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PREFACE


I first heard the term “spectacular flop” around 1980, when my friend Bill Rathje and I had just completed a draft of our unconventional—even radical—textbook Archaeology. Our acquisitions editor at Harcourt Brace Jovanovich, Peter Dougherty, liked our innovative approach but worried that instead of a stunning success it might become a spectacular flop. His concern was prescient, as the book underperformed sales projections by more than fifty thousand copies and did not go into a second edition. Archaeology was, indeed, a spectacular flop.


The history of technology teaches us that many ambitious technologies failed to meet their promoters’ lofty expectations. This book presents a sample of spectacular flops from the late 18th to the early 21st centuries. The case studies are biased toward my interests: transportation, public works, and energy-related technologies, from the world’s first automobile to nuclear fusion reactors. Along the way the reader, who is assumed to have no previous familiarity with the technologies, is introduced to basic principles of (for example) steam power, electricity, and jet engines.


When my colleagues learned I was working on this book, they wondered—knowing my propensity to theorize about all things technological—if I would be able to confect any generalizations about spectacular flops. I too had my doubts because the category encompasses technologies of great variety that flopped from diverse causes; perhaps no generalizations could encompass them all. And I found it so, for much cogitation failed to yield consequential, pan-technology generalizations. Reluctant to abandon the quest, however, I was able to formulate a handful of limited, carefully qualified generalizations, tucked into Chapter 14.


I thank the “document delivery” staff of the University of Arizona Library for easing my research burdens by at least an order of magnitude. I am grateful to the Lemelson Center for the Study of Invention and Innovation at the National Museum of American History (NMAH) for providing me with an institutional home. I am indebted to Smithsonian curators Deborah J. Warner and Peggy Kidwell for their helpful suggestions and insightful comments on ideas I shared with them during our Tuesday lunches at NMAH.


Eliot Werner did a superb job of shepherding Spectacular Flops through the production process; I have never worked with a more capable editor. As always, my wife Annette has been a sounding board for ideas and is a constant source of love and support. I could never complete these writing projects without her encouragement and helpful advice.
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INTRODUCTION


Understanding Technological Failures


In the early 1990s, Thomas Park Hughes—an eminent historian of technology—visited the University of Arizona where I worked. During those years I co-taught “The Cultural Context of Materials Technology” with W. David Kingery, a distinguished materials scientist. Hughes visited our class and later that day came by my office. During our brief conversation, he asked a question that surprised me. “What,” he said, “could an archaeologist contribute to the history of technology?” I replied that only archaeology furnishes evidence for writing the early history (actually prehistory) of materials technologies as varied as ceramics, plaster, and copper metallurgy. Acknowledging these significant contributions, Hughes then asked, “What else can archaeology do?”


I mentioned to Hughes my research on the earliest electric automobiles. He showed interest in the project and cautiously accepted my claim that an archaeological approach might offer new insights for addressing longstanding historical issues, particularly why the early electric car was such a short-lived consumer product. At the time of his visit, however, the study was incomplete.


Publications resulting from the electric car project showed that earlier narratives about this era (ca. 1895–1920) were deeply flawed because their explanations relied on folk theories that mainly implicated shortcomings in batteries.1 Instead my narrative showed that the causes of the early electric car’s short lifespan included the patriarchal structure of middle-class American families. Those families had privileged the leisure activities of men (touring in the countryside) over the social and utilitarian activities of women (traveling in town) in their choice of gasoline-powered cars over battery-powered cars. I was gratified that two later studies of early electric vehicles built upon my work and also pointed to social factors.2


[image: star]


My explanation was founded on an evolving behavioral framework for studying technological change. Applying this framework enables the construction of historical narratives that in many cases challenge prevailing ideas. One recent example comes from 19th century electrical technologies.3 In previous accounts Englishman Michael Faraday is credited with inventing the electric motor. From the primary literature of the early 19th century, I learned that in 1822 Faraday showed that the circular magnetic field around a current-carrying wire can produce circular motion. His elegant experiments advanced electromagnetic science but did not initiate the technological tradition of making motors.


The earliest electric motors—and even many of today—operate on an entirely different principle invented by Joseph Henry, first secretary of the Smithsonian Institution. In 1831 Henry showed that electromagnetism can create continuous mechanical motion by using the motor’s own motion to switch an electromagnet’s polarity (look ahead to Figure 4.1). Not surprisingly, Henry’s invention of this operating principle sired the technological tradition of making motors. This is just one of many examples in which the behavioral framework has helped researchers construct new narratives of technological change.4


Clearly, archaeology—prehistoric, historical, industrial, and contemporary—furnishes fresh evidence of ancient and modern technologies, corrects earlier narratives and interpretations, and crafts new narratives informed by an abiding respect for the concrete interactions among people and technologies in their societal contexts. But in reiterating Hughes’s question we may ask, “What else does archaeology do in its engagement with historical technologies?” The answer is that we create generalizations—constructs, models, lawlike statements, and even theories—about technological change.


