Concerning the Question of Guaranteeing Ordnance Production,” see Archives, vol. 4, pp. 3–4 (Central Archives, vol. 300, file 7). ___



Section 2 The Development of the People’s Ordnance Industry during the War of Resistance against Japan

In October 1935, the Central Red Army, having achieved victory in the Long March, arrived in northern Shaanxi, and the people’s ordnance industry led by the Communist Party of China, at Yan’an and the various revolutionary base areas, entered a stage of continuous development.

1. The Founding and Development of the Arsenals of the Yan’an Region

When the Central Red Army arrived at Yan’an in northern Shaanxi, the ordnance team that traveled with the army brought with it 2 old-style vise-clamps, 4 files, and 1 bellows; before long, it merged with the repair shop at Wayaobao to form the Red Army Arsenal.

(1) The Red Army Arsenal

The Red Army Arsenal was under the leadership of the General Supply Department for weapons repair and manufacture matters, and in 1936 it moved to Wuqi Town. Within the factory were organized sand-casting, machinery, forging, woodworking, drafting, and cartridge sections, undertaking such production tasks as repairing weapons, reloading cartridges, and manufacturing hand grenades. In order to support the Red Army’s eastward crossing of the Yellow River, it researched and manufactured boat fittings, forged boat nails, and researched black powder and detonating explosives, and, from 1936 onward, began manufacturing land mines.

On July 7, 1937, the War of Resistance against Japan broke out, and on October 22, Mao Zedong proposed that, within one year, the goal be achieved of self-manufacturing 10,000 rifles, and that efforts be made to obtain gun-manufacturing machinery and technical personnel from Shanxi, saying: “We must prepare to establish an arsenal at Yan’an to manufacture guns; even locally-made rifles [tuqiang] would be good”①. It happened that, at that time, a great many intellectuals, workers, peasants, and democratic personages were flocking to Yan’an to join in the War of Resistance led by the Communist Party. Among them were: workers from the nearby famous Taiyuan Arsenal, led by He Ruilin; 10 Shanghai workers led by Shen Hong (1906–?); and workers from the Gongxian Arsenal in Henan and workers who had come from the railways, together with young intellectuals from all parts of the country; all of these became a mainstay force in expanding the Red arsenals. What was even more gratifying was that Shen Hong and others also brought from Shanghai, via Wuhan, 8 English feet (about 2.4 meters) of gate-type shaper, floor-standing large lathes, heavy-duty lathes, light-duty lathes, milling machines, and other machine equipment, as well as some English, American, German, and domestically published scientific and technical books; all of this created the conditions for improving the equipment of the Red arsenals and provided reference materials, giving the construction of the Red arsenals wings, as it were.

On April 23, 1941, the Central Military Commission issued its “Directive Concerning Ordnance Construction,” pointing the way for the establishment and development of the arsenals. It required that, in mountainous terrain, a medium-sized rear area be established, and that, on the plains, very small, dispersed, secret rear areas be established, and that ordnance production follow the principle of “ammunition as the priority, weapons as secondary”②. On June 23, Zhu De and Peng Dehuai further issued to the various military districts, military sub-districts, and factories a directive concerning the large-scale manufacture of land mines: in defending the base areas against enemy advances, in obstructing the enemy’s indiscriminate burning and killing, and in blockading the enemy’s strongpoints and destroying the enemy’s communications, land mines had a great role to play; on the plains and in the river-network regions, fish [water] mines likewise had a similar role, and it was necessary to manufacture and use them extensively according to the concrete circumstances③. Prior to this, the Military Commission’s Rear Services Department had already established a Military Industry Bureau at Yan’an, with Li Qiang as director, under which was established an arsenal (that is, the Chafang Arsenal), with Zhou Jianqiang as factory director. At the beginning of 1938, the arsenal moved to Chafang in An’sai County. On July 22, 1938, Liu Bocheng sent a telegram to Mao Zedong, Luofu, Zhu De, and Peng Dehuai, [proposing] that 2 of the 3 sets of new machinery captured at Hanwang Daogou be transferred to Yan’an, to be used to increase Yan’an’s ordnance production④. After instructions were issued by Mao Zedong and other central leading comrades, the arsenals of the Yan’an region achieved comparatively rapid development, and by 1944, Yan’an had separately built 4 arsenals.

① “Telegram from Mao Zedong, Zhang Guotao, and Ren Bishi Concerning the Addition of an Arsenal, to Zhou Enlai, Zhu De, Peng Dehuai, and Ren Bishi,” see Archives, vol. 4, p. 5 (December 22, 1937, Central Archives, vol. 55, file 1). ② See Archives, vol. 4, pp. 7–8 (Central Archives, vol. 97, file 4). ③ See Archives, vol. 4, p. 8 (Central Archives, vol. 187, file 23). ④ Liu Bocheng: “Telegram Concerning the Shipment of Ordnance Machinery to Yan’an,” see Archives, vol. 4, p. 12 (Central Archives, general collection 2, vol. 34, file 30). ___

(2) Chafang Arsenal No. 1

The Chafang Arsenal had a staff of 400, organized into a machinery manufacturing department, a weapons repair department, an explosives section, and other units. In 1939, the machinery manufacturing department was renamed the Shaan-Gan-Ning Border Region Machine Factory, also called Military Industry Bureau Arsenal No. 1, capable of both manufacturing and repairing weapons (Fig. 14-1).

(3) Wenjiagou Arsenal No. 2

After the establishment of Arsenal No. 1, it manufactured a complete set of machinery and equipment for producing rifles, and thereupon established Arsenal No. 2 (that is, the gun-manufacturing factory), located at Wenjiagou, in Hejia Village, Bao’an; people also called it the Wenjiagou Arsenal; the entire factory had more than 200 workers, mainly manufacturing rifles.

(4) Chafang Arsenal No. 3

During this same period, equipment was also designed and manufactured for producing cartridges, including large and small stamping presses, case-necking machines, bullet-head machines, powder-loading machines, mouth-crimping machines, and priming machines, among others, and thereupon Arsenal No. 3 was established at Chafang. In 1944, this factory further became a dedicated mortar-shell factory.

(5) Chaifanggou Arsenal No. 4

Chaifanggou Arsenal No. 4 was the gunpowder and explosives chemical factory, completed in 1941. Within the factory were: a sulfuric-acid lead chamber; equipment for manufacturing nitrocellulose and weak-nitrated-cellulose propellant powder; equipment for manufacturing alcohol and ether; equipment for manufacturing the three acids (nitric acid, sulfuric acid, hydrochloric acid); and a complete set of gunpowder-and-explosives production-line equipment including boilers, producing the three acids and various types of gunpowder, explosives, and propellant powder.

(6) The Products of the 4 Chafang Arsenals

After the founding of the 4 Chafang arsenals, through the joint efforts of the technical personnel and workers of the entire factory complex, a variety of ordnance products were manufactured: in April 1938, Chafang Arsenal No. 3 independently designed and manufactured the border region’s first rifle of 7.9-millimeter caliber, naming it the “Nameless-type Cavalry-and-Infantry Rifle”; before long it was also converted into an anti-aircraft machine gun (Photo 28); in 1941, monthly output of cartridges was 125,000, and 50–60 rifle-grenade launcher tubes were manufactured; in 1943, the border region’s first mortar and its matching mortar shells were manufactured, along with the complete matching equipment; in 1944, Shen Hong and others trial-manufactured a simplified sand-turning [casting] machine, raising work efficiency 5–6 times over manual labor; in 1948, monthly output of grenade-launcher tubes was 50–60; in 1945, this factory also repaired 7 mountain guns and 1 92-millimeter caliber mortar.

After the Chaifanggou Arsenal was completed in 1941, it was already able to manufacture the raw material for gunpowder and explosives, the three acids, as well as strong-nitrated guncotton explosive and weak-nitrated guncotton double-base propellant powder, which could be used as the propellant charge for mortar shells; the propellant powder it manufactured could supply the mortar needs of several liberated areas. At the beginning of 1944, it created a new technique for manufacturing nitroglycerine, succeeding in researching and manufacturing nitroglycerine explosive, which was welcomed by the officers and men on the anti-Japanese front line, and was widely used to destroy the enemy’s pillboxes, fortifications, bridges, and railways.

Chafang Arsenal No. 1 was a comprehensive arsenal; besides manufacturing ordnance products, it also manufactured small lathes, milling machines, planing machines, drilling machines, and other machine equipment; apart from equipping the arsenals, it also used 300–400 sets of machinery and equipment to equip printing factories, paper mills, pharmaceutical factories, textile factories, leather factories, kerosene factories, chemical factories, and other civilian factories.

2. The Arsenals of the Jin-Ji-Lu-Yu [Shanxi-Hebei-Shandong-Henan] Base Area’s Military Industry Department

The base areas of the Eighth Route Army possessed abundant coal and iron resources and numerous industrial workers, giving them an advantage in developing ordnance manufacture. In May 1940, the general headquarters established a Military Industry Department, under which 5 (some say 5–7) large arsenals were established, with 5,000–6,000 workers, mainly manufacturing rifles, hand grenades, land mines, and mortar shells (Photo 29) and other weapons and ammunition. After more than 2 months of research, the “August 1st”-type cavalry-and-infantry carbine, suited to guerrilla warfare in mountainous terrain, was successfully manufactured, with an annual output reaching 3,000, sufficient to equip one division. Before long, rifle-grenade launcher tubes were also successfully researched and manufactured. The Military Industry Department’s chemical factory also manufactured large quantities of nitric-acid-based explosives and land mines, striking such fear into the Japanese invaders that they were thrown into a panic. On October 30, 1944, Song Renqiong and others sent a telegram to the Central [authorities], reporting the quantity of ordnance products manufactured over the preceding half-year: in southern Hebei, 85,175 hand grenades, 756 land mines, and 98,089 rounds of ammunition; in the Ji-Lu-Yu region, 285,990 hand grenades, 2,600 land mines, 150,000 rounds of ammunition, and 600 flat-trajectory-gun shells; the output was already considerable①.

3. The Arsenals of the Shandong Base Area

In December 1937, the people of Shandong held the Fushan Uprising, organizing the People’s Anti-Japanese National Salvation Army, and before long established a weapons-repair office. In March of the following year, an arsenal was further founded at Huang County and merged with the repair shop. By the end of 1938, the factory already had more than 500 workers, and was divided into northern and southern sections; average monthly production was 15 mortars, together with 200 matching mortar shells, 5,000 hand grenades, 200 land mines, 20–80 rifles, and 5,000 rounds of ammunition. In 1941, the Jiaodong Military District established an Ordnance Committee, under which 5 arsenals were established. By December 31, 1944, this had developed into 7 factories capable of manufacturing gunpowder, explosives, and land mines, with a total of 425 workers; daily output was 165 catties of black powder, 6 catties of smokeless powder, 12 catties of picric acid, and 276 land mines; if all the workers had devoted themselves entirely to manufacturing land mines, daily output could have reached 642②.

In 1941, an arsenal was also established at Huangkou Village, Baoji’ao, in southern Shandong, and moved in 1943 to Nanhuzi Village in Ju County, mainly manufacturing rifle cartridges and hand grenades, and had also already begun reproducing 82-millimeter and 60-millimeter caliber mortar shells, land mines, and other ammunition.

4. The Huangyadong Arsenal in Shanxi

In 1939, the Eighth Route Army general headquarters established an arsenal at Huangyadong in Licheng County, Shanxi. Huangyadong was more than 40 kilometers from the county seat, at an elevation of about 2,000-some meters, and took its name from a natural cave in the cliff face partway up the mountain. The gorge leading to Huangyadong was 3.5 kilometers long, its cliff walls on both sides towering ten thousand fathoms, as if carved by an axe of frost, its configuration majestic and precipitous; the cave mouth was at the far end of the gorge, with stone steps layered outside the cave, and, climbing the steps for 32 meters, one suddenly emerged into an open space, the interior surprisingly spacious, extremely difficult to discover, making it an extremely secure and concealed location (Photo 30). The Eighth Route Army general headquarters made use of this natural deep cave, installing more than 40 sets of advanced machinery and power equipment, to manufacture rifles

① “Telegram from Song Renqiong, Huang Jing, and Others Concerning the Situation of the Ji-Lu-Yu Military Industry, to the Central [Authorities],” see Archives, vol. 4, pp. 95–96 (Central Archives, vol. 150, file 11). ② “Telegram from Luo Ronghuan and Others Concerning a Summary Report on the Production of the Southern-Shandong and Jiaodong Arsenals, to the Central Committee and the Military Commission,” see Archives, vol. 4, p. 99 (Central Archives, vol. 122, file 5). ___ and 50-millimeter caliber small field guns and their matching shells, supplying the North China front-line Eighth Route Army’s use.

On November 10, 1941, more than 5,000 Japanese troops, under air cover, attempted to destroy this cave. The Eighth Route Army general headquarters’ special-duty regiment, relying on the strategic terrain, fought hand-to-hand with the Japanese army, repelling several dozen successive Japanese assaults; after 8 days and nights of fierce fighting, killing and wounding more than 1,000 of the enemy, and having completed the mission of covering the factory’s relocation, it voluntarily withdrew on the 16th, and the now-emptied arsenal was destroyed by the Japanese army. Today, the Huangyadong Revolutionary Martyrs’ Cemetery has been established there, with an 8-meter-tall martyrs’ memorial tower standing at the center of the surrounding peaks, for later generations to pay their respects and commemorate. After the arsenal relocated to a safe area, it quickly resumed production; from 1943 to 1945, average monthly output was 400 rifles and 50 pieces of 50-millimeter caliber field guns, together with more than 2,000 matching shells, which may fairly be called a miracle in the history of arsenal construction.

5. The Arsenals of the Jin-Cha-Ji [Shanxi-Chahar-Hebei] Base Area

During the War of Resistance and the War of Liberation, the CPC Central Committee, in 1938, decided to establish the Jin-Cha-Ji Military District and the Border Region Government. Under the Military District was established a Military Industry Department, and under the Border Region Government an Industrial and Mining Bureau, to lead ordnance production①.

(1) The Repair Shop of the Supply Department of the Jin-Cha-Ji Military District

This was established in April 1938, based mainly on workers transferred from the various sub-districts of the northern Wutai [Beiyue] region and recruited at Taiyuan, using machinery and equipment gathered from other regions. Within the factory were organized 5 sections—machinery, woodworking, casting, forging, and milling—implementing a specialized division of labor. In October 1938, owing to a Japanese “mopping-up” operation, it moved to Sangyuankou Village, Pingshan County, Hebei, and was designated the Military District’s First Repair Shop. After the “mopping-up” was crushed, part of the personnel and machinery equipment moved back to the original location, resuming production, and was called the Military District’s Second Repair Shop. In April 1939, the Military District drew off part of the workers and machinery equipment from the Third Sub-District, forming the Third Repair Shop. Afterward, the Fourth, Fifth, and Sixth Repair Shops were further established. By December 1939, the Fourth and Fifth Shops were respectively merged with the Third Shop and the Sixth Shop. After the merger, the First, Second, Third, and Sixth Shops together had 604 workers. The First, Second, and Third Shops were machine factories, and the Sixth Shop was a hand-grenade factory. The four factories together had 10 sets of belt-driven [yuanche] lathes, 3 diesel engines (2 of 7 horsepower, 1 of 15 horsepower), 3 sand-wheel grinders, 1 modified vertical milling machine, 93 vise-clamps, 11 hand-cranked drills, and 1 large drilling machine. Each shop had its own division of labor, mainly manufacturing black powder, hand grenades, and mortar shells. At the same time, they also carried out weapons repair and assembly. The black powder, ammonium nitrate explosives, nitroglycerine, and picric-acid explosive that were manufactured were all used to manufacture hand grenades and land mines, and were supplied not only to the regular troops but also for the use of the militia, making the local area a region where “every person had ammunition, every village had land mines.” In crushing the Japanese army’s “mopping-up” operations, this had a tremendous effect. On February 16, 1941, the Jin-Cha-Ji Military District also specially sent a telegram to Mao Zedong, Wang Jiaxiang, and other central leaders and the Military Commission leadership, reporting on the circumstances of manufacturing sulfuric acid and smokeless powder②. Later, the throwing-grenade tubes and mortars manufactured by these factories, and the explosive charges they fired, in the 1947 War of Liberation, were praised as “native aircraft” [“tu feiji”], and in the liberation of Taiyuan, the Shijiazhuang Campaign, the Ping-Jin Campaign, and the Huai-Hai Campaign, all played a tremendous destructive role.

