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Information for their preparation was obtained
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CHAPTER I

THE LOCOMOTIVES OF THE PHILADELPHIA AND COLUMBIA RAILROAD
AND THE EARLY RAILROADS OF NEW JERSEY, AND THE DEVELOPMENT
OF THE PENNSYLVANIA'S MoTIVE POWER UP TO THE YEAR 1868.

HEN, in 1847, the pub-
lic spirited citizens of
Pennsylvania invested
in the stock of the then
newly organized Penn-
sylvania Railroad Com-
pany, they little real-
ized that they were
founding an organiza-
tion which, during the
succeeding three-quar-
ters of a century, would
develop into what is
generally recognized as
the greatest institution of its kind in the
world. The present mileage of the Pennsyl-
vania System is 10,519; the total ck
mileage, including sidings, being 25,292.
There are in service 7,556 locomotives of all
classes, and a total of 6,983 passenger train
cars and 257,409 freight and work train cars.
The total number of passengers carried dur-
ing 1923 was 151,953,566, equivalent to
5,206,471,435 passengers carried one mile;
while the total number of tons of freight
hauled was 278,675,494, equivalent to the
stupendous total of 53,484,857,000 ton-
miles. The growth of the System to its
present culmination constitutes a most
remarkable chapter in the history of land
transportation; and this is true, not only
from an engineering, but also from a finan-
cial and a business point of view. The work
of building up the Pennsylvania System
has been accomplished on a conservative
basis, using sound ]u(lgmcnt, but never
hesitating to make improvements which
would enhance the value and efficiency of
the property. The constant effort has been
to build for the future, and to anticipate
transportation requirements as far as finan-
cial conditions and the development of the

art of railroading would permit. As a result
of this policy, the Company has never
passed through a receivership, and dividends
have been paid with a regularity seldom
equalled in any line of industry. The Penn-
sylvania System stands today as a demon-
stration of the far-sightedness and sound
judgment of the men who have made it what
1t 1s.

Motive power development on the Penn-
sylvania has been accomplished along the
same general lines as those on which the
System has been built. The policy has been
conservative in that new types or designs
have not been introduced on a large scale
until investigation and trial have fully de-
monstrated their fitness for the service. At
the same time, expenditures have been
liberal when the advantages of using new
designs or more expensive materials have
been proved to the satisfaction of the Motive
Power Department. As a result of this
policy, there has been developed a Depart-
ment of Tests at Altoona, which in point of
complete equipment and valuable research
work accomplished has no equal among the
railroads of the United States. Furthermore
the results of locomotive tests made on the
Altoona plant have been widely published,
and railroads the world over have been able
to profit by them.

The Pennsylvania has adhered strictly to
the principle of training its own men and
making promotions from within its ranks,
with the result that sweeping changes within
the organization have been practically un-
known. Therefore, especially since the Mo-
tive Power Dep"trtment standardized loco-
motive designs in 1868, the development of
the power has been unusually consistent,
and has followed a Larefully determined
policy. Experimental locomotives have at




times been purchased from various builders
and even imported from abroad, and valu-
able results have been obtained from the
operation of such locomotives. With few
exceptions, however, all the locomotives
now operating on the Pennsylvania were
built from designs prepared by the Motive
Power Department, and an engine built by
contract is in all respects a duplicate of one
of the same class constructed in the Com-
pany’s shops at Altoona.

As the Pennsylvania Railroad Company
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Type of Baldwin Locomotive Built for the Philadelphia
Columbia R. R., 1834

was not incorporated until 1846 and did not
begin to function as a common carrier until
1849, it cannot be classed as one of the pio-
neer railroad organizations of the United
States. Subsequently, however, it purchased
or leased roads which were among the first
to be built in this country, so that its history
properly goes back to the early days of rail-
roading. Some account of the locomotives
used on the more important of these roads,
therefore, naturally forms a part of the
history of the Pennsylvania's motive power,
and will be first presented in this series of
articles.

THE PHILADELPHIA AND COLUMBIA
RAILROAD

Among the railroads which were absorbed
by the Pennsylvania System, probably the
most important was the Philadelphia and
Columbia, which constituted part of what
was known as the Main Line of the Public
Works of the Commonwealth of Pennsyl-
vania. This line consisted of a combination of
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railroads and canals, the construction of
which was authorized by the State Legisla-
ture in 1828. The contracts for the work were
placed by the Canal Commissioners, under
whose supervision the line was operated. This
line consisted of a railroad from Philadelphia
toColumbia, 82 miles; the Eastern Division of
the Canal, from Columbia to Hollidaysburg,
172 miles; the Allegheny Portage Railroad,
from Hollidaysburg to Johnstown, 36 miles,
crossing the Allegheny Mountains; and the
Western Division of the Canal, from Johns-
town to Pittsburgh, 104 miles. The line was
opened throughout its entire length in 1834,
and at the time was considered a remarkable
example of engineering skill. According to a
report made by the Auditor General in 1843,
the total cost to the State, of these roads and
canals, was $14,362,320.35; but the System,
while of great value to the public, did not
prove remunerative.

The Philadelphia and Columbia Railroad
had an inclined plane at either end, worked
by stationary engines, for climbing the banks
of the Schuylkill and Susquehanna Rivers
respectively. The intervening railroad had
frequent curves, the sharpest of 631 feet
radius, and maximum short grades of 45 feet
per mile, with longer grades of 30 feet per
mile. It was at first used as a public highway
for privately owned vehicles, which were
drawn by horses. This practice was con-
tinued until April 1, 1844, when it was finally
prohibited by law, owing to the confusion
resulting from the use of two radically differ-
ent types of motive power on the same rail-
road. The advantages of steam power had
been early recognized, however, and by an
act of the Pennsylvania Legislature approved
April 15, 1834, the Canal Commissioners
were authorized to use locomotives. Mat-
thias W. Baldwin, founder of The Baldwin
Locomotive Works, had by that time
established himself in Philadelphia as a loco-
motive builder, and he received an order
from the Commissioners for several engines.
The first of these, the “Lancaster,” was
completed on June 23, 1834, and the second,
the “Columbia,” on September 2nd of the
same year. These locomotives were of the
4-2-0 type with 9 x 16-inch cylinders and
driving wheels 54 inches in diameter; and
they weighed each 17,000 pounds in working
order. The general design is clearly shown in
an accompanying illustration.

These first locomotives were followed by
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othersof the same type, and up to October 30,
1835, ten of them had been placed on the
road. Contemporary with these were five
locomotives built by Robert Stephenson and
Co., of New Castle-on-Tyne, England, and
two others of American construction, built
respectively by Coleman Sellers and Sons,
and Long and Norris. The English locomo-
tives, with their rigid wheel-bases and com-
paratively light parts, were generally un-
satisfactory and often in need of repairs. The
Baldwin engines were in high favor, regu-
larly hauling gross loads of 75 tons over the
road; while one of them made a record by
hauling 100 tons. They represented a type
which was Mr. Baldwin’s standard up to
1842, and the total number of these Baldwin
single-driver locomotives placed on the
Philadelphia and Columbia R. R., according
to the records of the builders, was 27.

Contemporary with these early Baldwin
locomotives was a group having the same
wheel arrangement, and built by William
Norris, also of Philadelphia. The most im-
portant difference in the two designs was
the position of the driving wheels which, in
the Baldwin engines, were back of the firebox,
while in the Norris engines they were in front
of the firebox. The Baldwin engines, with
their longer wheel base, were the more steady
riders, while the Norris engines carried a
larger portion of their weight on driving
wheels, and had more adhesion and cons
quently greater hauling capacity. For this
reason the Baldwin enzmes were generally
prefcuc(l for passenger service and the Norris
engines for freight.

The Norris locomotives came into prom-
inence shortly after they were placed on
the road by reason of the fact that one
of them, the “George Washington,” on
July 10, 1836, hauled a load of 19,200 pounds
up the inclined plane at Philadel-
phia. This plane had a length of
2800 feet and a grade of 1in 14 (377
feet per mile). The locomotive at-
tained a speed of 15 miles per hour,
while carrying a steam pressure of
60 pounds. This was regarded as a

The “Georgc Washington” was inside
connected, and is stated as having cylinders
1014 x 1754 inches and driving wheels 48
inches in diameter. It weighed 14,930 pounds
with 8,700 pounds on drivers. It is reported
as having hauled over the road a train of
35 cars weighing 137 gross tons, while a
similar locomotive, the “‘Washington County
Farmer,” on one occasion hauled a train of
28 cars weighing 14134 tons. This was the
first outside connected Norris locomotive.
Its performance, however, was subsequently
exceeded by one of Mr. Baldwin's single
driver engines, the “West Chester,” which
hauled a train of 51 four-wheeled cars,
weighing 289 net tons, over the road, some
of the track being of wood covered with strap
rail. During the year 1837 a number of
these Baldwin locomotives were operated
at a cost for repairs of only 1.2 to 1.6 cents
per mile.

The need for locomotives of greater capac-
ity soon began to be felt, and in 1845 the
Philadelphia & Columbia received from The
Baldwin Locomotive Works a six-coupled
locomotive of approximately 15 tons weight,
having 14 x 18-inch cylinders and driving
wheels 42 inches in diameter. This locomo-
tive was equipped with the well-known
Baldwin Flexible Beam Truck, in which the
first and second axles were allowed a limited
amount of lateral motion, the one to the
right and the other to the left, or vice versa.
To facilitate this, the coupling rods had
spherical brasses and the driving boxes were
fitted into cylindrically bored pedestals,

which were held in vibrating beams. This
construction provided the flexibility so nec-
essary in order to enable a locomotive to
work on the sharp curves and uneven tracks
which characterized the railroads of the
period.

remarkable performance, and it
was directly responsible for the re-
ceipt, by Mr. Norris, of an order
from England for similar locomo-
tives to work on the “Lickey In-

cline,” a grade of 1 in 37 on the

Birmingham and Gloucester Ry.

Type of Early Norris Locomotive
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This locomotive was followed by two of
similar design, with cylinders 1314 inches in
diameter, in 1847; and by two passenger
locomotives of the American (4-4-0) type in

Six-coupled Locomotive with Flexible Beam Truck, as Built by

The Baldwin Locomotive Works, 1845

1854. These were the last locomotives pur-
chased by the Philadelphia & Columbia
Railroad from The Baldwin Locomotive
Works before the State Transportation Sy
tem was purchased by The
Pennsylvania Railroad
(‘ompan) in 1857

In this connection, brief
reference should be made to
the portable boats which
were designed and built for
use on the State railroads
and canals. These boats
were constructed in sec-
tions, which could be
coupled together when
afloat and disconnected and
placed on suitably designed
eight-wheeled cars for trans-
port over the railroads. In this way freight
was carried over the entire System without
transfer from cars to boats, or vice versa.
A most interesting and complete description
of these portable boats is given in a paper
by J. Snowden Bell, which was published in
1920, as Baldwin Record No. 97.

Only two Baldwin locomotives were built
for the Allegheny Portage Railroad, and
these were heavy engines of the ten-wheeled
(4-6-0) type built in 1854 and 1856 respec-
tively. One of them, as subsequently rebuilt
at Altoona, is illustrated on page 17. Al-

Drivers, diam.
Weight, to

The ““Tioga,”

though, as previously mentioned, this rail-
road was only 36 miles in length, it was
composed of ten inclined planes and 11
so-called levels, reached an altitude of 1339
1 feet, and was regarded as
4] one of the wonders of the
world.

The locomotives oper-
ated by the State System
of railroads were 73 in
number at the time the
System was purchased by

Pennsylvania Rai

the
road Company in 1857,

and they had been fur-
nished by various builders
and represented a great
variety of design. Five of
them were condemned as
unfit for service, and
many of the remainder
were subsequently rebuilt
at the Altoona Shops, in
order to conform them
more nearly to the Pennsylvania standards.

TuE NEW JERSEY RAILROADS
The State of New Jersey was a pioneer in

38,000,

Purchased by lc.mnlv,umk R. Co.

From a Drawing by C. H. Caruthers

Built by Norris Bros. for the Philadelphia & Columbia R. R., 1848

bulldmz railroads for the general transporta-
tion of passengers and freight. As early as
1812, John Stevens applied to the State
chislzlture for authority to build a railroad
within its borders, but nothing was accom-
plished at that time. In 1832, however, the
Camden & Amboy Railroad was completed
between Bordentown and Amboy, a distance
of 26Y4 miles, and the following year was
extended from Bordentown to Camden,
J., opposite Philadelphia. This road, in
conjunction with a line of steamboats oper-
ated between Amboy and New York, con-
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stituted, at that time, the principal route be-
tween New York and Philadelphia, and was,
because of its strategic location, a most
important part of the country’s transporta-
tion system.

The first locomotive to be used on the

From a Drawing by C. H. Caruthers
The “John Bull," first Locomotive on the Camden & Amboy R. R.,
as originally built and named “Stevens™

Camden & Amboy was the “John Bull,”
which was built by Robert Stephenson and
Co., of New Castle-on-Tyne, England. It
was received by the road in August, 1831,
and was put in service at Bordentown, N. J.,
on November 12th of that year. This loco-
motive was originally named “Stevens,” but
its name was changed to “‘John Bull"shortly
after its arrival. It was of the well known
“Planet” class, as built by the Stephensons
at that time, with inside cylinders and two
pairs of wheels of the same
diameter, coupled by side
rods. The cylinders were
9 x 20 inches; the wheels
had a diameter of 54 inches,
and the weight of the loco-
motive was 11 tons. This
locomotive was placed in
service by Isaac Dripps,
Master Mechanic of the
road; a genius who was
destined to subsequently
make a name for himself.
Finding that the *John
Bull,” with its rigid wheel-
base, was not well fitted to
take the curves on the road, Mr. Dripps re-
moved the side rods and improvised a two-
wheeled leading truck, the wooden frame of
which was hinged to the extremities of the
front axle. This truck carried a crude form of
pilot. It proved effective as a guide, and thus
equipped the locomotive not only did duty
on the Camden & Amboy for many years,
but in 1893 travelled, under its own steam,
to Chicago, where it formed part of the

Pennsylvania Railroad Company’s exhibit
at the World's Columbian Exposition. The
locomotive is permanently preserved at the
National Museum in Washington.

This locomotive is of special interest to
The Baldwin Locomotive Works, in that it
was carefully examined by Mr. Baldwin be-
fore he built his first locomotive, the ‘“Old
Ironsides.”

Records show that very few Baldwin loco-
motives were built for the Camden and
Amboy. The most interesting of them, from
a historical point of view, was one of the
4-4-0 type named the “E. A. Stevans” and
completed early in 1846. This locomotive
was among the first of its type to be built by
Mr. Baldwin, and its general design is
shown in an illustration on page 8.

The motive power of the Camden and
Amboy included two remarkable groups of
locomotives to which at least a brief refer-
ence must be made. The first of these were
the so-called “ Monsters,”” which were freight
locomotives of the 0-8-0 type, and of excep-
tional V\elth and capaclt) for their day.
The original “ Monster” was alleged to have
been built at the Camden and Amboy Shops
in Bordentown in 1834, although the date is
uncertain and some accounts place its con-
struction as late as 1850. It had inclined

The **John Bull” as rebuilt with Leading Wheels

cylinders whose pistons were connected to
vibrating beams fulcrumed on Dbearings
bolted to the smokebox front. From these
beams the two rear pairs of wheels were
rotated by connecting and coupling rods.
The first and second pairs of wheels were
independently coupled by rods, and the
second axle was geared through an inter-
mediate spur wheel to the third axle. The
cylinders of this locomotive measured 18x 30



8 MOTIVE POWER DEVELOPMENT

roof sheet which extended
under the driving axle. The
fuel used was anthracite.
These locomotives were slow
in starting, and could handle
only light trains, but made
fast time when running. The
majority of them were re-
built as 4-4-0 type locomo-
tives with 72-inch wheels,
and were used in freight
service.

