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Introduction

For every author, a book is a personal journey, and this one began with a phone call to a florist in 1972.

During my junior year at Brown University in Providence, Rhode Island, my favorite professor, the late Norman Rich, delivered an intriguing lecture about the Russo-Turkish War of 1877–1878. At the pivotal battle of Plevna, the Turks held off a vastly superior force thanks to the deadly effectiveness of their rifles. Surprisingly, the guns used in this distant fight had been made in Providence. This deserved some investigation, Norman thought. He had heard of these guns before and had some questions. Why were the rifles manufactured in Rhode Island and, for that matter, how had the bankrupt Turks found the money to pay for them? Scholars suspected that England was somehow involved.

The local historical society had little beyond the original contracts, showing that Turkey had ordered 600,000 rifles in 1873 from a long-defunct firm called the Providence Tool Company. An old newspaper clipping—full of fascinating details—said that the company’s president had been John Brayton Anthony and that he died in 1904. I began searching for his family, looking up everyone named “Anthony” in the phone book, ringing the doorbell of the house where he used to live, and tracking down the owner of Providence Tool’s old factory. I dug up John Anthony’s obituary from the microfilm archives of the Providence Journal, but still had no luck tracking down his descendants.

A few days later, I remembered a detail from the obituary, namely that John Anthony had been an avid churchman and the senior warden for many years of Providence’s Grace Episcopal Church. Maybe, I supposed, his grandchildren still went there. I put a dime in the dormitory pay phone and dialed the church. The kindly church secretary pondered my request, but concluded that no one in the congregation fit the bill. So, it seemed, I had reached the end of the road.

But as I was hanging up the phone, she exclaimed “Wait!” I froze, handset in midair. “There is a plaque on the wall of the nave dedicated to John Anthony,” she said, “and every Easter someone lays flowers there.” She knew no more, but suggested that I call the head of the church’s Flower Committee. The Flower Committee chair could confirm only the broad details, since the flowers were placed anonymously. Perhaps I might call the church’s florist?

I have long since forgotten the name of the florist, but he was a friendly Italian man who knew all about it. On second thought, though, he concluded that—since the donors gave the flowers anonymously—he could not reveal their names. But he added that if he had time, he would try to call them up and tell them what I was looking for. At this, my heart sank, but I had done everything I could, and I turned to other things.

Two weeks later, the pay phone rang down the hall, and one of my dorm-mates said it was for me. I put the handset to my ear, and the voice on the other end of the line said, “Mr. Stewart, my name is James Sims. I believe I have the papers that you are looking for.”

James Sims, his wife, and their unmarried son lived in a tidy bungalow near the Brown football stadium. They invited me to come by on Sunday. I knocked on the door and was greeted by a small man in his seventies, dressed in a coat and tie. He introduced me to his silent wife and led me into their small dining room. There on the table sat an old cardboard box. When I lifted the top folder, there was a sprinkling of shiny confetti. “Those are gold coins,” Margaret Sims said. “John Anthony was my grandfather. My grandmother and aunts stayed at the Sultan’s palace in Constantinople, and the Turks tossed these little coins to newlyweds, like we throw rice today.”

The sad and touching story that emerged about Margaret Sims and the Anthony papers is too long to tell here. For the balance of the semester, however, the Simses let me come to their house every Sunday afternoon to read John Anthony’s papers. I was not allowed to photocopy the documents, but I was permitted to transcribe them by hand into a notebook I kept and still have. After many weeks, I completed these labors, and James Sims asked if he could drive me back to campus. In the car he explained why he had responded to the florist’s call. For intensely personal reasons, reopening history was a wrenching decision for his wife. “But this was the only important thing our family has ever done,” he told me, “and Margaret wanted the world to know what John Anthony accomplished.”

At Norman Rich’s urging, I applied for a small grant to continue my work during the summer of 1972. There, I learned that Providence Tool and Turkey were just the tip of the proverbial iceberg. With my parents’ second car, I drove to Hartford to research the Colt archives, New Haven to read the Winchester records, Ilion for Remington, and various small New England towns where gun-makers had once thrived. Husbanding my grant money, I spent a week in Washington, DC, at the National Archives and even went to London to see what was in the diplomatic collection at the hoary Public Record Office on Chancery Lane. In keeping with the methods of the day, I ended up with boxes of three-by-five-inch note cards, sheaves of faint photocopies, and files of half-written drafts and miscellaneous notes. All of this came together in a master’s thesis I wrote in the spring of 1973.

I had hoped to continue this work, but with the Vietnam War still fresh in everyone’s minds, no one was interested in my research on guns. So I went off to law school, never forgetting the captivating stories that so deserved telling. Retirement offered me the opportunity to finish my work, and so I wrote this book.

Over the intervening fifty years, a variety of sources have become available that were unknown back then, and there has been much written by scholars and collectors of antique weapons alike that round out and add important detail to the story of the American arms industry before and after the Civil War. However, there has been no general treatment of the subject since Felicia Deyrup’s brilliant Arms Makers of the Connecticut Valley in 1948, and much new information has since surfaced. Obviously, the broader the scope, the narrower the depth, but I have tried to supply important details wherever possible to document my work and help those who follow.










A Note about Money and Exchange Rates

Unless otherwise indicated, all of the prices, values, and sums mentioned in this book are in the amounts and currencies of the time. Because of inflation, these numbers would be far higher if given in 2024 dollars.

