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PREFACE

Many officers and members of The American Society
of Mechanical Engineers have thought that the Society
ought to publish the lives of some of its great men. In 1912
it published a special edition of the ‘“Autobiography of
John Fritz, Honorary Member and Past President.” This
life of George Westinghouse, Honorary Member and Past
President, is the second in what may be a series of such
biographies.

The activities of George Westinghouse were many and
varied, and many different activities went on simultane-
ously. He dealt in the same week, and often in the same
day, with organization, financial and executive affairs, com-
mercial affairs, and the engineering details of half a dozen
companies in two hemispheres. They were as far apart
in kind as the air brake and natural gas, and as far apart
in geography as San Francisco and St. Petersburg. That
being so, it seemed that a chronological narrative would
of necessity lead to some confusion, not to say fatigue, for
the reader. It was decided to treat each topic by itself
without regard to what might be going on at the same time
in other fields, with a short preliminary chapter to which
the reader might return to orient himself should he care,
for instance, to know what other serious things were in
hand at a eritical moment in the history of the air brake.
It was hoped that by this treatment a certain continuity
of impression might be kept in each story told by itself.

Another reason for the segregation of topics is their tech-
nicality. By their nature they cannot be easy reading,
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even for all engineers, and segregation makes skipping easy.
Finally, from the first chapter and the last two, a reader who
is quite impervious to engineering of any kind (if such a
being exists) can get a notion of Westinghouse and of what
he meant to mankind.

The variety in Westinghouse’s life seemed to dictate
the form that a biography should take. Other conditions
seemed to indicate the best way of preparing it. He left
no written record except in the files of his numerous
companies. He wrote almost no private letters. He kept
no journals or even note-books. He made but few ad-
dresses and wrote few papers. Some record of his work
might be made after a laborious search of office files, so
far as the files of forty-eight years still exist, but the result
would be formal and without color. It would not be a life,
and George Westinghouse was a very human being. Fur-
thermore no one man has the range of knowledge and the
comprehensive judgment of the relative importance of the
things done to fit him to write an adequate life of George
Westinghouse. Lord Rosebery said that it would take a
syndicate to write the life of Gladstone; perhaps this is
quite as true of a life of Westinghouse.

Fortunately, there are many men still living and work-
ing who were close to Westinghouse, some of them almost
from the beginning of his active life, and those men have
contributed liberally from the stores of their memories and
impressions. The editor’s duty has been to digest these
contributions, to co¢rdinate them, and to keep a reason-
able perspective. In this he has been aided by the Com-
mittee of The American Society of Mechanical Engineers
appointed for that purpose. Sometimes the language of
the writers has been used with little change. This is par-
ticularly the case with the descriptive parts of the air-brake
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chapter, although even there large liberties have been
taken.* Generally the contributions sent in have been
freely rewritten, as was expected by those who wrote them.
Such a method, while very ancient, has its difficulties, but
the outcome in this case may serve to give the reader a
fairly just conception of the man of whom Lord Kelvin
said: “George Westinghouse is in character and achieve-
ments one of the great men of our time.”

The purpose has been to write a life of George Westing-
house. For clearness and accuracy, and to give authority
for statements made, it has seemed well to mention the
names of some of those who helped him, but there has been
no attempt to make systematic or approximately complete
mention of the many men to whose codperation he owed
a great deal; one would not know where to stop. By
those qualities of mind and heart which this book will
make known to the reader, Westinghouse attached to him-
self a large group of able, loyal, and even devoted assis-
tants. Amongst them were many brilliant and constructive
minds—organizers, administrators, executives, and engi-
neers. The committee and the editor regret that it is not
practicable to enter upon the delicate task of telling what
these men did in the work here chronicled.

For the material in this book the reader is much indebted
to Henry Herman Westinghouse, Charles A. Terry, John
F. Miller, Benjamin G. Lamme, Paul D. Cravath, Herbert
T. Herr, and Lewis B. Stillwell. Important passages and
suggestions have been supplied by Edwin M. Herr, Loyall A.
Osborne, Charles F. Scott, Reginald Belfield, Calvert Town-
ley, Frank H. Shepard, Hubert C. Tener, Albert Kapteyn,
T. U. Parsons, J. H. Luke, Albert Chinn, and J. J. Elmer.

*The editor is particularly grateful to Mr. John F. Miller, who put into
the air-brake chapter labor, knowledge, taste, and judgment,
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The committee in charge of the work were: Charles A.
Terry, chairman; Paul D. Cravath, Alexander C. Humph-
reys, James H. McGraw, Charles F. Scott, Lewis B. Still-
well, Ambrose Swasey, with Henry Herman Westinghouse
always in consultation.
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CHAPTER 1
INTRODUCTORY

The advance of mankind has everywhere depended on the production of
men of genius.~HUXLEY.

GEORGE WESTINGHOUSE was born in the little village of
Central Bridge, New York, October 6, 1846. He came of
Westphalian stock. His great-grandfather, John Hendrik
Westinghouse, came to America with his mother, a widow,
in 1755, John being then fifteen years old. They settled
in that part of New Hampshire Grants which later became
Vermont, at Pownal, Bennington County. It was a good
place to settle. It was one of the little foci of the free co-
lonial spirit. It was named for Thomas Pownal (or Pow-
nall), who became Governor of Massachusetts in 1757,
and was a friend of Franklin, of the colonists, and of inter-
colonial unjon. Carlyle says that he reported to Pitt his
fear that “the French will eat America from us in spite of
our teeth.” In Pownal the Westinghouses acquired land
and built a log cabin, and here John cleared the land, raised
a large family, and died in 1802. From him his great-
grandson inherited stature, for John stood six feet four
inches high, and inherited mechanical knack, for John
made for his mother an inlaid wooden work-box while they
were on the ocean. This box is still possessed by a member
of the family.

John’s son, John Ferdinand, passed his life in Pownal.
He had twelve children, the fifth of whom was George,
born in 1809 and died in 1884. This George married Ema-

1
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line Vedder and they had ten children, the eighth havmg
been the George of whom we write. Three generations in
the flanks of the Vermont mountains could hardly evolve
as complete a Yankee as six generations, but in this case
the product was reasonably satisfactory. In simplicity
and energy, in standards of conduct and habit of thought
and in idiom of speech the two Georges could not be dis-
tinguished from their neighbors six or seven generations
out of Devonshire.

A laborious investigator of the family history, a certain
Doctor Carl Alexander von Wistinghausen, writes that
“Members of the family have repeatedly won for them-
selves and their heirs patents of nobility by service ren-
dered to the state.”” Very likely so; at any rate, there was
energy in the blood. One George was a captain in the
Russian navy and distinguished himself greatly in battle
in command of a frigate, and several of the family were
ennobled in the Russian service. Our George Westing-
house had but mild and casual interest in the annals of the
family and we find only a few fragments concerning the
Wistinghausens or the Westinghouses.

His mother was of Dutch-English stock and was kin to
Elihu Vedder, an American artist of considerable repute.
Both parents came of generations of farmers and me-
chanics, neither rich nor poor, self-respecting, self-reliant,
and competent, the sort of people who make the bulk and
strength of the nation. One has but to study the por-
trait of the father to see where George Westinghouse got
his character. It shows power, courage, dignity, and kind-
ness, and the lofty head indicates not only mental capacity,
but imagination. The mother, too, is said to have had
imagination, taste, and fancy and a real altruism of spirit.
The photographs that we have are not so informing as
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those of the father, for they were made after she had borne
ten children and had endured much sorrow from the death
of her husband and sons. Doctor Fisher, a minister who
knew the family intimately for many years, writes: “From
his mother he gained vivacity, alertness, and a cheerful
spirit. She was a woman of clear and definite religious
faith and of thoughtful views on great questions. I feel
sure she gave to her son reverence and faithfulness.” These
qualities George had in eminent degree, and he and his wife
gave to this mother loving and tender care through the
declining years that she spent in their home.

Three of the sons, John, Albert, and George, served in
the Union army and navy in the Civil War and won com-
missions. Albert was a youth of distinct gifts of mind and
character. The tradition is that he was the most promis-
ing of the sons. He was captured at the battle of Gaines’s
Mill, was in Libby Prison a short time, was exchanged, and

.received a commission as second lieutenant in the 2d New
York Veteran Volunteer Cavalry. With a comrade he
swam a bayou under fire and brought back a bateau which
was used to ferry over the command. This deed was
mentioned in reports. Albert was killed leading a cavalry
charge late in December 1864.

John served as an engineer officer in the navy. After
the war he returned to his father’s business in Schenectady.
Here he established a night school and mission, and he
gave time, money, and work to helping the unfortunate.
One of those whom he had befriended, writing in 1913;
says: “That man did a great work for hundreds of poor
little boys and girls, picking them up out of the streets
and helping them to start in a new life. I have acciden-
tally met three men who are holding good positions and
claim they owe all that they are to John Westinghouse.”
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This excellent man died comparatively young, and the
writer remembers hearing George Westinghouse say that
the first night in his life that he lay awake was the night
after John died. George was forty-four years old when
John died and for twenty-five years he had led a life that
might have hardened a man’s sensibilities.

George, too, had war experience which had its effect
upon his character, for it was his privilege to live through
a great historical period and to take an active part in it.
He was in the middle of his fifteenth year when the Civil
‘War broke out and he promptly ran away to enlist. With
like promptness his father nipped his military career then,
but two years later, when he was about sixteen and a half,
he was permitted to go'to the war as an enlisted man. After
a little service in the infantry and cavalry he became an
engineer officer in the navy. A boy so young, going into
a veteran army, had little chance for distinction, although
boys but little older, who entered service even later, did
sometimes get to be field officers. The chief interest in
this episode is that it was characteristic of the individual
and the nation. The lads of those days rushed to the
colors with beautiful spirit. Gaily they tramped the weary
marches. Firmly they endured and fought. Gladly they
volunteered for desperate deeds. The records of the War
Department show that 41.4 per cent of the enrolments in
the Union army were boys of eighteen and under, and 77.7
per cent were twenty-one and under.*

Amongst these gallant and ardent youths were the
Westinghouse brothers. The boys did not realize then
what a great thing they were doing. Their historical imagi-
nation was undeveloped. They had little capacity for
analysis or expression. They did their work at the front

* Authority of Lieutenant-General S. B. M. Young, U. S. A.
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and then went home, to college or work, and their war book
was closed and they thought little about it and talked
less. They did not suspect that they were heroes. It
was quite the fashion to think of serving one’s country
as an adventure and a privilege and duty. The hero talk
of the platform and the newspapers was a later develop-
ment. The boys of the sixties did not know it, but in mind
and character they were lifted up and strengthened by con-
tact with the deeds and sacrifices of war. They became
the leaders of a nation, which was enriched and strength-
ened beyond estimate by their war training. All of this
Westinghouse came to understand, as the years went on,
but he seldom talked of his war experiences. In an address
delivered a little more than two years before his death he
said; “My early greatest capital was the experience and
skill acquired from the opportunity given me, when I was
young, to work with all kinds of machinery, coupled later
with lessons in that discipline to which a soldier is required
to submit, and the acquirement of a spirit of readiness to
carry out the instructions of superiors.”

Of the important place that the youngest brother, Henry
Herman Westinghouse, has taken in the world, we may not
speak here. Many of those who read this volume know it
well.

Briefly, George Westinghouse had an inheritance of
good blood and sound tradition. He was born and reared
in an environment of work, thrift, and responsibility. He
did not happen; he was a logical product, and ran true to
form. An eminent engineer who has been in the Westing-
house service since 1888, writing of his early impressions
of Westinghouse, says: “He did not appeal to me, even
then, as being a wizard, but he seemed to be a plain human
being with lots of initiative, with nerve to attempt diffi-
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cult things, and money enough to see them through to
success or failure. He met my ideas of what an engineer
should be. I do not think that my earliest impressions
were changed much in later years. I acquired further
ideas of him as I learned more about him, but these were
additions rather than modifications.”

His father had much mechanical skill and ingenuity.
Seven patents for his inventions are now before us and
there are said to be one or two more. These all have the
fundamental qualities of the inventions of his son. Not
one of the son’s patents is a flash out of the blue sky or a
vision on the horizon. Every one is calculated to meet a
situation that he has seen in his own practice. Every one
is for something to be made in his own shops and no one
of them was invented to sell or as a speculation. Every
one is worked out with such completeness of detail that a
competent shop foreman could take the Patent Office draw-
ings and specifications and build an operative machine.
In each one we see the engineer and the trained mechanie.
This is true of practically every one of some four hundred
inventions patented by him. The father’s inventions were
for comparatively simple mechanisms but they had the
same underlying qualities of practical use and of thorough-
ness in mechanical design. They were for horsepowers,
winnowers, thrashing machines, and a sawing machine, all
of which were the standard product of the Westinghouse
shop at Schenectady. The latest of these patents was
issued in 1865, the year in which the son returned from
his service in the navy, and three months before the issue
of his own first patent.

In 1856 George Westinghouse, Sr., established in Sche-
nectady a shop for making agricultural machinery, mill
machinery, and small steam engines. This shop, bearing
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the sign “G. Westinghouse & Co.,” long stood at the very
gate of the great works of the General Electric Company.
Here George Westinghouse, Jr., passed a happy and busy
boyhood. This shop was his real academy and college;
his university was the world. In 1865 he was mustered
out, a veteran of the Civil War, an officer, not yet nineteen
years old. In September he entered Union College, Schenec-
tady, as a sophomore and three months later he went back
to the shop. This was the end of his college career. His
father was able and willing to send him through college,
but George preferred active work. There is an old “Hands
Book” of G. Westinghouse & Company now existing.
We find that George began work in the shop at fifty cents
a day in May 1860. He was then thirteen and a half.
He worked into September, and in the next March began
work again at seventy-five cents a day and kept at it till
near the end of September. In March 1862, he began
again at seventy-five cents a day, which was raised in
April to eighty-seven and one-half cents, and at this rate
he worked till the end of February, when he was promoted
to a dollar a day. At the end of April he was raised to
one dollar twelve and one-half cents till the end of Sep-
tember 1863, when the record stops, to be taken up again
in July 1865. In the meantime Uncle Sam had paid him
his modest wages. From this little record we can deduce
quite a number of interesting things, amongst them the con-
clusion that after George Westinghouse was thirteen years
old he had about a year and a half in school and college.’
It is not a deduction from this, but it is a fact, that he spoke
and wrote uncommonly good English.

With the return of George Westinghouse to his father’s
shop the systematic work of his life began, not to be inter-
rupted until his death forty-nine years later. The first
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patent issued to him, so far as we find, was October 31,
1865, for a rotary steam engine. His work on this inven-
tion had begun two or three years before, and he continued
to invent unceasingly as long as he lived. In his last ill-
ness he designed a wheel chair to be operated by a little
electric motor. The rotary engine was a favorite plaything
for many years, and the writer remembers seeing Westing-
house, when he was forty-five years old, wearing a frock
coat, working over a rotary engine in his shop in an interval
between a board meeting and a reception. It was the
equivalent of a rubber of bridge, or a game of golf. It is
hardly necessary to say that the rotary engine never served
any other purpose except that it may have affected his
line of thought when he took up the steam turbine, as will
be told in the chapter on steam engines. Westinghouse
would not have said that this is exactly true. He used to
relate that a small boy who had made a picture of a minister
and found it unsatisfactory added a tail and called it a dog.
Encouraged by this, Westinghouse turned his rotary en-
gine around and made an excellent water meter of it, and
established another industry.

Patents for a car replacer (for rerailing a car or engine),
and for a railroad frog followed in 1867, 1868, and 1869,
and these inventions were the foundation of a little busi-
ness which seemed to a courageous young man to justify his
marriage, which took place August 8, 1867, that is before
he was twenty-one. His courtship was as impetuous as
that of Lord Randolph Churchill, who was engaged to Miss
Jerome three days after he first saw her. Westinghouse
met Marguerite Erskine Walker by chance on a railroad
train. That evening he told his father and mother that he
had met the woman he was going to marry. The wedding
soon followed. Mrs. Westinghouse was a devoted wife and
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survived her husband but three months. For nearly forty-
seven years they lived together, and through these years
affection, faith, and trust never flagged. When they were
on the same continent there was daily communication by
telephone, after the long-distance telephone was developed.
When they were separated by the Atlantic there was a daily
cable message. They died respectively in March and June
1914, and are buried in the National Cemetery at Arling-
ton. Their only child is George Westinghouse, 3d.

Their first home was “Solitude,” in the Homewood dis-
triet of Pittsburgh. Here a substantial old house was added
to and changed until it became a commodious dwelling, and
handsome lawns and gardens grew with fortune. This
home was always in commission, however long or far they
might wander. It was the seat of a large and handsome
hospitality. There were few houses in the land in which
one would meet such a number and variety of interesting
people as passed through that simple and comfortable home.
In course of time they established another home at Lenox,
Massachusetts, which was, in later years, the favorite resi-
dence of Mrs. Westinghouse. For a few years they main-
tained a house in Washington during the season, but it
never became one of their homes.

The foundation of the fame and fortune of George West-
inghouse was the air brake. His first brake patent was
issued April 13, 1869, he being then twenty-two and a
half years old, and still resident at Schenectady. It was
reissued July 29, 1873, the inventor being then resident
in Pittsburgh. In the years between he had taken out
twenty or more other patents on details of brake apparatus.
His attorneys were Bakewell, Christy & Kerr. All of these
gentlemen (now dead) became eminent in patent law, but
they had no greater professional pleasure and distinetion
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than this of having helped at the birth of the air brake.
The twenty-odd air-brake patents issued in the four years
to the middle of 1873 by no means exhausted the foun-
tains of invention in that art. They continued to flow
copiously for years; the particulars will be related in other
chapters.

In a system of traffic control the relations of brakes and
signals are close, and it was natural that the attention of
Westinghouse should have been engaged by experiments,
inventions, and practice that he saw developing in Eng-
land and at home. As early as 1880 he acquired the Amer-
ican rights for English patents for interlocking switches
and signals, and about the same time he bought certain
American patents for the control of signals by track cir-
cuits. This was the foundation of another great industry
which will be described in a later chapter. In this field
Westinghouse made radical and highly important inven-
tions, taking out numerous patents; but so many interests
crowded upon him that, although his productive activity
in signalling and interlocking was intense for a few years,
the period was comparatively short. In one year, 1881,
for instance, we find six patents in signalling and interlock-
ing, one of them fundamental and revolutionary. In the
same year we find ten brake patents, one for a telephone
switch and four in other arts—twenty-one patents in one
year.

The eleven years 1880-1890 inclusive brought many
great things and were a period of prodigious activity. In
those years the Westinghouse Brake Company, Limited
(British) was started; the Union Switch & Signal Company
was launched; the natural-gas episode began, and the Phila-
delphia Company was formed; the Westinghouse Machine
Company, the Westinghouse Electric Company, and the
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Westinghouse Electric Company, Limited (British) were
started; the quick-action brake was produced, and thus
the one great crisis in the history of the air brake was met
and triumphantly passed; and, perhaps most important
of all, Westinghouse revolutionized the electric art by his
vision of the possibilities of the alternating current. The
particulars of all these deeds will be set forth in their proper
places. Here we only ask attention to the capacity for
work, the boldness of conception, and the marvellous ac-
tivity of creative imagination shown by Westinghouse from
the beginning of his thirty-fourth year to the end of his
forty-fourth. He did many things and great things in the
twenty-four years that followed, but it is not an unreason-
able suggestion that those eleven years were the years of
his greatest creative power. In those years he took out
134 patents, an average of over one patent a month, and he
stimulated and directed the work of many other inventors.
Meanwhile he began and carried forward the financial and
administrative organization of several companies, each
one of which might have absorbed the energies of an ordi-
nary man. His commercial and technical activities were
felt in England and on the continent of Europe, and he
established personal relations with philosophers, as well as
with financial and business men, in many countries, and
he was not yet forty-five. Bacon says: “A man that is
Young in Yeares may be old in Houres, if he have lost no
Time. But that happeneth rarely. Generally, youth is like
the first Cogitations, not so Wise as the Second. For there is
a youth in thoughts as well as in Ages. And yet the Inven-
tion of Young Men is more lively than that of Old: And
Imaginations streame into their mindes better and, as it were
more divinely.” It would be hard to say when imagina-
tions streamed most divinely into the mind of Westinghouse.
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We have no yardstick by which to measure them, They
are only partly revealed in his inventions; and inventions,
in the narrow sense of the word, were not by any means
the greatest of his imaginations. We shall see, as we go
on, conceptions and visions which have affected mankind
far more than anything that he invented. But the number
of his patented inventions gives us a quick notion of his
fertility. We have seen that in an amazing eleven years
he took out more than a patent a month; but for forty-
eight years he took out a patent every month and a half.
A quick and comprehensive view of the extent of his
work in organizing companies is given in the table of West-
inghouse companies inserted here. The table includes a
very few companies which Westinghouse did not establish,
and in which he personally or through his other companies
never owned a majority of the stock. In those companies
he did have investments of more or less importance, and he
did, during their formative years, exercise great and even
controlling influence. He served them as president and
director, or perhaps with no office but with money or credit.
He was never an idle passenger in any enterprise. A pic-
ture of his life would not be complete without a glimpse
of such companies, but it does not seem wise to take the
reader’s time or to divert his attention by circumstantial
accounts of them. One of the more important of these
companies of temporary interest to him is the Standard
Underground Cable Company, of which Westinghouse was
president ten years, 1886-1896, and which is now the largest
maker of electric wires and cables in the United States, with
an annual gross business of about $35,000,000. The present
president, Mr. Joseph W. Marsh, says: “The value of Mr.
Westinghouse’s connection with the company soon made
itself felt in increased business and the changing of annual
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losses into profits. Although his official connection with the
company terminated in 1896 he always manifested a friendly
and helpful interest in its progress during the remainder of
his life, and such interest on his part never failed to trans-
late itself in tangible and practical ways that were of great
value.”

As soon as the air brake was fairly under way in America
Westinghouse took it to England, and within ten years,
that is, before he was thirty-five, he had organized companies
and established shops in England, France, and Russia. He
was famous and had a fortune sufficient for his moderate
needs. We have taken the years 1880 and 1890 as possibly
the period of Westinghouse’s greatest creative power; but
from what has just been said it is seen that the earlier dec-
ade ending with 1880 was rich in accomplishment, but it
was confined mostly to the brake.

After 1890 the years were crowded with great events.
The crisis of 1893 almost swamped the Electric Company,
but it emerged safely. The company secured the contract
for lighting the Columbian Exposition of 1893 at Chicago
and made a brilliant technical success. This encouraged
the development of the company’s incandescent lamp
industry, and, what was much more important, it had a
great influence on the direction and progress of the broader
activities of Westinghouse and his engineers in the electri-
cal field. It affected his thought and it strengthened his
position in the fierce struggle just opening up. In Oec-
tober 1893, the company took the contract for the first
electric generators at Niagara Falls. This was a revolu-
tionary event in the development of the electric art—ro-
mantic in conception and dramatic in execution. Many
eminent men of various nations took part in the prelimi-
nary studies, and the foundations of some great reputations
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in electrical engineering were laid there. The world-mean-
ing of the episode was that the question of the distribution
and use of power through the agency of the alternating
electric current was settled for all time. For Westinghouse
this was a personal victory; some estimate of its meaning
to mankind will be attempted later in this volume.

We may now turn back a few years. Late in 1883 West-
inghouse became interested in the production and distribu-
tion of natural gas, and in 1884 the Philadelphia Company
was formed to carry on that industry. In a few years he
took out thirty-eight gas patents, mostly for means of dis-
tribution and control, and he practically created a new art.
These were amongst the 134 patents taken out in the years
1880-1890.

It was a logical consequence of the natural-gas episode
that Westinghouse should become interested in gas en-
gines and in the manufacture of fuel gas. The Westing-
house Machine Company, founded by a younger brother,
Henry Herman Westinghouse, and later taken over by
George, developed and built gas engines of great size and
in large numbers. They also built gas producers with some
success, but the producer-gas enterprise was disappoint-
ing.

