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Chapter Five

AUTOMOBILE: FORD AND GENERAL MOTORS

The automobile is the preeminent machine of the modern world, and by 1939 the manufacturing of cars was America's leading industry.  In 1900, there were 8,000 registered automobiles in the United States.  By 1939 there were 26 million.1  The dramatic increase owed much to Henry Ford.  Before he began manufacturing his Model T in 1908, automobiles were luxuries.  With the Model T, the car reached a mass market and created a new, mobile civilization.  Americans could now reside in more extensive suburbs, drive themselves to work and to shop, and travel for the holidays.  Trucks and tractors ended the isolation of rural America and made farming vastly more efficient.  New highways and paved roads connected the nation and by 1939 the car had become a necessity to millions.  Modern life today is inconceivable without it.

Ford envisioned the car as a machine for ordinary people.  To realize this vision, though, he developed a new kind of car and a radically new way to manufacture it.  He designed the Model T to be rugged and inexpensive.  His company perfected an assembly line that reduced manufacturing time from twelve hours to ninety minutes, and he passed on the savings by reducing prices.  But the key to Ford's success, rigid standardization of parts and procedures, also made Ford an authoritarian manager whose sense of the market and whose judgment in public life eventually failed him.  A great rival, the General Motors Corporation under Alfred P. Sloan, pulled ahead of Ford in the 1920s by meeting a growing demand among buyers for greater choice.

The Coming of Automobiles


Not long after the development of the steam engine in the eighteenth century, engineers saw the value of using it to power wheeled vehicles.  Steam locomotives began to pull railway trains in the 1830s, and railway networks soon linked together cities and countries.   A railway locomotive typically consisted of a coal-fueled boiler that heated water into high-pressure steam.  The engine injected the steam into side cylinders that contained pistons connected by rods to the locomotive wheels.  The high-pressure steam drove the pistons in a reciprocating (back and forth) motion that turned the wheels.2  

The automobile grew out of a new kind of piston engine that appeared in the 1860s and 1870s.  Instead of burning fuel in a separate compartment, the new engine burned a mixture of air and fuel directly within piston cylinders, a process known as internal combustion, and the explosive pressures drove the pistons.  The first internal combustion engines were stationary and used gas from burning coal as fuel.  Nicholas Otto of Germany demonstrated a one-cylinder coal-gas engine at the 1876 Philadelphia Centennial Fair.  He later used unheated gasoline as fuel.  Otto did not see the value of using his engine to power a wheeled vehicle.3  In 1885, the German Karl Benz placed a gasoline engine on a three-wheeled carriage and invented the first gasoline-powered automobile.  Gottlieb Daimler, whose company later merged with Benz, built a four-wheeled car the following year.4  Charles and Frank Duryea of Springfield, Massachusetts, began manufacturing gasoline cars in the United States in 1893.5 

In its early years, the gasoline car faced competition from steam and electric vehicles.  The Stanley brothers of Newton, Massachusetts, made steam-powered automobiles that could drive as fast as gasoline cars.  But early steam cars took thirty minutes to start and had to stop frequently to replace the water used for steam.  Although not as fast, cars powered by electric batteries started quickly and were popular, especially with women, for local driving.  Electrics required several hours to recharge, though, and electricity for recharging was scarce and expensive.  By the 1930s, steam and electric cars had lost their market to gasoline cars.6
The principal drawback of early gasoline cars was their high cost, a drawback they shared with steam and electric cars.  Prices over $1,000 at the turn of the century exceeded the annual incomes of most working people and permitted only the wealthy to buy automobiles.  In Europe, cars were built in small numbers by firms whose names became synonomous with luxury, such as Rolls-Royce in England and Alfa Romeo in Italy.  In the United States, cars like the Pierce-Arrow also served a small market that could afford high prices.  The manufacturing of early cars followed craft traditions, in which a few highly-skilled workmen assembled each car in place in small workshops or factories.  But the small scale of early automobile making also made it possible for entrepreneurs with little capital, such as Henry Ford, to enter the business.  Ford saw an opportunity to build a less expensive car for a mass market. 

