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Preface

My purpose in writing this book was based on the belief
that all intelligent railway men and hosts of others are suf-
ficiently interested in the locomotive to desire a book giving
a comprehensive history of the growth of this form of en-
gine. The first moving cause for the determination to write
this book originated about thirty years ago when I read an
article in a popular magazine professing to give a condensed
history of the locomotive engine that was full of misstatements
and errors. I wrote to the editor, pointing out some of the
most glaring mistakes, such as one stating that the first portion
of the New York Central Railroad was opened with an en-
gine called the “John Bull,” which had an upright boiler. The
editor replied that the article was written by a person who was
an authority on such matters, and that there was no doubt that
the statements made were correct. On reading the editor’s
letter I determined to write a history of the locomotive, and I
have been collecting material for it ever since.

Most of the articles composing the book have been pub-
lished in the pages of Railway and Locomotive Engineering,
my own journal. As the articles appeared I invited readers to
send in corrections if they found any mistakes. They responded
very exhaustively, and many of the statements have led to
long discussions and correspondence. I have been actuated by
an earnest desire to publish exact facts, and after sifting con-
flicting statements have used my best judgment to give those
that are founded on the most reliable authority. That has
caused the material in the book to be practically rewritten.

I give this book of history to the world with the humble
hope that it may prove as free from mistakes as the most care-
fully written historical books have been, and that it may be
found of interest to many who are engaged in railroad opera-
tions, or who may be interested in the appliances which have been
used so successfully in the development of this great country.
Whatever may be the popular estimate of the work, however, noth-
ing can ever deprive me of the pleasant recollection of the
many cheering words of encouragement and help connected with
its preparation that have come from almost every part of the world.

New York, June 1st, 1907.
ANGUS (SiNCLATR.



Origin and Growth of the Steam Engine

CHAPTER L

The Steam Engine the Greatest Invention.

The history of the steam engine is a materialistic romance
that has had no parallel in the records of human achievements
since the world began. We can conceive of no intelligent per-
son who would fail to read with pleasure the story of the men
whose stupendous labors brought into practical form the most
potent forces of nature that have ever been subdued for the
use and comfort of the human race. The reflective man must
view with admiration the persistent work of philosophers and
mechanics who found steam as a mysterious uncontrollable
agency, and reduced it to ordinary comprehension and utili-
tarian control.

The steam engine represents the most successful invention
ever brought into use for converting the potential energy of
coal or other fuels into mechanical work. It is not the most
economical prime motor in use; but it possesses practical ad-
vantages over all other forms of heat engines that are likely to
protract its existence for a long time to come.

Development Over Expensive Mistakes.

The development of the steam engine has been a matter of
slow growth, built up to a great extent on the ruins of expen-
sive mistakes. What is now considered civilization was no
doubt in its infancy when people began to find out that hold-
ing down the lid of a boiling caldron was liable to end in dis-
aster to the cooking utensil. When accidents to the principal
cooking vessel of the household first began to be noticed,
through the laudable efforts of the thrifty housewife to hold in
the savory fumes, diabolical agencies were supposed to have
caused the explosion. Diabolic agencies were long a con-
venient means of explaining things that were not easily under-
stood, and some people still cling to that way of mystifying

’



2 DEVELOPMENT OF THE LOCOMOTIVE ENGINE.

others about the action of forces their limited intellect cannot
comprehend.

In the world there are always some men who see farther
into so-called mysteries than their neighbors. It is a long time
since philosophers—searchers after truth—began to assert that
the vapor from boiling water, which played havoc with the
kailpot, was a natural force whose power might at some time
be utilized for useful purposes. Thus speculation about steam
began. Its roots were for centuries no farther spreading than
those from a grain of mustard seed, but they were alive and
strong with potentialities.

Steam Engine in Egypt.

There is no means of knowing how long ago people began
trying to use, in different ways, the force obtained from the ex-

pansion of steam; but it is certain that a crude form of steam
engine was exhibited as a curiosity in Alexandria, in Egypt,
two hundred years before our era began, and was described as
were many other mechanical appliances in a work on pneu-
matics written by Hero of Alexandria about 150 B. C. There
is good reason for believing that the philosophers of those
days had made some progress in using the pressure of steam
for mechanical purposes. The leaders of the intellectual world
in ancient times were, however, much more given to theorizing
about discoveries than to applying them to the service of their
fellow-men. In fact, many of them would have considered it
degrading to have used their inventions or discoveries to
lighten the burdens carried by mankind.