(2) The Manufacturing Shop of the Jin-Cha-Ji Military District

This shop was founded in May 1938, formed of more than 500 people, including unemployed workers returning to their home villages from the Taiyuan Arsenal, together with local stonemasons, carpenters, and blacksmiths, mainly manufacturing hand grenades and land mines, and carrying out the repair and assembly of firearms and artillery.

(3) The Repair Shop of the Jizhong [Central Hebei] Military District

This was formed mainly from the original self-defense army’s repair shop, merged with various small local repair shops, and was established in May 1938 at Daguanting Village, Raoyang County, Hebei; at its peak, its personnel numbered 300. In the spring of 1939, when the Japanese army “mopped up” central Hebei, the repair shop split into two parts and moved to Luomuchang Village, Chuangyuan County, west of the [Hebei-Shanxi border] railway, and to Datan and Wangtianling, Tang County, among other places, resuming ordnance production. Before long, it

① “Summary Report on Ordnance Production of the Jin-Cha-Ji Military District,” see Archives, vol. 4, pp. 13–16 (Liberation Army Archives, vol. 311, sect. 1939, no. 1, file 2). ② See Archives, vol. 4, p. 24 (Central Archives, vol. 295, file 6). ___

became the Fourth and Fifth Repair Shops of the Jin-Cha-Ji Supply Department, manufacturing Czech-type rifles, various types of pistol, rifle grenades, grenade-launcher tubes, hand grenades, and land mines.

(4) The Repair Shop of the Jin-Sui [Shanxi-Suiyuan] Military District

In May 1940, following He Long’s instructions, the Rear Services Department of the 120th Division merged its subordinate repair shop with a manufacturing factory, concentrating personnel and machinery equipment at Mudouping in Bao County, Shanxi, expanding it into the Repair Shop of the Jin-Sui Military District, with a total staff of more than 400, 20 machine tools of various kinds, 1 three-section vertical boiler, and 1 25-horsepower steam engine, mainly manufacturing rifles, rifle-grenade launcher tubes, and 50-millimeter caliber mortar shells. According to the Jin-Sui Military District Rear Services Department’s “Summary of Munitions Self-Sufficiency” of June 11, 1945, the weapons manufactured by this ordnance department could supply the militia, guerrilla units, armed work teams, and regular forces, basically achieving self-sufficiency①.

(5) The Military Industry Department’s Cartridge-Reloading Trial Factory

This is the abbreviated name for the Eighth Route Army General Headquarters Military Industry Department’s Cartridge-Reloading Trial Factory. It was organized in March 1940, its site established at Chihe Village, Licheng County, Shanxi Province; within the factory there was a staff of more than 100, equipped with 8 sets of lathes and drilling machines, as well as more than 20 sets of specialized machinery equipment such as case-necking machines and case-base-tightening machines; daily output was close to 1,000 rounds of ammunition.

(6) The Military Industry Department’s Liugou Iron Works

In March 1939, the Eighth Route Army General Headquarters’ Sixth Section took over the Linshan Factory at Liugou Village, Longzhen Town, Wuxiang County, Shanxi, calling it the Eighth Route Army General Headquarters’ Liugou Iron Works; in June it was further renamed the Military Industry Department’s Liugou Iron Works, organized with 4 sections—iron-smelting, sand-casting, woodworking, and construction—and afterward its staff grew to more than 600; average monthly iron-smelting output rose from 22,500 kilograms to 90,000 kilograms, and monthly hand-grenade output was more than 20,000, making it an important ordnance base of the Taihang region.

(7) The Repair Shop of the Eighth Route Army General Headquarters

In March 1939, the Eighth Route Army General Headquarters established, at Shanghe Village, Xiangyuan County, Shanxi Province, the General Headquarters’ Sixth Section (that is, the Military Industry Section), uniformly leading the ordnance industry of the Jin-Ji-Lu-Yu base area. Before long, the original 115th Division’s 34th Brigade’s repair shop at Gaoping, together with the 129th Division’s Tangji Detachment’s repair shop, were merged, and the Eighth Route Army General Headquarters Repair Shop was established at Jiangtang Weizhuang, Yushe County, Shanxi Province, with a total staff of more than 600, using various raw materials obtained from the local region and from many other sources to carry out production. Among the raw materials were: steel, wrought iron, gray pig iron, white pig iron, copper, lead, mercury, rifle-cartridge cases; saltpeter, sulfur, coal, coke, sulfuric acid, nitric acid, hydrochloric acid, realgar, hemp-seed oil, firebrick, hemp paper, potassium chlorate, alkali, and de[ethyl] [ether]. Among the machine equipment were: various types of lathe, gas engine, generator, hydraulic press, shell-manufacturing machine, and cartridge-manufacturing machine, among others. The ordnance products manufactured included: single-shot pistols, repeating pistols, grenade-launcher tubes, mortar shells, rifle cartridges, various types of hand grenade, land mines, and rifles and artillery, among others. At the same time, it also undertook the repair of various types of weapon and machinery②. By July 18, 1943, the ordnance products manufactured by the Military Industry Department were not only sufficient for self-supply but could also support the use of fraternal units in other regions. The rifles, mortar shells, and smokeless powder manufactured were already on a par with the products of the large arsenals of the Kuomintang-controlled areas (hereafter abbreviated as “Guotong areas”)③.

6. The Repair Shop of the New Fourth Army’s Military Industry Department and the Jianhua Industrial School

In 1941, the New Fourth Army established a Military Industry Department at Gangmen Town, Yancheng, in northern Jiangsu. The Military Industry Department, with the 1st Division and the 3rd Division respectively in Jiangsu

① See Archives, vol. 4, pp. 114–118 (Liberation Army Archives, vol. 24, 1945, file 19, vol. 1). ② “A Brief History of the Military Industry Department of the Eighteenth Group Army General Headquarters (Chapter 1),” see Archives, vol. 4, pp. 45–53, 65 (Liberation Army Archives, general collection 6, vol. 1942, sect. 59, file 8). ③ “Five-Year Work Summary and Research Report of the Military Industry Department of the Eighteenth Group Army General Headquarters (Part 2),” see Archives, vol. 4, p. 87 (State-Operated 342 Archive Room). ___ and eastern Hubei, taking over and reorganizing one puppet-army repair shop respectively as its foundation, was organized, with a total staff of more than 150, 2 engines, 6 lathes, 2 boring machines, and 1 turning lathe. Under the Military Industry Department were organized three sections—engineering affairs, materials, and management. Under the engineering-affairs section was established a research office, researching and manufacturing gunpowder and detonators; under the materials section was established a smelting furnace. Afterward, owing to enemy aircraft bombing, it moved altogether to the Yancheng and Huaihai regions, and the 2 factories were expanded into 7: 2 explosives factories, 1 cartridge factory, and 1 each of hand-grenade, shell-casing, rifle-grenade, and repair factories. These factories were able to manufacture, in batches, black powder with a saltpeter-sulfur-charcoal ratio of 75%, 15%, 10%, as well as smokeless powder, mortar shells (Fig. 14-2), hand grenades, cartridges, nitric acid, rifle grenades, rifle-grenade launcher tubes, 60-millimeter and 82-millimeter caliber mortars (Fig. 14-2), land mines, naval mines, signal flares, incendiary bombs, and 37-millimeter and 45-millimeter caliber breech-loading rifled flat-trajectory guns, among other firearms, artillery, and ammunition①.

In 1945, after victory in the War of Resistance against Japan, the military industry departments of the New Fourth Army’s First, Second, Fourth, and Seventh Divisions were merged to form the Central China Military District Military Industry Department, with a staff of more than 10,000; besides the arsenals, it also established Central China’s first military-industrial school, the “Jianhua Industrial School.” In 1946, as the Kuomintang army madly attacked the liberated areas, the New Fourth Army withdrew northward to Shandong, and the Central China Military District’s Military Industry Department was merged with the southern Shandong Military Industry Department to form the Shandong Military Industry Department. Wang Daohan (?–2005) served as director, and the Military Industry Department’s output multiplied several times over.

Before and after victory in the War of Resistance against Japan, among the arsenals founded by the Communist Party of China throughout the country, those possessing 100 staff and 10 or more sets of equipment, producing within fixed factory premises, numbered more than 50, with a total staff of more than 30,000, already forming quite a sizable ordnance force; they provided a certain quantity of weapons and equipment for the victory of the Agrarian Revolutionary War and the War of Resistance against Japan, making a historic contribution.

① “Telegram from the New Fourth Army Concerning the Circumstances of the Founding of the Military Industry Department and Lessons Learned, to Ye Jianying and Zuo Quan,” Liberation Army Archives, Selected Historical Materials on the New Fourth Army’s War of Resistance against Japan, vol. 9, pp. 216–218. ___



Section 3 The Growth of the People’s Ordnance Industry during the War of Liberation

Before the smoke of victory in the War of Resistance against Japan had even cleared, Chiang Kai-shek launched civil war. In order to repel the enemy’s offensive, the CPC Central Committee and the Central Military Commission promptly issued directives, requiring the liberated areas and the various units to rapidly strengthen ordnance construction.

1. Preparing to Resist the Kuomintang Army’s Offensive

From June 1946 onward, the Central [authorities] frequently issued directives, mainly on the following several points.

The first was the safe relocation of arsenals. On June 15, 1946, the CPC Central Committee sent a telegram to Nie Rongzhen and Liu Lantao, stating: “The situation is tense, and full-scale civil war may very possibly erupt in the near future; please consider relocating the ordnance machinery of Zhangyuan, Xuanhua, and Chengde to the interior for dispersed production.”①

The second was self-reliance in manufacturing munitions once outside assistance was cut off. On November 7, 1946, the “Telegram of the Central Military Commission Concerning Strengthening Munitions Production, to Bo Yibo and Others,” pointed out that, once war broke out and all outside assistance was cut off, “munitions must be self-reliant, particularly artillery shells and cartridges.”②

The third was to make full preparations of military-industrial raw materials. On November 9, 1946, the “Directive of the Central Military Commission Concerning Purchasing Military-Industrial Raw Materials as Fully as Possible,” pointed out: “The war will be protracted; while economic relations with the large cities have not yet been completely severed, large quantities of communications equipment, medical and health equipment, and munitions raw materials should be purchased and stockpiled (that is, stored in reserve) as much as possible, sufficient for at least one year or more, the more the better; this matter must by no means be neglected.”③

The fourth was to properly prepare the manufacture of commonly-needed munitions. In its directives to the various localities, the Central [authorities] also required redoubled attention to the manufacture of commonly-needed munitions. For instance: in central Hebei, southern Hebei, Ji-Lu-Yu, Bohai, and many places in the northwest, the refining and smelting of saltpeter had to be completed before the summer season; in the Jin-Sui region, more sulfur had to be refined, and more hemp seed [i.e. castor beans, 蓖麻] planted, in order to increase the output of glycerine; work had to be done properly on purchasing copper coins and old copper currency, and on smelting copper; in the Shandong region, more nitric acid, sulfuric acid, picric acid, and yellow explosive had to be manufactured; and, in Shanghai, ways had to be found to purchase explosives.

Although the aforementioned various directives were in some cases issued to particular responsible persons and regions, they applied to every liberated area. In practice, every region prepared its ordnance supplies in accordance with these directives.

2. The Transfer and Reorganization of the Arsenals of the Shaan-Gan-Ning Border Region

In December 1945, Li Qiang, acting on the orders of the Party Central Committee, carried out the transfer and reorganization of the arsenals of the Shaan-Gan-Ning border region, transferring the 3 arsenals of the Yan’an region—Chafang Arsenal No. 1, No. 4, and No. 3—in their entirety to the Jin-Sui border region④, merging them with the Jin-Sui arsenals to form 13 new arsenals, respectively repairing weapons and artillery equipment and manufacturing mortar shells, rifle cartridges, hand grenades, rifle grenades, hand-thrown fuze bombs [feilei, “flying thunder”], nitric acid, sulfuric acid, hydrochloric acid, gunpowder and explosives, and picric-acid explosive. On March 19, 1947, Mao Zedong and other Party central leaders voluntarily withdrew from Yan’an; the arsenals had already been safely and completely transferred well beforehand. In 1948, the Jin-Sui Ordnance Department’s monthly output of mountain guns and matching fuzes was 500 sets. At the beginning of 1949, the Jin-Sui Ordnance Department was renamed the Northwest Military Industry Department.

3. The Growth of the People’s Ordnance Industry of the Jin-Ji-Lu-Yu Military District

The Jin-Ji-Lu-Yu Military District, during the War of Liberation, had under its jurisdiction the 5 military sub-districts of Taiyue, Taihang, southern Hebei, Ji-Lu-Yu, and Yu-Wan-Su [Henan-Anhui-Jiangsu]

① See Archives, p. 148. ② See Archives, p. 149. ③ See Archives, p. 150. ④ “Report of Li Qiang and Wu Shengxiu Concerning the Transfer and Reorganization of the Arsenals of the Shaan-Gan-Ning Border Region Industry Bureau,” see Archives, vol. 4, p. 160 (Shaanxi Provincial Archives, general collection 3, catalogue 1, file 322). ___ region; its arsenals were respectively under the leadership of the military district and the military sub-districts, while the business-leadership organ, the Military Industry Office, was one of the six great offices under the Finance and Economic Affairs Office, and had 11 arsenals under its jurisdiction. According to statistics of December 1948, the ordnance products manufactured by the various factories in the first half of 1948 included: 702 50-millimeter caliber grenade-launcher tubes and 168,260 matching rifle grenades; 22 pieces of 120- and 150-millimeter caliber mortar plus 1 more (with 4,776 and 683 matching shells respectively); 611,000 rounds of 60-millimeter caliber shells; 290,919 rounds of reloaded ammunition; 509,551 hand grenades; 191,100 catties of engineer-use ammonium nitrate explosive; 136,500 catties of engineer-use nitroglycerine explosive; and 100,000 catties of black-powder explosive. In addition there were also many types of weapon components and machinery equipment①. The products manufactured were all inspected and accepted according to specification, and were ordnance products with comparatively large output and guaranteed quality for the time.

4. The Growth of the People’s Ordnance Industry of the Various Military Districts of Shandong

The weapons industry of the Shandong Military District included the arsenals established by the three second-tier military districts of Jiaodong, southern-and-central Shandong, and Bohai.

(1) The Growth of the Weapons Industry of the Jiaodong Military District

In 1947, the Jiaodong Military District established a Military Industry Department, merging the Jiaodong civilian arsenals into the military district’s directly-subordinate factories, expanding them into Arsenal No. 7 and No. 8, with a total staff of more than 5,000. By the eve of nationwide liberation in 1949, there were already more than 10 arsenals, with a personnel total of more than 10,000. According to statistics of December 1948, in the first half of that year already manufactured were: 2,553 50-millimeter caliber grenade-launcher tubes, 100 82-millimeter caliber mortars, 2,103 6.5-millimeter caliber rifles, 388,595 various artillery shells, 1,995,844 rounds of ammunition, 580,266 hand grenades, 6,876 signal flares, 66,920 catties of engineer-use ammonium nitrate explosive, 10,050 catties of engineer-use oil-sweetened [glycerine-based] explosive, 1,000 signal tubes, and 3,806 bayonets, and it also possessed comparatively strong mechanical repair capability②.

(2) The Growth of the Weapons Industry of the Southern and Central Shandong Military Districts

The Southern Shandong Military Industry Department was under the leadership of the Southern Shandong Rear Services Department, with 4 factories under its jurisdiction: the First Factory was a rifle-grenade, grenade-launcher-tube, and land-mine factory, with monthly output of 15,000 hand grenades, 8,000–10,000 rifle grenades, 100–200 land mines, and 50 hand-thrown fuze bombs; the Second Factory was a hand-grenade factory, with monthly output of 10,000 hand-grenade casings, capable of assembling 5,000–7,000 complete hand grenades; the Third Factory was a chemical factory, with monthly output of 300–500 catties of nitric acid, 1,000–2,000 catties of alcohol, and 30 catties of mercury fulminate; the Fourth Factory was a repair-and-manufacturing factory, with monthly output of 8 grenade-launcher tubes; altogether there were 690 people and more than 70 machines.