Behavioral archaeologists have shown that historical technologies furnish a diverse and essentially unlimited database for originating and evaluating generalizations. After all, historical accounts may contain useful descriptions of both technologies and the activities in which they took part. By interrogating historical cases, we are in an advantageous position to formulate generalizations.


For many decades behavioral archaeologists have relentlessly pursued the goal of creating generalizations and heuristics that apply to technological change in any society, past or present.5 In Studying Technological Change: A Behavioral Approach, I fashion an overarching framework that encompasses the many new contributions.6 Although this book strives to be comprehensive, it pays insufficient attention to a topic of growing interest: technological failures.7 The present book partially remedies this deficiency by offering generalizations about “spectacular flops,” the most conspicuous examples of failed technologies.


A spectacular flop begins life as someone’s vision of an ambitious, perhaps audacious, technology that might be. The vision’s promoters boldly forecast that it will have a revolutionary impact on individuals, families, companies, industries, or government agencies. At some point, however, the technology’s life comes to a premature end, leaving behind great disappointment and (sometimes) great financial losses and tarnished reputations. The failure of such a technology renders it a spectacular flop.


Spectacular flops are a special species of failure because the technologies usually (a) involve a multi-year development process and (b) require a vast investment of resources—human, material, societal, and so forth. As just one example, the U.S. government’s nuclear-powered bomber project endured from the late 1940s until 1961 and cost over $1 billion (Chapter 9). In addition, (c) spectacular flops often have several contributing causes.


As singular occurrences with multiple causes, spectacular flops seemingly defy attempts at generalization. Admittedly, no single generalization is apt to account for all—or even many—examples. Fortunately, by following the archaeological imperative to seek patterns in data, I have found that some causes (even multiple causes) recur among the case studies in Chapters 2–13. These patterns form the basis of the limited generalizations presented in Chapter 14, which together permit us to understand many failures of the spectacular sort. As just one example, the case of the nuclear bomber suggests that a common contributing cause of failure during a long-term development project is obsolescence of the technology’s anticipated function(s).


In fashioning the case studies—my database—I employ the conceptual tools of the behavioral framework, for they help me ask the most pertinent questions and acquire relevant information.


Perhaps the most important behavioral construct is that of life history. In principle, people and organizations shepherd a successful technology through an idealized sequence of processes: invention, development, manufacture, adoption, and use. Each process usually consists of a set of activities whose performance requirements, when met, enable the technology to advance to the next process. It follows that the life history of a spectacular flop may end during any process. Because recurrent causes of failure tend to be process-specific, life history processes structure the presentation of generalizations.


As already noted, the development of a “revolutionary” technology almost always requires a strenuous effort. The magnitude of this effort—the sum of necessary human, material, and societal resources—is notoriously difficult to predict at the inception of a technology’s life history. Thus, in writing about a spectacular flop, we learn about initial estimates of resource needs and how those estimates may have changed. And obviously we find out how, and to what extent, the resource needs were met.


Learning about a technology’s functions—anticipated and actual—is essential for constructing generalizations. There are four general kinds of functions.8




•Techno-functions are utilitarian and are directly involved in manipulating, storing, or transforming matter, energy, or both. Most activities include technologies having techno-functions.


•Socio-functions are symbolic and convey social information, such as social power, social role, and social affiliations. Socio-functions, like techno-functions, are ubiquitous in human activities.


•Ideo-functions are also symbolic but mainly communicate information about ideology or ideas, such as a religious or political doctrine, and are more common than we might suppose.


•Emotive functions evoke fear, nostalgia, joy, and other emotions.





Most technologies—it should be noted—perform multiple functions, often in the same activity.


In contributing to the performance of an activity, a technology must possess relevant performance characteristics: capabilities, compe tencies, or skills that are exercised (or come into play) in that activity. Performance characteristic is a flexible construct that admits many extensions, as in sensory and financial performance characteristics. A technology’s promoters often frame its expected revolutionary impact in terms of performance characteristics that enable new or enhanced functions in important activities. Thus obtaining information on a technology’s performance characteristics—anticipated and actual—is required for crafting narratives and laying a foundation for generalizing.


Finally, the behavioral archaeologist is also concerned with identifying the individuals and groups taking part in the activities throughout the technology’s life history. These people—originators, promoters, engineers, manufacturers, and users—help establish the performance requirements of activities.


The data requirements for behavioral studies may seem daunting. Fortunately, spectacular flops are often better represented in the historical record than mundane failures. Thus I have been able to draw upon previous research by historians and other scholars to fashion the case studies. These chapters present narratives of a diverse sample of spectacular flops ranging from the world’s first self-propelled vehicle to the nuclear-powered bomber. The technologies themselves differ greatly, as do the individuals, companies, and government agencies that participated in their life histories.