Translating the purchasing power of the nineteenth-century dollar into modern currency is difficult and imprecise. The dollar rose and fell in value depending upon political events of the day, wartime inflation, and, most of all, the supply of gold. As a very general rule, though, a dollar in the mid-nineteenth century was worth about $25 to $30 in today’s money, although this could vary materially if payment was promised in gold, or if the United States was at war or experiencing one of its periodic financial panics.

The relative values of different currencies were generally fixed in gold by the 1870s, resulting in an exchange rate of 5 US dollars to the British pound (£) and 5 French francs (₣) to the US dollar. Thus, a British pound ostensibly was worth 25 French francs. There were 20 shillings to the British pound, so a shilling equaled 25 US cents.

Other currencies are more difficult to convert. It appears that the Imperial Russian ruble (₽) was worth $1.50 in these years. Egypt’s currency was the Egyptian pound (E£), which was officially equivalent to the British pound, although the value of Egyptian currency fell as the Khedivate encountered financial difficulties. Turkey used the Turkish gold lira which, again, was nominally worth about one British pound, but its transactions with foreign firms generally were denominated in British pounds or US dollars.










Chapter 1


Brother Jonathan at the Crystal Palace

At the midpoint of the nineteenth century, Great Britain’s leaders resolved to show the world just how far progress had come among the world’s civilized nations. A commission of Victorian notables organized an ambitious spectacle called The Great Exhibition of the Works of Industry of All Nations. As its name suggested, the Great Exhibition was intended to display the accomplishments of “All Nations.” Yet there was little doubt that its overarching purpose was to play to the national pride of Britain itself, the birthplace of the Industrial Revolution and now the world’s wealthiest country.

The Great Exhibition of 1851 was housed in a building called the Crystal Palace, a remarkable greenhouse-like structure 1,848 feet long, 456 feet wide, and 135 feet high and enclosing almost a million square feet. About half of the exhibition space was given over to Britain and its colonies. After that came spaces allotted in a generally descending order to the powers of continental Europe. The United States was given 50,000 square feet at the east end of the exhibition hall, as distant from the British exhibits as possible.1

America’s physical isolation reflected its general irrelevance. While Britain’s list of exhibited items included James Nasmyth’s famous steam hammer, rare diamonds, and all manner of Victorian accomplishments, the American entries seemed to have come from the hinterlands. The United States exhibition featured specimens of roofing slate, rice, tobacco, “Indian corn,” preserved peaches, corn-husk mattresses, lead ore, and “American forest autumn leaves, in their natural colours.” The French, meanwhile, “showed Sèvres porcelain and Gobelins tapestries; chemicals and carpets, machinery and metal; musical as well as philosophical instruments,” while the Queen of Spain exhibited her crown jewels and the Austrians “sent over a superb collection of glass, furniture, precious works in gold and silver; silver plate, inlaid flooring” and “objects in ivory, bronze, tortoiseshell and horn.” “It is a wonderful place—vast, strange, new and impossible to describe,” Charlotte Brontë wrote her father. “It seems as if only magic could have gathered this mass of wealth from all the ends of the earth.”2 She was not, obviously, speaking of the American end of the building.

This simplicity of the American exhibits confirmed to most Britons their dismal view of the United States. Caricatured as “Brother Jonathan”—a clumsy, witless, ill-educated, and bumptious fool—America was remote and irrelevant, useful mainly as a source of cotton and a market for Britain’s finished goods. It did not help matters that the country’s southern regions still embraced the barbarous practice of human slavery, nor that the United States and Britain had fought two declared wars in the past seventy years and only recently had patched up another dispute.

European disdain for America was confirmed by the fact that the US government was too cheap to subsidize the country’s offerings at the Crystal Palace and, thereby left to their own devices, the American entries were disorganized, late, crude, and generally disappointing. In fact, but for the generous intervention of the London-based American banker George Peabody, the United States exhibition may not have come off at all. The London Times wrote that “the American department was the poorest and least interesting of all foreign countries.” So ill-attended was the American exhibition that the London press sneeringly referred to it as the “Prairie.”3

Queen Victoria presided over the Great Exhibition’s opening on May 1, 1851. In the first few weeks, high admission fees discouraged everyone but the wealthy from attending, and they made no effort to conceal their condescension to the Americans. Yet within weeks several almost-random events startled even the smuggest Englishman. Whatever its shortcomings in luxury items, the United States had made disconcerting progress elsewhere.4

One the American exhibitors was the New York firm of Day & Newell, which had recently developed an advanced “parautoptic lock.” Day & Newell sent a representative, one Alfred C. Hobbs, to the exhibition to promote the lock. Hobbs was something of a loudmouth, but he also happened to be a skilled locksmith. At the time, the most celebrated lockmaker in Britain was Chubb & Son: in fact, the Bank of England used Chubb locks and, at the Great Exhibition itself, Queen Victoria’s crown jewel—the famed Koh-i-Noor diamond—was exhibited in a case protected by a Chubb lock. On July 21, Hobbs brazenly challenged Chubb & Son to come see him pick their lock. Chubb ignored Hobbs’s obnoxious note as a publicity stunt, but shortly before noon the next day in the presence of eleven witnesses, Hobbs successfully picked one of Chubb’s six-tumbler locks in twenty-five minutes, and then did it again in seven.5

Even more sacred was the famous Bramah lock. The lock had been constructed in 1784 by the English mechanical genius Joseph Bramah. Bramah’s lock was an intricate device that used an array of tricks to defeat any lockpick. So confident was Bramah & Co. that they had for years displayed the lock in their shop window with the sign “The artist who will make an instrument that will pick or open this lock, will receive 200 guineas the moment it is produced.” Hobbs publicly took on Bramah’s challenge on July 23, a dare Bramah & Co. gamely accepted. The Bramah lock was indeed complicated, and it took Hobbs fifty-one hours, spread over sixteen days, to pick it. Despite grumbling about the unrealistic conditions surrounding Hobbs’s success, Bramah & Co. nevertheless conceded the results and graciously paid Hobbs his 200 guineas.6