The Central Shandong Military District had the Central Shandong Ordnance General Factory, under the leadership of the military district’s Rear Services Department, with 7 branch factories under its jurisdiction: the First Branch Factory had a monthly output of 50,000 hand grenades and 200–500 hand-thrown fuze bombs; the Second Branch Factory had a monthly output of 3,000 mortar shells; the Third Branch Factory had a monthly output of 60 catties of smokeless powder; the Fourth Branch Factory had a monthly output of 500 bayonets and 300 pack-saddle frames; the Fifth Branch Factory was a tool factory; the Sixth Branch Factory was a repair shop; the Seventh Factory was a cartridge factory, with monthly output of 50,000 loaded cartridges and 600 rounds of box-magazine [i.e. machine-gun] ammunition. The entire factory complex had more than 1,340 people, and more than 100 sets of various machine equipment②.

According to statistics of December 1948, the ordnance products manufactured by the various military districts of southern Shandong and central Shandong in the first half of 1948 included: 6,844 60-millimeter caliber shells, 1,304 82-millimeter caliber shells, 52,500 rounds of reloaded ammunition, 232,945 hand grenades, 120 catties of engineer-use nitroglycerine explosive, and 7,250 catties of black-powder explosive③.

① “Statistical Table of the Various Items of Ordnance Production of the Liberated Areas, 1948,” see Archives, vol. 4, p. 336 (Liberation Army Archives, general collection 4, 1948, vol. 9, file 2). ② “Statistical Table of the Various Items of Ordnance Production of the Liberated Areas, 1948,” see Archives, vol. 4, p. 336 (Liberation Army Archives, general collection 4, 1948, vol. 9, file 2). ③ “General Survey of the Ordnance of the Southern-Shandong and Central-Shandong Military Districts (December 20, 1947),” see Archives, vol. 4, pp. 599–600 (Liberation Army Archives, general collection 4, 1947, vol. 2, file 15). ④ “Statistical Table of the Various Items of Ordnance Production of the Liberated Areas, 1948,” see Archives, vol. 4, p. 336 (Liberation Army Archives, general collection 4, 1948, vol. 9, file 2). ___

(3) The Growth of the Weapons Industry of the Bohai Military District

Under the jurisdiction of the Ordnance Office of the Bohai Military District’s Rear Services Department were 7 general factories and 1 directly-subordinate factory: the First Factory was a cartridge factory; the Second Factory was an artillery-shell and explosives factory; the Third Factory was a chemical factory; the Fourth Factory was a weapons-manufacturing factory; the Fifth, Sixth, and Seventh Factories were mortar-shell and shell-casing factories; the directly-subordinate factory was a tool-manufacturing factory. The whole office had a total of 3,413 people and 164 sets of various machinery. In the first half of 1947, the output of the various military-industrial products was: 24,949 various mortar shells, 14,260 rifle grenades, 401 rifle-grenade launcher tubes, 135,268 hand grenades, 527 large and small land mines, 35 signal flare-guns, 2 100-millimeter caliber mortars, and 27,647 catties of nitroglycerine explosive①. In July 1947, when the fighting in the East China region was tense, only the Bohai arsenals were still able to maintain production; the entire staff of the Bohai Ordnance Office, from top to bottom, united as one, overcame difficulties, and made vigorous efforts, giving powerful support to the front-line combat troops and achieving victory in battle.

5. The Growth of the People’s Ordnance Industry of the Jin-Cha-Ji Military District

After the start of the War of Liberation, the weapons industry of the Jin-Cha-Ji Military District developed rapidly, with factories increasing in number, respectively managed by the Border Region Industry Bureau, located where the Jin-Cha-Ji Military District (Greater Military Region) was, and by the Production Management Offices of its subordinate military districts (second-tier military districts), the two having no superior-subordinate relationship to each other. Among these: the Second-Tier Military District’s First Production Management Office managed 10 arsenals near the Hexi district of Fuping; the Second Production Management Office managed 6 arsenals near Shangzhai in the Lingqiu district; the Third Management Office managed the newly taken-over arsenals along the Zhengtai railway line. According to statistics, the output of the principal products in 1948 was: 38,740 50-millimeter caliber grenade-launcher-tube grenades, 35,240 60-millimeter caliber shells, 104,516 82-millimeter caliber shells plus 14,818 heavy shells, 439 150-millimeter caliber mortar shells, 3,916 mountain-gun shells, 842,500 rounds of reloaded ammunition, 1,672,792 hand grenades, 8,000 signal flares, 254,530 catties of engineer-use ammonium nitrate explosive, and 5,213 cloth-wrapped hand-thrown mines, and 415 land mines②.

6. The Growth of the People’s Ordnance Industry of the Jin-Sui Military District

The weapons industry of the Jin-Sui Military District developed on the basis of the repair shop of the original 120th Division at Suide Zhuniugou; by 1947 it had 9 factories, under the leadership of the Industry Department of the Military District Headquarters’ Rear Services Department, with a total staff of 2,630. That year, together manufactured were: 230,042 hand grenades, 48,277 rifle grenades, 6,599 various mortar shells, 549 land mines, 200 blasting hand grenades, 11,960 rounds of ammunition, 219,194 detonators, 20,559 catties of high-grade explosive, 23,168 catties of blasting explosive, 5 machine guns, 54 grenade-launcher tubes, and 24 sets of machinery③. By June 1948, 5 further arsenals were added, bringing the total number of arsenals in the entire military district to 14, and the quantity and technical level of ordnance products rose to a new level④.

7. The Reorganization and Relative Unification of the Nationwide People’s Ordnance Industry

As the Chinese People’s War of Liberation achieved successive victories and the liberated areas expanded, the small, dispersed, mobile arsenals originally run by the various military districts were no longer suited to the needs of the development of the war situation, and so the establishment of relatively concentrated and fixed large- and medium-sized arsenals was placed on the agenda. From November 1947 to the end of 1949, the whole country had already formed the five great ordnance-industry bases of the Northeast, North China, Northwest, Central Plains, and East China military regions, and the Central [authorities] could thereupon, through the five great military regions, carry out, over the arsenals of the entire country, a “unified

① “General Survey of the Ordnance of the Bohai Military District (December 5, 1947),” see Archives, vol. 4, pp. 255–257 (Liberation Army Archives, general collection 80, 1947, vol. 24, file 1). ② “Statistical Table of the Various Items of Ordnance Production of the Liberated Areas, 1948 (December 1948),” see Archives, vol. 4, p. 336 (Liberation Army Archives, general collection 4, 1948, vol. 9, file 2). ③ “General Survey of the Ordnance of the Jin-Sui Military District (December 1947),” see Archives, vol. 4, p. 264 (Liberation Army Archives, general collection 24, 1947, vol. 28, file 2). ④ See Archives, vol. 4, pp. 263–270 (Liberation Army Archives, general collection 24, 1947, vol. 28, file 2). ___ leadership, unified distribution, unified product specifications, and unified production management”①, laying the foundation for the development and unified leadership of the nationwide weapons industry after the founding of the People’s Republic of China.

(1) The Unification of the Weapons Industry of the Northeast Military Region

On November 2, 1947, the CPC Northeast Bureau had already made the decision to “unify military-industrial production and establish unified party-committee leadership.” It required that “the various military-industrial production units, under the unified leadership of the Military Industry Department of the Commander-in-Chief’s Headquarters, carry out planned production, rationally allocate personnel, machinery, and materials, and raise the effectiveness of military-industrial production”②. By June 1948, the Dalian Arsenal had already been merged with the Military Industry Department, and ordnance production in eastern Liaoning was placed under the direct leadership of the Military Industry Department, with the small repair shops of the various columns, divisions, and local authorities uniformly placed under the leadership of the Military Industry Department. The entire region had 55 large and small arsenals, distributed across 13 districts, possessing 2,060 machine tools serving as “mother machines,” 2 sets each of nitrocellulose-propellant-manufacturing equipment and contact-process sulfuric-acid-manufacturing equipment, 1,479 electric motors, 15,324 horsepower [of motive power], and 1,854 other sets of machinery equipment; the total personnel was 20,735. This was, at the time, the weapons-industrial system of a greater region with relatively early unification and a relatively strong personnel and machinery foundation③.

(2) The Unification of the Weapons Industry of the North China Military Region

The weapons industry of North China was based at the two locations of Changzhi and Taiyuan, with the other localities progressively scaled back and relocated; factories in unfavorable conditions ceased operation, and the retained factories were uniformly placed under the leadership of the North China Ordnance Bureau, directly subordinate to the North China Military Region.

(3) The Unification of the Weapons Industry of the Northwest Military Region

At the end of 1949, the leadership organ of the Ordnance Department of the Northwest Military Region’s Rear Services Department relocated to the southwest, and so the task of the various arsenals of the Northwest was mainly to repair guns, artillery, and ammunition, and, in accordance with Central directives, to preserve their main strength, so as to be ready to switch back into ordnance production at any time; the personnel of the various factories formerly under the Ordnance Department who remained in the Northwest, together with the machinery and materials transported to and temporarily stored in the Jin-Sui region, were respectively transferred to the Rear Services Department of the Northwest Military Region and the Border Region Government’s Enterprise Department④.

(4) The Unification of the Weapons Industry of the Central Plains Military Region

The weapons industry of the Central Plains Military Region was not of great effectiveness; in the 1948 “Report on Central Plains Military-Industrial Production,” only 6 arsenals were listed as established, at Dazhai and Luhu-and-Xiatang in Baofeng, and at Zhengzhou city, all under military-control administration, with the factories organized into two sections, factory-establishment affairs and engineering-affairs-and-management⑤, mainly producing hand grenades and repairing firearms and motor vehicles.

(5) The Unification of the Weapons Industry of the East China Military Region

In September 1948, the East China Military Region put forward a plan and measures for unifying the weapons-industrial organs within the region: the existing Military Industry Departments, Military Industry Offices, and Military Industry Bureaus were uniformly renamed Military Industry Bureaus, with the southern-and-central-Shandong, Jiaodong, and Bohai [bureaus] respectively designated the First, Second, and Third Military Industry Bureaus; under each bureau were established an engineering-affairs section (with an attached laboratory), a materials section, an accounting section, a general-affairs section, a training unit, and an ordinary industrial school, and each bureau had 1 secretary and 1–2 clerks; Jiaodong could additionally organize a mining company; the three sections of engineering affairs, materials, and accounting each had subordinate units [gu]; the various factories implemented a three-tier leadership-cadre system of factory, workshop, and team/squad; the various bureaus were to reduce non-production personnel as much as possible; raw-materials management was to be strengthened to guarantee the supply of raw materials, with the East China Finance and Economic Affairs Office uniformly handling external purchasing of raw materials; and product specifications were

① “Zhu De’s Summary Report at the Second Ordnance Conference (December 25, 1948),” see Archives, vol. 4, p. 156 (Junguong [Military Industry], compiled by the Editorial Committee of the Northeast Military Region Military Industry Department, vol. 1, nos. 2–5, pp. 7). ② “The Decision of the CPC Northeast Bureau Concerning Military-Industrial Production,” see Archives, vol. 4, p. 245 (Central Archives, vol. 129, file 40). ③ “Telegram from Lin Biao, Luo Ronghuan, Liu Yalou, Wu Xiuquan, and He Changgong Concerning the Establishment of the Military Industry Department of the Northeast Military Region, to the Military Commission,” see Archives, vol. 4, pp. 299–300 (Central Archives, vol. 238, file 19). ④ “Report of the Ordnance Department of the Rear Services Department of the Northwest Military Region Concerning the Transfer of Personnel, Machinery, and Materials,” see Archives, vol. 4, p. 486 (Liberation Army Archives, general collection 23, 1949, vol. 98, file 25). ⑤ “Decision of the Winter Production Conference of the Ordnance Office of the Central Plains-and-Yuxi [Western Henan] Military Region (October 10, 1948),” see Archives, vol. 4, pp. 638–639 (Liberation Army Archives, general collection 101, 1948, vol. 1, file 8). ___

to be unified and strictly enforced, striving for standardization of finished products; various systems were to be established; the various types of machinery and tools were to be reasonably allocated and equipped; wages were to be adjusted and a system of incentive rewards implemented; and welfare undertakings were to be promoted, among other measures①.

In the process of the various military regions reorganizing their subordinate arsenals and carrying out centralized, unified leadership, the quantity and quality of ordnance products both saw great improvement.

8. Table of Ordnance Output of the Three Great Military Regions in 1949

Liberation Army Archives, general collection 4, sect. 1949, vol. 22, file 8, contains published figures on the ordnance output of the three great military regions of the Northeast, North China, and East China, basically reflecting the state of the principal weapons quantities manufactured by the liberated areas at the time; these are now reproduced in Table 14-1②.

① “Resolution of the East China Finance-and-Economic-Affairs Office Mining Department Ordnance Production Conference Concerning Production Tasks (September 1948),” see Archives, vol. 4, pp. 630–640 (Liberation Army Archives, general collection 158, 1948, vol. 80, file 2). ② This table was originally published in Historical Materials of the Archives of China’s Modern Weapons Industry, vol. 4, pp. 500–501. The original table contained several errors in the data listed, which the author has corrected. ___

Table 14-1 Quantities of Ordnance Products of the Three Great Military Regions, 1949












	Ordnance product name
	Unit
	Northeast Military Region
	North China Military Region
	East China Military Region
	Total





	Light machine gun
	piece
	500
	
	
	500



	Rifle
	piece
	18,000
	
	
	18,000



	Trial-manufactured carbine
	piece
	250
	
	
	250



	Trial-manufactured revolver [drum-magazine gun]
	piece
	250
	
	
	250*



	Signal pistol
	piece
	1,000
	
	
	1,000



	120 mortar
	piece
	100–150
	250
	
	350–400



	Type 92 infantry gun
	piece
	100–150
	
	25
	125–175



	Type 41 mountain gun
	piece
	10
	
	
	10



	Explosive-projector gun [zhaiyao toulipao]
	piece
	
	50
	
	50



	50 grenade-launcher round
	round
	250,000
	350,000
	
	600,000



	50 small-shell round
	round
	
	31,250
	
	31,250



	60 mortar shell
	round
	1,516,119
	660,000
	1,140,000
	3,316,119



	82 mortar shell
	round
	300,000
	1,390,000
	670,000
	2,360,000



	82 heavy mortar shell
	round
	
	50,000
	
	50,000



	90 mortar shell
	round
	30,000
	
	
	30,000



	100 mortar shell
	round
	
	
	55,000
	55,000



	120 mortar shell
	round
	
	130,000
	
	130,000



	120 heavy mortar shell
	round
	75,000
	55,000
	
	130,000



	Delivered explosive shell
	round
	2,500
	
	
	2,500





(Table continued on next page;  in the “trial-manufactured revolver” row, the Total figure was printed on its own displaced line in the original table, apparently owing to a typesetting/row-height artifact — it has been merged back into the Total column here for clarity.)*

Table 14-1 (continued)












	Ordnance product name
	Unit
	Northeast Military Region
	North China Military Region
	East China Military Region
	Total





	Reloaded Japanese 37 (gun) flat-trajectory shell
	round
	15,000
	
	
	15,000



	Reloaded American 37 (gun) flat-trajectory shell
	round
	15,000
	
	
	15,000



	Reloaded American 57 (gun) flat-trajectory shell
	round
	5,000
	
	
	5,000



	Type 92 infantry-gun shell
	round
	220,000
	
	5,000
	225,000



	Reloaded Type 98 anti-aircraft shell
	round
	25,000
	
	
	25,000



	75 anti-aircraft shell
	round
	37,000
	
	
	37,000



	Type 41 mountain-gun shell
	round
	451,613
	10,000
	
	461,631



	American-type mountain-gun shell
	round
	132,865
	
	
	132,865



	Type 38 field-gun shell
	round
	10,700
	1,500
	
	12,200



	Type 90 field-gun shell
	round
	53,000
	
	
	53,000



	Reloaded Japanese 105 howitzer shell
	round
	56,000
	
	
	56,000



	Reloaded American 105 howitzer shell
	round
	17,960
	
	2,500
	20,460



	Reloaded German 105 howitzer shell
	round
	
	3,000
	
	3,000



	Rifle grenade
	round
	
	
	50,000
	50,000



	Hand grenade
	round
	
	6,600,000
	3,250,000
	9,850,000



	Cartridges
	round
	59,800,000
	2,800,000
	15,000,000
	77,600,000



	Large signal flare
	round
	250,000
	
	600,000
	850,000



	Large signal smoke round
	round
	
	
	
	



	Pistol signal round
	round
	
	
	
	



	Pull-cord signal round
	round
	
	
	
	



	Smoke-screen shell
	round
	25,000
	
	
	25,000



	60 propaganda shell
	round
	15,000
	
	10,000
	25,000



	Blasting tube
	piece
	1,000
	
	
	1,000



	Blasting pull-igniter
	piece
	100,000
	
	
	100,000



	Detonating fuse cord
	meter
	
	
	1,200,000
	1,200,000



	Ammonium nitrate explosive
	catty
	
	1,400,000
	500,000
	1,900,000



	Oil-sweetened [glycerine] explosive
	catty
	
	
	400,000
	400,000



	Engineer-use blasting-cap detonator
	piece
	
	500,000
	
	500,000



	Bayonet
	piece
	
	
	7,500
	7,500



	Foreign-style pick [tool]
	piece
	100,000
	
	
	100,000



	Foreign-style shovel
	piece
	250,000
	
	
	250,000



	Ammunition-loading vehicle
	vehicle
	
	1
	1
	2





The ordnance products of the above three great military regions in 1949, although only a portion of the nation’s ordnance products for that year, nevertheless played an important role in overthrowing the Chiang family’s dynastic rule over mainland China in its final stage. The “large signal flare” item’s output figure in the table is the combined total including large signal smoke rounds, pistol signal rounds, and pull-cord signal rounds.