From a historical pomt of
view, one of the most inter-
esting Baldwin locomotives
built for service in New Jer-

sey was the ‘“Black Hawk,”

“Type of Baldwin Passenger Locomotive built for the Camden & Amboy R. R. in 1846
Weight, total, about 37,000 1b.

Cylinders, 133" x 18", Drivers, diameter, 60",
inches; the driving wheels were 48 inches
in diameter, and the total weight of the loco-
motive was about 60,900 pounds. Anthracite
was used as fuel

The records seem to indicate that subse-
quent to the building of the original
“Monster,” three others were built at
Trenton, N. J. At least one of these was re-
built, in 1869, as a 4-6-0 type locomotive,
and continued in service until 1875.

The second group of locomotives referred
to included the famous ‘‘Stevens’ engines,
which were built by Norris Bros. for fast
passenger service during the years 1848-
1851. Theselocomotives each had a single pair
of driving wheels, and the forward end of the
engine was supported on a six-wheeled truck.
Two of the locomotives had
drivers seven feet in diam-
eter, while on the remaining
five the wheel diameter was
eight feet. The cylinder di-
ameters varied from 13 to 14

completed in May, 1835, for
the Philadelphia and Tren-
ton Railroad, and bearing
the construction number 11.
It was of the 4-2-0 type,
and was the first Baldwin locomotive with
outside cylinders. It was also the first to
use a device, patented by E. L. Miller, for
transferring part of the weight of the tender
to the locomotive, in order to increase the
adhesion when starting. This device was
frequently used by Mr. Baldwin on his single
driver locomotives. The **Black Hawk" is
illustrated on page 10.

The locomotives of the New Jersey Rail-
road and Transportation Company (‘luded
a number of interesting designs. Among
these was the first true Mogul (2-6-0) type,
which was built by the Rogers Locomotive
Works in 1863. :\lthough locomotives with
this wheel arrangement had previously been
built by Baldwin, Norris and other manufac-

inches, and the stroke in all
cases was 38 inches, except
on one locomotive which
had a 34-inch stroke. The
weight in working order was
46,000 to 47,000 pounds.
These locomotives suffered
on account of low adhesion
and boiler capacity. The

boiler was set low down,
and the firebox had a sloping

From a Drawing by C. H. Caruthers

The **Monster,” Camden & Amboy R. R., as originally built
Cylinders, 18" x 30",

Drivers, diameter, 48", Weight, total engine, about 60,900 Ib.




PENNSYLVANI

A RATEROAD SYSTEM

o
E
I

turers, this was undoubtedly
the first six-coupled loco-
motive to have a two-
wheeled, swing bolster lead-
ing truck equalized with the
forward drivers. This road
also had among its passenger
locomotives, a group of
4-4-0 engines, built at the
Company’s shops in Jersey
City, with Stephenson link
motion placed outside the
driving wheels. One of these
locomotives is shown in an
illustration on page 10.
During the late sixties,
the Camden and Amboy
Railroad, the New Jersey
Railroad and Transporta-
tion Company, and the Dela-
ware and Raritan Canal
Company, were consoli-
dated under the name of the
United New Jersey Railroad
and Canal Company. In
June, 1871, these lines were

Cylinder 177 5 247
Drivers, dia 57
Weight on drivers, about 62,000 1b.
Weight, total engine, about 71,000 Ib.
Fuel Hard coal

There were five locomotives of
this class.

Single-driver Locomotive **Stevens,”
Cylinders, 13" x 387,

Photo furns y
A Rebuilt *'Stevens” Single-driver Locomotive on the Camden & Amboy R.

Har® . 3
Sk Eaar A SN ass 2 -
ilt by Norris Bros. for the Camden & Amboy R. R., 1850
Drivers, diameter, 96", Weight, total engine, about 47,000 Ib.

There were seven locomotives of this general design.

leased to the Pennsylvania Rail-
road for 999 years, and now
form part of its New York,
Amboy and Trenton Divisions.

THE PENNSYLVANIA RAILROAD

Although the system of rail-
roads and canals owned and
operated by the State of Penn-
sylvania represented, at the
time of its construction, a mon-
umental piece of work, it soon
became apparent that it was
entirely inadequate to meet the
increasing demands for trans-
portation, and that what was

b

Mogul Type Locomotive, built by The Baldwin Locomotive Works for the New Jersey R. R.
& Transportation Co., 1871
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From a Drawin,
“The “‘Black Hawk,” built for the Philadelp]

The Baldwin Locomotive Works, 18
Engine with outsid

really required was a line of railroad travers-
ing the entire State, and thus giving Philadel-
phia an outlet westbound which would enable
it to successfully compete with other cities
such as New York and Baltimore. Accord-
ingly on April 13, 1846, the State Legislature
passed an act incorporating the Pennsyl-
vania Railroad Company, and the charter
was granted by Governor Shunk on Feb-
ruary 25, 1847. This charter authorized the
Company to construct a line of railroad from
Harrisburg to Pittsburgh, there being al-
ready railroad connection between Harris-
burg and Philadelphia via the Harrisburg
and Lancaster Railroad® and the Philadel-
phia and Columbia Railroad (State road).
Under the supervision of John Edgar
Thomson, Chief Engineer of the new Com-
pany, who was a man of exceptional ability,
the grading of the first 20 miles of line west
of Harrisburg was let on July 17, 1847; and
on July 22, 1847, the first 15 miles east of
Pittsburgh were placed under contract. On
September 1, 1849, the First Division, ex-
tending from Harrisburg to Lewistown, 61
miles, was opened. On December 10, 1852,
cars were run through from Philadelphia to
Pittsburgh, using the Portage Railroad over
the mountains; and on February 15, 1854,

167 x 24
60"

Equipped with  Stephenson
link motion outside ~driving
wheels.

Used in express passenger
service between Jersey City and
New Brunswick. Cut up by
Pennsylvania R. R. in 1882.

the Pennsylvania’s own line over the moun-
tains was formally opened, and trains were
run through without using the inclined
planes. The system of State Railroads was
purchased by the Pennsylvania Railroad
Company on August 1, 1857, and the Harris-
burg and Lancaster Railroad was leased on
December 29, 1860, for 999 vears, thus
finally giving the Pennsylvania its own line
between Philadelphia and Pittsburgh.

The early motive power history of the
Pennsylvania Railroad was typical of that
of the majority of the railroads of the period.
There were in existence a comparatively
large number of independent locomotive
builders, each of whom had standards of his
own which he naturally maintained were
superior to those of his competitors; and as
the Motive Power departments of the rail-

Photo furnished by C. B. Chaney

The first true Mogul Locomotive, built by the Rogers Locomotive
Works for the New Jersey R. R. & Transportation Co., 1863

roads were not sufficiently well organized to
prepare designs, the result was a remarkable
variety of locomotive types on each road,
having detail parts which were anything but
interchangeable. In the case of the Pennsyl-
vania Railroad this condition was to some ex-
tentaggravated byreason of thevarioustypes
of locomotives owned by the roads which
were from time to time leased or purchased.

*The full name of this line, which was organized in 1833,
was the Harrisburg, Portsmouth, Mt. Joy and Lancaster

Railroad, but it is usually referred to asthe Harrisburg and
Lancaster.

=

om @ Drawing by C. H. Caruthers

Fre
American Type Passenger Locomotive, built by the New Jersey R. R. and Transportation Co. o Desigas

of John Headden, M. M., at the Jersey City Shops, 1867




Cylinders
Drivers, diam.
Weight, total engine

137 x 187
46"
34,675 Ib.
Equipped with Baldwin flexible
beam truck.

Originally built for the Harrisburg
& Lancaster R. R. and

PENNSYLVANIA RAILROAD SYSTEM 11

to the Pennsylvania in October,
1849, Subsequently partially re-
built, and finally retired in 1858.

From a Drawing by C. H. ( feidiss

Six-coupled Locomotive “Washington," built by The Baldwin Locomotive Works,

Among the most notable builders whose
locomotives were among those first used on
the Pennsylvania, the names of M. W.
Baldwin and of Norris Bros., of Philadelphia;
Ross Winans, of Baltimore, and Smith &
Perkins, of Alexandria, Virginia, stand out
conspicuously. Inaddition to the locomotives
ordered by and especially built for the
Pennsylvania Railroad Company, a number

From a Drawing by C. H. Caruthers

to 133 by the close of 1856. In view of the
variety of types and designs represented by
these early locomotives, it is possible to refer
rather briefly to only the most notable
engines then in service.

Records show that the first Baldwin loco-
motives completed for the Pennsylvania
were the “Dauphin’ and “Perry,” which
were finished by the builders in November,

Cylinders 177 x 22"
i

iam.
. total engine

50,075 1b.

This and a similar locomotive,
the “Dauphin,” were the first
Baldwin engines completed for
the Pennsylvania. The “Dau-
phin’" was placed in service in
1849 and the “Perry” in 1850.
Both were shortly after sold to
the Philadelphia & Reading Ry.

Bight-coupled Freight Locomotive with Flexible Beam Truck and Half-stroke Cut-off,

ilt by The Baldwin Locomotive Works, 1!

were transferred from the Harrisburg and
Lancaster Railroad, the operation of which
was taken over by the Pennsylvania at the
time of opening the First Division of the
latter road in 1849. Frequent additions were
made to the equipment as the line was ex-
tended and business increased, so that at the
close of 1853, there were 79 locomotives in
service, and Llus number had been increased

147 x 207
s, diam. 72"
Weight on drivers  18,000-24,000 Ib.
Weight, total engine 47,000 1b.

Weight could be transferred
from intermediate to driving
wheels by means of a lever.

There were three locomotives
of this class.

1848, previous to the opening of the road.
Thcy bore the Baldwin construction num-
bers 333 and 334, and were finally placed in
service on the new line in November, 1849,
and January, 1850, respectively. They were
of the 0-8-0 type with Baldwin flexible beam
trucks, and had hook motion valve gear for
the main valves, and also independent valves
which, when in operation, cut off the steam

= = =
From a Drawing by C. B. Chaney
Single-driver Fast Passenger Locomotive, built by The Baldwin Locomotive Works, 1849
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rom a photo, furnished by

mpleted in August, 1840,

replaced by
arch bridge in 19

at half-stroke. These two locomotives were
shortly afterward sold to the Philadelphia
and Reading Railroad, but a third one of
similar design, the ‘“Westmoreland,” built
carly in 1850, remained in service on the
Pennsylvania until 1866. The “Perry” is
illustrated on page 11.

Records indicate that the first Baldwin
engine built for the Pennsylvania to be
actually placed in service on the road was
the “Mifflin,” a fast passenger locomotive
completed in July, 1849. Two similar loco-
motives, the “Blair” and “Indiana,” fol-
lowed later in the year. Asshown on page 11,
these locomotives had a single pair of driv-
ing wheels back of the firebox, one pair of
carrying wheels in front of the firebox, and a
four-wheeled truck under the front end. The
design was generally similar to that of the
locomotive “Governor Paine,” built by Mr.
Baldwin for the Central Vermont Railroad
in 1848-49. An unusual feature was a “trac-
tion increaser’” for the purpose of transfer-
ing weight from the carrying wheels to the

Cylinders 157 x m"
Drivers, diam. a»
Weight on dri
Weight, total engine

Equipped with hook motion valve
gear and half-stroke cut-off. Therc
were 16 locomotives of this class.

ia R. R. Bridg the Rive
It was partly destroyed by fi
double track ifon truss bridge in 1877.

02.

American Type Passenger Locomotive “Juniata,” buile by The Baldwin Locomotive Works, 1849

drivers in starting, and
thus increasing the ad-
hesion. These locomotives
proved speedy with light
trains, but their usefulness
was very limited, and two
of them were subsequently
rebuilt as 4-4-0 type loco-
motives.

A group of 16 Baldwin
locomotives of the 4-4-0
type, with driving wheels
54 inches in diameter, built
during the years 1849-1852

ADAD BRI and represented by the
5 Chanes, oran o tinagrap A uniata’” (below),  were
atRockville, Pa. typical of a class of power

tyed by i o Tuly extensively used at that
time for general passenger
and freight service. Con-
temporary with them were two other groups
of 4-4-0 type locomotives with 60-inch wheels;
one group, of three locomotives, having 15
x 20-inch cylinders, and the other group of
four, having 1314 x 22-inch cylinders, and
represented by the “Wyoming,"” illustrated
on page 13. All these locomotives had hook
valve motion and also independent valves
designed to cut off at half-stroke.
During the period August, 1852, to January,
1853, Mr. Baldwin built for the Penn-
syl lxama a group of 12 six-~ coupled freight
locomotives with 18 x 22 3
driving wheels 44 inches in diameter. Six
these locomotives had four- “hccled leading
trucks, while the remaining six had a single
pair of leading wheels placed immediately
under the cylinders. Both designs are illus-
trated on page 13. The former type
weighed approximately 64,500 pounds with
46,000 pounds on drivers, while the latter
are stated to have weighed about 60,000
pounds with 48,000 pounds on drivers. The
records indicate, however, that some of these

om @ Drawing by C.
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Cylinders 136" x 22
Drivers, diam. 60"
Weight on drivers 22,875 1b.
Weight, total engine 38,675 Ib.

There were four locomotives of this class.
They had hook motion valve gear, and
independent half-stroke cut-off.

Cylinders
Drivers, diam, 44
Weight on drivers 48,200 1b.
Weight, total engine 59,600 Ib.

There were six locomotives of
this class. All were subsequently
rebuilt by the Railroad Company
with four-wheeled leading trucks.

ive “C ** built by The Baldwin Locomotive Works, 1

Cylinders 187 x 227
Drivers, diam. 44
46,100 1b,
Weight, total engine 61,500 1b.

There were six locomotives of
this class, one of which was prob-
ably sold to the Philadelphia and
Columbia R. R. and repurchased
by the Pennsylv:

Cylinders 2 177 x 22"
Drivers, diam. g
Weight on drivers 41,800 1b.
Weight, total engine 54200 1b.

Equipped with drop-hook valve
for

gear, having separate eccentrics
front gear, back gear, and cut-off.
One valve for cach cylinder. Partially
rebuilt in 1862 and worn out in 1874,

Six-coupled Freight Locomotive, built by Smith and Perkins, Alexandria, Va., in 1852

Cylinders 167 x 22
Drivers, diam. 78"
Weight on drivers 37,900 1b.
Weight, total engine 61,300 1b.

Equipped with hook motion valve
gear and independent variable cut-off.
Subsequently rebuilt with  66-inch
drivers. There were three Wilmarth
locomotives of this general design on
the Pennsylvania.

American Type Passenger Locomotive, built by Seth Wilmarth, Boston, 1852
The above Illustrations are from Drawings by C. H. Caruthers
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latter carried as much as 18,000 or 19,000
pounds on the leading wheels, which was
regarded as excessive. Hence these engines
were subsequently rebuilt by the Railroad
Company and four-wheeled trucks were sub-
stituted for the single pair of leading wheels
originally applied.