About 1895 Westinghouse became interested in the steam
turbine and this was an absorbing interest till his death.
He continued incessantly to study, invent, and design,
and his work profoundly influenced the development of
the art. Eventually building turbines became much the
largest part of the work of the Westinghouse Machine Com-
pany, and, working with the Electric Company, they built
many turbo-generator units for power houses, some of
them of immense size. The marine side of the industry
developed more slowly but it is now very important. The
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efficient speed of a propeller is low; the efficient speed of
a turbine is high; consequently, great efficiency cannot be
got from a direct-connected unit. Two possibilities were
obvious, to modify the propeller or to interpose between
the turbine and the propeller a reduction gear. Westing-
house made many ingenious, interesting, and costly pro-
peller experiments which so far have been of no practical
value. He took up simultaneously (about 1909) a reduc-
tion gear invented by Admiral Melville, U. S. N., and Mr.
MacAlpine—a novel and highly interesting conception.
This gear is now much used in turbine-driven ships of
the navy.

In 1905 came the explosion in the Equitable Life Assur-
ance Society, which led to the purchase of the stock by
Mr. Ryan and the appointment of three trustees to control
the reorganization and management of that great concern
of international importance. The trustees chosen were
Grover Cleveland, Morgan J. O’Brien, and George Westing-
house. As a tribute to character this was one of the greatest
honors that Westinghouse ever received, although he had
been recognized in many ways. He was a Doctor of Phil-
osophy, Union College; Doctor of Engineering, Koenig-
liche Technische Hochschule, Berlin; decorated with the
Legion of Honor, the Order of the Crown of Italy, and
the Order of Leopold, Belgium. He received the Grashof
medal, perhaps the highest engineering honor in Germany,
and the John Fritz medal, a great engineering honor in’
America, and the Edison medal of the American Institute
of Electrical Engineers. He was one of the two honorary
members of the American Association for the Advance-
ment of Science and was an honorary member and served a
term as president of The American Society of Mechanical
Engineers. He declined honorary degrees from several
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colleges in America. One only heard of these honors by
accident; Westinghouse shrank instinctively from titles.
“George Westinghouse” , was distinction enough for him.
There was unconscious recognition of this distinction in
a press cable to Europe giving the names of the trustees
chosen for the Equitable Life: “Grover Cleveland, ex-
President of the United States; Morgan J. O’Brien, Justice
of the Supreme Court of New York, and George Westing-
house.”

In the years from 1893 to 1907 the business of the nu-
merous Westinghouse companies grew enormously. It is
estimated that 50,000 people were employed in production
and distribution. The Westinghouse shops were scattered
from San Francisco to St. Petersburg. In all these activi-
ties Westinghouse had a constant part in executive conduct
as well as in planning and administration—perhaps a part
too close and constant for the best results. He was a pro-
lific inventor, a bold and resourceful financier, a man of
capacious imagination and foresight as to things to be done,
and a powerful executive; but perhaps he was not a great
administrator. Lord Fisher, paradoxical ‘“Jackey,” said
that “no great commander is ever a good administrator.”
One may guess that he had in mind the thought that a
“good” administrator is too much bound by the formulas
of seniority and precedence, for he also said: “Some day
the Empire will go down because it is Buggins’s turn,”
and at another time he said: “Favoritism is the secret of
efficiency.” Doubtless Lord Fisher would have called
Westinghouse a great commander. Whether or not he was
a great administrator is debated amongst those who knew
him best and appreciated him most. At any rate, some-
times the administrative machinery absorbed more of his
time and thought than it ought. But in spite of an over-
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burden of administrative care, his teeming mind went on
through these later years inventing, contriving, and or-
ganizing.

In 1907 came the tragedy of Westinghouse’s life. The
great panic caused the failure and receivership of the Elec-
tric Company, the Machine Company, and some minor
companies, but did not affect the Air Brake Company
or the Union Switch & Signal Company. A reorganiza-
tion was eventually brought about, based upon a brilliant
project devised by Westinghouse, but the actual control
of the Electric Company passed out of his hands, and in
less than four years he ceased to have any official relations
with the company. It was a terrific blow. The writer
remembers passing, one night, the great works at East
Pittsburgh brilliantly lit up. As we came in sight of the
electric sign “Westinghouse Electric & Manufacturing
Company,” Westinghouse turned his face toward the bleak
hills on the other side of the way with an expression so
pathetic, so tragic, as to wring one’s heart. Not a word
was spoken for a long time.

At lunch one day either Mr. Charles Terry or the writer
told Westinghouse that some one said he never knew
when he was beaten. Perhaps he took this as some re-
flection on his intelligence. He flashed up: “I should know
if T were beaten—but I never was beaten.” And he never
was. The game might be lost, but the indomitable spirit
was not beaten. The short years of his life that remained
after the tragedy were filled with the same unceasing ac-
tivity and the same undying hope. The affairs of the
Machine Company, the development of the steam turbine
and of the reduction gear, the invention and development
of an air spring for automobiles, and various minor inter-
ests completely filled the busy hours of the long days.
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Late in 1913 the magnificent structure gave way. An or-
ganic disease of the heart developed. The quizzical humor
still lived, the inventive spirit still was active, but the
body slowly faded away, and on March 12, 1914, he died.



CHAPTER II

THE AIR BRAKE

WE do not go far in the life of Westinghouse before we
realize that he made two fundamental contributions to
civilization:

First, he advanced the art of transportation by the in-
vention and development of the air brake.

Second, he advanced the manufacture of power by the
development of the use of the alternating current in the
distributing and applying power by electricity.

Just what we mean by “manufacture of power” will be
discussed later; of course we do not mean creation of power.
The improvement of transportation and the manufac-
ture of power have been amongst the major elements in
human progress. Of that, too, more will be said later.
It is enough to say here that Westinghouse helped the
evolution of transportation by an early set of activities
and he helped the manufacture of power by a later set of
activities. We shall now consider the air brake as the
first and most important of the activities in the field of
transportation. J

The life of George Westinghouse illustrates and confirms
the statement that the faculties of observation and reflec-
tion necessarily precede invention. Keen observation and
intense reflection are the stepping-stones by which the in-
ventive mind rises into creative effort. Westinghouse was
a close observer, and the results of his observations, stored
in a powerful memory, were the mental grist that his active

.2t
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mind worked over, sométimes for years, until it came forth
in some form to coiitribute to the safety, happiness, and
support of his fellow men.

Westinghouse’s earlier inventions were important in
setting the current of his career and developing his char-
acteristic tendencies, and he came to be one of the most
prolific of inventors. In forty-eight years he took out some
400 patents in many arts; that is to say a patent every
month and a half of his working life. He developed the
use of natural gas and took out thirty-eight patents in that
art. He did important work in power signalling and inter-
locking. He made many inventions in steam engineering.
When we look over his life we discover that his labors
for the advancement of the electric science and art may
have done quite as much for the progress of civilization
as the development of the air brake, but he is best known
to mankind by the brake. It is by this that the people
know him, and this is always first mentioned in his recog-
nitions and honors from governments and learned societies.
As we proceed, some effort will be made to point out the
absolute and relative place in history of his various doings,
but at the moment we are concerned only with the story
of the brake.

We have said elsewhere that each of the inventions of
Westinghouse was made to meet some need that he saw.
The occurrence that led to the invention of the.air brake
was the mischief that followed a head-on collision which
might have been avoided had means for the prompt and
powerful application of brakes been available. This inci-
dent happened on the railway between Schenectady and
Troy in 1866.

The first form of power brake that occurred to Westing-
house was a buffer brake, the brakes on each individual
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car being automatically applied by impact when the brakes
were set on the locomotive. After some shop experiments,
this idea was abandoned for a design that contemplated
a coupled chain running through the length of the train,
by which the car brakes could be applied through the manip-
ulation of some power device on the locomotive. Visiting
Chicago with this in mind, he found a chain brake installed
on the Aurora Accommodation of the Chicago, Burlington
& Quincy Railroad which, in a large measure, anticipated
his own idea and at the same time demonstrated its in-
herent weakness. This brake, patented in 1862, was the
invention of Augustine I. Ambler, of Milwaukee. His Chi-
cago experience led Westinghouse to design a chain brake
in which a steam cylinder under the locomotive displaced
Ambler’s clumsy friction-drive windlass for tightening the
brake chain. s

This idea was superseded by a more practical one, through
the thought that, in order to avoid excessive slack, each
car must have its independent brake cylinder, supplied
with steam from the locomotive by a continuous pipe with
the necessary flexible couplings between the cars. At this
stage of his study, when he was wrestling with the problem
of condensation, occurred the interesting and almost roman-
tic incident of the magazine subscription which he made
while at work in the Westinghouse shop at Schenectady
at”the solicitation of a young woman, evidently for per-
sonal reasons and not because of any particular interest in
the magazine. As it happened, this purchase turned out
to be one of the most important he ever made, although
he never saw the fair agent again. The first or second num-
ber of the magazine received brought to his eager attention
an illustrated article on the Mont Cenis tunnel, then under
construction. Both headings of this tunnel, then 3000 or
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more feet from the entrances, were being driven by rock
drills worked by compressed air. This gave him his cue
in a flash, and thereafter his efforts were centered on brake
designs in which the operating force was compressed air
as the medium for transmitting power from the locomotive
to the brake mechanism on each car. Acting with his usual
promptness, he embodied his new ideas in a set of drawings,
and at once began to look for financial help to defray the
cost of making the apparatus needed for a practical demon-
stration. As he travelled about the country soliciting orders
for his railway frog, he had opportunities to present the
matter of his air brake to many railway officials whom he
endeavored to interest in his invention, and whose codpera-
tion he sought for its development. As he himself says:
“None of those approached appeared to have faith in the
idea, though I afterward found that the acquaintances
made and the many discussions I had had with railway
people were of great advantage later in the introduction
of the air brake on the railways with which they were con-
nected.”

Meanwhile, on July 10, 1868, he filed a caveat in the
Patent Office which marked the beginning of a long series
of patents relating to the air-brake art, totalling 103 be-
tween the year 1869 and the year 1907, when he filed
his last air-brake patent. In this first caveat Westing-
house describes himself as George Westinghouse, Junior, of
Schenectady, New York, but the affidavit accompanying
it was made before Alderman Nicholson at Pittsburgh on
June 24, 1868, and the specifications are attested by A. S.
Nicholson and George H. Christy, the last mentioned of
whom was from that time forward until his death in 1909
one of Westinghouse’s patent counsel. Earlier in 1868,
Westinghouse had spent considerable time in Pittsburgh,
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where his railway frog was being manufactured by Anderson
& Cook, and had made an arrangement with Mr. Ralph
Baggaley of that city to bear the cost of making the first
brake apparatus.

WHO INVENTED THE AIR BRAKE?

As we take up a description of the apparatus and an ac-
count of its introduction, let us note that the first air-brake
patent of George Westinghouse was 88,929, dated April 13,
1869. This patent was reissued July 29, 1873, as 5504.
It is in the proceedings and decision of the U. S. Circuit
Court of Appeals for the Northern District of New York
in the suit brought by George Westinghouse, Jr., against
the Gardner & Ransom Air Brake Company, based prin-
cipally on this reissued patent, that the whole question of
Westinghouse’s claim to be the original inventor of the first
form of air brake is thoroughly thrashed out and judicially
determined. Voluminous testimony was taken from April
to November 1874. The case was tried at Cleveland, Ohio,
before Justice Swayne and Judge Walker, and from the
court’s decision, handed down June 16, 1875, the following
excerpts are taken:

The case was argued exhaustively, and at great length;
by able and eminent counsel. The importance of the case,
and the large interests involved, as well as the value of the
invention itself to the patentee and to the public at large,
fully justified the elaborate discussion which the case re-
ceived, and rendered necessary the careful consideration
which we have given toit. The printed record covers about
750 pages; and nearly thirty patents and provisional speci-
fications offered in evidence by the defendant on the issue
of novelty and priority of invention, and not included in
the printed record, were discussed at the hearing.

The issue of novelty was most vigorously contested.
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As already stated, nearly thirty United States and Eng-
lish patents, and English provisional specifications, were
offered in evidence on part of the defendant and voluminous
expert testimony was taken with reference thereto.

As to all of these in their bearings on the claims last
above referred to, our opinion is the same as above stated.
They go to show that Westinghouse was not the first to
conceive the idea of operating railway brakes by air pres-
sure, and that he was not the inventor of the larger part
of the devices employed for such purposes. But such fact
does not detract at all from his merit or rights as a success-
ful inventor. The organisms covered by the fourth and fifth
claims of his patent reissue 5504, seem to have been entirely
new with him, and the incorporation of these elements,
together with that of graduating the air pressure in the
brake cylinders—also shown to be new and of the highest
importance and utility—in claims 1, 2, 3, and 6, with other
substantial and material differences not necessary to enu-
merate, fully substantiate his pretensions as an original
and meritorious inventor, and entitle him as such to the
amplest protection of the law.

Suggestive as these prior patents and provisional speci-
fications may have been, they do not any of them embody
that which Westinghouse has invented and claimed, and
a prior description of a part cannot invalidate a patent for
the whole.

So far as appears from the testimony in this case, none
of the alleged prior inventions of air-brake apparatus have
ever successfully been applied to practical use, and when
we consider the immense importance of the introduction of
the air brake on railroads, and the incalculable benefit which
it has conferred on the public in the readiness and certainty
with which trains can thereby be controlled, and the com-
parative immunity from accidents thus secured, and also
the number of devices which have been patented for this
purpose, in connection with the fact that Westinghouse
was the first, so far as appears in the record and proofs,
to put an air brake into successful actual use—such con-
siderations only strengthen and confirm the soundness of
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the conclusions to which a careful examination of these
prior patents has led us—that there are substantial and
essential differences between these prior patents and the
Westinghouse apparatus, and that to these differences we
may justly attribute the successful and extensive introduc-
tion of the Westinghouse air brake.

All of this goes to show that there is very little new under
the sun in the sense of complete and unanticipated inven-
tions, as every student of the history of patents knows. A
famous inventor says that “our ancestors were very dis-
honest. They stole all our best inventions.” In 1868 West-
inghouse was only twenty-two years old. His experience
in taking out patents was limited, and his knowledge of the
prior art of power braking was confined to the steam brake
of Goodale and the mechanical brakes of Ambler and Lough-
ridge. Therefore, he was an independent but not original
discoverer of the fundamental idea of applying brakes to
the wheels of all the vehicles in a train through the instru-
mentality of air, compressed by an independent, steam-
driven air pump, stored in a tank or reservoir and conveyed
at will by pipes to brake cylinders under the cars. From
1852 onward, various patentees in England and the United
States filed applications disclosing this general purpose,
and partly or wholly providing for and describing in more
or less detail the principal devices necessary to accomplish
it. None of these patents, however, nor all of them to-
gether, covered a complete and workable combination, as
did Westinghouse’s original patent which, in addition to
all the essential devices enumerated and described in the
previous patents, provided at least two additional novel
devices equally important in actual operation. The first
of these was the three-way cock which served as the first
form of engineer’s brake valve, and the other was the hose
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coupling for connecting the air pipes between the cars.
These couplings contained automatic valves so arranged
that when the couplings were parted the valves closed and
retained any existing air pressure in the brake pipes and
the cylinders. In case of a break in two, this feature per-
mitted the continued use of the brakes on the portion of
the train attached to the locomotive and was most impor-
tant, since otherwise air would have passed through and
out of the train pipe and the operation of the brakes would
have been entirely destroyed.

These two mechanical elements, original with Westing-
house, in combination with the other devices, some of which
were already known, formed the basis of his first air-brake
invention; but the immediate and later success of the West-
inghouse brake was not due so much to the ingenuity of
the inventor in providing the missing links and working
out this particular combination as to other factors. It was
not the ideas deseribed in his patent and embodied in the
apparatus built and shown in a machine shop in Pittsburgh
in 1868 that were principally responsible for the amazing
train of events which followed so fast. It was the man be-
hind the idea, with his vision, his will, his courage, and his
commercial instinct. As mere invention, Westinghouse’s
subsequent contributions to the air-brake art were far more
novel and brilliant than his original conception, and like-
wise of much greater importance, both mechanically and
commercially. The great underlying thing to understand
and to remember is that he created a new art and a beau-
tiful art. The magnitude of that art, its complexity, and
the time, the skill, and the patience that went to its build-
ing, we shall try to show.
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THE FIRST AIR-BRAKED TRAINS

The first step toward the successful use of compressed
air in braking railway trains had to be taken in the long
trail that leads from the crude and simple straight-air brake
of 1868 to the complicated and powerful automatic ap-
paratus now in use, and that first step was taken by George
Westinghouse on a momentous day in September 1868,
when the Steubenville Accommodation on the Panhandle
Railroad, equipped with brake apparatus designed by him
and built, not only under his supervision, but partly with
his own hands, began its initial trip from the Union Station
in Pittsburgh.

The essential parts of the air brake as first assembled
were:

An air pump driven by a steam engine receiving its sup-
ply from the boiler of the locomotive;

A main reservoir on the locomotive into which air was
compressed to about sixty or seventy pounds per square
inch;

A pipe leading from the reservoir to a valve mechanism
convenient to the engineer;

Brake cylinders for the tender and each car;

A line of pipe from the engineer’s brake valve passing
under the tender and all of the ears, with a connection to
each brake cylinder. Flexible hose connections between
the cars provided with couplings having valves which were
automatically opened when the two parts of the couplings
were joined and automatically closed when the couplings
were separated.

The piston of each eylinder was attached to the ordi-
nary hand-brake gear, and when the piston was thrust out-
ward by the admission of compressed air, the brakes were
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applied. When the engineer had occasion to stop his train,
he admitted the air from the reservoir on the locomotive
into the brake cylinders through the train pipe. The pis-
tons of all cylinders were, it was then supposed, simultane-
ously moved to set all of the brakes with a force depending
upon the amount of air admitted through the valve under
the control of the engineer. To release the brakes the handle
of the brake valve was moved so as to cut off communica-
tion with the reservoir, and then to open a passage from the
brake pipe to the atmosphere, permitting the air which
had been admitted to the pipes and cylinders to escape.
This primitive but useful and successful brake came to be
known as the straight-air brake, as distinguished from the
automatic brake which displaced it entirely in a few years—
we shall see why. The vital difference is that in the straight-
air brake increase of pressure in the train pipe applies the
brakes. In the automatic brake decrease of pressure ap-
plies the brakes. That is why it is automatic. If the train
is torn in two or if a hose connection between two cars bursts
the brakes go on; with the straight-air brake they would
go out of action.

The success of the apparatus on the first train was fol-
lowed by the equipment of a train of six cars on the Pennsyl-
vania Railroad, and in September 1869, this train was
placed at the disposal of the Association of Master Me-
chanics, representing many railways, then in session at
Pittsburgh. The train was run to Altoona and the air
brakes alone were used to control the speed of the train
on the eastern slope of the Alleghanies, and special stops
were made at the steepest places on the line in such un-
precedentedly short distances as to establish in the minds of
all present the fact that trains could be efficiently and suc-
cessfully controlled by brakes operated by compressed air.
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The next event of importance was to put brakes (in No-
vember 1869) on a train of ten cars on the Pennsylvania
Railroad, which was taken to Philadelphia to demonstrate
to the directors of that railroad the success of the apparatus,
and this was followed by similar demonstrations at Chicago
and Indianapolis. The outcome of these demonstrations
was immediate orders for equipment from the Michigan
Central and the Chicago & North Western Railways, and
shortly thereafter for the Union Pacific, in the West, and
for the Old Colony and Boston & Providence in the East.

With this auspicious start, the progress of the new de-
vice was s0 rapid that by April 1, 1874 (that is, five years
and a half after the first trial train was run), 2281 locomo-
tives and 7254 cars had been equipped with the straight-
air brake, including 148 locomotive and 724 car equipments
shipped to foreign countries. These equipments were manu-
factured and supplied by the Westinghouse Air Brake Com-
pany, a corporation of Pennsylvania, which was chartered
September 28, 1869, and began operations in leased prem-
ises at the corner of Liberty Avenue and 25th Street, Pitts-
burgh, early in 1870.

From the very commencement of the brake business,
Westinghouse insisted on the great importance of uniformity
of design and manufacture. Standards were adopted and
adhered to, in all parts of the brake apparatus requiring
uniformity to insure interchange of the rolling stock so
fitted upon various roads. It would be difficult to over-
state the value of this policy to the railroads of the United
States in terms of safety, time, or money. If the brake
equipment installed upon 71,500 locomotives, 63,000 pas-
senger-service cars, and 2,800,000 freight cars in the United
States now so equipped, involved a bare half-dozen stand-
ards instead of a single one, the increased cost and delay
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in handling the transportation of the country would be
beyond estimate. In fact, this instinct for standardizing
was a fundamental thing in the nature of Westinghouse.
It appears all through the years, in his practice and in his
teaching.

THE COMING OF THE AUTOMATIC BRAKE

The transition from the straight-air brake to the auto-
matic brake will be described presently. This involved a
change in the principle of operation, and demanded im-
portant additions to the devices. The change was radical
and it was vital. But all the later forms of Westinghouse
brake apparatus, ranging from the plain automatic brake
of 1874 through various types of quick-action automatic
brakes to the standard form of today, show the desirability,
if not the necessity, of having each succeeding type of brake
interchange and operate harmoniously with its predeces-
sors, and this point has never been lost sight of. This very
practical consideration as a limiting condition has been
one of the most difficult factors in the development of brake
apparatus of sufficient flexibility and power to meet the
ever-changing demand incident to the introduction of
heavier tonnage cars, more powerful locomotives, higher
speeds, and increased length of trains.

Before passing to the development of the automatic
brake, it is interesting to note the extent to which the
straight-air brake came to be used in the brief time which
covered the active life of that type of apparatus and to
record its creditable performance.

In 1876 there were in use in the United States 15,569
locomotives and 14,055 passenger cars, of which 2645 loco-
motives and 8508 passenger cars, or 37.7 per cent of the
whole, were equipped with Westinghouse straight-air brakes.
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At this time the Pennsylvania Railroad operated trains con-
sisting of a locomotive, one express car, one baggage car,
three coaches and six Pullmans. The average weight of a
passenger locomotive and tender with fuel and water was
fifty tons; baggage and express cars, ten tons; passenger
coaches, sixteen tons, and Pullman coaches, twenty-seven
tons. On that basis, the Pennsylvania trains above de-
seribed would weigh 580,000 pounds. With the straight-
air brake the average length of stop from thirty miles
an hour was 500 feet. In the good old days of the hand
brake, which trainmen afterward affectionately called the
“ Armstrong brake,” stops from thirty miles an hour were
seldom made under 1600 feet. The straight-air brake was
a great step forward, but to Westinghouse its defects and
limitations were soon manifest. At what early date after
its introduction he began the study of how to remedy its
defects, is not definitely known.

In July 1871, he made his first trip to Europe for the
purpose of introducing his invention, and remained abroad
until August of the next year. Despite his ability to show
how fast American railroads were equipping their traing
with his straight-air brake, he found it exceedingly difficult
to make any impression on the railway managers of Great
Britain. In his efforts to get favorable attention, he sought
the assistance of the editors of Engineering, then and now
a famous journal. After several interviews, Mr. Dredge,
one of the editors, handed Westinghouse a draft of an edi-
torial that he proposed to publish on the general subject
of air brakes. This editorial was an argument for better
brakes on British railways, and in it the editor named the
qualities that he considered essential to the satisfactory
operation of continuous brakes. Several of his specifications
were fully met by the Westinghouse straight-air brake, but
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at least two of them were not: “If a part of the train
breaks loose from the rest, the brakes must come automati-
cally into play; the failure of the brake apparatus on one
or more carriages must not interfere with the action of the
brakes on the rest of the train.” The precise statement of
these two requirements may have suggested new ideas to
Westinghouse or may have crystallized ideas already in
his mind. At any rate it was not very long thereafter that
evidence of his serious study along these lines appeared in
his patents. The first public disclosure of the result of
this study is found in United States patents 124,404 and
124,405, both filed December 6, 1871, and issued March 5,
1872. The specification of 124,404 reads in part as follows:

In the air-brake apparatus heretofore in use a single
line of pipe conveys the compressed air from the main reser-
voir on the locomotive to each brake cylinder. If this pipe
becomes accidentally broken at any point it is, of course,
useless for braking purposes from that point to the rear
end of the train. For this and other reasons I have devised
an apparatus consisting in part of a double line of brake
pipes, which may be codperative or independently opera-
tive in braking, at the pleasure of engineer. . . .

The improvement herein described consists in the fea-
tures of construction and combination by which, first, an
air reservoir, auxiliary to or independent of the main reser-
voir, is combined on each car with the brake cylinder; sec-
ond, by means of a cock or cocks, such additional reservoir,
when used as an auxiliary reservoir, is charged with com-
pressed air from one brake pipe, and the brake cylinder
from the other, such pipes in such use being interchange-
able or not, at pleasure; third, and by means of a single
cock, either brake pipe may be used for charging the reser-
voir and the other for operating the brakes; fourth, when
a car becomes disconnected from the train by accident or
otherwise, a port or ports will thereby be opened in a com-
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municating pipe or pipes, by which the air from such aux-
iliary reservoir will be admitted freely to the brake cylinder,
so as automatically to apply the brakes; and, fifth, the con-
ductor and engineer may communicate signals or orders to
each other by the use of the brake pipes and the compressed
air.