Henry Ford


Henry Ford (1863-1947) grew up outside Detroit, Michigan, and spent his early adult life helping to work his father's farm.  He disliked agriculture, though, and found part-time work in the 1880s for the Westinghouse Engine Company, repairing their steam engines in his region.  In 1885 he repaired an Otto engine, which he disassembled for study.  After repairing another Otto engine in 1891, Ford decided to build a gasoline car.  He moved to Detroit to work as an engineer for the Edison Illuminating Company and built a small car in his spare time.  In June 1896 he successfully tested his car, a motorized carriage on four bicycle wheels that he called a "quadricycle."7   In August, at a convention of the Edison companies in New York City, Henry Ford met Thomas Edison, who encouraged him to keep working on a gasoline car.8  Ford built a larger car that he ran in the early summer of 1899, and with the backing of local investors, he resigned from Edison and formed the Detroit Automobile Company.  He could not make more than one or two cars a month, though, and went out of business in November 1900.9  

To raise money to start a larger company, Ford decided to race cars.  Ever since the steamboat, new forms of transportation had proved themselves in races, either to beat a fixed time or to race competitors to finish in the fastest time.  In 1807, Robert Fulton's steamboat reached a speed of four miles per hour in a trip up the Hudson river from New York City to Albany and back.  Robert Stephenson’s locomotive outperformed the other contestants at the Rainhill trials in 1829, allowing him to build a railway line between Liverpool and Manchester in England.  In 1896, Frank Duryea beat a German car made by Karl Benz in a race from New York City to Ardsley-on-Hudson and back.  Ford decided to build a car that would win on the racetrack.10   

A leading gasoline car maker in the United States at the time was Alexander Winton of Cleveland, who was also the country's foremost race car driver.  In September 1900, Winton had won a $10,000 prize in Chicago.  Living with his father, Ford worked on a racecar to challenge Winton.  The Detroit Driving Club organized a race at Grosse Pointe, Michigan, for October 10, 1901, with a prize of $1,000.  Ford and Winton both entered.  After the starting gun Winton, the favorite, took an early lead but Ford began to gain on him as the local crowd cheered him on.  Winton's car developed engine trouble, and Ford caught up and won the race with an average time of 1 minute 20 4/5 seconds per mile.  Winton had recently set the world's record of 1 minute 14 1/2 seconds, so Ford was lucky.  But beating Winton gained Ford the gratitude of Detroit and the financial backing to reorganize his company on November 30, 1901.  The new investors didn't give Ford the freedom he wanted, though, and he left in March 1902.  The firm became the Cadillac Automobile Company.11 

Ford built another more powerful car to enter the Manufacturers' Challenge Cup race in Grosse Pointe, Michigan, on October 25, 1902.  A racing cyclist, Barney Oldfield, agreed to drive the car.  Winton came to avenge his earlier defeat and Detroit eagerly awaited the rematch.  Four drivers began the five-mile race.  Winton did not even finish and Ford's car won, setting an American record under 1 minute 6 seconds per mile.  Ford organized a third company, the Ford Motor Company, in June 1903 with the backing of Alexander Malcomson, a coal dealer.  One of Malcomson's associates, James Couzens, joined as the new company's business manager, allowing Ford to devote his full attention to engineering.12

Ford introduced a new car that he called the Model A.  At 1,250 pounds, the car was light in weight but powerful.  Ford priced the car at $750 and sold 1,700 cars in the first year.  With this success, he was able to expand production without having to borrow money.  But Malcomson and other investors wanted the company to produce a higher-priced model next.  Reluctantly, Ford designed a luxury vehicle, the Model B, that sold for $2,000.  The next two models sold for $800 and $1000.   In May 1905, Ford called a news conference to announce his goal of selling 10,000 cars at $400 apiece.  Just as Edison had announced his new power and light system to the press before he had a working light bulb, so Ford proclaimed his objective before he had a design or a manufacturing system capable of such production.13  

Ford's announcement brought tensions with his investors to a head.  In July 1906, he bought out Malcomson and became majority owner of the company.  He began work immediately on a new car, the Model N, that came out in 1906.  This car weighed 1,050 pounds and could reach a speed of 45 miles per hour but Ford sold the car for only $600.  The Model N raised Ford Motor Company sales from 1,599 cars in the 1905-06 season to 8,423 in 1906-07.  Ford set his sights even higher and began planning the breakthrough car that became the Model T.14
The Revolution of 1908