The ancient Romans appear to have been familiar with
the principal elements that are used in a steam engine, but
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they never devised the combinations necessary to chajn them
into a working machine. And the spirit of utility was not suffi-.
ciently active to induce them to labor on solving the problem.
Later on evil times fell upon the world, and the use of the
sword almost annihilated the use of the pen. During that long
period of mental darkness all sorts of inventive tendencies were
discouraged unless their purpose was improving weapons for
the destruction of human life.
Whirling Zolipile.

The Greek conception of a steam engine is illustrated in
Fig. 1 and was called a whirling =olipile. Mounted above a
closed boiler is a hollow sphere from which two short tubes
proceed in the line of its axis, and whose ends are bent in
opposite directions. The sphere is suspended between two
columns, their upper ends being pointed and bent toward each
other, forming trunnions, one of them being hollow through
which the steam passes from the boiler into the sphere as air
is passed into a Bessemer converter. The steam passing out
of the bent tubes by its reaction imparts a revolving motion
to the sphere.

Engines of this character appear to have been employed,
to some extent, for mechanical operations and industrial pur-
poses; but their capacity was very limited. Still the aolipile,
although little more than a mechanical toy, must have been an
object of amusement and some utility to many people through-
out the long dark ages, for Lord Bacon, the famous philosopher
who was born in 1561, was familiar with the apparatus and
proposed making improvements upon it which seem never to
have been carried out. It was used in castles and monasteries
for turning the spit on which meat was roasted.

Branca’s Crude Steam Turbine.

A book published in Rome in 1629 describes and illustrates
a steam engine invented by Giovanni Branca, which had ele-
ments of what might have made a practicable steam engine.
The illustration, Fig. 2, represents a steam jet issuing from a
negro’s body, the latter forming a steam boiler heated on a
brazier. The blast of steam proceeds from the mouth and is
directed against pallets or vanes on the periphery of a large
wheel which is expected to turn round and by means of a
series of toothed wheels and pinions to communicate motion to
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stampers. The inventor also proposed using the engine for the
pumping of water.

This invention was an elementary form of steam turbine.
Its principal defect was the absence of appliances for making
the steam follow the pallets until more of its energy was con-
verted into useful work.

If an ingenious inventor had devoted himself to improving
Branca’s apparatus, the likelihood is that the reciprocating
steam engine would never have been invented, for recent devel-
opments of the steam turbine indicate that it is likely to be
made as efficient a means of converting heat into work through
steam as the best forms of reciprocating engines.

Necessity Demanding the Steam Engine.

From the time the Christian era began until about three
centuries ago there were very few scientific men, and the few

Fig. 2. Branca's Turbine

that existed had other things to do that seemed more important
than working out a new motive power. But as war became less
and less the principal avocation of mankind, leading minds be-
gan to devote their attention to plans for putting the potential
forces of nature to useful purposes. '

For several centuries various philosophers and experiment-
ers tried to raise water by the use of steam, but they all
worked on the wrong line of experiment. They discovered
that by filling a vessel with steam and then condensing it,
a vacuum was formed which would suck up water a distance
of about 34 feet. A series of these lifts was sometimes used
to raise water for a considerable distance. Another plan was
to apply the steam directly to the surface of the water, as
compressed air is now employed at many places for raising oil
and for raising water in sleeping cars. Both these methods
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were very wasteful of heat but their work was sometimes
cheaper than animal power.

Raising water by air pressure has been practiced long, for
Hero describes the method in his work already mentioned.

Among the most celebrated modern philosophers who la-
bored to produce power through steam was the Marquis of
Worcester, an English nobleman whose principal work was
done about 1665. This was the construction of an apparatus
which the inventor called ‘““a water commanding engine,” and
was employed for raising water. Worcester was an inventive
genius and he spent a fortune trying to introduce a crude form
of steam engine. Circumstances were, however, too formidable
for this powerful nobleman. His work was valuable princi-

Fig. 3. Huyghens' Gas Engine

pally for paving the road of progress with fractures of ideas
on steam.
The First Gas Engine.