Hobbs was nothing if not persistent. He soon issued a public challenge daring anyone to try to pick his own Day & Newell lock, offering a $1,000 reward. After thirty days of trying, England’s best locksmiths gave up. Soon the Bank of England replaced its Chubb locks with the Day & Newell lock, and Hobbs moved to London to start his own lock company.7

Britain’s pride soon suffered another indignity. As part of the Great Exhibition’s festivities, the commodore of the Royal Yacht Squadron invited his counterpart at the New York Yacht Club to come to the Isle of Wight to compete in a regatta open to all comers. The New Yorkers crossed the Atlantic in a new schooner—appropriately enough named America—which had an innovative design and a professional crew. The race was held the morning of August 22 among fifteen boats. America won handily. According to one popular account, while watching America tear by, Queen Victoria asked who was in second place. The famous reply was “There is no second, Your Majesty.”

Any further doubts about technological progress in the United States were dispelled by yet another American invention. This was the McCormick Reaper, an ungainly looking contraption ridiculed in the British press as a “cross between a flying machine, a wheelbarrow and [a circus] chariot.” In a carefully organized trial on July 24, the McCormick machine successfully cut a seventy-four-yard path through a sodden wheat field in about a minute. This shook the foundations of English agriculture and caused the British public to take a second look at these American inventions. It “gave a new turn to affairs, and on the return of the Reapers to the Palace, crowds were continually examining them, and the American department from this time to the closing of the exhibition, was no longer the ‘Prairie ground,’ but thronged with inquiring visitors.”8

There, these inquiring visitors encountered one of the great self-promoters of American business, Samuel P. Colt. A native of Hartford, Connecticut, Colt had traveled across the United States in his younger days as “Dr. Coult,” giving demonstrations of laughing gas and performing a rendition of Dante’s Divine Comedy using wax sculptures and fireworks. Colt may have been something of a huckster, but he was no fool. A few years earlier, he had worked with Samuel Morse to develop and lay underwater telegraph cables. In 1842, Colt impressed the US Navy by successfully destroying a moving vessel with his remotely operated underwater mine, although any chances of selling the device to the navy were scuttled when ex-president John Quincy Adams condemned it as an “unchristian contraption.”9

Colt had an abiding interest in the concept of a gun with revolving chambers. The idea was an old one, but he sufficiently improved upon prior art that he received British and American patents in the mid-1830s. Colt’s original models of the gun were impractical, useless, and dangerous to the user, but in fits and starts he improved it until by the late 1840s the Colt revolver was a practical gun. By the time of the Great Exhibition, Colt products were reliable, cheap, and appealingly deadly.

Ever the promoter, Colt used the occasion of the Great Exhibition to present a handsome boxed set of extravagantly chased and inlaid revolvers to various British grandees, including Britain’s Master General of the Ordnance and Prince Albert himself. A frequent visitor to Colt’s exhibit was the ancient Duke of Wellington, still venerated for his victory over Napoleon at Waterloo thirty-six years earlier. As a matter of principle, the duke generally opposed progress in any form, but he was often found at Colt’s exhibit “forcefully asserting the advantages of repeating firearms to an audience of officers and friends.” Prince Albert, too, came by, enjoying the pleasure of blasting away with Colt’s handgun.10

By the end of the Great Exhibition, the American exhibit was no longer an embarrassing sideshow. London’s Daily News wrote that “[f]ormerly, the crowds used to cluster most in the French and Austrian section, while the region of the stars and stripes was almost deserted—now the domain of Brother Jonathan is daily filled with crowds of visitors.” Another British journal wrote: “[I]t is beyond all denial, that every practical success of the season belongs to the Americans. . . . Their reaping machine has carried conviction to the heart of the British Agriculturist. Their revolvers threaten to revolutionize military tactics, as completely as the original discovery of gunpowder.”11

The public’s fascination with revolvers, reapers, and locks overshadowed what might have been the most important display of American technology. This was an exhibit of six ordinary-looking rifles made a few years earlier by the firm of Robbins & Lawrence from Windsor, Vermont. Robbins & Lawrence’s catalogue entry modestly described their offering as “Rifles: with their various parts made to interchange.” This last word was intriguing to the officers from the British Ordnance Board who dropped by the Robbins & Lawrence exhibit. For years, they had known that the United States was making steady progress toward the mass production of muskets with machinery, and the proof of success would be whether the process was precise enough to produce guns with interchangeable parts. Now it seemed that a small firm in a remote Vermont village was offering them for sale.12

Before long, the British government dispatched experts to the United States to see what this was all about. What they learned was that the United States was pulling ahead of the rest of the world, and not just in gun-making. Uniquely, the United States had mechanized the making of countless products and had done so with such thoroughness that Europeans soon called mass production itself “the American System of Manufactures.” But it had started with guns.










Chapter 2


Muskets

Since the seventeenth century, soldiers had carried into battle a portable weapon that came to be known as a musket. With time, the gun took a standard form: generally speaking, it was about five feet long, weighed nearly ten pounds, had a wooden stock and wrought-iron barrel, and cost somewhere between $12 and $17 to make. Usually, the barrel had a fitting at the muzzle allowing the soldier to fix a bayonet there, which turned the musket into a type of spear.1 But, bayonet or not, the musket remained a “firearm”: its purpose was to convert the chemical energy of burning gunpowder into the kinetic energy of a bullet, and then deliver that bullet at a distant target. Military tactics turned upon the capabilities and shortcomings of muskets; the musket was a seed around which armies crystallized.