Ford rolled out the first Model T in 1908.  The car weighed 1,200 lbs. and could go no faster than the Model N, but it delivered greater power to the wheels and incorporated several important innovations.  Defying conventional wisdom, Ford believed that greater strength did not require greater weight.  He built the Model T with vanadium steel, a lightweight alloy that afforded the strength of a much heavier car and was superior in quality.  He also designed the car for unpaved country roads with the body high above the ground.  The Model T had an ungainly appearance as a result but could drive through mud and grass that other cars could not.  Shifting gears was simpler than in any other car on the market, a crucial attraction to ordinary buyers.  The Ford car was also designed to be maintained and repaired by its owner.  Its basic engineering could be understood by the driver.15

 Three core systems made the Model T work:  electrical ignition, chemical combustion, and mechanical transmission of power from the engine to the wheels.  The greater complexity of automobiles since the Model T has not changed their basic reliance on electricity for ignition, combustion of gasoline fuel, and mechanical transmission of power to the wheels.  To understand the basic principles of the Ford Model T is to grasp the engineering essentials of a modern automobile. 

To start the Model T, a driver turned a hand crank in front of the car.  The crank turned a magneto, a circular case in which a flywheel with magnets rotated around a fixed wire coil.  The rotation of the flywheel generated an electric current in the same manner as a rotating armature in an electric generator.  In 1911, Charles Kettering invented a self-starter for the Cadillac that used a battery instead of a magneto to generate electricity.  This eliminated the need for a hand crank.  Ford began offering the Model T with an electric self-starter in 1919 and batteries soon replaced magnetos in automobiles.16
The electricity went to a distributor, a revolving switch that connected the current to each of four small transformers in a repeating sequence.  These stepped down the current and raised the voltage.  The Model T engine consisted of four cylinders with a sparkplug in each one.  Following the circuit illustrated in Fig. 5-1, electricity fired each sparkplug, igniting a mixture of gasoline and air that entered the cylinder through a carburetor, shown in Fig. 5-2.  Fuel injection systems today work without a carburetor.  Ignition of the fuel mixture in each cylinder released an explosive force that pushed down a piston, turning a crankshaft under the engine.  Through a gearbox, the crankshaft rotated a central driveshaft running lengthwise under the car that turned the rear axle and its wheels.

The gasoline used in automobiles was a mixture of petroleum fractions in the gasoline range.17  Taking octane (C8 H18) to represent gasoline, and the elements oxygen (O2) and nitrogen (N2) to represent air, combustion transformed these into the waste products of water (H2O), carbon dioxide (CO2), carbon monoxide (CO), and nitrogen 
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Model T Ignition System
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Model T Fuel System
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(N2) shown by the formula in Fig. 5-3.  One of these waste products, carbon monoxide, is lethal to humans, and combinations of nitrogen and oxygen that also formed were harmful to the environment.  In the early years of the automobile, few paid attention to these dangers.  Since the 1970s, cars have been equipped with converters that reduce them, but the problem of harmful auto emissions has not been fully solved.

The crankshaft connected the pistons so that when one piston went down, the one next to it went up.  By this means each cylinder went through a cycle of four piston strokes, shown in Fig. 5-4.  Following the power stroke caused by combustion, an upward exhaust stroke expelled waste gases.  A downward intake stroke pulled more fuel mixture into the cylinder, while the next upward compression stroke compressed it for ignition.  Combustion produced a new power stroke that repeated the sequence.  In the Model T engine, the crankshaft under the engine rotated one turn for every two power strokes. 
Power generated in its engine propelled the Model T forward.  Engineers measured power with several different formulas that are still used today.18  The first normally measured is the indicated horsepower or the power on the piston head produced by combustion in the engine cylinder.  The formula is the same one, PLAN / 33,000, that James Watt developed for the piston steam engine and is illustrated in Fig. 5-5.  In the Model T engine at a speed of 37 miles per hour, the average pressure of combustion on the piston head (P) was about 70 pounds per square inch.  The length of the stroke (L) was four inches (0.333 feet); the diameter of the piston head was 3.75 inches, giving an area (A) of 11.1 square inches; and the number of power strokes (N) was 3000 per 
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Fig. 5-5

Indicated Horsepower

PLAN    
     =    Indicated Hp  (Pi )      

                     

33,000 

Pressure (P)      =  70 pounds per square inch

Length (L)        =  4 inches 

Area (A)           =  D 2  where D is the diameter of the cylinder

     =  (3.75)2   square inches

Number (N)      =  3000 power strokes in a four cylinder engine

Pi             =    (70) (0.33) (11.1) (3000)    =    23.5  Hp




             33,000

Losses in power from engine to crankshaft:


Brake Hp   (Pb)         = 
   Pi (0.85)
=    20  Hp

Losses in power from crankshaft to wheels:


Traction Hp   (Pt)      =
   Pb (0.60)
=     12 Hp

minute.  Solving for PLAN and dividing by 33,000 foot-pounds per minute gave a figure of 23.5 horsepower (Hp).   About 0.85 percent or 20 Hp reached the crankshaft because of efficiency losses in the engine.  This power at the crankshaft was known as the brake horsepower of the car.  The power reaching the wheels, or traction horsepower, was about 0.60 percent of the brake horsepower, or 12 Hp, owing to further efficiency losses in the transmission.  This was still very good performance for a car of that time.19

The brake horsepower of the Model T reached the wheels through a gearbox, driveshaft, and a rear axle connected to the driveshaft by means of a "differential" gear.  Automobile gears grew out of the simple gearing mechanisms on bicycles and served the same purpose.  By changing gear, a bicyclist could shorten or lengthen the distance traveled by each revolution of the pedal.  Low gear made pedaling easier by turning the back wheel much less than in high gear.  The chain transmissions used in bicycles proved impractical for cars, though, and the crankshaft was instead connected to a solid driveshaft through a box containing gearwheels of different sizes.20  


For every two power strokes in the Model T engine, the crankshaft made one revolution, and the gears transmitted these revolutions to the driveshaft according to a ratio known as the gear ratio.  In high gear, the Model T crankshaft turned 3.63 times for every turn of the driveshaft.  In low gear, the crankshaft turned ten times.  As shown in Fig. 5-6, the driver could calculate the velocity of the car (V) by dividing the number of crankshaft revolutions per minute (NC) by the gear ratio (r), and then multiplying the result by the circumference of the wheel,  times the wheel diameter (DW).  The wheels 

Fig. 5-6

Velocity in the Model T

(NC / r)     DW      =    Velocity (V)       

                     

NC    =    crankshaft revolutions per minute (1500 rpm at 37 mph)

r       =    gear ratio, crankshaft to driveshaft (high gear = 3.63 / 1)

DW   =    diameter of wheel (2.5 feet)

(1500 / 3.63)  (2.5)  =   3243 feet per minute 

To convert feet per minute into miles per hour:

3243  x  60 minutes
 =   3243      =     37 miles per hour

5280 feet per mile 
 
         88

of the Model T were 2.5 feet in diameter.  In high gear, at its maximum crankshaft speed of 1500 revolutions per minute, the car could drive 3243 feet per minute.  Speed is usually expressed in miles per hour, and since 88 feet per minute equals one mile per hour, we can divide 3243 per minute by 88 to get a velocity of 37 miles per hour.21

In order to move, though, a car must generate enough power to overcome the resistance of the road and the resistance of the surrounding air.  These resistances are measured in pounds and their sum is called the traction force.  As shown in Fig. 5-7, multiplying the traction force (T) by the velocity (V) in feet per minute, and then dividing by 33,000 foot-pounds per minute, gives the traction horsepower that must reach the wheels in order for the car to move at a given velocity.  For convenience, we can divide by 88 and restate the formula with velocity in miles per hour as TV / 375.

Resistance of the road, also known as rolling resistance, on a level roadway is the product of a road coefficient (CR) and the weight of the car (W).   The road coefficient represents the condition of the road surface and for a paved road may be taken as 0.015.  The Model T weighed 1200 pounds.  Resistance of the air, or drag, is the product of a drag coefficient representing the shape of the car (CD), the air pressure on the front of the car in pounds per square foot (p) at a given speed, and the surface area of the car's front (AF) in square feet.  The Model T had a drag coefficient of about 1.0, and at 37 mph, the air pressure was about 3.5 pounds per square foot.  The frontal area of the car was 28 square feet.  Adding rolling resistance and drag gave a traction force (T) of 116 pounds.  Solving for TV / 375 gives a figure of 11.4 Hp.  Since this figure is less than the Model 

Fig. 5-7

Traction Horsepower Required to Drive

Traction Force

CR    W    +    CD    p    AF      =      Traction Force  (T)

CR     =   coefficient of road resistance  (0.015 for paved level road)

W    =   weight of car  (1200 pounds for Model T)

CD   =   coefficient of drag  (1.0 for Model T)

p     =   air pressure  (0.00257 V2) (at 37 mph  =  3.5 pounds per square foot)

AF   =   frontal area of the car (28 square feet for Model T)