Philosophers who made their mark on formulating a steam
engine followed each other in quick succession after Worcester.
In 1680 we find Christian Huyghens, a Dutch professor, de-
scribing a gas engine, Fig. 3, which he had designed with cyl-
inder and piston, an epochal invention. His plan was to expel
the air from the cylinder 4 by a charge of gunpowder. When
the gas cooled, the piston B would descend, forced down by
atmospheric pressure. The apparatus was not practicable, but
it possessed the germ which produced the modern steam
engine.
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Piston and Cylinder.

This was the piston working in a steam-tight cylinder, a
combination that first formed an effectual harness to enable
steam to perform work against power transmitting resistance.
It is strange, to reflect, how slow the scientists who developed
the modern steam engine were to perceive the merits of the
piston element, for it had been described in Hero’s “Spiritalia
sen Pneumatica,” and several modern writers had speculated
about its use. Naturalists were familiar with the use that bees
make of the piston to push honey into the comb, yet engineers
appeared to have exhausted every other promising contrivance
before they gave the piston a proper trial.

An industrious and ingenious experimenter with steam was
Denys Papin, a Frenchman who settled in England about 1680.
He soon took a prominent place among the scientists of that
period. His principal invention was a vessel which he called
a “digester,” wherein substances were treated under high steam
pressure. He invented a form of safety valve for use on this
vessel. He was also the inventor of the two-way cock, the
four-way cock and other accessories of the steam engine.
These were all ancient devices, however, and may have been
copied from old drawings.

A savant of that time, who by fruitful failures narrowly
missed making a practicable steam engine, was Thomas Sav-
ery, an Englishman born about 1650. He patented a so-called
fire engine for raising water by a combination of suction and
pressure. Quite a number of his engines were put into opera-
tion for draining mines and supplying towns with water.

There were many others who worked at that time trying
to devise means for converting heat into work. A great aggre-
gate of small endeavor brought forth useful results and the
apprenticeship in inventing was slowly devising the appliances
required to make the engine a success after the leading ele-
ments were connected together.

Newcomen’s Atmospheric Engix;e.

A revolutionary advance over previous methods was made
about 1705 by Thomas Newcomen, an English blacksmith, who
successfully applied a piston to a cylinder. A steam-tight
piston working in a cylinder constitutes the most important
element of the steam engine. The philosophers who had pro-
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posed using a piston before Newcomen’s time were not able
to devise the mechanical arrangements necessary to transmit
the power from the piston. Newcomen built an engine with
a cylinder and piston, and connected the latter with a walking
beam which had a pump rod connection at the other end. As
the art of boiler making was then almost unknown, Newcomen
used steam of little more than atmospheric pressure, and em-
ployed it to fill the cylinder for the purpose of creating a vac-
uum by the use of condensing water. A counterweight brought
the piston to the top of the cylinder, the part below the piston
was then filled with steam, cold water was applied to the out-
side of the cylinder and piston and the steam was gradually
condensed, when the pressure of the atmosphere pushed down
the piston, performing a stroke. The strokes originally were

Fig. 4. Newcomen’s Engine

not more than four or five a minute. Newcomen’s invention is
known to history as the “atmospheric engine.” Illustrated in
Fig. 4.

The first radical improvement effected on this engine was
suggested by accident. The piston was kept as nearly steam-
tight as possible, and a charge of water was applied on the
outside to help in condensing the steam inside. One day it
was noticed that the engine began working more rapidly than
it had ever done before. On investigating the cause, New-
comen found a hole in the piston packing, which permitted the
condensing water to enter the cylinder, where it did its work
more rapidly and effectively than when it had to do the cooling
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through the walls of the cylinder. After that a jet of water was
injected inside the cylinder, which materially increased the effi-
ciency of the engine.

First Automatic Valve Mechanism.

The motion of these atmospheric engines was so slow that
the inventor did not consider it necessary to devise any auto-
matic mechanism for operating the valves that admitted steam
and water to the cylinder. A boy was employed for opening
and closing the valves at the proper times. A boy named
Humphrey Potter was valve turner for one of these engines,
and he wanted some time for play while at work. Being an
ingenious lad, he devised an arrangement of cords which was
operated by the walking beam and opened and closed the
valves automatically. This simple arrangement.nearly doubled

the strokes made by the engine. In this humble way originated.

the automatic valve motion.

Improving Newcomen’s Engine.