In addition to the Baldwin locomotives of
the 2-6-0 type, the reports of the Pennsyl-
vania Railroad Company indicate that dur-
ing the years 1852-1854, twelve locomotives

with the same wheel arrangement were built

“Camel' Locomotive for heavy Freight and Pushing Service, built by Ross

for the road by Smith and Perkins, and two
by Richard Norris and Son. Two Smith and
Perkins’ engines of this type were also built
for the State Road, and were purchased by
the I’ums)lvama in 1857. In all these loco-
motives the leading wheels were held in rigid

Cylinders 167 x 247
Drivers, diam. 60"
Weight on drivers 40,900 1.
Weight, total engine 59,000 1.

There were nine locomotives of this
class, and three of similar design but
with 72-inch drivers.

POWER DEVELOPMENT

“Camel’ locomotives, built by Ross Winans,
of Baltimore, were placed on the Pennsyl-
vania. These lowmonv s all had 19 x 22-
inch cylinders and driving wheels 42 or 44
inches in diameter, and averaged 359,000
pounds weight each, in working order. The
peculiarities of the Winans ““ Camels,” with
their long over-hanging fireboxes, firing
chutes, cam-operated valve gear and other
exceptional features, are well known and
will not here be described in detail. The ear-
lier of these locomotives underwent consider-

107 x 227
w

59,100 Ib.

re were 11 locomotives of
this class, built during 1853-1856.
Some authorities give the wheel
diameter of the * Pluto” and three
other engines as 427, and the total
weight as 69,600 Ib. All the
““Camels” were subsequently re-
Moguls.

. H. Caruthers  built as
853

able modification shortly after they were
placed on the Pennsylvania, and the last
five were built without the firing chutes and
with the fireboxes closed at the rear. These
Camel locomotives were all subsequently
rebuilt as Moguls (2-6-0 type) at Altoona,

ing by C. H. Caruthers

American Type Passenger Locomotive, built by Richard Norris & Son, 1853

frames, and placed immediately back of the
cylinders, as shown in the illustration of the
“Latrobe’” on page 13. This arrangement
was undoubtedly originated by James Mill-
holland, Master of Machinery of the Phila-
delphia and Reading Railroad, and was first
used in the “Pawnee’ class, built by that
road early in 1852. It was a distinctly new
design at the time, and was the forerunner of
the true ‘“Mogul” type, introduced about
ten years later, and which subsequently be-
came very popular.

During the years 1853-1856, eleven

and thus altered, several of them remained
in service as late as 1880-1882.

The majority of the Norris locomotives
placed in service on the Pennsylvania during
this period were of the American (4-4-0)
type. In 1853, 12 such locomotives were built
for passenger service, three of them having
72-inch drivers and the remaining nine, 60-
inch drivers. In 1853 and 1854, eight of
similar type, with 54-inch drivers, were built
for freight service.

The Norris locomotives had quite a repu-
tation for speed, but their details—especially
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Eight-coupled Locomotive for Heavy Freight and Pushing Service, 1854. Equipped with Baldwin Flexible Beam Truck and Variable Cut-off
Cylinders, 19 Drivers, diam. . Weight, total engine, 66,000 Ib.
There were four Locomotives of this class.

the frames—were of rather light construction, asliding block, forming the termination of the
and some of the boilers were poorly stayed, uppervql»crod could beadjusted and held at
so that explosions were relatively frequent. vary ing distances from the axis, thus produc-

In 1856, two Norris locomotives of im- ing a variable travel to the upper valve. The
proved design, with 16 x 24-inch cylinders first Pennsylvania locomotive to which this
and driving wheels 66 inches in diameter, device was applied was the “True Ameri-
were placed in passenger service on the can,” a passenger locomotive of the 4-4-0
Pennsylvania. These locomotives had the type, with 16 x 22-inch cylinders and driving

Slephenson shifting link mo-
tion, and were probably the PO LR T
ﬁrst Norris engines to be @ﬁm"’ﬁm
so equipped. Val\ e gear de- LAEBMOTIVE BUILDERS
sign was a live topic at this 3 PUQADEIRNA

time, and the importance of
a simple and vet effective
device for varying the point
of cut-off at the will of the
engineman was becoming
fully recognized. Mr. Bald-
win, in 1853, had patented
avariable cut-off which used
a separate valve sliding on
apartition plate in the steam
chest, and worked by an in-
dependent eccentric and
rock shaft. The upper arm of
thisrock shaft was curved to Baldwin Passenger Locomotive with Independent Variable Cut-off, as built in 1854

. e The “Belle,” “Flirt" and other cight-wheeled Pennsylvania Locomotives of the period were generally
form a radius arm, on which itdlac tothis detgm
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wheels 66 inches in diameter, which was
completed in August, 1853. The most pe-
culiar feature of this valve gear was the
device employed for raising and lowering the
sliding block on the upper arm of the rock
shaft. This device consisted of a quadrant,
placed so that its circumference bore nearly
against a curved arm projecting downward
from the sliding block, and which curved in

cess of this device, his idea being that it
would hold the block firmly in position on
the rock shaft arm, thus preventing slip and
consequent wear and lost motion. In prac-
tice it was found, however, that the straps
would stretch sufficiently to allow them to
buckle and break, and the chains would also
stretch and frequently break altogether.
Eventually, therefore, the quadrant was en-

Cylinders 19 x 227
Drivers, diam. 48"
Weight on 42,200 Ib.

it, total engine 61,000 1b.

One of three locomotives, origi-
nally equipped with hook motion
valve gear and Baldwin variable
cut-off. When rebuilt as shown,
Stephenson link motion was ap-

plicd.

This locomotive, originally
named ughwick,” was cut up
in 1872

Ten-wheeled Freight Locomotive, originally built by The Baldwin Locomotive Works in 1855, as
6

rebuilt at Altoona in 1.

the reverse direction from the quadrant.
Two steel straps, or chains, side by side,
were interposed between the quadrant and
this curved arm. One of the straps was con-
nected to the lower end of the quadrant and
the upper end of the curved arm, and the
other, to the upper end of the quadrant and

This locomotive was originally built
for the Philadelphia and Columbia
R. R. and named “Corporal Trim."” It
was purchased by the Pennsylvania in
1857, and numbered 187. It had
16" x 22" cylinders and 54" driving
wheels, and weighed 53,000 Ib., with
32,200 Ib. on drivers.

tirely abandoned and the block raised and
lowered by means of a link connection.
The Baldwin variable cut-off was applied
to a large number of Pennsylvania locomo-
tives for both passenger and freight service.
Among them were two fast passenger loco-
motives with 72-inch drivers, built late in

American Type Freight Locomotive, built by New Jersey Manufacturing Co., Paterson, N. J., 1856

the lower end of the curved arm. When the
quadrant was rotated by means of a lever in
the cab, the position of the block was shifted
and the travel of the cut-off valve altered;
the effect being the same as though the quad-
rant and arm were geared together by teeth.
Mr. Baldwin was very sanguine of the suc-

1854 and named ““Belle” and “Flirt."” The
general design of these locomotives is shown
in an illustration on page 15. This design was
typical of the 4-4-0 type as built by Mr.
Baldwin at that time, for both passenger and
freight service.

The variable cut-off was also applied to
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Cylinders 177 x 22"
Drivers, diam. 56"
Weight on drivers 40,850 1b.
Weight, total engine 64,550 Ib.

Equipped with hook motion
valve gear and

variable cut-off. Used in smoke
burning tests of 1859, and worn
out in 1876.

From a Drating by C. I Coruthers

American Type Freight Locomotive, built by The Baldwin Locomotive Works, 1857

freight locomotives of the 0-8-0 and 4-6-0
types, built during the years 1854-1856. The
general designs of these locomotives are
shown on pages 15 and 16

The link motion, in the meantime, had
been steadily finding increasing favor among
American railway managers, and had occa-
sionally been used by Mr. Baldwin at the

Ten-wheeled Freight Locomotive, built by The Bald
tage R, R. in

urgent request of his customers. The first
Baldwin locomotive for the Pennsylvania to
be so equipped was the “ Tiger,” of the 4-4-0
type, built for fast passenger service in
December, 1856. It was shortly followed by
three others of similar design, the “Leopard”
“Hornet” and “Wasp."” These locomotives
had straight boilers with two domes, and in
this respect established a form of construc-

L6

Cylinders
Drivers, di ﬁo”

Weight, total engine 63, suu m

tion which was frequently used by The
Baldwin Locomotive Works until 1880. The
“Tiger,” shown in the frontispiece, was
elaborately painted and decorated in accord-
ance with the practice of the day, and repre-
sented, at that time, the highest development
of the American passenger locomotive.

The introduction of the link motion

Cylinders 107 x 227
Drivers, diam, 487
Weight on drivers, al 48,000 Ib.
Weight, toal engine, about 64,000 1b.

nally named “Thos. H. For-
sythe,” and equipped with hook
motion and Baldwin variable cut-off.
Rebuilt as shown, with link motion
and Gill & Co.'s suming
imilar engine, No. 206,
originally the “Wm. Hopkins," of
the Allegheny Portage R. R., was
used in the smoke consuming tests of
1850.

moke cor

firebox.

otive Works for the Allegheny
1858 ina purchased by the Pennayivania in 1

marked an important step in locomotive
development, and the most advanced types
of the late fifties and early sixties embodied
the principal characteristic features of the
locomotive as built to-day. During the suc-
ceeding ten or twelve years the locomotives
built for road service on the Pennsylvania
were of two principal types—the American
(4-4-0) for passenger service and fast freight,

Smich's patent boiler with short
tubes and 54" chamber.

Used in smoke burning tests,
1859.

a Dra v C. H. Caruthers
1859

Amicica Type Passsnger Locomotive, bulle by The Baldsia Locomotive Worke
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Three of the Many Different Designs of Locomotives Used
on the Pennsylvania Sixty Years Ago

167 x 20

66
00 1b.
00 1b,

In 1860, this locomotive hauled
H. R H. the Prince of Wales from
Pittsburgh to Philadelphi

It was rebuilt at Altoona in that year,
and again altered, as shown in (he
illustration, in 1866.

American Type Passenger Locomotive, origi built for the Philadelphia & Columbia R. R.
by the Lancaster Locomotive Works in 185, cd ““Wheatland."
urchased by the Pennsylvania in 1857

107 x 187
o
Total weight in working order, about 40,000 1h.

This locomotive
built in 1861, and 2
we

as followed by Nos. 217,
, built in 1863, which
of the same general design but with four-
wheeled leading trucke. No. 217 was for a time
operated with an officials’ car rigidly attached
to it, but this car was subsequently detached
and the locomotive transferred to the Phila-
delphia and Erie Division.

Four-coupled Tank Locomotive for Light Passenger Service, 1561
Baldwin Locomotive No. 1000

This locomotive was one of
three, with cylinders 1614 x 22"
and drivers 50” diameter, and
i rding to the Rail-
v's records, 57,000
b. on drivers.

Engines 231 and 232, built in
1862, and the first to be fitted with
steel fireboxes, were of the same
type as No. 224, but were some-
what heavier, with cylinders 18"
in diameter.

Ten-wheeled Freight Locomotive, built by The Baldwin Locomotive Works, 1861
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experiments with wood,
coke and Pittsburgh
and Allegheny coals, in
order todetermine what
kind of fuel would be
most economical and
satisfactory. The re-
sults were generally
favorable to the use of
coal, especially when
mixed with wood.

A far more elaborate
series of tests was run
in 1859, extending over
aperiod of five months.

e il i « Machine Works, Paterson, N.J., 1862 .
Cylinders, 15" vers, diam., 49, Weight on drivers, 40,000 Ib. Weight, total engine, 66,000 Ib. The object was todeter-
mine whether it would
and the ten-wheeled (4-6-0) for heavy be possible to use bituminous coal in pas-
freight. It is interesting to note that these senger service without creating objectionable

nger locomotives on the

although no longer suitable for smoke; all the pa
t class of work, are
still represented in the motive
power equipment of the road by
many fine locomotives built dur-
ing the past 20 or 25 years.
Before referring more in detail
to the locomotives built subse-
quent to 1860, some mention
should be made of the increasing
use of coal as fuel. When lh(-
Pennsylvania Railroad was first
opened, wood was almost univer-
sally used as locomotive fuel, al-
though various experiments had

been made with burning coal; and Thie SossenstT S Wikiais Caial Edeoptie; s sebotiE s A Roraiii6)
anthracite was being used with

greater or less success on a number of road at that time being wood burners. Six
roads. In 1853, Enoch Lewis, then Second locomotives were used in these tests, three
Assistant Superintendent, made a series of of them, Nos. 120, 139 and 206, being Bald-

win engines. Engine 139, il-
lustrated on page 17, was of
the 4-4-0 type designed for
freight service, while Nos.
120 and 206 were of the
4-6-0 type, the latter having
originally been built for the
Allegheny Portage Railroad.
The tests proved conclu-
sively that it was possible to
use bituminous coal in pass-
enger service, provided the
boilers of the locomotives
had ample combustion space
with means for properly

baffling and mixing the
American Type Passenger Locomotive, built by Richard Norris & Son, 184
Cylinders, 17" x 24", Drivers, diam., 66”. Weight on drivers, 44,000 1b. Weight, total engine, 67,0015, ~ SAS€S.
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This locomotive was originally ~the
“Bedford,” built by The Baldwin Loco-
motive Works in 1854, and a duplicate of
the “Iron City,” illustrated on page 15.
It was probably the first locomotive to
have the 2-8-0 wheel arrangement. The
first road engine of type, with
separate tender, was the “ Consolidation,”
built in 1866 for the Lehigh Valley R. R.
to specifications prepared by Alexander
Mitchell, M.M.

Eight-coupled Tank Locomotive for Heavy Pushing Service, rebuilt at Altoona in 1864

Subsequently a series of tests was made relative heating value of a ton of coal and a
with engine 156, a new Baldwin of the 4-4-0 cord of wood, the relative cost of the same
type equipped with what was known as the delivered to the tender, and the increased

cost of engine repairs due to the
substitution of coal for wood. The
report of the test stated that it
was wise to ‘‘assume as a basis of
our calculation that one pound of
Pittsburgh coal is equivalent in
heating value to 2.31 pounds of
hard wood, and that one net ton
of coal is equal to 114 cords of
hard wood.” The relative cost of
coal and wood fuel was deter-
mined for the different divisions
of the road, and the practicability
of burning coal in passenger service
was fully demonstrated.

Engine 156 is shown in an illus-

Six-coupled
Cylinders, 15" x 18"

tching LuLumuln . built by The Baldwin Locomotive Works
4. Weight, total, about 55,000 Ib.

Two engmcs of this class built in 1863. tration on page 17.
In the efforts to burnbituminous
Smith boiler. This design incorporated a coal successfully, unusual boiler designs, such
deep firebox with a long combustion cham- as the Dimpfel and Phleger, were produced
ber, suitable baffles and comparatively short from time to time and put on trial; and ex-
tubes. The test was run to determine the periments were made with a remarkable

177 x 247

66"
44,000 1.
Weight, total engine 67,200 1b.

This was one of the last locomotives
built at the Norris Works, before the plant
was moved from Philadelphia to Lancaster.
It bore the construction number 1178.

American Type Passenger Locomotive, Built by Richard Norris & Son, 1865
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variety of combustion
chambers, baffle plates,
and other devices of a
similar nature. The
Pennsylvania Railroad,
as has been indicated,
did its share in deter-
mmmg the value of these
various appliances. Ex-
perience fully demon-
strated that success in
burning coal depended
quite as much upon the
skill and care of the fire-
man as upon the special
equipment used on the
locomotive; and that it

was useless to fill a boiler with devices that
were expensive to maintain, even though,
when in good order, they were effective in
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Ten-wheeled Freight Locomotive, built by Richard Norris & Son, 1864

Cylinders

" 24", Drivers, diam., 5

Four-wheeled Switching Locomotive with separate Tender, built by
‘he Baldwin Locomotive Works, 1866

Cylinders, 14” x 22, Dris
Four engi

es of this

reducing smoke. The value

arch, especially when using high volatile

coal, was fully dcm(mstratc(l
in the Pennsylvania tests;
and this device is today
generally recognized as an
essential part of the equip-
ment of coal burning loco-
motives.

