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PRESENTATION

I am extremely grateful to ASI for giving me the opportunity to share with their members and
other enthusiasts my passion for early cars. The material presented here was originally the
basis of a programme of lectures given at a number of Italian universities between 2015 and
2017. The lecture notes were later turned into a series of articles and published in the
magazine ‘La Manovella’. These described the most important early automobile
manufacturers, the circumstances that led to the growth of these companies, and the
technologies adopted in their cars.
It was subsequently decided to publish the material in a dossier in “Cultura on-line” so as to
provide an easily accessible written record, giving readers the opportunity to gain a better
understanding of the story behind the development of the first cars.
This account covers the twenty years from 1886 to 1906 which was particularly a significant
period in the emergence of the car. It was during those years that the horse-drawn carriage
was transformed, through the replacement of the horse by a crudely-built engine, into a
motorised vehicle. As we shall see, by the early 1900s the technology of the automobile was
already consolidated, at least with respect to the main elements. The beginning of the period
coincides with the launch of Benz's Patent Motorwagen, the first car to go into production
and be sold on the market, while 1906 was the year of the presentation of Daimler's
Mercedes Simplex, the first car to have a four-cylinder front engine, radiator cooling, a
pressed-steel chassis with side members and crossbars, as well as a sliding train gearbox
with a shift pattern like today’s – basically all the principal elements which were widespread
until the 1950s.
One of the great attractions of the early cars lies in their uniqueness. This was the result of
several factors. When they were being developed there was still no consolidated technique
from which to draw inspiration, and the various attempts to tackle the problems faced did
not necessarily lead to the same solution. Their diversity was also due to the custom of
resorting to patent protection, which sometimes extended to details that would now appear
trivial. There was, in addition, the conviction that diversity in itself constituted a fundamental
element of marketing.
Since it is impossible to describe here the achievements of the hundreds of brands that
existed in those years, I have considered only the most well-known ones from the countries
principally responsible for the birth of the automobile: Germany, France, the United States
and Italy. I have described the vehicles of the very first manufacturers to appear in these
countries, even though, in the case of Duryea and Miari & Giusti, they were not very
numerous.
A common trait of the pioneers of this fledgling industry is that, in addition to being farsighted entrepreneurs, they were first and foremost passionate enthusiasts of this new
means of transport and often also inspired technicians. Many spent their early professional
lives in design offices and workshops, trying to solve with their own inventiveness and
empiricism the many problems that arose. Behind these early cars and the industries that
grew up to produce them, there was usually a single key figure – an engineer at heart,
though not always recognised as such professionally.
3

The car and the internal combustion engine were indisputably born in Germany, but it was
French entrepreneurs who transformed them into an industrial product. They initially
adopted German technology, often through the purchase of licences, and only later arrived
at a completely national product.
In this same period, the various international exhibitions held in Paris and the sport of motor
racing, both French inventions, acted as catalysts for the spread of interest in cars in other
countries.
French automobile production also influenced the development of the first cars in Italy. It is
interesting to note that the Fréjus railway tunnel, inaugurated in 1871, meant that
communication between northern Italy and Paris was easier than with the rest of Italy.
Although Britain was the European country with the highest rate of industrialisation, it does
not appear in the history of these early years as there was a deliberate strategy to avoid
playing a significant role, due to a rather foolish refusal to recognise the potential of the first
self-propelled road vehicles.
In the United States, on the other hand, the evolution of the car followed its own path, which
meant that for many years American cars were very different from European ones, both in
terms of technical solutions and production systems.
For the above reasons, the manufacturers presented in this account are, for Germany, Benz
(the very first car manufacturer) and Daimler; for France, Panhard & Levassor (the first
French manufacturer), Peugeot, De Dion-Bouton and Renault; for the United States, Duryea
(the first US manufacturer), Oldsmobile and Ford and, for Italy, Miari & Giusti (the first Italian
manufacturer) and Fiat. Much older manufacturers, such as Isaac de Rivaz, 1807, Etienne
Lenoir, 1863, Siegfried Marcus, 1888, and others, have not been examined in depth as they
developed only laboratory prototypes without ever putting them into production. Some
information is nevertheless given on these companies in the first chapter.
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1 - FIRST TENTATIVE STEPS

The automobile, defined as an industrially-produced self-propelled vehicle, is usually said to
have started life in 1886, the date of the first journey made by Benz's Patent Motorwagen
(patented motor wagon) and the almost simultaneous debut of Daimler's Motorkutsche
(motor carriage). These were not the very first automobiles to be built, but they were the first
with sufficient reliability to be considered an industrial product rather than a laboratory
experiment.
This chapter focuses on the most important attempts made prior to 1886 to develop a
motorised vehicle, and the main problems faced by the first automobile engineers.
The first known prototype was the Fardier, designed the French military engineer Nicolas
Cugnot, pictured in fig. 1.1.

Fig. 1.1 Nicolas Cugnot (1725 – 1804).

The Fardier was tested in 1771, even before the first railway locomotive, which was built by
Watt in only 1776. The Fardier, seen in fig. 1.2, had three wheels and a frame of reinforced
wooden beams, taking its inspiration from the technology then in use for heavy wagons. The
only metal elements were the wood-fuelled boiler and the two-cylinder engine, both of which
were cantilevered and supported by the front steering wheel.

Fig.1.2 Cugnot’s Fardier.

5

The engine, shown in fig. 1.3, did not use the classic rod and crank mechanism. The piston
rods were connected to the wheel axle by means of a ratchet clutch. The phase opposition
of the two pistons was guaranteed by a balance with chains. The boiler was a large doublebottomed vessel containing water in the upper part and a firebox below.

Fig. 1.3 Il The engine of Cugnot’s Fardier.
The original purpose of this engine was to handle the movement of pieces of artillery. After
a serious accident however, probably caused by its lack of brakes, the project was
abandoned and never resumed.
In England, Richard Trevithick, pictured in fig. 1.4, who had already invented a road
locomotive, tried his hand at a similar undertaking in 1803. He had better luck, thanks also
to a more refined design. His vehicle, the London Steam Carriage, was used for public
transport.

Fig. 1.4 Richard Trevithick (1771 – 1833).

6

Fig. 1.5 is a photograph of a replica of this three-wheeled, rear wheel drive stagecoach which
had a steering system similar to that of a boat. By means of a crank and connecting rods,
the single cylinder engine turned a transverse axle, that drove the driving wheels through a
gear reduction system.

Fig. 1.5 Replica of Trevithick’s London Steam Carriage.

Similar vehicles were developed by other manufacturers. About twenty years later, there
were a number of routes in Britain were served by steam-powered stagecoaches. These
were never very popular, however, due to their high cost compared to horse-drawn
stagecoaches and the difficulty of competing with the railway in terms of speed. In addition,
public opinion deplored the smoke, noise and potential danger they posed to both
pedestrians and horses.
The coup de grâce to the development of road vehicles in Britain was delivered by
Parliament which, in response to the criticism, passed the Red Flag Act in 1865. This limited
the speed of self-propelled road vehicles to 2 mph in built-up areas and 4 mph on other
roads, and imposed the requirement that vehicles be preceded by a man on foot, carrying a
red flag, to warn other road users of the impending danger.
This law, repealed only in 1896, deprived the automobile of all practical advantages and
precluded it from playing a major role in British industry, despite the fact that the technology
developed in the UK was ahead of the rest of Europe.
In parallel with the steam engine, studies were being undertaken in Europe on the internal
combustion engine. Many engineers took up this challenge, enticed by the prospect of
integrating the boiler and engine into a single mechanical system. The fuel used at that time
was hydrogen, which was obtained in the laboratory with great difficulty.
7

One of the first engines was linked to a prototype, tested in 1807 by its designer and builder,
the Swiss Isaac De Rivaz, pictured in fig. 1.6. De Rivaz's vehicle is shown in fig. 1.7 in the
illustration provided in his patent documents.
The engine, progenitor of many similar designs, consisted of a piston that could move freely
within a vertical cylinder. A rod, fixed to the piston, was connected by chains that wound in
both directions on a pulley with a horizontal axis. This pulley was flanked by a roller and
connected to it by a ratchet clutch. The pulley and roller rotated together only when the
piston moved downwards.

Fig. Isaac De Rivaz (1752 – 1828).

Fig. 1.7 Drawing of De Rivaz’s prototype.
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Hydrogen and air were introduced into the combustion chamber through manually operated
taps, and the mixture was then ignited with an electric spark. The energy released by the
combustion propelled the piston upwards. The piston's own weight and the internal
pressure, which fell below atmospheric pressure as the residual gases cooled, slowly
returned the piston to its initial position. During its descent, the wheel's clutch linkage rotated
the vehicle's drive axle. At the end of the descent, the combustion gases were discharged
by manually opening a tap, and replaced with a new inflow.
This type of internal combustion engine, very different from today's, was called an
atmospheric engine, to highlight the fact that the effort was produced by atmospheric
pressure which, during the working stroke, was higher than the pressure inside the cylinder.
De Rivaz's vehicle weighed about 900 kg and the test reports cite a speed of around 7 km/h.
The piston had a bore of 365 mm and a stroke of 1,500 (giving a displacement of 157,000
cm³). Each cycle lasted about a minute, during which the pilot had to manually adjust the
timing and ignition control with great care.

Fig. 1.8 Niccolò Barsanti (1808-1864) and Felice Matteucci (1821-1887).

The design of the atmospheric engine was considerably improved by the Tuscan inventors
Niccolò Barsanti and Felice Matteucci, seen in fig. 1.8. The former was a religious man and
a professor of mechanics and hydraulics at the Ximenian Institute in Florence, the latter a
hydraulic engineer. The fundamental feature that differentiated their atmospheric engine
from the De Rivaz engine was that they had automated all the operational phases.
In 1853, a sealed memorandum describing the results that could be obtained from the
invention was deposited at the Accademia dei Georgofili in Florence. One of the illustrations
is shown in fig. 1.9. The document established a right of priority, with the date of its
publication in 1863.
Barsanti died prematurely in 1864, without seeing the company founded to produce his
engines achieve the success it deserved. In fact, none of his engines was ever used to move
vehicles – they were employed only for industrial applications. A replica of one of them is
shown in fig. 1.10.
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Fig. 1.9 Drawings of the engine designed by Barsanti and Matteucci.

Fig. 1.10 Replica of Barsanti and Matteucci’s engine.
Economic success, on the other hand, came to Jean Lenoir, pictured in fig. 1.11. He was
the first inventor in the field of internal combustion engines to develop an industrial-type
production process and more than 600 of his engines were sold for stationary applications.
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Fig. 1.11 Jean Lenoir (1822-1900).

Lenoir's engine, of which an original example can be seen in Fig. 1.12 next to that of Barsanti
and Matteucci, was not an atmospheric engine, but similar in operation to a steam engine.
It was a two-stroke engine with double-action, and without a compression phase.
It was in fact a steam engine that had been converted into an internal combustion engine,
as is evident from the diagram in fig. 1.13. The double-acting piston acted on a cross-headed
crank mechanism. The crankshaft controlled with two eccentrics the sliding valves, one for
the exhaust and one for the intake. The fuel, so-called “town gas”1, came from a gas cylinder
kept under light pressure.

Fig. 1.12 Lenoir’s engine displayed next to that of Barsanti and Matteucci.

1

Town gas is a mixture of carbon monoxide, hydrogen and carbon dioxide, obtained by burning coal in a vacuum. Also
called coal gas, it was used in Italy for domestic and industrial purposes until the 1950s, when it was replaced by
methane.
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Fig. 1.13 Drawing of Lenoir’s engine.

The drawing in fig. 1.14, attributed to Lenoir, shows a longitudinal section of a vehicle
equipped with this engine. It seems unlikely however that such a small tank, filled with town
gas, could ensure sufficient autonomy. There is no record of the vehicle actually working,
although some documents refer to attempts being made in 1863.
Nikolaus Otto, seen in fig. 1.15, was unable to benefit from the technical education suited to
his aspirations. His job as a sales representative nevertheless allowed him to become
acquainted with Lenoir’s engines and to try to remedy their defects. His idea was to
compress the mixture fed into the engine, but failures in his attempts to do so convinced
him, at least initially, that atmospheric engines were preferable.

Fig. 1.14 Drawing of a motorised vehicle attributed to Lenoir.
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Fig. 1.15 Nikolaus Otto (1832 – 1891).

In 1864, together with Eugen Langen (1833 – 1895), a man with a dynamic personality and
expert in launching new industrial activities, he founded Otto & Co. (later to become Deutz
and, later still, Kloeckner-Humboldt-Deutz A.G.). Their aim was the industrial exploitation of
the engine shown in fig. 1.16, of which 2,650 were produced between 1864 and 1882. It was
mainly used in workshops, replacing engines or water wheels, which until then had been the
only source of mechanical energy.
Its success was recognised at the 1867 Paris International Exhibition, where it was awarded
the gold medal for the most fuel-efficient engine.
The engine was similar to Barsanti's. However, numerous improvements, including the
control of the shaft by means of a free-wheel clutch invented by Langen and the simpler
timing and ignition control, justified its excellent reputation for reliability. The accusations of
forgery made by Barsanti after the Paris exhibition were considered unfounded.
Encouraged by the success of this atmospheric engine, Otto returned to his earlier idea of
compressing the mixture before combustion. While this approach seemed encouraging in
theory, in practice it had not produced good results due to the difficulty of mastering, with
the technologies of the time, the problems of auto-ignition and detonation, which could be
caused by the higher combustion temperature.
After numerous attempts, Otto succeeded in perfecting the design of a four-stroke engine
which he patented. This engine, shown in fig. 1.17, had a slide and a poppet valve. The
former was for the intake and ignition, the latter for the exhaust. The ignition was not
electrical, but was triggered by the flame of a burner which, at the appropriate moment,
entered into contact with the inside of the engine. About 40,000 engines of this new type
were built by Otto and his licensees between 1876 and 1889.
The patent gave Otto exclusive rights to the four-stroke engine and protected it very
effectively against counterfeiting. The result was to block all attempts to develop similar
engines in Germany and elsewhere.
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Fig. 1.16 The Otto-Langen atmospheric engine.

A document written in 1862 by the Frenchman Alphonse Beau de Rochas, detailing the
advantages of a four-stroke cycle, was discovered in 1884. This document was cited by one
of Otto's competitors and served, after a lengthy trial, to invalidate his patents.
Otto's good faith was never in doubt, nor was the production of his engines adversely
affected. The outcome of the court case nevertheless had the effect of opening up access
to four-stroke engine technology and, indirectly, facilitating the birth of the automobile.
It is worth pointing out that an automobile suitable for practical use could only become
possible when materials and manufacturing technology had progressed to the stage where
it was possible to produce relatively small lightweight engines.
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Fig. 1.17 Deutz’s four-stroke engine.

Neither hydrogen nor town gas proved to be the right solution for the energy supply of a
moving vehicle, since it needed to be stored on board. The first car with an engine which
ran on petrol, a fuel which was easy to transport and had a high energy content, was built in
Vienna by Siegfried Marcus, seen in fig. 1.18, at the same time Otto was developing his
engine. Marcus was a brilliant inventor, active not only in the automotive field but also in the
application of electricity. His inventions included a carburettor and the magnet detonator for
exploding mines, from which magneto ignition is thought to have been derived.

Fig. 1.18 Siegfried Marcus (1833 – 1898).

The first atmospheric car engine, which he made in 1864, was installed in a vehicle similar
to that of De Rivaz. This was followed by studies on a two-stroke engine and were apparently
applied as early as 1875 to the car shown in fig. 1.19. Finally, Marcus devoted himself to
developing a four-stroke engine, which was installed in the same car in 1888. This engine
is on display in the Technical Museum in Vienna.
Unlike the engines invented by Otto, from whom he drew his inspiration, those of Marcus
were powered by a mixture formed by passing a current of air over cloths soaked in petrol
and were equipped with a magneto ignition device. It should be noted that in Austria at the
15

time, petrol was regarded as a by-product of little use. It derived from the distillation of the
recently discovered Polish oil, used to produce fuel for burning and lubricants.

Fig. 1.19 The automobile developed by Siegfried Marcus.

The problems of building a workable car were not limited to the engine. If we take the horsedrawn carriage as a reference for vehicle technology at the time, we find that although it had
some features in common with the early cars, the replacement of the horse by an engine
posed numerous problems.
The front axle of the horse-drawn carriage pivoted on a fifth wheel that followed the trajectory
of the animal. Any loss of stability in bends was compensated for by the pull exerted by the
horse which prevented the vehicle from overturning. This could not happen in a selfpropelled vehicle, and therefore a new steering system had to be invented.
A suitable arrangement also had to be found for the powertrain so as not to reduce the
passenger space excessively. The engine, usually mounted on the bodywork, had to
transmit the motion to the wheels through a mechanism that could cope with variations in
their position due to the effect of the suspension. The internal combustion engine could only
deliver power at speeds above a certain threshold. Since the vehicle had to be able to start
from standstill, and also accelerate and regulate its speed, it was necessary to create
devices that would allow variation in the communication between engine and wheels – in
other words a gearbox and clutch.
The wheels of a carriage were only stressed by the weight of the carriage itself. In a selfpropelled vehicle, on the other hand, they also had to transmit the forces of acceleration and
braking to the rim.
All of this meant that the problems to be solved were numerous. There are those who claim
that for the invention of the automobile we are indebted not so much to the development of
the internal combustion engine as the tyre.
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2 – BENZ

Karl Benz, pictured in fig. 2.1 at the age of 56, was born in Karlsruhe, Germany, in 1844.
Despite the economic difficulties caused by the premature loss of his father, he was able to
grow up in his home town and receive a complete education, first at high school and then at
Karlsruhe Technical University, the first Engineering Faculty in Germany. This gave him the
opportunity to further his ambitions, taking advantage of all the most up-to-date scientific
knowledge.

Fig. 2.1 Karl Benz (1844 – 1929).

After a short period as apprentice at the Karlsruher Maschinenfabrik, he set up several
businesses of his own, but they struggled to get off the ground due to lack of funds. It was
only in 1883 that he obtained sufficient funding to start an engine-building company, Benz
& C. Rheinische Gasmotorenfabrik. This was located in the city of Mannheim and produced
two-stroke engines. Although Benz considered their performance inferior to that of fourstroke engines, this choice was made necessary by the patents taken out by Otto, which
were still valid at the time. The Benz engines were however reasonably successful in static
applications that were characterised by their unique and highly efficient ignition and fuel
systems.

Fig. 2.2 Illustration from the patent of the Patent Motorwagen.
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Otto's patents were revoked by an Imperial Supreme Court ruling in 1886, freeing Benz from
any constraints with regard to the four-stroke engine. He had, evidently, already been
working on a project for some time and was waiting for the right moment to develop it. In the
same year as the ruling, he was able to submit his own patent for a vehicle powered by a
four-stroke engine. An illustration of this engine from a document that extended the patent
protection to the United States can be seen in Fig. 2.2.
This document is extremely interesting because it allows us to assess, at least indirectly, the
state of knowledge at the time regarding the concept of the automobile. It does not state for
example that the vehicle was powered by an engine, nor that the engine was gas fuelled
(the name then used for the four-stroke internal combustion engine), or that gas was
produced on board from a transportable liquid fuel. Siegfried Marcus had in fact already
designed a carburettor and built something of this kind.
It did on the other hand state that the axis of rotation of the engine was vertical and that a
single control lever was used, whose two-way movement engaged or disengaged the clutch
and controlled the brake at the same time. Benz was, in fact, concerned about two problems
that today we would consider marginal: the possible negative influence of the gyroscopic
force of the heavy flywheel, which could have hindered steering the vehicle into a bend, and
the difficulties the driver would face with the combined use of brake and clutch to bring the
vehicle to a halt without the engine stalling, or to start it smoothly.
It would therefore seem incorrect to identify the Patent Motorwagen as the very first car. It
was, more precisely, the first practical realisation of a car to be produced for the market. The
fundamental technologies were in fact already available, even though only on paper or
tested on laboratory prototypes. It was still necessary, and this was no small matter, to find
solutions to the many practical problems posed by the production of a small series.
The Patent Motorwagen appeared on the streets of Mannheim on the 5th of September 1886.
The Generalanzeiger, Mannheim's daily newspaper, commented on the event with these
words: A velocipede propelled by ligroin gas, designed by Benz & Co. Rheinische
Gasmotorenfabrik, was driven on the city ring road this morning for a test run. We believe
that this vehicle has a promising future because it can be used without too much difficulty
and because, if its speed can be increased, will become the most economical means of
transport for business travellers and perhaps also for tourists.
Benz's fuel of choice, ligroin, or petroleum ether, was an easily evaporated distillate available
in pharmacies. It later became known commercially as ‘benzine’2. A petroleum derivative
was the only carburant that could provide the energy to guarantee a sufficient range.
Fig. 2.3 shows a replica of the Patent Motorwagen on display at the Mercedes Museum in
Stuttgart. One of the originals, still in excellent condition, can be found in Munich’s
Deutsches Museum to which it was donated by Benz in 1906.

2

While the name ‘benzine’ is of German origin, it is not, as it would seem, derived from Benz. It is thought to be a
mispronunciation of Bizerte, the port in Tunisia through which the raw materials used in the preparation of various
petroleum derivatives had passed since the Middle Ages.
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The elements of the frame, based on Benz's design, were made by Adler, a well-known
German bicycle brand, adopting standard technologies: a steel tubular frame, wheels with
metal spokes and solid rubber tyres, and hubs with ball bearings. The total weight of the
two-seater vehicle was only 260 kg.

Fig.2.3 The Patent Motorwagen 1886.

Fig. 2.4 The engine of the Patent Motorwagen.