When, after a persistent struggle, Newcomen demonstrated
that his engine could be depended upon to pump water out of
deep mines, and that the expense was much lower than that of
animal power, there were plenty of men ready to interest
themselves in working out improvements the engine. The
principal improvements made on the Newcomen engine were
carried out by Henry Beighton and John Smeaton, both famous
engineers of their time. Beighton devoted himself principally
to making convenient and substantial attachments and mechan-
ism; Smeaton worked to secure greater efficiency for the heat
expended in operating the engine. Their labors produced an
engine that was fairly efficient, so that within seventy years
it attained decided popularity in all countries where the pump-
ing of water had to be done on a large scale. By the year
1780 there were over one hundred Newcomen engines at work
in Great Britain, ranging in capacity from 15 to 150 horse
power. Many of them had been sent to different countries on
the Continent of Europe and a few to the United States.

The weak feature about the Newcomen engine was the
great waste of heat caused by cooling the cylinder each stroke
for the purpose of creating the vacuum. To remedy this
source of waste became the purpose of several engineers and
inventors. The most celebrated among these men was James
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Watt, a mathematical instrument maker, of Glasgow, Scotland,

who is generally credited with being the inventor of the steam
engine, which is giving him more honor than he was entitled to.

Watt Experimenting with Newcomen’s Engine Model.

Watt, who was naturally a most fertile inventor and had
received a fairly good mechanical training, had a working model
of 2 Newcomen engine in Glasgow University, sent to him to
be repaired, and he obtained permission to experiment with it.
He had previously made some progress in the study of natural
philosophy, and he applied this knowledge to investigating the
phenomena of heat producing power through the medium of

James Watt

steam. The discoveries that resulted were in themselves sufh-
cient to make Watt famous.

At that time very little was known about heat, and less
about steam. In his experiments with the Newcomen model
Watt found out:

1. The capacities for heat of iron, copper and of some
kinds of wood as compared with water.

2. The volume of steam as compared with water.

3. The quantity of water evaporated in a certain boiler by
one pound of coal.

4. The elasticities of steam at various temperatures greater
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than that of boiling water, and an approximation to the law
which it follows at other temperatures.

5. How much water in the form of steam was required
every stroke by a small Newcomen engine, with a wooden cyl-
inder 6x12 inches.

6. The quantity of cold water required in every stroke to
condense the steam in that cylinder, so as to give it a working
power of about 7 pounds to the square inch.

All the engineers of reflective minds who had interested
themselves in the Newcomen engine saw that using the cylin-
der as a condenser caused a serious waste of heat; but Watt

Fig. 5. Watt's Steam Engine

determined with exactness what the loss amounted to. It might
have been supposed that Watt, having become acquainted with
the elastic properties of steam, would have abandoned the con-
densing feature and made an engine to work by the direct
action of steam, but he appeared to cherish a strong antipathy
to high pressure steam, principally because, when he began
building engines, no boilers had been made that could safely
resist a pressure of more than 10 pounds above the atmosphere.
Savery, one of the early experimenters in raising water by the
direct action of steam, had several disastrous boiler explosions,
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which made many people distrustful of steam pressed above one
atmosphere.

Watt was a great believer in utilizing the pressure of the
atmosphere with a condensing engine. After cogitating a long
time on how to overcome the defects of the Newcomen en-
gine, he conceived the idea of using a separate vessel as a con-
denser. This resulted in a great saving of heat, and Watt’s
engine rose rapidly into favor, especially for districts where
fuel was expensive.

The mechanism of Watt’s first engine is shown in Fig. s.
The steam passes from the boiler through the pipe d to the
valve ¢ to the cylinder casing or steam jacket and above the
piston b, which it follows in its descent in the cylinder a, the
valve f being at this time open to allow the exhaust to pass
into the condenser A.

The piston now being at the lower end of the cylinder, and
the pump rods at the opposite end of the walking beam y thus
raised and the pumps filled with water, the valves ¢ and f close
while e opens, allowing the steam which remains above the pis-
ton to flow beneath it, until the pressure becoming equal above
and below by the weight of the pump it is rapidly drawn to the
top of the cylinder, while the steam is displaced above, passing
to the underside of the piston.

Now the valve is closed and ¢ and f are again opened and
the down stroke is repeated as before. The water and air
entering the condenser are removed at each stroke by the air
pump 4, which is in communication with the condenser.

The valves are moved by valve gear on the tappet rod n #.

A Practical High Pressure Engine Proposed.