While these developments
in locomotive design and
construction were taking
place, equipment for the
maintenance of the motive
power and rolling stock was
not being ne"l(‘(‘tcd The
town of :\ltooln, Pa., at the
base of the eastern slope of

diam., 50”. Weight, total engine, about 42,000 Ib.

class built 1866-1867.

of the firebrick

and served in various executive capacities
in the engine houses and shops until his

. Weight on drivers, 58,000 1b. Weight, total engine, 75,000 Ib.

the ~\llcghenie:., had been established with
the opening of the railroad, for the express
purpose of housing the principal shops of

the System. These shops were be-
ing steadilydeveloped and enlarged,
and represented at this compara-
tively early date, as they do now,
the highest development of the
railroad shop. Altoona, as early as
1860, had become a household word
among American railroad man-
agers, and the quality of the work
turned out at its shops was gener-
ally recognized for its excellence.
It is interesting to note, in this
connection, that on February 25,
1856, Andrew C. Vauclain, father
of Samuel M. Vauclain, now Pre:
dent of The Baldwin Locomotive
Works, entered the employ of the
Pennsylvania Railroad at Altoona,

fam., 61",

Type Passenger Locomotive, built at Altoona Shops, 1867
o x 2.

Weight on drivers (empty)
Weight, total engine (empt), 61,100 ib.
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Mogul Type Freight Locomotive

death on July 18, 1887. Mr. Samuel M.
Vauclain served as an apprentice, machinist
and foreman in the same shops until 1883,
when he entered the service of The Baldwin
Locomotive Works.

Baldwin locomotive number 1,000, illus-
trated on page 18, was completed on Feb-
ruary 28, 1861. It was built for the
Pennsylvania and bore the road number 212
and the name “ M. W. Baldwin,” and was a
light passenger locomotive of the 2-4-0 type,
with 10x18-inch cylinders and driving wheels
56inchesin diameter. Two other locomotives
of similar design, but having four-wheeled
leading trucks, were subsequently built.

On June 15, 1862, John P. Laird was
appointed Master of Machinery, which posi-
tion he held until May, 1866. Mr. Laird was
an engineer of great ability, and he exerted a
marked influence on the design and develop-
ment of Pennsylvania motive power. Con-
spicuous among his devices were a balloon-
shaped stack, which proved a great success
as a spark arrester on coal burning locomo-
tives, and a design of two-bar guide which
has survived to the present day and is fre-
quently used on heavy power. Mr. Laird was
also active in rebuilding and modernizing
many of the older locomotives, and in en-

This locomotive represented a
design introduced on the Philadel-
phia & Reading R. R. by James
Millholland, and was purchased by
the Pennsylvania for experimental
purposes. It had 19x 24-inch cyl-
inders and 48-inch drivers, and
weighed 70,000 pounds with 50,000
on drivers. These locomotives
were popularly known as “Gun-
boats.

POWER

«g\"ﬂg!

Ten-wheeled Freight Locomotive, built by the Norris Wn{ks at Lancaster, in 1866

DEVELOPMENT

Cylinders 18" x 247
i a8

bout 56,000 Ib.
about 66,000 Ib.

Weight on dri
Weight, total engis

/ built in

or 1854, by Smith & Perking and was

built at Altoona with new cylinders,

mes and running gear. The two safety

valves were mounted above the sand-box

ate branch-pipes, or “buckhorns,”

istle between them. This loco-

motive was completely destroyed by fire in
the Pittsburgh riots of 1877.

Rebuilt at Altoona Shops in 1865

deavoring, where possible, to standardize the
many types and designs found on the road,
the number of which had been materially
increased when the Pennsylvania acquired
the equipment of the State Transportation
System in 1857.

The typical passenger locomotive of this
period was of the “American” (4-4-0) type,
with spread truck wheels, horizontal cyl-
inders, plain slide valves and Stephenson
link motion, and a wagon-top boiler having
a deep ﬁrebox between the driving axles.
The freight locomotive of the ten-wheeled
(4-6-0) type was in many respects slmllar,
except that a third pair of wheels was inter-
posed between the truck and the leading
drivers of the passenger locomotive. The
largest passenger locomotives had 17 x 24-
inch cylinders and driving wheels from 60 to
66 inches in diameter, while the heavy ten-
wheelers, for freight service, had 18 x 22-
inch cylinders and 54-inch driving wheels.
Injectors were being substituted for pumps
to a limited extent, and the need of a brake
more efficient than the ordmary hand-brake,
especially in passenger service, was becom-
ing realized. The Loughridge Chain Brake
was used to a considerable extent on the
Pennsylvania, and was one of the most effec-

n a Drawing by C. H. Caruthers
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Typical Heavy Passenger and Freight Locomotives Built for
the Pennsylvania During the Sixties

Cylinders 177 x 247

about 44,000 Ib.
about 68,500 Ib.

The friction wheel for operat-
ing the Loughridge chain brake
is plainly scen back of the rear
drivers.

Twenty-one locomotives of
this general design were placed
in service during 1863-1865.

American Type Passenger Locomotive, built by The Baldwin Locomotive Works, 1864

Cylinders 18”7 x 22"
Drivers, diam. 547
Weight on dris 50,000 1b.
Weight, total engine, 70,000 1b.

teel fircbox, with combustion chamber
1315 long.

Boiler fed by two injectors.

There were 20 locomotives of this class.

Ten-wheeled Freight Locomotive, built by The Baldwin Locomotive Works, 1864

Cylinders

Drivers, diam.
Weight on driver
Weight, total eny

about 50,000 1b.
Labout 70,000 Ib.

Steel firebox, with combustion
chamber 2437 long.

Boiler fed by one injector and
one pump.

There were 12 locomotives of
this class.

Ten-wheeled Freight Locomotive, built by The Baldwin Locomotive Works, 1866
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This locomotive was originally built
by The Baldwin Locomotive Works in
1852, and was similar to the “Wyo-
ming,” illustrated on page 13. It was
named “Butler.” As here shown it
was rebuilt to burn coal, and equipped
with a Laird stack and link motion.

American Type Passenger Locomotive, as Rebuilt at Altoona Shops, 1866

tive devices of its class. It was arranged with
a friction wheel, which could be pulled up
against the right-hand rear driving wheel of
the locomotive. As the friction wheel rotated
a chain was wound up on its shaft, and the
pull of this chain was transmitted to the
brake-shoes throughout the train.

This period witnessed an increasing use of
steel in locomotive construction, and the
Pennsylvania was active in trying out this
material. Steel fireboxes were first built by
The Baldwin Locomotive Works for the
Pennsylvania in 1861. English steel of a high
temper was used, and the plates cracked in
fitting them to the boilers; and it was neces-
sary to take them out and substitute copper.
American homogeneous cast steel, however,
was successfully used for the fireboxes of
engines 231 and 232, built in January, 1862.
These were ten-wheeled freight locomotives
with combustion chambers 36 inches deep,
and the inside fireboxes and combustion
chambers with the exception of the tube
sheets (which were copper), were built of
steel plates throughout. Steel boiler shells
were first built by The Baldwin Locomotive
Works for the Pennsylvania in 1868, and

Cylinders

Drivers, diam.
Weight, total engine

65,400 1b,

There were 14 locomotives of this class. The
majority were retired between 1885 and 1889,
while two remained in service until 1892,

steel tubes were first used by the Works in
three ten-wheelers built for this road in the
same year.

The first application of the four-wheeled
swing-bolster truck made by The Baldwin
Locomotive Works occurred in 1867, when
this device was applied to a group of Amer-
ican (4-4-0) type locomotives built for the
Pennsylvania. Among these were four fast
passenger locomotives, with 17 x 24-inch
cylinders and driving wheels 66 inches in
diameter, which bore the road numbers 419-
422. Engine 422 was placed on the road
September 9, 1867, and was in constant
service until May 14, 1871, without being
off its wheels for repairs, during which time
it made 153,280 miles. This locomotive is
shown in an accompanying illustration.

The Pennsylvania locomotives built dur-
ing the late sixties were notable because of
the simplicity of their outline and the ab-
sence of superfluous paint and brass work.
The lavish use of polished brass and vivid
colors was one of the most conspicuous
features of the typical American locomotive
built during this period; and the Pennsyl-
vania, in dispensing with much of this deco-

Six-wheeled Switching Locomotive, built by The Baldwin Locomotive Works, 1867
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nders 177 x 247
ers, diam. 66"
drivers, about 45,000 1b.
Weight, total engine, about 70,000 1b.

Equipped with swing bolster leading
truck

This locomotive, in service on the
Middle Division, made 153,280 miles
from Sept. 9, 1867, to May 14, 1871,
before being shopped for general repairs.

Amerd
buile by The Baldwin Locomotive Works, 1867

ration, set a precedent which was eventually
followed by all the railroads throughout the
country.

During this period, the mileage of the
System was greatly increased because of the
acquisition, through lease or purchase, of
several important connecting lines. In 1860,
control was acquired of the Northern Cen-
tral Railway, running from Baltimore north-
ward through Harrisburg to Sunbury, Pa.,
where it made connection with the Phila-
delphia and Erie. The latter road was leased
on January 1, 1862, for 999 years. The
Baltimore and Potomac, connecting the
cities of Baltimore and W: '15hmgton was
also acquired, and completed in 1873. This
gave the Pennsylvania a through line from
Washington to the Great Lakes. During the
years 1867-1871, a large number of lines
west of Pittsburgh were acquired through
purchase or lease. Most important of these
was the Pittsburgh, Fort Wayne and Chi-
cago Railway, which had been opened for
business on December 25, 1858, and was
leased by the Pennsylvania, June 7, 1869.
The acquisition of all
these lines necessarily
greatly increased the
responsibilities of the
Pennsylvania's Motive
Power Department.

In 1867, the equipment
of the Pennsylvania Rail-
road included 415 loco-
motives, 291 passenger
train cars, and 8482
freight train cars. The
Main Line between
Philadelphia and Pitts-
burghwas 355 miles long,

ican Type Locomotive for Fast Passenger Service,

with double track, and represented the high-
est type of railroad construction at that
time. Steel rails, first introduced on the road
in 1864, were rapidly replacing the iron rails
formerly used, with most satisfactory re-
sults. Four through trains were operated
each way per day, the fastest making the
trip in 13 hours 40 minutes east-bound and
in 14 hours west-bound, representing an
average speed, including stops, of approxi-
mately 25 miles per hour. The “Broadway
Limited " now makes the run in 7 hours 50
minutes. On the New York Division, the
90 miles between New York and Pluld(]ol»
phia are now covered by numerous trains in
two hours, whereas in 1867 the fastest train
on the New Jersey Railways ran from Jersey
City to West Philadelphia, approximately
88 miles, in 3 hours 35 minutes.

The standard Pennsylvania Railroad pas-
senger coach of 1867 measured 53 feet long
over bumpers, seated 54 passengers, and
weighed, empty, 42,500 pounds. As com-
pared to the modern steel coach, 80 feet long
over all, weighing 122,000 pounds and seat-

Ten-wheeled Freight Locomotive, built by the New Jersey Locomotive and Machine Company, 1867
Cylinders, 18” x 22", “Drivers, diam., 54”. Weight, total engine, 73.000 Ib.
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A Pennsylvania Railroad Freight Train of the C
he Baldwin Locomotive Worl

The Locomotive was built b

ar Period
in 1855, and was origi-

nally named “Black Oak.” It wasa duplicate of the “Aughwick,” illustrated on page

16. It was subsequently rebuilt as shown, at

ing 88 passengers, its capacity was large in
proportion to total weight; but the modern
coach is far stronger and more completely
equipped, and when the increased comfort
and convenience of the passengers are con-
sidered, the additional weight per capita is
fully justified.

The amount of traffic handled by the
Pennsylvania in 1867 is indicated by the
fact that 3,347,486 passengers were carried
during the year, this being equivalent to
126,443,234 passengers carried one mile. A
total of 4,000,538 tons of freight were hauled,
theequivalent ton-mileage being 565,657,813,

John P. Laird, the value of whose work as
Master of Machinery has been mentioned,

The West-bound Fast Mail in 1869

Altoona, and was finally scrapped in 1878,

resigned in May, 1866, and was succeeded
by R. E. Ricker. He in turn resigned in 1867,
and was succeeded by Alexander J. Cassatt
on November 16th of that year. The need of
standardizing locomotive details in the in-
terest of efficiency and operating economy,
had by this time become fully realized; and
in 1868 complete drawings of a serics of
standard locomotives were prepared at
Altoona, and with very few exceptions the
motive power thereafter built, whether con-
structed in the Company’s shops or by out-
side builders, conformed to the Pennsyl-
vania’s standard designs. A discussion of
these new designs will be presented in the
next chapter.

The Locomotive, No. 85, was a Norris, built in 1854 and rebuilt at Altoona in 1865.
The picture was taken on the Middle Division near McVeytown, Pa.
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Plhoto furnished by H. G. Boutell

The Iron Truss Bridge which carcied the Tracks of the Middle Division across the Susquehanna at Rockville, near Harrisburg,

from 1877 to 192, This picture was taken about 189

2. The Pennsylvania Limited, hauled

by Class D10a Locomotive No. 568, is crossing the Bridge.

CHAPTER II

THE INTRODUCTION OF STANDARD LOCOMOTIVE DESIGNS, AND SUB-
SEQUENT MOTIVE POWER DEVELOPMENT UP TO THE YEAR 1899.

5§ HE first group of stand-
ard locomotives, placed
in service during the
years 1868 to 1872,
comprised eight classes
for passenger, l’lelght
and switching service.
In weight and capacit:
these locomotives were
closely similar to those
that had immediately
preceded them. The ef-
fort made was, not so
much to increase the
power per locomotive unit, as to design the
locomotives for the particular conditions to
be met, and to use interchangeable details as
far as practicable in order to reduce main-
tenance costs. In these respects the work
accomplished was successful, as the locomo-
tives rendered excellent service and inter-
changeable details were incorporated in their
construction to an unusual extent.

These locomotives were all designed to
use bituminous coal as fuel, and the different

classes were designated by the first eight
letters of the alphabet. This system of class
designation remained in effect until 1895,
when it was revised by assigning one letter
to each wheel arrangement, and following
this with a hgure, or a figure and letter
combined, to indicate the different classes
having thdt wheel arrangement. The old
[ocomotn es were re-classified on this basis.
In the following discussion the old cla:
tion will be used, but the revised classifica-
tion will be given in parenthesis in order
that the locomotives may be more easily
identified.

The characteristic features of the first
eight classes of standard locomotives were
as follows:

Class A (D1)—A locomotive of the Ameri-
can (4-4-0) type, for express passenger serv-
ice. C\]mdem 17" x 24", Driving wheels,
dmmntc

l')’?)fA ocomotive of the Ameri-
can type for mountain passenger helper
service.  Cylinders, 18" x24”. Driving
wheels, diameter, 62”". Boiler of similar de-




28 MOTIVE

POWER DEVELOPMENT

American Type Locomotive, Class C (D3), built at Altoona, 1875

Gylinders 17x24 Tubes, diam, 2
62 mber 55

B e diam, 48377 £ m ath w75
Steam pressure 1251, Grate 17.6 sq. ft.
Firehox 723¢"x35"  Heating surface 1,083 sa. e,

sign to that used on Class A, but with a
firebox of somewhat larger dimensions.