For years, muskets did not change much. In fact, the famous British Brown Bess musket, first issued around 1722, was still in use in 1838. Part of this was because of the gun’s simple durability: a musket was expected to survive thousands of discharges and, in normal service, last ten to twelve years. But another reason was that the form of the gun was a function of the ammunition it used, and ammunition stayed the same for a long time. Constrained by laws of physics, muskets fired a spherical lead bullet—a “musket ball”—whose diameter was determined by its weight, its weight by the size of its gunpowder charge, the size of the gunpowder charge by the stoutness of the gun barrel, and the stoutness of the gun barrel by how heavy a gun a foot soldier could bear.2 Optimizing these variables resulted in a .65- to .69-caliber musket ball that weighed between about 390 and 500 grains and used a powder charge of one-third to one-half of the weight of the musket ball.1

The process of loading and firing a musket was cumbersome. These were muzzle-loading weapons where the soldier poured the powder into the mouth of the barrel and then pushed the ball down into the base of the barrel—known as the “firing chamber”—with a ramrod. To make the gun easier to load, the inside of the barrel was completely smooth, and so these muskets were called “smoothbores.” A muzzle-loading musket could be loaded and fired about twice a minute. Originally, the gunpowder was ignited using a complicated flint-and-steel mechanism known as a “flintlock,” where the friction between a piece of flint and a steel frizzen produced a spark that set off the powder charge. Beginning in the 1820s, flintlocks were progressively replaced with an alternative called a percussion lock.2 These percussion arms were more reliable than the flintlocks they supplanted, but otherwise not much different. Instead, it seemed that the musket would remain essentially unchanged, as it already had for over a century.


Gun-Making

The fabrication of muskets was a craft practiced by gunsmiths in communities where gun-making often had deep roots. Muskets were difficult to make, and gunsmiths served long apprenticeships. And there were specialties within the trade: blacksmiths forged gun barrels, stockers carved gunstocks, lorimers made the miscellaneous parts of the gun known as “furniture,” and locksmiths made and assembled the components of the gunlock. This was handwork. Even when machinery was an option, few gunsmiths were prepared to invest in it because, unfortunately, peace could happen at any time. In fact, given the ups and downs of the business, many gun-makers had sidelines to tide them over between wars.

The embodiment of this approach was found in England, which subscribed to an archaic method of handcrafting muskets known generally as the “Birmingham System,” after the city where the nation’s gun business was centered. Gun-makers there were organized into “trades” that made the main components of the musket, such as the barrel, ramrod, stock, bayonet, and lock. The British Army’s Ordnance Board was in charge of procurement and, once it decided upon its needs, the board let contracts to each trade for the requisite number of components. These artisans generally worked from home workshops laboring, as one British government official put it in 1853, in “wretched cellars and garrets.” The various parts were assembled into the larger components of the gun and then went to “setters-up” in London who furnished miscellaneous small parts and then assembled—“set up”—the gun. Because each part of the gun was unique, the setters-up did much filing and other handwork to make everything fit together.3 As convoluted as the process was, it resulted in high-quality muskets at a good price; on the other hand, it was deeply resistant to change and, as events would prove, limited in what it could produce.

The European gun trade adhered to this guild-like system for years. The gun-making centers of Birmingham, Liege, Charleville, Potsdam, and Tula reliably met the Great Powers’ needs, even during the great Napoleonic wars of the early nineteenth century. Like the standardized muskets themselves, the craft of arms-making seemed to be a settled matter. In fact, when a French gunsmith named Honoré Blanc attempted in the late eighteenth century to modernize the production of muskets, his work foundered upon the hostility of the entrenched gun trade.4

But these traditions were about to come under irresistible pressure. Within the space of a dozen years, there were two revolutions in the world of firearms, each of which made older weapons obsolete and imposed new demands upon gun-makers. Both times, the revolution was driven by a breakthrough in ammunition. The first was the perfection of the bullet known generally as the Minié ball; the second the development of the one-piece metallic cartridge. The capabilities of the new ammunition opened the way to rifled muskets and then to rifles that loaded from the breech instead of the muzzle.

For reasons having nothing to do with either revolution, gun factories in the United States already had perfected a way of mass-producing arms known there as “armory practice.”5 The two revolutions in small-arms technology played directly into this strength, and the American advantage was further magnified by the fact that American methods encouraged gun-makers to develop new designs that would have been impractical in an artisanal culture. And, as if there were a need for anything more, the Civil War occurred in the middle of it all, and—at least in the North—government spending paid for the gun industry’s rapid expansion and subsidized its research and development.

The revolution in breech-loading rifles began at the same time that the Civil War ended. This began an era in American history of growth, wealth, and pride in the country’s newfound power that came to be known as the Gilded Age after a novel of the same title Mark Twain published in 1873. With their enormous productive capacity and a range of breech-loader designs, American gun-makers were in a unique position to take advantage of the world’s need to rearm itself with new and deadlier weapons. This book is the story of the people who took that opportunity and their unexpected encounters with history.










1
 Caliber is a synonym for diameter and is expressed in decimals of inches unless otherwise noted. Bullets and gunpowder charges were measured in grains, an ancient weight based on the mass of a single kernel of barley, wheat, or other cereal. There are 437.5 grains in an ounce.