The engine had a single cylinder (90 mm bore, 150 mm stroke, and displacement of 954
cm³) mounted in a horizontal position and longitudinally, as can be seen in fig. 2.4. As
indicated in the patent, the crankshaft had a vertical axis of rotation. A bevel gear had the
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dual purpose of driving the transmission pulley and the distribution, which had a sliding valve
for the exhaust and a poppet valve for the intake.
The crankshaft, flywheel and bevel gears were exposed to the elements and lubricated at
key points with a gravity-feed oiling system.
The surface type carburettor is visible at the bottom left of the photograph, behind the
horizontal cylindrical petrol tank. It consisted of a vertical constant level reservoir, in which
the evaporation of petrol was facilitated by being heated with the exhaust gases. Air was
sucked in by the vacuum created by the depression and entered through an opening in the
lid, passing over the petrol in the reservoir and as a result being enriched with vapour. A
small expansion tank in the carburettor prevented drops of fuel being drawn into the engine
with the gaseous mixture.
The details of the carburettor and vibrator ignition are similar to those which will be illustrated
later, in figs. 2.14 and 2.15, for the Benz Velo.
The engine cylinder was surrounded by a water-filled cavity. The heat of the engine turned
this into steam, moderating the temperature of the metal. Some of the heat was dissipated
through the walls of the water tank, but most of it transformed the water into steam, rapidly
consuming the reserve.
The complete engine weighed 96 kg and delivered around 0.7 HP at 300 rpm, enough to
propel the car to 16 km/h.
The bevel gears operated a single-ratio belt drive, which rotated the housing of the
differential. Its planetary gears in turn controlled a chain drive for each of the rear wheels. In
this way, it was possible to transmit movement to the wheels, even though their position in
relation to the chassis was variable due to the suspension.
The cylindrical driving pulley, located on the housing of the differential, was flanked by an
identical idler. With the combined brake-clutch control lever, the belt could be moved from
one to the other, making it possible to halt the vehicle without stopping the engine. It also
permitted a smooth start due to the initial slippage of the belt on the pulley. The leather belt
drive with double pulley was a characteristic feature of Benz cars for many years.
In the first version of the car, Benz failed to find a satisfactory solution for the steering control
and opted for a tricycle design without front suspension.
It was reported that the Patent Motorwagen managed to cover 940 km in a single trip without
a breakdown, consuming only 140 litres of petrol (14.9 l/100 km) but 1,500 litres of water
(160 l/100 km)!
In all, twenty-four cars were built, all similar in design to the first one. It is said that in 1888,
Benz’s wife Berta, apparently without her husband’s knowledge, took their children on a 190
km trip in a Patent Motorwagen to visit their grandmother. It was an attempt to convince
doubters of the reliability and ease of driving of this new vehicle.
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Subsequent models included the Victoria and the Velo, a scaled-down Victoria, of which
some 2,200 were produced between 1893 and 1900 – a considerable number for the time.

Fig. 2.5 The Victoria of 1893.

The name Victoria probably derived from the type of four-seater carriage, which had a similar
external shape. One of them is shown in fig. 2.5. Note the arrangement of the facing seats,
the four wheels all of which had suspension, and the axles connected to a light flexible
tubular frame. The engine, still at the rear, was now hidden under a bonnet which opened
with two shutters and had a folding lid.

Fig. 2.6 The bicycle-type wheels of the Patent Motorwagen.
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Fig. 2.7 An artillery wheel designed for chain transmission.

Due to its greater weight, the Victoria did not have spoked wheels. It has to be borne in mind
that the spokes of the Patent Motorwagen, like bicycle wheels at the time, passed through
the hub axle (note their mounting in fig. 2.6). With this type of construction, the wheel was
not suitable for transmitting the driving force with drive chains. Only later, with the invention
of tangent spokes and drive shafts, were spoked wheels appreciated for their lightness and
sporty image.
Artillery-type wooden wheels were preferred. Fig. 2.7 shows a detail of one of these on the
driven axle. It was hand-built with solid wooden spokes inserted into the two-part hub and
the hot-forged steel rim. The bearings, again for the sake of strength, did not have ball
bearings – the bronze hub simply slid over the axle pin. The sprocket wheel was bolted to
the spokes.
The front wheels of the patented steering mechanism used on the Victoria rotated on two
steering knuckles, as can be seen in fig. 2.8, allowing the vehicle to be steered without
affecting its roll-over stability.

Fig. 2.8 The Victoria with its central driving position.
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One major problem concerned the transmission of the rotation to the spindles, which were
fixed to the axle. This had to be done from a control shaft placed on the body of the vehicle,
which was suspended, and therefore in a variable position with respect to the axle. Benz
solved the problem in an original way, transmitting the control via a pair of leaf springs, as
shown in fig. 2.17 below.
The engine had a horizontal shaft, as the concern about the effect of gyroscopic force had
proved unfounded. It did retain, however, other features of the earlier engine design, such
as the surface carburettor and evaporative cooling, which can be seen in fig. 2.9.
One improvement with respect to the Patent Motorwagen was the addition of a series of fins
to the brass tank, located on the left side of the engine compartment, which helped condense
the steam formed by the cooling water. Though reduced to around 16 l/100 km, water
consumption was still a critical factor.
The power generated by the engine, which originally had a displacement of 1,724 cm³, was
3 HP. Later, through a series of increases in displacement, this was raised in 1894 to 4 HP
(1,990 cm³), in 1895 to 5 HP (2,650 cm³) and from 1898 onwards to 6 HP (2,915 cm³).
The engines of these models had poppet-type valves. The intake valve was operated
automatically by the vacuum created by the engine vacuum. The body, made of wood with
metal reinforcements, was suspended above the two axles on elliptical leaf springs. There
were shoe brakes on the rear wheels and a bar to prevent the vehicle rolling backwards on
hills, as we can see in fig. 2.10.
The upper end of the bar was hinged to the base of the vehicle and it terminated with a
pointed hook. It was normally raised off the ground with a locking chain, but when left to
drag along the ground on an incline, it would grip the ground, bringing the car to a halt.

Fig. 2.9 The engine compartment had copper tanks for petrol and water.
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The belt drive, with neutral and clutch functions, already present on the Patent Motorwagen,
was doubled, as can be seen in fig. 2.9. This meant that there were two transmission lines
with different ratios, making it possible to change speed as well as start the vehicle.

Fig. 2.10 The anti roll-back bar of the Benz Victoria.

It should be noted that the drive belts were not equipped with tensioners. To increase their
efficiency they were crossed, forming a figure-of-eight around the two pulleys. With use,
however, the leather stretched, causing the belts to slip. To remedy this, the belt had to be
opened, its joint plate removed, and then reassembled after removing a small portion.
These cars were built in both open top and closed versions. Despite its massive appearance,
the open top model weighed only 610 kg.
The sales price was set at 4,000 Marks, the equivalent of about €50,000 today. It should be
noted that at the time this was well above the annual salary of a top industrial executive.
The Victoria gained a reputation for reliability. One of these cars, driven by Émile Roger,
completed the 1894 Paris-Rouen race, finishing 14th. At roughly the same time, another was
driven by Baron Theodor Von Liebig through four European countries, covering over 2,500
km at an average speed of around 13 km/h and with a consumption of about 17 l/100 km.
The Victoria was joined in 1894 by the Veloziped, or Velo as it was popularly known. The
economy version sold for 2,000 Marks. A total of 1,200 units of this highly successful model
were made and it remained in production until 1902. The lightest versions weighed just 280
kg, thanks in part to a return to spoked wheels.
The engine was based on that of the Victoria. It had a displacement of around one litre and
produced 1.5 HP at 800 rpm, increasing to 3.5 HP in later models.
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Fig. 2.11 The Benz Velo of 1893.

The general appearance of the Velo, seen in fig. 2.11, was similar to that of the Victoria.
There was no longer a rear-facing front seat, although sometimes it was replaced with a
small folding seat. The frame which connected the axles was still made of steel tubes.
As in the Victoria, there was a steering wheel in the middle of the car with an arrow indicating
the direction of travel. The driver sat on the left, holding the steering crank with his right hand
and using his left hand for the other controls. Two levers located on the column were used
to change gear. Moving one or the other, the desired gear could be engaged. A third lever
controlled the accelerator.
The Velo had two brakes: a pedal brake which acted on the hubs of the rear wheels and a
lever brake, which pressed the shoes against the rims. The ignition switch and mixture
adjustment lever were located on the front part of the seat.
We now examine a series of illustrations from the period to help us understand the details
of the mechanical components, which were similar to those of the Victoria.
Fig. 2.12 shows the rear compartment completely open, allowing us to see the carburettor,
the connecting rod head, the drive pulleys of the gearbox, the petrol tank, the water tank
with condenser function, and the so-called “bottle”, which was part of the cooling system
and whose function will be clarified later.
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Fig. 2.12 The engine compartment of the Benz Velo.

Fig. 2.13 The cooling system of the Benz Velo.

We can also see the gravity oil feeds on the two main bearings and the upper cylinder wall.
These systems were fitted with taps which had to be opened before starting the engine and
closed again after it had stopped. The used lubricant dripped to the ground through the slots.
The drawing in fig. 2.13 allows us to observe some of the elements of the engine. Firstly the
U control of the ignition and the exhaust valve by means of a gear with a 1:2 ratio.
The barrel of the cylinder was surrounded by a jacket of water C for cooling. The heat
absorbed by the water transformed part of it into steam, part of which condensed in the
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expansion bottle E. An internal bulkhead M, separated the steam from the condensate,
reintroducing it into the water tank R. The second air condenser G, also captured some of
the steam to be dispersed.
Both the water tank and petrol tank were fitted with glass tubes, N, to display the level of the
remaining liquid.

Fig. 2.14 The Benz surface carburettor.

The carburettor, seen in fig. 2.14, consisted of a reservoir which had to be periodically refilled
with petrol by means of a tap which connected it to the tank. The float F, with a graduated
rod B, made it possible to check it was functioning correctly.
The aspiration produced by the engine sucked in air through inlet A. It then flowed through
a piece of cloth for partial removal of any dust. The air then passed over the petrol and, as
it carburized, entered the engine through pipe C. The labyrinth D prevented liquid petrol from
directly entering the engine when there were bumps in the road. It should be noted that the
evaporation of the petrol was facilitated by the circulation of exhaust gas in the double
bottom.
Before entering the engine, the mixture underwent a double adjustment. A first valve
regulated the amount of petrol, then a second valve allowed the entry of pure air, thinning
the mixture, which became enriched as the engine warmed up.

Fig. 2.15 The Benz electric ignition system.

The vibrator ignition system, shown in fig. 2.15, was extremely simple. Direct current from
the dry cell battery became intermittent after passing the switch, which vibrated in
resonance, due to the combined action of the flexible spring contact and the attraction force
of the coil. When the contact opened there was a voltage peak, which was used for
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producing a spark only when the rotary switch r closed the circuit. The disadvantage of this
system was the high consumption of electricity. This was increased by the uncertainties of
the insulation, which at that time consisted of a silk thread wound around the copper
conductor. The result was that the battery had to be frequently replaced.
Fig. 2.16 shows the detail of the rotating contact and the unusual control system of the
exhaust valve. The control cam had a double profile: the one in the foreground implemented
the phases in the normal way, while the one in the background caused an early opening. By
moving the contact roller axially (backwards in the figure), the exhaust valve could be
partially opened even in compression, reducing the effort required to rotate the flywheel by
hand to start the car. Note that the cams, tappets and contacts were exposed to atmospheric
agents.

Fig. 2.16 The cam which operated the valve and ignition switch.

Fig. 2.17 Steering control and leaf spring.
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Fig. 2.17 shows the mechanical parts under the floor of the driver's seat, as they would
appear if one were lying on the ground under the front axle. In the foreground are the front
axle and the two tie rods F and G for steering the wheels. The rotation of their connecting
plate was controlled by the sideways movement of two rods B and C, which in turn were
operated, via racks, by sprocket A, part of the steering wheel. Compensation for the
suspension movements was achieved by the elliptical leaf spring which acted as a
transmission between the suspended parts (A, B, C, D) and the unsprung parts (F and G).
The double pulleys of the belt-driven gearbox can be seen in the background.

Fig. 2.18 The Benz Ideal of 1897.

The Benz Ideal of 1897, shown in fig. 2.18, differed from the earlier models in that the engine
was protected by a crankcase and the water tank moved to a ventilated front compartment.
A gearbox was also introduced, similar to the one shown for the later model in fig. 2.21. The
clutch however was still a leather belt drive. The same car, known from 1898 onwards as
the Comfortable, was the first to have pneumatic tyres rather than the solid tyres of the
earlier models.
A new engine, the Kontra, introduced in 1902, is shown in the photograph in fig. 2.19. It
consisted of two opposite cylinders, similar to those of the previous engines. Due to the belt
drive, the shaft of the engine had to be placed transversally.
.
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Note the evaporative cooling with two brass bottles, the open crankcase structure with oilers
on the connecting rods and main bearings, the exhaust valves controlled by rocker arms
and the automatic intake valves.
A number of versions of this engine were built, with bores ranging from 100 to 125 mm and
strokes from 110 to 120 mm, producing a displacement from 1,730 cm³ to 2,945 cm³. The
most powerful version could reach 16 HP at 1,000 rpm and was capable of exceeding 60
km/h.
Fig. 2.20 shows the chassis of the Phaeton model, which appeared a little later. We can see
the longitudinal boxer engine which drove the fixed pulley (V) and the idle pulley (U) through
pulley 17, to operate the usual starting system. The fixed pulley was connected to a fourspeed sliding train gearbox. This was certainly simpler and more reliable than a belt-driven
gearbox would have been, though the latter had always been a typical feature of Benz
technology. At the rear of the vehicle there is a serpentine radiator, which would certainly
have helped to reduce water consumption.
The modernised chassis was suspended and made of solid wood, while the side members
were reinforced with steel strips. Fig. 2.21 shows a Spider with this type of chassis. It differs
from the previous one in that the radiator is mounted at the front.

Fig. 2.19 The Kontra, the first automobile boxer engine.
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Fig. 2.20 The chassis of the Benz Phaeton.

During these later years, growing disaffection for the Benz brand become evident. While in
1900, at their peak, a total of 603 Benz cars were sold, compared to 96 from the second
largest German manufacturer, Daimler, by 1903 the situation has reversed, with 173 Benz
cars sold compared to 232 Daimlers.
The new Daimlers had superior performance thanks to a more modern technical concept
and the larger engines. Benz, on the other hand, did not think it right that a car should be
appreciated principally for its performance and sporting success.
He had failed to appreciate that, at these prices, the car market was in the hands of the
wealthy, who saw the car more as a means of social affirmation than simply a means of
transport. They in fact preferred powerful, luxury cars. This led to a race to increase engine
capacity, which was the only way to augment the engine power. As a result, the number of
cylinders had to be raised, requiring stronger and heavier structures.
Against Benz's wishes, his partners wanted to go down this road in order to compete more
successfully with Daimler. As a result of this difference of opinion, he left the company in
1901 to concentrate on designing his own engines.
To develop a new range, in line with the latest trends, the Benz management hired six
French designers, coordinated by Marius Barbarou from Panhard & Levassor. Only when
the project was nearing completion did Benz allow himself to be persuaded to return to the
company.
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Fig. 2.21 The Benz Spider of 1900.

The new range of cars, called Parsifal, included eight different models, with modular 1, 2
and 4-cylinder engines with displacements ranging from 950 to 5,880 cm³ and a power
output of 10 to 35 HP delivered at 1,300 rpm. It was perhaps the first range of cars in history
to be designed with modularity in mind and the use of common parts.
It was, above all, the heavy four-cylinder engines that forced Benz to adopt what was to
become the most common car technology in the first forty years of the twentieth century: a
pressed and riveted sheet-steel chassis, rigid axle suspension on leaf springs, and gearbox
with disc clutch instead of the old-fashioned leather belts. The use of honeycomb radiators
for cooling was also a way of reducing water consumption to acceptable levels.
Fig. 2.22 shows a four-cylinder engine featuring details which were also common to the oneand two-cylinder versions. The lateral valves had their intake and exhaust on either side of
the combustion chamber. There were, consequently, two camshafts in the crankcase.
Ignition was by low-voltage magneto with hammer switches inside the chamber. The engine
consisted of two cylinder-blocks with non-removable heads, joined by a case which
contained the crankshaft.
The next model, the 18 HP Double Phaeton of 1905, seen in fig. 2.23, was very similar to
the Parsifal, and gives an idea of the new direction. It had a 4-cylinder engine of 3,162 cm³
that produced 18 HP at 1400 rpm, had top speed of 60 km/h and a price of 13,500 marks,
three times as much as the already unattainable Victoria!
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Fig. 2.22 The engine of the Benz Parsifal.

Fig. 2.23 The Benz 18 HP Double Phaeton of 1905.

Karl Benz left the company for good in 1903. He died in 1929, after his company had merged
with Daimler as a result of the economic crisis following the First World War.
All the cars shown in the illustrations can be seen at the Mercedes Museum in Stuttgart.
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3 – DAIMLER

Gottlieb Daimler was born in 1834 in Schondorf, Württemberg. Attracted to mechanics from
an early age, he began working as an apprentice gunsmith as soon as he had completed
his basic studies. He supplemented his practical experience with higher studies at the
Industrial Technical School in Stuttgart. Daimler then worked in France, England and
Germany where, in 1872, he was employed by Deutz, the well-known internal combustion
engine company founded by Otto and Langen. He rose through the ranks of the company
to become Production Manager and contributed to the development of four-stroke engines.
Feeling, however, that his qualities were not sufficiently appreciated, and wishing to fulfil his
ambition of working independently, ten years later he left Deutz and founded an engine
construction company, the Daimler Motoren Gesellschaft, using the capital and experience
he had gained. The photograph in fig. 3.1 shows him with his wife at the age of about 60.

Fig. 3.1 Gottlieb Daimler with his wife.

Wilhelm Maybach (1846 - 1929) made a major contribution to the design of his engines and
worked with Daimler from 1869 until his death. He rose to the position of Technical Director
of Daimler’s company, a role which he held until 1906. A picture of Maybach at the age of
56 is shown in fig. 3.2.
The first internal combustion engine designed specifically for vehicle propulsion was
conceived and built in 1883. The numerous vehicles and boats in which Daimler installed
them in that period should perhaps be regarded more as demonstrations of the engine's
potential than as commercial products.
A key aspect of the company's industrial policy was to aim for high production volumes. This
was achieved by supplying engines also to other vehicle manufacturers and granting
manufacturing licences. This policy made the Daimler brand famous everywhere and
contributed to the birth of car industries in other countries, particularly in France which by
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the 1890s became the most important manufacturer in Europe. Daimler subsidiaries and
cars with Daimler engines were also to be found in Austria, England, Italy and the USA.

Fig. 3.2 Wilhelm Maybach (1846 - 1929).

Daimler and Maybach successfully tackled the problem of vehicle propulsion, as it was clear
to them that automobile engines had to be compact and lightweight. On the other hand, at
least in their first vehicles, they paid little attention to the design of other elements: their first
car was derived from a hastily modified carriage. It is therefore not surprising that despite
the competitiveness of its engines Daimler never occupied a prominent position in world car
production during the founder's lifetime.
In order to contain the engine's weight and volume, it was proposed to use liquid fuel, which
was less cumbersome to transport than the gaseous fuel generally employed at the time.
Their engines had a particularly advanced structural design, which allowed high rotation
speeds for those times. The carburettor, indispensable for the exploitation of liquid fuel, was
designed by Maybach and based on the studies he had already begun at Deutz, which had
not followed up his idea as they were interested only in the production of stationary engines.
Consequently, they did not consider liquid fuels, preferring lean gas, which was cheaper and
more readily available.
The carburettors generally used at that time were of the surface type – the mixture was
created by passing air directly into the tank where it would be enriched with petrol vapour.
This process could be made more active by heating the tank with exhaust gases, as in Benz
engines for example. However, the system posed significant fire risks as any backfiring from
the engine could ignite a large quantity of fuel.
The carburettor designed by Maybach (fig. 3.3) on the other hand was a float type. Although
it was integrated in a cylindrical tank with a vertical axis, it had a float that completely
separated the free surface of the fuel from the area where the mixture was formed.

35

Fig. 3.3 Float type carburettor.

The vacuum generated by the engine caused the air to be sucked in through pipe h and
spiralled into funnel c. Any drops of fuel were separated by a disc-shaped deflector d. A
double metal mesh it had the function of filtering the air sucked in and extinguishing any
returning flames. It was possible to regulate the amount of mixture aspirated by the engine
by means of a tap.
In order to withstand the stresses caused by the higher rotation speed, the parts of the
engine in alternate motion were made as light as possible. All the structural elements were
also simplified and much lighter in weight than the solutions developed by other
manufacturers.
Two sections of Daimler's 1883 engine are shown in fig. 3.4. It had a displacement of 212
cm³ (with a bore of 52 mm and stroke of 100 mm). The maximum power was 0.5 HP at 600
rpm. The power-displacement relationship of 2.35 HP/l was well above the 0.5 HP/l (at 180
rpm) achieved by Otto’s stationary engines and the 0.8 HP/l (at 300 rpm) of the Patent
Motorwagen. The power-by-weight ratio was around four times that of the competitors. This
and the later two-cylinder versions were called Standuhr (standing clock) because of their
unusual shape, which resembled that of a grandfather clock.
We describe here some of the more interesting details.
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The cylinder consisted of a very thin air-cooled tube, the air circulation being activated by a
fan which was part of the flywheel. The stratification of the mixture in the cylinder was
considered important, and in fact in Deutz engines the system was patented. Stratification
involved creating a particularly rich mixture around the ignition point in order to favour
ignition and propagation of the flame.

Fig. 3.4 Section of the Standuhr engine.

In the Daimler engine this was obtained with a particularly long stroke in relation to the bore
and the use of a second intake valve g, which was part of the piston. This opened on contact
with a stop at the bottom, blowing pure air into the combustion chamber; the pure air was
then compressed by the underside of the piston. In this way, the mixture entering through
the valve into the head was concentrated at the top of the cylinder, near the point of ignition.
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The main inlet valve n was automatically opened by the vacuum. The exhaust valve l, on
the other hand, was opened and closed by a particular kinematic mechanism, which today
we would call double-action. It consisted of a double spiral, shown in dotted lines with f on
the left-hand side of the drawing.

Fig. 3.5 Details of the double-action valve control.

This solution can be better understood by looking at the details in fig. 3.5 which shows the
later two-cylinder version. In the central figure, we can see that on the side of the flywheel
N facing shaft A, there is an intertwined spiral which moved the tappets P and Q of the
exhaust valves, both opening and closing them. With this system it was possible to control
the valves with an element that rotated at engine speed.
The cost of batteries, as well as the inconvenience of having to replace them periodically
and the poor reliability of the switches available then, led Daimler and Maybach to choose
a non-electric ignition, as Deutz had already done. In this case, they used a glow plug,
consisting of a hollow pin facing into the combustion chamber.
This pin was heated by a flame contained in a protective casing. This is visible in a partial
section in the two-cylinder engine shown in fig. 3.6. After a certain time, the heat of the
combustion itself kept the pin warm, allowing the flame to be extinguished. The combustion
of the mixture began when self-ignition conditions were reached as a result of the
temperature rise caused by compression. Obviously with this system it was not possible to
make advance adjustment.
The engine was mounted in 1885 on a draisine, an ancestor of the bicycle. This vehicle,
called the Reitwagen (riding cart), is shown in fig. 3.7. It had a wooden frame and wheels
with iron rims without tyres. Two lateral wheels, mounted on a spring support, which
improved the stability of the vehicle.
In the drawing in fig. 3.8 we can see a detail typical of the early Daimler production: the belt
transmission. In this particular transmission, which had only one speed, the movement of
the tensioner, activated by turning the knob on the right of the steering bar, had the purpose
of controlling the slippage of the belt on the pulleys, allowing the vehicle to start more
smoothly.
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In 1886 Daimler ordered an American-style open carriage, which had four seats in two facing
rows, with the intention of converting it into a motor vehicle. He increased the size of the
engine, which was similar to a motorcycle engine, giving it a bore of 70 mm and stroke of
120 mm. This brought the displacement to 460 cm³, resulting in an increase in power to 1.1
HP at 650 rpm.