Class C (D3)—A locomotive of the Ameri-
can type for general passenger or fast freight
service.  Cylinders, 17" x 24”.  Driving
wheels, diameter, 62”. Boiler of the same
dimensions as that used on Class B.

Class D (G1)—A locomotive of the ten-
wheeled (4-6-0) type for general freight serv-
ice. Cylinders, 18" x 22”. Driving wheels,
diameter, 56",

Class E (G2)—A locomotive of the ten-
wheeled type for freight service on mountain
grades.  Cylind, 18" x 22”.  Driving
wheels, diameter, 50”. Boiler of similar de-
sign to that used on Class D, but with a
firebox of somewhat larger dimensions.

Class F (B1)—A six-coupled tank loco-

Wheel base, d: Weight, total engine 79,100 1b.
* “  total engi b 4 y

* » ¥ tender 139,000 Ib.

tender Tank capacity 2,400 U. S. gal.

Weight on drivers Fuel o ,000 1b.

Tractive force 11590 1.

motive for switching service. Cylinders,

15" x 18”. Driving wheels, diameter, 44",

Class G (D3)—A locomotive of the Ameri-
can type for light passenger service. Cyl-
inders, 15" x 22", Driving wheels, diame-
ter, 56”.

Class H (B2)—A six-coupled locomotive,
with separate tender, for switching service.
Cylinders, 15" x 22”. Driving wheels, di-
ameter, 44",

The records indicate that Classes C (D3),
D (G1), and E (G2) were built far more ex-
tensively than any of the others. Classes A
(D1) and B (D2), especially, were built in
limited numbers only.

To these first classes there were added in
1873, an American type passenger locomo-
tive for burning anthracite, generally similar

207524

fam.
oiler, inside diam. 5 3 .

smm pressure Vi,

Fire o6 x' 3017

91,640 1b,
152,000 1.
U/S. gal.

Weight, total engine
tal engine 21 6" Al

an mder

k capacity 2.

Wheel base, driving 1387
tol

48 43¢”  Tanl
79,4001b.  Fuel
Tractive force

end,
Welght on drivets £,000 1b.
20,400 Ib,




177 x 247

68"

125 1b.

Grate area 16.2 sq. ft.
Heating surface 1,049 sq. ft.
Weight on drivers 47,850 1.
Weight, total engine 77,700 1b.
Tractive force 10,840 b,

American Type Locomotive, Class A (D1), built at Altoona, 1872

to Class C and designated as C anthracite
(D4); and in 1875 a locomotive of the Con-
solidation (2-8-0) type, for heavy freight
service, and designated as Class I (H1).
The C anthracite locomotives were specially
designed for service on the lines in New
Jersey, and in 1875 a number were built
with driving wheels 68 inches in diameter,
and designated as Class CA anthracite
(D4a). These locomotives were placed in
fast passenger service on the New York

American Type Locomotive,

Division, and handled the traffic most suc-
cessfully until 1881, when they were re-
placed with heavier power.

Records show that in 1873, out of a total
of 873 locomotives in service on the System,
373, or 42.7 per cent, were classed as‘‘stand-
ard.” Of the remainder, one Baldwin 4-4-0
type locomotive was classed as a *“C” engine

157 x22"

American '

and 86 Baldwin 4-6-0 type locomotives were
classed as “ D" engines, although these dif-
fered somewhat from the new standards.
The remaining 413 locomotives were un-
classified.

An unusually complete and interesting
discussion of these standard locomotives is
given in a work on ‘“The Pennsylvania
Railroad” by James Dredge, published in
London in 1879. In this discussion special
stress is laid on the extent to which inter-

Cylinders 177 x 247
Drivers, diam. 62"
Steam pressure 1251b.
Grate area it

Heating surface 158 sq. ft.
Weight on d 56,200 1b.
81,800 Ib.
11,890 Ib.

lass C anthracite (D4), built at Altoona, 1874

changeable details were used in the various
designs. Thus for the ten different classes of
locomotives, the maximum variation was
only four different patterns of brass or iron
castings for any given part. The following
table shows the extent to which this in-
terchangeability of castings was carried
out:—

T'ype Locomotive, Class G (D5), built at Altoona, 1873
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Number of

e |
mber 2! Common to Classes

A Class I (H1) Locomotive, built at Altoona in 1879, as equipped for Yard Service
The roomy cab is clearly shown in this picture.

The number of forgings used in each loco-
motive averaged 245, and with very few ex-
ceptions these were identical in Classes A,
B, C and D. There was a greater variety in
the remainder, especially in the Consolida-
tion engine, s 1.

The .majority of these early standard
types are represented in the accompanying
illustrations. Classes A to E all had wagon-
top boilers with domes over the fireboxes,
the latter being placed between the main
and rear driving axles, except in the case of
Class C anthracite, which had a long firebox
extending over the rear driving axle. The
firebox crown sheets were flat, and were
stayed by crown bars. Brick arches were
used on the bituminous coal burning passen-
ger locomotives, and were supported on
water tubes which extended upward from
the front tube sheet to the crown sheet.
Each boiler was fed by one pump and one
injector. The conventional form of Stephen-
son link motion was employed, and on the
ten-wheeled freight engines the rockers were

placed in front of the leading drivers, and
the eccentric rods were bent to clear the
first driving axle. The crossheads were of
cast iron, working in four-bar guides, and
the connecting and coupling rods were fitted
with strap stubs, with the exception of the
front connecting rod stub, which was of the
solid end type with an adjusting wedge for
the brass.

All these early standard locomotives had
short smokeboxes, and several different de-
signs of stacks were used. The bituminous
coal burning passenger locomotives were
fitted with the “Smith”
design, which was a
straight stack combined
with a  basket-shaped
spark arrester of perfo-
rated plate, extending from
the top of the exhaust noz-
zle up inside the stack.
The switching locomotives,
and the majority of the
freight locomotives, had
diamond stacks, although
theLaird and Smith designs
were used on some of the
earlier ten-wheelers. In all
cases, adjustable petticoat
pipes were placed above the
exhaust nozzles. Some of
the first anthracite burning
passenger locomotives were fitted with dia-
mond stacks, but the straight pattern was
soon substituted. These straight stacks had
extremelyneatcastiron basesand tops, which,
either in their original form or in a simplified
design introduced later, were used on the road
for many years. This design of stack is now,
however, obsolete.

The boiler of Class 1 (H1) was known as
the “Altoona type,” and differed in many
respects from those of the other classes. The
barrel had a straight top with a dome in
front of the firebox, and the roof sheet, at
the front end, was 913 inches below the top
of the barrel. Both the crown and roof
sheets sloped toward the rear at a rather
steep angle, with a narrowing space between
them which was almost entirely filled with
water, so that there was very little steam
liberating surface above the firebox. The
crown and roof sheets were flat, and were
stayed throughout by screw stays. The
grate was composed of water tubes and two
longitudinal solid bars, which could be
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dropped when cleaning the fire. A generally
similar arrangement was used on the other
classes of standard locomotives.
Disregarding certain Baldwin locomotives
of the American type built in 1867, which
were subsequently assigned to Classes A
(D1) and C (D3) because of their similarity
to those classes, the first standard locomo-
tive to be built by The Baldwin Locomotive

Works was a Class D (G1) freight engine,

were doing on the Pennsylvania Railroad.

The Class C locomotives were used in
passenger service more extensively than any
others, and the long non-stop runs noted in
the before mentioned table were made pos-
sible by the use of track tanks, from which
water could be picked up by scoops on the
tenders. Experiments with this system of
taking water were first made in 1870, and
three years later the tanks were placed in

Cylinders
Drivers, diam.
Steam pressure

Heating surface

Weight on drivers
Weight, tota
Tractive force

Ten-wheeled Locomotive, Class D (G1), built at Altoona, 1871

completed in July, 1868. It bore the road
number 154 and the builder’s construction
number 1744, and was the first of 255 Bald-
win locomotives of this class, which were
built on several orders during the years
1868-1873, and placed in service on the
Pennsylvania and its controlled lines.
The first of the Class I (H1) locomotives
were built at the Altoona Shops in 1875, but
. in the latter part of the same year an order
for 14 was placed with The Baldwin Loco-
motive Works. One of these, bearing the

Cylinders 18" x 22
Drivers, diam, 507
Steam pressure 125 Ib.
Grate area 16.3 sq. ft.
Heating surface 1,096 sq. it.
Weight on drivers 62,100 Ib.

total engine 84,800 Ib.
Tractive force 15,150 b,

regular service. It was through their use
that it was possible to run the famous
Jarrett and Palmer special theatrical train
from Jersey City to Pittsburgh, on June 1,
1876, without a stop. The distance covered
was 438.5 miles, and the train, which was
hauled by Class C (D3) engine 573, made
the run in 10 hours 5 minutes, at an average
speed of 43.5 miles per hour.

As indicating the extent to which the
standard locomotives were in use at this
time, it is interesting to note that, in 1876,

Ten-wheeled Locomotive, Class E (G2), built at Altoona, 1872

road number 369, together with a Class C
(D3) passenger locomotive, road number 44,
were included in the Baldwin exhibit at the
Centennial International Exhibition, held in
Philadelphia in 1876. The Baldwin Exhi-
bition Catalogue contained interesting par-
ticulars, presented on the following page,
regarding the work that these locomo-
tives, and also Classes D (G1) and E (G2),

56.6 per cent of the motive power on the
entire System consisted of such locomotives,
while on the Pennsylvania Railroad Divi-
sion the percentage was 68.2.

In connection with these early standard
locomotives, reference should be made to
the use of the Westinghouse air brake. The
first tests with this brake, which had been
patented by the late George Westinghouse,
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Statement showing Rate of Speed, Number of Stops Made, Kind of Cars, and Average Weight
of Five of the Express Trains on Pennsylvania Railroad Division

| L= g —— | Average Weight

3 = 5| of Train in Net

£ & 2| Tons, exclusive

SCHEDULE BETWERN g|a | 3 &
’ £ 28 | 3 z

0 E 2| Empty | Max.

B & A e

xpress. i +.o..| Pittsbury Altoona | 117 mone [1/2]1 112

Day Ex; Altoona & Harrisburg | 132 1 10211 112
Day Express. . Harrisburg & Philada. | 105 none | 1[2 |41 112
Limited Mail . Philada. & Harrisburg | 105 1 11211 11 171
Limited Mail Harrisburg & Altoona ‘ 132 none ‘ 121 111 171
Limited Mail Altoona & Pittsburgh | 117 none | 121 11 171
Fast Line East Pittsburgh & Altoona | 117 none | 2 | 4 1 11 253
Fast Line East. Altoona & Harrisburg | 132 none |25 201 111 336
Fast Line East. Harrisburg & Philada. | 105 none | 2|5 201 11 336
s West Philada. & Harrisburg | 105 2 2|4 1|5 319

Harrisburg & Altoona | 132 11 3[4 1(4 318

Altoona & Pittsburgh | 117 14 3(3 14 288

hilada. & Harrisburg | 105 1 2 |1’ 1(1]1 276

press. Harrisburg & Altoona | 132 none | 2|5 111 276

Cincinnati Expre toona & Pittsburgh | 117 none | 2|5 O[5 276

Statement showing Run of Engines, Character of and Maximum Grades, Average Train Hauled,
and Pounds of Coal Consumed per Engine Mile by Class C Engines
on Pennsylvania Railroad Division

Masimum

RUN OF ENGIN BETWEEN Character of

Grades
Day Express & Limited Mail....._| Philada. & Harrisburg | Undulating
Cin. Express & Fast Line ... Philada. & urg Undulating

- & Hari
Philada. & Harrisbur
Harrisburg & Altoona
Harrisburg & Altoona | Ascending West
Altoona & Pittsburgh Undulating
Altoona & Pittsburgh | Undulating

Atlantic Express & Fast Line .
Day and Cin. Express, .

Fast Line, East and West .
Cin. Express and Fast Line
Day Express & Limited Mail

Undulating
Ascending West

On the 95 ft. grade between Altoona and Pittsburgh the C locomotives always had one helper, and some-
times two, on the above trains. On the 52 ft. grade coming East, fast Express Trains had one helper if seven
or more cars.  Atlantic Express made schedule time (25 miles per hour) with cight cars.

Number of Loaded Cars and Total Weight of Train Hauled by Standard Class I, E, and D
Locomotives over given grades on Pennsylania Railroad, Philadelphia and Erie and
Susquehanna Divisions, and Average Pounds of Coal per Car per Mile

.| 15 Miles per hour 15 Miles per hour

< %

g | 58 |8 i

BETWEEN 5 S| 2 25 REMARKS

2 2o | B 23

] 3|3 22

o g latE 23

Net Tons

Philada. & Columbia L. 35 40 30 630 49 4.2 I Engines haul 40 cars East 10
Philada. & Columbia E. 24 40 20 420 49 4.9 miles per hour.
Philada. & Columbia D. 22 40 18 378 49 5.2
Columbia & Harrisburg 70 65 1365 17 2.7 - o
Columbia & Harrisburg | E. | 55 1| 20 | a7 | i3ip | (Shortigrade of 50 ft. East and
Columbia & Harrisburg D. 48 45 945 17 3.4 % .
Erie & Langdon’s 1. 24 71
Erie & Langdon's D. | 15 1 .
Kenovo & Jersey Shore | I | 80 Grade of 26 ft. for 4 miles, re-
Renovo & Jersey Shore D. | 45 e P s y
Susquehanna Division X 85 ines very often haul this
Susquehanna Division D. 55 at rate of 25 miles per hr.

The records show that on at least one occasion, a Class I locomotive on the Susquehanna Division hauled
as many as 110 loaded cars into Harrisburg. ~ These locomotives developed a maximum tractive force of 20,-
400 pounds, and were, at that time, among the most powerful freight haulers in service in this country.
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One of the first Trains to be equipped with

Air Brakes. The

¥ house Air Brake Co.
a Class A (D1, built at Altoona in 1869,

as the third Pennsylvania Engine fitted with Air Brake Equipment

were made on the Pennsylvania September
18, 1869. It was definitely adopted by the
road in 1870, and the first new cars to be
equipped with it were built in May of that
vear. These early brakes used straight air,
the automatic feature having not yet been
developed. The first automatic brakes used
by the Pennsylvania were supplied by the
Westinghouse Air Brake Company in Oc-
tober, 1875. This type of brake was adopted
by the road as standard in 1878, and the
first new cars to be equipped with it were a
number of postal cars built at Altoona in
May of that year.