Later the specification, referring to the “receiver or reser-
voir,” as shown on the drawings, says:

It may be used as a reservoir auxiliary to the main reser-
voir, or as an independent reservoir, one on each car, for
storing up the air necessary to apply the brakes. In this
latter use I combine with it any known device for com-
pressing air, such as an air pump, fan blower, steam in-
jector, &c.; and if an air pump it may be worked by an
eccentric on one of the car axles or in other known way.

Four things mentioned for the first time in this patent
are significant: the double line of pipe, the installation of
separate or auxiliary reservoirs on each car, the employ-
ment of the brake system as a means of communication
by signals, and the installation of independent compressing
apparatus on each vehicle, including the suggestion of axle-
driven compressors. Priority of invention is claimed for
the first three.

The method of operation described in this patent covered
the usual and familiar straight-air system, using either one of
the brake pipes for that purpose. The brake pipe not so
employed provided a connection between the main reservoir
and the auxiliary reservoirs and, together with the auxilia-
ries remained at all times charged with a predetermined
pressure. By means of cross pipes at the end of each car,
communication was established between the “operating
pipe” and the storage or “reservoir pipe’ through three-



36 A LIFE OF GEORGE WESTINGHOUSE

way valves that were operated automatically to charge
the brake cylinder with auxiliary reservoir air in case of a
break in two or in the event of a car leaving the rails. The
various devices provided to accomplish this purpose are
crude and their availability in actual service somewhat
questionable, but as the first step in the development of an
automatic brake, the idea disclosed by this patent is in-
teresting.

The signals referred to were operated by admitting air
from the charged reservoir pipe into the operating pipe.
Air gages were installed in each car and in the engineer’s
cab. The face of each gage showed eight points distinctly
marked at equal distances around the complete circle, and
each point, when indicated by the index finger of the gage,
conveyed a distinet order or message, as “flag station,”
“stop for orders,” “stop,” and so forth. The position of
the index finger was determined by the amount of pressure
admitted into the operating pipe through the controlling
valve on each car as manipulated by the operator. The
attention of the engineer was directed to the gage by an
alarm whistle likewise installed in the cab. This idea de-
veloped into the well-known and simple air signal, now and
for years past in universal use, which will be discussed later.

It will be noted that the automatic action of the brake
described in patent 124,404 was an independent emergency
feature, and not in any way under the control of the en-
gineer; in other words, it was not possible for the engineer
to use the air stored in the auxiliary reservoirs under the
cars for the application or release of the brakes. That this
feature could be made “codperative,” or “independently
operated,” that is to say, both independent of and depen-
dent upon the will of the engineer, is indicated in the above
quotation from the specification of patent 124,404, The
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devices necessary to render it “codperative” are covered
by patent 124,405 issued concurrently. The specification
of this patent so well describes the functions of an aato-
matic brake controlled by the engineer through the fluc-
tuation of air pressure in the brake pipes that it is here
reproduced in part:

I now propose further to improve this system of reilway
brakes by bringing this continuous reservoir pipe info com-
munication with the brake cylinders ot pleasure, through the
agency of compressed air admitted from the main reservoir into
the other brake pipe; by such construction and arrangement
of intermediate devices that, by simply discharging compressed
air from this continuous reservoir pipe, a communication will
be opened from the auxiliary reservoir to the brake cylinder,
whereby the brakes will be applied; by a system of valves and
ports which shall effectuate all these results by their automatic
action, except as their action is governed by the enginecer at
the main reservoir.

By the italics, attention is directed to the elements that
differentiate this patent from the previous one and mark
it as the pioneer patent in automatic braking so far as the
fundamental idea is concerned. The “intermediate de-
vices” and the “system of valves and ports,” used to ac-
complish the functions described, underwent many changes,
and by the exercise of great ingenuity were eventually re-
duced to the simple and beautiful plain triple valve in its
final form, as covered by patent 220,556, but so far as’
providing means whereby the discharge of air from the
“reservoir pipe”’ by the engineer at will, or by the rupture
of brake pipe, would apply the brakes in emergency, the
triple valve of 1879 is the legitimate, although more richly
endowed, successor of the strange congeries of valves em-
bodied in the structure covered by patent 124,405. This
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structure was made and successfully tested on the rack,
but was never put into practice because it was soon super-
seded by a succession of much simplified devices to be de-
scribed later. For this reason and because of its complicated
construction, no detailed description of its operation is at-
tempted, but if the student of the air-brake art will examine
the specification of this notable patent, he will get a new
conception of the mechanical ability of the man who worked
out this combination, and a still higher appreciation of the
later developments by which even more remarkable results
were obtained.

Much complexity was due to the fact that during the
transition period Westinghouse used two brake pipes, the
“operating pipe”’ and the “reservoir pipe.” If these pipes
had been used invariably for the purpose designated by
their respective names, the valves, ports, and passages re-
quired would have been greatly reduced in number; but
in the earliest stages of this development, Westinghouse
evidently considered it essential that either pipe could be
used as an ‘““operating pipe,” and to accomplish this pur-
pose the number of independent valve devices was doubled
if not trebled.

Before dismissing the apparatus covered by patent 124 -
405, it is interesting to note that the term “triple valve”
is not found in its specification or in that of the succeeding
patent, but in patent 138,827, filed February 1, 1873, in
which it does appear for the first time, a reference is made
to these earlier devices as such. The term “triple valve”
has become fundamental in air-brake language. It was
coined to express the threefold function of the device, viz.,
to apply the brakes, to release them, and to charge the
auxiliary reservoirs. Since the devices described in the
previous patents were not designed automatically to release
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the brakes when automatically applied, the structures they
cover can scarcely be called “triple valves” in the strict
use of that term.

In patent 138,827, issued May 13, 1873, the triple valve
first assumed the general form maintained for many
years. It was a true triple valve in that it automatically
performed the three functions and was thus in reality the
first of the long series of triple valves. In this valve and
its immediate successors the pressures in brake pipe and
auxiliary reservoir were separated by a rubber diaphragm
or “flexible annulus,” as it is termed in the patent specifi-
cation, whereby all or nearly all the friction encountered
in previous valve devices was avoided and an absolutely
air-tight joint secured.

Perhaps it should be explained here that there are two
kinds of stops—the ‘service stop, as at stations, and the
emergency stop. In the service stop the brakes are slowly
applied and not with the full power. In the emergency
stop the full power is brought into effect as quickly as that
can be done without sliding the wheels. Installed as supple-
mental to the straight-air brake as before, but now on a
separate line of pipe with no connection between the two
lines, the automatic brake was still essentially an emergency
brake, since with the first diaphragm valve it was imprac-
ticable to apply the automatic brake except with maxi-
mum pressure. However, when thus applied on the com-
paratively short passenger trains of that day, it was de-
cidedly quicker than the straight-air brake and resulted
in shorter stops.

After the usual service tests of this valve and before it
was released for manufacture, the third and final form of
“diaphragm triple valve” was brought out, embodying
several improvements in construction described in patent
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149,901, issued April 21, 1874. This valve was used quite
extensively in the earliest commercial installations of auto-
matic brakes. It formed part of the automatic equip-
ment installed on the train placed at the disposal of the
committee on Science and the Arts of the Franklin In-
stitute by the Pennsylvania Railroad for test purposes,
which tests resulted in the award to Westinghouse of the
Scott medal. The train consisted of an engine, tender, and
seven passenger cars. The weight is not given, but it
presumably approximated 325,000 pounds. The trial runs
for which this train was furnished were made on the Penn-
sylvania Railroad fifteen miles from Philadelphia on May
20, 1873. A number of tests were made and while scien-
tific accuracy was not possible,”due to the lack of timing
and other special apparatus used in later tests, the follow-
ing figures for three of the runs are fairly indicative of the
actual results obtained. A critical student of the art will
discover shorter and more consistent stops in other records
of about the same time. In answer to signal, the train
stopped in 547 feet from 30 miles an hour on an up-grade
of 29.6 feet to the mile. On application of brakes from the
train, the stop was in 15 seconds in 553 feet, from a speed
of 32 or 33 miles an hour on a down-grade of 31.7 feet per
mile. With engine detached, the train stopped in 1014 sec-
onds in 323 feet, from 40 miles an hour on a down-grade
of 28.2 feet per mile. The report concluded as follows:

The committee say that these expériments have demon-
strated to them the extraordinary efficiency of this apparatus,
and they especially call attention to the value and impor-
tance of the arrangement which secures the instant auto-
matic application of the brakes on the engine and on each
car of the train independently of the train hand, in certain
contingencies which are of common occurrence and are the
cause of frequently disastrous accidents.
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The committee believe that by contriving and intro-
ducing this apparatus, Mr. Westinghouse has become a
great public benefactor and deserves the gratitude of the
travelling public at least. They believe that his inventions
are worthy of and should receive the award of the Scott
Legacy Medal.

Accordingly, the committee proposed the adoption of
the following resolution:-

Resolved, that this Committee (of Science and Arts)
recommend to the Board of Managers of the Institute that
they make the award of the John Scott’s Legacy Premium
and Medal to George Westinghouse, Jr., of Pittsburgh, for
his improvements in air brakes for railway trains.

FUNDAMENTALS OF THE AUTOMATIC BRAKE

At the time of this trial the automatic brake had become
finally differentiated from the straight-air brake. It may
be well, therefore, to give here a short deseription of its
principal features before taking up the further develop-
ment of the triple valve and other automatic-brake devices.
The plain automatic brake and also the straight-air brake,
included an air compressor and main reservoir on the loco-
motive, a valve in the cab, known as the engineer’s brake
valve, brake cylinders under the tender and each car, a
line of pipe and flexible hose connections, to form a con-
tinuous air conduit from the main reservoir to the rear of
the train. These features were common to the automatic
and the straight-air brakes.

In the straight-air brake, compressed air was carried from
the main reservoir on the engine through the engineer’s
brake valve and through the brake pipe to the brake
cylinders, thus applying the brakes. The brakes were
released by so manipulating the engineer’s valve as, through
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it, to discharge to the atmosphere the compressed air from
the brake pipe and likewise from all the brake cylinders
with which it was directly connected. Normally, there-
fore, in the straight-air brake system, the air in the brake
pipe was at atmospheric pressure when the train was run-
ning and charged with air at any desired pressure less than
the main reservoir pressure when the brakes were being
applied.

In the automatic brake system, this normal operation
was completely reversed. When running, the brake pipe
was fully charged with air at a predetermined pressure
and the brakes were applied through a reduction of brake-
pipe pressure by the manipulation of the engineer’s valve,
80 opening a special valve on each car, or by the accidental
separation of the car, or by any rupture in the brake pipe
or the hose connections. This automatic action was se-
cured by two important features installed on each ecar,
in addition to those used in common with the straight-air
brake, viz., an auxiliary or supplemental reservoir and the
triple valve interposed between the main brake pipe, aux-
iliary reservoir, and brake cylinder. Through the triple
valve, when air under pressure was admitted to the brake
pipe, the auxiliary reservoir was charged to brake-pipe
pressure. At the same time, a port was opened from the
brake cylinder to the atmosphere. This was the normal
or running position with the brakes fully released. A re-
duction of brake-pipe pressure caused the piston of the
triple valve to shift its position, closing the port between
the brake cylinder and the atmosphere and also the port
between the brake pipe and the auxiliary reservoir. At the
same time, and by the same movement, communication
was established between the auxiliary reservoir and the
brake cylinder, and thus the brakes were automatically
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applied.~ The restoration of brake-pipe pressure reversed
this operation, released the brakes, and recharged the
auxiliary reservoir. It will be observed that now only one
line of brake pipe was used. The simple, automatic and
effective performance of all these functions was through
that marvel of ingenuity, the triple valve.

DEVELOPMENT OF THE TRIPLE VALVE

In its perfected state, the flexible diaphragm triple valve
was a sensitive and highly efficient device, but the use of
poppet valves with their liability to leakage, the normally
closed exhaust port, and the perishable nature of the rub-
ber diaphragm, soon led to the invention of the ‘“piston-
and-slide-valve” type of triple valve, the experimental form
of which was covered by patent 168,359, dated October
5, 1875. 'This form was quickly followed by the first com-
mercial valve of this type described in patent 172,064,
dated January 11, 1876, which embodied in its structure a
most important improvement, the feature of lost motion
in the slide valve. The utilization of this feature effected
the opening and closing of the feed port in response to
slight variations of pressure, thus greatly increasing the
sensitiveness of the triple by obviating the necessity of
raising the pressure sufficiently to overcome friction of the
slide valve. This triple was standard from 1876 to 1879.
The next and last step in the development of the plain
triple valve was the invention of the graduating valve, which
made possible a still finer graduation of the brakes, both
in application and release. The triple valve in which this
refinement was embodied is covered by patent 220,556,
dated October 14, 1879. With slight modifications, this is
the form of plain triple that remained standard for pas-
senger-car equipment until the invention of the quick-action
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triple valve in 1887, and for locomotives and tenders until
the introduction of the ET equipment in 1908.

We have seen that Westinghouse filed in the patent of-
fice his first caveat for the air brake in July 1868, that is,
three months before he was twenty-two, and this patent
was issued the next April. We have traced for ten years
the course of the main stream of invention which led to
the perfection of what is known as the plain triple valve
and to the solid establishment of the automatic system.
Presently, we shall take up the greatest invention in the
air-brake art, the quick-action, automatic triple, and shall
relate something of the story of the brake as it is today;
but first we will glance at a few smaller but essential de-
tails which go to make up a system.

SUNDRY ACCESSORIES

In 1870 Westinghouse patented a steam-driven air pump,
to compress air for braking, which has persisted in type to
this day—improved, of course, in detail. It is doubted
if any other steam-driven engine has been made which has
equalled in reliable service this air pump, under working
conditions so severe.

The engineer’s operating valve of 1870 was improved in
1879, by what was called the “excess-pressure” valve which
was designed to hold in the main reservoir a pressure greater
than the standard brake-pipe pressure. This was impor-
tant in providing for emergencies and permitting prompt
release of the brakes and quick recharge of the auxiliary
reservoirs. This seems to have met the requirements of
passenger service, but when, in the course of years, the air
brake came to be applied to very long freight trains the
need of further improvement was disclosed by an interest-
ing experience. An experimental train of fifty stock cars
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fitted with automatic brakes was being run over the Pitts-
burgh Division of the Pennsylvania Railroad. In those
days, very few engineers had handled so long a train with
the air brake. The Pennsylvania Railroad engineer on this
train was a good air-brake man in passenger service, but he
,had no experimental knowledge, or theoretical either, of
the difference between braking a ten-car and a fifty-car
train. When he came to let his train down the eastern slope
of the Alleghanies, he got into trouble. The grade is long
and often well over 100 feet to the mile, and there are sharp
curves, the famous “Horseshoe Curve” amongst them.
As he started down the grade, the engineer did what he
would have done with the trains he was used to; he put
on brakes and quickly “lapped” his brake valve—that is,
he put it in the proper position for running with brakes
set. The result was to set the brakes on the leading cars
and to cause a surge of air from the rear cars that at once
released them. This operation was repeated three or four
times; air pressure was getting low, and it looked as if there
must be a call for hand brakes or a runaway down a bad
grade and through the curves. Westinghouse was in the
cab, and it was suggested that he should take the brakes,
a suggestion promptly and gratefully accepted by the en-
gineer. By delicate handling, Westinghouse let the train
smoothly down the grade, and at the same time built up
the air pressure. From this experience quickly came the
invention of the engineer’s equalizing valve—a most impor-
tant improvement in air-brake equipment.
The equalizing valve was designed so to control the dis-
charge of air as to equalize the pressure through the whole
. length of the brake pipe, and secure uniform application of
the brakes. This prevents the things that happened on the
Altoona grade—setting brakes on the head cars, failure to
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set them on the rear cars, and the release of the forward
brakes by a surge of air from the rear. Probably no man
could have reasoned out such conduct by compressed air;
it had to be developed and discovered by experiment. The
history of the art is full of such situations. This valve was
the joint invention of George Westinghouse and his nephew,
Frank Moore.* In its first form it was used in the classical
Burlington brake trials of 1886 and 1887. It was improved
in 1889, and then no important change was made in it for
twenty years.

Everybody knows that in 1833 Robert Stephenson in-
vented a steam driver brake for locomotives. Forty years
later George Westinghouse followed him. Westinghouse
knew the desirability of power brakes on the locomotive
as the most important single factor in braking trains, be-
cause of the greater comparative weight of the locomotive.
At the outset the use of driver brakes met with strong op-
position, which persisted for many years, due to the notion
that the increased brake power would not compensate for
the increased wear of driver tires. Now the supreme im-
portance of braking locomotives to the limit is universally
recognized. If man is a reasoning animal, he is sometimes
perverse. The writer remembers in the early seventies,
hearing officers of the old army, men of Civil War experi-
ence, argue stubbornly against breech-loading rifles. “The
men would fire away their ammunition too fast. It would
be impossible to keep the firing-line supplied.”

The first driver brake invented by Westinghouse was
patented in 1873. Vertical brake cylinders are installed
on the engine frame and brake shoes are applied to the driv-
ing wheels by means of a steam- or air-actuated piston

*Mr. Moore contributed substantially to the brake and friction draft-gear
arts, both as an independent inventor and as co-inventor with Westinghouse.
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operating through a system of hangers and levers. In a
later form, usually called a ““cam brake,” patented in 1876,
the segmental levers or cams are so hung that “during the
beginning of their stroke the touching point of their opera~
tive faces shall be below the line joining the centers of
curvature.” By this arrangement, the segmental levers
give to the brake shoes a quick motion, or throw, to the
surfaces of the wheels, thus rapidly taking up the shoe
clearance before the application of full brake pressure. Pis-
ton travel was thus substantially reduced, speed of applica-
tion increased, and valuable space utilized to the best ad-
vantage. That cam brakes are now seldom seen is largely
due to change in number and arrangement of driving wheels
in modern locomotives.

Westinghouse was an early inventor in the brake-beam
field, and his contributions to this element of the art of
power braking were very valuable. The lack of strength
and rigidity in the brake rigging in general use in America
and the much more substantial and mechanical methods
employed in England for transmitting brake pressure to
the wheels led Westinghouse to design the pioneer metallic
brake beam patented in 1873. This was soon followed by
a wooden beam supported by metallic tension rods, giving
greater strength and rigidity than the ordinary wooden
beam, with less weight. Both of these came into general
use and contributed much to the efficiency of the brakes
in reducing the length of train stops.

The earliest form of hose coupling invented by Westing-
house was one of the elements of novelty that contributed
largely to the successful issue of the patent suit against
the Gardner & Ransom Brake Company mentioned earlier.
The special feature that distinguished this from any ordi-
nary coupling was the valve mechanism that closed auto-
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matically when the connection was separated and the fact
that separation under any unusual strain was accomplished
without rupture. These fundamental "features were re-
tained in the later and improved forms of hose couplings
covered by half a dozen patents and the type is in use to-
day. It is hard to exaggerate the importance of this seem-
ingly unimportant device among the various units that
constitute a complete car-brake equipment. The fact that
it has persisted for more than forty-six years shows how
well it has performed its function and played its part in
advancing the art of power braking.

Adjustment of slack caused by the wear and replacement
of brake-shoes, has always been and will always be one of
the difficulties in power braking. The desirability of tak-
ing up slack automatically, not only to save labor but to
insure greater uniformity in brake applications was seen
early by Westinghouse, and in 1872 he secured a pioneer
patent on a device designed to accomplish this purpose.
The mechanism deseribed in this and later patents included
all the essential elements requisite to fulfil the function
for which they were designed. They had, however, the
drawback of taking up false piston travel when used in
connection with the wooden brake beams and weak levers
and brake rods common to the equipment when the in-
vention was made. For this reason, the use of automatic
slack adjusters was discontinued until the general adop-
tion of strong and rigid brake gear and brake beams.

Another interesting invention originally included in com-
plete sets of automatic brake equipment for passenger cars,
and subsequently abandoned, was a trip device for auto-
matically setting the brakes in case of derailment. To ac-
complish this object, a valve controlling the discharge of
air from the brake pipe was actuated by a stem extending
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downward near the track, carrying a cross bar in such
proximity to the rail that if the truck were derailed the
eross bar would strike the track, lift the valve from its seat,
and, by discharging air from the brake pipe, apply the
brakes. Experience showed that brakes were sometimes set
by loose objects on the right-of-way and an emergency stop
was made under inconvenient or even dangerous conditions.
There is a tradition that on the Long Island Railroad a
hen, scuttling across, tripped the brakes and stopped a
train. A variant makes it a prairie-chicken on the Wabash.
Whatever the facts may have been, the story belongs to
the important class of truths that might be true. At any
rate the use of the trip was discontinued. Numerous varia-
tions have been patented but the objection has never been
overcome.

The fact has been told that as early as March 1872,
Westinghouse conceived the idea of employing brake-pipe
air pressure as a means for communicating between the
vehicles in the train and the engineer by visible and audible
signals. In working out this idea, audible signals alone
were found to meet every practical requirement, and the
index gages described in the original patent were aban-
doned. A patent issued in 1876 covers the various devices
later designed by Westinghouse to constitute a complete
train air-signal equipment, and described their application
and use. In this patent the statement is made that the
same mode of operation may be employed in connection
with a separate line of pipe leading to the escape valves,
but it is preferable to employ the volume of air in the brake
pipe for the purpose. Later on, in actual service it was
found that under certain conditions brake operations inter-
fered with the simultaneous transmission of signals. For
a time, therefore, it was thought improbable that railway
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companies would consider the train air signal of sufficient
value to justify the installation of an entirely separate line
of pipe for that purpose, including special hose and coup-
lings, but the prompt adoption of the separate train air-
signal system by the Pennsylvania Railroad due in large
part to the initiative of Mr. T. N. Ely, settled this ques-
tion for all time, and it soon became standard on all pas-
senger trains equipped with automatic brakes. Various
minor changes and improvements were made subsequently
in train air-signal apparatus, but it is today essentially
the same as when first designed and put into service by
Westinghouse in 1876.

This interlude of half a dozen minor things has seemed
proper for two reasons: They are part of the system and
they help to bring to our minds something of the versatility
and industry of the man of whom we are reading. Now
we shall resume the history of the air brake.

THE BURLINGTON BRAKE TRIALS

When we take up the story again, in its chronological
order, we find ourselves facing the most stirring and critical
series of events in the history of the air brake—the Bur-
lington Brake Trials, and their consequences. That inci-
dent, comparatively brief, was a fine example of victory
snatched from defeat by the fortitude and the resource of
the commander. And the commander was at the moment
almost alone in the world in thinking that victory was pos-
sible.

In 1885 there was no kind of continuous brake in much
use in freight service, but an important beginning had been
made on the Denver & Rio Grande, the Central Pacific,
the Northern Pacific, the Atchison, Topeka and Santa Fe,
and the Union Pacific. There were special reasons why



THE BURLINGTON TRIALS BEGIN 51

these roads should have led the movement. They had
mountain grades; their trains were comparatively short
and light, and their interchange of freight cars with other
roads was comparatively small. But for two or three years
there had been a great and fast-growing agitation amongst
the people for means to reduce the dreadful list of casualties
to freight-train hands. The popular leader in this agitation
was Mr. L. 8. Coffin, State Railroad Commissioner of Towa.
He had the fiery energy of a Hebrew prophet and the en-
gaging gifts of a Yankee politician. He was saved from
being a fanatic by a moderate but sufficient sense of humor,
and he really loved the “railroad boys.” A good cause,
with such a leader, was bound to prevail. There were two
perfectly obvious means of keeping the “boys” off the roofs
of freight cars while running and from between them while
coupling, namely, continuous brakes and automatic coup-
lers. Both of these would have come into universal use
in time for technical reasons, but Coffin’s movement forced
the situation, and concerted and definite action by the rail-
road companies began.