Fig. 3.6 Detail of the valves and glow plugs.

Fig. 3.7 The Reitwagen of 1885.
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A number of features of the Motorkutsche (motorised coach), shown in fig. 3.9, give a clue
to its origin. These include the stanchions for attaching the horses, the bridle loops, the
turnbuckle steering controlled by a four-handled bar, as well as the odd positioning of the
engine.

Fig. 3.8 The tensioned belt-transmission of the Reitwagen.

Fig. 3.9 The 1887 Motorkutsche.
.
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Fig. 3.10 shows a detail of the engine with its brass carburettor tank, the sparking plug
protection case, the exhaust silencer under the rear seat, and the strange shaped funnel
behind the front seat for refuelling with petrol. Previous experiments suggested that the
engine should be modified with a water-cooling system, so a square brass tubed radiator
was placed behind the rear seat.
The somewhat complex transmission is partly visible in fig. 3.11. The first stage, which
extended towards the rear of the car, had cylindrical pulleys and a leather belt, similar to
that of the Reitwagen. There were two speeds, selected by tensioning one of the belts with
a lever. A second stage, controlled by the pulleys, consisted of two half-shafts with a
differential, connected to the rear wheels by means of straight-tooth gears (see also fig. 3.9).

Fig. 3.10 The strangely-placed engine of the Motorkutsche.

Fig. 3.11 The belt transmission and gears of the Motorkutsche.
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The Motorkutsche made its maiden journey in April 1887, a few months later than Benz's
venture.
Daimler decided to participate in the International Exhibition in Paris planned for the year
1889, in order to advertise their products. Although it had initially been decided to exhibit the
Motorkutsche, Daimler was persuaded by Maybach and, as we shall see later, also Armand
Peugeot, to build a new car incorporating more modern technologies.
The Stahlradwagen (steel-wheeled car), pictured in fig. 3.12, represented a significant step
forward compared to the Motorkutsche and Benz's Patent-Motorwagen.
First of all, the engine, shown in fig. 3.13, had two 17° V-cylinders with a bore of 60 mm and
a stroke of 100 mm, producing a total displacement of 565 cm³. The cylinder arrangement
made it possible to double the displacement without significantly increasing the space
occupied. The valve on the piston, the automatic intake valve, the double-action exhaust
valve and the glow plug ignition were transferred from the previous design and can be seen
in the section in fig. 3.6. The resulting power increased to 1.65 HP at 920 rpm.
The vehicle frame was made of bent and braze-welded steel tubes, like those of a bicycle.
These tubes were also used as a radiator with the cooling water running through them. It is
interesting to note that the chassis of the Stahlradwagen was built to Maybach's design by
a bicycle factory in Neckarsulm, which later became a car manufacturer under the brand
name NSU.

Fig. 3.12 The 1889 Stahlradwagen.
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Fig. 3.13 Daimler’s two-cylinder engine.

The chassis had no suspension, but could adapt the position of the wheels on uneven
ground, thanks to the central hinging of the front axle, which acted like a set of scales (see
fig. 3.12).

Fig. 3.14 The gears of the Stahlradwagen.
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The metal-spoked wheels had solid rubber tyres. Only the two passenger seats had elastic
suspension obtained with helical springs (see Fig. 3.14).
The steering system involved mounting the wheels on two bicycle forks attached to the front
axle (fig. 3.12). These were connected by a coupling bar, which in turn was directly operated
by the steering tiller.
This was the first of the Daimler cars to be equipped with a four-speed gearbox. The gear
mechanisms, visible in fig. 3.14, were exposed to the elements.
The car did not arouse much public interest, but the advanced engine concept caught the
attention of two French industrialists, Panhard and Peugeot, who were wanting to start
producing cars. Negotiations were entered into for the supply of engines and the subsequent
transfer of production licences. Just when international success seemed assured, Daimler's
partners criticised his industrial strategies. He was accused of not being sufficiently
determined to exploit the Stahlradwagen commercially.
As a result of this disagreement, Daimler left the Board in 1893 and founded an independent
research centre dedicated to engines. He took Maybach and some of his best employees
with him. His former company, Daimler Motoren Gesellschaft, now without technical
leadership, drifted for a few years in a vain attempt to exploit existing projects, but by 1894
was already in financial difficulty.
Daimler’s research centre, on the other hand, developed a number of successful projects
for its licensees, including the Phoenix engine, a drawing of which is shown in fig. 3.15. The
new engine had in-line cylinders and exhaust valves controlled by a camshaft. The special
valves used previously to achieve stratification of the fuel mix were also eliminated, as it was
considered unnecessary. This is just one of many examples where a good idea (which since
the 1970s has been adopted in modern engines) was abandoned due to shortcomings in
the technology used to implement it.
The most important innovation, however, was the jet-type carburettor, used here for the first
time. It was patented in Maybach’s name and its essential elements were forerunners of the
modern carburettor. Fig. 3.16 shows a jet G fed at a constant level by float C. The vacuum
produced by the engine sucked in the petrol in an amount proportional to the air flow.
Regulation was obtained using a disc valve controlled by the lever L. The petrol was
nebulised by the impact against body H, facing the jet.
In 1895, the licensees demanded Daimler's return to the company as a condition for
continuing business relations. Only fifteen cars had been produced during his absence, a
paltry number compared to the hundreds of cars produced under licence abroad.
A new model, the Riemenwagen (belt-driven car), was introduced by Daimler in 1896.
Around 150 were produced. One of them is shown in fig. 3.17, revealing a still-primitive
chassis construction. The structure and the fifth wheel steering recall their derivation from
coaches.
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Fig. 3.18, which shows the powertrain of the Riemenwagen in fig. 3.17, justifies the model's
commercial name. The gearbox was, in fact, made up of four belt-drives located alongside
the engine. By manoeuvring the idlers on the belts, it was possible to obtain the different
ratios and clutch function.

Fig. 3.15 The Phoenix engine of the Riemenwagen.

Fig. 3.16 Section of the carburettor of the Phoenix engine.

The greater weight and bulk of the gearbox may appear to be a backward step with regard
to the Stahlradwagen. According to the manufacturer, however, it was much simpler to use,
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and was jealously protected by patents until Maybach himself found a solution to facilitate
the operation of a gearbox.
The Riemenwagen came with several different engines. The largest, with a displacement of
2,190 cm³, produced 8 HP at 740 rpm and its top speed was 40 km/h.
The internal strife between Daimler and his partners did not cease after his return. It was
quite possibly as a result of the stress caused by this situation that Daimler died of a heart
attack in Stuttgart in 1900, leaving Maybach in charge of the company.
For some time, Emil Jellinek, an Austro-Hungarian diplomat representing Daimler in France,
had been asking the company to make cars that would be powerful enough to compete in
the numerous motor races already being organised. He believed that success in racing
would make the product more attractive to the type of privileged clientele interested in the
automobile.

Fig. 3.17 The 1896 Riemenwagen.
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Fig. 3.18 The engine of the Riemenwagen.

In response, Maybach developed a highly innovative car, the Daimler 35 HP, which was
launched in 1901. It achieved both racing and commercial success. At Jellinek's request,
the car was named after his 11-year-old daughter. Consequently, the new brand name for
Daimler cars became Mercedes.
The Mercedes Simplex, shown in fig. 3.19, was derived from the Daimler 35 HP. Between
1903 and 1905 almost 1,800 Simplex were made, a considerable number for that period. It
was very different from the rudimentary early vehicles and can be considered a forerunner
of the new generation of cars. From the technical viewpoint, it became a point of reference
for most competitors.
Engines ranged from a displacement of 5,315 to 9,235 cm³ with power output of 28 to 65
HP. Such large displacements were the only way to achieve the required performance. In
fact, the rotation speed was still very modest and the compression ratio, using the type of
petrol available at the time, was only just over 4. To achieve such large displacements, the
engines had to have at least four cylinders, rather than just one or two as previously.
The configuration of the engine had been radically revised and employed existing
technology often with improvements. The cylinders were grouped in pairs. They were
characterised by having the heads permanently joined to the barrel, avoiding possible
sealing problems caused by the gaskets. The head-barrel assemblies and the blocks, made
of alloy cast iron, were flanged to a monolithic structure made of two aluminium shells, which
containing the crankshaft. See fig. 3.20.
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Fig. 3.19 The Mercedes Simplex of 1903.

The valves were arranged on both sides of the block with the head of the poppet valves
pointing upwards. As the cylinder heads could not be disassembled, the valve seats were
machined through holes which were then closed with brass plugs. On those of the exhaust
valves were located the seats for the sparking plugs.
The engine had two camshafts which acted directly on the valve stem, one on each side of
the engine, and driven by two toothed wheels.
The sparking plugs were electric and connected to a high-voltage magneto, which was a
recent invention of Robert Bosch. It consisted of a coil rotating in a magnetic field, obtained
with magnets, a transformer for the high voltage, and a variable phase distributor. This made
it possible finally to obtain, without the use of batteries, an efficient and reliable ignition
system.
The engine was water-cooled. Its honeycomb radiator, another of Maybach's inventions,
halved the water consumption. The radiator was cooled by air circulation activated by a fan
integrated in the flywheel (see fig. 3.22). Figure 3.21 shows the basic structure of these
radiators. They consisted of tubes with a star-shaped cross-section to increase the air-water
exchange surface. The end of each tube was shaped into a square cross-section, which
allowed it to be welded to the adjoining tubes. Air circulated inside, while the outer contour
was dampened with water.
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Fig. 3.20 The engine of the Mercedes Simplex.

Fig. 3.21 The engine of the Mercedes Simplex.

The lower part of the figure shows how a leaky cell could be easily repaired by forcing a
second tube into it without having to dismantle the radiator. The patent for the honeycomb
radiator was held by Daimler for many years and licensed to other manufacturers.
The enormous engine torque and the considerable weight of the engine required a stronger
chassis than those normally used at the time, which were made of reinforced wooden
structures or bicycle tubes. A chassis made of pressed and riveted sheet steel profiles was
patented for this purpose (fig. 3.22). The new technology played a major role in reducing the
number of car manufacturers. Only those with sufficient capital to buy the expensive new
presses needed for building the steel profiles could keep up with the evolving technology.
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Because of its length, the engine had to be mounted longitudinally at the front of the vehicle,
with the radiator located in the airflow. Behind the engine was the conical clutch, gearbox,
differential and the final drive to the wheels.
Fig. 3.23 shows the inside of the four-speed gearbox, obtained by sliding the lower shaft,
connected to the engine, into different positions. The upper shaft controlled the differential,
visible in section on the right of the same figure.

Fig. 3.22 The flywheel of the Mercedes Simplex which acted as a fan.

The gear changing mechanism was also simplified, the movement of the gears being
controlled by a combined selection and engagement system, operated through the
transverse and longitudinal movement of a single lever, like the one still found in today's
cars.

Fig. 3.23 Section of the gearbox of the Mercedes Simplex.
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This list of innovations is completed by the adoption of pneumatic tyres mounted on
removable rims, which made it possible to replace them relatively easily in the event of a
puncture.
All the cars illustrated here are on display in the Mercedes Museum in Stuttgart.
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4 - PANHARD & LEVASSOR

Panhard & Levassor (PL) was the first European manufacturer to achieve industrial level
production, already in 1892. In the year 1902, they sold over a thousand cars. In the United
States this threshold had been exceeded just a year earlier by two companies, Columbia
and Locomobile, which built electric and steam-powered cars respectively.
It was thanks to PL that Daimler's engine technology was adopted in France, triggering
technical and industrial developments that contributed to far wider diffusion of the
automobile than the German pioneers could have achieved on their own.
Despite these important achievements, the name PL is relatively unknown to those who are
not connoisseurs of classic cars. A reminder of the many innovations introduced by the
brand remains only in the ‘Panhard bar’, which was designed to improve the transverse
anchorage of rigid axle suspension and is still used today.
PL started life as a woodworking business founded in Paris in 1846 by Jean-Louis Périn.
This activity grew to an industrial scale thanks to their use of equipment that for those times
was advanced. The majority of the production was in fact mechanised. This important
development was the consequence of the recruitment of a young engineer, René Panhard,
seen on the left in fig. 4.1. He went into partnership with Périn in 1867 and soon showed his
ability, as a result of which the company flourished commercially.
In 1872, the increasingly successful business was joined by a new partner, Émile Levassor,
on the right in the photo in fig. 4.1. Levassor was also an engineer and particularly keen on
design and innovation. On Périn's death in 1886, the company was taken over by the
surviving partners and became known as Panhard & Levassor.

Fig. 4.1 René Panhard (1841 – 1908) and Émile Levassor (1843 – 1897).

The idea of starting the engine business arose from Levassor's friendship with Edouard
Sarrazin, the French representative of Deutz and Daimler. Sarrazin's job included selling
engines and also licences for their manufacture.
Through Sarrazin, Levassor realised that the internal combustion engine had considerable
potential as a source of power for their sawmills and could replace the far more expensive
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steam engines or impractical water mills. Use of the latter was restricted to areas near
flowing water and subject to the whims of the seasons. Contact was therefore established
between the two companies, PL and Daimler.
At the Paris Exhibition of 1889, held on the centenary of the French Revolution, Levassor
had the opportunity to admire Benz's car in person. He came to the conclusion however that
it required a number of improvements and that Daimler’s engine was more suitable as it was
lighter weight.
With these ideas in mind, and after convincing his partner that they should take on the
project, Levassor began to design a new car in which he intended to mount a Daimler
engine. The first engine, produced under license, left the PL workshop in early 1890 and the
first prototype car was built shortly afterwards. It was a dog-cart, similar in style to the light
carriages of the same name, in which four passengers sat back to back. This arrangement
was preferred because it left enough space in the middle of the vehicle for the two-cylinder
V-engine to be installed.
The engine, which had a displacement of 921 cm³ and delivered 2 HP, was called the P2.
In the PL lexicon, the letter denoted the type of engine, the digit the number of cylinders,
other letters were added to identify the version. For some time, the engine designation also
became the name of the car. As we shall see below, similar engines were also supplied to
Peugeot.

Fig. 4.2 The first P2 from 1890 with René Panhard at the wheel and Émile Levassor in the back seat.

Figure 4.2 shows this prototype with Émile Levassor at the wheel and René Panhard in the
back seat. In the final version of the car, the Type P2D engine was mounted at the front. A
P2D dog-cart from 1892 is shown in fig. 4.3.
It went on sale in 1891 and in that year six were produced. The following year production
increased to 16 and the dog-cart was joined by the wagonette. We are able to provide a
better description of the latter as several examples and more complete documentation has
survived.
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Fig. 4.3 The 1892 P2D dog-cart.

Fig. 4.4 The P2D wagonette of 1894.

The different body style of this 1894 P2D, shown in fig. 4.4, which had a displacement of
1,184 cm³ and power of 3.5 HP, shows that the design concept adopted was radically
different from that proposed by Benz and adopted by Daimler and Peugeot, where the
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engine was in the rear behind the driver's seat. In this latter case, the layout was made
necessary by their use of an unwieldy belt drive.
According to Levassor, it was preferable to place the engine in front of the driver. As the
steering axle was at the front of the car, the driven wheels had to be at the rear. This
arrangement also facilitated the installation of the gearbox and chain drive between the
engine and wheels.
The car's considerable height was conditioned by the vertical engine, which meant that the
front axle had to be built with an inverted arch beam. This new arrangement did however
mean that the engine was easily accessible for maintenance (fig. 4.5). The typical twoshutter opening revealed the two petrol burners used for preheating the glow plugs, which
had to be done before starting the car. Visible in the foreground are the trays used to contain
the fuel needed for this operation, fed by gravity from the fuel tank.
Behind the burners, we can see the two red-painted cylinders. They were made from a single
casting with a cavity which allowed the engine to be water cooled. A tank at the rear of the
car, under the passengers' bench, contained the cooling water.
It should be noted that, as there was no radiator, the water cooled the engine by evaporation.
Data available for Benz's car, which was equipped with such a system, indicate a
consumption of around 150 litres of water per 100 kilometres. In fact, we can see that the
water tank (Fig. 4.8) was much bulkier than the petrol tank, placed on the dashboard (Fig.
4.7).

Fig. 4.5 Detail of the lamps used to preheat the glow plugs.

.
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Fig. 4.6 Clutch, gearbox and chain transmission.

The transmission in fig. 4.6 consisted of a cone clutch, which rotated a cascade gearbox
that in turn drove a bevel gearbox and, via a single chain, the differential suspended from
the rear axle. As in previous applications, the chain allowed suspension movement between
the body and rear axle, while ensuring transmission between the two elements.
The gearbox, consisting of cast bronze toothed wheels, had four gears. The engine drove
the lower shaft on which a cluster of toothed wheels could slide, rotated by a feather key. In
this way it was possible to engage the different speeds. The upper shaft drove the bevel
gear, also made of bronze, which in turn transferred the motion to the chain.
The movement of the sliding shaft was controlled by a lever and required a great deal of
caution. The belt-driven gearbox of Daimler and Benz was easier to use, but less reliable as
it frequently broke. The PL gearbox was certainly more durable, but there was no certainty
that it would be accepted by drivers when faced for the first time with the combined use of
clutch, gears and accelerator. The best summary of its qualities was made by Panhard, after
the first test of the vehicle: "C'est brutale, mais ça marche!" (It’s terrible, but it works!”).
The driving position, seen in fig. 4.7, was dominated by the presence of the petrol tank and
characterised by the steering bar which directly controlled the movement of the front wheels.
Piano-like pedals operated the accelerator and clutch, while two levers operated the gearbox
and brakes.
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Fig. 4.7 Driving controls and petrol tank.
.

Fig. 4.8 Rear part with water tank, shoe brakes and anti-rollback bar.

The braking system made use of two different devices. The rear wheels were fitted with
brake shoes (fig. 4.8) but there was also a long bar which was used on inclines to prevent
the car from rolling backwards. When released from its support and left to drag along the
ground, it had a breaking effect and also facilitated hill starts. The same figure shows part
of the water tank, the transmission chain and the platform for access to the rear seats.
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The two rigid axles were suspended on full elliptical leaf springs for the front axle and semielliptical leaf springs for the rear axle. The wheels were wooden with iron rims. For a 10%
extra cost, the rims could be fitted with solid rubber rims.

Fig. 4.9 Drawing of the frame of the P2D.

Fig. 4.10 Detail of the conical disc brake.

Fig. 4.9 shows a simplified drawing of the complete chassis. The main frame was made of
wooden beams, covered with sheet steel, with local reinforcements of iron and cast iron for
the most stressed parts. A second metal frame, installed at the front (also visible in fig. 4.6),
provided support for the engine M, the flywheel with clutch V and the shaft supports A and
S, ensuring correct alignment.

58

Note also the rear axle assembly, which was free to move longitudinally thanks to the
shackles at each end of the leaf springs. Longitudinal movement was prevented by struts,
whose length could be adjusted with nuts and locknuts, so that the correct tension could be
applied to the chains even when they were worn.
The simplicity of the clutch operation can be appreciated from the diagram in fig. 4.10,
although this drawing refers to the later Phoenix engine. The flywheel had a hollow conical
surface which matched the complementary surface of the clutch which was covered in
leather. The primary shaft had a square cross-section in order to transmit movement to the
cluster of gearwheels, leaving it free to slide. This, in turn, was free to slide on the bearing
at the opposite end from the engine, so that the clutch could be engaged and disengaged
with the use of the pedal.
The gear cluster was moved using a sequential lever control which required a great deal of
skill, both to locate the position of the various gears and to change them without grinding.
The gear wheels were completely exposed to the elements.
The rear bench of this four-seater car could be rotated to facilitate access. This practical
solution was taken up by other manufacturers.
Depending on the model, the price ranged from 3,500 to 5,000 francs, which was equivalent
to the annual salary of an industrial manager.
In order to demonstrate the value of the product, in 1893 Panhard's son Hippolyte performed
a memorable feat, driving from Paris to Nice via Marseilles in just over five days. He
achieved this without encountering any major mechanical problems.
In that same year Levassor decided to purchase the licence for the new Phoenix engine.
Because of its in-line cylinders, this engine could easily achieve larger displacements (with
two cylinders of 130 mm bore and 160 mm stroke, it reached 4,245 cm³ and produced 10
HP). It was also possible to derive four-cylinder engines. PL started series production of the
Phoenix twin-cylinder engine, identified as the M2.
In 1894, the Petit Journal organised a race from Paris to Rouen in which twelve vehicles
participated, including four PL cars. The first prize was awarded jointly to the PL and the
Peugeot, which had the same type of engine. To be precise, the two cars from the Peugeot
team came second and third, the car driven by Panhard came fourth and that of Levassor
fifth. They were beaten to first place by a De Dion-Bouton steam tractor. The tractor was
however disqualified because it had the stoker on board as well as the driver. It was
stipulated in the regulations that during a race only the driver should be present in the
vehicle.
The Paris-Bordeaux race held the following year, and organised by the newly formed
Automobile Club de France, received even more attention. It was won by a PL driven by
Levassor himself, who completed the 1,175 km route at an average speed of 24.6 km/h,
finishing six hours ahead of the second placed car and eleven hours ahead of the third. This
race also marked the victory of the internal combustion engine over its steam-powered
rivals.
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Fig.4.11 An 1895 M2F break.

Car racing contributed to PL's success but unfortunately also led to Levassor's untimely
death. During the Paris-Marseille-Paris race in 1896, Levassor was leading the field when
he had to swerve sharply to avoid a dog that suddenly ran across the road in front of him,
causing the vehicle to overturn. As a result of his injuries, he died the following year of an
embolism.
Returning to the M2, one of these duc-bodied cars, produced in 1895, is shown in fig. 4.11.
Compared to earlier models, its bodywork was more rounded and there were solid rubber
rimmed wheels. The distribution of body volumes was substantially unchanged, as was the
positioning of the fuel tanks and controls. The only difference was that the rear seats were
now placed along the sides of the car to allow easier access from the centre of the car.
The most important innovations were found in the new Phoenix engine which has already
been presented in the chapter dedicated to Daimler. The transmission had been radically
revised and the gearbox-differential unit was now enclosed to protect it from mud and dust..
The gearbox mechanism, seen in fig. 4.12, was not very different from that of the first
version. However, a reverse gear was introduced in a rather unusual way. In order to reverse
the motion, the shaft, which was integral with the differential housing D, was allowed to slide
transversally to the car and in both directions. This new gearbox had a third pedal that acted
on a belt brake on the drum P. The differential therefore had the task of distributing the
braking force to the two wheels.
The complete chassis, shown in the drawing in fig. 4.13, does not correspond precisely with
the car in the photograph. It is a slightly later version which had a few improvements, such
as pneumatic tyres and rear band brakes. A steering wheel with a screw and roller steering
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box had also been introduced in place of the tiller steering system. The wheels on both sides
now had drive chains. Highly visible at the rear of the chassis is the huge water tank.