Although the Class I (H1) locomotives
were the first road engines of the Consolida-
tion type to be constructed at Altoona, they
were not the first of that type to be placed
in service on the Pennsylvania System. In
1870, three Baldwin Consolidations, with
20 x 24-inch cylinders and driving wheels
4914 inches in diameter, were built for the
Philadelphia and Erie Division; and in 1873,
nine additional loco-
motives of generally
similar dimensions
were ordered for the
Northern Central
Railway. As built,
these locomotives
were lettered in ac-
cordance with Penn-
sylvania standards,
and bore the road
numbers 950 to 953
inclusive, and 1146 to
1150 inclusive. They

Cylinders 20" x 24"
Drivers, diam. 497

had wagon-top boilers 50 inches in diameter
at the front end, with shells of iron and inside
fireboxes of :tccl and were equipped with
water tube grates and variable exhaust noz-
zles. The accompanying illustration of loco-
motive number 950 represents the design.
The earlier classes of standard locomo-
tives were designed during the administration
of A.J.Cassatt, who served as Superintendent
of Motive Power and Machinery from No-
vember 16, 1867, to April 1, 1870. The de-
signs were prcpared by John B. Collin, who
held the position of Mechanical Engineer
from 1866 to 1886. Mr. Cassatt was fol-
lowed successively by Isaac Dripps, George
Clinton Gardner, and Frank Thomson, each
serving short terms. Succeeding them was
Theodore N. Ely, who was appointed Super-
intendent of Motive Power of the Pennsyl-
vania Railroad and the Unitcd Railroads of
New Jersey on July 1, 1874. In 1882,
Mr. Ely’s jurisdiction was extended to cover
all the lines East of Pittsburgh; a position

Consolidation Type Locomotive, built by The Baldwin Locomotive Works, 1873

Grate area
Heating surface

Weight on drivers, about 87,000 1b.
Weight, total engine, about 96,000 Ib.




which he held until 1893, his headquarters
being at Altoona. From the latter date until
his retirement on July 1, 1911, he served as
Chief of Motive Power of the lines East and
West, with office at Philadelphia. During
the period of Mr. Ely’s administration at
Altoona, the requirements of a constantly in-
creasing passenger and freight traffic were
met by larger locomotives of the American
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ants of the highest ability, who worked with
their chief in raising the department to the
high plane which it has since occupied.

In 1880, in order to meet the increasingly
difficult requirements of the fast passenger
service on the New York Division, work
was started at Altoona on a new design of
American type locomotive, known as Class
K (D6), which represented a marked in-

Cylinders 15 x 18"
Dri i 447
125 1b.

10.7 sq. ft.

Heating surface 713 sq. ft.
Weight, total engine 71,300 Ib.
Tractive force 9,780 1b.

Six-coupled Switching Locomotive, Class F (B1), built at Altoona, 1869

and Consolidation types, which were built in
preference to new types. These locomotives,
however, not only showed increased size and
power, but also an improved efficiency, ac-
companied by a refinement of detail and sym-
metry of outline. which exerted a marked
influence upon locomotive design throughout
the country. The old rule of thumb methods

125 1b.
13.2sq. ft.
856 sq. ft.
64,700 1b.
11,950 Ib.

Tractive force

crease in capacity over any passenger loco-
motives previously built for the Pennsyl-
vania. The first of these locomotives,
bearing the road number 10, was placed in
service March 25, 1881, and followed
by seventeen others, the last of which were
built in 1883. These locomotives had 18 x 24-
inch cylinders and driving wheels of the

Six-coupled Switching Locomotive, Class H (B2), built at Altoona, 1873

formerly so much in vogue, were discarded;
and designs and specifications were prepared,
and tests were conducted, on a strictly scien-
tific basis. As a result, the motive power de-
partment of the Pennsylvania no longer
existed merely as a shop adjunct, but as-
sumed an importance of the first rank in
the organization of the railroad. Mr. Ely,
throughout his term of service, selected assist-

large diameter (for that period) of 78 inches,
and carried a steam pressure of 140 pounds,
as against 125 pounds carried by the
previous standard locomotives. They were
equipped for burning anthracite fuel, and
had wagon-top boilers with long fireboxes
placed entirely above the engine frames.
The grate was composed of water tubes and
drop-bars, and had an area of 34.7 square



PENNSYLVANIA RAILROAD SYSTEM 3

b1

American Type Locomotive, C

Cylinders 18"
Drivers, diam. 201
Boiler, inside diam. /i 107104
Steam pr 140 1h. 347 sq. ft.
Firebox 103 x 41547 0 sq. it.

feet. The earlier locomotives of this type,
as shown in the accompanying illustration
of engine 317, had short smokeboxes and hori-
zontal frame rails between the drivers. On
those subsequently built, and represented by
engine 1066, illustrated on this page, an e
tension front was used and the top frame rail
and firebox mud-ring were inclined, thus
giving room for a deeper firebox throat.

The machinery and running gear details
of these locomotives represented most care-
ful designing, and included a number of
features which were, at that time, of special
interest. In order to easily handle a loco-
motive having unbalanced slide valves and
carrying a steam pressure of 140 pounds, a
power reverse gear was applied. This device,
which was bolted to the right hand side of
the boiler immediately in front of the cab,
consisted of two horizontal cylinders whose
pistons were mounted on the same rod. This
rod was connected, at its middle point, to a
rocking lever whose lower end was pinned
to the reach rod. The forward cylinder was
arranged to receive steam at either end, ac-
cording to the direction in which the gear
was to be shifted; while the rear cylinder

The illustration <lm\\~ one
of the h\cﬂ C

smokebox and sloping fire-
box mud-ring. The Class K
locomotives  were  subse-
quently rebuilt with either
68" or 72" drivers, and placed
in local passenger service.

Weight, total engine 96,700 Ib.

i tender
477107 Tank capac
61,900 I, bl

tender
Weight on drivers

Tr: force 11,860 1.

was filled with oil, and functioned as a lock-
ing device for holding the gear in any desired
position. The mechanism was controlled by
a hand lever placed in the cab, and was so
arranged that, when steam was admitted to
shift the gear, a valve was opened to permit
free communication between the two ends
of the oil cylinder. This device proved re-
liable in service, but when balanced slide
valves were subsequently adopted it was
abandoned as being no longer necessary.

The Class K (D6) locomotives were fitted
with two-bar guides and alligator type cros
heads, instead of the four-bar design of
guide used on previous passenger locomo-
tives. The main rods were of rectangular
section, with forked end stubs at the rear,
while the side rods were of I-section with solid
end stubs. As it was impossible, on account
of the width of the firebox, to place the springs
above the driving boxes, they were under-
hung, and were cmme(tcd by equalizers on
each side. This arrangement worked out
very satisfactorily, and was applied to all
American type locomotl\ es subsequently
built with fireboxes above the frames.

The Class K (D6) locomotives had each

American Type Locomotive, Class K (D6), built at Altoona, 1883
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Ploto furnisked by C. B. Chaney
American Type Locomotive, Class K (D6a). as rebuilt with 72" Drivers and used in Local

nger Ser

two sandboxes, placed under the running
boards and inside the wheel covers; and the
dome casing was hemispherical on top,
without beadings or fancy mouldings. Asa
result these locomotives were, for that day,
very plain in outline, but won much favor-
able comment because of their symmetry and
unusually neat appearance.

These locomotives did excellent work in
high speed service on the New York Divi-
sion. The fastest schedule then in effect al-
lowed one hour fifty minutes for the 8815
miles between Jersey City and West Phila-
delphia, representing an average speed of
48.3 miles per hour, with three intermediate
stops. A typical train was made up of five
cars, and weighed about 130 tons. The
running time today is practically the same,
but the train loads average 600 to 800 tons,
and trains exceeding 1000 tons in weight
are sometimes handled on fast schedules.
The heaviest locomotives now used in this
service weigh over three times as much as

12,150 1b.

Tractive force

those used in 1881, and de-
velop a maximum tractive
force of 44,460 pounds, as
against 11,860 pounds for
Class K (D6).

An important step in the
development of the Penn-
sylvania System was taken
in 1881, with the purchase of
the Philadelphia, Wilming-
ton and Baltimore Railroad.
This line, in connection with
the New York Division and
the Baltimore and Potomac
Railroad, gave the Pennsyl-
vania a direct route, over its
own tracks, between New
York and Washington. The Philadelphia,
Wilmington and Baltimore Railroad had in
service a large number of Baldwin locomo-
tives; and engine 56, illustrated on page™43,
represented the class of power used by the
road, at that time, for fast passenger service.
Thcsc loLomotl\Ls were, in course of time,
replaced by locomotives built in accordance
with Pennsylvania standards.

During the years 1881 and 1882, 31 loco-
motives designated as Class BA (D2a) were
built at Altoona and placed in express pas-
senger service. The design was based on
that of Class B (D2), but had driving
wheels 68 inches in diameter, as used on
Class A (D1). As shown by the illustration
of engine 138 on this page, these locomotives
had extended smokebo\cs, but were other-
wise very similar in appearance to Class

The success of the Class K (D6) locomo-
tives led to the designing along similar lines,
in 1882, of a locomotive with 17 x 24-inch
cylinders and driving wheels 68 inches in

American Type Locomotive, Class BA (D2a), built at Altoona, 1881
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Representative Baldwin Locomotives Built for the Philadelphia, Wilmington
& Baltimore R. R. and the Camden and Atlantic R. R.

Cylinders 16" x 24"
Drivers, diam. 60"
Weight, total 62,000 1b.

Boiler, Dimpfel type, with water
tubes extending from the firchox crown
through a large central fluc, to a water
space at the forward end of the barrel

American Type Locomotive, Philadelphia, Wilmington & Baltimore R. R., 1862

177 x 22"

66"

Weight on di 45,000 1b.
Weight, total engine 70,000 b,

Boiler, straight top, 51" in diameter,
with two steam dome

A typical fast pass
of the period.

nger locomotive

American Type Locomotive, Camden & Atlantic R. R., 1871

American Type Locomotive, Philadelphia, Wilmington & Baltimore R. R., 1875

Cylinders 177 x 24 Grate area 17.1 sq. It Weight on drivers 48,700 Ib.
Drivers, diam, 6714 Heating surface 1,107 sq: ft. Weight, total engine 75,700 Ib.
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diameter, known as Class A anthracite (D7).
This class was represented by engine 953,
illustrated below. In this year a heavy
design of six-wheeled sw. itcher with separate
tender, known as Class M (B3) was intro-
duced. The most interesting feature of this
design was the boiler, which was of the
“Altoona’ type with sloping firebox roof
sheet, as used on the Class I (H1) Consoli-
dation type locomotive

To meet the increasingly difficult require-

The Class P (D11a) locomotives had 1814
x 24-inch cylinders and driving wheels 68
inches in diameter, and were designed for
heavy express passenger service on the New
York and other divisions where hard coal
was used as fuel. Their success in this service
led to their subsequent adoption on other
divisions where bituminous coal was used,
and they proved an exceedingly satisfactory
locomotive for all-around passenger service
and also, to a lesser extent, for fast freight

Cylinders 177 x 247
Drivers, dia o
Steam pressure 140 1b.
Grate area 347 sq. ft.
Heating surface 1,280 sq. ft.
Weight on drivers 64,000 1b.
Weight, total engine 93,500 Ib.
Tractive force 12,140 1.

“This design was also built with

62" drivers (Class D7a).

American Type Locomotive, Class A anthracite (D7), built at Altoona, 1852

ments of passenger service, three new de-
signs of American type locomotives were in-
troduced in 1883. These were Class N (D8),
built to replace the old Class C(D3); Class O
(D8a), built to replace Class B (D2), and
Class P (D11a), a hard coal burner heavier
and more powerful than any passenger loco-
motives previously placed on the road.
Classes N and O had the same size cylinders
and driving wheels as the locomotives they
were designed to replace, the only increase
in haulmb capacity being that due to an
increase in steam pressure from 125 to 130

Cylindes
Dr

urface
Weight, total engine
Tractive force

91,700 1b.
18,410 1b,

service. In general design they were closely
similar to Class K (D6), but with larger
cylinders and smaller wheels they developed
21 per cent greater tractive force. With an
increase in total weight of only about four
per cent, there was an increase in heating
surface of nearly 25 per cent, which gave
Class P a material advantage in steaming
capacity as compared with Class

In 1883, the Camden and Atlantic Rail-
road, whose main line extended from Cam-
den, New Jersey, to Atlantic City, passed
under the control of the Pennsylvania. This

Six-coupled Switching Locomotive, Class M (B3), built at Altoona, 1883

pounds. The grate area remained the same,
but the heating surface was increased 28
per cent and the total weight about 15 per
cent. These locomotives were characterized
by the same plain outline and absence of
decoration found in Class K (D6) built two
vears previously.

line, in conjunction with the West Jersey
Railroad, control of which had been ac-
quired in 1871, gave the Pennsylvania e
cellent facilities for handling the heavy sea-
shore traffic to southern New Jersey Coast
resorts. The acquisition of these lines is
worthy of notice, because of the influence
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Weight, total engine
Tractive force
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American Type Locomotive, Class O (DSa). built at Altoona, 1853. Class N (D) was similar, but with

which their traffic requirements exerted on
the futurc development of the Pennsyl-
vania's motive power.

A representative passenger locomotive, as
used on the Camden and Atlantic during
the seventies, is illustrated on page 37.

In the meantime, the Class I (H1) loco-
motives continued to be the standard for
heavy freight service, and during the years

cylinders 177 in diaméter

teresting feature of the design. It was the
first of the Belpaire pattern to be used on
the Pennsylvania Railroad, and established
a type which, with comparatively few ex-
ceptions, has been applied to all locomotives
subsequently designed by the road. As used

n Class R, it had a straight top barrel, with
the dome immediately ahead of the firebox.
The roof and crown sheets were horizontal,

18147 x 247
68"

140 1b.

"67,500 b,

100,600 1b.
Tractive force 14,370 1b.
This design was also built

with 62" drivers (C

D11).

American Type Locomotive, Class P (D11a), built at Altoona, 1883

1882 and 1883 The Baldwin Locomotive
Works built 56 locomotives of this class
These engines were fitted with extended
smokebox and straight stacks. With a
constantly increasing traffic, however, the
time soon arrived when locomotives of in-
creased hauling and stcdming capacity were
required, and accordingly in 1885, the first
of a no\\' design of (onsoh(htmn known as
R (H3) were built at \]luund The
C\llll(h‘l\ and driving wheels of these loco-
motives were of the

same dimensions ¢
those of Class I, but by
increasing the steam
pressure from 125 to 140
pounds the tractive
force was increased 12
per cent. As in the case
of the earlier Consoli-
dations, the boiler of
Class R was, in many
respects, the most in- Gonsolidation Type Locomoti

and perfectly flat transversely; and the fire-
box was placed above the frames, as in the
heavy hard coal burning passenger locomo-
tives then in service. A grate of the rocking
type was used, instead of the water grates
applied to the earlier Consolidation:

The Class R locomotives proved highly suc-
cessful and were built in large numbers, and
widely distributed over the System. The
steam pressure was subsequently increased
to 150 pounds, and a number of minor

» Clasa L. buitcac Altgona in 1881, with extended Smokebos, straight

'k, and Air Brake Equipm
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Cylinders 20"x24”  Tubes, diam. 23"
Drivers, diam. 507 * number 83
Boler, inside diam. 507 “ length

Steam pressure 1401b.  Grate area

Firebox 107" x 42"  Heating surface

changes made after an extended experience
with thc locomotives as originally designed.

The Baldwin Locomotive Works, during
the years 1888-1890, built 111 Class R loco-
motives for the Pennsylvania System, some
of which were assigned to the Northern
Central and some to the Pittsburgh, Cin-
cinnati and St. Louis. These were followed,
in 1891, by five more which were experi-
mentally fitted with Vauclain compound
cylinders; and in 1892, 45 more were built,
with single expansion cylinders.

The various groups of Class R locomotives
differed slightly in appearance, but the gen-
eralfeaturesof thisinteresting classare clearly
shown in the accompanying illustration of
engine 437, which was one of the first built.

In 1885, in addition to Class R, there was
brought out a new design of four-coupled
switching locomotive known as Class Q
(A2). These locomotives were intended for
service in certain sections of Philadelphia,
where curves were so sharp as to prohibit
the use of six-coupled locomotives.

On March 1, 1887, Axel S. Vogt was
appointed Mechanical Engineer at Altoona,

Class R(H3), built at Altoona, 1886

Wheel base, driving 13107 Weight, total engine 114,620 Ib.
total engine 219" W T gy
i tender 190,000 Ib.
sorgr  Tankcapacity 3,600 U.