2
 Percussion locks relied upon the chemical properties of unstable explosive compounds known as fulminates to create the spark. Fulminates were packed into copper caps that looked like tiny hats. After pouring the gunpowder down the musket barrel and ramming down the musket ball, a soldier stuck one of these percussion caps on the top of a cone-shaped nipple that was set into the musket’s breech. The nipple was hollow and vented directly into the musket’s firing chamber. When the soldier pulled the trigger, the musket’s hammer smashed the percussion cap, setting off the fulminate which, in turn, sent its spark into the firing chamber to ignite the main powder charge.


Chapter 3


Armory Practice

Crystal Palace visitors marveling at the Colt revolvers and inspecting the Robbins & Lawrence rifles may have wondered how a backwater like America had come so far. Scholars have identified any number of causes: the shortage of skilled labor, an abundance of unskilled labor, the ready availability of waterpower, free public education, a multitude of native mechanical geniuses, the British blockade in the War of 1812, the concentration of capital in the country’s northeastern states, a shortage of arable land in New England, and so on.1 Whatever caused it, the American System of Manufactures arose from the unique way the arms industry developed in the United States.

It began, fittingly, with George Washington and Alexander Hamilton. In his first address to Congress, Washington emphasized that the United States should promote its domestic industries, especially the arms industry, as a matter of national security.2 Congress asked Hamilton to look into it, and in December 1791, he offered a blueprint of the steps the federal government could take to build the country’s industrial capacity. Possibly the most audacious of these was Hamilton’s proposal that the federal government should build and operate its own munitions factories. After thinking about it, Congress agreed, and it authorized Washington in 1794 to establish as many as “three or four arsenals with magazines, as he shall judge most expedient” and appropriated $59,000 to pay for it.3 Washington decided that only two federal armories were needed, and he personally selected sites for both. In the North, he chose land outside the village of Springfield, Massachusetts, near the banks of the Connecticut River. In the South, Washington designated the old settlement of Harper’s Ferry, Virginia, at the confluence of the Potomac and Shenandoah Rivers. Both places had sources of waterpower and were upstream of rapids that blocked the passage of enemy warships.

The United States had, from the beginning, a hybrid military. There was a small standing army, the size of which Congress set by statute. Beyond that, each state had a paramilitary force of its own—a militia—under the control of the state governor or legislature, yet also subject to federal regulation and service in emergencies. From this emerged a hybrid arms industry. Springfield and Harper’s Ferry made muskets for the standing army and let out contracts to private firms for muskets, rifles, and pistols as the army needed. The state militias, funded by the federal government after 1808, looked to the private sector. At first, these guns were made with traditional artisanal methods. However, largely due to the influence of Eli Whitney—who had promised disingenuously in 1798 to revolutionize gun-making by making guns with interchangeable parts using “machinery moved by water”—the federal government progressively mechanized Springfield and Harper’s Ferry and encouraged private firms to do the same.4 Organizing this effort became easier when, on the eve of the War of 1812, Congress created the Army Quartermaster and Ordnance Departments to centralize the procurement and inspection of artillery, small arms, ammunition, and other matériel.5

Originally, the idea of using machinery to make muskets and pistols was seen as a way to cut costs. But speeding up the production of gun parts made little sense if the machinery spat out a jumble of raw parts that had to be reworked. Thus, a concomitant of producing gun parts by machine was the principle that each of those parts would be sufficiently identical that muskets could be quickly and easily assembled. By dint of being identical, each of these parts also could be exchanged with one another, and the term “interchangeable parts” became a shorthand for the larger idea that parts of a gun would be made by machine instead of by hand. Almost out of the blue, the notion of interchangeability became the official policy of the United States in February 1815, when Congress passed a law “for the better regulation of the Ordnance Department.” Among its other provisions, it put the federal armories under the authority of the chief of the Ordnance Department and directed him “to draw up a system of regulations . . . for the uniformity of manufactures of all arms.”6 It so happened that the chief of the Ordnance Department given this sweeping authority was a well-connected military engineer named Decius Wadsworth, who was an admirer and acolyte of Eli Whitney.

With this, the Ordnance Department set off on a decades-long course to mechanize the manufacture of muskets and other weapons. It began, of course, at the two federal armories. However, the department also was in charge of procuring muskets, rifles, and pistols from private arms-makers, and it imposed upon them the same requirements of uniformity that it required of the federal armories. Because profit margins were thin, the private firms became creative in finding faster and cheaper ways to manufacture guns, and their inventiveness found its way back to the federal armories and then onwards to other sectors of the American economy. Over the years, an ecosystem of sorts developed, especially in New England, between the Ordnance Department and the private armories.

Besides being a convenient abbreviation for the more complex subject of machine-based manufacture, interchangeability was the best way to test whether the machines were doing their job. The ultimate measure of success in using machinery to make arms was whether different batches of guns were completely and practically interchangeable with one another. At Harper’s Ferry, the Maine-born John Hall operated the Rifle Works (a somewhat unwelcome step-child of the main armory) that produced limited numbers of Hall’s breech-loading rifle in 1834 that met this standard. Springfield and Harper’s Ferry themselves achieved interchangeability a few years later in their mass production of the Model 1842 Springfield musket.7 Private contractors adhered to these same strictures; in fact, the six Model 1841 rifles Robbins & Lawrence exhibited at the Crystal Palace interchanged not only with each other, but also with M1841s made at Harper’s Ferry and by any number of other government contractors.