There are in the United States several organizations of
operating officers of railroads which have been working for
years to improve practice and especially to develop stand-
ards. The free interchange of freight cars is a necessary
feature of our operating methods. A car of the Boston
and Maine Railroad is on the Southern Pacific and needs
repairs; or a car of the Canadian Pacific is on the Texas'
Pacific. It is obvious that, for good service and cheap ser-
vice, the parts of all these cars must be reduced to a few
standards. It is equally obvious that for progress, con-
trivance must not be put into a strait-jacket. It is the
ancient principle of compromise. With this ancient prin-
ciple, these groups of railroads officers have been laboring
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for more than a generation. The Master Car Builders’
Association and the Master Mechanics’ Association have
to do especially with rolling stock, and when the use of
continuous brakes on freight cars began to seem possible,
it was taken up for systematic study.

The first report of the Committee on Automatic Freight-
Car Brakes was made to the Master Car Builders’ Associa~
tion in 1885. In it, the statement was made that a com-
plete report on Automatic Freight-Car Brakes should be
accompanied by an elaborate and thorough series of com-
parative trials and tests which were quite beyond the field
of the committee. Four types of brakes were suggested
for investigation—buffer brakes, friction brakes, air brakes,
and electric brakes—with a brief description of each brake
of these various types that was at the time in actual ser-
vice and had been observed by members of the committee.
These included the American, the Rote, and the Prescott
brakes of the buffer type, the Widdifield and Button fric-
tion brake, and the Westinghouse automatic air brake.

At the convention of 1886, the committee made no formal
report but announced that arrangements had been con-
cluded for two series of tests on the Chicago, Burlington,
and Quincy Railroad at Burlington, Iowa, in 1886 and 1887.
The competitors in the first series of tests, which were run
from May 29, 1886, were the American Brake Company’s
direct buffer brake, Eames automatic vacuum brake, Rote
direct buffer brake, Westinghouse automatic air brake, and
the Widdifield and Butten friction buffer brake. The suc-
cession of violent shocks experienced with all forms of buffer
brakes, which increased inversely as the length of the stop,
soon eliminated this type from competition and left the
field to Westinghouse and Eames, the automatic air brake
and vacuum brake.
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Nor did the more successful competitors escape eriticism
and temporary rejection for the same reason. The expected
delays in charging and releasing continuous brakes were
shown to be of no moment, and the performance of the
Westinghouse brake was satisfactory in service work, but
emergency applications of the brake produced such violent
shocks, due to slow serial action, that the committee re-
ported adversely as to the adoption of any existing brake
as standard for freight-train operation. At the same time
an invitation was extended to all brake manufacturers to
take part in a second series of trials in the spring of 1887.
This was done in the hope that meanwhile such improve-
ments might be made in the speed of emergency applica-~
tions as to overcome the admitted deficiency in the air
brake, or that some other form of brake might be submitted
that would satisfactorily meet all the conditions imposed.

The situation was serious, not to say alarming, for the
great unoccupied field was in freight braking, and that field
was immensely greater than the passenger field already
pretty well cultivated. The cars in freight service, includ-
ing “company” ecars, are from forty-five to fifty times as
many as those in passenger service. Many of the air-brake
men in the Brake Company and on the railroads were
gloomy. But it was the kind of situation which Westing-
house enjoyed. He at once started lines of inquiry and
experiment that culminated in the production of the so-
called quick-action triple valve. Let the reader carefully
note this, for it was an epoch, not only in the history of the
brake, but in the history of land transportation.

, THE QUICK-ACTION TRIPLE VALVE

The first form of this valve was covered by U. S. Patent
360,070, issued March 29, 1887. . The improved form which
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later became the standard quick-action triple was covered
by U. S. Patent 376,837, issued January 24, 1888. Both
forms were involved in the litigation that followed efforts
made to share in the commercial success attained as a
result of the great invention they embodied.

In all probability, the only thing that prevented the
elimination of all competition in this field during the life
of these patents was the fact that one of the methods of
obtaining quick serial action, while clearly Westinghouse’s
invention and, in fact, the most obvious and the first
method considered by him, was not patented because of
the more effective method which at once claimed and ab-
sorbed his attention. Fundamentally, serial quick action
of the brakes was obtained by locally venting brake-pipe
pressure at each triple valve. The obvious method was to
vent to the atmosphere, and at first this was done; but
Westinghouse immediately saw the saving of air and other
benefits to be gained by venting this pressure directly into
the brake cylinder, and this feature was effectually covered
by patent 360,070. A dozen words would have covered
venting to the atmosphere also. These words were not
written into the claim, and a competing company has built
up a handsome business on a quick-action valve venting
to the atmosphere. Ben Franklin has called our attention
to the fact that for want of a horseshoe nail the rider was
lost. Perhaps society has profited by the competition,
and perhaps it was as well for the world that Ben’s rider
should have been lost.

The great significance of the invention of the quick-action
brake may be illustrated by the fact that comparing it with
the plain automatic brake used in the 1886 trials, the rate
of serial action was so increased as to cause a reduction in
the time of full or emergency application of the fiftieth brake
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TYPE “H” AUTOMATIC
QUICK-ACTION TRIPLE VALVE.

The valve illustrated, while the former standard for
freight service, is typical of all quick-action triple valves.
The movement of the triple piston 4, which is rendered prac-
tically air-tight by a piston packing ring, operates the at-
tached slide-valve mechanism and thereby controls the flow
of compressed air from the auxiliary reservoir at AR into
the brake-cylinder at BC, also from the brake-cylinder to
the atmosphere through the exbaust-port EX. In “full release” position, as shown, standard brake-
pipe pressure, entering at BP, fills the passages a, z.rf, g, and h and charges the auxiliary reservoir to the
same pressure through the feed-groove i. A partial reduction of brake-pipe pressure through the engi-
neer’s brake-valve reduces the pressure on the face of triple piston 4, and the hifher pressure on the
auxiliary reservoir side of this piston causes it to move to the left about one-half of its full traverse,
closing the feed-groove and shifting the position of the slide valve attached so as to open a port into
the passage 7 leading to the brake-cylinder. Sufficient air pressure to apply the brake to the desired
degree thus passes into the brake-cylinder, reducing the air pressure in the auxiliary reservoir until the
pressiire on opposite sides of triple piston 4 is again in substantial equilibrium. The triple piston then
moves toward its former full-release position sufficiently to close the port opening into the brake-
cylinder by means of the graduating valve 7, though not enough to move the main slide valve. By
addltlona‘l reductions of brake-pipe pressure the graduating valve 7 can be opened and closed aud

rake-cylinder pressure gradually increased at will to the maximum amount. By restoring normal
brake-pipe pressure the triple piston is at once forced to full-release position, carryiug the slide valve
with it, closing the connection between the auxiliary reservoir and hrake-cylinder and opening tbe free
passage from the brake-cylinder to the atmosphere, thereby releasing the brakes. i ]

An eme; ency application of the brakes is oﬁtained by a sudden and heavy reduction of brake-pipe
pressure, which forces the triple piston 4 rapidly to traverse its full stroke to the left until sto) ?«‘Yhy
the stem 21 and spring 22.  The large port S through the slide valve is thus uncovered and full air
pressure previously stored in the auxiliary reservoir rushes into the brake-cylinder and at the same
time forces piston 8 downward, unseating the valve 10, and brake-pipe air pressure, heins still some-
what in excess of the depleted auxiliary reservoir pressure, raises valve 15, and passing directly into
the brake-cylinder still f?:rt.her increases the pressure by which the brakes are applied.
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in a fifty-car train of approximately fourteen seconds, that
is to say, from twenty seconds to six seconds. There was
also marked increase in resultant cylinder pressure, as well
as in the rapidity with which air was admitted to the brake
cylinder in such applications, due to the larger opening from
the brake pipe to the brake eylinder.

These improvements in the speed and effectiveness of
the Westinghouse brake led to the belief that the problem
had been solved, and as there was no opportunity to test
the new brake on a fifty-car train before the opening of
the second series of trials, the Westinghouse people appeared
at Burlington in May 1887, confident of complete success.
They were again disappointed. The individual efficiency
of each brake had been so greatly increased as to completely
overbalance the increased rapidity of serial action, with
the result that while the stops made were much shorter,
the shocks sustained in the rear cars were even greater than
in the trials of 1886. Observers and recorders in the rear
car were shot promiscuously the length of the car, and there
was at least one leg broken. Some of the members of the
committee were quite cross at being so hustled, and the
chances of a favorable report faded away. Fortunately,
an alternative had been provided in electrically operated
vent valves in the hose-couplings at four points in the train.
These valves were connected by wires running through the
pipes and energized by batteries on the locomotive. The
engineer’s valve was provided with contact points, so that
in emergency applications only, the electrically operated
vent valves could be opened instantaneously throughout
the train and the brake applied with almost absolute uni-
formity. At that time Westinghouse had no faith in the
practicability of electrically operating brakes on freight
trains. It was not a question only of immediate reliability,
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but of maintenance. He used to say: “A freight car has
no father or mother.” It must wander over a continent
and stand for weeks at a time on remote sidings. The elec-
trical apparatus had not then been made that would re-
main operative in such conditions. But the electric vent
valve showed that his brake could be worked that way,
and so he kept his position on equal terms with his com-
petitors who exhibited electrically operated brakes.

In the 1887 trials, besides the Westinghouse automatic
air brake and the Eames vacuum brake, there appeared
the Carpenter electro air brake and the Card electric brake.
The Carpenter brake used compressed air as the braking
force, and the Card brake was purely an electric device.
Both depended entirely upon electricity for the operation
of the braking mechanism. In the cases of Westinghouse
and Eames, electricity was employed as as auxiliary to a
braking device complete in itself. The performance of the
Carpenter brake was ideal when it worked, but in the last
stop of the test, a broken wire caused a complete failure.
This incident confirmed Westinghouse in his opinion that
electricity, as then applied, was not a sufficiently reliable
agency upon which to depend for stopping trains. Its use
as an adjunct, however, seemed established, and while the
committee declined to make any definite recommendation
as to what freight-train brake should be generally adopted,
and suggested that the subject of automatic freight-train
braking should be continued for further investigation, with
special reference to the reliability of the electrical element,
it reported as follows:

First, that the best type of brake for long freight trains
is one operated by air, and in which the valves are actuated
by electricity.
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Second, that this type of brake possesses four distinct
advantages:

a. It stops the train in the shortest possible distance.

b. It abolishes shocks and their attending damages to
equipment.

¢. It releases instantaneously.

d. Tt can be graduated perfectly.

This report, while eminently fair, was a verdict against
brakes operated by air alone, and again Westinghouse was
faced by a situation critical to his fortunes and dangerous
to the best interests of the railroads. Most of his associates
in the brake company and his best friends on the railroads
thought that he was beaten at last. An editorial writer of
the time, very friendly to Westinghouse, but professionally
bound to form and express correct opinions, so far as light
was given to him, said: “The most remarkable feature of
the trials has been the general adoption of electricity, which
has been proved capable of operating the valves of air
brakes so as to secure greater quickness of action, less shock,
and better graduation. . . . When we consider the great
variety of purposes for which it is now used, the constant
increase of its application, and the very rapid growth in
the electrical art it does not seem very sanguine to prophesy
that it may be successfully used In train braking.” Writ-
ing four months later, after the astonishing thing that
Westinghouse had done in the meantime, the same writer
said: “At the conclusion of those trials it is probable that
there was only one engineer living who believed that the
triple valve could be so altered as to stop a fifty-car train,
at forty miles an hour on a fifty-three-foot grade in less
than half the length of the frain without a shock. . . .
When he announced that he would certainly eliminate the
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shock in the emergency stops by the use of the air alone,
he was listened to with incredulity by the best informed
students of this great mechanical problem. . . . We have
long regarded the eminent services of Mr. Westinghouse
to the railroads as sufficient to place him on a level with
the foremost of those who have benefited the world by me-
chanical inventions, and we now tender to him our hearty
congratulations on this new and most important achieve-
ment whereby the necessity, or even the desirability, of an
electric complication of the air brake is completely avoided.”
What had happened was that Westinghouse went back to
Pittsburgh, in three months changed the air brake to the
form which endured for twenty years without important
modification, and in four months proved to the world that
the longest freight trains could be handled with air and
without electrical complications. And it was so simple!

The form of quick-action triple valve was produced which
afterward became standard as the “376,837,” and in which
friction, due to the use of the emergency slide valve, was
eliminated. One-and-a~quarter-inch brake pipe and hose
were substituted for the one-inch pipe and hose previously
employed, with enlarged angle cocks, hose couplings, and
other fittings. These changes reduced the time of serial
action on the last car to about two and one-half seconds
as compared with six seconds, and an empty train of fifty
cars was stopped from twenty miles an hour without shock
in 200 feet or less. The enlarged brake pipe and fittings
also materially improved the service functions of the brake,
especially in grade work.

After experiments that demonstrated these facts to the
satisfaction of Westinghouse and his associates, the same
train which was used in the 1887 trials, refitted with modi-
fied and improved apparatus, was sent on a tour during
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October, November, and December 1887 (the Burlington
trials had been late in May), and a series of unofficial trials
was made at a dozen cities. Mr. Godfrey W. Rhodes, who
was Superintendent of Motive Power of the Burlington at
the time of the trials, and who was chairman of the Master
Car Builders’ Committee, writes: “ Mr. Westinghouse’s won-
derful optimism and confidence in the principle of air power,
after the early failures were very marked. After the first
collapse, in rapid succession, three different triples were
invented. Finally came the gem, and then, greatest of all
acts, it was exhibited all over the country in operation on
a fifty-car train, making stops with no shock in the fiftieth
car, not enough jar to upset a glass of water, a marvellous
condition when one considers the wreck and disaster that
used to take place in the fiftieth car.”” These trials were
attended by many hundreds of railroad managers, motive-
power officials, press representatives, prominent citizens,
and technical students. The results were so successful
that the committee of the Master Car Builders’ Associa-
tion on freight-train brakes reported to the meeting of the
Association in June 1888, as follows:

In our report to the convention last year the main con-
clusion we arrived at was that the best type of brake for
freight service was one operated by air, and in which the
valves were actuated by electricity. Since that time your
committee has not made any further trial of brakes, but
the aspect of the question has been much changed by the
remarkable results achieved in non-official trials which
have taken place in various parts of the country, and have
been witnessed by many of the members of this Association.
These trials show that there is now a brake in the market
which can be relied on as efficient in any condition of freight
service.
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The present position of the freight-train brake is briefly
as follows:

First.—Brakes can be, practically speaking, simultane-
ously applied, without electricity, throughout a train of
fifty freight cars.

Second.—Other inventors are working at the problem
of making an air brake which will be rapid in action and
suitable for service on freight trains. We also understand
that inventors are working at buffer and electric friction
brakes, but we have no reason to hope that brakes on these
principles can successfully compete with air brakes.

In view of these conditions, your committee does not
recommmend the adoption of any particular brake, but con-
siders that a freight-train brake should fulfil the following
conditions:

First.—It shall work with air of seventy pounds’ pressure.
A reduction of eight pounds shall set the brakes lightly,
and a restoration of pressure shall release the brakes.

Second.—It shall work without shock on a train of fifty
cars.

Third.—It shall stop a train of fifty empty freight cars
when running at twenty miles per hour within 200 feet on
the level.

Fourth.—When tried on a train of fifty cars it shall
maintain an even speed of fifteen miles an hour down a
grade of fifty-three feet per mile without variation of more
than five miles per hour above or below that speed at any
time during the descent.

Fifth.—The brake shall be capable of being applied,
released, and graduated on the whole train by the engineer,
or without any assistance from brakemen or conductor.

Sixth.—The hose coupling shall couple with the present
Westinghouse coupling.

All of the conditions of this report fell well within the
demonstrated performance of the Westinghouse automatic
freight brake, and the battle was won. It was one of West-
inghouse’s swiftest and most brilliant victories, and it is
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a classic in railroad history. Thus the standard freight
brake for the ensuing twenty years established its title to
supremacy. When the next broad advance in the art of
freight braking came, through the invention of the quick
service or “K” triple valve, Westinghouse, while still
President of the Westinghouse Air Brake Company and
the director of its general policies, was not personally active
in the development of this improved device.

Any fairly complete investigation of the subject leads
to the conclusion that the greatest original contribution
to the art of power braking was made by Westinghouse in
the invention, development, and perfection of the triple
valve. From its beginning, that device was, and it still
remains, the heart of the air-brake system. It seems a far
cry from the plain triple of 1872 to the universal valve of
today, but the trail is clearly marked and the development
of the one into the other is no more or less remarkable than
the development of Stevenson’s Rocket into the Mallet com-
pound locomotive of today, or of Fulton’s Clermont into
the modern Atlantic liner. Beyond mechanical modifica-
tions of more or less importance, the invention of an im-
proved engineer’s brake valve in 1896 and of a quick-service
triple in 1907, Westinghouse’s direct personal contributions
to the air-brake art ended with the perfection of the quick-
action triple valve in 1887. When, in order to cope with
the changing eonditions of transportation, the next step
forward became necessary, he was so deeply engaged in
other work, largely, but by no means exclusively, of an ad-
ministrative character, that the Air Brake Company was
forced to rely upon the engineering talent that in the mean-
time had been developed in its own ranks or acquired by
additions thereto. While it is not within the province of this
biography to describe these later developments, it is proper
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here to record that the inventor chiefly responsible for the
later devices by which the art was still further advanced,
referring particularly to the K type of freight triple valve,
and LN passenger brake equipment, and finally the uni-
versal valve, was W. V. Turner, in many respects a worthy
successor of the pioneer whose genius was his constant in-
spiration. Touching his own inventions in relation to the
prior art, Mr. Turner has well said: “It is truly remark-
able that through all subsequent improvements not one of
the original functions of the triple valve has been discarded,
but that they have been extended and expanded, and many
new functions added.”

ENGLISH EXPERIENCES

The beginning of the air brake and its development were
in the United States, and we have followed the story so
far with but little mention of what was done abroad. But
Westinghouse’s doings in England and on the Continent
were an interesting part of the history, and some of the
things done were not only interesting but of distinet im-
portance in the engineering development of the brake.
They destroyed a law of mechanics which had almost the
standing of a law of nature, and they exploded an ancient
mechanical fallacy which to many minds was a law. They
established. principles which are useful not only in braking
but in other fields of applied mechanics.

We have seen that the first air-braked train was run out
of Pittsburgh in September 1868, and that less than three
years later Westinghouse was in England with his brake.
We have also seen that in that first visit an impetus was
given to the idea of making the brake automatic. The
next year, 1872, the Westinghouse Continuous Brake Com-
pany was organized for handling export business. This
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company, a Pennsylvania corporation, maintained a tech-
nical and sales force in England, with some shop facilities,
but until the latter part of 1881, when its corporate suc-
cessor, the Westinghouse Brake Company, Limited, was
chartered under the English Companies’ Act, practically
all brake equipments supplied for the European trade were
made in America. At the time of his second visit, March
1874, 148 locomotives and 724 car equipments of the
straight-air system had been so furnished, and the Westing-
house name and product had become well known in rail-
way circles. The introduction of the Westinghouse auto-
matic brake, the principal object of the 1874 trip was,
therefore, a much less difficult task than that of 1871. Con-
sequently, when he returned to England for the third time
in May 1875, the automatic brake was in service on several
important railways. In the meantime, other ambitious
inventors had been busy and continuous brakes of various
types were in service or were claimants for recognition.

In England, the most dangerous competitor of the com-
pressed-air brake was the vacuum brake, originally brought
out in the United States under a patent issued to John Y.
Smith of Pittsburgh in 1872. The principle of vacuum-
brake operation was used by Nehemiah Hodge of North
Adams, Massachusetts (patented 1860, extended 1874, re-
issued to George Westinghouse, Jr., assignee, 1879), but
Smith, by substituting an ejector, or what he calls an in-
jector-exhaust, for the vacuum pump specified by Hodge,
greatly improved the chances of the vacuum brake in com-
petition with the straight-air brake. Westinghouse had
promptly entered the vacuum-brake field, and besides secur-
ing the assignment of the original Hodge patent, he took
out patents on improvements and refinements both in the
United States and abroad, so that in England, in 1875, he
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was prepared to furnish either vacuum or compressed-air
brakes as might be required.

The conflicting claims of the various inventors and manu-
facturers were vocal in England at that time, and led up
to the first and most important series of competitive brake
tests of early days. These tests, known as the Newark
trials,”took place on the Nottingham and Newark Division
of the Midland Railway in England, June 9, 1875. On com-
plete trains of thirteen carriages and two vans continuous
brake equipments were installed, representing mechanical,
hydraulic, vacuum, and compressed-air brake systems, as
follows: Fay’s hand brake and Clark & Webb’s chain brake,
Barker’s and Clark’s hydraulic brakes, Smith’s and West-
inghouse’s vacuum brakes and Steel & 'Meclnnes’s and
Westinghouse’s automatic compressed-air brakes. These
tests were conducted by the  Railway Companies’ Asso-
ciation under the direction of the Royal Commission on
Railway Accidents.

Comparing the best stops made, the results demonstrated
the superiority of the Westinghouse automatic brake, with
a stop of 777 feet from fifty miles an hour, as compared
with 901 feet by Clark’s hydraulic brake, 1158 feet by Steel
& MecInnes’s compressed-air brake and 1477 feet by the
Smith vacuum brake. In commenting on these results,
Engineering of June 25, 1875, says:

Lastly, we come to the Westinghouse automatic arrange-
ment, and this, we think we may safely say, is shown
by the recent trials to possess all the requisites of a thor-
oughly efficient continuous brake. This brake proved more
prompt and powerful in its action than any of its competi-
tors. . . . Its performances as they stand were far beyond
those of any other brake. As regards durability and gen-
eral reliability in every-day practice also it should be re-
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membered that no brake sent to the trials has been so thor-
oughly tested as the Westinghouse, and this is a fact which
it is well to bear in mind.

Surely this is a remarkable tribute for that day to an
American invention in the face of strong English competi-
tion. It should be noted, however, that notwithstanding
this early demonstration of the superiority of compressed-
air brakes over vacuum brakes, which was repeated in later
tests, the vacuum brake is still used on a much larger
mileage of English railways than the compressed-air type.
On the other hand, in America, vacuum brakes long ago
completely disappeared from service.

The three or four years following the Newark trials
passed without any outstanding incident in the develop-
ment of the art of power braking beyond the gradual evolu-
tion of the plain triple valve into its final form, the modi-
fication of various subsidiary devices, and the relatively
slow introduction of the automatic brake, including the
change over from straight air. The latter, so far as new
business was concerned, practically concluded its Amer-
ican career in 1878. Meanwhile, in England, the proponents
of straight-air, automatic-air, and vacuum brakes, con-
tinued to wage vigorous warfare on behalf of their favorite
systems. Westinghouse, who, after returning to America
in 1875, was again in Europe for his longest stay, extending
from July 1876, to August 1879, naturally took an_ active
interest in the controversy.

THE GALTON-WESTINGHOUSE EXPERIMENTS

During the discussion of a paper relating to brakes which
was presented at a meeting of the Institution of Mechanical
Engineers late in 1877 or early in 1878, Westinghouse
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called attention to the fact that in testing the action of
several kinds of brake shoes, he had observed a very marked
difference in the friction of the shoes upon the wheels at
high speeds and low speeds. Let the reader note this and
keep it in mind. Westinghouse believed that a determina-
tion of the facts was of great importance and volunteered
to design and make the necessary automatic recording ap-
paratus, and to carry out a system of experiments under
the direction of any person who should be appointed by
the President of the Institution to supervise the tests and
report them. The Institution immediately delegated Cap-
tain Douglas Galton, who directed the experiments, which
took place on the London, Brighton, and South Coast Rail-
way during the year 1878. Thus originated the famous
Galton-Westinghouse tests or experiments, which were the
first investigation of this character to be carried out on a
practical scale and the results of which may still be con-
sidered the most reliable experimental data in existence
on the relations of friction, speed, and weight. Galton
achieved distinction and became Sir Douglas Galton,
CB., D.CL., F.RS.

Three papers entitled “The Effect of Brakes upon Rail-
way Trains,” submitted by Captain Galton at meetings
of the Institution of Mechanical Engineers held in Paris
June 13, 1878, in Manchester October 24 of the same
year, and in London April 24, 1879, fully describe these
remarkable experiments, and the discussions that followed
in each case are scarcely less interesting. These papers
and discussions were reprinted by the Westinghouse Air
Brake Company in a publication issued in 1894, bearing
the same title, copies of which may be found in most tech-
nical libraries.