In 1720 a book called “Theatrum Machinarum,” compiled
by Leupold, was published in Cassel, which contained illus-
trations of a great many engineering devices, among them the
single acting high pressure engine shown in Fig. 6. A valuable
feature connected with this engine was the four-way cock for
admission and release of steam. Leupold, who was more of a
delineator than an inventor, credited Papin with having pro-
posed the four-way cock. There is no record of the Leupold
engine having been built, but the design remained on paper,
a valuable suggestion to be put into practice years after it was
given to the public.
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The First High Pressure Steam Engine.

In the year 1769, when Watt was trying to improve on New-
comen’s atmospheric engine by using a separate condenser to
prevent the loss of hedt that resulted from condensing the steam
every stroke in the main cylinder, Nicholas Joseph Cugnot
designed, and, taking Leupold’s engine for a model, had built
in Paris a steam carriage which he supposed could be used as a
gun carriage. The carriage was tried in the presence of the
Duc de Choiseul, Minister of War, and of other influential cour-
tiers of the French government. Like most first attempts, this
engine was not a success, but the inventor was encouraged to

Fig. 6. Leupold's Plan of Steam Engine

try again, and he produced a second engine which is still pre-
served in the Conservatoire des Arts et Metiers, Paris, a museum
where a great many interesting engineering inventions and curi-
osities are collected, some of them being of particular interest
to Americans. I have examined the engine very carefully several
times, and consider that it was a wonderfully well designed and
substantially built motor, much superior to the first high pressure
engines built in England thirty years afterwards.

Descriptions of Cugnot’s Engine.

Cugnot’s engine, shown in the annexed engraving, Fig. 7, is
a tricycle with a heavy frame, consisting of two strong wooden
beams set parallel and extending from end to end, to which the
wheels and running gear are secured in a most substantial man-
ner. The single wheel is in front, and carries the engine and
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boiler. It has blocks on the periphery for the purpose of biting
the ground and preventing slipping, a very necessary arrange-
ment, for the adhesion would not be sufficient to hold down much
tractive force. The single wheel is turned by two single acting
engines, as proposed by Leupold, one on each side, which oper-
ate ratchets that convert the reciprocating motion of the pistons
into rotary motion. This arrangement was tried by several
improvers of pioneer steam engines before they realized that the
crank, whose action in connection with the turning lathe is as
old as civilization, was the simplest way to convert to and fro
motion into circular motion. To me the boiler seems to be the
most defective part of the apparatus. It is made in the form of
the cooking caldronms used in the kitchen of feudal castles in
olden times. The vessel is a section of a truncated cone made
of copper sheets riveted together. At the bottom is a small fur-
nace which was undoubtedly too small to generate a supply of
steam for more than a few minutes when the engine was working.

Fig. 7. Cugnot's Engine and Carriage

This shortcoming doubtless proved that the motor could not per-
form the work for which it was intended.

The wheels are of the kind that were used for field artillery in
the seventeenth century, and are very strong, as might be ex-
pected, and the whole of the running gear and engine corinections
were evidently made to endure rough usage. The pioneer loco-
motives and automobiles or road steam carriages built thirty-five
years afterwards in Great Britaimr caused great annoyance, expense
and delay through the parts being too weak, and failures hap-
pened so frequently that the introduction of steam into land
transportation was delayed for years, but there was no fear of
Cugnot’s carriage breaking down on account of structural weak-
ness. -

The engine was tried but two or three times, and, having acci-
dentally overturned in the neighborhood of which the Madelaine
is now the center, it was immediately locked up in the arsenal,
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and all hopes of its ultimate success apparently abandoned. The
engine in its present state bears evidence, however, that even
under the most favorable circumstances it could not compete
commercially with horse power; and when we recall the generally
wretched state of the roads, alike in France and in England,
during the eighteenth century, we have abundant reason for
the discredit which then attached to all schemes for steam
locomotion.

The political troubles that were brewing in France about the
time Cugnot’s carriage was tried, gave the military engineer
something to do which was considered more important than the
work of experimenting with a steam engine. Cugnot lived till
1804, and saw other forms of steam engineg made a commercial
success.

So far as the mechanical part was concerned, Cugnot’s high
pressure steam engine possessed all the valuable elements of those
that were afterwards made successful by others.

Other Efforts.