(0.015)  (1200)  +  (1.0)  (3.5)  (28)    =   116 pounds

Traction Power
T V             =   Traction Hp required to drive

375

(116) (37)   =    11.4 Hp    ( <  12 Hp delivered to wheels )

    375

T's traction horsepower of 12 Hp, the car could travel at 37 miles per hour on a paved level road.22

Ford designed the Model T for unpaved roads on which the coefficient of rolling resistance CR was as much as 0.15 instead of 0.015.  The Model T could not travel as fast on such roads; the traction force on a road with a coefficient of 0.15 would have been about 210 pounds.  Just to reach a lower speed of 20 miles per hour, the car would have needed a traction horsepower of 11.3 Hp, close to its maximum of 12 Hp.  Demand for paved roads preceded the coming of the automobile, but the car increased public pressure for good roads and for a national system of paved highways.23 

As a car travels at faster speed, resistance of the air or drag increases.  For a 1908 Model T, the traction force at 50 miles per hour would have been 197 pounds, and the traction power necessary to travel at this speed would have been 26 Hp.  Since this number was only sixty percent of the brake horsepower, the latter would have had to reach 43 Hp, more than twice the Model T's capacity.  The auto industry met a growing demand for higher speed by building more powerful engines but there was another way to overcome the increased traction requirement caused by higher speed.  This was to reduce the drag coefficient CD by making the car more aerodynamic in shape.  If Ford had reduced the drag coefficient from 1.0 to 0.4 by streamlining its body, the Model T could have reached a speed of 50 mph on a paved level road.  The traction force would have been reduced to 89.5 pounds, requiring traction power of 11.9 Hp, just under the car's traction power of 12 Hp.  During the 1930s, Walter Chrysler designed a new car with an aerodynamic shape, and Ford and other manufacturers soon followed, giving cars more streamlined bodies as well as more powerful engines.


With the Ford Model T as an example, calculations of engine power and traction requirements show how the major features of the automobile, the road, and the air interact in an engineering sense.  What made the Model T revolutionary, though, was its combination of performance and progressively reduced cost. 

The Ford Assembly Line


The Model T was an immediate success.  But demand soon exceeded Ford's ability to manufacture the car by conventional methods.   In common with other car makers, Ford assembled his cars from components supplied by others.  Each car was assembled in place by workers who moved from car to car on the factory floor.  To assemble a chassis required about twelve hours.  To Ford, this pace was too slow and also made the car too costly to produce.  Moving to a much larger plant in the Highland Park section of Detroit in 1910, Ford and his engineers studied the assembly process closely.  They soon realized that they could accelerate production if the workers stayed in one place and the parts to be assembled moved to them.  By the earlier methods, each worker had to perform a multitude of tasks requiring many skills.  With a moving assembly, workers could now specialize in a single task, and these tasks could be sub-divided.  By 1913, the Highland Park plant consisted of a major assembly line fed by sub-assembly lines on which workers each performed a single repetitive task.  The process reduced the time needed to make the chassis from twelve hours to 93 minutes.24  

The idea of a moving assembly was not new; the meat packing industry had developed it earlier.  What made Ford's assembly line revolutionary was his combination of a moving assembly with another idea, standardized and interchangeable parts.  Ford insisted that every part of a particular type be machined to very high tolerances so that all were exactly the same.25  To ensure quality and conformity, Ford eventually produced all of his parts for himself.  As a result, semi-skilled workers could easily and rapidly assemble cars without having to adjust parts that didn't exactly fit.  The mass production of inexpensive, well-built cars followed.   In 1909 the Model T runabout sold for $825.  By 1916 the price had fallen to $345.  Sales rose from 78,440 cars in 1911-12 to 751,287 in 1916-17.  Rival auto makers began to imitate Ford's methods and car production in the United States rose to 1,745,702 in 1917.  But by then Ford had captured 43% of the market and was by far the largest car company.26
To sustain his success, however, Ford had to overcome two challenges: a charge of patent infringement and a high turnover in his labor force.  In 1879, the lawyer George Selden of Rochester, New York, patented an internal combustion engine.  By filing a series of amendments, Selden had postponed the commencement of his patent until 1895.  Patent law protected an invention for seventeen years and Selden sued Alexander Winton successfully in 1903 for infringing his claim.  The major auto makers then formed an association that paid royalties partly to Selden.  Ford refused to join and the association filed suit.  In 1909, a federal district court in New York upheld the Selden patent and threatened to put Ford out of business.  An appeals court ruled in 1911, however, that Selden had only patented a two-stroke engine, not the four-stroke engine used by Ford and most other car makers.  The Selden association collapsed and the public hailed Ford as a giant killer.27   