The part taken by Westinghouse in these investigations
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is suggested by the following sentences from Captain Gal-
ton’s papers, and from the minutes of the meetings at which
they were presented:

Experiments connected with the action of brakes on
railway trains require very delicate apparatus, and the au-
thor wishes to explain that the credit of the design of the
apparatus used in these experiments, and of the successful
manner in which the apparatus was applied, belongs en-
tirely to Mr. Westinghouse.—(Galton’s first paper.)

He has to repeat his thanks to Mr. Westinghouse for the
beautiful apparatus contrived by him, and for the very
valuable assistance he has rendered in carrying out these
experiments.—(Galton’s second paper.)

The President said that in moving a vote of thanks to
Captain Galton for the very great labor he had undergone
in bringing before the Institution the results contained in
his paper, he thought he ought not to omit the name of
Mr. Westinghouse. They had just heard from Captain
Galton that in devising the means of arriving at the con-
clusions, Mr. Westinghouse had done the greatest possible
service.

The way in which Mr. Westinghouse had gone to work,
directly he found that something was wanted, to design
precisely the thing that was wanted, was as good an illus-
tration of the spirit in which engineers ought to work as
could be found anywhere.—(Discussion of Galton’s third

paper.)

The most surprising fact established by these trials was
that the friction between two bodies, one or both being in
motion, varies inversely as their relative speed. Westing-
house had already observed this phenomenon, and that
observation brought about the trials, as we have seen. The
following report of his remarks in discussing Galton’s third
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paper shows that his thought had been turned in the same
direction by things seen in quite another field:

Mr. Geo. Westinghouse, Jr., had long ago observed a
plain-edged disk cutting through large iron beams in a roll-
ing-mill, and had seen that without getting heated itself,
it would cut through twelve or fourteen inches of iron with-
out difficulty. That had led him to the opinion that there
was a difference between friction at high and at low speeds:
for such a disk, running at a circumferential speed of 5000
feet per minute, would scarcely cut anything, but at 12,000
feet per minute it would cut hard steel. He had seen
hard steel thus cut with a piece of soft wrought iron. His
own idea in regard to the decrease in friction owing to time
was that instead of acting as a lubricant, the metal that was
cut off might act as little rollers, in that way reducing the
friction. It was very difficult, however, to ascertain the
true cause, because it was impossible actually to see what
took place.

The primary object of these trials was to determine and
define the basic principles that underlie the use of brakes
on railway trains. Since some of the trial trains were
equipped with the Westinghouse automatic, compressed-
air brake and others with vacuum brakes, considerable
rivalry was developed, and the relative merits of these sys-
tems were deduced and argued from the length of the stops
made at various times and under various conditions. Gen-
erally speaking, the results indicated the superiority of the
Westinghouse brake, but this was not commented upon by
Captain Galton in his reports, and since the weight of the
trains and other conditions varied greatly, no good pur-
pose could be served now by republishing the figures. The
important conclusions reached were stated by Captain
Galton in his second paper as follows:

1st. The skidding of the wheel, so that it slides on the
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rail, is altogether a mistake, so far as rapid stopping is con-
cerned.

2d. The pressure with which the brake blocks are ap-
plied to the wheels should be as high as possible, short of
the point which would cause the wheels to be skidded and
to slide on the rails.

3d. The rotation of the wheel is arrested as soon as the
friction between the brake block and the wheel exceeds
the adhesion between the wheel and the rail; and there-
fore the amount of pressure which should be applied to the
wheel is a function of the weight which the wheel brings
upon the rail. The value of this function varies with the
adhesion; hence, with a high adhesion a greater pressure
can be applied and a greater measure of retardation ob-
tained than with a low one.

4th. In practice and as a question of safety it is of the
greatest importance, in the case of a train travelling at a
high speed, that speed should be reduced as rapidly as pos-
sible on the first application of the brakes.

5th. The friction produced by the pressure of the brake
block on the wheel is less as the speed of the train is greater;
to produce the maximum retardation so far as speed is con-
cerned, the pressure should thus be greatest on first applica~
tion, and should be diminished as the speed decreases, in
order to prevent the wheels from being skidded in making
a stop. It should be added that the coefficient of friction
decreases as the time increases during which the brakes are
kept on; but this decrease is slower than the increase of
the same coefficient due to the decrease of speed; it has
therefore little influence in the case of quick stops.

6th. The maximum pressure should be applied to the
wheels as rapidly as possible, and uniformly in all parts of
the train.
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The first conclusion is that exploding of an ancient fallacy
of which we spoke above. It will astonish some to know
that such a fallacy persisted as late as 1878. But that it
did then persist is certain. - In the discussion of one of Gal-
ton’s papers a speaker said that the result mentioned in
the paper as to skidding was certainly somewhat surpris-
ing after the deductions drawn by the Royal Commission
on Railway Accidents to the effect that when wheels were
skidded they retarded the force of the train more than when
revolving. During the further discussion the Royal Com-
mission found supporters, but one speaker said that it had
been well known by every practical engine driver for the
last twenty-five years that the skidding of wheels was a
great mistake. That depends somewhat perhaps on the
definition of the word ‘“practical.” Many old-time rail-
way-operating men will testify that the Royal Commission
theory was not only ancient but was existent years after
the Galton-Westinghouse trials, and we find a United States
Patent granted to T. E. Sickles as long ago as 1857, which
in part reads as follows: “If he (the engineer) wishes to
stop as suddenly as possible, he opens to its full width the
communication to the atmosphere, whereby the weights
acting with their full force, cause the brakes to be applied
and the wheels of the car to slide.”

It was useful, even if hardly necessary, to prove and em-
phasize the facts about skidding. It was well worth while
to show to men deeply interested that the stopping effect
of sliding wheels is less than one-third of the stopping effect
of the brakes while the wheels revolve. That was a good
thing to know, but the fifth conclusion, that the coefficient
of friction increases as the speed falls, is very important.
It radically limits and modifies one of Morin’s laws of fric-
tion, which had been accepted since 1834 by writers,
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teachers, and practitioners. It shows that to get ideal
brake performance the greatest permissible pressure must
be used at high speeds, to be gradually reduced as the speed
fell. This sets a mark toward which to advance in build-
ing up the ideal brake system. It sounds simple, but the
physical conditions of braking are extremely complicated.

We shall consider now for a moment the practical deduc-
tions from the vital fifth conclusion from the Galton-West-~
inghouse trials; the friction between brake shoe and wheel
is less as the speed of the train is greater; to produce the
maximum retardation so far as speed is concerned, the pres-
sure should be greatest on first application and should be
diminished as the speed decreases; this to keep the shoes
from seizing the wheels and sliding them on the rails. The
reader has noted, no doubt, that the stopping effect of a
skidded wheel is about one-third of the stopping effect of
a wheel braked but still turning. He may have seen this
in running his automobile. The obvious thing was to use
a relief valve, the action of which should depend on time
or the speed of the train. But wheels slide easier on a wet
rail than on a dry one. The best rail is clean and dry. The
worst rail is one wet with drizzling rain or fog, and still hav-
ing on it dirt and oil from passing traffic. Between is the
rail washed clean but still wet. The conditions may be
modified by sanding the rail with clean sand, well screened.
Nobody has yet been able to make a relief valve intelligent
enough to discriminate between all these varying condi-
tions, although the triple valve can almost talk. Westing-
house took out two patents in 1879 for a pressure-reducing
valve, designed to reduce the brake-shoe pressure as the
speed falls, and in 1893 Messrs. Parke, Clark, and Hogan
of the Brake Company took a patent for an apparatus “in
which a higher degree of braking power than heretofore
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may be made available for emergency application of the
brakes in the operation of trains at exceptionally high
speeds.” At the time the movement for very fast pas-
senger trains was under strong headway. This was es-
pecially true in the United States, but some trains famous
for speed were running in England and France. The
writer, being a somewhat “reactionary” person, and hav-
ing been considerably influenced by the conservative teach-
ings of Westinghouse, ventures to express here the hope
and the belief that it will be a long time before the railroads
return to the wasteful and dangerous passenger-train speeds
of the last decade of the last century and the first decade
of this.

The inventors of the Parke apparatus say: “Our inven-
tion is particularly designed for trains which are run at ex-
tremely high speeds. We provide means whereby the ordi-
nary graduated application may be made when running
at ordinary speeds . .. and a very powerful application
may be made when the train is moving at high speed and
the wheels are revolving at their greatest velocity. We
also provide for the gradual reduction of the force of such
powerful applications as the speed of the train slackens in
order to prevent the sliding of the wheels.”

The expectations built upon the various reducing con-
trivances were only partly realized. This was due not only
to the impossibility of endowing a mechanism with intel-
ligence, but also to actual physical and financial reasons.
The brake rigging in universal use would not stand greatly
increased strains, and the railroads could not reasonably
and properly rebuild all their passenger brake gear to fit
the requirements of a few very fast trains. So an ingenious
and fair compromise was reached which served excellently
for many years until the standards of practice were slowly
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built up to the high-efficiency brake now in general use in
this country.

We say “in this country,” and it has been said elsewhere,
that the vacuum brake is still considerably more used in
the British Isles than the compressed-air brake. That is
by no means due to the invincible prejudice of the Britisher.
He naturally prefers the slower and more comfortable stop
that goes with a relatively light braking force, and his con-
ditions permit him to enjoy it in safety. He has no level
crossings; his right of way is protected from trespassers—
man or beast; his lines are all well signalled, and there is
higher discipline amongst the men, and more general re-
spect for orders. The need for quick stops is not nearly
so frequent, or so great, as with us, although the passenger-
train speeds are quite as great and the freight-train speeds
are greater. On the other hand, the conditions that make
the need of emergency stops greater in this country are
not due to American recklessness, any more than the use
of a less powerful brake in Great Britain is due to British
prejudice. The railroads here were built to create cities
in a wilderness; there they were built to serve cities already
existing, in a settled and populous land. Here labor and
money were scarce, and wages and interest were high; there
they were relatively cheap. All the essential differences in
the railroads of the two countries may be explained by these
fundamental economic facts.

By the compromise spoken of above, provision was made
for high-speed braking without disturbing the brake ap-
paratus as it existed. For high-speed braking air was sup-
plied to the train line at 110 pounds per square inch; for
ordinary service braking at 70 pounds. Two pump gover-
nors were put on the locomotive, one or the other being
cut in as high or low pressure was required. A relief device
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was attached to each brake eylinder, and this was very in-
genious. It kept the cylinder pressure from rising to the
point of skidding wheels in service stops, and permitted
the high pressure to be used in emergency stops; then the
emergency pressure was gradually and automatically re-
duced to service pressure. This seems to be a good deal
for an unintelligent machine to do. An expert, after de-
scribing the device, says “this seems a very crude adapta-~
tion of the refined methods and results indicated in the
Galton-Westinghouse tests, but in practice it worked ad-
mirably and served a useful purpose for many years, and
ultimately became standard on passenger equipment.”
One’s notions of crudeness and refinement depend upon
the stage of civilization that he has reached. Most of us
who have looked at half a dozen drawings of this relief de-
vice, and read several pages of Patent Office specifications
describing it think of it as sufficiently refined.

But the reader who has had the patience to read what is
here written of the air brake has discovered that the art of
train braking is an elaborate structure, the building of which
has taken fifty years of high effort. The inventions of West-
inghouse and of other men in the organization were the
foundations of the art, but only that. On these foundations
a structure of applied séience was built through fifty years
of effort. Research, design, experiment, and test went on,
and brilliant things were done in the gradual development
of a delicate and complicated apparatus. Not the least
important matter was the education of the users. In 1888
the Brake Company put in service an instruction car which
wandered over the continent for thirty years, giving free
education to the men who handled the brakes in service.
It is believed that no university in the country has a larger
body of graduates than this travelling school. Closely
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allied to it was the systematic investigation of accidents.
If a collision occurred, Westinghouse men were sent to the
spot to help the railroad men to find the causes. The quick
explanation of a collision used to be “the air brakes failed
to work.” In nine cases out of ten, perhaps in ninety-nine
cases out of one hundred, this was not true; but it was the
easy refuge of a negligent engineer or flagman, and being
so simple, was accepted in the newspaper offices. The
process of education was tedious. The instruction car was
one of Westinghouse’s personal helps to the process. After
tmrty years it was dismantled, for the Air Brake Associa-
tion, born in this car in 1893, had grown to be a serious and
influential body, including makers and users of air-brake
equipment, and the railroads had established their own
brake schools.

This car carried the brake apparatus for a thirty-car
train, complete from the engineer’s brake-valve to the con-
nections with the brake gear under the cars. The pupils
could be taught to handle the brakes and could see many
of the results better than on a train. The car carried
a steam boiler and air compressor, a water pump and a
dynamo to generate its own lighting current. It had an
office and bedroom for the instructors, so it was quite at
home on a prairie siding. On the walls were valves, cylin-
ders, air pump, and other apparatus, the actual parts cut
through in section. Four classes a day of engineers and
firemen, and two classes of conductors and trainmen, were
run through the car. They were taught, then quizzed and
rated, and finally got such certificates as they deserved.
Keen students sometimes followed the car 400 or 500 miles
to get more information and higher rating. Several presi-
dents of big railways and men eminent in other places
started in the engine cab, and it is impossible even to guess
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how many general managers, division superintendents, and
so on, were graduates of the instruction car. The sum of
it all is that we have now in America far and away the
best braking apparatus and systems in the world; but the
ideal brake has not even yet been realized.

In closing the air-brake chapter, attention is asked to a
fundamental thing which will be suggested in various ways
before we have done with this book. Westinghouse was
an idealist. Probably he would have resented such a charge.
He would have said he was a practical man. Emerson said
that he “found that genius left to novices the gay and fan-
tastic and ostentatious and itself pierced directly to the
simple and true; that it was simple and sincere. . . . All
great actions have been simple.” So of Westinghouse’s
idealism. It was not vague or fantastic or expressed in
sounding phrases. It was never expressed in words at all;
it was expressed in facts. The instruction car and the elab-
orate system of investigating accidents of which we have
just written were expressions of his idea of what folks nowa-
days call “service.” We see many such expressions as we go
through his life, for the idea was in his nature. He never
ceased to think how the product of his mind and the prod-
uct of his shops could be of more service to his customers,
to his employees, and to the world. To that end he lavished
money and effort. It was enlightened selfishness, if you
please, but that seems to be a good basis for working ethics.
At any rate it was enlightened and we call it applied ideal-
ism.



CHAPTER III
FRICTION DRAFT GEAR

A GREAT railroad president, an engineer by profession
and a man of imagination, Mr. Cassatt, said that the fric-
tion draft gear was a more important invention than the
air brake, and Westinghouse himself sometimes said the
same thing. How many readers of this book ever heard of
the friction draft gear, or have a definite notion of its con-
struction and its functions? Even railroad men were slow
to appreciate it. Other inventors and manufacturers, usu-
ally quick to see, and diligent to seize opportunities, long
failed to understand that a new field for profitable enter-
prise was opened by this invention, although Westinghouse
advertised it widely in print and by public demonstrations.

This situation came about partly because the immediate
need of the friction gear at the time of its invention was
not urgent, and only a man with the foresight of Westing-
house could expect the future need. That involved fore-
seeing something of the mechanical effects of the air brake
in handling long and heavy trains. Such foresight required
engineering knowledge and insight, and it required also
considerable applied imagination, a combination not very
common. The need of the air brake at the time of its in-
vention was tolerably obvious to all men, and inventors
were busy with schemes for brakes, continuous through
the train, and controlled by the engineer. The time was
ripe for a revolution in brakes; only a few gifted men sus-
pected that a revolution in draft gear was impending when
Westinghouse brought out the friction gear. Perhaps an-

ki
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other reason for the reluctance to use the new device was
failure to grasp the consequences to flow from dissipating
energy by friction instead of storing it in springs.

It is much too soon to attempt any estimate of the rela-
tive effect on human progress of those two inventions. Few
men would now venture to say that the friction draft gear
is nearly as important as the air brake, but it was a more
novel coneeption. It introduced into railroad practice a
new principle; the air brake applied new means to an old
principle. The spring gear mitigates by spring action alone
the shocks and stresses due to coupling, starting, running,
and stopping trains. The energy developed is stored ready
to react when the springs are released. In the friction gear
the energy is dissipated as heat and there can be no reac-
tion. This was the great coneeption of the invention. The
consequences of spring reaction depend upon the quantity
of energy stored and the period of release. If that quantity
is large and release sudden the consequences are serious.
If the recoil of a great gun on shipboard were taken up by
springs the reaction would throw the gun out of the ship
if it were not stopped by the turret walls. At best it would
wreck things. In the stirring old frigate actions which we
read about when we were boys, the recoil of the guns was
managed by block and tackle. The gun crews manning
the leads checked the recoil and ran the gun forward to
firing position again. In the course of time hydraulic recoil
gear came in, and Westinghouse designed and patented
hydraulic gear for railroad use, but it was costly, and the
mechanical difficulties of fitting it to cars were great, if not
insuperable.

As cars increased in weight and as the length of trains
grew, heavier springs were used, and the effects of their re-
action became more and more severe, particularly on air-
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braked trains. They increased not only in number and in
degree but in kind. Things happened that had never hap-
pened before. The freight engineer discovered that with
the best intentions he was liable to break his train in two
or in three parts without actually stopping and starting
but by variations of speed while running, and the old hand
knows that a broken freight train is not merely inconve-
nient, it is extremely dangerous. Attempts to make matters
better by still further increasing the capacity of the springs
made them worse. An excellent demonstration of this par-
ticular way of breaking a train in two was made in a series
of skilfully conducted tests made on the Southern Pacific
Railway in 1908. Incidentally the reader may note that
this was twenty years after the issue of the friction-gear
patent and twenty-one years after the most important single
improvement in the air brake. The report of these tests
says: “Probably more damage to equipment and lading
has been caused by engineers . . . attempting to release
brakes on freight trains . . . after slowing down than from
any other one cause over which operating officials have
control.” To ascertain the effects of different gears in such
cases trains were run at twenty miles an hour and slowed
down to about eight miles; then brakes were released and
the engine throttle opened wide. The result was that with
the friction gear “the train remained intact and was again
accelerated as intended, but in the attempts to accomplish
this much-desired result with the spring gear the train was
parted sometimes in several places and in no case was the
train again put under way.” The conclusion was that “
is absolutely impossible to permit engineers to make a prac-
tice of attempting to release brakes and apply steam with
long freight trains under way which are equlpped with
spring gear and quick-action brakes.”
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Now we will look for the genesis of the friction gear. In
1878 certain air-brake trials were made under the personal
supervision of Westinghouse in England. In foreign prac-
tice there is much greater movement between the cars in
a train than in the United States because of a quite different
arrangement of couplers and buffers. The train used in
these trials consisted of a locomotive and twenty vehicles,
the buffer springs having a total motion of from eight inches
to ten inches, to each car. When completely compressed,
they, therefore, reduced the length of the train by about
sixteen feet. The trials had proceeded successfully, and a
final stop was made at a station in London in which the
brakes were applied with full force with the train moving
at comparatively low speed, and the buffer springs on each
vehicle were fully compressed when the train came to a
standstill. As the passengers were alighting, the engineer
released the air from the brake cylinders. The exhaust
ports were unusually large, so that the air escaped quickly,
permitting the springs to react suddenly, causing the sepa-
ration of the cars to the extent of the spring motion, and
the movement was so violent that many of the occupants
of the train were thrown down and some slight injuries
resulted. Westinghouse said that the buffers required a
brake, and the need in this instance was supplied by ex-
hausting the air from the brake cylinder slowly enough
to permit the springs to react gradually. In this incident,
Westinghouse said, was the germ of the conception of the
friction draft-gear mechanism, for it clearly demonstrated
to him the destructive tendencies of unrestrained reactive
effect of springs used in connection with draft and buffing
devices. The idea lay dormant until the necessity for some-
thing of the kind in the United States was brought forcibly
to the attention of Westinghouse in connection with the
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brake experiments at Burlington in 1887. The experimental
train used at Burlington had ordinary draft and buffing
springs with a capacity of about 20,000 pounds, and in ad-
dition these cars were also fitted with auxiliary buffer
springs of about the same strength, placed directly above
the draft mechanism, and contacting with a horn on the
coupler head, this spring acting only in compression.

As long as the serial brake operation was so slow that the
front part of the train was stopped before the brakes in the
rear became effective, the cars were pushed together by the
crowding in of the unbraked rear portion of the train, and
there was no dangerous reactive effect of the draft springs.
‘When, however, the rapidity of serial brake action had been
increased so that the last brake was fully applied while the
train was still in motion, the reaction of the springs became
effective, and at speeds above thirty miles an hour it was
impossible to make an emergency stop without parting the
train by the braking of the coupler mechanisms. The part-
ing usually occurred about one-third of the length of the
train from the locomotive. An excellent opportunity for
observation repeated many times showed quite clearly this
effect of spring reaction. As stated before, the reactive
effect in the particular train in question was about double
that ordinarily present, due to the use of the auxiliary buf-
fer spring, which it was expected would in some measure
reduce buffing shocks caused by serial brake operation. It
was without value for its intended purpose and proved a
positive disadvantage because of its reactive effect, and
when it was removed coupler breakages ceased. The ex-
periment, however, served an excellent purpose in demon-
strating the objectionable effect of the reactive effort of
high spring resistance.

The subject becomes somewhat complex, as it deals with
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long and heavy trains and not with short ones or individual
cars, and because it is also connected with the serial opera-
tion of brakes. If all cars were of the same weight, equally
loaded ‘and fitted with brakes that applied simultaneously
with uniform force, there would be no coupler strains tend-
ing to cause train partings, as there would be uniform speed
deceleration of every portion of the train. The objection-
able reactive effect only occurs when it becomes sufficiently
cumulative, as in a long train, and then mainly in connec-
tion with brake applications; for it is the serial application
of brakes that causes the springs to be compressed one by
one, thereby putting them in a state to react together and
with destructive effect.

The term “long trains” is necessarily inexact, for the
variation in weight of individual cars and of their loading
enters into the problem; but the invention of the friction
draft gear was based upon the observed performance of a
fifty-car train in 1887, and at the same time it was demon-
strated that with a train of half the length the reactive
spring effect was practically negligible. The draft devices
then in use were strong enough to absorb without breaking
the strains and stresses produced by the movement and
stopping of twenty-five-car trains.

Some of the serious elements in the cost of railroad opera-
tion are repairs to draw gear and underframes, and damage
to lading due to energy which ought to be dissipated harm-
lessly instead of being stored to do mischief. Understand-
ing all this involves a pretty complicated group of ideas
not so familiar then as they are now. It must be borne in
mind that in 1887 trains of fifty cars were comparatively
rare, and the average number of cars per train did not then
exceed thirty. Furthermore, they were of relatively low
capacity and of wooden construction, as the steel car had
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not yet appeared. The tendency toward longer trains was,
however, manifested at the date of the Burlington trials,
and its effect began to appear in heavy draft-gear repairs
and frequent train partings. Perhaps in no other instance
was the capacity of Westinghouse for a long-range vision
better exemplified than in the one in which he foresaw the
great increase in train lengths and weights, and their load-
ing, and what was demanded in improved draft appliances
to make this controlling factor of car construction adequate
for the purpose it serves. He clearly foresaw increased
stresses in the draft appliances, and as clearly identified
the fact that stronger springs intended to meet the require-
ments would augment reactive effect which had already
been demonstrated to be so great as to cause frequent train
partings under normal conditions of operation. He, there-
fore, invented and devised a mechanism which included a
high frictional resistance to movement, combined with a
moderate spring resistance. The frictional resistance was
effective in both forward and backward motion, and en-
tirely counteracted the reactive effect of the spring. The
chief function of the spring was to create frictional contact
of the moving parts of the device and restore them to nor-
mal position when the stresses of operation were removed.
So certain was Westinghouse of his inferences and assump-
tions that he began without delay to develop various forms
of the basic idea and submit them to practical tests.

His first friction draft-gear patent was issued in 1888,
and it disclosed the broad prineiples upon which all sub-
sequent friction gears have been designed. The structure
shown and described in the patent was built, and it was
tested on a train of thirty cars in February 1890. This
train was in charge of the late R. H. Soule, a distinguished
railroad officer who had entered the service of Westing-
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house to develop the first friction gear, and who was an
excellent mechanical engineer. The apparatus was shown
in several important railway centers and a few of the de-
vices were put in general service, but the construction was
such that it was unfavorably affected by an accumulation
of rust, so that it did not prove entirely successful. A
further study of the problem resulted in a change of form
that remedied the defects in the first type, and after three
years of development and experimental work a train of
forty-five cars in the coke traffic was placed at the disposal
of Westinghouse by the H. C. Frick Coke Company, and
these cars were fitted with the new device and kept together
in one train. The train was put in service between the Con-
nellsville coke region and the Carnegie Works at Home-
stead and was under daily observation, and some slight
changes were developed by use and made. It was operated
many months under extreme conditions as to load and
speed, and therefore furnished the best possible opportunity
to demonstrate the value of the invention in its application
to freight equipment, proving, as it did, that the principles
involved in its construction were sound, and that the pur-
pose for which it was designed had been attained. Before
its use it needed great skill and care on the part of the en-
gineer to avoid train partings and rear-end shocks that
were of destructive intensity. When the friction gear was
attached it was impossible to so operate the locomotive as
to cause serious shocks or strains.