In addition to enabling the creation of new generalizations, the narratives themselves are intriguing, for they chart technologies from confident conception to humiliating failure. These life histories are not only compelling from sociocultural and technological perspectives, but they also normalize failure and humanize inventors and engineers.


The names Ferdinand de Lesseps, Nikola Tesla, and R. Buckminster Fuller evoke (respectively) their immensely successful technologies: the alternating-current power system, the geodesic dome, and the Suez Canal. Curiously, these same names seldom evoke failures, though they should—as in de Lesseps’ Panama Canal (Chapter 6), Tesla’s World System of communication (Chapter 7), and Fuller’s Dymaxion houses and car (Chapter 8). Their failures, and those of many other famous creators, are largely missing from our cultural consciousness because the mass media and earlier narratives mainly presented stories about people whose technologies achieved their game-changing goals. Yet the same level of inspiration and perspiration lavished on their successes also went into their failures. Both outcomes result from, and illuminate, processes of technological change.
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Because I do not expect the reader to be familiar with every technology discussed below, each chapter includes in narrative form relevant historical information and sketches the technology’s basic operating principles. Presented largely in chronological order, the case studies allow the reader to learn about many technologies developed from 1770 to the present.


Chapter 2 introduces the history of steam power, whose origins reach back to natural philosophers of the 17th century. In the late 18th century, the government of France employed Nicolas-Joseph Cugnot on a secret military project to develop a steam-powered dray. Such a vehicle would have eased the great difficulties of hauling heavy artillery from place to place. Using a high-pressure steam engine, Cugnot built two prototypes but the project ended before the second one could be thoroughly tested.


In the 1830s and 1840s, steam-powered railways were a large growth industry (especially in Britain) financed by the sale of shares in companies. Against this background Chapter 3 tells the story of the Samuda brothers’ upstart technology, the “atmospheric railway.” The Samuda system challenged conventional steam locomotives by employing atmospheric pressure to propel rail cars. The system was collision-proof and was claimed to be cheaper to build and operate. Several very short prototype lines were built in Ireland, England, and France and performed reasonably well. But two longer lines built in England failed: South Devon was never completed and the London & Croydon line was quickly abandoned.


Chapter 4 traces the beginnings of modern electrical technologies, which in the 1830s eventuated in the electric motor. Inventors built their own motors and applied them to various tasks. Only one inventor, Thomas Davenport of Vermont, made a formidable effort to commercialize his motors. Despite receiving a patent and founding a company, his attempt failed. Also in the United States, Charles Page built a reciprocating electric motor—the most powerful of its time—and installed two of them in a locomotive of his own design. To carry out his project, Page obtained a $20,000 grant from the U.S. government. The first trial of Page’s electric locomotive, in 1851, was also its last.


As discussed in Chapter 5, Isambard Kingdom Brunel was one of England’s most accomplished civil engineers of the 19th century. While building the Great Western Railway in the 1830s, Brunel designed the Great Western—the largest steamship of its time and the first to cross the Atlantic entirely on steam power. A second large Brunel steamship, the Great Britain, pioneered the use of both an iron hull and screw propeller in the same vessel. In the early 1850s, Brunel envisioned a passenger steamship so large that it could hold enough coal to make a non-stop round-trip to Australia. He convinced a company to back the project and sales of stock supplied the funds. Brunel collaborated with renowned shipbuilder John Scott Russell to construct the 692-foot-long Great Eastern, by far the world’s largest ship. After only three years of service on the North Atlantic route, however, the Great Eastern’s life as a passenger liner came to an ignominious end.


Chapter 6 is about the canal-building career of Frenchman Ferdinand de Lesseps. He spearheaded—and oversaw construction of—the Suez Canal using private funds raised from stock sales. After the canal’s completion in 1869, de Lesseps developed plans for another grand project to connect the Atlantic and Pacific oceans by digging a sea-level canal across Panama. With funds raised from investors, he founded the Compagnie Universelle du Canal Intercéanique de Panama and began the challenging project. After years of slow progress, by 1888 de Lesseps and his company were out of the canal-building business.


Nikola Tesla, a Serbian immigrant who has achieved the status of cult hero, invented the alternating current (AC) motor and multiphase system for distributing electricity. Chapter 7 discusses Tesla’s inventions and how they enabled George Westinghouse to assemble an entire AC system that successfully challenged Edison’s near monopoly on electric light and power. At the height of his fame, Tesla became convinced that it was possible to build a wireless AC system—a World System—for transmitting not only information but also electric power. With funding from J. P. Morgan, he erected a large laboratory on Long Island that included an imposing transmitting tower. Uncharacteristically quiet about the project, Tesla abandoned the station and his dream of supplying inexpensive power and information.