Labor proved to be a second challenge.  The reduction of work to a single task afforded employment to less skilled workers, including large numbers of immigrants from Europe, many black migrants from the American south, and some women and disabled people.  But the grinding repetition of the assembly line produced a high turnover each year.  Line workers earned about $2.50 a day for a nine-hour day, a rate typical of other firms in the auto industry.  In 1914 Ford dramatically raised the wage to $5.00 a day for an eight-hour shift.  Ford acted from mixed motives.  He needed to reduce turnover and he wanted to prevent labor unions from attracting support.  But he also wanted workers to be able to buy his cars and benefit from the efficiency of their work. His competitors denounced Henry Ford as a socialist and again the public hailed him as a man of the people.  His acclaim unfortunately proved short-lived. 28
Alfred P. Sloan and General Motors

The First World War of 1914-18, which the United States entered in its last two years, strengthened demand for motor vehicles but also caused enormous price inflation.  By 1920, the dollar had lost half of its purchasing power and the five-dollar day meant less.  More seriously for Ford, a great new rival to his company was emerging, General Motors.  Under Alfred P. Sloan, who headed the firm in the 1920s, GM displaced Ford as the largest car manufacturer by responding more flexibly to changing demand.    

General Motors had its origins in 1904, when a successful carriage maker, William C. Durant, switched to cars and took over a small auto company founded by David Buick in Flint, Michigan.  In 1908, Durant merged Buick with the Oldsmobile firm of Ransom Olds to form General Motors, adding the Cadillac and Oakland (later renamed Pontiac) companies in 1909.  By 1910, mainly through the popularity of the Buick Model 10, General Motors sold more cars than Ford.  Durant had financed his expansion with money borrowed from New York banks, however, and a short recession in 1910 caused his bankers to call in their loans.  He lost control of the company, which soon fell behind Ford in its share of the market.  Durant then launched a new company with the Swiss racecar driver Louis Chevrolet, who had beaten Barney Oldfield's speed record the year before.  Durant bought back control of General Motors in 1916 and added the Chevrolet company to its roster.  But Durant lost control again in the recession of 1920.  At the time, the DuPont family of Delaware had a controlling interest in GM, and Pierre S. DuPont took over as the company's president from 1920 to 1923.29
DuPont relied on Alfred P. Sloan, Jr., to reorganize the company.  Sloan had headed a roller bearing company that General Motors acquired in 1916.  In 1918 Sloan joined the managing committee of General Motors and in 1920 he became the principal assistant to Pierre DuPont.  At Sloan's urging, the auto company made two crucial changes.  First, instead of the centralized and rigid management that Ford imposed on his company, GM created a small executive staff that issued broad numerical targets for sales, market share, and profits, leaving the operating divisions of the company (Cadillac, Buick, Oldsmobile, Pontiac, Chevrolet) wide latitude in meeting them.  Second, GM provided consumers with more choice.  Each of the five GM divisions served a particular market, with Cadillac providing the most expensive cars and Chevrolet the most affordable ones.  Most of the working parts of GM cars were standardized but body shape and other visible details varied so as to provide more variety to consumers.  Annual style changes became a feature of GM by the 1930s.  Sloan's innovations reflected the social differences in society that Ford's Model T stood against.  But Sloan, who became president of General Motors in 1923, responded to a public demand for greater consumer choice and for more flexible management that Ford could not bring himself to embrace.30     

By the 1920s, the public had begun to tire of the Model T.  Better roads made its ruggedness less attractive.  The Ford car had always come in several body types that rode on a common chassis, but the basic style of the car didn't change.  As sales fell, the company finally phased out the Model T in 1927 and began marketing new cars in different price ranges.  By then General Motors had taken Ford's place as the largest U.S. auto company.31
The rigid standardization that contributed to Ford's success in the end worked against him.  He became autocratic in his later years and attracted controversy in his public comments on wider issues.  In a 1915 libel suit, he declared, "History is more or less bunk."  He denounced banks, unions, and jazz music for undermining the small-town way of life, even as his automobiles were helping to end the isolation of rural America.  In the early 1920s Ford paid for a series of anti-Semitic articles in a local newspaper that he owned.  He had to issue a public apology for these in 1927.  In his later years, Ford exemplified the danger of believing that success in one area of endeavor entitled him to trust his judgment in others.  He willed his fortune to establish the Ford Foundation, however, which he left free to support more inclusive goals for society and the world.32  

References
1.  For automobile registrations in 1900 and 1939, see Automobile Facts and Figures, 22nd ed., Automobile Manufacturers Association, Detroit, 1940, pp.