Weight on drivers 100,500 I, Fuel
Tractive force

succeeding John W. Cloud, who had filled
the position since the death of Mr. Collin
on March 20, 1886. Mr. Vogt served in
this capacity for more than 30 years, during
which time he did most valuable work in
improving motive power efficiency and re-
fining the design of locomotive details.
During the month of May, 1887, a pas-
senger locomotive on the Philadelphia, Wil-
mington and Baltimore Railroad was oper-
ated on a special schedule with a view to
establishing a mileage record. The locomo-
tive made two round trips daily between
Philadelphia and Washington, the total
mileage covered during the 31 days being
17,360. Another experiment of unusual
interest, conducted during the year 1887,
was made with a locomotive which was
equipped for burning petroleum. This ex-
periment was carried out on the Pittsburgh
Division, under the supervision of Dr
Charles B. Dudley, Chief Chemist; and
proved conclusively that the use of this fuel
in locomotives was entirely practicable, and
that one pound of oil was equivalent in heat-
ing value to 134 pounds of coal. The relative

Cylinder; 157 x 247
50"
Steam pressure 125 b,

Grate area
Heating surface
Weight, total engine
Tractive force

Four-coupled Switching Locomotive, Class Q (A2), buiit at Altoona, 1885
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Cylinders, H. P. (2) 147 524"
30" x 24

Steam pressure 175 1.
Grate area 205 sq. ft.
Heating surface 1457 sa. ft.
Wei ivers 60,770 1b.

ne 99,350 Ib.
Tractive force (compound) 16,400 Ib.

Webb 3-Cylinder Compo:nd Locomotive, built by Beyer, Peacock and Co. for experimental
purposes,

costs of coal and oil when burned as loco-
motive fuel in the eastern section of the
country, however, were such that the ex-
tensive use of oil was prohibitive; but Dr.
Dudley’s experiments were of great value in
establishing heating ratios for the two
classes of fuels, and in demonstrating the
fact that oil could be safely and efficiently
burned in a locomotive boiler.

In 1888 a three-cylinder compound loco-
motive, of the type used by the London and
Northwestern Railway of England, for ex-
press passenger service, was purchased by
the Pennsylvania for experimental purposes.
This locomotive was built by Messrs. Beyer,
Peacock and Co., and the system of com-
pounding employed was that introduced by
F. W. Webb, Locomotive Superintendent

Cylinders
Drivers, diam.
Steam pressure

Grate area SR
Heating surface 1296 sq. ft. U
Weight on drivers 66.000 1b. SERNEXLYANIA
* total engine 105.0001b. 58
Tractive force 17,060 Ib.

o = 5 1 ¥
Originally equipped with straight

stack having cast iron top, and
two sand boxes under wheel covers.

Phot
American Type Locomotive, Class O (D10a), built at Altoona, Tt

of the London and Northwestern. The wheel
arrangement of the locomotive was 2-4-0,
and the two pairs of drivers were inde-
pendently rotated, no coupling rods being
used. There were two high-pressure cylin-
ders, placed outside, with their pistons con-
nected to the rear drivers, and a single low-
pressure cylinder, which was placed on the
center line of the locomotive and rotated

Cylinders 18" x 24"
Drivers, di 68"
Steam pressure 160 Ib.
Grate area 17.3 sq. ft.
Heating suri: 1,296 sa. ft.
66,900 Ib.
103

Weight, total engine
Tractive force

“This locomotive was finished and equipped
for special service. The standard equipment
is shown in the illustration of engine 568 on
page33.27

the forward “pair of drivers through a
cranked axle. This locomotive was tried out
in various classes of passenger service, but
while it represented very superior workman-
ship, it was of insufficient capacity for the
work to be done. It was finally cut up in
1898. The illustration on this page shows the
locomotive as equipped with a pilot, but
before the English cab had been removed

American Type Locomotive, Class O (D10), built at Altoona, 1891
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and one of American design substituted.

In 1889, the designs of two American type
passenger locomotives, Classes O (D8a), and
P (DlLl) were revised, and Belpaire boilers
carrying a pressure of 160 pounds were sub-
stituted for the crown bar boilers carrying
lower pressures which had been former]}
used in these classes. The boiler diameter in
cach case was 34 inches, but this was sub-
ently increased to 57 inches, and the
ng pressure of Class P was rdl:.c(l to
175 pounds. The illustrations on page Y
and below, show these revised designs. The
new Class O locomotives handled much of
the fast passenger traffic on the Middle Divi-
sion, which had a river grade throughout

POWER DEVELOPMENT

data were obtained from their performance.

Of the Baldwin and Schenectady locomo-
tives, one from each builder was of the
American type and one of the ten-wheeled
type. Both Baldwin locomotives had Vau-
clain compound cylinders. The Schenectady
cight-wheeler had single expansion cylinders,
while the ten-wheeler was of the cros m-
pound (two cylinder) type. The locomotive
built at Altoona, which was designated as
Class T (D15), was also a cross-compound,
ned on the Lindner System, and having
the 4-4-0 (American type) wheel arrange-
ment. This locomotive presented an unusual
appearance, chiefly because of its low
running boards, with wheel covers over

&

Cylinders

Firebox

This gene

practically its entire length; while Class P
was used on the Philadelphia and Pittsburgh
Divisions, where the grades were more se-
vere, and also on the New York Division
and the Seashore lines, where the work was
difficult on account of heavy trains and high
schedule speeds. In fact it was becoming
evident that, especially on the New York
Division, th traffic requirements would
soon outgrow the capacity of the Class P
l()((m]()ll\ es. With a view, therefore, of de-
signing power especially fitted to meet these
conditions, two heavy passenger locomotives
were purchased from The Baldwin Locomo-
tive Works for experimental purposes in 1892,
and two from the Schenectady Locomotive
Wor while a fifth engine, of rather excep-
tional design, was built at the Altoona Slmpb
These locomotives were tried out on vari-
ous divisions of the System, and valuable

e, driving 7o

total engine 22’ 814"
e g

48 7157
79,500 Ib,

Tractive force 179 Ib.

1 design was also built with drivers 62" in diameter.

the drivers, which were strongly suggestive
of British practice. It was the original in-
tention to equip the boiler for burning fuel
oil, but this was never actually done, the
fud used being bituminous coal.

The performance of these experimental
locomotives was carefully studied and the
results obtained were valuable, but none of
the designs was duplicated. The Baldwin
and Schenectady 4-4-0 type locomotives re-
mained in service until 1911, while the others
were retired at earlier dates.

In 1891, the design of the Class M (B3)
switching locomotives was thoroughly re-
vised, and a boiler of the Belpaire type.
carrying a steam pressure of 160 pounds, w:
dpphed The new Class M (B4) design w:
revised in 1893, by m(redsmq the size of the
firebox; and locomotives of this class, sub-
sequently designated as B4a, continued to be
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Cylinders

137 & 227 x 247

38.5 sq. ft.
1,696 sq. ft.

Tractive force (compound)

12,900 1b.

Experimental American

builtuntil 1904. Ascompared with theoriginal
Class M (B3) locomotives, Class B4a rep-
resented an increase in total weight of 18
per cent and in tractive force of 28 per cent.

In this connection reference should be
made to the completion, during 1892, of the
Juniata Shops just east of Altoona, which were
specially designed and equipped for building
new motive power. This plant had capacity

Experimental Ten-wheeled Locomotive with Vauclain Com
aldwin Locomotive Works, 1892

for turning out 150 locomotives per year,
and represented at that time the last word
in shop construction. Electric and hydraulic
power were extens vely used, and the labor-
saving equipment was most complete. The
majority of the locomotives built at Altoona
subsequent to 1892 have been constructed in
this plant.

In 1893, six Class P locomotives of modi-

Cylinders 1914 & 317 x 28"

Steam pressure
Grate area
Heating surface
Weight on drivers

total engine
Tractive force (starting)

1.824 sa. n.
95,200 1.

'ype Locomotive with Vauclain Compound Cylinders, built by
The Baldwin Locomotive Works, 1892

fied design (D14) were built at Altoona,
threeforservice on the New York Division and
three on the Maryland Division. One of the
former, No. 1659, is illustrated on page 45.
These locomotives were closely similar to
the previous design of this class, represented
by engine 1639, the most important change
being an increase in wheel diameter from 68
to 78 inches. With no change in cylinder di-

147 & 24 x 24"
72"

180 1b.
28.3 sq. ft.
35 sq. ft.
101,300 1b.
132,000 Ib.
16,500 Ib.

e
Tractive force (compound)

mpound Cylinders, built by The

mensions or boiler pressure, this resulted in
a corresponding decrease in starting tractive
force; but the larger wheels gave the new
locomoti a distinct advantage in high
speed service. As compared with the older
Class P locomotives, a change was made in
the appearance of the new design by placing
the sandbox on top of the boiler, instead of
using two sandboxes under the wheel covers.

Compound American Type Locomotive, Class T (D15), built at Altoona, 1892
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197 x 24

78"

Steam pressure 180 1b.
Grate area 262 sa. ft.
Heating surface 1,816 sq. ft.
R 81,500 Ih.
126,700 Ib.

17,000 1.

Experimental American Type Locomotive, built by the American Locomotive Company

(Schencctady Locomotive Works), 1892

With their large drivers and neat outline,
these locomotives presented an unusually
handsome appearance and became the sub.
ject of considerable comment.

Experience with the 1893 design con-
vinced the Motive Power Department that
further improvement could be made without
a-material increase in dimensions, and ac-

Cylinders
Drivers, diam.
Steam pressure
Grate area 2.
Heating surface

Weight on drivers

207 & 307 x 247
T4

180 1b.

143,000 1b.

Tractive force (compound) 15,000 1b.

c

the reciprocating parts. The pistons were
steel castings of dished section, and the
cross-heads were of the same material, ar-
ranged for a modified form of four-bar guide,
in which the two upper bars were replaced
by a broad cast iron shoe, having a longi-
tudinal strengthening rib in the center.
The valve gear was redesigned, and the

by the American Locomotive

cordingly, in 1894, the Class P design was
again thoroughly revised. The boiler dimen-
sions of the 1893 (D14) locomotives were
retained as being sufficient for the service
requirements, but the cylinder diameter was
increased from 1814 to 19 inches, and a
careful study was made of the machinery
for the purpose of reducing the weight of

d T L built
Company (Schenectady Locomotive Works), 1892

valve travel and steam lap increased from
5% inches and 1 inch to 6 inches and 11§
inches respectively. At the same time, by
increasing the thickness of the tires from
3 to 4 inches, the driving wheel diameter was
increased from 78 to 80 inches. The standard
Pennsylvania straight stack, with planished
iron body and cast iron top, was replaced by

Cylinders
Drivers, diam.
Steam pressure
Grate area

Heating surface
Weight, total engine
Tractive force

23,570 Ib.

Six-coupled Switching Locomotive, Class M (B4a), built at Altoona, 1902
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Four-coupled Switching Locomaotive, Class Q (A2a),

built at
Altoona, 1892

Cylinders 15 x 24 70,000 1b.

Drivers, diam, 507 11,475 1b,

a cast iron tapered stack, 134 inches in
diameter at the choke; and a round case
head-light was mounted at the top of the
smokebox front. After a thorough trial in
service, however, the old time standard
stack was substituted for the tapered de-
sign, and the round case headlight was re-
moved and one of conventional design, with

Cylinders
Drivers, diam.
Steam pressure
Grate area
Heating surface
Weight on drivers
* total engine
Tractive force

1834 x 24
78"

Subsequently rebuilt with
68" drivers for local srvice,

VANIA RAILROAD SYSTEM

45

Railroad (Maryland Division), and a new
design of American type locomotive, desig-
nated as Class L, subsequently D16, with
several modifications, was built at Altoona
in 1895 and for some vears following. These
locomotives were designed under the super-
vision of Mr. F. D. Casanave, who served
as General Superintendent of Motive Power
of the Lines East from March 1, 1893, to
October 1, 1901. They were the result of a
most thorough study of the service require-
ments, and were designed to develop maxi-
mum efficiency and capacity within the
weight limits then permitted. The cylinder
diameter (1814 inches) was the same as that
of the earlier Class P locomotives, but the
stroke was increased to 26 inches and the
steam pressure to 185 pounds. The locomo-
tives for service on heavy grade divisions
were built with 68-inch driving wheels
(Class D16), while those for high speed

American Type Locomotive, Class P (D14), built at Altoona, 1593

rectangular case, was placed on top of the
smokebox. An illustration on page 46 shows
one of the locomotives as thus equipped.
These engines, according to the revised
classification, were designated as D14a.
After these locomotives had been used for
some months on the New York Division
they were renumbered and assigned to the
Philadelphia, Wilmington and Baltimore

American Type Locomotive, Class P (D14a), built at Al

work on comparatively level divisions had
drivers 80.inches in diameter (Class D16a).
The pistons and cross-heads were generally
similar to those used on the Class P (D14a)
locomotives with 80-inch drivers, but on
Classes D16 and D16a a box-shaped guide,
as originated by Mr. Vogt, was used. This
guide was open at the bottom and was made
in two picces, held together on the longi-

Cylinders
Drivers, diam.
Steam pressure
Grate area
Heating surface 1
Weight on drivers
“ total engine
Tractive force

19% % 24

175 Ib.
3.2 5q. ft.
ft.

16,110 Ib.

Subsequently rebuilt with 68"
drivers for local service.

Photo furnished by C. B. Chaney
oona, 1894



Photo furnished by C. B. Chaney

American Type Locomotive, Class P (D14a), with Straight Stack and Square Case Head-Light,

as used on Maryland Division

tudinal center line by six horizontal bolts.
The cross-head was a one-piece steel casting,
made as light as possible, with a top bearing
19 inches long by 10 inches wide. As com-
pared with the earlier Class P locomotives
having cylinders 184 inches in diameter,

Cylinders 1814 x 26"
Drivers, diam.
Steam pressure
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The boilers of Classes D16
and D16a were of the
Belpaire type, with a conical
ring forming the front half
of the barrel and increasing
the shell diameter from 60
inches at the smokebox to
68 inches at the dome ring.
These boilers were built with
ntal crown and roof
but the design was
quently modified by
sloping the crown and roof
toward the rear at a moder-
ate angle. The throat and
back head were vertical. All
water spaces were of liberal
width, and the boiler details were very care-
fully worked out. As compared with the
Class D14a locomotives, the increase in
heating surface amounted to 20 per cent,
while the grate area remained about the
same.

3
1,005 sq. it

Weight on driv 93,100 1h.
" total engine 134,500 Ib.
Tractive force 17,500 1b.

American Type Locomotive, Class L (D16a), built at Altoona, 1895

the weights of the reciprocating parts were
as follows:
Main Rod ~_ Total
Piston  Cross- Recipro-  Recipro-

& Rod cating  cating
310 174 1444 628%
200% 146 121 53615

This showed remarkable progress in the
important work of lightening the recipro-
cating parts.

The locomotives with sloping crown and
roof sheets and 68-inch drivers were desig-
nated as Class D16b, while those with
80-inch drivers were built in two groups,
which differed in minor details, and were
designated as Classes D16c and D16d re-
spectively. With the smaller wheel, the
maximum tractive force developed was
20,580 pounds, and with the larger wheel,
17,500 pounds. All the locomotives of this

Cylinders 1814 x 26"
Drivers, diam.

cam pre:
ate area

ing surface
Weight on drivers

total engine
Tractive force

20,580 Ib.