Another independent inventor (and sometime philosopher) who inspired a cult following was R. Buckminster Fuller; several of his projects are treated in Chapter 8. Although Fuller is best known for inventing the geodesic dome, he was a prolific inventor of visionary technologies. His earliest in 1929 was the Dymaxion house, designed to be inexpensive as well as easy to build and maintain, but no company took an interest in manufacturing it. He revised the design after World War II and built a full-scale prototype with U.S. government funding. Despite consumers eager to buy the house, it was not brought to market. Fuller’s Dymaxion car, financed with donations from admirers and true believers, was spacious and aerodynamic. Three prototypes were assembled and tested in the early 1930s before the project ended.


In the late 1940s, the U.S. Air Force and Atomic Energy Commission began to invest heavily in the development of a nuclear-powered bomber. As recounted in Chapter 9, such a plane would be able to stay aloft for days (even weeks) without refueling. The attempt to realize this vision was a boon to American corporations, especially General Electric and Pratt & Whitney, which were awarded generous development contracts. During the 1950s the project achieved several milestones, such as showing that a nuclear reactor could power a jet engine on the ground and that a modified B-36 bomber could carry a small operating nuclear reactor in flight. Before showing that it could construct an integrated prototype, however, the project ended in 1961.


Chapter 10 tells the story of the attempt to employ nuclear bombs in large-scale infrastructure projects. In 1953, less than a decade after the attacks on Hiroshima and Nagasaki, President Eisenhower proposed that the United States embark on projects to show that atomic energy could also be used for peaceful purposes. Physicist Edward Teller, who in the meantime had promoted development of the hydrogen bomb, believed that such bombs could become a tool for “geographicical engineering.” Teller insisted that bombs could do mega-scale excavations at much lower cost than conventional explosives. Funded by the Atomic Energy Commission, Teller and his associates proposed detailed plans for specific projects, including a harbor in Alaska (Project Chariot) and a new canal across the isthmus of Central America. No project was ever completed.


Another technological spinoff of World War II was the turbojet engine. Chapter 11 recounts how manufacturers around the world attempted to develop turbojet engines that could be installed in land vehicles. Even automakers jumped into the act. The jet-powered car promised simplicity and low maintenance—the engine would have many fewer moving parts—and smoother operation because it directly produced rotary motion. Chrysler made many prototype engines, put them in vehicles, and tested them on the road. What’s more, in 1963 it placed fifty demonstration Turbines, a car with an Italian-built body and the latest generation turbine engine, with families across the country. In a follow-up survey, the families reported a fairly high level of satisfaction with the futuristic cars. Despite Chrysler’s long-term commitment to the project, the company never mass-produced the handsome vehicle.


International travel has always been a trial, supplying incentives to develop faster conveyances. Chapter 12 tells the story of the Concorde, the supersonic airliner built by a government-financed Anglo-French consortium. The plane was expected to revolutionize overseas travel for wealthy travelers and demonstrate to the world the technological prowess of Britain and France. Beginning in the mid-1950s, engineers in both countries undertook a long-term project involving myriad tests of concepts, components, subsystems, and completed craft. Although the airliner performed superbly, only the national airlines of Britain and France bought the Concorde.


As Chapter 13 details, experiments have been under way since the 1950s to harness the immense energy liberated by the fusion of hydrogen atoms into helium. The conventional approach is to build enormous reactors called tokamaks that operate at more than ten million degrees, but they are not expected to produce commercial power until mid-century (if ever). During the 1980s, however, two chemists—Stanley Pons and Martin Fleischmann—claimed that they had produced “cold” nuclear fusion in a simple, tabletop electrochemical cell. If confirmed, their technology would have been a revolutionary breakthrough promising an endless supply of inexpensive energy. Instead their bold claim generated only scientific controversy. Building on decades of well-funded experiments, a consortium of 35 countries is now spending at least $20 billion to build a giant tokamak in southern France. It is possible that this “hot” fusion reactor may become a flop even more spectacular than cold fusion.


NOTES


1 Schiffer (2000); Schiffer, Butts, and Grimm (1994).


2 Kirsch (2000); Mom (2004).


3 Schiffer (2008a, 2013a:86–88).


4 These kinds of generalizations are defined behaviorally (Schiffer 2013a).


5 Recent statements on behavioral archaeology include Schiffer (2008b, 2010); Schiffer, Riggs, and Reid (2017); Skibo and Schiffer (2008); Skibo, Walker, and Nielsen (1995); Walker and Skibo (2015).