With this accomplished, the United States’ break from the traditional methods of Europe was all but complete. There was no particular reason this should have happened: the United States did not fight more wars than other countries; its military doctrines were not much different; its resources for gun-making were neither better nor worse; its muskets were copied from European guns anyway; and American muskets did not break down more often than their foreign counterparts. Nevertheless, America and America alone had resolved to make guns this way.


The Mechanical Menagerie

The details of how the United States reached its goal of mass-producing arms has been well-told in scholarly and popular books.8 At the great risk of oversimplification, it can be said that mechanization of arms-making depended upon three things. One was the almost-obsessive reliance upon gauges to measure parts, the second was the use of specialized machine tools to make the identical part over and over, and the third was a strict regime of quality control.

Gauges are tools used to assure that finished parts have the correct dimensions. They can take all forms, but gauges usually are thin steel plates, a few inches long, with precisely cut curves, notches, insets, and other geometries that are complementary to the shapes of the part they are intended to test. By putting the gauge against the edges of the part, an inspector can see at a glance whether the part does or does not match the gauge or, to use a more technical term, is “within tolerance.” Gauges, of course, had long been in use, but what made the American adaptation of them unique was their pervasiveness. Special types of gauges were developed to enable arms inspectors to test more and more dimensions of more and more parts; beyond that, the use of gauges was pushed down to the production line so that machinists could check tolerances in real time. So thorough had the use of gauges become that by the time the Model 1842 musket was put into production at Springfield, the armory was using fifty-six different gauges to test it.9

The second thread was the development of new machine tools; that is, tools that operate with mechanical power. Among the most ancient of powered tools was the lathe, which is a machine where the workpiece spins around while a worker uses a cutting tool to turn it into something like a round table leg or stairway baluster. About 1818, the Massachusetts inventor Thomas Blanchard developed an ingenious metal-cutting lathe that could shape gun barrels even when they had asymmetric or angular features. Blanchard then invented an even more astounding “stocking machine” that could carve the highly irregular form of a gun stock out of a rough walnut blank in a matter of minutes. Other “mechanics”—as they were called—invented an array of other machine tools. Richard Lawrence, Frederick Howe, and their coworkers at Robbins & Lawrence developed or improved drills, rifling machines, and metal lathes, to name just a few things. Colt’s chief mechanic, Elisha K. Root, pioneered any number of other machines, including new types of drop forges that replaced the time-worn practice of hand-making iron parts with hammers and steel swages. Much of this built upon the innovations of John Hall, who spent years laboring at Harper’s Ferry to perfect his eponymous breech-loading rifle. Among his many other achievements, Hall demonstrated that manufacturing something as complicated as a gun required heavier and more stable machine tools, demanded higher cutter speeds, and needed increasingly specialized equipment and tools. Hall also was instrumental in yet another way: he was perhaps the first to recognize that once you decided to make gun parts with machine tools, you would have to redesign the parts so that machine tools could make them.10

At the bottom of all of this was the continuous development and adaptation of that most American of machine tools, the milling machine. In a sense, the milling machine was the flip side of the lathe. As just mentioned, in a lathe the workpiece spins rapidly while the artisan forms it with a cutter; with a milling machine, by contrast, the workpiece is fixed to a worktable while the rotating cutting tool (the “mill”) imposes its shape upon it. (An easy way to imagine how this happens is to look at the nearest piece of window or floor molding and think how a spinning cutter could turn a flat board into such a curved piece of millwork.) At first, milling machines were used to remove excess iron from forged parts, but toolmakers and inventors then found that they could do almost anything with them. The ornate curves of a lock plate or hammer could quickly be milled by using a cutter shaped in the negative silhouette of the desired form; when done repeatedly with different cutters, all three dimensions of the part could be milled away.

Soon there were adaptations of the milling machine, such as the inventive variant known as the profiling machine. Unlike basic milling machines, the cutters on profiling machines were not fixed in place. Instead, the cutter’s spindle was connected by a pantograph to a dummy spindle that acted like a tracer. Adjoining the workpiece was a template, or “former,” in the shape of the finished part. When the machinist pushed the dummy spindle around the circumference of the template, the cutting tool moved in lockstep around the edge of the workpiece, creating a duplicate. Ingenious Yankees improved profiling machines so that they had multiple spindles and a lazy-Susan-like worktable that allowed a single machinist to complete one part after another without the need to change tools or repeatedly set up the workpiece.11 Later, using cams and other means of mechanical logic, some profiling machines became “self-acting” (the term used before the more modern adjective “automatic” came into common parlance).

The glue that held the system together was a regime of constant inspection. Using their sets of gauges, inspectors checked every part to confirm that it had the right dimensions. Parts that failed were scrapped unless they could be reworked. In some cases, the offending machinist was personally charged for the cost of the lost work, including the time and effort of everyone who had previously worked on the part up until the time he had ruined it. This, of course, sounds like a recipe for industrial strife. We can easily imagine heated arguments between workers on the shop floor and the inspectors who were, after all, an arm of management. But there are few recorded instances of this happening; the dispute was between the worker and the gauge itself, and there was little use arguing with a piece of metal.