In 1784 William Murdoch, who first proposed the use of coal
gas for illuminating purposes and designed the first apparatus
for gas lighting, made a small working model of a road locomo-

Fig. 8. Murdoch's Model

tive. It was nothing better than a toy, with a cylinder 34 inch
diameter and 3 inch stroke, the steam being generated by a
small spirit lamp, but withal an excellently finished miniature
engine. British writers have devoted exaggerated attention to
this plaything, which exercised absolutely no influence upon
the genesis of the locomotive.

When the public first realized that the steam engine was
reliable as a power for driving manufacturing machinery, the
idea that steam might be used to propel vehicles on common
roads began to have advocates. Several attempts of a much more
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ambitious character than that of Murdoch were made in Great
Britain, before the eighteenth century closed, to produce prac-
ticable steam carriages to run on the King’s highway, but none
of the inventors left a mark upon the development of land trans-
portation.

For a time it looked as if the development of a road engine
or locomotive from the stationary steam engine would be as
slow a process as was the steam engine in rising from the experi-
mental stage. Schemes for the development of inland trans-
portation by means of the steam engine were rife in Great Britain
when the nineteenth century opened, but most of them were of
an impracticable character. Although there were numerous

William Murdoch

tramways in use connected with mines, public men, ambitious to
improve the methods of land transit, did not recognize that the
mining railroads might form the nucleus of a transportation
system. ' .
The first suggestion on record for the construction of a
railroad to carry merchandise was made before the Literary
and Philosophical Society of Newcastle by one Thomas Den-
ton, in February, 18c0.

Two years later, Richard Edgeworth, father of Maria Edge-
worth, the novelist, suggested that the railroad scheme should be
extended for the carrying of passengers.
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The proposal that roads with iron rails should be made to
carry steam engines as motive power gradually found favor among
liberal minded people, but the idea of changing the methods of
travel was intensely repellant to narrow prejudice and pre-
vailing ignorance.

In 1803 Prof. John Anderson, of Glasgow, published a most
eloquent plea in favor of railways, which had great influence with
the educated classes. He wrote:

“If you can diminish only one single farthing in the cost of
transportation and personal intercommunication, you at once
widen the circle of intercourse; you form, as it were, a new crea-
tion—not only of stone and earth, of trees and plants, but of
men also, and, what is of far greater consequence, you promote
industry, happiness and joy. The cost of all human consumption
would be reduced, the facilities of agriculture promoted, time and
distance would be almost annihilated; the country would be
brought nearer to the town; the number of horses to carry on
traffic would be diminished; mines and manufactures would ap-
pear in neighborhoods hitherto considered almost isolated by
distance; villages, towns and even cities would spring up all
through the country, and spots now silent as the grave would be
enlivened by the busy hum of human voices, the sound of the
hammer and the clatter of machinery; the whole country would
be revolutionized with life and activity, and general prosperity
would be the result of this mighty auxiliary to trade and commerce
throughout the land.”



Early Attempts at Locomotive Construction
CHAPTER IL

Work Done By Oliver Evans.

At the period when the inventing of a practicable self propel-
ing steam engine seemed beyond the power of European in-
ventors, an American performed the desired work. This was
Oliver Evans, a native of Delaware, who, as early as 1786, applied

Oliver Evans

to the Legislature of Pennsylvania for a patent on a high pressure
steam engine. The patent was refused, but that did not discourage
Evans, for he proceeded to build high pressure steam engines
which were used for mill driving and other purposes.

American inventors were much more successful than their
European rivals in constructing boilers that were safe under high
steam pressure. European inventors, seeking to improve upon an
: .
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existing type, used the domestic caldron as their model, which
was essentially weak.- Americans, untrammeled by precedent,
adopted the original idea of pipe boilers, which had great pressure
resisting power. Evans used steam of 150 Ibs. pressure, and there
-is no record of any accident to his boilers.

Early in life Evans had the opportunity of examining a New-
~omen engine. After studying the working of the engine, he ex-
.pressed the belief that it would be better to create power by
using steam of high pressure direct without complicating the
apparatus with condensing appliances. His engine was developed
from that idea. Simplicity was his watchword as an inventor.

Poverty prevented Evans from making the success of his
‘high pressure engine that Watt achieved with the condensing
-engine; but his voice was heard in the wilderness crying that his
-engine was destined to perform great services for mankind. He
realized that it could be employed to propel ships and to drive

Fig. 9. Evans Columbia Engine

railroad trains, and he did all in his power to make the world of
his day understand the benefits his invention was destined to
perform in abridging the distances on this great continent.