6 Schiffer (2011); see also Hollenback and Schiffer (2010) and Skibo and Schiffer (2008).


7 Historians of technology also call for studies of failures—for example, Bauer (2014); Braun (1992a); Gooday (1998).


8 Schiffer (2011) provides definitions of the functions.
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SECRET PROJECT


Nicolas–Joseph Cugnot and the First Automobile1



After putting animals, wind, and flowing water to work, humans harnessed steam. Most people probably remember, perhaps from old movies, trains being pulled by chugging and hissing and tooting steam locomotives. A few of these heavy-metal monsters are still around, toting tourists on nostalgia railroads. But the pre-World War II locomotive was neither the beginning nor the end of steam power. In 18th century England, towering steam engines accelerated the Industrial Revolution by pumping water from deep mines. A century later steam energized many factories, steam railroads crisscrossed the continents, and steamships crowded ports around the world. And to take a recent example, nuclear reactors employ steam-driven turbo-electric generators.


For three centuries in the West, steam power has played a pivotal role in industrial technologies, but it was not successful in every application. Perhaps the most spectacular flop was the automobile, the first attempt to apply steam power in transportation. Two decades before the French Revolution, military engineer Nicolas-Joseph Cugnot developed a small steam engine and mated it to a fardier, a dray for hauling heavy artillery pieces. This ungainly vehicle—and especially its unique steam engine—might have revolutionized land transportation, but it had no immediate progeny. Let us examine the historical context of Cugnot’s creation and learn more about the history of steam technology.
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The ancient Greeks are sometimes credited with inventing a steam engine, but this claim is misleading. Heron of Alexandria made a device called an aeolipile, which merely illustrated the expansive power of steam (Figure 2.1). It was a metal ball held by a pipe on each side that allowed the aeolipile to spin on an axis. The pipes also conveyed steam to the ball from a boiler below. Steam exited through two small pipes bent at right angles, causing the ball to rotate. It was an ingenious, jet-powered philosophical device, but it was not a steam engine, for the aeolipile powered no machine. Curiously, the first steam engines would exploit the contraction—not expansion—of steam.




[image: Figure 2.1. Heron’s jet-powered philosophical device. Source: Thurston (1891:Frontispiece).]


Figure 2.1. Heron’s jet-powered philosophical device. Source: Thurston (1891:Frontispiece).





The earliest steam engines resulted from the research of natural philosophers, whom we would refer to as physical scientists. Renaissance natural philosophers grappled with the notion of a vacuum and eventually dispelled the belief that “nature abhors a vacuum.” Beginning with Galileo these men showed that air has weight, which—as we know today—exerts an omnipresent pressure of 14.7 pounds per square inch. Thus when an evacuated vessel is opened, the “whoosh” we hear is the inward rush of air caused by atmospheric pressure.


Perhaps the most colorful figure of 17th century natural philosophy was Otto von Guericke, the Burghermeister (mayor) of Magdeburg in Prussia. Trained as an engineer, he is best known for inventing the air pump around 1650. The air pump could produce a partial vacuum that enabled Guericke to exploit atmospheric pressure to perform dramatic public demonstrations. His most famous one took place at Regensburg in 1654 before members of Ferdinand III’s Imperial Diet. Wishing to impress these officials with the weight of air, he joined—by means of a leather gasket—the edges of two copper hemispheres, making a sphere nearly two feet in diameter. After pumping air from the sphere, Guericke harnessed a team of eight horses to each hemisphere. Such is the force of atmospheric pressure that the horses, struggling and straining, were only sometimes able to pull the hemispheres apart. Yet Guericke could easily part the hemispheres by opening a stopcock.2 After Guericke no person could credibly deny the power of atmospheric pressure, but could machines be created to exploit that power?


Later in the 17th century, French physician Denis Papin turned his attention to natural philosophy and the invention of mechanical devices.3 One of his earliest inventions, made when he was associated with the Royal Society of London for Improving Natural Knowledge, was the “digester,” the first pressure cooker. It could dissolve bone and even had a safety valve. Later, collaborating in Paris with natural philosopher Christian Huygens who was famous for his work in optics, Papin explored the use of gunpowder for creating a vacuum in a cylinder. After concluding that gunpowder produced an imperfect vacuum, Papin—having become professor of mathematics at the University of Marburg in Hesse—turned to steam. In his 1690 report, Papin described a device that used the condensation of steam to move a piston in a small metal cylinder.4 Although Papin believed that his invention could be employed to pump water and propel ships, he apparently made no engines, for his invention was merely a proof of principle.


One of the first people inspired by Papin’s findings and their implications was Englishman Thomas Savery, a military engineer.5 Savery wanted to make an engine that could pump water from deep, flood-prone mines. Self-financing his project, he came up with a creative design. Savery’s engine did not use a piston in a cylinder; instead an enclosed boiler—lacking a safety valve—supplied steam alternately to two vessels (Figure 2.2). Condensation of steam in the vessels produced the pump’s suction. With valves that he opened and closed by hand, Savery showed that his engine could raise water. In 1698 Savery received a very general English patent for his invention, which Parliament later extended to 1733. To publicize the invention, he demonstrated a small model to King William and members of the Royal Philosophical Society of London.6




[image: Figure 2.2. Thomas Savery’s condensing steam engine (1698). Source: Thurston (1891:37).]