9. Famous Ordnance Researchers

In the 22 years during which the Soviet areas and liberated areas founded and developed their ordnance manufacturing, there also emerged a group of famous ordnance researchers who strove and dedicated themselves selflessly to the people’s ordnance research cause, engaging in painstaking research, and achieving outstanding accomplishments. Among them were:

Shen Hong (1906–?), a famous Chinese mechanical engineer and ordnance expert, a native of Haining, Zhejiang. In 1931, he served as manager of a hardware factory in Shanghai. In 1938, in order to aid in the War of Resistance against Japan, he left Shanghai for Yan’an, and made his own arrangements to have several machine sets of equipment transported from Wuhan to Yan’an to equip the newly established Shaan-Gan-Ning Border Region Machine Factory, and was appointed the factory’s chief engineer. Under his direction, together with Qian Zhidao, Liu Yuanyi, Liu Bailuo, and other ordnance researchers, working jointly, he manufactured for the factory a complete set of equipment for producing rifles; afterward, working together with Cai Zhidao and Wei Zuoye and other technical personnel, he further manufactured for the factory a complete set of gunpowder-and-explosives production-line equipment, including a sulfuric-acid lead chamber, nitrocellulose, weak-nitrocellulose double-base propellant powder, alcohol, ether, and boilers, and motive power. Shen Hong, together with the aforementioned personnel, jointly designed and manufactured the above equipment, making a valuable contribution to the development of the arsenal and the large-scale manufacture of ordnance products, and was awarded the title of Special-Class Model Labor Hero and Model Engineer by the border-region government. After the founding of the People’s Republic of China, he also made many major contributions to New China’s mechanical engineering cause, becoming a Member of the Department of the Chinese Academy of Sciences, and Deputy Director of the Editorial Committee of the Encyclopedia of China. He was elected a delegate to the Third, Fourth, and Fifth National People’s Congresses, a member of the Standing Committee of the Fifth and Sixth National People’s Congresses, and Deputy Director of the Legal Committee of the National People’s Congress.

Wei Zuoye was a famous gunpowder-and-explosives researcher. He not only, together with Shen Hong and others, jointly designed and manufactured a complete set of gunpowder-and-explosives production-line equipment for the Shaan-Gan-Ning Machine Factory, but also researched and manufactured a new technical apparatus for manufacturing nitroglycerine, the “Thomson Desensitizer” [Tangmusen tangxiaoqi]. This technique made use of the mixing action of nitroglycerine and sawdust, both allowing raw materials to be sourced locally and cheaply, and being able to manufacture an explosive more powerful than black powder, which was deeply welcomed by the officers and men on the anti-Japanese front line.

Zhou Disheng was a famous gunpowder-and-explosives researcher. He created a new type of explosive using millet-husk powder, nitroglycerine, red saltpeter, and sulfur powder, together with dinitro-naphthalene, among other raw materials, an explosive that could be used as the charge for hand grenades, land mines, explosive charge-bags, and blasting tubes, and was called “Zhou Disheng Explosive.” A hand grenade charged with 36 grams of “Zhou Disheng Explosive” could shatter its casing into 130–150 fragments; a land mine charged with 15 kilograms of “Zhou Disheng Explosive” could destroy a train; and charged with 1,000 kilograms, it could blow up a railway track.

Because hand grenades and land mines made using gunpowder and explosives were the explosive weapons most widely used, most convenient, and most suited to contending with the enemy in the people’s war, the ordnance researchers of the Soviet areas and liberated areas were also most enthusiastic about research into gunpowder and explosives. For instance, the gunpowder-and-explosives researcher Liu Bailuo, at the Jin-Sui Arsenal, adopting a method of adapting to local conditions, making do with simple means, and improvising with available materials, designed and manufactured machinery equipment suited to the gunpowder mill of that place and time, such as a slurry-mixing machine, a gelatinizing machine, a slurry-grinding machine, and a medicine-cutting machine, among others; and, together with such other gunpowder-and-explosives researchers as Wu Luqing and Xu Wenjie, respectively researched and manufactured a screw extrusion press and an acetone distillation apparatus. The successful manufacture and operation of this equipment guaranteed the supply of raw materials for manufacturing the propellant powder needed for mountain-gun shells, and thereby also guaranteed the army’s combat needs. Another example: at the chemical factory located at Huhu Zhuang Village, Fupingqi, Hebei Province, when the chemical researcher Zhang Deyao served as factory director from 1942 to 1943, together with the chemical research personnel within the factory, using the existing simple equipment, they researched and manufactured dozens of types of gunpowder-and-explosive products suited to combat needs, including glycerine, nitroglycerine, double-base smokeless powder, mercury fulminate, mercury-fulminate paper detonators, ammonium-perchlorate explosive, and Zhou Disheng explosive, among others; among these, mercury fulminate was a substitute for detonator caps, made using nitric acid, alcohol, and silver, and processed through chemical treatment, the silver being silver dollars and silver ingots donated by the local populace, thereby solving the problem of the materials needed to manufacture mercury-fulminate detonators .

Liu Ding (1903–1986) was one of China’s leading mechanical engineering scholars and leaders of China’s mechanical industry, and a leader in firearms research and ordnance production during China’s revolutionary war and the War of Resistance against Japan. A native of Nanxi, Sichuan, he studied in the mechanical engineering undergraduate program at Zhejiang Higher Mechanical Industry School from 1920 to 1923. In 1924 he traveled to Germany on a work-study program. He returned to China in 1929. In 1933 he served as director of the Northeast Arsenal. In May 1940, while serving as Deputy Director of the Military Industry Department of the Eighth Route Army General Headquarters, he led the ordnance researchers of the 5 arsenals under his jurisdiction in creating the compact “August 1st”-type cavalry-and-infantry carbine, and combined the scientific technique of malleable-iron hardening with folk pyrotechnic technique, converting white pig iron into forged malleable iron that could be conveniently machined, providing cheap, good-quality, and abundant raw material for ordnance manufacture. In 1947, while serving as Deputy Bureau Chief of the Jin-Ji-Lu-Yu Military Industry Bureau, he directed and took part in manufacturing a new-style detonator, used as the detonator for large-caliber grenade-launcher tubes and mortar-shell explosive charge-bags, whose explosive power had very great destructive effect, and which people called “native aircraft.” After the founding of New China, he served as Deputy Minister of the Ministry of Heavy Industry, among other posts.

What is valuable about the aforementioned ordnance researchers is not entirely that they became famous for creating high-technology achievements in the course of ordnance research, but rather that, in a harsh environment, using whatever conditions were available or that they created through self-reliance, they researched and manufactured products suited to the needs of the war, and thereby received the praise of the nation and the people, writing a miraculous page in the history of ordnance.

10. Characteristics of the Development of the People’s Ordnance Industry of China

The weapons industry of the Soviet areas and liberated areas was founded and developed against a special historical backdrop, and, compared with the weapons industries founded by other political regimes in modern China, possessed extraordinary characteristics.

(1) An Ordnance Industry Born of the Chinese People’s Struggle for Survival, Resistance against Aggression, and Pursuit of Liberation

After the 1911 Revolution, the questions of nationalism, democracy, and people’s livelihood that Sun Yat-sen had raised remained unresolved, and the three great mountains of imperialism, feudalism, and bureaucrat-comprador capitalism continued to press heavily down upon the heads of the Chinese people. After the Communist Party of China was founded on July 1, 1921, it began leading the Chinese people in the people’s revolution to overthrow these three great mountains. In 1927, after Chiang Kai-shek’s betrayal and the failure of the First Great Revolution, Mao Zedong called on the whole Party and the whole nation’s people to wage armed struggle, to strive for survival and seek liberation by the barrel of the gun, taking the correct path of using the countryside to encircle the cities and finally seizing nationwide political power. The revolutionary people had only two ways to go from having no guns to having guns: the first was to rise up with broadswords, spears, and bamboo-tip poles, seizing guns from the hands of the enemy; the second was to found the people’s arsenals to manufacture guns.

In October 1927, Mao Zedong led the Autumn Harvest Uprising troops onto Jinggangshan, founding the first base area of the Chinese people’s revolution. Jinggangshan was both the cradle of the Chinese people’s revolution and the birthplace of the Chinese people’s ordnance industry. The Chinese people adopted the method of both seizing and manufacturing, continuously increasing the guns in their hands, and strengthening their own power. It was precisely because they had guns in hand that they were able to smash Chiang Kai-shek’s five “encirclement and suppression” campaigns, defeat the Japanese aggressors, achieve the great victory of the War of Liberation, and establish the People’s Republic of China.

(2) A Developmental Course That Went from Nothing to Something, from Small to Large

From the very beginning of the founding of the Jinggangshan revolutionary base area, a repair shop was established at Lianhua County, and this repair shop was precisely the spark that enabled the people’s weapons industry to develop; from the end of 1927 to 1930, it developed into the Lianhua Arsenal, with a staff of more than 800. After the Central Red Army, having passed through the 25,000-li Long March, arrived victoriously at Yan’an in October 1935, starting from 2 old-style vise-clamps, 4 files, and 1 bellows, together with the repair shop at Wayaobao, it built up the arsenal amid hardship, and quickly established 4 arsenals at Chafang and elsewhere. Thereafter, the military and civilians of the various revolutionary base areas and liberated areas, one after another founded arsenals through self-reliance, the arsenals springing up like bamboo shoots after rain, growing vigorously and healthily wherever they were established. After victory in the War of Resistance against Japan, this had already developed into a system of people’s ordnance possessing more than 30,000 workers and more than 50 factories of a certain scale. As the War of Liberation achieved successive victories, the Chinese People’s Liberation Army finally, using both the guns it had seized and the guns it had manufactured itself, defeated the Kuomintang’s 8-million-strong army, seized nationwide political power, and established the People’s Republic of China. The history of the victory of the Chinese people’s revolution is likewise precisely the history of the evolution of the people’s ordnance industry from nothing to something, from small to large, from few to many, and from weak to strong. The spark of the ordnance furnace once fanned into flame by a bellows in years past has become a weapons industry that has set the whole country ablaze.

(3) A Path of Self-Reliant, Arduous Entrepreneurship

From the very beginning of its founding, the ordnance industry of the Chinese people has, throughout, firmly held to the path of self-reliant, arduous entrepreneurship. As early as the period when Jinggangshan was surrounded and besieged by tens of thousands of enemy troops, the craftsmen, using simple, crude housing and equipment, founded the repair shop and the Ordnance Office of the Fourth Red Army at Lianhua County, using bricks and stones to build the furnace, and hammers, iron mallets, and tongs as their tools, to repair weapons. Liu Zhidan (1903–1936), leading an uprising in northern Shaanxi in 1933, founded the “arsenal on the mule’s back,” a factory possessing no fixed premises or equipment, using mules to carry simple tools, marching and fighting on one hand while repairing weapons on the other, fighting when the enemy came, and repairing weapons once the enemy had been driven off.

When the Central Red Army arrived at Yan’an in October 1935, the ordnance team that accompanied it had only 21 craftsmen; merged with the repair shop at Wayaobao, it formed the Red Army Arsenal. The arsenal had no equipment for manufacturing guns, artillery, and ammunition, and the staff had to design and manufacture it themselves. Wu Heng, who was engaged in scientific research work and led and organized scientific research during the Yan’an era, said: “To manufacture this complex equipment, not to mention 50 years ago, even today would require engineers and technical personnel in every relevant field; yet at that time there were only a small number of young people who had studied engineering technology, and they also lacked the necessary reference materials and raw materials, but, under the direction of Li Qiang, Shen Hong, Xu Chi, and others, through meticulous design, using very few, and moreover extremely incomplete, tools, they manufactured the various sets of equipment needed for mechanical industry, supplying them as complete sets to the arsenals and civilian factories for use…. This spirit of arduous struggle and self-reliance, this spirit of courageously shouldering responsibility and tenacious struggle, this spirit of dedicating everything to the liberation of the nation and to victory in the war, is forever worthy of emulation.”①



Summary

The ordnance industry of the Chinese people’s revolution, over the course of 22 years, passed through the glorious course of development from its founding to its growth and expansion; its products were an indispensable material force in the great cause of overthrowing the Chiang family’s dynastic rule, and laid a solid foundation for consolidating national defense and safeguarding world peace after the founding of the People’s Republic of China.

Commander-in-Chief Zhu De, in his “Summary Report at the Sixth Ordnance Conference” of December 25, 1948, pointed out: “Our military-industrial construction began at Jinggangshan; we must not discard our old traditions, while continuing to absorb new experience. Taking over the experience of large-scale industry must be a critical acceptance, not an unconditional wholesale adoption, nor should we entirely discard our own past experience. Remember, the foundation of socialism must rely on us building up from a foundation of broken bricks and shattered tiles; we must continuously advance; our own experience is something we ourselves have created, and we must combine our experience with the experience of others, continuously improving and elevating it.”② Commander-in-Chief Zhu’s remarks were both a scientific summary of the successful experience of the ordnance industry of the Chinese people’s revolution, and also a guiding principle of thought for the ordnance industry’s carrying on the past and opening up the future after the founding of New China.

① Wu Heng (author): A History of Science and Technology in the Yan’an Era, China Academic Publishing House, 1988 edition, p. 275. ② See Archives, vol. 4, p. 156 (Junguong [Military Industry], compiled by the Editorial Committee of the Northeast Military Region Military Industry Department, vol. 1, no. 2, pp. 2–5). ___





General Conclusion

The history of the development of world firearms had its origin in the invention of gunpowder in Tang-dynasty China in 808 CE, and, up to the American military’s use of the atomic bomb in warfare in August 1945, spans more than 1,100 years. These more than 1,100 years were the age of firearms, in which mankind, in the history of warfare, employed the chemical energy generated by the combustion and explosion of gunpowder as the motive power required for weapons of destruction; this age both brought to an end the age of cold weapons, which for several thousand years previously had used biological, natural, and mechanical energy as the motive power for weapons of destruction, and ushered in the age of nuclear weapons, which employs nuclear energy as the motive power for weapons of destruction. Although the destructive power of firearms has continued to increase considerably since then, because it remains far inferior to that of nuclear weapons and cannot be mentioned in the same breath, the history of the development of firearms may be marked as drawing to a close at this point. The invention and development of gunpowder, and the creation and renewal of firearms, possessed both their own distinctive characteristics and also followed the general laws governing the development of science and technology.