Chapter 4


The Machinery Committee Visits

Despite the fact that Britain was the cradle of the Industrial Revolution, its Board of Ordnance was still beholden to the archaic Birmingham System, and the Birmingham gun-makers used their political clout to keep it that way. But thirty-five years had passed since the Napoleonic Wars and, with demand for military arms so low, the Birmingham trade had withered. In May 1851, just a few weeks before the Great Exhibition opened, the Board of Ordnance solicited offers to manufacture a new rifled musket, but the Birmingham gun-makers could not complete delivery of the initial batch of 23,000 rifles until November 1853, by which time the board had decided to replace it anyway. When the board asked for bids for the new model rifle—destined to be the Pattern 1853 Enfield—Birmingham’s offers were so high that the board rejected them all. Even after the board negotiated a better deal, it learned that the Birmingham armorers could not commit to delivering the new guns on time.1

The six rifles Robbins & Lawrence sent to the Crystal Palace were proof that there was an alternative. And, as if there were any doubt, Samuel Colt himself soon invaded the English market. In May 1852, on the heels of his success at the Crystal Palace, Colt won permission from the British government to lease a building on the River Thames in Pimlico for construction of an armory. Bringing over machinery and workmen from Hartford, Colt had his armory up and running in a year. Visits by Britain’s most respected engineers confirmed “the fearless and masterly manner” in which Colt had implemented the American System. The celebrated engineer Sir James Nasymth complimented the “quaker-like rigidity of form” found in the American machinery and cautioned Parliament that Britain was “very far behind in carrying out what we know to be good principles.”2 If Samuel Colt could mass-produce guns in England, so too could and should the British.

In October 1853, the Board of Ordnance tasked the Superintendent of Machinery at the Royal Woolwich Arsenal, John Anderson, to look into producing muskets entirely by machines. Anderson reported that although it was possible to do so, the required machinery did not exist in England. Since the Americans seemed to have figured out how to mechanize musket production, the smartest thing to do would be to buy “a simple set of their machinery” and copy it. The board jumped at the idea. It resolved in late 1853 “to introduce the American system, by which arms might be produced much more perfectly, and at a great diminution of cost” and appointed Nasymth to chair a committee to implement it. The board included in its 1854 budget £150,000 to modernize the Royal Small Arms Factory at Enfield and formed a “Committee on the Machinery of the United States” to cross the ocean to buy the necessary equipment.3 Over the determined opposition of the Birmingham gun trade, Parliament finally approved the idea and sent the Machinery Committee on its way.

The committee arrived in the United States on April 26, 1854, and stayed until August. It covered an impressive amount of ground, visiting all of the major US government arsenals in the Northeast, as well as perhaps a dozen private factories. Among others, the Machinery Committee met with Secretary of War Jefferson Davis, Samuel Colt, Eliphalet Remington, and the most brilliant of the Ordnance Department’s officers, Major Alfred Mordecai. Everywhere they went, the group found interesting inventions. At the Boston Navy Yard there was a “peculiar shaped screw auger, for boring hard wood”; in Springfield a “machine for sifting sand”; and in Pittsburgh a curious “[m]achine for boring a square hole.”4

But the Machinery Committee’s main job was to buy machinery to produce the new P1853 rifle-musket. Springfield Armory embodied the American System, and the committee lost no time in going there. They were welcomed and shown around by its proud superintendent, Major James Wolfe Ripley. Perhaps flattered by the attention, Ripley courteously, “though perhaps not wisely,” let the British see whatever they wanted. To prove the perfection of the armory’s work, Ripley invited the committee to tear down and then reassemble random parts from ten muskets made in the ten years between 1844 and 1853. Going further, he showed his visitors the newly designed Burton bullet and made recommendations as to machinery, vendors, and just about everything else. Ripley also sent the committee to nearby Chicopee, where the Ames Manufacturing Company made products ranging from swords to machinery, including the intriguing Blanchard lathes that the armory used to carve its gunstocks. The committee soon placed an order with Ames for a suite of fifteen Blanchard machines.5

The British relied upon Ripley for more than pointers on where to buy machine tools. They brought with them two prototypes of their P1853 rifle-musket and asked for his thoughts. Ripley and his staff scrutinized the new gun and suggested improvements, including shrinking the size of the stock, redesigning the bayonet blade, and changing the “arrangement of the trigger-plate and trigger-guard” to simplify the gun’s manufacture. Perhaps in gratitude for the Americans’ helpfulness, the committee’s Colonel Burn made a gift of one of the P1853s to the Ordnance Department before he returned to England in August 1854.6 Two years later, when the United States unveiled its new Springfield Model 1855 rifle-musket, it bore an uncanny similarity to the British gun.

The Machinery Committee was able to see for itself how Americans made guns. The British had, of course, pioneered mechanization, but they had never implemented it on the scale it was practiced in the United States. A major reason was that British workers resisted using machines, partly out of fear for their jobs and partly from artisanal pride.7 In America, by contrast, workers seemed to welcome anything that relieved tedium of work, if only because it freed them to do more interesting things.

The key to it all was substituting mechanical power for manual work. In the United States, almost everything was driven by water or steam; indeed, that is why the lathes, milling machines, drills, and drop-forges were called “machine tools” in the first place. This power was distributed inside the factory through a system of spinning metal rods known as “line shafts.” The line shafts were mounted on brackets in parallel rows in the factory ceiling and held in greased bearings to reduce friction. Every few yards there was a large pulley mounted on the shaft. Heavy leather belts connected these pulleys to matching pulleys on each of the factory’s machine tools, passing the rotation of the line shaft to the machinery. A common lubricant for the shaft bearings was animal fat. Because the heat of friction essentially fried the tallow or lard, factories often smelled like kitchens and melted grease dripped down on the factory floor. Everyone wore hats to protect themselves; the factory floor being no less hierarchical than anywhere else, ordinary workers wore flat-brimmed hats and foremen wore bowlers. Machinists also often wore aprons to protect themselves from the metal chips flying from their mills and the spray of the whale oil used as a cutting lubricant.8 Between the roar of the shafting, the spattering grease, the racket from the machines, the soot from forges, and the haze of oil and iron dust rising from the cutting tools, the factory floor was noisy, dirty, smelly, and, in the summer, insufferably hot.