Fig. 4.12 Speed change mechanism with reverse on the final conical reduction.

Fig. 4.14 highlights the arrangement of the controls. O was the accelerator pedal, N
controlled the transmission brake and M the clutch. The joint Z placed between these two
pedals disengaged the clutch when the brake was pressed to avoid unintentionally stalling
the engine. This feature was found on many cars of the time and indicated that customers
were not yet fully accustomed to the use of the clutch.
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Fig. 4.13 Plan view of the chassis of an M2F.

Fig. 4.14 The three pedals and three levers that were the main controls of the vehicle.

The three levers on the right were the handbrake M, which acted on the rear wheels, the
sequential control of the gearbox N and the reverse lever O. This last lever was equipped
with a mobile indicator – if pointing ahead (as in the picture), it indicated that the car would
move forwards, if facing upwards the car was in neutral, and if backwards, it was in reverse.
The Paris-Marseille race already mentioned was a triumph also for the Phoenix engine. First
place was taken by a car powered by the 2,402 cm³ 8 HP M4 (four-cylinder) engine. The
next two cars to be placed had the 6 HP M2 engine.
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After Levassor's death, Arthur Krebs took over as technical director of the company. He is
credited with many technical developments, such as the first automatic carburettor and the
famous SS (sans soupapes) valve-less engines with sleeves, which PL adopted in 1910 and
continued to be in use for around thirty years.
In 1899, the lapse of Daimler's patents and Peugeot's decision to produce its own engines
meant that it made sense to develop a new family of engines in-house. This family was
known commercially as the Centaure with the initials O4 and O2, according to the number
of cylinders.
Innovative elements included the adoption of the new automatic carburettor patented by
Krebs, and a commercial agreement with a component manufacturer that allowed them to
introduce a new magneto ignition instead of glow plugs.
The strength of the new carburettor lay in the fact that the vacuum used to draw the fuel into
the carburettor was proportional to the air flow, so petrol metering was controlled
automatically without the need for an additional throttle control.

Fig. 4.15 The 1902 Tonneau with a 4-cylinder 10HP Centaure 04E engine.

The displacements were initially the same as those of the Phoenix engine: 1,201 and 1,648
cm³ for the two-cylinder engine, and 2,402 and 3,296 cm³ for the four-cylinder version. Later
on, other versions with displacements of 4,387, 5,313, 6,898 and 8,620 cm³ were added.
The largest engines could achieve an output of 60 HP, which was important for cars used in
sporting competitions.
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As the new engines were somewhat heavier than their predecessors, it was necessary to
completely overhaul the transmission and strengthen the chassis, using welded metal
section structures.
The 1902 tonneau, photographed in fig. 4.16, had a 2,402 cm³ four-cylinder engine that
produced 10 HP. Other features of interest are the pneumatic tyres, the radiator, the belttype brakes on the rear wheels, the steering wheel and, above all, the sturdy metal section
frame. All the seats were now arranged in the direction of travel. The rear bench was divided
into three parts: the central one could rotate to allow access to the rear part of the car.
The main feature of the new cooling circuit was the presence of a circulation pump. This
sent water from the tank to the lower part of the block. Here, after cooling the engine, it
emerged from the upper part of the block, facilitated by the decrease in density. After going
through the radiator in the opposite direction, taking advantage of the increase in density
caused by the cooling, it re-entered the tank. This system considerably reduced the amount
of steam lost to evaporation and as a result water consumption decreased to about one
tenth of its previous value.

Fig. 4.16 Serpentine radiator mounted on a M4E engine.

Fig. 4.16 shows the design of the radiator and the four-cylinder Phoenix engine, still
produced in parallel with the Centaure. The radiator had a coiled tube supported by a frame
made of vertical elements and wooden slats. Heat dissipation was facilitated by a corrugated
copper plate of a spiral shape wound around the tube. The rotation of the water pump was
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activated by friction from the engine flywheel by means of a rubber wheel. The rotating shaft
was sealed with a spring-loaded hemp seal.

Fig. 4.17 The constant mesh gears of the Panhard & Levassor.

The gearbox of these cars had a new way of assembling the toothed wheels, which were
now placed on the output shaft, as shown in fig. 4.17. They were always engaged with the
wheels of the input shaft M, moved by the clutch, but were free to rotate on shaft P, also
shown disassembled in the lower part of the figure.
Insertion of the selected wheel was achieved by engaging the bolt T with a projection in the
wheel hub. This was pushed outwards by a cam j and moved along the shaft by the rod
drive R. This system did not avoid the grating of gears, but at least the teeth were protected
from breaking.
Those wishing to admire Panhard & Levassor cars at first hand can visit the Cité de
l'Automobile in Mulhouse and the Malartre Museum in Lyon, both in France.
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5 – PEUGEOT

In 1725, the Peugeot family founded its first industrial enterprise, a flour mill, in the village
of Doubs in the Franche-Comté region in France. The success of this business made it
possible to increase the number of water mills and to extend their use to the metal-working
and metallurgical sector. Like the flour mills, these had floating workshops anchored in the
watercourses from which they drew the mechanical energy required to operate the
machinery.
In 1885, the company opened a bicycle factory, considered at the time to be a high-tech
product! The main parts – the extruded tubes for the frames, spoked wheels, transmission
chains and ball bearings – were for many years essential also to the industrial production of
Peugeot cars.

Fig. 5.1 Armand Peugeot (1849 – 1915).

The decision to venture into this new sector was taken by Armand Peugeot (1849 – 1915),
pictured in fig. 5.1, the most active and innovative member of the third generation of this
industrial dynasty.
Among Peugeot's friends was Amédée Bollée, who since 1872 had been the owner of a
factory producing steam-powered road vehicles. Bollée introduced him to Léon Serpollet,
the inventor of an interesting patent for a rapid-start boiler. This encounter led to the idea of
founding a company to build steam-powered cars. Already at the 1889 Universal Exhibition
in Paris, displayed on the Peugeot stand alongside its traditional products was a steampowered tricycle, the Peugeot-Serpollet Type 1.
A vintage photograph of this vehicle from the time is reproduced in fig. 5.2. An original
example of the car itself can be found at the Conservatoire National des Arts et Métiers, in
Paris. The rapidity of the Serpollet boiler in generating steam was due to the ability of its
small single coil to heat up in a very short space of time. Another significant improvement
was the firebox, which was shaped in such a way that the jolts received by the vehicle when
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travelling along the uneven roads of the time automatically shunted the coal into the boiler,
making the presence of a stoker unnecessary.

Fig. 5.2 The Peugeot Type 1 of 1889.

Despite its innovative features, the new product did not fully convince Peugeot, who shortly
afterwards resigned from the company. Under the Serpollet name alone, it continued
independently for many years, the only major European firm in this specific sector.
Another friend of Peugeot's, René Panhard, as already mentioned in the previous chapter,
offered him the opportunity to meet Gottlieb Daimler and to take part in negotiations with
Panhard & Levassor for a licence to manufacture petrol engines.
The result of this contact was twofold. Firstly, Daimler allowed himself to be persuaded by
Peugeot to build an improved vehicle, the Stahlradwagen, using cycle technology for the
chassis. Secondly, Peugeot was persuaded to develop a new car, also with a cycle-derived
chassis, equipped with a Daimler internal combustion engine built under licence by Panhard
& Levassor. The new car was called the Type 2, and began the custom of numbering
Peugeot models consecutively3.
The Type 2, launched in 1891, had a 565 cm³ 2 HP twin cylinder V engine built by PL.
Although the Type 2 had much in common with the Stahlradwagen, one difference was the
elastic suspension on both axles and improved water-cooling system, once again using the
chassis tubes to dissipate heat. Four examples of the Type 2 were produced.

3

It wasn't until 1930, with the Peugeot 201, that it was decided to adopt the numbering system still in use, in which the
hundreds indicate the class of the car following two digits the progressive number of the project.
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Fig. 5.3 Drawing of a Peugeot Type 3.

A second project, the Type 3, was started in the same year. This was the company's first
successful car – it was in production until 1894 and a total of 64 were built. A detailed
drawing of this car is shown in fig. 5.3. The four seats faced each other and could be covered
with a waxed canvas hood, as seen in fig. 5.4. The car in the photograph, the twenty-fifth
produced, is on display in the Italian National Car Museum, the Museo Nazionale
dell'Automobile in Turin. It was the first car to circulate in Italy.
The engine was the same as the Type 2. As with the Panhard & Levassor cars, it had a
sliding train gearbox with cast bronze gears. The output shaft of the gearbox extended to
the rear of the vehicle passing alongside the engine and drove a transverse shaft connected
to the rear wheels via chain drives.
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The lowest point of the chassis, as we can see in fig. 5.5, helped to support the engine. A
characteristic feature of the first Peugeots, the arched rear axle, was designed to leave free
passage for the starting crank mechanism.

Fig. 5.4 Peugeot Type 3, the first car to circulate in Italy, on display in the Museo Nazionale

dell’Automobile in Turin.

The same photograph shows the engine, which was lubricated by gravity through two large
oilers located on the sides of the car. A chain type transmission allowed the starter crank,
which was connected to the crankshaft, to be brought up to hand height.
The shoe brakes acted only on the rear wheels. The usual anti-roll back bar (seen in the
raised position on the right of the picture), facilitated hill starts.
The Type 3 had rigid axle suspension: the rear suspension with semi-elliptical longitudinal
leaf springs, the front with a centrally mounted single transverse leaf spring. The front axle
was constrained by rails which allowed only vertical and rolling movements. The steering,
which had knuckle spindles, was controlled by a vertical handlebar, connected by toothed
wheels and chains.
The frame was made of jointed tubes (fig. 5.6) which, depending on the degree of stress,
were brazed or bolted into sleeves, similar to those of today's metal scaffolding. Note the
rear placing of the engine, the large cooling water tank and the water inlet duct on the right
of the frame.
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Fig. 5.5 Rear engine compartment of a Type 3.

Fig. 5.6 Complete chassis of a Type 3.

The illustration also shows a detail of the rear wheel, which had a bicycle-type spoke
structure, solid rubber tyres and a sprocket for the final chain drive.
The Type 4 was derived from the Type 3 and, though it was slightly larger, its configuration
was very similar. It had a more powerful engine with a displacement of 1,026 cm³ which
70

developed 4 HP. The Type 5 did not differ substantially from the Type 3, except that it was
smaller, as were the later Types 6, 7 and 8. These were characterized however by Victoria
bodies and had forward-facing seats. The latter also had a belt brake on the transmission,
replacing the previous rudimentary wheel brake.
In 1895 Peugeot offered a wide range of cars. The entry level model was the Type 5, a
lightweight two-seater quadricycle with a 565 cm³ engine. This was followed by the Type 7,
a four-seater Phaeton, the Type 8, a four-seater Victoria, and the Type 9 with four facing
seats. All of these had 1,282 cm³ engines. The range was completed by the Type 11, a twoseater Cabriolet, the Type 12, a five-seater omnibus and the Type 13, a goods van, all with
645 cm³ engines. Total production for the year exceeded seventy units.
The Paris-Bordeaux race was a major triumph for the marque, which took the three first
places. Other Peugeots were also placed, including the one which came in tenth, driven by
the Michelin brothers to promote their tyres and demonstrate their reliability. Despite the fact
that most bicycles were already fitted with comfortable pneumatic tyres, most cars continued
to have solid tyres, preferred for their superior durability.
For some years, relations between Peugeot and Daimler had been deteriorating due to a
dispute over the supply of engines. Daimler claimed that, according to the contract, engines
built by Panhard could not be sold directly in Germany. The agreement stipulated that cars
destined for the German market should first be sent to Daimler and then sold by the latter to
the end customer.
Following the annexation of Alsace and Lorraine by Germany at the end of the war in 1870,
this unwieldy procedure had to be extended to these regions too, even though they were
located just a few kilometres from the Peugeot factories. The resulting commercial markups and increased transport costs were felt by the French company to be unjustified.
This unsatisfactory situation convinced Peugeot not to renew the supply contract with
Panhard & Levassor and to develop their own engine. This was done without great difficulty
as, in the meantime, the Daimler patents had expired.
In 1896, the engineering department produced a twin-cylinder engine, which aimed to
simplify the complicated installation required by the Daimler engine. The new configuration
featured two in-line cylinders arranged horizontally in order to fit more easily into the space
available under the vehicle floor. Many parts of the previous engine served as inspiration for
the new one, such as the connecting rods, pistons and glow plug ignition.
The drawing in fig. 5.7 shows one of these engines with part of the crankcase removed to
show the inside. The double action exhaust valve control was conceptually derived from the
Daimler engine and characterised by the guide engraved on the outer face of the median
web of the crankshaft instead of on the front.
The tappets had been replaced by an oscillating shaft, arranged parallel to the axis of the
cylinders. The shaft drove a single rocker arm, acting on the stems of the two valves T and
T', arranged vertically. This simplification was possible because the cranks were paired with
the connecting rods on the same axis.
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Fig. 5.7 A two cylinder in-line engine produced independently by Peugeot for the Type 16.

Among the innovative elements evident in Fig. 5.8 is the detachable head and a complex
drip lubrication unit with six outlets, which sprayed with oil the engine's principal couplings
(the main bearings, liners and timing gear). It consisted of a brass reservoir with adjustable
taps. To avoid unnecessary oil consumption, the taps were opened just before starting the
engine. The aperture had to be adjusted to deliver the right amount – about 6 to 7 drops per
minute were required when the engine was new, reducing to 3 to 4 after running-in. All the
used lubricant was collected in the crankcase, which had to be emptied periodically.
This new engine had a jet-type carburettor. It was not automatic, so the amount of petrol as
well as the amount of heated and cold air had to be adjusted by trial and error in order to
achieve optimum performance. The car's speed was not regulated by the flow of fuel
mixture, but an 'all or nothing' approach by means of a centrifugal mass speed controller.
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Fig. 5.8 The engine of a Type 16.

The new cooling system is shown in simplified form in Fig. 5.9. Water circulation was
activated by a centrifugal pump. The system involved a filling tank A which was connected
by a crossbar to the chassis side-members Q. Water flowed through the accumulation tank
C, which had internal pipes, to further reduce its temperature, having already been cooled
in the finned tube radiator and the side members which were exposed to the wind flow
caused by the car’s movement. This system of cooling the water in the frame, tank and two
radiators was far more efficient than previously and reduced consumption to a mere 15 l/100
km, which meant that 40 litres of water was sufficient for about 250 km.

Fig. 5.9 Schematic drawing of the cooling system of the Type 16.

The range of new models was numbered from Type 14 to 20 and replaced the previous
ones, numbered from 7 to 13. For the first time, the solid rubber tyres could on request be
replaced by Michelin pneumatic tyres.
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The Type 16 of 1899, seen in fig. 5.10, shows the progress made. The wooden artillery-type
spoked wheels mounted on this vehicle should not be considered a backwards step. They
were a necessary passage for all manufacturers who had started production with bicycletype wheels. Only wooden wheels, in fact, could guarantee sufficient robustness and
durability, especially with the constant increase in vehicle power.

Fig. 5.10 A Peugeot Type 16, the first vehicle with the new in-line engine.

Figure 5.11 shows the chassis of one of these cars. It had rigid axle suspension with semielliptical leaf springs, a pedal brake acting on the transmission and lever brakes on the rear
wheels for parking and slowing the car when going downhill. It also had tyres, a lubrication
unit which was accessible externally, and chain steering.
The new placing of the engine meant that the gearbox and differential shaft had to be
mounted transversely. In this way however the mechanical parts could be accommodated
under the floor. A bevel gear however was required for the starter crank, which had to be
inserted at the end of shaft d on the left of the drawing.
Fig. 5.12 shows the open engine compartment with the glow plug pre-heating unit in the
middle, the head purging valves on the sides, the end of the starter shaft on the left, the
carburettor on the right, and the lubrication unit at the top.
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Fig. 5.11 Complete chassis of the Type 16.

Fig. 5.12 Open rear engine compartment of the Type 16.
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The head purging taps were used to flush the cylinders with petrol in order to remove any
carbon deposits or lacquer that might cause the rings to stick together, and also to enrich
the mixture. The former operation was carried out after each overnight stop, the latter when
starting in low temperatures.

Fig. 5.13 Gear change mechanism of the Type 16.

The gearbox, shown in fig. 5.13, had cylindrical gears, with four forward speeds and reverse.
The gears were engaged by sliding the output shaft transversally on its supports and had a
sequential type control. The gear lever had six notches. The one furthest forward was for
reverse, the second for neutral, the next for the forward gears, in ascending order.

Fig. 5.14 The Peugeot Type 28 Saloon.
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Another important variant of the horizontal twin-cylinder engine appeared in 1899. Its
displacement was reduced to 1,056 cm³ and the power ranged from 3 to 5 HP. The new
engine was installed in a utility car, the Type 26, of which 400 were produced. It was the first
car to have a steering wheel instead of the usual vertical handlebar steering.
The following years were characterised by few technical innovations. The range was
however made more attractive by developing new bodies for some models such as the Type
28 Saloon (fig. 5.14) and the Type 33 Phaetonnette (fig. 5.15).
At the beginning of the new century, a new family of engines was introduced. With their high
displacement, these engines enabled new market segments to be conquered.
The 1902 range included the following:
• Type L, single-cylinder 5 HP engine with 94 mm bore and stroke (652 cm³);
•

Type K, single-cylinder 6.5 HP engine with 102 mm bore and stroke (833 cm³);

•

Types J and JR, twin-cylinder engine in two versions: with 94 mm bore and stroke
(1,304 cm³), producing 8 HP and 105 mm bore and 94 mm stroke (1,627 cm³);

•

Types C and D, four-cylinder engines produced in two versions: a long-stroke with 85
mm bore and 90 mm stroke (2,042 cm³) producing around 10 HP, and 105 mm bore
and stroke (3,635 cm³) producing 18 HP.

It is interesting to note the appearance of several four-cylinder engines, which were now
being produced by almost all other manufacturers too.
The first car to be equipped with this new generation of engines was the Type 36 of 1901
(fig. 5.16). It was a Spider whose bonnet was shaped differently from the earlier models,
and had a form similar to that of other French cars of the time.
A common feature of these new engines (see the K engine in fig. 5.17) was their vertical
cylinders and longitudinal crankshaft, and the fact that they were mounted at the front of the
vehicle, in front of the passenger compartment. This had the considerable advantage of
reducing the height of the vehicle.
The head and cylinder were integral. While the four-cylinder engines had two blocks with
two cylinders in each, the twin-cylinder engines had just one.
Both of the valves were mechanically controlled by a camshaft located in the crankcase and
were installed sideways, with the head of the poppet valve pointing upwards. The
combustion chamber was therefore on the side of the cylinder. In his engine, hot point
ignition was abandoned in favour of an electric system.
Those models with a four-cylinder engine (the Type 39, followed in 1902 by the Type 42,
seen in fig. 5.18) had a flat nose characterised by a honeycomb radiator, which was found
to be more effective than the coil radiator.
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Fig. 5.15 The Peugeot Type 33 Phaetonnette.

Fig. 5.16 The Peugeot Type 36 Spider.
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Fig. 5.17 The K engine of the Peugeot Type 36.

Fig. 5.18 The Peugeot Type 42 Phaeton.

The table below gives a picture of the production of the German and French car
manufacturers over the ten-year period from 1894 – 1903, and highlights the industrial
weight of the latter.
PL was the first in Europe to produce more than a thousand cars, a milestone reached in
1902. The second largest manufacturer was Peugeot which produced 773 cars in 1903, of
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which 34% had single-cylinder engines, 18% two-cylinder engines and 48% four-cylinder
engines, underlining the impact of the luxury car market.
Production of the principal early car manufacturers
Year
1894
1895
1896
1897
1898
1899
1900
1901
1902
1903

Benz
67
135
181
256
434
572
603
385
226
173

Daimler
1
8
24
26
57
108
96
144
197
232

PL
41
75
107
239
331
467
639
727
1078
1039

Peugeot
40
72
92
54
156
323
500
456
637
773

Fig. 5.19 The Baby Peugeot Type 69.

In spite of this trend, Peugeot launched the Type 69 (fig. 5.19) in 1905, nicknamed the Bébé
Peugeot by the public because of its diminutive size. It was only 2,700 mm long, the first
real utility car in the history of the automobile, and available with a single two-seater body.
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We find for the first time on the Type 69 the name tag ‘Peugeot’ applied to the radiator. This
was a way of distinguishing the brand from the vehicles of Lion Peugeot, a small rival car
company run by Armand Peugeot's grandsons, Robert, Pierre and Jules Peugeot.
The Type 69 was powered by a vertical single-cylinder engine with a displacement of 652
cm³, capable of propelling the car to a top speed of 44 km/h. The Bébé was relatively
successful, with around 400 units built in 1905 alone. In the same year, Peugeot also
exceeded a total production of one thousand units (1,261 cars) for the first time.
All the cars presented in this chapter and others are exhibited in a period setting in the
beautiful Musée de l'Aventure Peugeot in Sochaux, France.
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6 – DE DION-BOUTON

Although the de Dion-Bouton company ceased to exist a long time ago, it would be amiss
not to recognise its important contribution to the development of the automobile industry in
France and elsewhere.
Count Jules Philippe Albert de Dion, seen on the left in fig. 6.1, was one of the most eminent
figures on the social scene in Paris during the Belle Époque. For some time, he had been
keen to dedicate himself to the manufacture of vehicles and in 1881 decided to go ahead
after being fascinated, it is said, by a steam-powered toy. His admiration for the tiny engine
and its mechanical precision brought him into contact with its designer and builder, the selftaught technician Georges Bouton (fig. 6.1, right). Bouton was the opposite in character to
his future partner – reserved, analytical and good at problem-solving, he was particularly
gifted at mechanics. His small shop selling toys for adults was run by his brother-in-law,
Charles Armand Trépardoux.

Fig. 6.1 Jules Philippe Albert de Dion (1856 – 1946) and Georges Bouton (1847 – 1938).