1. Taking Economics as the Foundation

Like other branches of science and technology, the invention and development of gunpowder, and the innovation and renewal of firearms, were in every case inseparable from the development of the society and economy of the time and the advancement of science and technology. As Engels said: “The victory of violence is founded upon the production of weapons, and the production of weapons is founded in turn upon production as a whole, hence upon ‘economic power,’ upon the ‘economic condition,’ upon the material resources available to violence.”①

(1) The Economic Foundation of China’s Invention of Gunpowder and Creation of Firearms

After China established a unified great empire in the twenty-sixth year of the First Emperor of Qin (221 BCE), by the time of the Han and Tang dynasties, social productive forces had already developed to a flourishing peak, with all trades and occupations thriving and the economy prosperous, and science and technology well developed; the development of pharmacology (that is, the study of medicinal herbs) and medicine (later called traditional Chinese medicine), and the flourishing of the art of alchemy (that is, ancient chemistry), became the midwife that gave birth to gunpowder.

After the Northern Song dynasty was established, it adopted a series of measures to restore and develop the economy that had been destroyed by warfare, bringing agriculture into a new stage of development, with commerce and handicraft industry flourishing as never before, folk handicraft workshops spreading throughout every locality, and the government-run handicraft workshops already possessing a clear division of labor. The establishment of these workshops provided the important conditions for establishing the nation’s vast weapons-manufacturing industrial system. And the establishment, by the Northern Song court, of a vast weapons-manufacturing industrial system centered on Bianliang (present-day Kaifeng, Henan) and spread throughout the prefectures of the entire country, was precisely the foundation that enabled firearms of the time to be manufactured in quantity and issued for the army’s use. Thereupon fire-balls, fire-arrows, and other of the world’s earliest primitive incendiary firearms were successfully created.

Although the Southern Song court was content to remain in its reduced circumstances at Lin’an (present-day Hangzhou, Zhejiang), agriculture in the Jiangnan region at that time was well developed and urban commerce flourishing; Lin’an had a population of 1.2 million, surpassing the Northern Song capital of Bianjing, making it the largest industrial-and-commercial city in the country. Within the city there were 440 handicraft trades, gathering together craftsmen and specialized talents possessing every kind of skill, with a division of labor in handicraft industry even more refined than that of the Northern Song. Its weapons and shipbuilding industries, in both scale of trade and manufacturing capability, both surpassed those of the Northern Song’s Bianjing, and it created the world’s earliest tube-shaped ejection firearm, the long-lance fire-lance, and the shaped shooting-type firearm, the fire-lance-cluster [tuqiang, “突枪”]. The Jin dynasty in the north, having occupied the weapons-manufacturing centers established by the Northern Song court and retained the Han-Chinese craftsmen, manufactured fire-balls, fire-arrows, and other incendiary firearms, and further created

① [German] Engels (author): Anti-Dühring: On the Theory of Force (Continued), see Marx and Engels: Collected Military Writings, vol. 1, p. 12. ___ the world’s earliest explosive-type firearm, the iron fire-cannon, and the world’s earliest personal-use hand-carried firearm, the flying-fire lance.

The Mongols, who excelled at mounted archery, before and after the founding of the Yuan dynasty, adopted active measures to learn from and vigorously promote the development of the Han-Chinese and Jurchen peoples’ techniques for manufacturing and using firearms, concentrating the skilled craftsmen capable of manufacturing firearms at Dadu (present-day Beijing), and designing and manufacturing every kind of weapon, including firearms. At the same time, they continuously expanded and perfected weapons-manufacturing organs at every level, forming, throughout the country, a vast and complete weapons-manufacturing management system extending from the capital down to the various circuits, prefectures, departments, and counties, and, in the latter part of the thirteenth century, successfully created the world’s earliest metal-tube ejection-type firearm—the hand-cannon.

After the Ming dynasty was founded, it adopted such measures as rewarding land reclamation, implementing military-agricultural colonies, developing water conservancy, lightening taxation and corvée labor, and developing handicraft industry and commerce, with the Ministry of Works, the Privy Treasury, the provincial administration commissions of the various localities, and the garrison troops stationed in various places, among other multiple systems, simultaneously promoting and vigorously developing the hand-cannon-manufacturing enterprise, manufacturing hand-cannon of great quantity, complete variety, and refined quality. After Zhu Di ascended the throne, making use of the new achievements attained by the developed handicraft and mining-and-metallurgical industries, he vigorously advanced the hand-cannon-manufacturing enterprise, so that the hand-cannon achieved substantial development, its momentum continuing right up to the early fifteenth century.

The above historical facts dialectically prove that, before the fifteenth century, China’s social and economic foundation was more solid and abundant than that of any other place in the world, and consequently the development of firearms walked at the front of the world, remaining far ahead of other countries, playing the leading role of inventor and creator; the emergence of our country’s rudimentary gunpowder was more than 550 years earlier than the era in which Europe first became aware of gunpowder. When the Song-dynasty iron fire-ball had already shattered the enemy soldiers’ armor, and the flash of the fire-arrow streaked across the vast sky, the Crusaders advancing eastward from Europe against the Arabs were still using such cold weapons as long swords, maces, spears, and battle-axes to slaughter on the battlefield, with England’s sharpest weapon, the longbow, only just beginning its initial development. At the time when the projectiles fired by the Yuan army’s hand-cannon had already pierced through the enemy soldiers’ chests, the Arabs only then began to use such firearms as the “madafa” to engage in combat with the armies of the European countries, while Europe, only around the latter part of the fourteenth century, made its first trial of the hand-held guns it had imitated. As for other countries and regions, the era in which they began to use firearms was later still than that of the Arabs and the European countries.

(2) The Sprouting and Rapid Growth of European Capitalism Propelled the Development of Firearms

In the fourteenth century, Europe emerged from the medieval “Dark Ages,” and the sprouts of capitalism were already dimly visible in a number of cities along the Mediterranean coast; after the rapid development of the fifteenth century, by the sixteenth century, Europe’s capitalist mode of production had already gradually grown to maturity on the basis of the development of productive forces within the feudal system; peasants and handicraft workers, in the course of their long labor, accumulated abundant production experience and improved their production tools, so that the technique of every industrial sector achieved comparatively great improvement; in the mining and metallurgical industries, not a few mechanical devices were adopted; in the metal-manufacturing industry, such advanced equipment as water-powered hammers, wire-drawing machines, and rolling mills were adopted; and the handicraft workshop gradually became the basic form of industrial-production organization at the time. All of this provided favorable conditions for the innovation and development of European firearms research and manufacture. From the fourteenth century’s imitation manufacture of hand-held guns, it very quickly went on to create the matchlock gun, the Frankish cannon [folangji], and the cannon [jianong pao], pushing the development of rudimentary firearms into an advanced stage. After the success of the Industrial Revolution, capitalism achieved high-speed development, and from the late nineteenth century to the Second World War, as the social economy grew a hundredfold, the research and development of firearms reached a peak, with repeating guns, automatic rifles, machine guns, and various types of artillery, among other firearms, reaching heights unprecedented in either quantity or quality. From this it can be seen that, from the sixteenth century onward, the development of European firearms surpassed that of China and any other region, playing the role of propelling development and innovation.

In contrast to the high-speed development of the European and American capitalist economies, China, from the sixteenth century onward, had already entered the late period of feudal society, and its self-sufficient small-peasant economy remained unchanged over the long term. From the First Opium War up until the founding of the People’s Republic of China, China had already sunk into being a semi-colonial, semi-feudal society, its economic foundation extremely weak, in a state of poverty and weakness, unable to provide the various conditions needed for the development of a modern military industry. Although the late-Qing court, in order to save itself from extinction, raised finances and material resources through many channels, founded arsenals, and established a military industry, manufacturing guns, artillery, and warships, nevertheless, in the several wars of resistance against the strong powers, its firearms products were also difficult to place on the same level as the European and American countries’ products in terms of comparative strength. Since the Sino-Japanese War and the invasion of China by the Eight-Power Allied Forces, [China’s] vital energy had already been exhausted, and it was difficult to sustain further development. Although the Beiyang government and the National Government periods also founded some arsenals and achieved some progress in researching certain firearms, on the whole, because the economic foundation remained weak and moreover fragmented, in the end no independent Chinese weapons industry capable of manufacturing refined products was ever formed. From this it can be seen that the development of the social economy is the foundation for the invention of gunpowder and the continuous innovation of firearms; this holds true universally, in every age and in every country.

2. Taking Science as the Guide

The invention and development of gunpowder, and the creation and continuous renewal of firearms, in every case required, as their guide, the advanced scientific theory of each respective era.

From the existing documentary record, it can be seen that the activities of the alchemists of Tang-dynasty China who invented gunpowder, and the firearms researchers of the Song dynasty who created firearms, were basically carried out under the direction of traditional Chinese medicine’s theory of “sovereign, minister, assistant, and courier” [jun chen zuo shi] and the unadorned natural cosmology of the “yin-yang and five phases” doctrine.

The theory of “sovereign, minister, assistant, and courier” was first put forward in the preface to our country’s first pharmacological work, the Shen Nong’s Classic of Materia Medica (compiled in the Han dynasty). Its basic meaning was to use the relationships among “sovereign, minister, assistant, and courier” within feudal society as a metaphor for the compositional relationships between the principal and auxiliary medicines within a medical prescription, thereby explaining the status and function of the various medicinal ingredients within a formula. Long clinical practice and modern scientific research have proven that the traditional Chinese medicines compounded under the guidance of this theory are, in most respects—principal treatment, properties and flavors, function and use, and therapeutic effect—correct and worthy of adoption, and some prescriptions remain in use to this day.

The doctrine of “yin-yang and the five phases” originated in the late Western Zhou period. At that time, some thinkers attempted to use the two concepts of yin and yang to explain the two mutually opposing and mutually waxing-and-waning material forces within the natural world, believing that their mutual interaction was the origin of all things in the universe and the root cause of all changes in natural phenomena. The discussion of the five phases in the “Great Plan” chapter of the Book of Documents uses the five substances commonly seen in daily life—wood, fire, earth, metal, and water—to explain the origin and transformation of all things. This was the unadorned materialist viewpoint gradually formed by the ancients out of their daily life and productive practice. Although this doctrine was, by some, once led in the direction of idealism and prognostication-and-apocrypha literature, its rational elements were nevertheless continuously inherited by materialists. In astronomy, chemistry, medicine, and other fields, this doctrine was at times relied upon to observe and summarize the experience of certain practical matters, and thus it played a certain role in promoting the development of ancient Chinese science. Both of these theories were, at various times, used by firearms researchers to explain many questions in the invention and development of gunpowder, and the creation and renewal of firearms.

For instance, the alchemists, on the basis of the theory that “yin and yang, in their mutual harmony, give birth to all things,” classified the medicinal materials used in alchemy, by their nature, into yang-type medicines and yin-type medicines, sulfur belonging to the yang-type medicines and saltpeter to the yin-type medicines; when the two were refined together, a yin-yang chemical reaction would occur, producing a deflagration effect—this was explained as the yin-yang chemical combination reaching its most extreme point. Although this explanation had its limitations, it nevertheless already contained within it a scientific essence: according to the explanation of modern chemistry, when gunpowder burns, saltpeter serves as the oxidizing agent and sulfur as the reducing agent; upon ignition, the oxidation and reduction reactions proceed with extreme rapidity in an instant, releasing a large quantity of gas and producing a deflagration effect. The reason the Arabs were able to compound gunpowder and manufacture firearms was that they benefited from China’s art of alchemy and their own self-created art of alchemy [i.e. metallurgical alchemy, liànjīnshù]. At that time, the people of Europe neither knew the secrets of the art of alchemy, nor did they have any other corresponding or more advanced scientific theory to guide them, and so the technique of compounding gunpowder and manufacturing rudimentary firearms could only be learned indirectly from the Arabs. The late-Ming military-technology theorists Zhao Shizhen, He Rubin, Mao Yuanyi, Song Yingxing, and others, in their respective works, also in every case relied on these two theories as their basis, systematically summarizing the theory and practice of ancient gunpowder compounding, and the experience of the manufacture and use of firearms, thereby forming the theoretical system of the development of ancient Chinese firearms. Given the level of development of social productive forces and people’s understanding of the natural world at the time, their theories were basically able to resolve the technical problems in such areas as the compounding of gunpowder, the smelting of metal materials, and the manufacture of firearms. They were able to explain, with comparative logical coherence, the status and function of saltpeter, sulfur, and charcoal within gunpowder, and such phenomena as the combustion, explosion, long-range projection, and shock-wave effects of gunpowder, and, because their explanations aligned closely with and matched certain essential aspects of these phenomena, they were consequently able to propel the development of ancient firearms.

Before the emergence, in Europe, of new scientific and technological theories founded upon scientific experimentation, ancient China’s unadorned natural cosmology, founded upon the theoretical basis of “yin-yang and the five phases,” played a certain guiding role in the research activities of its scientists, and achieved comparatively substantial results. The same was true for firearms researchers and military-technology theorists. However, because the aforementioned theories were basically formed and evolved within feudal society, founded upon the various practical experience provided by the small-peasant economy, and conducted experiments and observations using crude equipment, they consequently possessed comparatively great limitations. Under such social conditions, firearms researchers and military-technology theorists, in observing and experimenting with the various phenomena of gunpowder and firearms, were necessarily subject to great restrictions, and found it very difficult to produce accurate qualitative analysis and precise quantitative formulation regarding the compounding of gunpowder and the manufacture of firearms. Consequently, the reflection and theoretical summarization of the essential nature of gunpowder and firearms remained, throughout, basically stuck at an empirical and inferential stage, finding it difficult to penetrate the shallow surface layer to explore deeper mysteries, and, compared with Europe’s emerging scientific and technological theories, displayed a comparatively greater degree of incompleteness. Because China’s ancient gunpowder-and-firearms researchers followed, for too long a period, the theory of “yin-yang and five-phases transformation” without achieving any new breakthrough, the research and manufacture of gunpowder and firearms, from the sixteenth century onward, also ceased to show any sign of innovation. Although the traditional incendiary and explosive-type firearms achieved considerable development, because their killing and destructive power was limited, they were unable to become the dominant weapon in combat. Ancient rockets, although active for a time, never saw the emergence of any higher-grade products. Even the gun-and-artillery research and manufacturing technique transmitted from Europe, because it lacked the guidance of a deepened and refined natural-scientific theory, saw no innovative products emerge right up until the founding of the People’s Republic of China.

Because the European countries, after the Renaissance, saw the continuous, unceasing development of the natural sciences, achieving many major results, firearms researchers were thereby able to comprehensively apply these results to the technique of firearms research and manufacture—such as research into questions like the resistance encountered by projectiles in the air, ballistic theory, and the ratio between projectile weight and propellant charge, among others—and it was precisely because of the deepening and refinement of research into these questions that the scientific rigor of designing and manufacturing firearms was greatly enhanced, raising the destructive power of firearms. From the seventeenth century to the Second World War, the renewal of firearms products came, almost without exception, from the European countries and, later, the rising United States, very rarely from elsewhere; and the reason for this, when traced to its root, lies precisely in the guidance of their advanced scientific theory.

3. Growing Together with War, Each Promoting the Other

Guns, artillery, and ammunition were, in the age of firearms, the dominant weapons upon which both combatant sides in war relied to kill the enemy’s effective strength and destroy the enemy’s various war matériel and military engineering works; their continuous development in turn promoted the expansion of the scale of war and the advancement of methods of combat; conversely, the continuous expansion of the scale of war and the advancement of methods of combat in turn drove the creation of new-type firearms and the increase of their destructive power; the two grew together, each promoting the other, following one another like a shadow follows its form, ascending the staircase together step by step, and this trend of mutual causation and mutual responsiveness would not come to an end until such time as the development of society is able to eliminate war altogether.

(1) The Needs of War Are the Motive Force Driving the Development of Firearms

After the Northern Song dynasty of China was founded, in order to continue the wars of unification and meet the needs of border defense against insult, it vigorously developed weapons manufacture, including firearms, and so, once rudimentary firearms had been created, they very quickly achieved development. During the Southern Song period, the Song, Jin, and Mongol sides, in order to prevail over their opponents, all competed to research and manufacture new-style firearms, and various types of fire-lance and iron fire-cannon successively appeared. The Mongols, in their wars against foreign powers, carried these firearms as far east as Korea and Japan, and as far west as various parts of Europe. After the Yuan dynasty was founded, it further created the hand-cannon, thereby pushing the development of firearms into the stage of metal guns and artillery.