2.  For a contemporary account of how the steam locomotive worked, see Emory Edwards, Modern American Locomotives, Henry Carey Baird and Company, Philadelphia, 1883, pp. 101-119.

3.  On the early internal combustion engine, see Lynwood Bryant, "The Silent Otto," Technology and Culture, Vol. 7, No. 2 (1966), pp. 184-200; and "Origin of the Four-Stroke Cycle," ibid., Vol. 8, No. 2 (1967), pp. 178-198. 

4.  On Benz and Daimler, see St. John C. Nixon, The Invention of the Automobile (Karl Benz and Gottlieb Daimler), London, [1936].

5.  On the Duryea car, see Richard P. Scharchburg, Carriages Without Horses : J. Frank Duryea and the Birth of the American Automobile Industry, Society of Automotive Engineers, Warrendale, PA, 1993.

6.  For early steam and electric vehicles, see James J. Flink, America Adopts the Automobile 1895-1910, MIT Press, Cambridge MA, 1970, pp.  234-244.

7.  On Ford's life, the most complete account is still the three-volume study by Allan Nevins with Frank Ernest Hill, Ford, The Times, the Man, the Company;  Ford: Expansion and Challenge 1915-1933;  and Ford: Decline and Rebirth 1933-1962, Charles Scribner's and Sons, New York, 1954, 1957, and 1963.  For a more recent biography, see Carol W. Gelderman, Henry Ford: The Wayward Capitalist, Dial Press, New York, 1981.  On the Ford quadricycle, see Allan Nevins, Ford: the Man, the Man, the Company, pp. 152-161.  

8.  On Ford's meeting with Edison, see ibid., pp. 166-167.

9.  For Henry Ford's second car and first company, see ibid., pp. 169-191. 

10.  For an account of the Fulton and Stephenson races, see David P. Billington, The Innovators: The Engineering Pioneers Who Made America Modern, John W. Wiley and Sons, New York, 1996, pp. 42-44, 97-100.  On the Duryea race, see Allan Nevins, Ford: the Man, the Man, the Company, p. 162. 

11.  For Ford's racing career and second company, see ibid., pp. 192-213.

12.  On the 1902 race, see ibid., pp. 217-219; and for his third and last company, see ibid., pp. 213-332.

13.  On these early models, see ibid., pp.  241-251, 260-272.  For the 1905 announcement, see pp. 272-273.  

14.  On Ford's breakup with Malcomson and the success of the Ford Model N, see ibid., pp. 275-283, 323-353.  See also James J. Flink, America Adopts the Automobile, 1895-1910, pp. 268-275.

15.  For the engineering of the Model T, see the Ford Manual for Owners and Operators of Ford Cars, Ford Motor Company, Detroit MI, 1914.  See also Allan Nevins, Ford: the Times, the Man, the Company, pp. 387-393; and Floyd Clymer, Henry's Wonderful Model T 1908-1927, McGraw-Hill, New York, 1955.

16.  On Kettering, see Thomas Alvin Boyd, Professional Amateur: The Biography of Charles Franklin Kettering, Dutton, New York, 1957.

17.  For the chemistry of gasoline, see John Nicholas Burnett, Gasoline, NLA Monograph Series, State University of New York, Stony Brook NY, 1991, pp. 47-48. 

18.  For measurements of engine power at the time, see Robert L. Streeter, Internal Combustion Engines, McGraw-Hill, New York, 1923, pp. 247-260.  These formulas were still employed in John B. Heywood, Internal Combustion Engine Fundamentals, McGraw-Hill, New York, 1988, pp. 49-51.