Fig. 6.2 De Dion-Bouton steam-powered quadricycle of 1883.
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The meeting of the three men led to the decision to found a company dedicated to the
construction of cars. The company took the name de Dion, Bouton & Trépardoux and the
shares were assigned in equal parts: one third to Bouton for his ideas and expertise, and
one third each to the other two partners for their contribution of capital. It began, as did
Peugeot years later, with the production of steam-powered vehicles, considered at the time
to be technically superior.
In 1883 they produced a tricycle and the quadricycle shown in fig. 6.2. Like a few other
vehicles in that period, the steered wheels were on the rear axle and the driven wheels at
the front. In fact the engine had to be close to the drive axle which was, nevertheless, difficult
to steer, and the enormous boiler was situated in front of the driver to make it easier to attend
to the firebox.
Despite their limited manoeuvrability, the first competitive races for road vehicles held
between 1887 and 1891 were always won by the de Dion, Bouton & Trépardoux steam cars.
These races involved distances of only a few dozen kilometres, and winning meant reaching
the finish line with the car still in working order!
The Paris-Rouen race of 1894, mentioned in an earlier chapter, was the first to begin the
practice of awarding prizes to the vehicles that were first to finish. The large number of
vehicles which took part represented the three principal technologies then available – some
with internal combustion engines, other with steam or electric engines.

Fig. 6.3 The steam-powered vehicle entered by De Dion-Bouton in the 1894 Parigi Rouen race.

The vehicle entered in the race by De Dion, Bouton & Trépardoux was a steam tractor pulling
a calèche (see Fig. 6.3). Its driver was accompanied by a stoker. They were the first to pass
the finishing line, but had not paid sufficient attention to the regulations, which stated that
there should be only one person aboard. Because of this breach, De Dion’s vehicle was
disqualified, leaving the joint victory to Panhard & Levassor and Peugeot.
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This defeat led De Dion to carefully consider the conceptual inferiority of the steam engine.
He realised that if they wanted to produce a technically-advanced vehicle, it made no sense
to propose one that was more complicated to drive than a horse-drawn carriage. He
consequently decided to dissolve the company in 1894 and set up a new one, de DionBouton & Cie., with the aim of focussing exclusively on vehicles with internal combustion
engines.
They built their first engine in that same year: a single-cylinder, air-cooled engine capable
of generating 0.75 HP at 1,500 rpm. This too was designed by Bouton. In parallel with the
development of the engine, his partners were working on the vehicle on which it would be
mounted. Their aim was to keep the price as low as possible to ensure it would be affordable
to potential customers. The result was a single-seater motorised tricycle. Launched in 1896,
the tricycle was well received by the market and the popularity of this type of vehicle spread
to other countries.
There were numerous manufacturers of similar tricycles in that period. In Italy, for example,
there were Prinetti & Stucchi and Edoardo Bianchi. The latter, already an established bicycle
builder, produced a tricycle with a De Dion-Bouton engine. This product marked Bianchi's
entry into the automobile and motorcycle industry.

Fig. 6.4 De Dion-Bouton’s tricycle of 1896.

The reliability of the de Dion-Bouton tricycle was due to its extreme simplicity. The frame,
made of drawn and brazed steel tubes, was derived from bicycle construction techniques. It
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lacked suspension, but its Michelin pneumatic tyres, whose use was possible thanks to the
vehicle’s low weight of 102 kg, helped to absorb jolts caused by uneven road surfaces.
We can see one of these vehicles in fig. 6.4 with its reinforced fork and single-cylinder aircooled engine, which drove the rear axle with a simple gear. The triangular compartment in
front of the engine was the carburettor-tank, while the casing under the top tube contained
the electrics.
As shown in fig. 6.5, the driver had eight controls at his disposal: the hand throttle, the
adjustment of the mixture, the brakes on the front wheel and the transmission, the ignition
switch, the decompression tap, the handlebars and the pedals. There was no clutch or
gearbox.
The engine was started by pedalling. The effort required could be relieved by opening the
decompression valve to facilitate engine rotation. Once started, the tap was closed to allow
the engine to deliver full power. At this point, thanks to the presence of a free wheel, it was
possible for the rider to stop pedalling, except when the engine was required for steep
climbs. To halt the tricycle, it was necessary to switch off the engine while simultaneously
applying the brakes.
The engine was built very simply, as shown in fig. 6.6. A finned iron casting formed the
mono-block which had an integral head with a protuberance on the side to contain the
combustion chamber. The intake valve was automatic, opened by the vacuum created by
the engine, while the exhaust valve was controlled by a cam, rotated by means of a gear.

Fig. 6.5 The controls of the De Dion-Bouton tricycle.
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The ignition was electric with a contact-breaker. The contact was controlled by a second
cam on the same shaft used to open the exhaust valve. Power was supplied by a dry cell
battery, which had to be replaced when totally run down. All the electrics, except for the
gearbox, were contained in the rectangular casing visible in the previous figures..

Fig. 6. Drawing of the engine, ignition and carburettor.

The surface carburettor was integrated into the petrol tank, and the mixture formed by
circulating the exhaust gases in the tank through duct A and the bulkhead L, forcing the air
to flow over the surface of the liquid. It is interesting to note the silencer on the exhaust B,
which bypassed the outlet passing through the tank. Two adjustments could be made, one
to the rate of flow of the mixture and the other the degree of depression in the carburettortank, necessary to avoid excessive enrichment of the mixture when the engine was hot. The
cold starting procedure involved introducing a few drops of petrol directly into the cylinder
via the decompression tap visible in the illustration above.
The tricycle sold for less than half the price of the cheapest car. It was so successful that
some manufacturers offered kits for a four-wheel conversion, like the one produced by
Clement (seen in the upper part of fig. 6.7) to which a passenger seat could be added. Other
modifications included trailers attached to the rear offering an additional seat (lower part of
fig. 6.7).
The initial engine had a displacement of 185 cm³ and delivered 1.25 HP. In 1897 the power
was increased to 1.75 HP and the last version achieved 2.75 HP. The more powerful racing
models delivered 8 HP. The last generation of tricycles was characterised by heavier
vehicles equipped with mudguards and gearboxes. The high specific power of the de DionBouton engines was due to their high rotation speed of around 1,500 rpm.
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Fig. 6.7 Some of the transformations of the De Dion tricycle.

The extraordinary reliability of the vehicle was demonstrated by the outcome of the ParisMarseille-Paris race over some 1,700 km. The starting line-up consisted of 32 vehicles: 24
cars with internal combustion engines, 5 De Dion-Bouton tricycles and three steam cars.
Among the 14 to finish were three de Dion-Bouton tricycles which completed the race in ten
days at an average speed of 23 km/h.
De Dion-Bouton's contribution to the development of motorised transport was not limited to
the creation of an affordable motorised vehicle (several thousand of their tricycles were
produced), but notable also for supplying engines to many potential competitors, thus
enabling new businesses to be set up. More than 150 different models were powered by De
Dion-Bouton engines, the most well-known being the Bianchi in Italy and Renault in France,
which only stopped using them in 1904.
By 1900, de Dion-Bouton was among the world's largest car manufacturers, with a
production of 400 vehicles a year. The total number, if we include rival cars equipped with
the De Dion-Bouton engine, was far higher.
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Fig. 6.8 The Type D ‘Petite Voiture’ of 1900.

In 1899, De Dion-Bouton decided to produce a small car with facing seats, illustrated in fig.
6.8. It inherited the indestructible engine of the tricycle, but was improved with various
refinements designed to make it more comfortable and easier to drive.
The chassis of the Type D, familiarly known as the ‘petite voiture’, illustrated in fig. 6.9, was
based on bicycle technology. It had ¾ elliptical leaf springs: on the rear axle, the upper part
of the two half-leaf springs were attached to the frame, extending the side members, while
on the front axle, they were joined to become a single element and attached to the second
cross member. These springs made the suspension far more flexible and comfortable than
the usual semi-elliptical leaf springs.
The engine was located under the driver's seat alongside the two-speed gearbox and
differential. The patented rear suspension included the gearbox and differential assembly,
which was attached to the chassis and connected to the axle via two half-shafts. The axle
had a characteristic curved shape in order to leave room for the powertrain. After the patents
had expired, this type of rear suspension was used by numerous other manufacturers and
has continued in use until recent times. Water cooling and a jet carburettor were also
introduced.
An unusual feature of the Type D was the semi-automatic gearbox, which avoided the use
of a clutch. As we can see in the drawings in fig. 6.10, the motion was received by two
different gears. The section shows that they could be coupled to the output shaft (pinion P)
by means of friction clutches with shoes A'. The expansion of the shoes was by means of
screws, which were rotated by the movement of a rack K. Fig. 6.11 shows the axle shaft
where we find, for the first time, bipode joints, similar to those used today.
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Fig. 6.9 The chassis of the Type D.

The Type D met with rapid success and continued in production until 1902 with a total of
1,500 being built. With its futuristic gearbox, it was possible to operate the gear selection
with a single knob on the steering column. The engine had a displacement of 402 cm³ and
delivered 3.75 HP.
In fig. 6.9 it can also be seen that what appears to be the steering wheel was actually the
gearbox control; the car was in fact steered using the lever located above it.
Fig. 6.12 shows one of these small ‘vetturettes’ built in 1900, fitted with an elegant closed
Coupé type body. Types E, G, I, J, K and V followed. Total production of the series amounted
to almost 3,000 vehicles.
Other models appeared in 1903: the two-cylinder Type S which had a displacement of 1,728
cm³ and in 1904 the four-cylinder Type AD with a displacement of 2,545 cm³. We focus here,
however, on the single-cylinder engines, which were more in line with the vocation that
brought success to this brand.
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Fig. 6.10 The gearbox of the Type D.

Fig. 6.11 The half shaft of the Type D with its bipode joints.

Particularly important among these was the Populaire which had a bicycle-type frame and
spoked wheels. Its engine was at the front and was water-cooled. There was also a steering
wheel, as can be seen in fig. 6.13. Fig. 6.14 illustrates the modernisation of the engine,
which now had magneto ignition and a pressurised lubrication system.
The intake valve was also automatic, but had some shortcomings. In order to avoid
excessive pumping losses, the return spring was flexible, but this led to an imperfect seal,
resulting in deposits forming in the seat. These had to be periodically removed. The
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operation was simplified by fixing the valve in its seat with a bayonet coupling which could
be easily removed, as shown in Fig. 6.15.

Fig. 6.12 The De Dion-Bouton Type D Coupé of 1900.

Fig. 6.13 The De Dion-Bouton Populaire of 1900.
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Fig. 6.14 The De Dion-Bouton Populaire: detail of the single-cylinder engine.

Fig. 6.15 Intake valve group.

From late 1903 onwards, this car and the subsequent ones had an improved gearbox. A
reverse gear and more conventional lever-type control on the column were introduced. The
gearbox formed a single block with the final reduction gear and was connected to the body,
as can be seen in fig. 6.16. In the picture, the transmission shaft is visible as are the drive
input shaft, connected to the engine via a universal transmission, and the control bar for
changing gear.
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Fig. 6.16 Detail of the gearbox differential of the de Dion-Bouton Populaire.

The gearbox, shown open in fig. 6.17, operated in a similar way to the previous one, except
for the addition of a reverse gear.

Fig. 6.17 The two-speed gearbox of the De Dion-Bouton Populaire.
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Fig. 6.18 The 1904 engine with valves operated by a single cam.

The engine was later modified with the introduction of cam control for the intake valve as
well. However, the desire to save money led to the adoption of a single cam, visible in fig.
6.18.
In the following years, the De Dion-Bouton cars became more and more conventional,
growing in size and abandoning the focus on the economical vehicles that had brought the
brand success. It was probably this unfortunate decision that made De Dion-Bouton
vulnerable to the 1929 crisis. In 1933 they stopped making cars, but continued for around
twenty years with the production of city buses, street cleaning vehicles and railcars.
Many of Dion-Bouton’s automobiles can be seen at the Cité de l'Automobile in Mulhouse
and the Malartre Museum in Lyon.

94

7 - RENAULT

Louis Renault, portrayed in fig. 7.1 at the age of twenty in his workshop attire, was born in
Paris in 1877. He was the last of five children of Alfred Renault, the owner of a small
business that produced buttons and textiles and was managed by his eldest sons Fernand
and Marcel. Although living in Paris, the family owned an estate in Billancourt where, years
later, the first Renault workshop was built.

Fig. 7.1 Louis Renault (1877 – 1944).

Louis showed little interest in schooling but was attracted by mechanical experimentation.
One of the many anecdotes about him is that, after dropping out of school, he was smuggled
onto a locomotive with the sole purpose of spying on the steam engine from the tender to
see how it worked.
A visit to the Universal Exhibition in 1889 in Paris, where the first French and German
automobiles were on view, gave Louis the opportunity to meet Léon Serpollet who let him
try out one of his steam-powered cars. This aroused in him a particular interest in this field
of technology.
After his father's death in 1892, Fernand and Marcel took over responsibility for Louis'
education and were particularly indulgent towards him. They allowed him to leave school
and spend his days in a workshop set up for him in Billancourt. It was here that Louis
developed his innate talents as a mechanical designer, building prototypes of rapid-heating
steam boilers, for which he received praise and patents.
These early successes led to his employment as an apprentice designer at DelaunayBelleville, a major manufacturer in the sector. Preferring to be independent, however, he
resumed work at Billancourt, devoting his attention to a De Dion-Bouton tricycle given to him
by his brothers. The tricycle probably spent more time in the workshop disassembled for
analysis than in operation on the road.
While appreciating its ease of use, he was critical the inconvenience caused by the lack of
a gearbox and clutch. This meant that the driver was often forced to use the pedals and,
given that the drive chain frequently broke, was also put in danger.
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Louis Renault applied himself to overcoming these shortcomings and in 1898, in just a few
months, developed a new vehicle. It was a four-wheeled car with a single-cylinder De DionBouton engine, a rectangular tubular frame and spoked wheels with pneumatic tyres. The
engine was located at the front. Under the floor was the transmission, which included a cone
clutch, an innovative three-speed gearbox with reverse gear and a drive shaft with a
universal joint to avoid the much-loathed chains found on other cars.
Fig. 7.2 shows a plan view of the chassis. The frame, made of tubular steel sections, was
braze-welded to the cast-iron shells. In order to improve its flexibility, elliptical leaf springs
were used for the suspension. The steering was direct, with a lever linking the vertical handle
and the knuckle of the right wheel.

Fig. 7.2 The chassis of the Renault Type A.

The characteristics of the gearbox can be seen in Renault’s hand-drawn sketch reproduced
in fig. 7.3. It consisted of a shaft and two countershafts mounted on eccentric bearings.
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Fig. 7.3 Louis Renault’s sketch of a direct grip clutch.

Rotation of the countershafts brought them, in turn, close to the central shaft, obtaining the
first and second gear ratios. When the countershafts moved away from the central shaft, it
was possible to join the two parts with a dog clutch, obtaining a third gear in direct drive. A
bevel geartrain provided the reverse gear. By using a pedal to bring the shaft close to the
vertical axis pinion, it was possible to separate the toothed clutch connecting the two ends
of the upper countershaft, thus inverting the movement. This arrangement had the
advantage of limiting the number of rotating wheels to those strictly required for the
transmission, reducing mechanical losses.
For a number of years, these elements – the universal drive shaft, direct drive and reverse
gear – remained unique to Renault cars, and were protected by patents. For a certain period,
de Dion-Bouton and others had to paid Renault a royalty of one franc per car for permission
to use similar devices.
The official presentation, if it can be considered such, took place during a Christmas party
in Paris in 1898 in front of friends and casual acquaintances. After the guests had been
offered a drive in the new car up the steep streets of Montmartre, Louis became the centre
of attention and great interest was aroused in the vehicle. In fact, he decided to accept
twelve orders on the spot, despite not yet knowing how to produce the car or having decided
its selling price.
He convinced his brothers of the project’s potential after they had been taken for a few test
drives, and it was agreed to turn the Billancourt farmhouse into a car factory. Shortly
afterwards, in February 1899, Renault Frères was founded, but its constitution was
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backdated to 1898 so that the designs, patents and prototypes could be included in the
share capital. Louis was appointed Technical Director with a monthly salary of 300 francs
and given a ten-year contract. His duties included design and production, as well as aftersales servicing of the cars. It was only in 1922 that the company became Société Anonime
des Usines Renault, under the direction of Louis Renault.

Fig. 7.4 The very first Renault: the Type A of 1899.

The definitive version of the car, shown in fig. 7.4, was the Type A, which came out in June
1899, and was similar in its technical sophistication to De Dion-Bouton's Petite Voiture.
Despite its small size, it possessed all the requirements to be considered a true automobile.
It had a wheelbase of 1,100 mm, with a front track of 850 mm and a rear track of 930 mm.
Its overall length was 1,900 mm. The front wheels had 650 x 65 pneumatic tyres and the
rear wheels 750 x 65 tyres. The unladen weight was only 250 kg. Its Tilbury-style wooden
bodywork was characterised by the turned struts which formed the back support of the seat.
Underneath was a storage compartment, hidden by a leather curtain. The mudguards were
made of steam-bent plywood and the lid of the bonnet made from a simple curved metal
sheet. Two candle lamps were attached to the front of the dashboard and the petrol inlet
placed in the centre.
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Fig. 7.5 Rear view of the Renault Type A.

Fig. 7.6 Drawing of the gearbox of the Renault Type A.
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The Type A's front mounted single-cylinder engine was supplied by de Dion-Bouton (the
same as the one used on their tricycle). It had a displacement of 270 cm³ (66 mm bore and
70 mm stroke) and delivered 1.75 HP at 1,500 rpm. The engine was air cooled, with a
surface carburettor integrated into the tank, and electric ignition powered by dry cell
batteries.
We can see that the definitive version of the gearbox, shown in the drawing in fig. 7.6, is a
perfect match with the original sketch (though presented upside-down). The driven gear of
the differential was large and produced a transmission ratio sufficient to allow a top speed
of 32 km/h. Note the addition of a band brake on the transmission shaft and the distinctive
control lever.

Fig. 7.7 Chassis of the Renault Type A.

The photograph of the chassis in fig. 7.7 highlights the unusual rotary gearbox control and
the crank for starting the engine manually. This could be done without getting out of the car.
On the steering column are the controls for the throttle, which adjusted the mixture and the
advance. The three pedals on the floor operated the clutch, brake and reverse gear.
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The Type B, a closed version, was produced practically at the same time and was very
similar to the Type C seen in fig. 7.8. This Labourdette body is considered to be the first in
the world where the driver was inside the car, protected from the elements.

Fig. 7.8 A 1900 Renault Type C with bodywork by Labourdette.

Fig. 7.9 The Renault Type C of 1900.

101

It is worth noting that the annual salary of Louis Renault himself would have been barely
enough to buy a Type A, which was priced at 3,500 francs, about twice that of a De DionBouton tricycle. The Type B, which sold for 4,500 francs, was even less affordable.
The Type C, photographed in fig. 7.9, came out in 1899. It had a water-cooled 450 cm³ 2.75
HP engine. A distinguishing feature of the Type C was the presence of a finned-tube radiator
on each side of the bonnet. The larger size of this car made it possible to provide two
additional makeshift seats at the rear. This series also included a closed version, pictured in
fig. 7.8.
A total of 71 vehicles were produced in 1899 and 179 in 1900. At that time 110 workers were
employed in the 4,600 m² Billancourt factory. The success of the business led to the
expansion in 1905 to 26,000 m² and a workforce of 800. Production in that year exceeded
1,100 units.
The Type D of 1901 was longer, with a wheelbase of 1650 mm and an engine boosted to 4
HP. It was the first Renault to have a steering wheel. The new jet carburettor, shown in fig.
7.10, improved the car’s performance.

Fig. 7.10 Jet carburettor patented by Renault.

It should be pointed out that the jet carburettors used in those times, while appreciated for
facilitating cold starts, for the lower risk of catching fire and for their compactness, tended to
over-enrich the mixture at low power. The greater the depression of the manifold, the more
fuel entered through the jet. Apart from the negative effect on consumption, the resultant
flooding could cause the engine to stall.
Various manual correction devices were developed, but the advantage of the one patented
by Renault was that it was automatic. The air aspirated from outside through the openings
E acted on the mobile disc V. The depression, contrasted by the spring R, pushed the disc
downwards: the greater the depression, the lower the position of the disc. The movement of
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the disc gradually uncovered the specially-shaped openings E', and by introducing more air
into chamber C, countered the tendency for the mixture to become enriched.

Fig. 7.11 The Renault Type D of 1901.

The Type D (seen in fig. 7.11) had four front-facing seats. The increase in performance led
to the spoked wheels being abandoned in favour of wooden artillery type wheels, which
were much stronger. They did however introduce a problem that did not affect the previous
models: the elliptical leaf springs proved to be too flexible for the increased driving force.
For this reason, longitudinal arms were used to anchor the rear axle to the chassis and limit
longitudinal deformation (fig. 7.12).

Fig. 7.12 Detail of the rear suspension of the Type D Renault.
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Louis Renault promoted sales himself through his participation in sporting competitions in
which he achieved numerous victories. As early as August 1899, he won the Paris-Ostend
race and in the same year the Paris-Rambouillet-Paris, giving the brand international
visibility. The Type E was the most powerful of the single-cylinder car family, developing 9
HP. It had a lowered frame with semi-elliptical leaf springs (fig. 7.13) and was driven by
Louis Renault to victory in the Paris-Bordeaux race in 1901.

Fig. 7.13 Louis Renault at the wheel of the 1901 Type E racing car.

The use of de Dion-Bouton engines continued until this date. At the same time, however,
Renault was developing a new modular in-house range. The modularity facilitated the
production of variations: customers could choose between the 8 HP single-cylinder engine,
the two-cylinder 12 HP and 16 HP engines and the four-cylinder 40 HP engine. This last and
largest engine gave Renault entry to the luxury car market.
In 1904, these new engines were modernised with controlled valves foreseen also for the
intake and honeycomb radiators. In the same year, the tubular chassis was abandoned and
replaced by the customary pressed-steel chassis.
The two-cylinder model, nicknamed the deux pattes, became very popular. The Type AG
(fig. 7.14) in its Landaulet version was adopted in 1905 by the Société des Automobiles de
Place, the main taxi company in Paris. Between 1905 and 1908, 2,750 vehicles were
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supplied. London also bought 1,100 in 1907. The next model, the Type AG1 of 1908, was
the famous ‘Marne taxi’. 1,300 of these vehicles, requisitioned by General Gallieni in 1914,
transported 6,000 men from Paris to the Marne battlefield in a single day to halt the advance
of the German army. It was the first time an automobile was used for military purposes.

Fig. 7.14 The Renault Type AG Fiacre of 1905.