When Zhu Yuanzhang led his army in defeating the rebel bands and overthrowing the Yuan dynasty, he manufactured hand-cannon in great quantity, which became a sharp weapon for seizing political power and consolidating the rule of the Ming dynasty. His successors on the throne further developed the hand-cannon-manufacturing enterprise, making it the foundation for improving the army’s equipment, strengthening coastal-defense facilities, and founding the new arms of the Firearms Camp [Shenjiying]. In the late Ming period, Wang Tang, Qi Jiguang, Zhao Shizhen, Xu Guangqi, and Li Zhizao, among others, further, from a strategic perspective, advised the court to introduce and adopt the matchlock guns and artillery, and the science and technology of firearms, of Europe , thereby raising the Ming dynasty’s capability to “resist the Japanese pirates and defend against insult,” making use of the most recent achievements in [European firearms] development.

The Arabs, in order to fight against the Spanish, used China’s bamboo hand-cannon as a sample, imitation-manufacturing the wooden tube-shaped shooting-type firearm, the “madafa.” The Spanish, in turn, using the “madafa” as a sample, imitation-manufactured the hand-held gun. Afterward, Europe’s bourgeois class made use of hand-held guns and other firearms to pierce through the armor of aristocratic knights and blow up the stone walls of aristocratic strongholds. Portugal and Spain, in order to expand their colonies, used the Frankish cannon [folangji] and other matchlock guns and artillery to shoot down and kill the indigenous inhabitants of Asia, Africa, and Latin America who defended their homelands. In the First World War, the German army, in order to destroy Belgium’s and France’s solid strongholds built of reinforced concrete, used the giant super-heavy artillery specially manufactured by the Krupp factory, such as the β-gun, the γ-gun, and the M-gun.

Viewed from the historical process of world firearms development, the principal forms in which war drove the development of firearms may broadly be summarized into the following three kinds. First, in the course of war, in order to defeat the opponent, firearms researchers were forced to carry out responsive research, creating a certain new type of firearm and immediately putting it to use in combat, catching the enemy unprepared and achieving an unexpectedly great victory—for instance, the long bamboo-pole fire-lance and the “heaven-shaking thunder” bomb created by Chen [Gui] and used by the Jin army in defending Kaifeng; and, in the Austro-Prussian War fought in 1866, the Prussian soldiers’ sudden use of the breech-loading needle-fired rifled gun, which sent thousands of Austrian soldiers toppling into pools of blood. Second, in order to carry out large-scale warfare and major military construction, batch manufacture was planned and carried out in advance—for instance, the Yongle court, in order to carry out the wars against the Mobei [Mongolian steppe] and found the Firearms Camp and improve coastal-defense facilities, manufactured large quantities of hand-cannon; and, in order to wage the Second World War, the fascist states of Germany, Italy, and Japan all manufactured, in advance, large quantities of guns, artillery, ammunition, tanks, warships, and combat aircraft. Third, having been defeated in combat against the enemy by the enemy’s new-style firearms, after the battle great efforts were made to imitate the enemy’s new-style weapons or to create new types of superior weapons—as, for instance, when the Later Jin’s Huang Taiji, in order to learn from the lesson of his defeat at Ningyuan at the hands of the Ming army, vigorously imitation-manufactured the red-barbarian cannon used by the Ming army; and, in the early period of the First World War, after the Allied Powers had had large numbers of their ships sunk by German submarine attacks, they manufactured several hundred thousand naval mines, sinking more than 200 German submarines and greatly reducing their attacking capability.

(2) The Development of Firearms Promoted the Expansion of the Scale of War and the Advancement of Methods of Combat

Firearms developed as the needs of war required, and, once developed, firearms in turn promoted the expansion of the scale of war and the advancement of methods of combat. Ever since human society first began to experience the phenomenon of war, its scale continuously expanded together with the development of cold weapons. After firearms came to be used in war, the expansion of their scale became even more pronounced.

In wars of the age of cold weapons, both combatant sides could only produce killing and destructive effects when engaged in close-quarters combat at short range, and the narrow battlefields could accommodate a fighting force mostly not exceeding some thousands or tens of thousands of men. After firearms came to be used in war, as the combat distance and space extended and expanded together with the increasing use and growing power of firearms, the scale [of war] also grew ever greater by the day. The Second World War pushed the scale of warfare in the age of firearms to its peak; on the battlefield of a single army-group-scale theater, both sides committing several hundred thousand troops became commonplace, and battles involving more than a million men were likewise not rare. War proceeded simultaneously on land, at sea, and in the air, forming three-dimensional warfare in three-dimensional space, employing weapons numbering as many as several thousand aircraft, several dozen to over a hundred warships, several hundred tanks, tens of thousands of pieces of artillery, and hundreds of thousands of firearms. Ground offensives often unfolded along a frontage several hundred meters wide, advancing and unfolding from multiple directions in multiple successive waves into the enemy’s depth of several hundred to a thousand kilometers. War was waged not only on the frontal battlefield, but the flames of war could also be extended to the enemy’s rear areas. The front and rear of war no longer had any clear distinction.

4. Triggering Military Reform

Once firearms came to be used in war, they triggered reform in every aspect of the military sphere. This reform, in the early period of firearms use, manifested as a gradual quantitative change, and, as the quantity of firearms used increased to a certain degree, qualitative transformation then emerged.

(1) China Took the Lead in Carrying Out Military Reform

In China, the military reform triggered by the use of firearms in war first appeared in the period from the Hongwu to the Yongle reigns of the Ming dynasty. At that time, the military reform triggered by the large-scale use of the hand-cannon manifested itself in many respects: the army, according to its established organization, equipped 10% [of its troops] with hand-cannon, and the founding of the Firearms Camp marked the beginning of the transformation of the organizational and equipment structure of ancient China’s armed forces; the new principle of tactical deployment for coordinated combat among the “Three Great Camps,” proposed by the Yongle Emperor, brought about the first renewal in the content of ancient China’s military combat training; the Ming army’s use of the hand-cannon for field warfare, siege warfare, and city-defense warfare, and the coordinated combat of infantry-and-cavalry troops together with hand-cannon troops, comprehensively reflected the transformation that had occurred in the Ming army’s methods of combat; and the equipping of hand-cannon along the northern Great Wall frontier zone, the strongholds of the southeastern coast, and the strategic points of the interior in the early Ming period, reflected the state of improvement and transformation of national-defense facilities at the time. From this it can be seen that China was the country that took the lead in comprehensively carrying out military reform after the use of firearms, and the momentum of its reform continued right up to the Longqing reign period, when Qi Jiguang went to the north to train the combined-arms army equipped with firearms. Thereafter, because the development of European firearms came to overtake China’s, the breadth and depth of military reform also came to surpass China’s and to lead the world.

(2) The Military Reform of Europe and America Developed toward Greater Breadth and Depth

After Europe, from the sixteenth century onward, began the large-scale use of the matchlock gun and matchlock cannon, this likewise triggered unprecedented transformation in such areas as the structure of military organization and equipment, the content of combat training, methods of combat, and methods of stronghold construction. From the eighteenth century to the Second World War, because of the continuous innovation in European and American firearms manufacturing and use technique, new-type firearms emerged one after another in endless succession, and the renewal cycle of weapons and equipment became ever shorter, so that the pace of military reform accelerated, reaching a degree that was almost continuous and unceasing, changing with each passing day; the degree of mechanization and automation of the equipment both within each military branch and arm and between different branches and arms continuously increased, coordinated combat occurred both within each military branch and arm and between different military branches, and warfare proceeded and developed in three-dimensional space; all of this shows that the depth and breadth of the military reform of Europe and America reached the highest stage of military reform in the age of firearms.

5. Serving Politics While Being Constrained by Politics

War is the continuation of politics, and firearms are the tools of war; they both serve politics and are constrained by politics. Whatever class, nation, state, or political group is waging war must, in accordance with the needs of its political struggle and of the war, manufacture new-type firearms in order to seize victory in the war.

(1) Serving Politics

In the early Northern Song period of China, the court, in order to carry out wars of unification and to defend against border insult, besides requiring its civil and military officials to understand the “types and names of apparatus, and the tools of attack and defense,” including firearms, also adopted a policy of rewards, rewarding the various types of personnel engaged in weapons research and manufacture, including firearms researchers. After the Yuan dynasty was founded, it further concentrated weapons researchers at Dadu (present-day Beijing), researching and manufacturing new-style weapons, and creating the hand-cannon. Zhu Yuanzhang, toward those who offered him fire-dragon guns, gave especially generous rewards, thereby making his forces the army that made the greatest use of firearms among the uprising armies of the late Yuan. The hand-cannon played an important role in the uprising war led by Zhu Yuanzhang and in the wars of unification of the early Ming. From the Jiajing reign to the end of the Ming, the Ming court, in order to meet the need of “suppressing the Japanese pirates and defending against insult,” extensively imitation-manufactured matchlock guns and cannon. Both the Ming and the Later Jin, in order to contend for supreme rule over China, competed to imitation-manufacture Western-style great cannon, giving rise to a wave of imitation of Western-style cannon. The late-Qing court, in order to resist foreign insult and change the state of the nation’s backward military preparedness, adopted its officials’ proposals concerning founding arsenals to imitation-manufacture the guns, artillery, and warships of Europe and America, and adopted and promoted military self-strengthening as national policy. Zeng Guofan, in order to raise funds for founding the Anqing Domestic Arsenal and initiate the research of new-style guns and artillery, engaged almost all of the country’s then-renowned military-technology experts, treating them with the courtesy due an honored guest, entrusting them with heavy responsibilities, and greatly promoted the construction and development of the modern arsenals.

Likewise, in Europe, from the latter part of the fourteenth century onward, the emerging urban bourgeois class, in order to overthrow the rule of the feudal aristocracy, used the new-style hand-held gun as a sharp weapon, destroying the stone walls of feudal strongholds and knocking the crown from the king’s head. From the latter part of the fifteenth century onward, the bourgeois class of some European countries, for the political purpose of carrying out overseas colonial expansion and contending for maritime hegemony, manufactured breech-loading guns and artillery in great quantity, using them as sharp weapons to plunder the poor and weak countries of Asia, Africa, and Latin America, seizing their land, looting their wealth, and killing their people. Entering the twentieth century, the imperialist powers further split into two great blocs, and, in order to achieve the goal of contending for world hegemony, madly expanded their armaments and prepared for war, engaging in an arms race, turning steel and gunpowder into guns, artillery, and warships, used to slaughter one another. The anti-fascist nations of the world, during the Second World War, in order to defeat the aggressors and thoroughly annihilate the fascist wolves, also each exerted their full effort to develop their military industries, manufacturing guns, artillery, and warships.

The Chinese nation, in order to defeat the aggressors and drive Japanese imperialism out of China, exhausted every possible ounce of its financial and material strength to manufacture guns, artillery, and ammunition, raising its capability to defend the nation and protect its homes.

The people’s revolution led by the Communist Party of China, in order to defeat the Japanese aggressors and the Kuomintang, which had launched civil war, struggled arduously and, through self-reliance, founded and developed the people’s ordnance industry, manufacturing guns, artillery, and ammunition.

Therefore, the guns, artillery, warships, aircraft, and tanks of the age of firearms were, in every case, used as tools of war by the classes, nations, states, and political groups waging war, in order to realize their respective political aims. The outcomes that resulted differed according to the differing political aims of each.

(2) Being Constrained by Politics

In China, this was mainly manifested in the pragmatic policy that feudal rulers adopted toward the research and manufacture of firearms. When war was raging fiercely and there was a need to use new-type firearms, they would reward the wise and capable in researching and manufacturing firearms. Once the war had ended, they would then use every conceivable means to restrict the research and manufacture of firearms. The longer the war remained dormant, the more the research and manufacture of firearms also languished, with no innovation or development whatsoever occurring during such periods.

After Zhu Yuanzhang had basically unified the whole country and the political situation had become relatively stable, he established the Ordnance Bureau in the thirteenth year of Hongwu (1380), strictly controlling the manufacture of firearms, and ordering that no locality was permitted to manufacture them without authorization, offenders to be punished with severe penalties, so that the relatively rapid development of firearms research in the early Hongwu period was thereby suppressed. In the nearly one hundred years from the Xuande to the late Zhengde reigns (1426–1521), the successive courts all followed the ancestral system, repeatedly reiterating prohibitions and restricting firearms research in every locality. Under the constraints of this policy, the creativity of firearms researchers was suppressed and obstructed, and no new-type shooting-type firearms were born, so that Ming-army firearms saw no renewal during this period. It was not until the beginning of the Jiajing reign (1522) that the Ming army still used the hand-cannon of the Yongle-twelfth-year model as the standard-issue firearm equipping individual soldiers. The trend of innovation in firearms research and development only then began to shift toward Europe. It may therefore be said that the centralized political rule of the early Ming period of China, to a certain degree, also stifled the innovation of firearms.

After entering the Qing dynasty, owing to class and ethnic factors, the feudal rulers’ control over the research and manufacture of firearms became even stricter. The Kangxi court established the finest gun-and-artillery manufacturing bureau within the Hall of Mental Cultivation [Yangxin Dian] in the palace, placing it under the direct control of the imperial household, and reserved the firearms it manufactured solely for the use of the imperial household and the Manchu Eight Banner troops. The Han [Chinese] troops [i.e. the Green Standard Army] were permitted to use only bureau-manufactured firearms of the poorest quality. After the Qing army had recovered Yaksa [Albazin] and basically pacified domestic warfare, the matter of firearms research came under even stricter control. Under the obstruction caused by the Kangxi court’s full-scale implementation of a closed-door, isolationist policy in its later period, new information on Western firearms research was unable to reach China, and China’s firearms researchers were never again able to carry out research into new-type firearms, so that even the level already attained by the late Ming and early Qing could not be maintained.

Not only did the court not research new-type firearms in the latter part of the Kangxi reign, but it also prohibited other localities from manufacturing and using comparatively refined firearms. In the fifty-fourth year of Kangxi (1715), a garrison commander in Shanxi once memorialized requesting permission to privately cast a parent-and-child cannon [zimu pao], and the Kangxi Emperor [Xuanye] immediately rejected the memorial in his rescript, saying: “The parent-and-child cannon is a firearm of the Eight Banners; it is absolutely forbidden for the various provinces to manufacture it on their own.” Thereafter, the successive courts all followed the Kangxi precedent, exercising autocratic control over the manufacture of firearms, and even listed as forbidden books such military treatises of previous dynasties as contained content on weapons research, such as the Wubei Zhi [Treatise on Military Preparedness]. The result of this control was to fetter and constrain the research and development of ancient Chinese firearms.

6. The People Are the Factor That Determines Victory or Defeat in War

In the age of firearms, the factors that determine victory or defeat in war are many, but, as far as people and firearms are concerned, it is people, and not firearms, that determine victory or defeat in war. However, for people to become the factor that determines victory or defeat in war, they must satisfy conditions required at both the technical and the political levels, and this cannot simply be summed up in a single phrase.

At the technical level, it is required that firearms researchers be technically skilled firearms-technology personnel and craftsmen, manufacturing the most suitable or most advanced refined firearms; it is required that the front-line commanders and combatants taking part in the fighting be thoroughly familiar with the technique and tactical use of firearms. Therefore, it is people who are the decisive factor determining whether the design and manufacture of firearms allows their destructive effect to be fully realized.

At the political level, it is required that firearms researchers possess a high degree of responsibility, guaranteeing the quality and performance of the firearms they research and manufacture to be excellent; it is required that the front-line commanders and combatants taking part in the fighting be officers and men who resolutely carry out the strategic intentions and political objectives of their superiors or the high command, and who are able to fight bravely and skillfully for this purpose. Therefore, it is people who are the decisive factor determining the quality of the finished firearms and causing them to produce the greatest destructive effect.