The Columbian type of engine, built by Evans, had a single
vertical cylinder which transmitted movement to a horizontal
beam supported on one end by a rocking column which was
~connected to a main rod that transferred the power to a crank.
‘The “Columbia,” as shown in all pictures, had a peculiar valve
motion actuated by spur gearing which received motion from
the driving axle.

Evans was an inventive genius and one of the seers of man-
kind, whose vision penetrated the gloom of the future, but his
labors and aspirations were strangled by adverse conditions.

“Chill penury repressed their noble rage
And froze the genial currents of the soul.”
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But Evans did not waste his life on saturnine complainings or
permit his disappointments to generate resentment towards his
fellow-men, as has happened so often with inventors whose work
has not been justly appreciated. He devoted himself to various
mechanical- pursuits and labored very successfully on the improv-
ing of milling machinery and in extending the use of his steam
engine. He wrote “The Young Steam Engineer’s Guide” and
the “Young Millwright’s Guide,” both books having been the best
authority for practical men in their day. Had Evans met a power-
ful coadjutant such as Watt enjoyed in Boulton, the world would
now be according Evans proper credit for his work on the
improving of the steam engine.

In 1804 Evans built a dredging scow weighing about 4,000
Ibs., for the city of Philadelphia. When it was ready for launch-
ing he mounted the scow upon wheels and propelled it by the
steam engine through the streets of the city. He called the

Fig. 10. Evans Oruktor Amphibolis

combination the Oruktor Amphibolis. This was the first motor
car to run on American soil.

The first locomotive engine designed to run upon rails was
built in 1803, under the direction of Richard Trevithick, a Cornish
mine captain, in a blacksmith shop connected with the iron works
of Merthyr-Ty’dvil, in South Wales.

Where the First Road Locomotive Was Built.

If any student of industrial history, possessed of the poetic
instinct of looking into the origin of things, should happen to be
in the bustling city of Cardiff, on the Bristol Channel, and wishes
to see the place where the locomotive engine had its birth, a trip
of 24 miles up a beautiful vale will lead him into the heart of lofty
mountains, within whose recesses is built the thriving town of
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Merthyr-Ty’dvil, the principal seat of the iron trade of South
Wales.

This is no town of mushroom growth. The district is rich
in argillaceous carbonate of iron ore, which led to the introduction
of smelting furnaces that were worked before the Norman Con-
quest of England. As Britain advanced in manufacturing arts,
iron became a prime necessity, and the iron furnaces of South
Wales increased and prospered. The business resulting made
Merthyr-Ty’dvil an important town at the beginning of last
century.

An Important Wager.

The residents of the district, many of them the descendants
of mighty smiths, those valiant artisans whn first took the lead

Richard Trevithick

in developing manual dexterity, appear to have kept informed
on the progress of engineering, for one of them, Samuel Homfray,
made a wager of 1,000 guineas ($5,250) that he could convey a
load of iron a distance of nine miles by the power of steam alone
on a cast iron tramway.

Richard Trevithick.

Trevithick had been experimenting for several years with a
steam carriage for common roads, and there is a working model
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of a road locomotive made by him in 1802 preserved in the patent
department of the South Kensington Museum, London. His
efforts to make a steam road carriage a success were widely
known, and he was invited to construct the engine that was to
win Mr. Homfray’s wager.

In 1802 Trevithick had been granted a patent for a high pres-
sure steam engine, which contemporary writers say was an imita-
tion of engines built by Oliver Evans, of the United States, for
stationary engine purposes. There is a statement in Wood’s
“Practical Treatise on Railroads,” published in 1832, to the effect
that Trevithick copied Evans’ designs of a high pressure engine
and used them as his own invention. Trevithick, however, de-
voted his attention to using the engine for land transportation,

Retleray'§ hosmotive Bngineering
Fig. 11. Trevithick's Locomotive, 1803. First Locomotive Built to Run on Rails

and he made, in 1803, an engine, Fig. 11, that in February of
the following year conveyed ten tons of iron nine miles, gain-
ing the wager for his employer.

A Practical Locomotive.