When finished, the individual gun parts were dropped into bins and taken to the fitting room for final assembly. There, stationed at long tables, usually under the windows for the better light, rows of “fitters” put the guns together. Historically, this had been a wearisome job, with fitters patiently filing away excess iron until, after some trial and error, the parts of the gun all fit. Interchangeability eliminated most of this. Although there might still be some hand-filing or grinding, it now took a fitter only about three minutes to assemble a musket.9

Mechanization ineluctably led to the division of labor. With time, the price of machine tools fell—a basic milling machine, for example, cost $300 in 1854—so it often made economic sense to install rows upon rows of drill presses, drop-forges, barrel lathes, or profilers, each machine and worker assigned only one slice of the production process. This specialization of work on the factory floor freed the United States from the needs and demands of skilled gunsmiths. Almost anyone could tend to the machines, and often one worker ran several.10 In America, the work of making guns no longer was an art—the skill and precision were built into the machines.


Robbins & Lawrence

After wrapping up its business in Springfield, the Machinery Committee took the train to Hartford. Unable to buy machinery from Samuel Colt—there was none to spare, he said—the group rode a mile up Rifle Avenue to the armory being built to manufacture a new breech-loading gun. This was the soon-to-be-famous Sharps rifle, a single-shot breech loader patented a few years earlier by inventor Christian Sharps.

Born in 1811, Sharps learned his trade at John Hall’s Rifle Works and then began working on a gun of his own. Sharps’s design was clever, if disarmingly straightforward. It had a steel breech block held in a vertical channel, lowered and raised by a lever, thus exposing and closing the breech of the barrel. The Sharps used prefabricated paper cartridges, which were inserted into the gun’s breech. The breech block was shaped so that when it was pushed up to close the breech of the barrel, its sharp edge sheared off the end of the cartridge, thus exposing the gunpowder charge. The gun used a standard percussion lock, although Sharps also patented a complicated, if superfluous, system for automatically dispensing percussion caps. Perhaps because of its simplicity, the Sharps’s breech mechanism was exceptionally strong; however, like other early breech loaders, it leaked hot gasses when the powder exploded and it became hard to work as powder residue collected.11 Nevertheless, the Sharps was probably was the best breech-loading rifle available, and its short-barreled carbine version was especially well-suited for mounted troops.

Christian Sharps had organized his company in 1851, but with no way to manufacture his guns in quantity, he asked Robbins & Lawrence to make 20,000 carbines and rifles for him. The parties had great plans: 5,000 carbines would come from Robbins & Lawrence’s shops in Windsor, Vermont, and the rest of the guns from a new state-of-the-art factory Robbins & Lawrence would build for Sharps in Hartford. Already short of funds, Robbins & Lawrence had to borrow from Sharps’s company to finance construction of the new plant, which ended up inextricably tying Sharps’s fortunes to Robbins & Lawrence. In time, the two firms’ finances became so exasperatingly intertwined that it was hard to see where Sharps left off and Robbins & Lawrence began.12

Richard Lawrence moved to Hartford to oversee completion of the new armory, and when the Machinery Committee came to visit, he showed them around the plant himself. The British were somewhat overwhelmed by “the beauty and efficiency of the machines.” “This factory is only just established,” the committee reported, “but it seemed to be conducted on the best manufacturing principles, machinery being applied to every part of the arm.”13 Learning that Robbins & Lawrence itself had made most of the machine tools, the committee quickly made its way north to Windsor.

Robbins & Lawrence was a collection of brick buildings perched on the hillside where Mill Brook tumbled down to the Connecticut River.1 The firm was a focal point of the American gun industry; at one point or another, an amazing number of important designers, engineers, and machinists worked there. Robbins & Lawrence had been organized in 1844 when the US government, anticipating war with Mexico, put out a contract for 10,000 Model 1841 percussion rifles. An opportunistic Boston lumber dealer named Samuel Robbins joined forces with Richard Lawrence and they won the contract at $10.90 per rifle, deliverable in three years. The two bought land, built a factory, and began developing the tools they needed. Fortunately, Lawrence was one of the proverbial self-taught Yankee mechanical geniuses who so abounded in those times, and he bought or built the lathes, drills, rifling machinery, and milling machines Robbins & Lawrence needed. Largely thanks to this, the firm finished the contract early, won a follow-on contract for yet another 15,000 rifles, and turned a nice profit. After a disastrous foray into making railroad equipment, the firm hoped to recover its health by reentering the gun business.14 Indeed, the reason Robbins & Lawrence sent its six M1841 rifles to the Great Exhibition was to drum up business in Europe.

Robbins & Lawrence was exactly what the British had been looking for. Finding that “the great number of milling tools that are required are of endless variety,” the Machinery Committee ordered about one hundred milling machines for making lock plates, cutting screws, forming the nipple for the percussion cap, and making the trigger and butt plates. After this, the committee returned to Chicopee to place an equally large order with Ames for the fixtures, jigs, and gauges to go with the machinery it had just purchased in Windsor. With their work done, budget exhausted, and energy drained, the committee then headed home. Altogether, it had spent over $100,000.15

Britain’s ready-made armory was shipped to Enfield the following year for installation in a newly built machine shop. The Royal Small Arms Factory was superintended by a British ordnance officer named W. M. H. Dixon, but Dixon relied upon a group of American armorers and machinists to make it work. His
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