So far we have considered the functions of the draft gear
in taking care of the stresses set up in stopping, as observed,
for example, at the Burlington brake trials, and in taking
care of the stresses set up in a running train by changes in
speed, as in the Southern Pacific tests. But it performs
an important duty in starting trains also. To start a long
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and heavy train free slack is necessary. If such a train
were tight-coupled, with no play between the cars, the loco-
motive would simply spin its drivers and the train would
stand still. Actually it is started serially, one car at a time,
and the momentum of each moving car helps to start the
car next behind. This necessary slack is provided in the
draft gear. In the spring gear it is spring slack, and the
effects of spring reaction are developed in starting trains
as well as in stopping them. The friction gear provides
the necessary starting slack without reaction. It has been
found in practice that a train fitted with the friction gear
can get up to twenty miles an hour by the time that a similar
train fitted with the ordinary spring draft gear can be en-
tirely put in motion. This is due to the greater care re-
quired to start a train fitted with the ordinary gear, to avoid
the destructive reactions from stresses in excess of the cush-
ioning capacity of the spring gear. It is probable that the
greatest commercial value of the friction gear is found in
the reduction of strains of extension to a point within the
strength of the car couplings, strange as that may seem to
one accustomed to think of it only as a buffer.

The first commercial application of the draft gear was to
1000 steel cars on the Bessemer & Lake Erie Railroad,
exactly nine years from the date of the original invention.
This was almost immediately followed by its adoption as
standard by the Baltimore & Ohio Railroad. A dozen years
after the invention of the air brake Westinghouse was rich
and famous. It took nine years or more to put this other
brilliant invention in such a place commercially that the
manufacturers began to get a reasonable return on the costs
of development and promotion. The struggle for the recog-
nition of the principle is now over. In the four years end-
ing in the spring of 1920 some 90 per cent of all freight
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cars built were fitted with the friction gear, and the West-
inghouse Air Brake Company had shipped over a million
friction gears.

Regarded as an example of mechanical design the fric-
tion draft gear in the form in which Westinghouse left it
is one of the most ingenious of his structures, and those
who have looked over his many hundreds of patents will
agree that this is saying a great deal. When we consider
this; when we consider that the parting of trains has long
been a fruitful cause of bad accidents; when we consider
the great and constant cost, directly and indirectly, of main-
taining draw gear and underframes, and finally when we
consider the new and fundamental conception, we cannot
wonder that Westinghouse sometimes said and that Mr.
Cassatt said that the friction draft gear was a more im-
portant invention than the air brake. A forgotten™ phi-
losopher said that the main obstacles to human progress
are friction, gravity, and natural depravity. Obviously
he was not an engineer; perhaps that is why he is forgotten.



CHAPTER IV
A GENERAL SKETCH OF ELECTRIC ACTIVITIES

THE air brake and its allies and dependencies have been
considered. We shall now take up Westinghouse’s elec-
trical activities in a general way. Later chapters will show
in more detail how they developed in the gradual building
up of a new art.

The general development of the electric art eame on in
great waves; first are lighting, next incandescent lighting,
then the trolley and the single-phase alternating current
at about the same period, and finally polyphase alternating
current and transmission of power. Of all these stages
Westinghouse was conscious; in all of them he had a part;
in one of them, the most important, he took a commanding
place. The most important stage was the use of alternating
current. This story will be told in detail later. Let us con-
sider here in a general way the relations of Westinghouse
to the new art of harnessing electricity for the use and con-
venience of man.

But first it may not be out of the way to glance at a few
very elementary things. Much will be said about direct
current and alternating current, and it will be found that
Westinghouse’s greatest electrical achievement was to hast-
en the use of the alternating current, a long step in human
progress.

“Current” is a conventional and arbitrary term, accepted
years ago, to express the passing of electric energy from

one place to another. It is said to “flow” through, or on,
87
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a conductor. Just how fast it flows nobody seems to know,
but the speed varies with the kind of conductor. So far
as anybody knows now, light is the fastest thing in our part
of the universe, at say 186,000 miles a second, and elec-
tricity comes next. For working purposes we may take
the speed of the electric transmission on a good copper con-
ductor at 100,000 miles a second, although very much
greater velocities have been observed in experiments. In
longitude work the time of transmission of electric signals
must be considered, but in transmission of power by elec-
tricity time does not enter. This matter of the speed of
the electric impulse will be interesting when we take up the
balancing of current in certain heavy railroad work in a
later chapter.

Direct current flows always in one direction. The flow
of alternating current is periodically reversed in direction.
In much of the early practice these reversals, “ alternations,”
took place 16,000 times a minute. Lower frequencies are
now standard.

There is no essential difference in the effects produced
by these two different kinds of current in work done. There
are some uses to which one or the other is specially appli-
cable; but generally speaking, when the current reaches
the place where the work is to be done, by a motor or by
a lamp, one kind of current when suitably applied is about
as effective as the other. The essential differences are in
generation and transmission, in manufacturing the current
and taking it to the work, and in the means of utilization.
These differences have brought about the fact that ninety-
five per cent of the electric energy generated and trans-
mitted is by alternating current. It is to the everlasting
glory of George Westinghouse that he saw the meaning of
these differences before it was seen in a big way by any
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other man who combined in himself the qualities and the
capacities to make use of them. This was so true that in
the middle eighties alternating current was spoken of in the
United States amongst students and experimenters as the
“Westinghouse current.” Few others than students and
experimenters spoke of it at all.

We shall now try to state very simply what those essen-
tial differences are. An elementary fact about transmission
is that the quantity of current passed economically over a
conductor at a fixed pressure, or voltage, depends on the
size of the conductor, and conversely if the size of the con-
ductor is fixed the power passed economically can be in-
creased by raising the voltage. If the power conveyed is
great and the voltage is low, the conductor must be large.
If the distance to be covered is considerable the cost of the
conductors becomes prohibitive. This is exactly the situa-
tion that had come about when Westinghouse took up al-
ternating current. Direct current had to be conveyed at
low voltage, because it had to be used at comparatively
low voltage, and it does not lend itself to ready reduction
from high transmission voltage to low working voltage.
Therefore, the cost of copper conductors set a narrow limit
to the quantity of power conveyed and the distances. Al-
ternating current can be readily transformed from high
transmission voltage to low working voltage with but little
loss of energy in the process. Therefore, a larger amount
of power can be carried at high voltage on a small conduc-
tor and stepped down to low voltage at the place of use.
Furthermore, alternating current can be converted into
direct current at the place of use with little loss.

The other important difference mentioned above is in
generation. The direct-current generator does not lend
itself to very large capacities, relatively, nor is it well
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adapted to the high speed of the steam turbine. Alternat-
ing-current turbo-generators, driven by steam or water,
are now built up to 60,000 horsepower or more. This leads
to economy in the manufacture of power.

An old Westinghouse engineer writes: “The greatest
possibilities of alternating current seemed to lie in its flexibil-
ity of voltage transformation. This one feature alone al-
ways impressed Mr. Westinghouse as important enough
eventually to make the alternating system the dominating
one. However, it is doubtful whether even his great imag-
ination foresaw the complete extent to which the alternat-
ing-current system actually would supersede all others.”

So much for the elementary things; now we may pro-
ceed with the story of George Westinghouse.

In the field of electricity he was not an inventor of funda-
mentals. He invented many useful details, but his great
work was in stimulating, combining, and directing the work
of other men. When he entered the field he was already
a world figure; a loadstone attracting from all directions.
No other man combined the resourcefulness, the contact
with scientists, the ardor for engineering development, the
manufacturing plants, the organization of men in many
groups, the vision, the optimism, the courage, and the will
to bring things to pass. Known the world over, he was
the receptacle of the thoughts and ideas of scientists and
inventors everywhere. He was the captain of them all,
the man who received and codrdinated and executed.

A mind so active and inquiring as that of George West-
inghouse could not fail to be interested in electricity. As
a boy in his father’s shop he amused himself taking sparks
from a belt and charging a Leyden jar; but for many years
the incentives and the opportunities before him were much
more mechanical than electrical. There were useful things
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to be done with mechanisms in endless variety, while the
only important use of electricity was in telegraphy. As
the years went on, Westinghouse gave some thought to the
possible use of electricity in railroad braking. Later he
took out patents for an automatic telephone exchange, dis-
closing principles suggestive of some features of modern
practice. 'When he took up railroad signalling and inter-
locking he soon began to use electric circuits for control.
Meanwhile electric lighting was developing slowly; the
distribution of power by electricity was but a dream of a
few speculative philosophers. All effectual uses of elec-
tricity in the arts were by direct current; the alternating
current as a useful form of electricity was not known. In
the early eighties the few important uses of electricity other
than in telegraphy were for street-lighting by are-lamps
and for indoor lighting by incandescent lamps. There were
a few private lighting plants in hotels and other large build-
ings, and in 1882 central stations for commercial lighting
current began operation, but it was soon seen that the cost
of copper wire for transmission would be prohibitive for
distances more than a few hundred yards.

Late in 1883 Westinghouse began to think somewhat
seriously about direct-current lighting. He began to gather
about him a staff, and soon had several men busy in study
of methods and in development of details; but not until
he had his vision of the possibilities of the alternating eur-
rent was his interest thoroughly aroused. He had but just
started on his way to Damascus. The road was somewhat
long and the vision did not come so abruptly as it came to
Saul.

Although the arc lamp came into commercial use earlier
than the incandescent lamp, Westinghouse took up incan-
descent lighting first. A difficulty found early in that art
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was automatic regulation of dynamo voltage to conform
to varying loads on the lighting circuit. In 1881 Westing-
house had taken out a patent for automatically regulating
either the engine or the dynamo in response to changes in
load. The pursuit of this object soon brought about rela-
tions with William Stanley, who later became a famous fig-
ure in electric development. Mr. H. H. Westinghouse, a
younger brother, had invented a high-speed engine and
formed the Westinghouse Machine Company to make it.
This engine had inherent self-regulating capabilities, and
negotiations were begun with the Brush Electric Company
looking to its use with the Brush dynamos. Brush was an
able and enterprising pioneer in electric lighting. While
negotiations were going on, H. H. Westinghouse happened
to meet Stanley, then a young and unknown electrical
engineer, and learned that he had invented a self-regulat-
ing dynamo. Stanley with E. P. Thomson had also in-
vented an incandescent lamp with a filament of carbonized
silk. The immediate result of this accidental meeting was
that Stanley went to Pittsburgh, in the employ of Westing-
house, to manufacture his dynamo and lamp and to de-
velop a complete electric-lighting system, and Westinghouse
entered upon a careful study of the art. This happened in
the first months of 1884, just when he was starting his
natural-gas company and thus creating another new art, in
which he brought out thirty-six patents in two years. At
the same time he was active also in the affairs of his new
company which was introducing railway signalling and in-
terlocking.

To appreciate the task before Westinghouse when he
considered taking up the electrical-manufacturing busi-
ness, it will be helpful to outline briefly the condition of
the business as it then existed.
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The exploitation of direct-current are and incandescent
lighting had gained considerable headway in the early
eighties. The more prominent producers of such apparatus
were the Brush Electric Light Company, the Swan Incan-
descent Light Company, the Consolidated Electric Com-
pany, the Edison Electric Lighting Company, the United
States Electric Lighting Company, and the Thomson-
Houston Electric Company. Each of these companies
owned numerous patents relating to the electrical art. It
thus became necessary for Westinghouse to learn whether
the Stanley silk-filament lamp and the Stanley self-regulat-
ing direct-current dynamo would involve the use of ad-
versely held patents.

Until the metal-filament lamp was developed, the essen-
tial of the universal incandescent lamp was the arch-shaped
illuminant of carbonized organic material. For many years
vain attempts had been made to produce an incandescent
' lamp having as an illuminant a metal of high melting point,
such as platinum. In 1878 Sawyer and Man succeeded in
carbonizing paper and other fibrous materials in the form
of an arch. They applied for a patent thereon in 1880.
After extended Patent Office interference proceedings with
an application of Edison, the patent was granted in 1885
by assignment from Sawyer and Man to the Electro-Dy-
namic Company. That company, incorporated in 1878, was
the earliest company organized in this country for carry-
ing on a general system of incandescent electric lighting.
In 1881 its patents and assets were sold to the Eastern Elec-
tric Company, which, in turn, in 1882 sold them to the
Consolidated Company. By the purchase of this company
the Westinghouse Electric Company became the legitimate
successor of the first incandescent-lighting company.

Meanwhile, Edison, although he was ultimately defeated
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in his contest in the Patent Office with Sawyer and Man
upon the filament, secured a patent in 1880 upon a carbon
filament in an exhausted container made entirely of glass.
Sawyer and Man had shown in their application a con-
tainer in the form of a tube closed by a stopper, sealed into
the end. This “stopper lamp” became famous in its rela-
tion to the lighting of the Columbian Exposition in 1893.
Of that something will be said when we come to treat par-
ticularly of the Exposition. Two other inventions of mo-
ment should be here mentioned, one patented by Sawyer
and Man in 1879 for treating carbon conductors in an at-
mosphere of hydrocarbon, and the other an invention of
Hiram S. Maxim for making a filament out of carbonized
cellulose. These and other adversely held inventions cast
doubt on the expediency of Westinghouse entering the in-
candescent-lamp field. We shall hear more of this when we
come to the story of the Chicago World’s Fair.

The status of the generator was less complicated, al-
though a patent issued to Weston in 1883, and assigned
to the United States Company, upon a self-regulating
dynamo, appears to have caused Westinghouse to doubt
the propriety of manufacturing the Stanley dynamo.
Numerous other patents on the direct-current generator and
systems of distribution were also held by the United States
and other companies.

Through Franklin L. Pope, an eminent electrical patent
expert, and Thomas B. Kerr, one of his patent lawyers,
Westinghouse was advised as to the probable bearing which
these various patents might have upon his operations, and
particularly upon the Stanley incandescent lamp and
dynamo. The results of these investigations apparently
caused Westinghouse to hestitate at the time, but in March,
1885, he, with some apparent reluctance, consented to the
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organization of a company to take over the business pre-
viously carried on by Westinghouse as a personal under-
taking at a cost of about $150,000. Westinghouse pro-
posed that the company if formed should be known as the
Stanley Electric Company. This plan, however, was not
then carried into effect, and Westinghouse showed no great
enthusiasm for electric ventures until the alternating sys-
tem had made its strong appeal to him.

But direct-current development was by no means aban-
doned. Research work, design, and experiment went on,
and early in 1886 a Westinghouse direct-current incandes-
cent-lighting plant was installed in the Windsor Hotel in
New York. About the same time a similar plant was placed
in the Monongahela Hotel in Pittsburgh. The first cen-'
tral-station Westinghouse equipment was at Trenton,
N. J., the installation of which was begun in the latter part
of May 1886, by the construction firm of Westinghouse,
Church, Kerr & Company, and practically completed late
in August of that year. The generating plant consisted of
six 100-volt, 300-light, direct-current, shunt-wound dyna-
mos of the Siemens type. Similar direct-current plants
were soon after placed in Plainfield, N. J., and in Schenec-
tady, N. Y., the present home of the General Electric Com-
pany, and installation in many other cities followed. In
August 1889, more than 350,000 incandescent lamps were
in service in connection with the central-station plants in-
stalled with apparatus produced by the Westinghouse Elec-
tric Company requiring about 40,000 horsepower. Of
these lamps a large number, perhaps the greater number,
were alternating current.

The beginning of those activities of Westinghouse in
alternating-current development, which were to revolution-
ize the electric art, was late in 1886; but we will go on now
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with some further details and return shortly to the alternat-
ing current.

In course of time Westinghouse decided to take up are
lighting, and in November 1888 he bought the entire cap-
ital stock of the Waterhouse Electric and Manufacturing
Company. This was more than ten years after the instal-
lation of arc lights in the Place de 'Opéra in Paris, and
the people of many cities, in many lands, had become fa-
miliar with the dazzling glare of enormous lamps. The
Waterhouse system, direct current, was supposed to be
well developed and the company had established a con-
siderable business. It gradually appeared that a system
that would do pretty well on a small scale was not neces-
sarily fit for large-scale operation. The Waterhouse ap-
paratus when in service demanded too much personal at-
tention from experts. After considerable redesign the
system was dropped.

Meanwhile, Stanley, a versatile and clever man, thought
that he had discovered a principle in alternator design that
might be the basis of a system of are lighting by alternat-
ing current. Westinghouse was much taken by some fea-
tures of this new system, which were indeed plausible, and
the company spent a great deal of money developing it
and pushing it commereially. Many difficulties developed.
One of these, and a serious one, was the fact that the alter-
nating-current are lamp of those days was inferior to the
direct-current lamp. The light of the alternating-current
arc lamp was from the incandescent tips of the carbons.
In the direct-current arc lamp of those days much of the
light was from a glowing erater formed in the upper carbon.
From this crater a big part of the total light developed by
the arc was projected downward. In the alternating-cur-
rent lamp of the time craters formed in both carbons, and
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the light from the lower carbon was projected upward and
much of the total light was wasted. This fundamental
difficulty was corrected in later years by radically different
lamps. Furthermore, the noise of the early alternating-
current arc lamp was objectionable.

For these reasons this Stanley system of alternating are
lighting was given up, and effort reverted to direct current.
But there were strong engineering reasons pointing to the
alternating-current system, particularly the possibility of
using larger generating units in central stations. Slowly
came radical changes in lamps. The flaming arc lamp came
in; the arc flame itself was used as the source of light in-
stead of the craters. The energy expended in the arc
became the important thing; not the kind of current. De-
tail improvements went on in the lamp itself and in regu-
lation until generation for direct-current arc systems al-
most disappeared from the market so far as new apparatus
was concerned. This must have been a pleasing outcome
for Westinghouse, who never let the alternating-current
idea sleep.

On the whole, the Westinghouse Company did a good
- deal for arc lighting in original research, in developing lamps
and other apparatus, and in commercial effort; but arc
lighting never became either a specialty with the company
or a very important part of the business. In the nature of
things, this was logical, for it was obvious almost from the
start that immensely the greater part of the artificial light-
ing of the world must be by something capable of indefinite
subdivision into small units, and to this the incandescent
lamp lent itself admirably. We shall see later that West-
inghouse gave much attention to the development of vari-
ous forms of glow lamps.

With the coming of the gasfilled or nitrogen lamp the
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arc lamp is gradually disappearing from the active field.
Unless something new and surprising develops, the arc
lamp evidently is doomed. For the same energy expended,
the nitrogen lamp probably gives but little more light, if
any, than the arc lamp, but, like all incandescent lamps,
it requires practically no attendance except for replace-
ment in case of breakage. It can operate directly from the
alternating-current system, with regulators for constant
current. Therefore, it may be said that lighting by are
lamps, practically the earliest branch of the electric-light-
ing business, has now been superseded by incandescent
Jamps.

The Westinghouse Electric Company went steadily for-
ward in developing and producing machinery and appara-
tus for lighting, and in a few years railway work began to
look important. As time went on the Company carried out
an enormous development, and it has brought about some
of the greatest advances in the direct-current field. Par-
ticulars of some of these will be told when we come to speak
of the Company’s activities in transportation.

In 1890 the Company built a 250-horsepower direct-
current generator for railway service. Possible customers
came hundreds of miles to see one of the largest machines
in the world. There was some discussion as to whether a
larger generator would ever be built. Certain things hap-
pened in the tests which the visitors did not see. For in-
stance, parts of the armature winding shifted on the smooth,
cylindrical core as much as an inch. The armature was
tinkered up, the machine was shipped, and gave satisfac-
tory service. This incident led to one of the very important
improvements in direct-current dynamo construction, the
use of slotted armatures in large dynamos; they had been
used before in small ones. After the building of a machine
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of this type was well under way the opinion of high authori-
ties was taken, in Europe and America. They agreed that
it was absolutely impossible: to make satisfactory large-
capacity, slotted-armature railway dynamos, and that it
was a.waste of money to attempt it. The Westinghouse
people went on, and when this first machine was tested the
results surprised even the designers, and it was evident
that a big step forward had been made. The slotted arma-
ture soon superseded all other types in large direct-current
work, and several manufacturers were temporarily driven
out of the field. For a time the Westinghouse Company
was the pace maker with its slotted-armature, multipolar
generator.

About this time, in the early nineties, came the direct-
connected generator, followed quickly by the engine-type
machine. Theretofore the generator had been driven from
the prime mover by a belt. The direct-coupled set was a
generator complete, with its own bearings, connected to a
standard high-speed engine. In the true engine-type ma-
chine the armature is on the engine shaft. This construe-
tion called for many changes in details, but the develop-
ment was rapid, and generator units quickly increased in
size. By 1894 machines of 1500 kilowatts were built, and
by 1898 generators of 3000 kilowatts were in hand. In
this development the Westinghouse Company had a great
part, but about 1899 it gave the large direct-current genera-
tor its death blow. The rotary converter had been de-
veloped by Westinghouse’s engineers, and they had brought
forward the alternating-current machinery and apparatus.
The combination made it unnecessary to build large direct-
current generators for the special places where large volumes
of direct current were required. Electric energy could be
developed and transmitted as alternating current and con-



100 A LIFE OF GEORGE WESTINGHOUSE

verted as needed. An account of the origin, nature, and
functions of the rotary generator will be given later. The
economic consequences of what had happened will become
clear as we go on.

Let us now go back a few years and try to find the origin
and trace the development of the alternating-current con-
ception in the mind of Westinghouse. While in Italy in
the early part of 1882 he had formed a close friendship
with Doector Diomede Pantaleoni, an eminent Italian phy-
sician, whose son, Guido Pantaleoni, recently had been
graduated from the University of Turin. Through this
acquaintance Westinghouse became interested in a proe-
ess, invented by an Italian, for making artificial marble
from gypsum, and he arranged with Guido Pantaleoni and
Albert Schmid, a young Swiss engineer, to come to America
for the purpose of manufacturing this product. The process
was never of commercial utility, and Westinghouse placed
Pantaleoni in general charge of certain activities of the
Union Switch & Signal Company which brought him into
contact with the electrical work upon which Stanley was
engaged.

Pantaleoni was called back to Italy in May 1885, by the
death of his father, and having occasion to visit his old pro-
fessor, Galileo Ferraris, at Turin, he there met Lucian Gau-
lard, who had installed between Lanzo and Circe an alter~
nating-current system of distribution, patented by himself
and John Dixon Gibbs. This meeting had great conse-
quences. Leonard E. Curtis, an eminent patent lawyer,
who later became associated with Thomas B. Kerr, counsel
for the Westinghouse Company, and was for twenty years
in the thick of the movement, writes: “It was in 1885 that
Mr. Westinghouse became interested in the inventions of
Gaulard and Gibbs relating to the use of single-phase alter-
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nating currents for distribution by means of what they
called secondary generators (now called transformers), and
that was the starting point of the great development of
the “alternating-current system. All of us who knew any-
thing at all about the practical application of electricity,
knew that the induction coil was necessarily the most in-
efficient transformer of energy possible, and we also thought
we knew that there were other objections to the use of al-
ternating currents, which would make their commercial
use wholly impracticable. It required the combination of
an erratic Frenchman, Gaulard, as an inventor, and a sporty
Englishman, Gibbs, as a financial backer, to make the neces-
sary experiments to show that that was not necessarily so,
and it required a man of wide vision and adequate resources
for making his dreams come true, like Mr. Westinghouse,
to introduce the alternating-current system into the wide
field it was destined to occupy.” No one knows just when
Westinghouse began to think of the immense results to
flow from the transformation of voltage and current; but
it is certain that very early he appreciated that the limita-
tions of the low-voltage direct-current system might be
overcome by such transformation. He foresaw quite clearly
a broad field for electric power, and this was the vision of
which we often speak.