19.  The PLAN variables have to be assembled or inferred from different sources.  The Model T Advance Catalog (Ford Motor Company, Dearborn MI, 1908) gave the engine bore (L) as four inches and cylinder diameter as 3.75 inches.  Area (A) can be calculated in square inches by the formula DC2 / 4, where DC is the cylinder diameter.  Number of power strokes per minute (N) varied with the engine speed or number of crankshaft revolutions per minute (NC) and the number of cylinders.  The Model T's engine had four cylinders (C) and each rotated the crankshaft by one-half a turn.  At 37 mph, NC = 1500 rpm, according to Floyd Clymer, Henry's Wonderful Model T, p. 127.   Therefore, 4C = 2NC = 3000 per minute.  Pressure (P) can be inferred as an average value from LAN and the indicated Hp.  The 1908 Model T Advance Catalog listed a "horsepower" of 20, almost certainly the brake horsepower.  For calculation of brake Hp, see Appendix [    ].  Traction horsepower is also called road-load or vehicle road-load power.  Ford gave the "horsepower" of the 1914  Model T with the formula DW2 n/ 2.5,  where DW is the diameter of the wheel in feet, n is the number of crankshaft revolutions per minute, and 2.5 was an empirical number.  The formula gave a figure of 22.5.  See the 1914 Ford Manual for Owners, p. 30.  

20.  On gear systems, see Philip G. Gott, Changing Gears: The Development of the Automotive Transmission, Society of Automotive Engineers, Warrendale PA, 1991.

21.  Actual velocity was 36.86, rounded here to 37 mph.  For the different velocities in low and high gear, see Appendix [    ].

22.  For the values of CR and  CD, see John B. Heywood, Internal Combustion Engine Fundamentals, pp.          .   Air pressure is the square of the car's velocity multiplied by a standard factor, 0.00257, that represents both the density of air at sea level and a factor to convert velocity in miles per hour to feet per minute.  At 37 mph, the Model T faced an air pressure of 0.00257 (37)2 or 3.5 pounds per square foot.  

23.  See Allan Nevins, Ford: The Times, The Man, The Company, pp. 256-259.

24.  For a detailed first-hand description of Ford mass production, see Horace Lucien Arnold and Fay Leone Faurote, Ford Methods and the Ford Shops, Engineering Magazine Company, New York, 1915.

25. James P. Womack, Daniel T. Jones, Daniel Roos, The Machine That Changed the World, Rawson Associates/Simon and Schuster, New York, 1990, pp. 26-39.

26.  For the prices of Ford cars from 1908/9-1916/17, see Floyd Clymer, Henry's Wonderful Model T, pp. 109-121.  For Model T production figures, see ibid., p. 134.  Ford data were based on a fiscal year, not a calendar year, but Ford's share of the market may be calculated approximately using the annual data for automobile production in Automobile Facts and Figures, 1940, p. 5.  

27.  On the Selden patent controversy, see William Greenleaf, Monopoly on Wheels: Henry Ford and the Selden Automobile Patent, Wayne State University Press, Detroit, 1961.

28.  On the five-dollar day and Ford's relations with labor, see Stephen Meyer, The Five Dollar Day: Labor Management and Social Control in the Ford Motor Company, 1908-1921, State University of New York Press, Albany, 1981.  Ford also tried to regulate the private lives of his workers through his company's Sociological Department.  These efforts helped some but were regarded by many as intrusive.  Ford's hostility to labor unions was shared by other manufacturers of the time.

29.  On Durant and the rise of General Motors, see Bernard A. Weisberger, The Dream Maker: William C. Durant Founder of General Motors, Little Brown, Boston, 1979.  

30.  On Sloan's management of General Motors, see Alfred P. Sloan, Jr., My Years with General Motors, ed. John McDonald with Catherine Stevens, Doubleday, New York, 1964, pp. 45-70, 149-168, 238-247.  See also  Arthur J. Kuhn, GM Passes Ford, 1918-1938: Designing the General Motors Performance-Control System, Pennsylvania State University Press, University Park, 1986.  

31.  On the decline of the Model T in the 1920s, see Allan Nevins, Ford: Expansion and Challenge, 1915-1933, pp. 379-436; and Alfred P. Sloan, Jr., My Years with General Motors, pp. 158-162.  

32.  On Ford's view of history, see John B. Rae, Great Lives Observed: Henry Ford, Prentice-Hall, Englewood Cliffs NJ, 1969, pp. 53-54.  For his anti-Semitism, see Albert Lee, Henry Ford and the Jews, Stein and Day, New York, 1980.  On the Ford Foundation, see Dwight MacDonald, The Ford Foundation: The Men and the Millions, Reynal, New York, 1956; and Richard Magat, The Ford Foundation at Work: Philanthropic Choices, Methods, and Styles, Plenum Press, New York, 1979.








7