Figure 2.2. Thomas Savery’s condensing steam engine (1698). Source: Thurston (1891:37).





In a 1702 book illustrated with playful cherubs, Savery detailed the working of his engine, proclaiming it to be the “miner’s friend.” He also suggested other potential uses that required the raising of water such as “water-mills, palaces, . . . draining fens, and supplying houses with water in general.”7 And he claimed it could put out fires.


Carefully managed, Savery’s pump worked, but mine owners were not impressed, for it had significant performance shortcomings. The boiler could explode, it might ignite gas in a coal mine, a skilled operator was required, and—most devastating—it couldn’t raise water very high. To drain water from a 300-foot-deep mine, for example, would have required five pumps placed at sixty-foot vertical intervals. A handful of one-off applications of Savery’s pump for light work were more successful, but no great demand for them emerged.


Savery’s engine was not a commercial success but it did show how the condensation of steam in a closed vessel could create enough vacuum to do work by means of atmospheric pressure. This principle would animate the next generation of steam engines ushered in by Thomas Newcomen, an ironmonger, and John Calley, a glazier.8


Although neither man had studied natural philosophy, Newcomen and Calley consulted with others and applied their mechanical expertise to make an engine more powerful, versatile, and safer than Savery’s. Their first working engine was installed near Dudley Castle around 1712. An engraving shows this machine standing more than thirty feet tall, anchored on two sides by robust brick walls (Figure 2.3). The heart of the engine was a tall brass cylinder containing a brass piston. The piston was connected to one end of a long wooden beam; the beam’s other end was attached to the pump. Enclosed in layers of brickwork, a substantial copper boiler was heated by a firebox below and fed steam to the cylinder. The steam’s slight pressure and the upward pull of the beam (its other end pulled down by gravity) raised the piston. To create condensation, cold water was sprayed into the cylinder. The sudden vacuum caused the piston to move smartly downward, creating the power stroke that rocked the beam and worked the pump. A Newcomen engine made about 10–25 strokes per minute.




[image: Figure 2.3. Thomas Newcomen’s condensing steam engine (1712). Source: Galloway (1881:Plate I).]


Figure 2.3. Thomas Newcomen’s condensing steam engine (1712). Source: Galloway (1881:Plate I).





First-time observers of the Newcomen engine at work must have been entranced. Not only did the engine pump water, but it did so automatically through the use of valves and mechanical linkages driven by the engine’s own motion. The engine worked powerfully and with a safety valve on the boiler. Instead of seeking his own patent, Newcomen framed his engine as an improvement on Savery’s. By the way, steam engines at this time were called either “atmospheric” or “fire” engines, for they depended on atmospheric pressure and on the heat generated by burning wood or coal.


While Newcomen engines were beginning their conquest of flooded mines, Jacob Leupold—a German natural philosopher, instrument maker, and engineer—published a series of ten handsomely illustrated books that featured his mechanical inventions, some of them quite fanciful (as in perpetual motion machines) yet many more feasible. In his 1724 book Theatri Machinarum Hydraulicarum (Theater of Hydraulic Machines), he offered a radical design for a steam engine. Instead of using a vacuum to suck the piston downward in the cylinder, his engine would use high-pressure steam to push a piston upward. His design included an in-genious rotating valve that alternated the steam between two cylinders (Figure 2.4).




[image: Figure 2.4. Jacob Leupold’s design for an expansion steam engine. Source: Leupold (1724:Table XLIII, Figure II). Courtesy of Dibner Library, Smithsonian Institution.]


Figure 2.4. Jacob Leupold’s design for an expansion steam engine. Source: Leupold (1724:Table XLIII, Figure II). Courtesy of Dibner Library, Smithsonian Institution.





An engine that exploited expanding steam could exert great pressure and have many fewer parts. However, inventors may have been reluctant to risk boiler and cylinder explosions. There is no evidence that Leupold himself actually built a high-pressure steam engine, but in the ensuing decades his elegant design would not go unnoticed.


In the meantime the Newcomen engine promised to satisfy the needs of coal companies. But was the Newcomen engine really a cost-effective replacement for horses and men for pumping water? Famed natural philosopher John Theophilus Desaguliers reported that the annual expense of an engine at Griff (near Coventry) was £150, compared with £900 for the fifty horses it replaced.9 A 1739 account by Bernard Forest de Bélidor, a French hydraulic engineer, tells of the heroic work done by a Newcomen engine in France. “Previous to the erection of this engine, fifty horses and twenty men, working day and night, had been required to raise the water from the mine, whereas the engine with a single attendant, in forty-eight hours working, cleared the colliery of water for a whole week.” De Bélidor went on to pronounce it “the most marvelous of all machines.”10 The engine’s great economy depended on the fact that fuel expenses in a coalmine were negligible.