The larger models, the Type XA of 1904 seen in fig. 7.12 (which had a wheelbase of 2,720
mm) and the Type XB (with a 2,900 mm wheelbase and longer 3,060 mm version), both had
four-cylinder engines. They were characterised by the technical and stylistic features that
became typical of Renault cars in the following years: the wedge-shaped bonnet
The engine had the usual design of the time: a crankcase with two integral twin-headed
blocks (fig. 7.16). The controlled valves were aligned on the same side, while the magneto
ignition was fitted flush with the front.
A particular feature of this engine was the flywheel fan which had a very elaborate blade
design. Its function is explained in the diagram of the cooling system in Fig. 7.17. In order to
benefit from natural water circulation, the radiator was placed higher than the engine. The
flywheel drew in air from the radiator and expelled it under the floor of the car. The air in fact
passed through the radiator twice: once from the outside, through the triangular areas J,
towards the rear of the radiator, and a second time from the rear towards the inside of the
bonnet. This highly efficient system meant that one of the key characteristics of Renaults
was their low water consumption.
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Fig. 7.15 The Renault Type AG Fiacre of 1905.

Fig. 7.16 Engine of the Renault Type XA.
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Fig. 7.17 The natural circulation cooling system with a flywheel fan.

The second feature patented by Renault was the ‘pocket lubrication’ system. One problem
with four-cylinder in-line engines with splash lubrication was that when the car was travelling
on steep slopes one of the crankshaft bearings was deprived of lubricant. Some
manufacturers solved the problem by pump injecting the lubricant, a practice that later
became widespread. Renault preferred to do without pumps, so as not to complicate the
engine unnecessarily. The solution he devised was for the oil to be projected from the
crankshaft into a channel (see left hand section of fig. 7.18) and fed into ‘pockets’ that could
then release it over a period of time, even though they were higher than the sump level.

Fig. 7.18 Diagram of the Renault lubrification system.
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Fig. 7.19 The 1902 Renault Type K racing car.

One of these four-cylinder engines with a displacement of 3,770 cm³ and power output of
24 HP at 1,100 rpm, was fitted in 1902 to the Type K racing car, shown in fig. 7.19. Weighing
only 650 kg, it was classified as a small car. Capable of a top speed of 125 km/h, it proved
invincible in numerous competitions, including the Paris-Vienna race of the same year.
The cars described in this chapter can be seen in the Renault Museum in Paris, which can
be visited on appointment.
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8 - DURYEA

The first American automobiles appeared much later than their European counterparts due
to an initial lack of interest by the market in this new means of transport. Even in the early
1900s, there were only just over 400 miles of surfaced roads in the United States, half of
these consisting of the 200-year-old New York-Boston post road. Given the sheer size of
the continent and the absence of roads worthy of the name, the horse and carriage was the
only practical means of transport.
This is why the principal founders of the automotive industry in America, Oldsmobile and
Ford, were relatively slow to start production. Although they were carrying out
experimentation at roughly the same time as the Europeans, they did not find a receptive
market until they had developed cars better suited to the needs of the US market. These
pioneers were followed by Buick, Cadillac, Chevrolet, Dodge and Chrysler, to mention only
the brands still active today.
Another peculiarity of the United States was that in the first twenty years of the life of the
automobile, steam and electric cars were much more popular than those with an internal
combustion engine. The former were most common in the countryside, the latter in the cities.
Still in 1900, internal combustion engine cars accounted for only 25 % of the total.
An exception was Duryea, the first independent American manufacturer of internal
combustion engine cars. This company was already in existence in 1892, but unfortunately
very little is known about its activities.

Fig. 8.1 Charles Duryea (1861 – 1938) and John (1869 – 1967).

The Duryea brothers, pictured in fig. 8.1, Charles and John (known as Frank), were born in
Peoria, Illinois. Charles, the elder brother, started his career in 1888 as a designer at Owens,
a bicycle manufacturer in Washington. Shortly afterwards, having attained a position of
responsibility, he took on his younger brother in the same company.
Charles' curiosity about mechanics and his periodic visits to the Patent Office and libraries
in Washington, DC, provided an opportunity to study automobiles and the internal
combustion engine. He was particularly struck by an article in the Scientific American about
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Benz’s first car which had just been presented. It convinced him to try, with the help of his
brother, to build his own automobile.
In 1892, the Duryea brothers moved their business to Springfield, Massachusetts, which
was then the centre of the American precision manufacturing industry. In this new location,
Charles took care of the business aspects and Frank dealt with the design.
Their first project involved mounting an internal combustion engine on a horse-drawn
carriage – the distinctive black buggy with large wheels suitable for rough, muddy terrain,
still used by Amish communities. Its maiden drive of a few hundred metres, documented in
a local newspaper, was made on 10 September 1893. The only surviving example of this
vehicle can be found in the Smithsonian Institution in Washington D.C.

Fig. 8.2 The Duryea Buggy of 1893.

The buggy was driven via a chain transmission by a single-cylinder 3.5 HP engine placed
under the floor. It was water cooled and had electric vibrator ignition. Fig. 8.2 shows that the
addition of the new engine had no effect on the configuration of the vehicle. The carriage
was suspended on three elliptical leaf springs, had a fifth wheel steering mechanism
controlled by a tiller bar. The vehicle was patented on 30 April 1894.
A few years earlier, the businessman H. H. Kohlsaat had attended the Paris-Rouen race in
1892 during a trip to Europe. He subsequently had the idea of organising a similar event in
the United States, proposing a 100-mile route around Chicago. About a hundred competitors
signed up, but on the day only six vehicles appeared at the starting line due to heavy snowfall
– these were the Duryea’s buggy, two electric cars and three Benzes. The Duryea won the
race with an average speed of around 12 km/h. This feat generated great interest in the new
product and resulted in the sale of thirteen vehicles between 1896 and 1898.
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A second car, derived from the first but with some refinements, was to follow later. It is
pictured in fig. 8.3 with Charles Duryea at the wheel. This new model had a 1.9 litre
horizontal twin-cylinder engine and an innovative gearbox with three forward speeds and
reverse. Its design was a response to the problems already encountered in the early Benz
and Daimler cars, regarding the difficulty of operating the gearbox and clutch.
Figure 8.4, taken from the 1896 patent, shows a section of the car and reveals the
complicated transmission mechanism. The engine is hidden by the large gear pulley. The
gearbox consisted of a cone with four pulleys of decreasing diameter, opposed by four
further pulleys. Those at the front of the vehicle were part of the crankshaft of the horizontal
engine, those at the rear drove the gear that transmitted the motion to the wheels. The two
smaller diameter pulleys, attached to the engine, were used for first and reverse gears. Two
larger pulleys provided second and third gears. Obviously, the reverse belt was crossed to
invert the motion.

Fig. 8.3 The Duryea Buggy of 1896.
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Fig. 8.4 The patent drawing of the original transmission system of the Duryea.

A set of movable idler pulleys tensioned the belt to the desired gear, similar to the system
already described for Daimler cars.
The most original element of the patent, which considerably simplified the driving of the
vehicle, was the single lever which controlled simultaneously the steering, the gearbox and
the accelerator, through a complicated system of cables. Moving the lever to the right or left
changed the direction of travel of the vehicle, moving it up or down changed the gears, and
by turning the handle, the driver could control the accelerator.
Due to disagreements over its management, the company was dissolved in 1899. Although
the brothers split up, they both continued in the automobile business. Charles continued
until 1917 to manufacture vehicles in Reading, Pennsylvania under the original brand name,
while Frank became a partner in Stevens-Duryea, another car factory that operated until
1925.
After the split, another Duryea model was produced in 1901 with further improvements. As
we can see in fig. 8.5, the steering tiller was now placed between the seats, making it
possible to drive whether sitting on the right or the left. Duryea’s last model was the
Buggyout, an inexpensive tricycle that should have been very popular, but never achieved
real success because of the more competitive products offered by Oldsmobile and Ford.
From 1892 to 1917, Duryea produced only 650 cars.
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Fig. 8.5 The Duryea Phaeton of 1901.

The poor market performance of Duryea's vehicles was due to the failure of the company to
keep up with rival manufacturers in the modernisation not only of their product but also their
manufacturing systems.
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9 – OLDSMOBILE

The Oldsmobile brand, which merged with General Motors in 1908, finally ceased operations
in 2004. Its founder, Ransom Eli Olds, pictured in fig. 9.1, was born in Cleveland, Ohio. He
learned the rudiments of mechanics from his father, the owner of an established steam
engine factory, Olds & Sons, located in Lansing, Michigan. In this company Ransom carried
out experimental research on the relative merits of steam and internal combustion engines
in vehicles, ultimately concluding that the latter was preferable due to its greater operational
flexibility and lower cost.

Fig. 9.1 Ransom Eli Olds (1864 – 1950).

Ransom produced his first steam-powered automobile in 1890 (fig. 9.2). The engine
developed 4 HP and could reach a speed of 24 km/h. This first prototype was characterised
by a very narrow front track to facilitate the steering of the front axle, which was mounted on
a fifth wheel.
The driver and passenger were seated over the front axle. Both the boiler and engine were
placed over the rear axle, which was in one piece with the crankshaft. Unusually for that
period, this car had brakes on the front wheels only. This contradicts the claim commonly
made in the literature that front brakes were invented by Isotta Fraschini.
At the age of thirty, Ransom took over his father's business and established the Olds Engine
Works. He produced internal combustion engines for various applications as well as steampowered engines. The new company was expanded to include a foundry and a fully
equipped machine shop for precision engineering.
With the aim of participating in the Chicago race, Olds began the construction of a car.
Although in the end the car didn’t enter the race, it proved so reliable that Olds decided to
found a third company in 1897, the Olds Motor Vehicle Company, dedicated exclusively to
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the manufacture of automobiles. Four cars were sold in the first year, but more capital was
needed to be able to produce larger quantities.

Fig. 9.2 Oldsmobile steam car of 1890.

The Olds Motor Works, of which Ransom was a shareholder and General Manager, was
constituted in Detroit. Olds bought his shares with the proceeds from the sale of the Lansing
works. While continuing to manufacture internal combustion engines for stationary
applications, he also worked on refining the automobile with the ambitious goal of bringing
its price down to $600. Its achievement explains why such high production volumes were
achieved in so short a time. $600 represented about three times the per capita gross
domestic product (GDP) in the United States. By comparison, the price of the Fiat 3 ½ HP,
produced at roughly the same time, was ten times Italy’s per capita GDP.
The Oldsmobile brand was created for the purpose of producing this new low-cost car.
Unfortunately, in 1901, in the final phase of the project, the factory, machinery and drawings
were destroyed by a fire. Only one of the several prototypes was saved. It was similar to the
Curved Dash which was later to be produced in series.
After this setback, in order not to further delay the launch of the car, Olds devised an
ingenious way of reducing the ‘time-to-production’. After disassembling the surviving
prototype, his collaborators were given the task of finding subcontractors who could replicate
the various parts in satisfactory volumes. Several accepted the challenge, some going on to
become major players in the American automobile industry. They included Buick, Maxwell
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and Leland, the initial nucleus of General Motors. It was one of the first examples of fully
outsourced production.
Vehicle assembly took place in premises at the Lansing fairgrounds, a site offered by the
local authorities, who were keen to capitalise on the success of the new industry. The
process already had the features later perfected by Henry Ford: the cars was moved forward
on wooden planks with wheels and the parts mounted at successive stations in an early
version of the production line.
By the end of 1901 a total of 425 had been built and by 1907 a further 18,000 were
manufactured. The car was a resounding success, all the more surprising as it effectively
created a market that until then did not exist. It also showed the superiority of Oldsmobile's
marketing strategy: they produced a car that was economical, robust and reliable, and
therefore suited to unsurfaced as well as city roads. The final price of $650, although
somewhat lower than its competitors, was nevertheless lucrative – it was reported that the
cost of production, not including depreciation, did not exceed $300.

Fig. 9.3 The Oldsmobile Curved Dash of 1902.
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Fig. 9.4 An Oldsmobile Curved Dash on a country road.

Fig. 9.5 Front view of the Oldsmobile Curved Dash.
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Fig. 9.6 Rear view of the Oldsmobile Curved Dash.

The vehicle's size and external appearance, as can be seen in fig. 9.3, were very similar to
the buggy. It was almost the same height and had a 1,900 mm wheelbase, 1,420 mm track,
and 28" wheels. These dimensions made it suitable for use on roads used by wagons
without the wheels being caught in the ruts. Numerous photographs of the time, such as the
one in fig. 9.4, highlight its characteristics.
A simple rectangular frame with iron profiles supported the wooden body. This consisted
basically of a centrally-placed cover to protect the engine and a platform for the feet. The
only decorative element was the curved front (fig. 9.5), which gave rise to the car’s unofficial
nickname: ‘Curved Dash’. The official name assigned to it by Oldsmobile was the Runabout,
meaning vagabond, and later became a common description of this type of car, which was
very popular in the United States.
The suspension was simple and original. As the car was very short, there was room for only
one longitudinal leaf spring on each side. We can see the ends of the leaf springs in figs.
9.5 and 9.6. They were attached to the chassis side members in correspondence with the
driving seat. Their ends, which curved downward, were attached to the axles. In this way,
the springs dampened both vertical and longitudinal pitching movements.
On top of the engine cover was a bench seat. Behind it, as shown in fig. 9.6, was a shelf for
transporting luggage and other loads, making it a very early version of the pick-up truck!
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Included in the price were the two front oil lamps and red rear light. A second rear-facing
seat could be fitted on request for $25. Other catalogue accessories included a soft top ($50)
and mudguards ($10).

Fig. 9.7 The single-cylinder, water-cooled engine.

A highly flexible third transverse elliptical leaf spring mounted at the front of the car (fig. 9.5)
was not part of the suspension, but formed the elastic joint necessary for connecting the
steering bar to the axle, as the latter was subject to jolting on bumpy roads. The two slender
axles, decorated with embellishments, were reinforced by tie rods spaced at appropriate
intervals to limit flexing when the vehicle was loaded.
The horizontal engine, shown in fig. 9.7, was housed under the floor. A single cylinder, facing
backwards in relation to the direction of travel, drove a large diameter flywheel. The valves
were controlled from the crankshaft by means of a single cam on which two rocker arms
acted. Near the head, we can see the sparking plug and the decompression valve which
facilitated cranking. The engine was water-cooled by means of a finned-tube radiator
mounted under the footboard (visible in fig. 9.5). The crankshaft and bearings were oiled
with splash lubrication, while the barrel and piston were drip lubricated.
The generously sized cylinder (114.3 mm bore and 152.4 mm stroke) had a displacement
of 1,565 cm³. The declared power was approximately 4.5 HP at 800 rpm, and allowed the
lightweight vehicle (320 kg) to reach about 30 km/h. From 1904, the engine volume was
increased to 1,931 cm³ and the power to 7 HP. It had a jet carburettor and electric vibrator
ignition with a dry cell battery that had to be replaced when empty. Two technical details
distinguished it from its competitors.
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Fig. 9.8 The starting handle operable from the driving seat.

Fig. 9.9 The band brakes for the gearbox, visible under the floor.

The first was the starter which, although manual like all other cars of the period, had a crank
mounted beside the seat (fig. 9.8). This was connected to the engine by a chain drive. It
meant that the starting operation could be performed from the driver's seat, at least when
the engine was hot. When it was cold, it was necessary to activate the decompression valve
before getting on board.
The second was the gear mechanism, seen in fig. 9.9, located under the seat next to the
flywheel. Starting from the bottom of the photo, we can distinguish the flywheel, the
transmission chain, the brakes for first and reverse gears, and finally the clutch of the direct
drive.
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With this semi-automatic gearbox, the gears could be changed without using the clutch. The
driver simply used the lever next to his seat (visible in fig. 9.3). In a vertical position, the
gearbox was in neutral, when pushed forwards, first the slow gear was engaged, then the
direct drive. When moved backwards, the reverse gear was engaged.

Fig. 9.10 Drawing of the chassis of a Curved Dash of 1904.

Fig. 9.11 Drawing of the gearbox with two forward gears and reverse.

Like other car manufacturers, but with more reliable mechanical means, Olds dedicated
himself to simplifying the use of the gearbox to eliminate the risk of gear grinding and
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breakage. The American market particularly appreciated this feature which was imitated by
competitors. The popularity of electric and steam cars in those years, intrinsically without
gearboxes, further confirms the sensitivity of the US market to simplicity of driving.
The drawing in fig. 9.10 illustrates the mechanical components: the engine M with the
longitudinal shaft controlling the two side valves, the carburettor V, the flywheel S, the chain
drive sprocket K, the gearbox W and the starter crank with chain drive A. It should be noted
that this drawing refers to a later model which was nevertheless very similar, except for the
replacement of the tiller with a steering wheel.

Fig. 9.12 Driving controls: the steering lever, and the brake and accelerator pedals.

Fig. 9.11 shows the Oldsmobile gearbox in section. We can see that it consisted of two
planetary gears - the two suns C, of different diameters, were keyed into the drive shaft.
Drum G had a belt brake that could slow the inner left sprocket and allow the sprocket of the
chain drive K to rotate at reduced speed. Similarly, drum R, with a second belt brake, could
slow the right-hand driveshaft allowing sprocket K to rotate at low reverse speed. Finally,
direct drive was obtained by locking the drums G and R by means of a clutch. Hence, with
a single control lever acting on these three devices, it was possible to change gear and
operate the clutch. This gearbox could therefore be categorised as semi-automatic.
Connected to the sprocket of the transmission chain was drum B, on which acted the car’s
only brake, again by means of a band. In this way also the braking force was shared by the
differential.
Access to the driver's seat required a certain agility! As in the buggy, there were no steps
and it was necessary to use the front wheel hub as a step, while grasping the armrest. The
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steering was controlled by a bar that acted directly on the knuckle spindles (fig. 9.12). The
brake and accelerator pedals were on the floor.
Olds took personal care of public relations. A booklet entitled The Oldsmobile Wonder Book
showed on one side of the cover a bolting horse, which the owner was unable to attach to
the buggy, and on the other, a gentleman quietly driving a Curved Dash with an attractive
female passenger. The caption read: 'Nature made a mistake in giving the horse brains.
Science did better and made the Oldsmobile, mechanically perfect, pre-supposing brains in
its owner. I wonder why?’
A number of sporting successes contributed to its reputation. One such feat was the DetroitNew York Rally of 1901, when an Oldsmobile covered some 800 miles in eight days at an
average speed of 14 km/h. In 1903, two cars completed the 2,500-mile San FranciscoDetroit Rally in two months and in 1905 an Oldsmobile won the first transcontinental race,
from New York to Portland, which lasted a month and a half.
The Curved Dash was also built in Canada and, under licence, in Germany under the name
Polymobil Gazelle.

Fig. 9.13 A 16 HP REO of 1904.

Despite its success, the industrial policy of Ransom Olds was criticised by a number of large
shareholders who felt it was important to enter the luxury car market. Unable to impose his
ideas, Ransom felt compelled to leave the company in 1903. The factory and brand were
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bought by General Motors in 1908 for six times their initial value. After this Oldsmobile cars
lost their unique character and became similar to other brands in the GM group.

Fig. 9.14 The chassis of the 16 HP REO of 1905.

In 1904, Ransom Olds set up a new factory, the REO (from his initials) Motor Car Company,
which operated until 1935. The photograph of a 1907 REO in fig. 9.13 shows its close
relationship with the Curved Dash, apart from the presence of a bonnet, which followed the
prevailing fashion although it had no real function.
The view of the chassis in fig. 9.14 shows that the engine and gearbox were placed under
the floor as in the previous model. The engine however was modernised and transformed
into a twin cylinder 16 HP boxer.
REO later concentrated on the production of trucks and was eventually acquired by the wellknown American truck manufacturer, White.
The cars described in this chapter can be seen in the Automobile Museum of the Gianadda
Foundation in Martigny, Switzerland.
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10 – FORD

Henry Ford, pictured in fig. 10.1 at the age of sixty, was born in Springwells, Michigan, into
a farm-owning family. From an early age, he showed particular aptitude for mechanics, and
set himself to repairing farm machinery. As was common on large American farms at the
time, many of these machines were steam-powered. The young Ford studied the workings
of the mechanisms through careful observation and by disassembling and reassembling
them.

Fig. 10.1 Henry Ford (1863 – 1947).

At the age of sixteen, against his father's wishes, he left the farm to work in Detroit as a
mechanic for various companies, including Edison, where he operated a steam engine for
electricity production. Initially, he supplemented his meagre salary of $2.50 a week by
repairing watches at night. In his spare time, however, he designed and built inventions of
his own, spending much of his savings on these activities.
After building a steam tractor, he decided to tackle the construction of an automobile with
an internal combustion engine, which he called the Quadricycle. The name revealed his
intention, which was to produce a car that would cost as little as a motor tricycle, but would
have four wheels, a gearbox, a clutch, and at least two seats. The main elements of the
engine of the Quadricycle were made from recycled parts: the cylinders from pieces of pipe,
the pistons from cast iron caps, the flywheel from a gate valve hand wheel. He tested the
engine in 1894 using the household sink as a test bench.
The Quadricycle made its maiden trip in June 1896 when Ford took his wife and son to visit
his father's farm. Figure 10.2 shows a replica now on display at the Automobile Museum in
Sacramento, California, one of the most comprehensive collections of Ford automobiles.
The Quadricycle had a somewhat rudimentary appearance – consisting of a bench seat
placed on top of a simple welded framework. It had a 1,245 mm wheelbase and 980 mm
track. The wheels, of bicycle origin, were 26" in diameter. A plaque behind the backrest
stated: U.S. & FOREIGN PATENTS PENDING ON THE WORKING PARTS & DESIGN OF
THIS MACHINE.
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The two-cylinder engine can be seen in fig. 10.3. It had a 63.5 mm bore and 152.4 mm
stroke, producing a displacement of about 965 cm3 and delivering 4 HP. The engine was
mounted transversely at the rear of the vehicle and was able to reach 10 mph in first gear
and 20 mph in second.
The connecting rods were mounted on aligned pins which overhung the sides of the
flywheel, so as to obtain one spark per revolution. The intake valves were automatic and the
exhaust valves were opened by a single rocker arm whose oscillation was controlled by a
connecting rod and crank mechanism. The same mechanism was used to operate the
ignition switch-distributor, consisting of a swinging contact and two blades supported by a
rudimentary wooden insulator. The non-rechargeable electric batteries and the vibrator,
which served to raise the voltage, were housed in the box in front of the passengers' feet.
The electrical system also powered the warning bell.

Fig. 10.2 Replica of the Quadricycle of 1896.