These basic requirements are principles that must be followed without deviation and are indispensable for any military scholar or army commander who studies war or directs war; it is merely that the manner in which officers and men are required to carry them out, and the measures adopted, differ, and the degree to which officers and men understand and thoroughly carry them out also differs.

What is usually meant by saying that it is people, and not weapons, who determine victory or defeat in war, is said in comparative terms between the two; between them there is only a distinction of primary and secondary importance, and there is no intention whatsoever to disregard the development of the army’s weapons and equipment. Only when the officers and men taking part in combat are combined with firearms in the optimal configuration can combat strength be fully realized and victory in war be seized. Therefore, any researcher and director of war, while fully raising the comprehensive quality of the officers and men taking part in combat, also attaches great importance to making use of whatever financial and material resources are available to research and manufacture new-type firearms as far as possible, to meet the needs of war. When the enemy’s troop strength and weaponry are superior to one’s own, it becomes especially necessary to raise the quality of one’s officers and men, promote the spirit of officers and men daring to fight the enemy, make full use of existing weapons conditions so that they form the optimal configuration, and employ skillful strategy, tactics, and combat methods, so as to fully realize the enemy-killing effect of the weapons on hand—and the decisive factor in achieving this is people. When the Communist Party of China led the Chinese people in waging the Agrarian Revolutionary War, the War of Resistance against Japan, and the War of Liberation, even under extremely arduous conditions, it thought of every possible means to manufacture such suitable firearms as explosives, hand grenades, land mines, and mortars, striking the enemy and seizing one victory after another, and the decisive factor remained, throughout, people. Down to the present day, the Chinese people still strive unceasingly for national-defense modernization as one of the “Four Modernizations,” and the decisive factor that will enable this grand strategic plan to be realized and enable future victory in wars of resistance against aggression to be seized remains, still, the Chinese people.

The history of the development of world firearms extends across more than 1,100 years. In the first 500-some years, it was China that invented gunpowder and created firearms, and spread them to many regions of the world, and consequently China holds the meritorious achievement of being the pioneering inventor and creator in the history of the development of world firearms. In the latter 500-some years, it was first Europe, and afterward also the Americas and other countries, that pushed the development of firearms to an advanced stage, and spread them to the countries of the East, and consequently they played the role of propelling development and innovation in the history of the development of world firearms. In this latter period of more than 500 years, China introduced the innovative firearms achievements of the European and American countries, enabling the development of China’s firearms to continue without interruption, forming a history of the development of Chinese firearms extending across more than a thousand years; the length of its duration is unique and unparalleled in the world. Down to the present day, the history of firearms has already become an important branch of the history of world science and technology. In the more-than-1,100-year developmental course of this branch of learning, there emerged many outstanding inventors, researchers, firearms technologists, and army commanders who made use of firearms, and the many achievements they invented, created, and successfully applied remain, to this day, displayed within the historical treasury of the development of firearms. The various historical documents and works on the manufacture and use of firearms that they composed are rich and varied in content, enlightening later generations, and have become signposts guiding later people in exploring the mysteries of the development of firearms. All of this forms an important component of the history of civilizational development and the cultural heritage of the various countries of the world over the past millennium and more.

Firearms are tools of war, and they differ from tools of production. People, using tools of production, have created and accumulated the wealth and material civilization of humanity, composing a rich and splendid history of civilization, which people extol and will continue to extol forever. The more-than-1,100-year history of firearms, by contrast, is a history intermingled with iron and fire, blood and tears; it has both composed the moving epic of righteousness of the heroes of humanity’s righteous armies, who used firearms to eliminate the scourge of war and who gloriously gave their lives to defend their nations and safeguard world peace, and it has also nailed forever, upon the pillar of shame in history, the war-mad tyrants who used firearms to launch wars of aggression and to massacre innocent civilians without restraint.

In the age of cold weapons, good and kind people once hoped for the coming of an age in which swords would be beaten into ploughshares and there would be no more war. In the age of firearms, good and kind people likewise hoped that the gunsmoke of the battlefield might all be transformed into the smoke and fire of festival celebration. Perhaps there are also people who hope that, in the future, nuclear fuel might all be transformed into inexhaustible electric power, and that nuclear energy might be peacefully applied to every field. However, viewed according to the laws governing the development of human history, only once human history has developed to the point where war can be eliminated will the military industry be able to return to being a civilian industry. Only then will the cold weapons of antiquity, and the firearms and nuclear weapons that followed them, cease to serve as tools of war, so that people can only look back upon the trajectory they once traveled by replaying the long scroll of history.
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Appendix 2 Index of Gunpowder-and-Explosives and Firearms Terminology

Translator’s note: This appendix is a back-of-book subject index. The page numbers given after each term refer to the pagination of the original Chinese printed book (王兆春, 《世界火器史》, 2011), not to this translated document. They are retained here for reference, since a reader consulting the original volume or its page-images can use them to locate the passages in question.