Throughout the British Isles and other countries, many coalmines were outfitted with Newcomen engines: rising water was kept at bay and abandoned mines were worked again.11 After the Savery patent—which had covered the Newcomen engine—expired in 1733, other entrepreneurs began building and installing steam engines. Between 1734 and 1780, more than six hundred were constructed in Britain alone.12
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Clearly, coalmines were low-hanging fruit for makers of steam engines to pluck. Extending the engines to other applications was a different matter because in some regions coal was very pricey—and the Newcomen engine had a voracious appetite for coal. This problem attracted the attention of James Watt, the University of Glasgow’s mathematical instrument maker. Asked to repair a small model of a Newcomen engine during the winter of 1763–1764, Watt (who was well versed in natural philosophy) became intrigued by the engine’s wasteful use of heat.13


To learn more about the properties of steam, Watt embarked on a series of experiments. He learned, for example, that steam occupied a volume around two thousand times greater than the water that produced it. More important, he also identified a major cause of the Newcomen machine’s excessive fuel consumption: much steam was wasted through the alternate heating and cooling of the cylinder. Accordingly, he concluded that the engine’s cylinder should always remain hot—as hot as the entering steam.


His solution to this problem was elegant in theory: he would use a separate vessel to condense the steam. He would also place a steam jacket around the cylinder, which allowed it to remain hot. The condenser would be immersed in cold water and remain cold. But in practice this solution created a host of subsidiary problems, such as the design of new valves and pipes to transfer the steam among the components. In the course of experiments with models, Watt had to make many modifications. In addition, the new engine design placed greater demands on component tolerances, especially the cylinder’s bore.


Not a man of wealth, Watt incurred a large debt in conducting his experiments. He found a partner, physician-turned-entrepreneur John Roebuck, who assumed the debt and acquired a two-thirds share of the invention. A patent was issued on January 5, 1769, for “a new method for lessening the consumption of steam and fuel in fire engines.”14 When Roebuck ran into financial difficulties and could no longer support the project, Watt found another partner—Matthew Boulton, a manufacturer of metal products in Soho near Birmingham, who bought out Roebuck.


Watt moved to Soho and, after years of further work and renewal of the patent for 25 years, Boulton’s factory produced its first Watt steam engines in 1776. More economical to operate than Newcomen engines, Boulton–Watt engines enjoyed brisk adoptions for many long-envisioned applications—including draining mines where coal was costly, driving machinery in factories, operating mills, draining fens, and pumping water for municipal systems. By 1800 around 450 Boulton–Watt engines had been installed in Britain.15 However, Boulton–Watt engines were huge and heavy, disadvantages where space was at a premium.


For the well-traveled person of the late 18th century, steam engines were a noticeable feature of rural landscapes. Surely some people seeing these machines at work would have pondered further possibilities for applying their immense power. No doubt ideas for steam-powered transportation (coaches, wagons, railroads, boats, and ships) were sufficiently obvious to have occurred to many people. Usually, in a technology’s early history people envision new uses, but creating prototypes and sustaining development projects requires resources. Ideas are cheap; development projects often are not. Papin was able to carry out his experiments with some support from philosophical societies and the University of Marburg; Savery was self-financed; Newcomen and Calley were also self-financed at first, relying on wealth created by their businesses; Watt, of limited means, found partners—first Roebuck, then Boulton—to support his work. Even before the modern era, inventors had some ways to finance their projects.


Beginning in the late 18th century, people with promising ideas had greater opportunities to acquire funds because the expansion of industry and commerce was creating new sources of wealth, forms of organization, and kinds of expertise. Such wealth allowed people like Boulton to invest in promising inventions. Also, entrepreneurs could take advantage of corporate organization and—along with more traditional partnerships and companies—employ forms of financing coming into wider use, such as the issuance of stocks and bonds and the sale and licensing of patents. In addition, manufacture of the steam engine and other industrial products had contributed to the growth of expertise in (and equipment for) precision working of metals on a large scale. And throughout history and even prehistory, governments had supported technology projects from pyramids to city walls, and they would continue to do so.


A great variety of technological, economic, and human resources was now available to develop promising ideas, such as steam-powered transportation. Between 1770 and 1830 inventors and entrepreneurs cobbled together resources, launched projects, and created steamboats, steamships, railroads, and automobiles. In many projects an engine with a high power-to-weight ratio was required. In these applications Boulton–Watt engines were generally eschewed in favor of high-pressure engines similar to the one designed by Leu pold. The first of the new technologies to reach the prototype stage was the French steam-powered automobile. This was surprising because, compared with Britain, industrialization in France was moving slowly. Nonetheless, the world’s first motor vehicle was built in Paris and financed by the French government.