The two copper containers located under the seat were the petrol tank, which functioned as
a surface carburettor, and a water tank with evaporative cooling.
The gearbox (fig. 10.4) consisted of two leather belts side by side (the first gear belt is
missing in the example in the figure). There were movable pulleys that put one or the other
under tension depending on the required gear, therefore also performing the task of a clutch.
From these, a chain transferred the motion to the differential.
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Fig. 10.3 The two-cylinder engine of the Quadricycle.

After persistent requests, the prototype was sold for $200, its success surprising Ford
himself. He immediately invested the proceeds in the manufacture of a second, improved
vehicle, which was completed at the end of 1897.
In mid-1899, Ford left Edison, having finally managed to find a group of investors with the
necessary capital to set up a car factory, the Detroit Automobile Company, which began
operations in February 1900. In exchange for his ideas, Ford was given one-eighth of the
company's capital in shares, set at $150,000, and the post of Technical Director.

Fig. 10.4 The belt transmission of the Quadricycle were similar to those of the first Daimler.
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Fig. 10.5 The van built by the Detroit Automobile Company.

At that time, the only working car in the hands of the Detroit Automobile Company was the
second Quadricycle. It was therefore decided to build three new vehicles: a four-seater and
a two-seater car, and the van seen in fig. 10.5. After some of the partners reconsidered their
involvement, the company was however forced into liquidation the following year, 1901.
Two two-seaters that had been built before the closure of the company were subsequently
adapted for racing. One of them finished first on the Grosse Point circuit, an event that
received much attention in the local press. This success won back the confidence of some
of the old shareholders and persuaded others to join them. Enough capital was raised to
fund a new company in November 1901, and in the first Board meeting, it was decided to
call it the Henry Ford Company.
Ford’s troubles, however, were not over. He was criticised for his excessive interest in racing
and for not paying enough attention to commercial cars. As a result, the Henry Ford
Company too was forced to close in March 1902. It should be noted that some of the partners
who withdrew their capital did not lose faith in the automobile altogether. Under the
leadership of Henry Leland, they participated in the foundation of another important
American brand, the Cadillac Motor Company, which later merged with General Motors.
After a series of difficulties, two new shareholders, Alexander Malcomson, a coal merchant,
and John Gray, a sweet manufacturer, contributed a large part of the capital needed to found
a third company, the Ford Motor Company, in June 1903. Henry Ford was granted a quarter
of the shares.
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Industrial production of his cars could at last begin. Time was running short however and
the machinery needed to build the more delicate parts, such as the gearbox and
transmission, was not yet available. So, Ford negotiated with the Dodge brothers to supply
650 complete powertrains in exchange for $10,000 in shares. The sale of these shares years
later provided the seed capital to establish the brand and factory still in operation today.
In July 1903 the first Ford, the Model A, not to be confused with the car of the same name
that came out in 1927, finally left the factory. A distinctive characteristic of this small car,
pictured in fig. 10.6, is the sloping platform behind the front seat on which an optional rearaccess tonneau-style seat could be mounted.

Fig. 10.6 The Ford Model A Runabout of 1903 with rear seat.

The Model A was in production until 1905 and, with a total of 1,750 units, represented a
reasonable success. It was designed to run on unsurfaced roads, a feature much
appreciated by the American market. It also had many improvements with respect to its
natural competitor, the Oldsmobile Curved Dash, including a strong steel chassis (fig. 10.7),
a steering wheel and four very flexible elliptical leaf springs. In addition, the engine had two
opposed water-cooled cylinders with a 4" bore and stroke (1,647 cm³ displacement) and a
stated power output of 8 HP.
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Fig. 10.7 The chassis of the Model A.

Fig. 10.8 The Ford Model C of 1904.

As on the Curved Dash, the engine was located under the seat, and had a transverse
crankshaft with the starter crank on the right. It had a planetary-type gearbox with two
forward speeds plus reverse, and a chain drive to the differential.
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On the Model A the clutch and gearbox control, then considered one of the most difficult
aspects of car driving and one that could discourage potential buyers, was semi-automatic.
The driver operated pedals or levers, each of which engaged a given gear while
simultaneously managing the clutch.
The basic two-seater version sold for $750 (its rival cost $650). A tonneau could be added
for $100, a folding roof with side curtains in leather for $50, or $30 in rubberised canvas. It
was replaced at the end of 1904 by the Model AC, characterized by a larger (1,975 cm³) 10
HP engine, and was joined by the more ambitious Model C, seen in fig. 10.8. Slightly larger,
the latter was priced at $850 for the two-seater version and $950 for the four-seater version.

Fig. 10.9 The chassis of the Ford Model C.

The chassis of the Model C, shown in Fig. 10.9, had many elements in common with the
Model A, but two important differences stand out. The first is the single lubrication unit placed
above the engine and the second is the large water tank hidden by a cover that imitated the
shape of those of four-cylinder cars.
The Model C was in production until 1905 and a total of 2,600 units produced. Sales of these
early cars, while encouraging, were deemed insufficient. This is why, alongside the utilitarian
models, Ford decided to add a more powerful vehicle to the range in response to the market
trend towards better performing cars. While waiting for the launch of the new model, Ford
felt it would be worth demonstrating the company's technological achievements by
presenting a racing car capable of beating the absolute speed record of 136 km/h, held by
the Gobron Brillé.
This type of competition was very popular at the time in the United States as well as in
Europe. Nothing could have a better impact on the image of Ford technology than to wrest
the record away from the French monopoly. It would also confirm the technical superiority
of the internal combustion engine, not yet widespread in the United States. This ambitious
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objective was assigned to the Ford Arrow, its name intending to convey the concept of
speed, and the car was to be driven by Henry Ford himself.
The event was planned for January 1904, so it could support the launch of the new Model
B at the New York Motor Show. To have the desired impact, it was thought to be preferable
to carry out the speed trial in the United States. The harsh winter of that year however meant
that the most suitable location was a frozen lake, Lake St. Clair, near Detroit, as it offered
the only level surface of sufficient length. The course, laid out on the ice, was smoothed and
then sprinkled with hot ashes, especially in the starting area, to improve wheel grip. The
exploit was successful and the Arrow therefore became the first American car to set a land
speed record. It was not only the first record set in the United States, but the only one to use
this type of natural track.
Almost no trace has remained of the car itself. It is known however that it was derived from
the 999, a racing car still on display in the Henry Ford Museum and Greenfield Village in
Dearborn. We have therefore used this model as a basis for providing some indications of
the technology of the record-breaking car.
The Ford 999 was named after the number of New York's famous Empire Express train,
which set the American railroad speed record (110 mph) in 1893. As seen in fig. 10.10, all
elements not essential to the achievement of the highest possible straight-line speed had
been removed. The chassis was made of ash wood with metal reinforcements. The front
wheels were mounted on a very lightweight rigid axle reinforced by a tie rod supported by
small leaf springs. The rear axle, without suspension, was bolted to the chassis. The
trajectory was controlled by a handlebar attached directly to the wheels.
The engine (see fig. 10.11) was attached solidly to the chassis and the power transferred to
the wheels without gears or differential. Having no gearbox, it had to be push started, using
a rudimentary wooden clutch.
The huge engine had four cylinders of 7¼ inch (184 mm) bore and 7-inch (178 mm) stroke,
with a total displacement of 18,930 cm³ and generating 80 HP. Its construction made
extensive use of welded and bolted sheet metal, suggesting that in order to reduce
manufacturing time, it had been decided not to build foundry equipment. It had controlled
exhaust and automatic intake valves. Lubrication was by gravity-fed oilers and the electric
ignition powered by non-rechargeable batteries. There was no bodywork, apart from a
screen behind the engine to protect the pilot from flying stones.
The 999 was intended for normal roads and was equipped with a huge finned serpentine
radiator. On the Arrow, on the other hand, since it had to run in a very cold conditions, this
had been removed, as can be seen in fig. 10.12. In this photograph, taken after the recordmaking attempt, we see Henry Ford surrounded by his partners and associates. Their record
speed of 147.047 km/h, set on 12 January 1904, remained unbeaten for around two years.
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Fig. 10.10 The Ford 999 of 1904.

Fig. 10.11 The engine of the Ford 999.

The Model B (fig. 10.13) was launched as planned at the New York Auto Show and was in
production from the end of 1904 to mid-1906. Although it was presented as a high-end
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model, selling for $2,000, it laid the foundation for a new configuration adopted also by
subsequent models, even the more economical ones, thanks to the use of advanced
production techniques and new industrial concepts.

Fig. 10.12 12 Photograph of the Ford Arrow after achieving the speed record of 147,047 km/h.

The new configuration consisted of a longitudinal four-cylinder front engine, a planetary
gearbox, a shaft drive with universal joint, and a pressed full-steel chassis. The four seats
were forward facing and had side access.
The chassis, illustrated in fig. 10.14, differed from its predecessors not only in size and the
engine position but also due to the presence of two anchor rods on the axle. This detail
eliminated one of the shortcomings of the Ford – the elliptical leaf springs. While appreciated
for their flexibility, they had the defect of excessive longitudinal compliance. This was
problematic especially for the rear axle, which was subject to both driving and braking forces.
The front leaf springs were semi-elliptical. Other innovations included an adjustable drip
lubrication unit, conveniently located on the dashboard, and a more efficient honeycomb
radiator.
134

Fig. 10.13 The Ford Model B of 1904.

Fig. 10.14 The chassis of the Model B Ford.
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Fig. 10.15 The driving controls of the Model B Ford.

The engine had four separate blocks with integral head and barrel, as can be seen in the
illustration. Each of the blocks was identical to those of the Model C. The displacement was
4,649 cm³ and the power 24 HP. This non-rational configuration was dictated by the desire
to use the same production equipment as the two-cylinder engines, but had a negative
impact on costs, and also resulted in an excessively long bonnet.

Fig. 10.16 The Ford Model K of 1906.
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The driving controls (see fig. 10.15) consisted of two pedals, a long lever on the side of the
car and two levers on the steering wheel, for the advance and the accelerator. The long
lever had two functions: when moved forwards, it engaged the clutch with the gears in direct
drive, when moved backwards the gear was disengaged while simultaneously applying the
brake. The two pedals could be operated separately by placing the lever in neutral – one
served to engage the slow gear and the other reverse – and had to be held in position for
as long as necessary.
On the left of the dashboard was the box with the electrics, which included the on/off switch
and battery. On the right of the car, the acetylene gas generator for the headlights is visible.
The sidelights were oil lamps.
A total of 500 Model B cars were produced. After 1906, its role as a prestige car was taken
over by a new model, the Model K (see fig. 10.16), which was in production from 1906 to
1908 and sold for about $3,000.
The Model K had the same configuration as the Model B, but with a six-block engine of
6,645 cm³ displacement, capable of developing 40 HP. Only 900 examples were sold during
its lifetime. Due to the modest success of this ambitious car, Henry Ford is reported to have
developed a deep aversion to six-cylinder engines. With the successive models, the Model
N, Model R and Model S, Ford went back to four cylinders, which remained the standard
solution for many years.

Fig. 10.17 The Ford Model N Runabout of 1906.
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Fig. 10.18 The planetary gears of the Ford Model N.

The birth of the Model N was crucial to the company's development, firstly because its
production was undertaken in the new Ford plant on Piquette Avenue in Detroit, and
secondly because Ford was able to acquire a controlling stake, becoming President of the
Ford Motor Company.
A number of factors, including the new factory, various mechanical simplifications, the
organisation of production and savings in the cost of raw materials resulting from the use of
the first vanadium alloy steels, allowed the Model N to be sold at an extremely attractive
price. The Runabout version, seen in fig. 10.17 cost only $500, less than the Oldsmobile,
despite having technical contents typical of luxury cars of those times. The Model N was
joined by the Models R and S, which were slightly larger and better equipped, but
nevertheless priced at around $750.
The transmission had a single universal joint at the exit from the gearbox, which had
planetary gears, as shown in fig. 10.18, by then a classic design feature of Ford cars. The
controls still had the same unusual functions found on the Model B.
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The technical characteristics of this family were the same for all models: the all-steel chassis,
seen in the photograph in fig. 10.19, a single transverse leaf spring for the front suspension,
fitted with reaction rods as was the rear axle, which had elliptical longitudinal leaf springs.

Fig. 10.19 The chassis of the Ford Model N.

Fig. 10.20 Engine of the Ford Model N.

The 15 HP 2,565 cm³ engine was one of the first to have a twin-block crankcase and splash
lubrication (fig. 10.20). An unusual detail was the position of the flywheel at the front of the
engine. The spokes of the flywheel, in the form of vanes, activated air circulation in the
radiator.
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From mid-1906 to 1908 a total of 13,000 of this family of cars were produced – a real success
for those times.
Many of its technical concepts were transferred and further refined in the Model T, Ford's
most successful car ever, of which more than fifteen million were built. At one stage it
accounted for half of all cars on the road worldwide. This achievement was due not only to
its great reliability, but also the further reduction in price made possible by mass production
and the assembly line methods.
The cars described in this chapter can be found in the Automobile Museum in Sacramento,
California and the Henry Ford Museum and Greenfield Village in Dearborn, Michigan.
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11 - MIARI & GIUSTI

Although the cars of this brand were never produced on the same scale as those described
in previous chapters, it was decided to dedicate a chapter to Miari & Giusti in recognition of
the merits of the founder, Enrico Bernardi, a figure who is little known and appreciated. He
was, in fact, the first manufacturer and engineer in Italy to operate in the automotive sector.
There were in fact three companies associated with Bernardi. They followed one another in
rapid succession, each new company emerging from the demise of the previous one: firstly,
the Società Motori Bernardi, then Miari e Giusti & Co. and finally Società Italiana Bernardi.

Fig. 11.1 Enrico Bernardi (1841 – 1919).

Enrico Bernardi, pictured in fig. 11.1, was an eclectic scholar, who was ambitious and
possessed entrepreneurial skills. He tackled all the technical problems associated with the
development of the first automobiles, solving them with original solutions. Probably due to
the fact that the Italian market was not yet ready for the automobile, he was not rewarded
with the success achieved by others in countries that were wealthier and industrially more
advanced.
He was born in Verona and already during his adolescence showed interest in the design of
vehicles, building a cart in order to study the optimal trajectory of the vehicle wheels when
negotiating bends. In 1856, he presented at the Exhibition of Agriculture, Industry and Arts
in Verona, a model of a locomotive and of an engine, both steam-powered and incorporating
interesting innovations with regard to the mechanisms used for the distribution and reversal
of motion, obtained through the application of a single eccentric for valve motion. This result
was awarded an honourable mention.
He graduated in mathematics in Padua in 1863 and in 1870 was appointed professor of
Physics and Mechanics at the Technical Institute of Vicenza. In that period, he began his
research into internal combustion engines, which led to a treatise and a study on a new
town-gas powered engine, which applied the system devised by of Barsanti and Matteucci.
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In 1876, he left teaching to take over the management of the Mori workshops in Vicenza,
which had machining departments and a foundry. One of his first internal combustion
engines was of the atmospheric type with connecting rod and crank (fig. 11.2). It helped him
win the chair of Engine Design at the University of Padua.
In his new position, he was able to further his studies of the automobile. The first one he
designed was a small single-cylinder engine with horizontal axles, which developed a power
of 2 kgm/s (about 0.03 HP) at 140 rpm. His second single-cylinder engine was patented in
1882, and had an even higher rotation speed (200 rpm). The dominant theme of Bernardi's
research in those years was the development of an engine that was lightweight, fast and
economical in terms of production and management costs, and that would help make smallscale mechanical processes more productive.

Fig. 11.2 Bernardi’s atmospheric engine.

In spite of his initial intentions, in 1884 Bernardi used this motor to propel a wooden tricycle,
built for the amusement of his son. He called this first motor, designed for industrial
applications (an advertising image of the time shows it applied to a machine for cutting and
profiling wooden boards), after his daughter Pia.
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Fig. 11.3 Bernardi’s Pia motor.

Fig. 11.3 is a photograph of a model still in working order. The original was presented at the
XVII National Exposition of Turin in 1884, arousing interest and winning a silver medal. His
subsequent studies and research focused on developing a petrol engine, this time expressly
designed for locomotion. Having several original features, it was patented in 1889.

Fig. 11.4 Bernardi motor being used to propel a bicycle.
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Bernardi's idea was to use the motor to propel a bicycle, which was then the most popular
means of transport. Already in 1893, a rather strange vehicle could be seen circulating in
Padua, consisting of a bicycle pushed by a motorised trailer. In the photograph in fig. 11.4
we can see standing next to this vehicle Professor Bernardi himself, his wife and son Lauro,
after whom the engine was named.
His first real car took to the roads in 1894, the year in which the Motori Bernardi company
was dissolved to form the capital of the Miari and Giusti of Padua, for the manufacture of
automobiles. This company was later transformed into the limited partnership Miari & Giusti
& Co. and then into the Società Italiana Bernardi. Not even the last of these industrial
enterprises was able to generate a profit and ended up going into liquidation in June 1901.
It is known however that around 100 three and four-wheeled vehicles were built and sold in
Italy. Of these, three have survived and are still in working order. Bernardi ended his career
in Turin, where for two years he worked as a technical consultant for FIAT.

Fig. 11.5 Miari & Giusti’s Petit Duc of 1894.
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A museum dedicated to Enrico Bernardi has been set up in the University of Padua, at the
Institute of Engine Design which he founded. It houses memorabilia, photographs, published
and unpublished writings, along with an automobile and many examples of Bernardi’s
engines, all of which are still in working order.
Bernardi analysed and discussed in his writings the relative advantages of the various
configurations of three- and four-wheeled vehicles, taking into consideration both their
stability in bends and the problem of loss of road grip. As an ideal solution for a small car,
he came up with the inverted tricycle, whose front axle had two steering wheels and rear
axle one driving wheel. This arrangement made it possible to obtain good stability when the
vehicle tilted and sufficient room for two seats side by side, while avoiding the need for a
differential.

Fig. 11.6 Side view of Miari e Giusti Petit Duc of 1894.

The tricycle in fig. 11.5 belongs to the collection of the Automobile Museum of Turin4. A
second tricycle without a canvas hood, owned by Enrico Bernardi himself, is on display in
the Museum of Engine Design of the University of Padua and can be seen in fig. 11.6.
This car had no suspension, as the tricycle solution did not present problems of adaptation
to uneven terrain. The comfort of the driver and the only passenger was ensured by the
rubber wheels and the fact that the body itself was suspended on leaf springs. The steel
tube frame is of the bicycle type, as are the spoked wheels mounted on ball bearings.
4

The number plate 42-2 indicates that it was the second car registered in the province of Padua. It is important to note
that plates of this kind with the number of the province were introduced only in 1905, indicating that this vehicle was
still in use after eleven years of service.
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Fig. 11.7 Details of the gears, brakes and clutch.
.

There were two different types of brake, visible in fig. 11.7, which acted on the rear wheel.
The first, a cable brake (its function will be explained when we describe that of the clutch),
acted on the output shaft of the gearbox and served to slow the vehicle. The second, a shoe
brake, acted on the tyre of the drive wheel and was used for more severe braking or to keep
the vehicle at a standstill.
The pedals, seen in fig. 11.6 on the footboard, controlled only the shoe brake. One was used
to activate the brake, the other to block the braking action and hold the vehicle stationary.
The cable brake on the other hand was operated by the combined lever control, which we
shall describe later.
The kinematic motion of the steering deserves particular attention. The designers of these
early cars had to deal with the so-called problem of “correct steering” to ensure that the
mean plane of the two steering wheels on the same axle was perpendicular to the junction
of the point of ground contact of the wheel with the centre of curvature of the trajectory.
This condition, defined only in theory by Ackerman in 1818, was well known to Professor
Bernardi, as well as the mechanism patented by Jeantaud in 1878, which allowed it to be
achieved in an approximate way. Jeantaud's mechanism was already used on many
vehicles. However, Bernardi's kinematic mechanism aimed to achieve an exact correction.
The mechanism was never adopted by other manufacturers because of its high cost and
because later on it was realised that in view of tyre side-slip, this degree of accuracy was
not so essential. Fig. 11.8 shows the appearance of this complicated and original steering
device, in which the steering wheel controls an articulated rhombus with a finger.
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Fig. 11.8 Bernardi’s corrected steering mechanism.

The single-cylinder four-stroke engine had overhead valves and was claimed to deliver
about 2.5 HP at 785 rpm. Fig. 11.9 shows the engine head, the valves controlled by a single
tappet via a rocker arm, and the carburettor with the “igniter” (on the right of the valves). The
igniter was the name given by the inventor to his original ignition system.

Fig. 11.9 Miari & Giusti’s engine.
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It has already been mentioned that early engine designers were faced with the problem of
developing a reliable and easily transportable ignition system. The use of an electric spark
was adopted by some, but many preferred other means of ignition, such as the glow plug
used in Daimler, Panhard & Levassor and Peugeot engines. Bernardi also preferred a nonelectric system, but developed one that allowed combustion to begin in a more controlled
and effective manner than was possible with a simple glow plug placed in front of the
combustion chamber.
The following figures, adapted from some of Bernardi's patent illustrations, give an insight
into the operation of his igniter and the main carburettor. The igniter is shown in section in
the upper part of fig. 11.10. It consists of a small cavity fixed on the cylinder head, blocked
by a threaded plug and isolated from the combustion chamber by a simple automatic flap
valve. This one-way valve was designed to prevent the cavity of the igniter from being
polluted by the products of combustion.

Fig. 11.10 Miari & Giusti’s igniter (at top) and main jet carburettor.

The same cavity was fed by a rich mixture and contained a mesh of platinum wires, which
had the property of becoming spontaneously incandescent in the presence of petrol
vapours. During the intake phase, the vacuum inside the cylinder activated the passage of
the mixture, which raised the temperature of the mesh. As a result, a certain amount of
mixture ignited and entered the chamber through a crown of small holes and a larger nozzle
located on its closing cap, shown in the detail at the top right.
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At a high temperature, these gases caused the rapid combustion of the mixture introduced
through the intake valve. Because of the extension of the flame coming out of the igniter,
combustion was almost instantaneous in relation to the speed of movement of the piston. It
was therefore not necessary to adapt the ignition advance to the operating conditions of the
engine.
The main carburettor which fed the cylinder through the intake valve is shown in section in
the bottom part of fig. 11.10. It was of the surface or whirlpool type and particularly advanced
compared with other devices known at the time. It had a venturi nozzle, which created the
necessary vacuum to automatically draw petrol through the jet, located near the narrow
section. This nozzle was regulated by a conical needle, which can be moved vertically by
means of a graduated screw, making it possible to vary the mixture ratio for starting the
engine or to compensate for variations in temperature or altitude. The carburettor also had
a constant level tank, fed by gravity from the main petrol tank (see fig. 1.11).
The secondary carburettor, shown in fig. 11.11, was of the surface type, and was placed at
the top of the constant level tank. It was used exclusively for the preparation of the rich
mixture which fed the igniter.
A rubber bulb pump, shown in sketched form in the figure, allowed the manual feeding of
the igniter before starting the engine, so the platinum mesh could heat up for the first ignition.
An elastic bladder kept the pressure regular during this manoeuvre.