(1) Gunpowder and Explosives




	Term
	English
	Pages





	火药
	Gunpowder
	1, 110, 123, 189, 240, 294, 372, 474



	黑色火药
	Black powder
	1, 243, 372, 474, 475, 476, 511



	火毬火药方
	“Fire-ball gunpowder formula”
	15, 17



	蒺藜火毬火药方
	“Caltrop fire-ball gunpowder formula”
	15, 17



	毒药烟毬火药方
	“Poison-smoke-ball gunpowder formula”
	15, 18



	快速引爆炸药
	Fast-detonating explosive
	339



	栗色火药（褐色火药）
	Brown powder
	373, 475



	无烟火药
	Smokeless powder
	373, 425, 476, 510, 511



	硝化棉无烟火药
	Nitrocellulose smokeless powder
	373, 374



	单基火药
	Single-base powder
	373, 374



	硝化甘油无烟火药
	Nitroglycerine smokeless powder
	373, 374



	双基火药
	Double-base powder
	373, 374



	三基火药
	Triple-base powder
	375



	炸药
	Explosive
	373, 375, 477, 511



	TNT炸药
	TNT explosive
	376, 477



	硝铵（胺）炸药
	Ammonium nitrate explosive
	376, 478, 511, 516



	苦味酸
	Picric acid
	376, 477, 510



	黑索今
	RDX (Hexogen)
	376



	奥克托今
	HMX (Octogen)
	376



	特屈儿
	Tetryl
	477







(2) Ammunition









	Term
	English
	Pages





	火球（火砲）
	Fire-ball (fire-cannon)
	24, 25, 35, 36, 46, 111, 185



	引火球
	Ignition ball
	24



	蒺藜火球
	Caltrop fire-ball
	24



	霹雳火球（霹雳砲）
	Thunderclap fire-ball (thunderclap cannon)
	24, 37



	烟球
	Smoke ball
	25



	毒药烟球
	Poison-smoke ball
	24, 28



	陶（瓷）火蒺藜
	Ceramic/porcelain fire-caltrop
	29, 30



	（朝鲜）陶蒺藜
	(Korean) ceramic caltrop
	110, 112



	铁咀火鹞
	Iron-beaked fire-kite
	25



	竹火鹞
	Bamboo fire-kite
	25



	铁火砲
	Iron fire-cannon
	34, 38, 111



	震天雷
	“Heaven-Shaking Thunder” bomb
	35, 112



	阿拉伯火球
	Arab fire-ball
	57



	石砲
	Stone-thrower (traction trebuchet)
	186



	慢砲
	Slow cannon
	186



	击贼神机石榴砲
	“Bandit-Striking Divine-Mechanism Pomegranate Cannon”
	186



	万人敌
	“Ten-Thousand-Enemy” bomb
	186



	空（实）心炮弹
	Hollow (solid) shell
	322



	地雷
	Land mine
	187, 188, 323, 324, 418, 496, 506, 510, 511



	自犯砲
	Self-triggering mine
	188



	炸砲
	Explosive mine
	187



	石炸砲
	Stone explosive mine
	188



	伏地冲天雷
	Ground-buried “Sky-Rushing Thunder”
	187



	无敌地雷砲
	“Invincible” land-mine cannon
	187



	万弹地雷砲
	“Ten-Thousand-Pellet” land-mine cannon
	188



	水雷
	Naval mine
	187, 419, 496, 513



	水底雷
	Underwater mine
	187



	鱼雷
	Torpedo
	408, 420, 497



	手榴弹
	Hand grenade
	416, 417, 495, 506, 510, 511, 513



	炸弹
	Bomb
	506, 509



	航空炸弹
	Aerial bomb
	422, 497



	导弹
	Guided missile
	423



	火箭弹
	Rocket projectile
	494



	掷榴弹
	Throwing grenade
	496



	枪榴弹
	Rifle grenade
	495, 513, 519



	子窠
	Projectile pellet (early cannon shot)
	34



	枪弹
	Rifle cartridge
	340, 415, 493, 509



	炮弹
	Artillery shell
	416, 493



	前装炮弹
	Muzzle-loading shell
	493



	后装炮弹
	Breech-loading shell
	493



	管退炮弹
	Recoil-barrel-gun shell
	493



	迫击炮弹
	Mortar shell
	416, 494, 509, 511, 513, 518



	霰弹
	Case shot / shrapnel
	352, 353







(3) Ejection Tubes and Rockets









	Term
	English
	Pages





	飞天喷筒
	“Flying-to-Heaven” spray tube
	184



	满天喷筒
	“Sky-Filling” spray tube
	184



	毒龙神火喷筒
	“Poison-Dragon Divine-Fire” spray tube
	185



	火药箭
	Gunpowder arrow
	25, 37, 47, 110, 112, 113



	弓弩火药箭
	Bow-and-crossbow gunpowder arrow
	25, 26, 181



	火药鞭箭
	Gunpowder whip-arrow
	26



	弓射火石榴箭
	Bow-shot fire-pomegranate arrow
	181



	钉篷火箭
	Sail-piercing fire-arrow
	181



	阿拉伯火药箭
	Arab gunpowder arrow
	55, 57



	火箭
	Rocket
	181, 182, 248, 423, 494



	单级火箭
	Single-stage rocket
	181, 182



	火箭溜
	Rocket launch-trough
	182



	槽射式火箭
	Trough-launched rocket
	182



	架射式火箭
	Rack-launched rocket
	182



	三飞箭
	“Triple-Flying” arrow
	182



	有翼式火箭
	Winged rocket
	182



	神火飞鸦
	“Divine-Fire Flying Crow”
	182



	飞空击贼震天雷
	“Sky-Flying Bandit-Striking Heaven-Shaking Thunder”
	182



	多发火箭
	Multi-round rocket [launcher]
	183



	一窝蜂火箭
	“Swarm-of-Bees” rocket [launcher]
	183



	二级火箭
	Two-stage rocket
	183



	火龙出水
	“Fire-Dragon Issuing from the Water”
	183



	飞空沙筒
	“Sky-Flying Sand Tube”
	184







(4) Firearms




	Term
	English
	Pages





	长竹杆火枪
	Long bamboo-pole fire-lance
	32



	飞火枪
	“Flying-Fire” lance
	33



	突火枪
	Fire-lance-cluster [tuqiang]
	33



	火铳
	Hand-cannon
	67, 68, 85, 92, 102



	火桶（朝鲜火铳）
	Fire-tube (Korean hand-cannon)
	111



	手铳
	Hand-cannon (personal)
	68



	阿城铳
	Acheng hand-cannon
	68



	西安铳
	Xi’an hand-cannon
	69



	黑城铳
	Heicheng hand-cannon
	70



	至正辛卯铳
	Zhizheng Xinmao-year hand-cannon
	71



	天佑丙申铳
	Tianyou Bingshen-year hand-cannon
	71



	洪武手铳
	Hongwu-era hand-cannon
	93



	永乐手铳
	Yongle-era hand-cannon
	96, 99



	击贼砭铳
	“Bandit-Striking Stone-Needle” hand-cannon
	100



	朝鲜胜字号手铳
	Korean “Victory”-series hand-cannon
	203



	马达法
	Madafa (Arab tube firearm)
	57



	手持枪
	Hand-held gun
	127, 132, 135



	佩鲁嘉手持枪
	Perugia hand-held gun
	127



	坦奈堡手持枪
	Tannenberg hand-held gun
	128



	无敌手铳
	“Invincible” hand-cannon
	174



	快枪
	Quick-fire gun
	174



	连子铳
	Repeating-shot hand-cannon
	174



	一窝蜂铳
	“Swarm-of-Bees” hand-cannon
	175



	火绳枪
	Matchlock gun
	135, 325, 326, 331



	鸟铳
	Bird-gun (Chinese matchlock)
	166



	鸟咀铳
	“Bird-beak” gun
	167



	子母鸟铳
	Parent-and-child bird-gun
	168



	噜密铳
	Rumi (Ottoman-style) gun
	170



	击电铳
	“Lightning-Striking” gun
	171



	鹰扬铳
	“Soaring-Eagle” gun
	171



	三长铳
	“Triple-Long” gun
	172



	兵丁鸟枪
	Standard-issue bird-gun (Qing military)
	298



	直槽式线膛枪
	Straight-groove rifled gun
	297



	连珠火铳
	“Linked-Pearl” repeating hand-cannon
	297



	抬枪
	Wall/jingal gun
	299



	燧发枪
	Flintlock gun
	243, 297, 331



	击发枪
	Percussion-lock gun
	338, 339



	前装枪
	Muzzle-loading gun
	478



	米涅枪
	Minié rifle
	340, 478



	后装枪
	Breech-loading gun
	339, 479



	德莱赛后装枪
	Dreyse breech-loading gun
	340, 341



	林明敦枪
	Remington gun
	479



	斯涅德枪
	Snider gun
	479



	马梯尼-亨利枪
	Martini-Henry gun
	479



	黎意枪
	Minié-pattern [Lié] gun
	479



	步枪
	Rifle
	377, 378, 509, 518



	毛瑟枪
	Mauser gun
	378, 379, 480



	曼利夏枪
	Mannlicher gun
	378



	莱贝尔枪
	Lebel gun
	378



	村田枪
	Murata gun
	378



	连发枪
	Repeating gun
	379, 380, 481



	毛瑟五连发枪
	Mauser 5-round repeater
	380, 480



	温彻斯特五连发枪
	Winchester 5-round repeater
	380



	李恩飞十连发枪
	Lee-Enfield 10-round repeater
	380



	斯普灵菲尔德五连发枪
	Springfield 5-round repeater
	380



	快利枪
	“Quick-Profit” gun
	479



	新快利枪
	New “Quick-Profit” gun
	480



	元年式连发枪
	Yuannian-model repeater
	481



	中正式连发枪
	Zhongzheng-model repeater
	481



	三八式连发枪
	Type 38 repeater
	481



	自动步枪
	Automatic rifle
	381



	自动突击步枪
	Automatic assault rifle
	381



	自动狙击步枪
	Automatic sniper rifle
	381



	信号枪
	Signal pistol
	485, 516, 518



	掷弹筒
	Grenade-discharger tube
	509



	榴弹发射筒
	Grenade-launcher tube
	485



	手枪
	Pistol
	245, 384, 385



	柯尔特左轮手枪
	Colt revolver
	384



	自动手枪
	Automatic pistol
	385, 386, 484



	多管（多发枪）
	Multi-barrel (repeating) gun
	175, 246, 382



	夹把铳
	Clamp-stock hand-cannon
	175



	夹把铁手枪
	Clamp-stock iron pistol
	175



	霞叠铳
	Overlapping-barrel gun
	173



	三眼铳
	Three-eyed hand-cannon
	175, 214



	三连座铳
	Triple-mounted hand-cannon
	215



	四眼铁枪
	Four-eyed iron gun
	176



	五排枪
	Five-row gun
	176



	迅雷铳
	“Swift-Thunder” hand-cannon
	173



	五连座铳
	Five-mounted hand-cannon
	215



	七星铳
	“Seven-Star” hand-cannon
	176



	十眼铳
	Ten-eyed hand-cannon
	176



	子母百弹铳
	Parent-and-child hundred-shot hand-cannon
	176



	十连座铳
	Ten-mounted hand-cannon
	215



	车轮铳
	Wheel-lock gun
	176



	里熊特多管枪
	Lorenzoni-type [?] multi-barrel gun
	246



	奥尔甘多管枪
	Organ-gun (multi-barrel)
	246



	普克尔多管枪
	Puckle multi-barrel gun
	247



	德国60管枪
	German 60-barrel gun
	247



	加特林手摇6管枪
	Gatling hand-cranked 6-barrel gun
	382, 482



	诺登飞10管枪
	Nordenfelt 10-barrel gun
	382, 482



	哈齐开斯5管枪
	Hotchkiss 5-barrel gun
	383



	蒙梯尼-米特雷勒士37管枪
	Montigny–Mitrailleuse 37-barrel gun
	384



	机枪
	Machine gun
	386



	重机枪
	Heavy machine gun
	388, 389, 390, 482, 483



	马克沁机枪
	Maxim machine gun
	387, 388, 482



	维克斯重机枪
	Vickers heavy machine gun
	389



	勃朗宁重机枪
	Browning heavy machine gun
	390



	三十节重机枪
	“Thirty-Jie” heavy machine gun
	483



	菲亚特-勒维列重机枪
	Fiat-Revelli heavy machine gun
	390



	轻机枪
	Light machine gun
	391, 392, 483, 484, 518



	马德森轻机枪
	Madsen light machine gun
	391



	柏格曼轻机枪
	Bergmann light machine gun
	392



	通用机枪
	General-purpose machine gun
	393



	大口径机枪
	Large-caliber machine gun
	393



	坦克机枪
	Tank machine gun
	393



	反坦克机枪
	Anti-tank machine gun
	394



	高射机枪
	Anti-aircraft machine gun
	393, 509



	冲锋枪
	Submachine gun
	394, 485



	汤姆生冲锋枪
	Thompson submachine gun
	485



	柏格曼冲锋枪
	Bergmann submachine gun
	485



	M₃A₁冲锋枪
	M3A1 submachine gun
	485



	卡宾枪
	Carbine
	518







(5) Artillery









	Term
	English
	Pages





	水军左卫碗口铳
	“Naval Left-Guard” bowl-mouth hand-cannon
	86, 87



	莱州卫大炮筒
	Laizhou-Garrison large cannon-tube
	87, 88



	洪武十年大铁炮
	Hongwu Tenth-Year large iron cannon
	91



	永乐轻型铳炮
	Yongle-era light hand-cannon/cannon
	100



	正德大型铳炮
	Zhengde-era large hand-cannon/cannon
	101



	欧洲的早期巨炮
	Europe’s early giant cannon
	138, 139, 140, 141



	欧洲的早期后装炮
	Europe’s early breech-loading cannon
	144



	佛郎机
	Frankish cannon [folangji]
	149, 150, 151, 152, 159, 160, 301, 326, 333



	大样佛郎机
	Large-pattern Frankish cannon
	163



	中样佛郎机
	Medium-pattern Frankish cannon
	163



	小样佛郎机
	Small-pattern Frankish cannon
	164



	马上佛郎机
	Horse-mounted Frankish cannon
	164



	无敌大将军
	“Invincible Great General” cannon
	165



	铜发熕
	Bronze fa-gong cannon
	166, 291, 301



	虎蹲炮
	“Crouching-Tiger” cannon
	177, 226



	大将军炮
	“Great General” cannon
	178, 225



	威远炮
	“Awe-the-Distance” cannon
	179, 224, 301



	攻戎炮
	“Attack-the-Rong [barbarians]” cannon
	180



	千子雷炮
	“Thousand-Pellet Thunder” cannon
	180



	灭虏炮
	“Exterminate-the-Caitiffs” cannon
	180



	天字铳筒
	“Heaven”-series hand-cannon tube
	217



	地字铳筒
	“Earth”-series hand-cannon tube
	218



	玄字铳筒
	“Mystery”-series hand-cannon tube
	219



	黄字铳筒
	“Yellow”-series hand-cannon tube
	220



	碗口炮
	Bowl-mouth cannon
	222



	别大碗口炮
	“Extra-Large” bowl-mouth cannon
	222



	大碗口炮
	Large bowl-mouth cannon
	223



	中碗口炮
	Medium bowl-mouth cannon
	223



	破罗汉筒
	“Arhat-Breaking” tube
	237



	加农炮
	Cannon [i.e. long gun, “canon”]
	249, 250, 260, 400, 403



	榴弹炮
	Howitzer
	351, 400, 403, 490



	迫击炮
	Mortar
	400, 490, 491, 509, 513



	舰炮
	Naval gun
	254, 259, 359, 401, 406



	西洋大炮
	Western-ocean great cannon
	259, 270, 274, 275, 286, 301



	红夷炮
	“Red-Barbarian” cannon
	270, 276, 277, 329



	红衣炮
	“Red-Coat” cannon
	270, 276, 280, 282, 301



	神机炮
	“Divine-Mechanism” cannon
	288



	永历乙未年炮
	Yongli Yiwei-year cannon
	302



	神威无敌大将军炮
	“Divinely Mighty Invincible Great General” cannon
	305, 306



	九节十成炮
	“Nine-Section Ten-Perfection” cannon
	312



	冲天炮
	“Sky-Rushing” mortar
	311, 312



	武城永固大将军炮
	“Wucheng Eternally-Secure Great General” cannon
	319



	皮革炮
	Leather cannon
	342



	野战炮
	Field gun
	351, 400, 489



	攻城炮
	Siege gun
	351, 401



	海岸炮
	Coastal-defense gun
	351, 401, 406



	山炮
	Mountain gun
	400, 488, 509



	骑炮
	Horse artillery
	400



	克房伯炮
	Krupp gun
	395



	阿姆斯特朗炮
	Armstrong gun
	394



	哈齐开斯速射炮
	Hotchkiss quick-firing gun
	396



	杜班鸠炮
	de Bange gun
	396



	罗德曼炮
	Rodman gun
	396



	管退炮
	Recoil-barrel gun
	398, 488



	无坐力炮
	Recoilless gun
	398, 491



	滑膛炮
	Smoothbore gun
	399



	线膛炮
	Rifled gun
	399



	前装炮
	Muzzle-loading gun
	399, 486



	后装炮
	Breech-loading gun
	399, 486



	特型γ远射程炮
	Special-type γ long-range gun
	401



	特型M榴弹炮
	Special-type M howitzer
	402



	特型β远射程炮
	Special-type β long-range gun
	402, 403



	铁道炮
	Railway gun
	403



	自行火炮
	Self-propelled gun
	404



	牵引火炮
	Towed gun
	404



	机关炮
	Auto-cannon (autocannon)
	404



	火箭炮
	Rocket artillery
	404



	高射炮
	Anti-aircraft gun
	405, 491



	反坦克炮
	Anti-tank gun
	405, 191



	主炮
	Main gun
	142, 406



	副炮
	Secondary gun
	406



	辅助炮
	Auxiliary gun
	406



	小型陆战炮
	Small landing/naval-infantry gun
	407



	平射炮
	Flat-trajectory gun
	490









Appendix 3 Weights-and-Measures Conversion Tables

The book touches upon a great many Chinese and foreign weights and measures, and it is impractical to annotate each one individually; several commonly used Chinese-and-foreign and ancient-and-modern Chinese weights-and-measures conversion tables are therefore set out below for reference①.

1. Brief Comparative Table of the Length of the Ancient Chinese Chi** against the Metric System**










	Dynasty/Period
	One chi of the time equals (cm, metric)
	Dynasty/Period
	One chi of the time equals (cm, metric)





	Yellow Emperor
	24.88
	Northern Wei
	27.81



	Yu (Shun)
	24.88
	Northern Wei
	27.90



	Xia
	24.88
	Northern Wei / Western Wei
	29.51



	Shang
	31.10
	Northern Wei / Eastern Wei (promulgated Taihe 19th year)
	29.97



	Zhou
	19.91
	Northern Qi
	29.97



	Qin
	27.65
	Northern Zhou
	29.51



	Western Han
	27.65
	Northern Zhou (changed under the “Tianhe” reign)
	26.68



	Xin (Wang Mang)
	23.04
	Northern Zhou (pitch-pipe-calibrated land-survey chi)
	24.51



	Eastern Han
	23.04
	Northern Zhou (promulgated Jiande 6th year)
	24.51



	Eastern Han (Xijing-made chi of the Zhangdi reign)
	23.75
	Sui (used in the “Kaihuang” reign)
	29.51



	Wei
	24.12
	Sui (pitch-pipe-calibrated chi used in “Kaihuang” reign)
	24.51



	Western Jin
	24.12
	Sui (Wan Baochang’s “pitch-pipe water chi”)
	27.19



	Late Western Jin
	23.01
	Tang
	23.55



	Eastern Jin
	24.45
	—
	31.10



	Former Zhao
	24.19
	Five Dynasties
	31.10



	Song / Qi / Liang / Chen
	24.54
	Song
	30.72



	Liang (folk chi)
	24.66
	Yuan
	30.72



	Liang (statutory new chi)
	23.30
	Ming
	31.10



	Liang (surveying chi)
	23.55
	Qing
	32.00





2. Brief Comparative Table of the Capacity of the Ancient Chinese Sheng** against the Metric System**










	Dynasty
	One sheng of the time equals (modern liters)
	Dynasty
	One sheng of the time equals (modern liters)





	Zhou
	0.1937
	Northern Zhou
	0.1572



	Qin
	0.3425
	Northern Zhou
	0.2105



	Western Han
	0.3425
	Sui
	0.5944



	Xin (Wang Mang)
	0.1981
	Sui
	0.1981



	Eastern Han
	0.1981
	Tang
	0.5944



	Wei
	0.2023
	Five Dynasties
	0.5944



	Jin
	0.2023
	Song
	0.6641



	Southern Qi
	0.2972
	Yuan
	0.9488



	Liang / Chen
	0.1981
	Ming
	1.0737



	Northern Wei / Northern Qi
	0.3962
	Qing
	1.0355





① This table has been adapted from Wu Chenglo’s A History of Chinese Weights and Measures. Determined from modern-era unearthed artifacts, from the Warring States period through the Han dynasty, one cun equals approximately 2.31–2.35 modern centimeters (according to Archaeology, 1977, no. 1, p. 139). Ancient units commonly used bu (pace) and gong (bow-length) to express length; one bu equaled five chi, and one gong likewise equaled five chi. ___

3. Brief Table of Units of Measurement

(1) Metric Units of Measurement

Length

















	Name
	Micrometer
	Nanometer (10 Å)
	Millimeter (10⁻³) [lit. “silk-meter”]
	Millimeter
	Centimeter
	Decimeter
	Meter
	Decameter
	Hectometer
	Kilometer





	Ratio
	—
	10 micrometers
	10 nanometers
	10 [silk-]units
	10 mm
	10 cm
	10 dm
	10 m
	100 m
	1,000 m





Volume














	Name
	Milliliter
	Centiliter
	Deciliter
	Liter (1 L = 1 cubic decimeter)
	Decaliter
	Hectoliter
	Kiloliter





	Ratio
	—
	10 mL
	10 cL
	10 dL
	10 L
	100 L
	1,000 L





Mass
















	Name
	Milligram
	Centigram
	Decigram
	Gram
	Decagram
	Hectogram
	Kilogram
	Quintal (100 kg)
	Tonne





	Ratio
	—
	10 mg
	10 cg
	10 g
	10 g→10×
	100 g
	1,000 g
	100 kg
	1,000 kg





(2) Chinese Customary (Shi) Units of Measurement

Length














	Name
	Hao
	Li
	Fen
	Cun
	Chi
	Zhang
	Li (mile)





	Ratio
	—
	10 hao
	10 li
	10 fen
	10 cun
	10 chi
	150 zhang





Volume




	Name
	Cuo
	Shao
	Ge
	Sheng
	Dou
	Shi





	Ratio
	—
	10 cuo
	10 shao
	10 ge
	10 sheng
	10 dou





Weight















	Name
	Si
	Hao
	Li
	Fen
	Qian
	Liang
	Jin
	Dan





	Ratio
	—
	10 si
	10 hao
	10 li
	10 fen
	10 qian
	10 liang (old system: 16 liang)
	100 jin





(3) Comparative Table of Chinese and Foreign Units of Measurement against the Metric System

(In this table, all British/Imperial units are given in the old system; Britain decided to adopt the metric system from May 1965. Under the metric system, 1 mile = 1,760 yards; 1 yard = 3 feet; 1 foot = 12 inches. The metric unit of length is also called the “meter system.”)

Length Comparison Table










	Unit
	Equivalent 1
	Equivalent 2
	Equivalent 3





	1 kilometer
	= 2 shili (Chinese li)
	= 0.621 miles
	= 0.540 nautical miles



	1 meter
	= 3 shichi (Chinese feet)
	
	



	1 shili
	= 0.5 km
	= 0.311 miles
	= 0.270 nautical miles



	1 shichi
	= 0.333 m
	= 1.094 feet
	= 0.270 nautical miles [shared row]



	1 mile
	= 1.609 km
	= 3.218 shili
	= 0.869 nautical miles



	1 foot
	= 0.305 m
	= 0.914 shichi
	



	1 inch
	= 2.540 cm [printed as “米” (m) in error for cm]
	= 0.762 shicun (Chinese inches)
	



	1 nautical mile
	= 1.852 km
	= 3.704 shili
	= 1.151 miles





Volume Comparison Table




	Unit
	Equivalent 1
	Equivalent 2





	1 liter
	= 1 shisheng (Chinese liter)
	= 0.220 imperial gallons



	1 imperial gallon
	= 4.546 liters
	= 4.546 shisheng



	1 imperial bushel
	= 36.368 liters
	= 36.368 shisheng





Imperial system: 1 bushel = 8 gallons (dry measure); 1 gallon = 8 pints (liquid measure). The world-average specific gravity of crude oil is customarily reckoned at 1 tonne = 7.3 barrels (each barrel = 42 U.S. gallons), or 1.17 kiloliters.

Weight Comparison Table (pounds, Imperial)









	Unit
	Equivalent 1
	Equivalent 2





	1 kilogram
	= 2 shijin (Chinese catties)
	= 2.205 pounds



	1 shijin
	= 0.5 kg
	= 1.102 pounds



	1 pound (avoirdupois)
	= 0.454 kg
	= 0.907 shijin



	1 ounce (Imperial, avoirdupois)
	= 28.8495 g
	= 0.567 shiliang (Chinese tael)



	1 ounce (Imperial, troy)
	= 31.1035 g
	= 0.6221 shiliang



	1 hundredweight (Imperial)
	= 16.38 kg
	= 32.76 shijin





Imperial avoirdupois: 1 hundredweight = troy weight 1.215 lb. Imperial troy: 1 ounce (troy) = 155.5 carats; 1 carat = 0.2 g.




Afterword

A History of World Firearms, like A History of Chinese Firearms, is an academic work completed under the leadership and support of the Department of War Theory and Strategic Studies of the Academy of Military Science. Wang Xianchen, the former president of the Military Science Publishing House, who had once overseen the publication of A History of Chinese Firearms, gave his wholehearted support to my writing of this book, from the perspective of enriching military-science research and publishing works of excellence, and personally served as the responsible editor. The current president, Li Pengqing, together with colleagues throughout the press, worked in concerted effort, not only providing convenience for the publication of the manuscript but also devoting their full energies to every aspect of its publication. In the course of writing, I also received guidance from scholars in many fields; the relevant cultural-relics and archaeological authorities, as well as the protection unit of the ancient saltpeter-cave site at Jiangyou City, Sichuan Province, provided the convenience of on-site visits and investigation; and I drew upon the writings of many scholars, Chinese and foreign. Now that this manuscript is being successfully sent to press, I wish to express my thanks to them all together! Because my own scholarly ability is limited, and, moreover, discussing the history of the development of firearms in so many countries required consulting documents in English, Japanese, Russian, German, and various other languages, and further required ranging broadly across such multiple disciplines as politics, economics, military affairs, culture, diplomacy, chemistry, metallurgy, archaeology, cultural relics, and documentary studies, I am keenly aware of the limits of my own ability. Searching for treasure among mountains of books is no easy task, and fishing for facts in a sea of history is likewise arduous. I am fully aware that the selection and use of historical materials in this book may not always have been entirely appropriate, that the arrangement of its chapters and structure and the discussion of its citations may not always have been entirely apt, and that errors and omissions are unavoidable; I sincerely invite correction from experts in the field, and hope still more that those who come after will surpass this work.

The Author, Wang Zhaochun October 1, 2006