In 1769, the same year that Watt’s steam engine was patented, Nicolas-Joseph Cugnot—a French military engineer—published his third book on warfare, a treatise on fortifications.16 Having served in the Seven Years War (1754–1763), Cugnot had acquired much practical experience in land combat and developed ideas for improving military equipment and transportation. As an instructor at the Paris Arsenal, Cugnot began designing a fardier à vapeur (steam-powered dray).17


The idea of a steam fardier had already been under consideration by French officials. Lieutenant General Jean-Baptiste Vaquette de Gribeauval was a reformer trying to standardize artillery parts to make them interchangeable; he was also interested in finding better ways to transport the largest cannons across the countryside. Fardiers, pulled by a team of oxen sometimes helped by horses, were used for this purpose. Gribeauval chose Cugnot—a man highly regarded and already at work on the project—to build a small model. This pioneering attempt would require that a steam engine’s reciprocating motion be translated into rotary motion, a feat that even Watt had not yet accomplished. But Cugnot had to devise such a mechanism if his vehicle were to run.


Sometime during his many years of military service, Cugnot had come across Leupold’s 1725 design for a compact, high-pressure steam engine with two cylinders. Using an engine along these lines probably seemed preferable to downsizing a Newcomen-style engine, which might have failed to produce enough power to move a multi-ton vehicle. In addition, the construction of a Leupold engine might be simpler owing to its fewer components.


At the army’s expense, Cugnot developed the model quickly and it was ready the following year for a trial before Gribeauval and France’s Foreign Minister Choiseul. With four people aboard it moved at about four kilometers per hour—equal to a leisurely walk. However, the model couldn’t maintain steam for more than 12–15 minutes. When the vehicle periodically came to a stop for lack of steam, water had to be added and the fire renewed. Steam could not be maintained while the fardier was in motion because the firebox-boiler was cantilevered past the front end, its opening unreachable. The periodic stoppage and long wait for steam to rise again was a severe performance defect. Even so, the model’s shortcomings were not judged fatal and Cugnot secured authorization to build a full-scale fardier.


The new steam dray was built at the Paris Arsenal according to Cugnot’s design but under the direction of Michel Brézin, a noted locksmith. The components were made at the arsenal except for the bronze cylinders and pistons, which were cast at a foundry in Strasbourg. Each cylinder was fourteen inches tall and twelve inches in diameter.18 With three wooden wheels, the engine fixed above the single front wheel, and the firebox-boiler suspended out front, it had a most distinctive appearance (Figure 2.5). The vehicle was completed sometime in 1770.




[image: Figure 2.5. Nicolas-Joseph Cugnot’s fardier. Source: Figuier (1891:Figure 123).]


Figure 2.5. Nicolas-Joseph Cugnot’s fardier. Source: Figuier (1891:Figure 123).





The first person to follow Leupold’s design for a high-pressure engine, Cugnot employed steam expansively. The two cylinders were inverted, with the pistons pushing downward alternately on complicated linkages that drove the front wheel from both sides (Figure 2.6.). Each stroke of a piston rotated the wheel one-quarter turn in forward or reverse. To stop the fardier, the driver operated a foot lever that pressed a wooden shoe against the rim of the front wheel.19




[image: Figure 2.6. Driving mechanism of Cugnot’s fardier. Source: author’s photograph.]


Figure 2.6. Driving mechanism of Cugnot’s fardier. Source: author’s photograph.





The innovative rack-and-pinion steering was operated with a handlebar-like control; the gearing permitted it to compensate for the weight of the engine and boiler on the front wheel. Like its predecessor, the fardier reportedly crept along at about four kilometers per hour. According to one account, the new version did not suffer a steam deficit as severe as the earlier model because it had a much larger firebox-boiler. Unfortunately, the second vehicle did not undergo final testing and there are no reliable reports of its performance characteristics. Clearly, major refinements would have been required before the steam fardier could have entered production and been sent into battle.


Perhaps later-generation prototypes might have overcome the vehicle’s performance shortcomings, but this was not to be. Gribeauval fell out of favor with the government and his reform efforts stalled; Choiseul was also gone. Apparently, no one in power saw an urgent need for a self-powered fardier—after all, France was not at war. Without a government patron willing to champion the project and no compelling military need, it died. Cugnot’s creation, which had set so many technological precedents, was stored in the Paris Arsenal and forgotten for decades.20


Because the steam fardier was a military project, few people knew about it. The first British and American accounts of the fardier did not appear until the middle of the nineteenth century.21
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