Fig. 11.11 The secondary surface carburettor of the Miari & Giusti engine.
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As shown in fig. 11.10, the carburettor did not have a regulating valve, only a cold adjustment
screw. The engine therefore always ran at maximum torque. Its speed was limited by a Watt
regulator, which we can see in the middle of fig. 11.12. When the maximum displacement
of its centrifugal masses was reached (one of which is visible in the figure in the idle
position), this regulator acted on the axial displacement of the cam to prevent the opening
of the intake valve. This system of discontinuous regulation made it possible to eliminate
pumping losses, but had some negative implications for driving comfort.
We can also see in fig. 11.12 some of the oil channels which provided lubrication for the
engine couplings. At the top are the channels that served to lubricate the gears and the
regulator bearing, at the bottom, those for the piston and connecting rod. These and others
led from a single reservoir that dispensed the oil into the channels, the amount being
determined by the engine speed.

Fig. 11.12 The regulator and lubrification channels of the Miari & Giusti engine.

The transmission included a sliding-train gearbox, shown in fig. 11.13, which had three
forward gears and reverse. On the secondary shaft, in the foreground, were the driven
wheels of the first, second and third gears, from left to right. The primary shaft, in the
background of the picture, shows the driving wheels, which engaged in succession, moving
the shaft axially.
On the left of the same photograph, we can also see a pair of idler wheels, which could
engage with the driven toothed wheel of the first gear by means of a slight axial displacement
of the primary shaft and the simultaneous rotation of the oscillating bearing of the two idler
wheels to obtain reverse gear. The primary shaft of the gearbox was controlled by the cable
clutch, which can be seen in the background on the right of the same figure.
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Fig. 11.13 The gears of Miari & Giusti’s automobile.

The engine rotated the bronze drum on which the clutch cable was wound. This was made
of hemp covered with leather, which increased the friction coefficient. One end of the cable
was anchored to the primary shaft of the gearbox, the other to the clutch control by means
of a mechanism able to control the tension of the cable, even when it began to rotate
together with the gearbox shaft.
The friction torque, which allowed the clutch to operate, was exerted by the tension of the
cable. The same friction force, applied to the cable, had the effect of increasing the tension.
Thanks to this simple servo system, the transmission of the necessary torque could be
obtained with a modest drive load.
Managing the car's unusual controls, shown in Fig. 11.6, was in fact very simple. All the
necessary manoeuvres could be carried out with only four controls:
- the steering wheel
- the brake pedals
- the gear lever, located on the column and
- the combination lever, located on the right of the seat.
Given the position of the steering wheel, the driver usually guided it with his left hand, while
his right hand operated the combined lever and gearstick. The two pedals controlled the
brake shoes – the control pedal locked automatically in position and was released by
pressing the second pedal.
The gearstick was used sequentially by turning it in a horizontal plane. When in neutral, if
the vertical lever on the steering column was moved with the right leg, reverse gear was
engaged. The combined lever which could be moved forwards and backwards, controlled
the engine speed, the clutch and the cable brake at the same time.
When in neutral, the lever was approximately vertical, with the clutch free and the speed
regulator set to idle. Moving the lever backwards, starting from the neutral position, initially
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closed the clutch. Continuing this movement, the closure was gradually completed and,
when completely closed, the rotation speed of the engine increased. If, on the other hand,
the lever was pushed forward, the brake was applied and the clutch released, allowing the
car to stop without the risk of stalling the engine. In third gear it was possible to achieve a
speed of around 35 km/h.

Fig. 11.14 Bernardi’s 3 ½ HP car of 1899.

Around sixty examples of the 1894 Miari & Giusti Petit Duc described above were produced.
The tricycle was also joined by a more comfortable four-wheeled car, the 3 ½ HP. It is
interesting to note that the design of this car was the first work of the engineer, Giustino
Cattaneo, who later became Technical Director of Isotta Fraschini.
Forty 3 ½ HPs were built, but unfortunately there are no surviving examples. Only a few
photographs of the time remain to testify to their existence, including the one seen in fig.
11.14.
Several versions of the Bernardi 3 ½ HP were produced on a two-plus-two-seater base. The
power train was the same as that used for the tricycle, as were the combined control and
steering linkage. A differential and leaf spring suspension were also introduced. The chassis
and wheels were of the bicycle type, as on the tricycle.
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12 – FIAT

After Miari & Giusti, which was established in 1894, numerous other companies sprang up
in Italy in the automotive sector. In 1897, Edoardo Bianchi & Co. and Prinetti & Stucchi were
founded in Milan. Both companies were already well known for the manufacture of bicycles.
Bianchi & Co. however abandoned automobile production in 1943, when their main factory
was destroyed by aerial bombardment, and Prinetti & Stucchi decided from 1901 onwards
to focus on the production of bicycles and motorbikes.
Ceirano G. B. & Co. was founded in Turin in 1898. The following year it changed its name
to Welleyes, a company which was linked to the founding of FIAT. Giovanni Battista Ceirano
and his two brothers, Giovanni and Matteo, were later responsible for the creation of a further
ten somewhat short-lived car brands. In the same year, Marchand was founded in Piacenza
and operated until 1908, and G. Adami & C. was founded in Florence and operated until
1906.
This vitality in the automobile sector in Italy mirrored what was happening abroad.
Commercial margins were high and the necessary investments still limited. This meant that
any entrepreneur with an original project and with metal and woodworking machinery could
produce automobiles and expect to make a profit.
It was against this backdrop, that FIAT, the Fabbrica Italiana di Automobili di Torino, was
founded on 11 July 1899 by a group of early motorists. What they may have lacked in
technical experience, they made up for with their enthusiasm and entrepreneurial skills.
Many of them had also been involved in setting up the Club Automobilisti d'Italia the previous
year, the first operational nucleus of today's Italian Automobile Club (ACI).
The automobile of the late 19th century, as we have seen, had evolved considerably thanks
to the French car industry, which quickly became the world reference in the technological
and commercial field. The city of Turin was particularly open to French culture, both due to
its history and its geographical position. The existence of a rail link with Lyon and Paris
through the Fréjus tunnel had facilitated commercial contacts, although until then these
mainly involved the supply of silk to weavers in Lyon. The Paris Exhibition of 1889 and later
trade fairs played a decisive role in introducing the automobile to the people of Turin.
When it was founded, the Club Automobilisti d'Italia had some twenty members, almost all
from Turin. Despite being so few, they managed, with impressive energy, not only to keep
the association alive, but also to publish a fortnightly magazine, L'automobile, the first Italian
periodical in the sector. Their real objective however was to develop a locally-built car that
could compete with those from beyond the Alps.
Following the example of Michele Lanza, who built seven cars between 1895 and 1902,
Giovanni Battista Ceirano decided to enter the automobile market. He already produced
bicycles under the brand name Welleyes – combining the words ‘well’ and ‘yes’, this name
suggested a connection with English technology, particularly appreciated at that time by
cyclists.
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The profits made by his company, his enthusiasm for the automobile and the innovative
ideas of a brilliant design engineer, Aristide Faccioli, who was also the director of
L'automobile, allowed Ceirano to manufacture some ‘vetturelle’, which he put on the market
in April 1899 under the Welleyes brand. Vetturelle was the name given to lightweight cars
of around 500-600 kg with a price of less than 5,000 lire. It should be noted that this amount,
considered the minimum for buying a car at that time, was nevertheless the equivalent of
the annual salary of members of FIAT's first Board of Directors.
The Welleyes 3 ½ HP is illustrated in figs. 12.1 and 12.2 with and without bodywork. It was
described in a short article in L'automobile, of which an extract is reproduced below.

Fig. 12.1 The Welleyes 3 ½ HP of 1898.

The aim of Giovanni Ceirano, the successful manufacturer of the excellent Welleyes brand
of cycles, was to introduce the same elegance, lightness and smoothness of the Welleyes
cycles to the manufacture of light cars, commonly known as ‘vetturelle’ ... The qualities of
this vetturella can be summed up as follows: elegance of form, lightness and smooth
running, absence of noise, maximum simplicity and mechanical robustness. Here is a brief
description:
A vertical, two-cylinder engine with cooling fins and electric ignition. Its speed is
very low, making it possible to a achieve low noise levels and the long conservation of parts
subject to friction, as well as maximum ease of lubrication: the connecting rods move within
an aluminium casing.
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A very simple constant level carburettor allows the use of any type of fuel which is
a distinct advantage for touring in country areas where it may be difficult to find naphtha or
kerosene.
Speed. The Welleyes can be started without the need to alight and has two speeds:
one of 7 km/h suitable for hill climbs of up to 14%; the other permitting a maximum of 32
km/h. Intermediate and lower speeds, right down to walking pace, are obtained by delaying
or advancing the electric ignition.
The belt transmission eliminates the annoying noises produced by the gears,
allowing the car to run almost as quietly as an electric car.
The chassis is made entirely of heavy-gauge steel tubing connected by hard soldering.
All moving parts are mounted on ball bearings, giving the car maximum smoothness.
The running weight, with a supply of 10 litres of petrol, sufficient for 120 km, is about
200 kg.

Fig. 12.2 The bare chassis of the Welleyes 3 ½ HP.

The cars delivered to the first customers gained a good reputation. Among the sporting
exploits of the Welleyes were the Torino-Avigliana-Pinerolo-Torino race and the rally from
Torino to Civitavecchia via the Bracco pass. Refinements were however necessary. In
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addition, there was no factory facility equipped for mass production. To meet both of these
shortcomings, new investment was essential.

Fig. 12.3 The founding of FIAT: from the left to right, Luigi Damevino, Roberto Biscaretti di
Ruffia, Carlo Racca, Cesare Goria Gatti, Emanuele Cacherano di Bricherasio, Michele Ceriana
Mayneri, Giovanni Agnelli, Ludovico Scarfiotti and Alfonso Ferrero di Ventimiglia.

It was a desire to exploit the know-how developed by Ceirano and Faccioli, and to set up an
industrial structure capable of producing at least a hundred cars a year that led to the birth
of FIAT. The new company had a capital of 800,000 lire, and took over the patents and
skilled workers of Welleyes, acquired by Ceirano for 30,000 lire. The most important figures
who moved to FIAT from Welleyes were Faccioli, who became Technical Director, and
Vincenzo Lancia, who acted as test driver. The painting by Lorenzo Delleani in fig. 12.3
depicts the Board of Directors of FIAT on the day of the company’s foundation.
FIAT’s first vehicle, named the 3 ½ HP after the Welleyes car, was not originally intended to
differ greatly from the original. However, in the brief period between the founding of the
company and the inauguration of its first plant in Corso Dante in Turin on 19 March 1900, a
number of radical changes were made both for technical reasons and to avoid problems
with patents. Among a series of modifications was the new system regarding the carburettor
and engine regulation, the cooling system, the gearbox, the wheels and the chassis. These
inevitably had a significant impact on the overall configuration of the vehicle.
The layout of the new powertrain in fig. 12.4 is not the final version, since in this drawing
there are still pulleys for the belt drive. But the other technical details correspond to those of
the FIAT 3 ½ HP engine. It is worth noting that the system of air cooling, considered to be
unreliable, was eliminated and replaced with water cooling. To facilitate the elimination of
steam from the cooling circuit, the engine was now mounted horizontally. This was made
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necessary by the low efficiency of the radiator, which meant the engine had to be cooled by
water evaporation.
In the upper part of the engine we can see the device used for automatic lubrication. This
innovation consisted of a series of discs which rotated in an oil reservoir and drew the
lubricant into channels connecting to the points of the engine subject to friction. The
advantage of this system, compared to the traditional drip lubrication, was that the oil flow
was interrupted when the engine stopped.

Fig. 12.4 The powertrain of the FIAT 3 ½ HP for the chain gears.
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We can also see the cylindrical combustion chamber and next to it the intake and exhaust
valves. The intake valves were opened automatically by the vacuum, and the exhaust valves
were controlled by cams with a system of rocker arms and tappets.
The crankshaft rotated an orthogonal shaft, with the valve cams of the exhaust on the left
and the ignition distributor on the right. Unlike the Welleyes, regulation was no longer carried
out by acting on the advance, but by interrupting the ignition with a Watt regulator, at the
speed set by the driver.
At this stage it was decided, a little belatedly perhaps, to check the international validity of
the patents acquired by Ceirano. After a lengthy investigation, they concluded that the band
gearbox, one of the distinctive features of the Welleyes technology, risked infringing
Daimler's patents. In order to avoid legal problems, and probably because it was felt that the
bands were likely to require frequent adjustments, it was decided to introduce a gearbox.
In addition, doubts were raised as to the structural robustness of the wire spoke wheels.,
and so it was decided to adopt wooden artillery-type wheels, which were certainly stronger.
After much debate, these were fitted with pneumatic tyres rather than solid ones, which
would have been more resistant but have given a less comfortable ride.
In the space of a few months, Aristide Faccioli had completely redesigned the project and
prototypes twice over. So, in the end, the only similarity between the new car and the original
Welleyes was its shape.

Fig. 12.5 Drawing of the final chassis of the FIAT 3 ½ HP.

Fig. 12.5 shows these radical modifications, including the elimination of the tubular frame
and its replacement with a simpler chassis consisting of metal profiles. The weak point of
the tubular frame had been that the joints could loosen under stress.
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The decision to introduce a gearbox meant that the engine had to be placed longitudinally,
but this new gearbox made it possible to add a third speed. The choice of the configuration
of the constant mesh gearbox was probably to simplify the controls, which in this case could
be sequential. The design of the gearbox seen in fig. 12.6, which belongs to the FIAT 8 HP
of 1901, is more or less identical to that of the 3 ½ HP, except for the addition of a fourth
gear.
The innovative gear-changing system was developed to facilitate its operation. It worked by
means of the mechanism in fig. 12.7. The ratchet clutch transmitted the rotation from the
engine to the wheels, but not in the opposite direction. In this way, the gears were easy to
engage when the input shaft was slowed by the opening of the clutch.

Fig. 12.6 Longitudinal section of the constant mesh gearbox of the FIAT 8 HP.

To avoid infringing the patent, the original jet carburettor was also modified and replaced
with the surface carburettor illustrated in fig. 12.8. This consisted of a rectangular tray in
which a constant level of petrol was maintained by means of a float valve. Air was sucked
in through an inlet controlled by a tap, and carburised by letting it lap the surface of the petrol
through the elongated rectangular duct.
The photograph in fig. 12.9 of a FIAT 3 ½ HP displayed in Centro Storico Fiat illustrates the
final appearance of this car. It had duc type bodywork and two banks of facing seats. The
driving seat was protected by a folding hood.
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Fig. 12.7 Vertical section of the constant mesh gearbox of the FIAT 8 HP.

Fig. 12.8 The surface carburettor of the FIAT 3 ½ HP.
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The engine (see fig. 12.10) was placed horizontally under the rear seat, along the
longitudinal axis of the car. It is interesting to note the lubrication tray, already described in
fig. 12.3, activated by means of a belt, was crossed by the transverse shaft used for the
distribution and regulator.
A large-spoked flywheel contained the conical clutch with leather friction liners. This moved
the gears by means of a double universal joint. As shown in fig. 12.5, a bevel gearbox drove
the differential and two transverse driveshafts from which the motion was transmitted to the
rear wheels by means of chains.
A wolf's-tooth wheel with a sprag on the differential housing was used to prevent the car
from rolling backwards during hill starts, offering a less rudimentary method than the usual
hooked bar dragged along the ground. In order to push the car backwards, the sprag could
be lifted, as this model had no reverse gear.

Fig. 12.9 The FIAT 3 ½ HP.
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Fig. 12.10 The engine of the FIAT 3 ½ HP.

As shown in fig. 12.9, the engine water was cooled by a tube radiator located under the front
seat. Later models were improved by the addition of a finned coil radiator, visible in fig.
12.11.
The front wheels were steered by a handlebar, connected by means of a longitudinal bar to
the knuckle spindles with a simple mechanism. On the right of the driver's seat was a lever
that operated the band brakes on the rear wheel hubs. The right pedal operated a second
brake on the differential housing. A lever located on the steering column was used to select
the desired gear. And a shorter lever next to it used to select the speed.
The twin-cylinder engine, with a bore of 65 and stroke of 99 mm, had a displacement of 679
cm3 and delivered 4.2 HP at 800 rpm. A crank shaft with opposing cranks provided better
balance, allowing an uneven sequence of sparks.
The unladen weight of the car was 420 kg and it had a top speed of 35 km/h. The selling
price was established at 4,000 lire. In 1900 26 units were built and in the following year a
further 20 of the 6 HP version. The main difference between the two models was the
increase in displacement to 1,082 cm3 (bore: 83 mm; stroke: 100 mm) in the latter, allowing
it to deliver 10 HP at 800 rpm.
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Fig. 12.11 The FIAT 3 ½ HP with additional serpentine radiator.

The 6 HP was followed by the 8 HP of which 41 were produced between 1901 and 1902.
Although this vehicle used many existing components, it benefited from the completely new
configuration seen in fig. 12.12. The engine was practically the same as that of the 6 HP but
mounted vertically in the front of the vehicle. A few details had to be modified as a result of
this new position and the adoption of a jet carburettor. Maximum power was now delivered
at 1,100 rpm.
Instead of the previous non-rechargeable battery ignition, in the 8 HP this was replaced with
magneto ignition. A limited voltage of around 100 volts was generated, and raised to the
desired level by means of sparking plugs formed of hammer switches. The electrodes of the
plugs were normally connected to the engine mass with the hammer switches shown in fig.
12.13. At the moment of ignition, a cam opened the contact, generating an overvoltage
which ignited a spark of sufficient energy. The hammers were controlled by a special front
cam, which put the tappets in traction.
The wheels of the rear axle were still controlled by the clutch, gearbox and differential by
means of chains. The 1901 model had a serpentine radiator placed in front of the bonnet,
while in 1902 a honeycomb radiator was adopted, requiring the shape of the bonnet to be
modified.
The declared top speed of the 8 HP was 45 km/h with an unladen weight of 800 kg, and the
price increased to 8,500 Lire.
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Fig. 12.12 The FIAT 8 HP with serpentine radiator.

Fig. 12.13 Detail of the ignition mechanism.
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The shape of the bodywork was also modified and the car fitted with two rows of forwardfacing seats. This model had a steering wheel and the gear lever was moved to the floor, on
the right of the driver.

Fig. 12.14 The engine of the FIAT 8 HP.

It is clear from fig. 12.14 that the engine was similar to the previous one, but the new position
meant that the lubrication reservoir, controlled by a more rational chain transmission, had to
be relocated. The mechanical parts of this engine were completely enclosed in protective
casing.
At this point, it may be useful to clarify the values and units of measurement used to identify
the different models. In the early cars, it was common practice for the commercial name of
a model to be the same as its power expressed in HP. This value was initially the power that
could be used continuously without resulting in excessive engine wear. It was sometimes
replaced by the fiscal power, as in the case of the 3 ½ HP, 6 HP and 8 HP, which was the
power value used for calculating road tax, usually derived from the cylinder capacity. By the
early 1900s, however, the continuous power often exceeded the fiscal power. In cars of this
period, the name of the models consequently included both values.
This clarification explains the name of the 12/16 HP of 1902, seen in fig. 12.15, which
delivered 16 HP at 1,200 rpm and had a top speed of 70 km/h. Its tonneau body was made
of curved plywood. Other body styles were adopted for the 106 examples produced.
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The engine used two of the previous twin-cylinder units, with their bore increased to 100 mm
and the stoke to 120 mm, producing a displacement of 3,768 cm3. The price was raised
further to 12,000 lire. After this model however the two-cylinder engines were abandoned.
The following model, the 16/20 HP, launched in 1903, had the completely new engine shown
in the drawing in fig. 12.16. It was made up of two cast iron blocks with non-detachable
heads and liners (110 mm bore and stroke, 4,181 cm3 displacement) and an aluminium
crankcase made in two halves, to house the supports of the crankshaft and camshaft.

Fig. 12.15 The Fiat 12/16 HP.

The automatic intake valves were abandoned and it had a camshaft on each side of the
engine: the one on the right was for the intake and on the left for the exhaust. The valve
seats were arranged so as to be accessible from above to facilitate machining, assembly
and the frequent cleaning and grinding operations required. The access holes were closed
by plugs which were bolted on.
This engine was followed by other versions with larger displacements, up to 150 mm bore
and stroke. The maximum displacement was the 11,044 cm3 of the 50/60 HP, which had six
cylinders and three blocks. It should be noted that all the engines of this family, despite
having different dimensions and parts, shared the same design and construction technology.
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Fig. 12.16 The FIAT 16/20 HP engine adopted on all models from the 16/60 HP to the 24/40 HP.

A total of around 3,600 were built up until 1908 when the new four-cylinder mono-block
engines were launched for the Type 0 to Type 6 models built later.
With the bi- and tri-block engines, the constant mesh gearbox was abandoned in favour of
the sliding-train gearbox, which was certainly more robust, although more difficult to operate.
It is shown in section in the drawing in fig. 12.17. It had four gears and reverse. The integral
differential was suitable for the application of final chain transmissions. Note the widespread
use of ball bearings and the lever control, which was no longer sequential but of the gear
selection and engagement type.
As an example of the numerous models that adopted these mechanics, we describe the
16/20 HP. From 1903 to 1906 about 7,000 were built with three different wheelbases: 2,120
mm, 2,585 mm and 2,830 mm. In fig. 12.18 is the two-seater, a short wheelbase sports
version. Its maximum power was 22 HP at 1,100 rpm and the list price of the normal version
was around 15,000 lire. The maximum speed was about 70 km/h.
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Fig. 12.17 The sliding train gearbox.

Fig. 12.18 The FIAT 16/20 HP sports car.
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Fig. 12.19 The driving controls of the FIAT 16/20 HP sports car.

In fig. 12.19 we can see the brake and clutch pedals, which were used in combination to
disengage the clutch while braking in order to avoid accidentally stalling the engine. The
accelerator was in the middle, but in the photograph is hidden by the handbrake lever which
acted on the transmission. Next to the handbrake is the gear stick with its typical gear
selection guide. In the centre of the wooden dashboard are the lubrication reservoir and
speedometer, while on the driver's side is the manually operated pump for pressurising the
petrol tank.
The cars described in this chapter can be found in the Centro Storico FIAT and in the Museo
Nazionale dell’Automobile, both in Torino.
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