Although the engine is fearfully and wonderfully made, with
its complication of gearing and its great length of stroke, it was
a practical locomotive and contained all the elements of the mod-
ern locomotive, except the multitubular boiler. This engine had
a return flue boiler which was fairly efficient. As shown, the
engine was carried by two pairs of wheels, which were 52
inches diameter; the boiler was 60 inches long, and contained
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a return flue. There was one cylinder, 8x54 inches, to transmit
the power. After being used, the steam was passed into the
smokestack, where it aided in creating draft upon the fire.

It will be noted from the annexed engraving, sent to the
writer by Mr. Clement E. Stretton, that the rails used on the
Welsh tramway had a guiding flange inside. That, of course,
obviated the use of wheel flanges.

This engine made a few trips over the rough tramway at a
speed of about five miles an hour; but it broke many of the cast
iron plates forming the rails and was withdrawn as a commercial
failure.

Although his first railroad locomotive was a commercial fail-
ure, 1t was mechanically as successful as anything that followed
it in the next 20 years, when the evolution of the steam locomotive
was being worked out by the ablest mechanics in the world.

Track That Trevithick’'s Engine Ran On

The developing of every complex machine has been a labor of
years, carried on by many men, and the locomotive engine was
no exception. Certain men labored with great success in supply-
ing needed elements, others worked on perfecting old appliances,
all making up a complement of masterly achievements; but no
one transcended the labors of others sufficiently to have fairly
earned the title of inventor of the locomotive.

When Inventions Are Born.

In the history of the world we see that needed inventions
come forth when “nature must obey necessity.” When the idea
of applying the potential power of heat to lighten the drudgery of
mankind was conceived, the hope of its most useful field was in
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carrving heavy burdens and in bringing distant places into closer
connection. The need of artificial power for transportation did
not, however, produce the steam engine. Grim necessity brought
it forth when great properties were falling into ruin, and the neces-
sities of civilization were becoming forbidden luxuries, because
animal power was incompetent to concentrate great effort into
limited space. The steam engine was invented when animals
could no longer do the work of pumping water out of deep
mines.

It was a foregone conclusion that the steam engine would be
applied to transportation purposes as soon as the needs of man-
kind exceeded the easy capacity of the horse.

A land transportation engine had to be perfected, but for
many years those who worked on the problem went through—

“The rueful conflict, the heart riven
With vain endeavor.”

Slow Process of Development.

After a practical steam engine was invented it took half a
century to develop it into a motor suitable for driving manufac-
turing machinery. Another half century passed before inventors
began seriously attempting to devise a steam engine to drive a
vehicle on land. A variety of experimental locomotives had beea
built or patented before the eighteenth century closed, but noth-
ing of a promising nature was produced until Trevithick’s engine
was built. Although Trevithick abandoned the practice of loco-
motive building after his first real attempt, the influence of his
work was far reaching. The fame of his achievement had gone
forth and reached the ears of men who were staring at the specter
of ruin in the expense of horse power for hauling heavy loads.

Blenkinsop’s Engines.

For the next 10 years after Trevithick’s experiment there
was considerable effort made to produce an engine that would
work satisfactorily. Much attention was devoted to devising
means to prevent the slipping of driving wheels, which was a
serious trouble with Trevithick’s engine due to the tractive
power being much too great for the weight available for adhe-
sion. A few engines were built by various inventors, great
attention and ingenuity having been devoted to overcoming
the reputed tendency of the driving wheels to slip on smooth
rails.
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One locomotive was built to propel itself by means of
levers that acted to imitate the hind feet of a horse. But the
most ambitious engines produced to overcome the slipping
tendency were built by Matthew Murrary, of Leeds, for J.
Blenkinsop, for use on the tramways connected with the Mid-
dleton Colliery near Leeds. These engines operated a cog
wheel which engaged in a rack rail. They worked quite well
and some of them were kept in service for nearly twenty years.

Blackett’s Ambition and Tests.

At that period a very enterprising gentleman named Chris-
topher Blackett was principal owner of the Wylam Colliery
near Newcastle-on-Tyne, who was very ambitious to use the
steam engine in place of horses. The superintendent of the
colliery was William Hedley, a man of some scientific attain-
ments, and the foreman of his blacksmith shop was Timothy
Hackworth, who afterward became a celebrated locomotive
designer and builder. It is wonderful how some employers
attract to themselves men of the most commanding ability in
the business. Andrew Carnegie says that the real secret of
his succes