As regards Gaulard and Gibbs, the impression conveyed
by Mr. Curtis is neither just nor adequate. Gibbs speaks
of Gaulard as a “talented young Frenchman,” as he un-
doubtedly was. It is true, however, that he died insane.
Gibbs may have been sporty; he was a “good sport,” and
he lost his fortune like a man. Neither of them was an
electrical engineer. Gibbs says he “conceived the idea
that it would be a great step, if it should be possible, to
convey an electric current capable of lighting a small in-
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candescent glow lamp at a considerable distance, perhaps
some miles from the dynamos, as was already possible with
arc lamps, while the more generally useful incandescent
lamp could not be lighted beyond 500 yards from the power-
station.” He hired Gaulard, and they soon “discovered
and demonstrated that the actual transformation of alter-
nating current practically costs no expenditure of energy.”
Their first transformer is now in the South Kensington
Museum. They took out patents, organized companies,
took lighting contracts, and made exhibitions. Their pat-
ents were attacked, and the suits finally went to the House
of Lords on appeal. Here after seven years of litigation
Gibbs was defeated. He says: “I left the House of Lords
a ruined man.” But he died hard. With the help of Schnei-
der of Creusot he organized a French company to distribute
electric power on the left bank of the Seine, but he does
not seem to have recouped his fortune.

The “secondary generator” (or transformer) of Gaulard
and Gibbs was first shown in public in 1883 at the Royal
Aquarium in London. It was exhibited in Turin in 1884,
and a plant was installed at Tivoli to send lighting current
to Rome. For this installation the Italian Government
gave Gaulard and Gibbs a gold medal and a prize of £400.

Pantaleoni was so much impressed by what he saw and
learned at Turin that he cabled an account to Westinghouse,
who promptly requested Pantaleoni to secure an option
upon the American rights of Gaulard and Gibbs. Accord-
ingly Pantaleoni proceeded to London and there met Gibbs,
and secured from him an option which he brought back
with him upon his return to the United States in 1885.
Westinghouse at once accepted the option in prineiple, al-
though asking for certain changes in detail. -

Westinghouse instructed Pope to make a careful investi-
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gation of the Gaulard and Gibbs patent situation and to
study the possibilities of their system. Pope, in testimony
given in 1887, in connection with the Gaulard and Gibbs
patent litigation, said:

My own impression at first sight was, like that of every
one else, an unfavorable one. The knowledge which I had
gathered in the ordinary course of my professional experi-
ence’led me to expect that the loss of energy in conversion
would be so great as to render the scheme commercially
unprofitable, and that this lost energy, appearing in the
form of heat, would quickly destroy the apparatus, or at
least render it useless; and it was not until I had gone care-
fully through the published researches of Hopkinson and
Ferraris that I found reason to change my opinion. I fol-
lowed up the matter by personal investigations of the ap-
paratus in operation, and was convinced of its novelty and
industrial value.

The extracts which I have quoted are but fair samples
of the communications and articles which appeared in many
of the technical periodicals, and in fact I may say that, so
far as I now recollect, all these journals, without exception,
whenever they took any notice at all of the work of Gaulard
and Gibbs, did so in a spirit of hostile criticism, which con-
tinued not only long after the successful installation of the
plant in many places, but continues in many quarters up
to the present hour.

Westinghouse instructed Stanley and his assistants,
Schmid and O. B. Shallenberger, to make tests to determine
the commerecial value of the Gaulard and Gibbs system. Hé
also arranged to have a number of the transformers and a
Siemens alternating-current generator forwarded from Eng-
land to Pittsburgh. This apparatus was brought over by
Reginald Belfield, an assistant of Gaulard and Gibbs, who
arrived in this country late in November 1885.
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In the meantime considerable progress had been made
abroad. A plant had been installed at Aschersleben, Ger-
many, which appears to have been moderately satisfactory.
A bit of the Metropolitan Railway (London) had been
lighted, from Notting Hill Gate to Aldgate. The Grosvenor
Gallery Company had been formed to light the Bond Street
and Regent Street districts. This is now one of the largest
lighting companies of London. In the spring of 1885 the
Inventions Exhibition (London) had been opened with
Mr. Belfield in charge there of the Gaulard and Gibbs ap-
paratus. The installations of the Gaulard and Gibbs ““secon-
dary generators” at Turin, on the Metropolitan Railway,
and at the Inventions Exhibition received much attention
in the technical press of Europe. As one result of the knowl-
edge thus spread abroad Zipernowski, Déri, and Bl4they,
engineers in the employ of Ganz of Budapesth, brought out
transformers which were shown at the Inventions Exhibi-
tion. These were designed and wound to run with their
primaries in parallel, an arrangement which Westinghouse
adopted from the start although the Gaulard and Gibbs
apparatus was designed for operation in series.

Immediately on the arrival of the Gaulard and Gibbs ap-
paratus at Pittsburgh, Westinghouse began his study of it.
Those who knew him will understand the energy he threw
into this work, and how practical were his suggestions on the
mechanical side, and how readily he grasped the theoreti-
cal lines necessary, applying his mechanical knowledge and
skill to the information he obtained, with the result that
in an astonishingly short time the uncommercial secondary
generator was correctly started on the direct line of develop-
ment into the modern transformer. A great step had been
taken. It led directly to the enormous electrical advance
that we have seen during the past three decades, and the
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essential conceptions were formed and pretty well developed
within about three weeks—from December 1 to December
20, 1885.

Those who watched Westinghouse and worked with him
through the years ceased to be surprised at his capacity to
do extraordinary things and to do them quickly. They
learned too, that this capacity was not only a matter of
intellectual gifts, but also a matter of dogged industry and
of power to work fast and to make other men work fast.
Through the long evenings he worked in his private car
and in his house, designing, sketching, and dictating. In
his car any corner of a table would do, in his house he worked
on a billiard table. Seated and leaning uncomfortably over
the rail, he drew rapidly and with accuracy and complete-
ness of detail, while those around him watched and an-
swered questions and made suggestions if they could. Prob-
ably he had no pencil but borrowed one from the nearest
man. As these pencils were never returned one wondered
what became of them. His trail through the world was
blazed with other men’s pencils. An instance of his speed-
ing-up other men is told by Mr. E. M. Herr, now President
of the Electric Company, and some time General Manager
of the Brake Company. Mr. Herr says:

In all my experience with and work for Mr. Westing-
house, I never but once succeeded in doing a piece of work
for him quicker than he thought it could be done. On this
occasion he sent me a pattern to Wilmerding (the Air Brake
Works), which arrived there Sunday morning. He had
notified Mrs. Herr in my absence on Saturday that this
would be at Wilmerding on Sunday, and that she should
be particular to see that I got this information immediately
on my return, Sunday morning. On getting the informa-
tion, I called up the superintendent of the foundry at Wil-
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merding, told him of this pattern and asked him to get it
at the station, and see if he could get one of our moulders
to mould it Sunday afternoon so that it could be poured the
first thing Monday morning. Owing to the continuous
process of moulding in use at the Air Brake Company’s
foundry, unlike other foundries, the pouring of metal began
at seven o’clock in the morning. I was at Wilmerding be-
fore seven o’clock that Monday morning, and saw that
this pattern was poured of the first iron out of the cupola,
as I expected Mr. Westinghouse would be out on an early
train to see what progress we had made on this casting which
he had told me he wished to have sent to the Electric Works
at East Pittsburgh as soon as it was cold enough to be hauled
down there. As soon as the metal had hardened in the
mould, we took it out, put some sand in one of our delivery
wagons, and put the red-hot casting in it and sent it to the
Electric Works. The wagon had hardly got out of the yard
when Mr. Westinghouse appeared. In his usual pleasant
manner he greeted us, wished us good morning, and asked
me if T had got word about the pattern he had sent out on
Sunday. I told him I had and he then asked when it would
be moulded. I told him it was moulded. “Indeed. When
will you have a casting?” ‘“The casting is made,” I re-
plied. “That so? That’s good. How soon can you send
it to the Electric Company ?” I said: “It has gone.” Mr.
Westinghouse looked at me, hesitated a moment, turned
around and started off at a brisk pace. “Then I will go
down there and hustle those fellows,” and off he went.

An old employee tells this: “The drum rolled off and
broke in two pieces, so we had to hustle and make a new
one before Mr. Westinghouse got around. We worked all
night, but did not succeed in finishing the work before Mr.
Westinghouse got to the works the following morning, so
our foreman had to tell him what had happened. All he
said was: ‘It is a good thing such accidents happen, just
to see how fast you fellows can work.””



George Westinghouse at work.

(From a snapshot photograph.)
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There are many tales of this sort floating about in the
various companies.

It is not to be understood that Westinghouse, in a miracu-
lous three weeks, by a flash of genius, made the transformer.
The way was long and hard and many fine minds were en-
listed. What happened was that the swift and penetrating
insight of Westinghouse, and his keen and experienced me-
chanical faculty, discerned what must be done to change a
scientific toy into a commercial tool, and the way to do it.

A general word about the transformer may help us to
appreciate what follows. The transformer is not interest-
ing to look at. It is a mere mass of metal, dull and mo-
tionless. It is not even graceful in outline or proportion.
But it is the heart of the alternating-current system. The
reason for being of the alternating-current system lies in
its capabilities for simple transformation of voltage over
almost any required range, from hundreds of thousands of
volts down to almost nothing. Without this ability to trans-
form voltage, the alternating-current system probably
would not exist today, or at least it would doubtless hold
a position secondary to direct current. This capability of
voltage transformation lies in the transformer itself. It
will be said many times in this narrative, and in many ways,
that the development of the art of distributing electric
energy by means of the alternating current has already
changed the face of society, and still greater changes are
yet to come. Therein is the meaning of that three weeks
at East Pittsburgh and of the later work of Stanley, Shal-
lenberger, and Schmid in developing the transformer. Stan-
ley’s part in this development will be told in some detail
as we proceed. A word in passing is due to Shallenberger
and Schmid, both dead now. They were highly gifted men
of particularly fine character. They were young in years
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in 1886 and young in the electric art, but they made an
impression on the product of the company which lasts to
this day. The present Chief Engineer says that “it was
due to Shallenberger that the early Westinghouse transform-
ers were brought to a practical commercial condition. He
was a good analytical man and was able to take very scanty
data and get practical results.” The memory of Shallen-
berger and Schmid is held in affection and esteem by those
who worked with them in the pioneer years.

The “secondary generator” as brought to the United
States was designed by Gaulard, who had discussed it with
some of the most prominent scientists in Europe, and it
should have been, from the advantages M. Gaulard en-
joyed, further developed than it actually was. The original
apparatus was the old and well-known induction coil. It
was not a practicable commercial apparatus from the stand-
point of the manufacturer or of the user. Westinghouse,
as soon as he grasped the fundamental electrical facts under-
lying the working of the instrument, applied himself to the
production of a piece of apparatus which could be wound
on a lathe, discarding the unpractical soldered joints and
stamped copper disks for the more commercial form of ordi-
nary insulated copper wire, and it was then a question of
only a few days before he had evolved the H-shaped plate
built up, and then the primary and secondary were wound
in place on a lathe, and the ends were closed by means of
intervening I-shaped plates. These are the essentials of a
modern transformer. It is interesting to look back and
realize that with the time that this invention had been be-
fore the public and the many minds working on it, no simple
and practical solution should have been found, whereas it
took Westinghouse only three weeks to work out those
leading features of mechanical design which have been
standard ever since.
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Stanley, working under the direction of Westinghouse,
devised a further improvement, which consisted in secur-
ing the enclosure of the coils by making the core of E-
shaped plates, the central projections of each successive
plate being alternately inserted through prewound coils
from opposite sides, thus permitting separate winding and
consequently the better insulation of the coils. This form
was further improved by Albert Schmid, who extended
the ends of the arms of the E to meet the central pro-
jection. When inserting these plates the extensions were
temporarily bent upward, and upon being released each
plate formed a closed magnetic circuit about the sides of
the coils.

In the early transformers the core-plates were made of
very thin sheet iron commonly called tintype metal, hav-
ing one side covered with thin paper to prevent the flow
of eddy or Foucault currents. Pasting paper on the plates
was highly objectionable as a manufacturing process, and
this led Albert Schmid to build a transformer without the
paper. To the surprise but greatly to the gratification of
the electrical engineers of the company it was found that
the oxide formed upon the surface of the iron sheets served
as a sufficient insulation and, with the decreased separation
of the sheets, resulted in increased efficiency. The use of
paper was then discontinued.

Mention should also be made of two other important
early contributions to the development of the transform-
ers made by Westinghouse in 1886, one of which is the
ventilated core for preventing overheating by permitting
the circulation of air; the other is the well-known oil-cooled
transformer of the present time. The patent secured by
Westinghouse on the latter device was the subject of ex-
tensive litigation, which resulted in the patent being
broadly sustained.
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These various inventions and discoveries led up within
a year to commercial production of transformers of high
efficiency and excellent regulating qualities. The develop-
ment was a fine engineering performance in speed and in
quality. The most important single contribution was by
Stanley. He brought out the parallel connection in which
the transformers are connected in parallel, across the con-
stant-potential alternating-current system, instead of being
arranged in series, as in the Gaulard and Gibbs connection.
He obtained patents on the method, involving the construc-
tion of transformers in which the counter electromotive
force. generated in the primary of the transformer was prac-
tically equal to the electromotive force of the supply cir-
cuit. This is obvious now, but in 1886, when the principles
and characteristics of the alternating current were prac-
tically unknown, it was a wonderful invention, and revolu-
tionary in character. On this invention Stanley’s fame
largely rests. Of course Stanley did not discover or invent
a theory of counter electromotive force before any one
else had thought of it. Such fundamental things seldom
happen in invention. His claim to great and original merit
rests on the discovery of a theory which was new to him
and the use of it in making a structure of immense impor-
tance in the affairs of- men. Westinghouse’s situation as
an original inventor of the air brake is exactly similar.
Briefly, all transformers now made are built upon practi-
cally the same principles as those that were developed in
these early products of the Westinghouse Company.

According to the Gaulard and Gibbs system as at first
announced the transformers were arranged in series. As to
the broad principle of parallel connection of transformers
instead of the Gaulard and Gibbs series arrangement, it is
of interest to note that under date of June 2, 1883, an ar-
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ticle by Rankin Kennedy appeared in the London Tele-
graphic Journal and Electrical Review in which he demon-
strated that with transformers having their primaries ar-
ranged in parallel rather than in series, “the secondary
generator is a beautiful self-governing system of distribu-~
tion”; apparently, however, Kennedy had not then in
mind the possibility of using high-potential primary and
low-potential secondary coils, and was thus led into the
error of closing his article with the expression, “but what
about the size of conductors for such a system? Pro-
digious.” Fortunately, the engineers at Pittsburgh were
not led into like errors, and Kennedy himself soon cor-
rected his views.

To sum up in a few words: Gaulard and Gibbs considered,
developed, and demonstrated crudely the general principle
of transformation of electrical energy. Déri, Bléthy, and
Zipernowski of Budapesth early began research in the same
direction. Westinghouse took the crude ideas and, with
his engineers, worked out a commercial system and revo-
lutionized the electric art.

The swift development in December 1885, and in
the first months of 1886 satisfied Westinghouse as to the
great merit of the system and of its tremendous possibili-
ties. He quickly realized that the alternating-current
system was the solution of the problem of economically
transmitting through long distances, inasmuch as it could
carry large quantities of electrical energy in the form of
high voltage and low amperage, and that the transformers
supplied the means for locally readjusting the voltage to
consumption requirements.

Having decided that the capabilities of the system war-
ranted using every endeavor to secure proper patent pro-
tection in the United States, Westinghouse in January
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1886, sent Pantaleoni and Pope to England to complete
the negotiations with Gaulard and Gibbs and prepare the
necessary patent applications. This was accomplished in
February. The article of Rankin Kennedy above referred
to also presented possibilities in the patent direction, and
later Westinghouse bought the Kennedy American rights.
Zipernowski, Déri, and Bldthy had obtained a British
patent in 1884 for ‘“Improvements in transforming and
distributing alternating current and apparatus therefore.”
Some negotiations were had by Westinghouse looking to
the purchase of these rights, but it was later found their
opportunity of obtaining in the United States any patents
of value had been forfeited. and negotiations with them
were dropped.

Early in the work upon the alternating system there was
brought to the attention of Westinghouse the fact that
Philip Diehl, of Elizabeth, N. J., then Superintendent of
the Singer Sewing Machine Company, had done some early
work with alternating currents, particularly in the line of
producing an incandescent lamp without leading-in wires.
Diehl’s plan was to enclose within the lamp globe the secon-
dary of an induction coil and induce currents therein by
an externally located primary coil. Diehl had obtained
patents upon these devices, and because of the possible
bearing which Diehl’s work might have upon the whole
alternating-current system, Westinghouse in 1887 bought
these patents as a precautionary measure, but not with
the thought that this form of incandescent lamp in itself
would prove to be of practical worth.

When Westinghouse became convinced that the alter-
nating-current system would be of the very greatest im-
portance to mankind in enlarging the field for the use of
electrical energy, he became possessed of a strong desire
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to take up and carry on the work of its development. On
December 23, 1885, he, in company with H. H. Westing-
house, John Caldwell, Frank L. Pope, John Dalzell, John
R. McGinley, C. H. Jackson, and Robert Piteairn, executed
articles of association and an application for a charter for
a corporation to be known as the Westinghouse Electric
Company, the capital stock of which was to be $1,000,000.
Among the assets of the corporation were twenty-seven
patents and applications relating to the electrical art in-
cluding those of Gaulard and Gibbs, Stanley, Shallenberger,
and others. The charter was granted January 8, 1886,
and the practical organization of the company was effected
March 8, 1886, Westinghouse being made President, H.
H. Westinghouse, Vice-President, A. T. Rowan, Secretary,
and Guido Pantaleoni remained General Manager until
September 15, 1886, when he resigned and H. H. Byllesby,
who had been the electrical executive of Westinghouse,
Church, Kerr & Company, was elected to that office.

Late in 1885 Stanley’s health having been impaired he
had moved to Great Barrington, Mass., and Westinghouse
assumed the expense of conducting there a laboratory for
the purpose of further developing and practically demon-
strating the utility of the alternating system. Belfield,
who had brought over the Gaulard and Gibbs apparatus
and who had spent a few weeks with Westinghouse at Pitts-
burgh, helping in the design of the new transformer, went
with Stanley. Their chief work was to develop the trans-
former commercially. They designed, built, and installed
an experimental plant at Great Barrington, comprising a
dynamo sent over from England and wires extending to
various stores in the center of the town, where were placed
transformers feeding lamps for lighting the stores. The
operation of this experimental plant began March 16,
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1886. This was the first operating alternating-current
transformer installation in the United States. The first
commercial plant employing the alternating-current system
was installed by the Westinghouse Company in Buffalo,
N. Y., where it was put in operation November 30, 1886.
This was rapidly followed by other installations scattered
throughout the country.

Coincidentally with the development of the transformer,
the company brought out a new alternating-current genera-
tor designed by Stanley. This was a much more practical
and efficient form than the old Siemens type. Many other
devices required in connection with the system were pro-
duced with surprising rapidity by the corps of brilliant
young engineers who entered the employ of the company
during the first two or three years. The contributions of
Shallenberger and Schmid proved to be of inestimable value
to the company, and the high regard which Westinghouse
held for both of these brilliant inventors and their aides
he manifested at every opportunity. Among the devices
which immediately found extensive use was a voltage regu-
lator invented by Lewis B. Stillwell, a young engineer just
graduated from college, who at the suggestion of Byllesby
was employed by Westinghouse late in 1886. Stillwell ex-
plained the regulator to Westinghouse as a device adapted
to raise the alternating-current voltage at any desired
point. Westinghouse was greatly pleased and at once
christened it the “Stillwell booster,” a title which became
the popular name of this type of apparatus, technically
called the Stillwell regulator. Various other important ad-
juncts to the system were devised by Byllesby, Shallen-
berger, Belfield, and others of the company’s force.

As soon as it, became evident that Westinghouse proposed
to exploit extensively the alternating-current system great
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opposition was developed. Looking back at history, one is
surprised at the stupidity and the puerility of some of this
opposition. Men of great repute gave their pames and
their help to methods of which they must now be thor-
oughly ashamed. They know now that if they had suc-
ceeded, the progress of civilization would have been delayed
—how much and how long we cannot even guess. Lord
Kelvin said: “The electric development we know today
would long have halted without his daring and resourceful-
ness.” Assertions were made that the alternating current
was dangerous and deadly, that its use should not be per-
mitted commereially, and numerous articles appeared in
the newspapers and elsewhere designed to prejudice public
opinion against the system. The most popular electrician
in the world wrote in the North American Review, Novem-
ber 1889: “There is no plea which will justify the use of
high alternating currents, either in a scientific or commer-
cial sense . . . and my personal desire would be to pro-
hibit entirely the use of the alternating current.”

If anything was needed to urge Westinghouse to greater
effort, this antagonism served the purpose, he being well
convinced from his own observations and the counsel of his
electrical associates that of the two the direct current
brought greater risk to life and property. This was not
because one form of current was, in its nature, more dan-
gerous than the other, but because of the conditions of use.
This contest, long and acrimonious on the part of the op-
ponents, Westinghouse met with smiling calmness and
justified confidence. It is needless to enlarge upon this
aspect of the development. Every well-informed human
being knows Westinghouse was right, the alternating elec-
tric current being now used to generate and convey about
95 per cent of the electric energy used in power and light-
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ing in the United States. The latest information available
at the time of writing is from the United States Census of
Electrical Industries for 1917. The census of equipment
of central stations (commercial and municipal) and of elec-
tric railways shows that the kilowatt capacity of direct-
current generators “forms a negligible part of the total.”
In fact it was about 5 per cent in 1917. An exact statement
is not possible, for the returns from electric railways are
not complete, and the census report gives no figures for the
“isolated plants” operated solely for the benefit of the owner
and none for plants owned and operated by the Federal
and State governments. It does not seem important, how-
ever, to elaborate the point. Some notion of the present
size of the business of distributing electric power may be
got from the fact that in 1919 the central power stations
of the United States generated 40,000,000,000 kilowatt-
hours of energy. This was carried to the users over 87,000
miles of high-tension transmission lines. And yet there is
scarcely a central power station which can meet the de-
mand upon it for power for industrial uses.

This is briefly the history of the beginning of the indus-
trial and commercial use of the alternating-current system.
For transmitting power electricity has no economical com-
petitor. Its limitation is the cost of conductors; this is
less if the volume of current is small and the voltage is high.
This is seen in the early struggles of the direct-current cen-
tral station to increase its area of distribution. The in-
crease from 110 to 220 volts by the so-called three-wire sys-
tem and the unsuccessful endeavor to devise other systems
by which higher voltages could be used indicated the need
of higher voltage and set the limit of the direct current.
The transformer in permitting a small current, transmitted
at high voltage, to be transformed into a large current at



CENTRAL POWER-STATION IDEA 117

low voltage by means of stationary apparatus supplies the
essential factor in electric transmission. This Westinghouse
early appreciated. The whole story of electrical progress
is the story of advancing voltages. Each increase has been
followed by transmission to longer distances and the eco-
nomic use of power on a larger scale.

Westinghouse’s conception of what had been done may
be summed up in a few words to be found in a paper pre-
sented by him at a joint meeting of engineering societies
in London in 1910:

As an illustration of the wonders of the laws of nature,
few inventions or discoveries with which we are familiar
can excel the static transformer of the electrical energy of
alternating currents of high voltage into the equivalent
energy at a lower voltage. To have discovered how to make
an inert mass of metal capable of transforming alternat-
ing currents of 100,000 volts into currents of any required
lower voltage with a loss of only a trifle of the energy so
transformed would have been to achieve enduring fame.
The facts divide this honor among a few, the beneficiaries
will be tens of millions.

We have now traced in a general way the growth in the
mind of George Westinghouse of his interest in the uses
of electricity, and we have traced also some of the steps
taken in putting that interest into practice. It remains
to consider some specific developments; but first let us
note the big fundamental thought that gradually took pos-
session of his mind and eventually came to dominate it.
Around this thought was built the great structure of his
electrical industries, and it influenced later the nature and
direction of his mechanical industries. For convenience we
may call this the central power-station idea, the idea of
manufacturing power in quantities, at advantageous places,
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and distributing it for use. It is one phase of the era of
manufactured power into which mankind entered when
James Watt made the steam engine a tool for the con-
version of energy for convenient daily use, which began a
new era in the history of the race. The reader will of
course observe that we do not say creating power, which is
manifestly absurd, but manufacturing power, which is
merely changing matter and energy, in form and place. It
is the world-old (universe-old) process of transforming en-
ergy. Until steam was harnessed, man had transformed
energy, for his own use and convenience, by hand and by
help of his tamed animals and, in favored localities, by
wind and water. When he learned to use steam, he ac-
quired a new capacity, the capacity to transform energy by
machinery, and this is called for convenience manufacturing
power. Harnessing the alternating current was the next
great step in enlarging this new capacity, as will be shown
in some detail as we go on.

Westinghouse’s conception of the place in the affairs of
man of central power systems became great when he real-
ized the possibilities of the use of alternating current. That
realization was an inspiration of genius. It did not come
overnight; it was not a bolt out of the blue; it had a back-
ground of thought and experience, and we are told that
genius is a manifestation of the capacity to “toil terribly.”

It is not possible to say when the thought of central
power systems first took a great place in the mind of West-
inghouse. He did, however, develop early the idea of con-
verting energy into useful power, on a large scale, at suit-
able places, carrying it to greater or less distances, and dis-
tributing it for the “use and convenience of man.” This
is the conception at the bottom of one of the most impor-
tant advances in production, transportation, and comfort.
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Watt and the steam engine made the manufacture of power
possible and changed society. The next great step was to
concentrate the manufacture of power at points where for
dne reason or another it could be manufactured cheaply,
and that could only be done when cheap transmission was
provided. Westinghouse more than any other one man
opened up the way for cheap transmission of power—this
by the use of the alternating current.

In his case there was nothing apocalyptic in the central
power-system conception. It was a slow growth and took
several shapes. For years he thought of piping compressed
air along the lines of railroads to handle, not switches and
signals alone, but cranes, capstans, riveters, hammers, and
other tools. It was an alluring notion which was in his
mind long before he began to think of the uses of alternating
current, and lingered there long after the epoch-making
developments in electric transmission at Niagara Falls.
He thought, too, for a long time of piping gas to gas-engine
stations, and there developing power for manufacturing
and transportation. Of course, he had no monopoly of
such notions. Compressed air had long been distributed
in Paris for operating small machinery, and in 1889 an Amer-
ican writer said: “It is now known to be practicable to dis-
tribute from one central station to another all the light and
mechanical power used in any city”’—practical but not yet
practicable, for the revolution in electrical transmission had
hardly begun. This was four years after Westinghouse
began to develop alternating-current machinery and three
years before the successful transmission at Telluride and
six years before the first operation of the Niagara plant.
It has been said that our ancestors stole all our best inven-
tions. The difference between Westinghouse and his ances-
tors and contemporaries was that he saw his vision in a big
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way and followed it in a big way. It was a matter of dif-
ference of mental stature.

Having now the key to the major activities of Westing-
house for the last half of his life, we are prepared to con-
sider those activities in some detail.



CHAPTER V
THE INDUCTION MOTOR AND METER

TreE transformer showed the way to transmitting alter-
nating current at high voltages and using it at low voltages.
A necessary step was to convert it into direct current for
local use. This led to the development of the rotary con-
verter, of which something is said in the next chapter.

Conversion would make it possible to use direct-current
motors, but if the alternating system was to become gen-
eral, alternating motors must be used and a meter must
be provided to measure the current consumption. These
two classes of service devices, the motor and the meter,
did not exist.

THE MOTOR

May 1, 1888, patents were issued to Nikola Tesla for
those brilliant inventions which have made his name famous
and which disclosed to the world the alternating-current
motor. A writer of authority has said: “The invention
of alternating-current motors, and the system for oper-
ating them, was one of the greatest advances ever made
in the industrial application of electricity.” No one will
dispute that; in fact, he might have gone further and spe-
cifically included the field of transportation. Westinghouse:
immediately saw the meaning of these patents, and on July
7 he secured an assignment of the exclusive rights under
them, and in course of time the Tesla motor became one of
the most valuable assets of the Westinghouse Company;

but not at once. The way was long and costly. In 1893
121
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the induction motor (Tesla) was still experimental, although
the development cost to that stage was one element in the
financial embarrassment which nearly swamped the West-
inghouse Electric Company that year. A year or two more
passed before it had become a commercial machine.

There were two underlying reasons why seven years
should pass from Tesla’s invention until it was brought to
usefulness, and why a great deal of money should be spent
in developing it.

.The Tesla motor was polyphase. That is, it required two
or more currents whose periods of alternation were not
simultaneous; in the language of the art they must be out
of phase with each other. The alternating-current system
as then developed was single phase. One current was gen-
erated and transmitted over one pair of main conductors.

The second reason was a matter of frequency; that is,
the rate at which the direction of the current is reversed.
In the alternating system, as then developed, the standard
frequency was 16,000 alternations per minute or 133 cycles
per second. But it was discovered as experiment and re-
search went on that a frequency so high as 133 cycles was
not suitable for any kind of alternating eurrent motor.

Westinghouse and his engineers stood face to face with
three fundamental facts of which the magnitude and the
meaning were not at once obvious. The motor itself must
be designed from the ground up; a system of polyphase
generation and transmission must be created; some fre-
quency lower than 133 cycles per second must be agreed
upon by engineers, manufacturers, and users. Phase and
frequency will be considered when we take up the Chicago
World’s Fair and Niagara Falls episodes; now we shall
speak of the development of the induction motor.

The story of the induction motor is one of the great and

R S p——
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splendid chapters in electrical history, but it cannot be writ-
ten here. It would take us into deep waters of physical
science and mechanical art and it would require space be-
yond the plan and scope of this book. The subject has
attracted analytical and mathematical writers who have
produced a copious literature which can be enjoyed only
by those who have considerable gifts to start with, and who
have had a special training. The writer has a friend who
at the age of seventy-one still carries a heavy administra-
tive load and works incessantly. When asked how he
amused himself he said: “Often of an evening I read some
pure mathematics.” It is not to be assumed that many
readers of this book have the background for that kind of
amusement.

The induction motor and the rotary converter made pos-
sible the prodigious development of the alternating-current
system, which has profoundly influenced the direction and
advance of industry and transportation the world over.
These two machines had their earliest practical develop-
ment in the Westinghouse Works, and engineers still active
there, who saw the beginning, have seen the induction motor
grow from little experiments to machines of 23,000 horse-
power. We may doubt if even the imagination of Westing-
house foresaw such things in 1888 when hc bought the
Tesla rights.

The reader should not get the impression that Westing-
house contributed much as an engineer or as an inventor
to the induction motor. He did not. He did contribute
imagination, courage, and force of character. It is hardly
necessary to suggest which was the greater contribution.
Sir James Fitz James Stephen, in one of his delightful essays,
now forgotten by most men, says: “The real greatness of
Newton’s achievement was not that he did a very hard
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sum and did it right, but that he had an imagination so
powerful that he could conceive the possibility of devising
a classification which should fit the motions of all heavy
bodies whatever, from a sun to an apple.” The hard sum
was done by the man who discovered a new planet by mathe-
matical analysis of the phenomena of the known planetary
system. Astronomers know the name of Adams and admire
his deed; Newton is one of the immortals.

The first three years of work on the induction motor were
mostly valuable in showing what could not be done. The
engineers played a losing game against high frequency and
single phase, and they simply developed something that
could not be used until standards of phase and frequency
were changed. Moreover, certain necessary knowledge of
motor construction was not in existence, and the engineers
started with some wrong fundamental conceptions.

In 1890 and 1891 a direct-current motor was developed
in the Westinghouse Works which had a great effect on the
advance of railway work. This was the single reduction-
gear motor, of which some account will be given when we
come to speak of electric traction. A new feature of this
railway motor, the slotted armature, was found to be suited
to alternating-current work. The results which followed
led to the analytical calculation of a new kind of induction-
motor, Stephen’s “hard sum,” and an experimental motor
was built and turned out to be the first motor of the modern
type constructed by anybody. By the middle of 1893 a
group of low-frequency, polyphase apparatus was built for
the Chicago World’s Fair and the way was now reasonably
clear, but the induction motor was not yet commercial.
This World’s Fair installation was a great event in the story
of the electric art and it will be described later at some
length.
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By this time it was well recognized that the immediate
need was for polyphase supply circuits. In a conference
between Westinghouse and his engineers on the polyphase
situation in general, and induction motors in particular,
the question was considered as to how to approach the in-
duction motor development from the commercial stand-
point. The suggestion was put forward that if a fad were
made of polyphase generation and the country filled with
polyphase circuits, the motor situation would take care of
itself. Orders were issued at once to bring out a line of
sixty-cycle polyphase alternators, which the company was
to push in place of the single phase. This was done and the
public accepted the polyphase quite quickly; in fact, so
quickly that the resulting demand for induction motors to
use on these polyphase circuits came before the motors were
ready. In consequence, a line of motors, which was being
planned, was rushed on the market with all possible speed.
This motor was known as the Westinghouse type B, a col-
lector-ring type of machine with starting resistance. In
spite of the speed with which it was got out, it was quite
successful, and some of these motors are operating even
today, after twenty-five years’ service. The induction
motor had changed from an experimental machine in 1893
to a commercial machine in about two years’ time. Indus-
trial plants were buying polyphase generating equipment
and induction motors for changing over to electric drive.

During this time the General Electric Company had also
been developing induction motors. On account of the Tesla
patents, however, that company got out a new system called
the “monocyelic,” which they claimed was really a single-
phase system and which, their engineers insisted, avoided
the Tesla polyphase patents. This monocyclic system
consisted, primarily, of a main circuit and a “teaser” cir-
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cuit, the latter principally for the purpose of furnishing
the polyphase excitation. This system was fundamentally
an unbalanced polyphase system, and the Westinghouse
Company always claimed that it was an infringement.
Probably if it had gone through the courts it would have
been declared to be an infringement, but the two companies
made their well-known patent agreement, and the induction-
motor patents were covered by the cross-licenses between
the two companies, and the General Electric Company was
able to take up the straight polyphase system. This com-
pany developed the induction motor in parallel with the
Westinghouse Company, although their constructions were
quite different in many ways. Both types of motors, how-
ever, were considered thoroughly successful.

The motor of 1895 was hardly settled as standard when
a revolution came with the introduction of the type C
motor. The characteristics of this motor were materially
different from those of the motors in use and it was much
criticised, even inside the Westinghouse organization. The
engineers and salesmen of competing companies adopted
a general formula of disfavor. “It is as bad as the West-
inghouse type C motor.” This new contrivance was said
to rest on a fundamental absurdity; namely, its starting
torque was ‘“necessarily small,” but the designer had in-
troduced an autotransformer to reduce the torque during
starting. The absurdity was as obvious to the sceptics as
the multiplication table. But, like Whistler’s pictures,
“the stuff sold,” and presently competing companies began
to put more or less accurate copies on the market. The
Westinghouse type C motor soon became the preferred type,
and eventually took a prominent place in Europe. It
advanced the induction-motor business enormously and
created a reputation for reliability and durability of the
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induction motor, compared with the direct current, which
placed the alternating motor far ahead of the direct cur-
rent for general industrial purposes.

Engineers will be interested in Mr. Lamme’s short state-
ment of the beginnings of this one element in the growth of
the art. “In developing the various Westinghouse motors
which were under my charge, I had gone quite deeply into
the analysis (that is, deeply for those days). In working
out the various conditions upon which the starting torque
depended, I uncovered what seemed to me to be some hither-
to unrecognized conditions in the construction, which, if
carried far enough, would allow a very great simplification
of the motor itself. In working out the characteristic curves
of the motor I found that if I could reduce the motor re-
actance to a certain point, I could make it develop relatively
high starting torques, with a pure ‘cage-type’ winding on
the secondary, the simplest type of winding possible. Here-
tofore, it had been believed, very generally, that the cage
type of induction motor necessarily had poor starting torque.
My analysis of the reactance and other conditions indicated
that I could get any starting torque I pleased by properly
reducing the reactance. Others may have recognized this
same thing, but did not know that the reactance actually
could be reduced sufficiently, in a motor of commercial
proportions. My calculations of my former designs had
shown me how to reduce such reactance to almost any de-
sired value. In consequence, I figured out certain motors
with a view to making them two or three times full load
starting torque with less expensive constructions than the
then existing types. However, the figures also showed that
such motors would take very large starting currents. This
immediately led to the idea of introducing a small auto-
transformer at start for reducing the voltage, and, con-



128 A LIFE OF GEORGE WESTINGHOUSE

sequently, the starting current. Mr. Schmid was quite in
sympathy with this scheme for simplifying the motor, and
he authorized the construction of several sizes. In fact,
several of these motors were sold for operating cranes be-
fore the first ones were completed, the speed control on
these first motors being obtained by varying the voltage
supplied to them. However, when the motors came through,
the tests bore out all the calculations, and this construction
was very quickly put on the market.”

It may not be impertinent to suggest that this is a pretty
instance of the application of two of the qualities of the
complete engineer—the gift of seeing things and the power
to do a hard sum.

THE ALTERNATING-CURRENT METER

The alternating-current motor was provided as is told
above, but no instrument existed to measure the quantity
of current supplied to the user. Westinghouse took this
matter up personally, and in June 1887 he applied for a
patent on an alternating-current meter. In October he
filed another application jointly with one of his engineers,
Philip Lange. Patents were issued in May 1888. This
meter would have served very well if a better one had not
been devised. That soon came in a most interesting and
important invention by O. B. Shallenberger, chief elec-
trician of the company. No doubt his mind was pretty
well saturated with the problem when an accident gave
the slight agitation which erystallized the invention.

Late in April 1888 Shallenberger was examining an
alternating-current arc lamp which had just been com-
pleted under the direction of Lange. By chance a small
coil spring got loose from the mechanism and lodged on a
plate at the top of a coil surrounding a protruding soft-iron
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core. Lange was about to replace the part, when Shallen-
berger noticed a slight movement of the spring, which was
unaccounted for. By analyzing the influences he discovered
that the spring was being subjected to a shifting magnetic
field. Directly he said to his assistant Stillwell, who also
was present, and to Lange: “There’s a meter in that and
perhaps a motor.” Within two weeks he designed and
built a most successful alternating-current meter of the
induction type, and within a few months these were being
produced in quantity.

Although this meter operates on the same fundamental
principle as the Tesla motor, neither Shallenberger nor the
public had knowledge of Tesla’s work till some days later.
Shallenberger had thus independently invented a form of
induction motor. It should be added that Tesla on
learning the facts not only added his congratulations to
Shallenberger on his skill in devising the meter but ex-
pressed sympathy in the natural disappointment which
came to Shallenberger on finding that he was anticipated
by Tesla in the invention of the motor itself. Another in-
cident is worthy of note as illustrating how different minds
in widely different localities independently think along
like lines. Within a day or two after Shallenberger’s con-
ception in Pittsburgh, Galileo Ferraris in Turin published
a lecture which he had delivered to his class in the Uni-
versity of Turin as early as 1885, describing a like form of
alternating-current motor. These occurrences were in the
latter part of April 1888, and Tesla’s patents then pending
in the Patent Office at Washington were issued May 1,
1888, -



CHAPTER VI
THE ROTARY CONVERTER

Ter story of the development of the transformer has
been told in earlier pages and told at some length because
of its immense importance in the electric art. It is now
well understood that the transformer is an instrument for
changing the voltages of alternating current, and so making
the current transmitted at one potential available for use
at another potential. It is a fundamental tool and has made
possible the prodigious development of the use of electricity
in the last quarter of a century. But the transformer was
not enough. To transmit electric energy over considerable
distances, high-potential alternating current must be used;
but there are many important uses for direet current which
alternating current does not meet. Moreover, in the dawn
of the alternating-current art there were great investments
in direct-current motors which would be sacrificed reluc-
tantly, if at all. For example, all electric railway work
was then direct current. The economic distance to which
direct current could be carried had not yet been fixed; but
it was already clear to the seeing eye that a great extension
of electric railroads would demand numerous power stations
to keep the generation of power within practicable distance
from its work if direct current were used. The same set
of facts was met in electric lighting and in various minor
uses of electric energy. So arose the problem of transmit-
ting energy by high-potential alternating current and con-
verting it for use into low-potential direct current. This

situation faced Westinghouse and his engineers, to com-
130
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plicate the negotiations and designs for the hydroelectric
project at Niagara Falls.

The consideration of the Niagara project by Westing-
house began in 1890. The serious and active consideration
at East Pittsburgh of alternating-current-direct-current con-
verters, to change alternating current into direct current,
began a little earlier. This was pioneer work. It was the
beginning of a course of research, invention, design, and
manufacture which has had, and still has, great effect on
the use of electric power in transportation, manufacture,
and the arts. The motor-generator was already known and
used to convert alternating current to direct current; but
the rotary converter promised greater economy and effi-
ciency, and that promise gave direction to the development
at the Westinghouse Works. The successful demonstration
of a rotary converter made at the works, before the en-
gineers of the Niagara commission, was an important in-
fluence in the decision to adopt alternating current at
Niagara. That decision fixed the direction of electrical
development for all time. It was a landmark in the his-
tory of the manufacture of power.

The conception of the rotary converter, so timely in its
coming and of such continuing value, seems to have entered
the minds of several people at about the same time, as gen-
erally happens in inventions. A rotary converter was shown
by Siemens & Halske at the Frankfort Exposition in 1891.
‘We do not know when the studies for that machine began.
In May 1887 Mr. Charles S. Bradley filed an application
for a United States patent on a rotary converter and in
October 1888, a patent was issued to him. In the late
eighties, Mr. B. G. Lamme, of the Westinghouse Electric
Company (now Chief Engineer), began studies in the same
field and in course of time he worked out design specifica-
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tions for an operative apparatus. Until he encountered
Bradley in the Patent Office he believed that he had made
a new invention. He has been more persistent and resource-
ful than any other man in the development of the rotary
converter, and in the Westinghouse shops it first became a
real working element in the structure of the art. A 375-
kilowatt rotary was shown in the Westinghouse exhibit at
the Chicago World’s Fair in 1893, and when we come to
read of the first hydroelectric plant at Niagara Falls we
shall see the place that it had in that tremendous historical
enterprise. We may apply here Carnot’s rule: “The honor
of a discovery belongs to the nation in which it has acquired
its growth and all its development.” The same may be
applied in distributing honors amongst men as well as na-
tions.

In a few years after the rotary was first put on the mar-
ket as a commercial machine it had practically driven the
large direct-current generators out of business. The first
rotary converters were put in service about 1894. By 1899
electrification of the Manhattan Elevated Railway in New
York was decided upon, with one huge alternating-current-
generator station and with twenty-six 1500-kilowatt ro-
tary converters, in a large number of substations, for sup-
plying direct current for operation of the cars. This one
contract for converting machinery was larger than any
single contract for direct-current generator machinery that
had yet been undertaken, showing that, even at this early
date, the alternating-current generating system combined
with the rotary converters had already forged ahead of the
direct-current generating system for railway work. The
same held true for many of the large three-wire Edison sys-
tems, where the handicap of transmission at 220 volts for
supply was felt very early, and the advent of the rotary con-
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verter permitted generation and transmission by high-volt-
age alternating current, and thus allowed great extensions
of the three-wire system by means of suitable distributing
substations with rotary converters. All this means that
within a period of, say, five years the source of direct current,
for large plants in particular, had shifted from direct-current
generation at low voltage to alternating-current generation
at comparatively high voltage, with transmission at high
voltage and with conversion, by means of the rotary con-
verter, to any desired direct-current voltage at any desired
place. Surely this was revolutionary.

It does not appear that Westinghouse had much personal
part in the early studies of the converter. Mr. Lamme
says: ‘“Strangely enough, it appeared to me that Mr. West-
inghouse never took any strong interest in the rotary con-
verter as affording a means for extending the field of direct-
current traction, and yet this has been possibly the greatest
single step in overcoming the early limitations of the 600-
volt system. He did not ask me many questions regard-
ing rotary-converter development and operation, as he did
with other developments. He seemed quite pleased with
the success of the rotary and its rapid growth after it had
passed through its earlier experimental stages.” Perhaps
he took it as a matter of course, as an inevitable step. Per-
haps he was satisfied that it was in competent hands. Per-
haps there was a small and passing dark spot in his imag-
ination just here. Or perhaps it was something of all three.
For present purposes the essential things are that the com-
ing of the rotary converter was an opportune event in the
course of the growth of the universal power system, the
conception of which was steadily forming in Westinghouse’s
mind; and this event took place within the organization
which he had built up.



CHAPTER VII
THE CHICAGO WORLD’S FAIR

TaE Columbian Exposition at Chicago in 1893 was an
interesting incident in the life of George Westinghouse and
in the history of the Westinghouse Electric Company, and
there were picturesque, not to say dramatic, situations,
which brought out daring and resource. A certain shrewd
university president said that we must think of arctic ex-
ploration as a high form of sport. There was some high
sport in this World’s Fair adventure.

On May 23, 1892, the Westinghouse Company took the
lighting contract at a price much below the bid made on
behalf of the Edison General Electric Company, its only
serious competitor. The story is that the saving to the
Exposition Company was something like $1,000,000, which
may well have been, as the unit prices were about as one
to three. The Edison General Electric Company counted
on its strong patent situation, and Westinghouse set high
value on the advertising element. His company lost money
directly, but its technical success had a great effect on the
Niagara Falls contract then pending, and on the whole
struggle between direct current and alternating current,
and it is hard to exaggerate the world importance of that
struggle.

This exposition was one of the famous world’s fairs, in
the supreme beauty of buildings and grounds, in the num-
ber and variety of exhibits drawn from all the world, and

in the number of visitors. Never before had so much arti-
134
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ficial light been produced in one place, and it was beauti-
fully used to emphasize architectural effects. It was a stra-
tegic opportunity which Westinghouse and his engineers
seized and used. The lighting was only a part of their ex-
hibit. The new machinery, apparatus, and methods were
more impressive to the scientific visitor than the picturesque
effects. The appeal to the scientific imagination was power-
ful; the demonstration was complete to those who knew
enough to understand it.

It had not been easy to get this contract, notwithstand-
ing the great difference in the bids. The patent situation
was dangerous, and when bids were first invited Westing-
house refused to submit one. Finally, he became interested
in a bid which the Exposition Committee on Grounds and
Buildings had refused to consider, as the bidder was ob-
viously not in a position to carry it out. With a rejected
bid as a basis and with an obviously strong patent in the
way, he began negotiations rather heavily handicapped.
His frank and genial manner, no less than his ingenious
arguments, gradually won the committee; but before that
he had won over the Chicago newspapers, which became
insistent that Westinghouse should have consideration. The
upshot was that new bids were asked for and the West-
inghouse Company got the contract.

The patent situation in which the Edison General Elec-
tric Company had well-grounded confidence may be ex-
plained in a few words. Suit was brought on an Edison
patent. The first claim was very broad, for the combination
of a carbon filament with an exhausted glass globe. This
claim was not sustained by the court.

The second claim was narrower, for a globe “made en-
tirely of glass.” The context of the specification showed
this to mean a globe made in one piece with the glass fused
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on to the leading-in wires. This is the type of lamp now
in universal use. It is as familiar to us as was the tallow
candle to our grandfathers. It was one of Mr. Edison’s
most fortunate inventions. The court sustained this claim
and refused to require the Edison Company to license the
Westinghouse Company or to sell lamps to them. Pro-
ceedings were begun to get an injunction which would re-
strain the Westinghouse Company from making a lamp
which was in course of development. The story goes that
one evening in New York, Westinghouse and Mr. Terry, of
the legal department of the Electric Company, took an up-
town train on the Elevated Railway and found themselves
seated by Mr. Lowrey, chief counsel of the Edison Com-
pany. In course of casual talk Lowrey said that Mr. Fish,
also of counsel for Edison, had gone to Pittsburgh. West-
inghouse and Terry soon left the train, and when they were
out of hearing Westinghouse said: “What’s Fish gone to
Pittsburgh for?” The immediate result was that Terry
hunted up Curtis (another of the Westinghouse patent at-
torneys) at his home in the suburbs; Curtis wired Christy
in Pittsburgh, and the next morning when Fish entered
the court room he found Christy seated there. The further
result was that the Edison Company’s application for a
restraining order was denied.

Nevertheless, matters were critical, not to say dangerous.
The Westinghouse Company was committed to the con-
tract for lighting the Chicago World’s Fair. It had already
equipped many plants which must have lamps for renewals.
Unless a non-infringing lamp could be furnished, the com-
pany could sell no more incandescent-lighting material.
The need for such a lamp was immediate and urgent.

The events here related took place in 1892. In 1888 the
Westinghouse Company had come into possession of a Saw-
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yer-Man lamp patent, for which application had been filed
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