American Type Locomotive, Class D16b, built at Altoona, 1901
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general design did excellent work and were
widely distributed over the System, showing
a high (legree of efficiency and proving very
reliable in operation. One of them, No. 816,
a Class D16a locomotive built in November,
1893, was in service on the Middle Division
for three years and four months before it
was taken off its wheels for repairs. During
this time it covered 305,037 miles, and was
not raised from its dnwnu boxes, nor were
the tires turned, cyl linders bory ed, valves
faced, valve gear overhauled, or tubes
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In 1893, in order better to cope with the
heavy traffic west of Pittsburgh, a group of
locomotives of the ten-wheeled (4-6-0) type,
known as Class X (G3) was turned out at
the Fort Wayne Shops for service on the
Pittsburgh, Fort Wayne and Chicago Rail-
way. These locomotives had Belpaire boilers
and closely followed standard Pennsylvania
practice in design, and developed about 9
per cent higher tractive force than the
heaviest Class P locomotives with 68-inch
drivers (D13c), while carrying 46 per cent

The Pennsylvania Limited, hauled by Class Dita Locomotive No. 29%
Pa.

Photographed in 1899, on the Philadelphia

taken out. The driving tires, which were
manufactured by the Standard Steel Works,
showed a wear of 4% inch during this period.

While the Penns nia was developing
the American (4-4-0 type) to the maximum
capacity permitted by the wheel loads which
could be carried at that time, many roads
were adopting the ten-wheeled (4-6-0) type
for heavy passenger service. In this con-
nection it is interesting to note that in 1866,
several four-coupled locomotives were re-
built at Altoona as Moguls (2-6-0 type) for
passenger service, but were short lived as
they were again rebuilt a few years later to
the original wheel arrangement. One of
these locomotives, number 347, is shown in
an accompanying illustration.

. near Merion,

greater weight on drivers. One of these
locomotives is illustrated on page 49.

In 1899, the ten-wheeled type wasadopted,
to a limited extent, for service on heavy
grades east of Pittsburgh; and a number of
large ten-wheelers, designated as Class G4,
were built at Altoona. The most conspicuous
feature of this design was a boiler of the
radial stay type, carrying, for that period,
the unusually high steam pressure of 225
pounds. As compared with Classes D16

and D16b, these locomotives developed 44
percentgreatertractive force and wereamong
the most powerful of their type then in ex-
istence; but they never became a standard in
the same sense as the heavy four-coupled pas-
senger locomotives that had preceded them.
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lass D16d, built at Altoona, 1902

Grate ar
Firebox 1193§” x 40”7 Heating surface

A modified design, with driving wheels
62 inches in diameter and known as Class
G4a, was subsequently built for fast freight
service west of Pittsburgh. Fifteen of these
locomotives were constructed by The Bald-
win Locomotive Works early in 1900.

While the motive power for passenger
service was developing as described above,
several new classes were being placed in
heavy freight service. In 1895, the need of
freight locomotives having increased haul-
ing and speed capacity as compared with
the Class R (H3) Consolidation engines began
to be realized, and a number of heavy Moguls
(2-6-0 type) were built at Altoona. Included
among them were four experimental two-
cylinder compounds, designed according
to the systems of von Borries, Golsdorf,
the Richmond Locomotive Works and the
Pittsburgh Locomotive Works respectively.

The success of the single expansion Moguls
(Class F1) led to the con-
struction of additional loco-
motives of this type with
certaindetails modified, and
known as Class Fla. These
locomotives developed a
tractive force of 28,400
pounds, or 16 per cent
greater than that of the
H3b  Consolidation type
locomotives carrying a
pressure of 150 pounds.
The Moguls carried 127,000
pounds on three pairs of
drivers, or approximately
10 per cent in excess of that
carried on four pairs i

Wheel base, driving

Weight, total engine 138,000 Ib.
total enin ¥ “

tender 272,000 1b.
ke 5,500 U. S. gal.
25,000 Ib.
17,500 1b.

Weight on drivers 98,000 1b.

case of the Consolidation engines; while an
increase of 12 inches in wheel diameter
gave them a distinct advantage in speed.
The boilers of these locomotives had Bel-
paire fireboxes and were similar in design
to those of the Class D16b passenger loco-
motives, although differing somewhat in
dimensions. On low grade divisions, these
locomotives handled trains up to 2700 tons
in weight, while they steamed freely and
made excellent time.

In 1898, two new designs of Consolidation
type locomotives were introduced—Class
H3, for pushing service on the mountain
grades west of Altoona, and Class H6, for
heavy road service. Class H3, with a weight
on drivers of 175,700 pounds and a tractive
force of 43,400 pounds, ranked among the
most powerful locomotives in existence at
the time of its construction; and a close
second was Class H6, which carried 166,400

Mogul Type Passenger Locomotive, rebuilt at Altoona, 1866
“This locomotive had 10 x 24-inch cylinders and 66-inch drivers, and weighed 64,300 b. with 54,000 1b.
n drivers. "It was originally built by Norris in 1865 as a'4-+0 type, and Wwas again rebuilc
this type n 1870, 1¢ was cut up in 1876.
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107 x 247
68"

180 b,

313 sq. ft.
1,901 sq. ft.
116,000 1b.
146,500 b,
19,500 1b.

total engine
Tractive force

his design was also built
with 62 drivers (Class G3a).
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Ten-wheeled Locomotive, Class X (G3), built at Ft. Wayne Shops, 1893

pounds on drivers, and with a steam pres-
sure of 205 pounds, developed a tractive
force of 42,170 pounds. The boilers of the
two classes were closely similar, as they
were of the same diameter and had fireboxes
of the same size; but the tubes of Class H5
were 414 inches longer than those of Class
H6, and the latter had a sloping back-head,
the first to be used on the Pennsylvania.
The same careful attention to details which

‘
| rmmvivaia [

=

for the motion work to spring out of line;
and the eccentrics were of the twin pattern,
the forward and backward eccentrics on
each side being cast together and split hori-
zontally to permit application to the axle.
The boilers had Belpaire fireboxes, and
were practically enlargements of those used
on the Class D16b passenger and Fla
freight locomotives. For such heavy loco-
motives, the two new classes were extremely

Cylinders

225 1b.

2,816 sq. ft.
140,500 1b.

total engine 184,300 Ib.
Tractive force 29,750 1b.

Ten-wheeled Locomotive, Class G4, built at Altoona, 1900

characterized the passenger and freight
locomotives of the D16 and F1 groups re-
spectively, was found in these new Con-
solidation type locomotives. Among other
interesting features may be mentioned the
cylinders, which were cast separate from
the saddle; there being thus three principal
castings in the cylinder group. The valve
gear was arranged with double suspension
hangers for the links, reducing the tendency

2816 5. ft.
142,000 Ib.

00 1.

I
Tractive force 34,550 1b.

neat in outline, and this feature was en-
hanced by a careful arrangement of piping,
air drums and attachments.

All the locomotives of Class H3 were built
at Altoona, as were the first of Class H6.
In addition, 65 of the latter class were built
by The Baldwin Locomotive Works in 1899
and 1900. The last 40 of these locomotives
had cast steel frames.

In this connection, brief reference should

Ten-wheeled Locomotive, Class G4a, built at Altoona, 1901
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Mogul Type Locomo
The locomaotive is shown

be made to the great improvements in the
physical condition of the Pennsylvania Sys-
tem which had been effected during the
period covered by this article. The Main
Line had been practically rebuilt. Additional
tracks and heavier rails had been laid, grades
and curvature reduced where possible, im-
proved systems of signalling installed, and
every effort made to so maintain the System

Cylinders 177 x 247
Drivers, di 507
Steam pressure 160 1b.
Grate area 14.2 sq. ft.
Heating surface 899 sq. it
Weight, total engine 82,300 Ib.
Tractive force 18,870 Ib.

Cylinders 207 x 28"
Drivers, diam. 62
Steam pressure 185 Ib.
Grate area 30.1 sq. ft.
Heating surface 1,884 sq. t.
Weight on drivers 127,000 1b.

al engs
Tractive force

1a, built at Altoona, 1898
uently equipped for passenger service.

large driving wheels and used in high speed
service, have been omitted. The increase in
tractive force for the American (4-4-0)
type, which was used almost exclusively for
passenger service, was 73 per cent; while
in the case of the Con'olldutlon type, used
for heavy f[reight ser the increase was
107 per cent. The mcrcd:ul weight and
capacity of switching locomotives, which

Four-coupled Switching Locomotive, Class U (A3), built at Altoona, 1895

that a constantly increasing traffic could be
moved with maximum efficiency.

The table on page 51 clearly indicates
the increase in the weight and capacity of
passenger and freight locomotives which
was effected during this period. In order to
show a consistent advance in tractive force,
certain notable locomotives, such as Classes
D6 and D16a, which were built with

are not included in the table, is best shown
by comparing Classes B2 and B4a, both
of which were of the 0-6-0 type with sepa-
rate tender. This shows an increase in
total weight of 66 per cent, and in tractive
force of very nearly 100 per cent.

At the close of the year 1899, the number
of locomotives on the Lines East of Pitts-
burgh and Erie was 2327, and on the Lines

Cylinders

Drivers, diam.

Steam pressure

Grate area

Heating surface

Weight on drivers
total engine

2324 x 28"
56

“ 196,500 Iy
Tractive force 43,400 1b.

Consolidation Type Locomotive, Class H5, built at Altoona, 1898
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Consolidation Type Locomotive, Class H6, built at Altona, 1599

Cylinders 227 x 28" Tubes, diam. 27 Wheel base, driving 16" 614" . total engine 186,500 Ib.
Drivers, diam. 56 * number 360 * totalengine 249" % and

iam. 6915 * length 13" 7357 = and tender 300,000 1b.
Steam pressure 2051, G 333 sq. ft. tender 5683  Tankcapacity 6,000 U.S. gal.
Firehox 120" x40”  Heating surface 28125, ft.  Weight on drivers 166400 1b,  Fuel  * 22,000 Ib.

West of Pittsburgh, 1249, making a total
of 3576. On the roads forming the Lines
East, the percentages of standard loco-
motives were as follows: Pennsylvania
Railroad, 99.5 per cent; Philadelphia,
Wilmington and Baltimore Railroad, 89.3
per cent; Northern Central Railway, 100
per cent, and West Jersey and Seashore
Railroad, 84.1 per cent.

While, as has been described, the Penn-
sylvania was developing existing locomotive
types with a view of increasing their capacity
and improving their efficiency, two features

Tractive force 42,170 1b.

of great importance had been introduced
into American practice. These were the
wide firebox for burning bituminous coal,
and the use of trailing wheels for the
purpose of increasing boiler capacity in
proportion to adhesion. These soon became
recognized as essential features of American
high-powered locomotives. Their introduc-
tion on the Pennsylvania Railroad, and the
influence which they exerted on the subse-
quent development of this road’s motive
power, will be discussed in the third and
last installment of this article.

LocoMOTIVE DEVELOPMENT, PENNSYLVANIA RAILROAD, 1868-1899
PASSENGER LOCOMOTIVES

b D | suam. C(Zf\e Total | Weieht Weight. ‘ e

Trve | Cla Do | o R Diive Engine, | ==
1868 4-4-0 D3 62 125 17.6 50,950 79,100 11,900 100
1882 | 440 | D7 68 | 110 | 347 64,000 93500 | 12,140 | 103
1883 4-4-0 Dila 68 140 34.7 67,800 100,600 14,370 121
1893 4-4-0 D13c 68 175 33.2 79,500 114,500 17,9 151
1895 ‘ 4-4-0 D16 68 185 33.2 93,600 135,300 20, )8” 173
1899 4-6-0 G4 72 225 30.8 140,500 184,300 ‘ 29,750 250

FREIGHT LOCOMOTIVES

1869 G2 18x22 50 125 1 16.3 1096 62,100 84,800 15,150 100
1875 H1 20x24 50 125 23.0 1259 79,400 91,640 20,400 135
1885 H 20x24 50 140 31.2 1732 100,590 114,620 22,850 151
1893 H3b 20x24 50 150 3L.5 1498 115,000 K 4,480 162
1895 1 20x28 62 185 30.0 1865 126,500 144,500 28,400 187
1898 H6 22x28 56 205 33.3 2812 166,400 186,500 42,170 278

*The tractive force of the lightest locomotive is taken as 100.
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Climbing the Alleghenies
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CHAPTER TI1I

THE DEVELOPMENT OF THE MODE

MOTIVE,

>N 1896, the West Jersey
Railroad and the Cam-
den and Atlantic Rail-
road, which, as has been
mentioned, had previ-
ously passed under the
— control of the Pennsy’
vania, were combined
to form the West Jersey
and Seashore Railroad.
The physical condition
of the property was
greatly improved, and
especially was this true
in the case of the former Camden and At-
lantic, over which moved the high speed
passenger traffic between Camden and At-
lantic City. In response to the popular de-
mand, the schedule speeds on this line were
steadily increased until, in 1898, the fastest
train was timed to run the 58.3 miles from
Camden to Atlantic City in 55 minutes.
As passengers were transferred from Phila-
delphia to Camden by ferry the train was
frequently a few minutes late in starting,
and exceptionally high running speeds were
necessary in order to reach Atlantic City on
time. For the first 18 miles the grades on
the line are generally ascending, reaching a
maximum of 27 feet per mile; while for the
remainder of the distance they are level or
slightly descending. Except in the immedi
ate vicinity of the terminals, the line is
prdtncal]) free from curves sharp enough
to require speed restrictions.
When this high speed service was first
inaugurated, the trains were hauled by
Class D16a (4-4-0 type) locomotives which,
when not too heavily loaded, and under
favorable conditions, could make the time;
but it soon became evident that motive
power of considerably greater capacity was
required. The Atlantic (4-4-2) type, which
had been developed by The Baldwin Loco-

AND THE INTRODUCTION

~, Hicn Power StEam Loco-
OF ELECTRIC LOCOMOTIVI

motive Works in 1894 to meet difficult
operating conditions on the Atlantic Coast
Line, and had been adopted by several other
roads, including the Atlantic City Division
of the Philadelphia and Reading, was estab-
lishing itself as a most successful type for
high speed passenger service. Accordingly
in 1899, the Pennsylvania built three \t-
lantic type locomotives, designated as Cla
E1, for the high speed Atlantic City service.
These locomotives, designed under the
supervision of Mr. Axel Vogt, were notable
both because of their capacity and the ex-
ceptional care with which all details were
worked out. An excellent description of
them, published in the June, 1900, issue of
the American Engineer and Railroad Journal,
closed with the following statement:

“We do not know of a more worthy ex-
ample of American locomotive practice and
one containing so many evidences of thought-
ful skill in design and thoroughly good work-
manship in construction.”

The boiler of Class E1 was of the Belpaire
type, with a wide firebox placed back of the
driving wheels and above the trailers. The
grate was 8 feet in length by 8 feet 6 inches
in width, giving an arca of 68 square feet.
A combustion chamber 39 inches long, and
separated from the firebox by a brick bridge
wall, extended forward into the boiler barrel.
These boilers proved exceptionally free
steaming, and even when heavy trains were
being handled at the highest required speeds,
showed no signs of !allm<y

he cylinders and macl hmm\ details had
many features in common with the Class
H5 and H6 Consolidation type locomotives,
and the 4-4-0 type locomotives of the D16
group, which were described in Part II of
this article. A three-piece cylinder con-
struction was used, and all steam and ex-
haust passages were of ample area and as
free from abrupt bends as possible. The
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Atlantic Type Locomotive, Class

guides were of the Vogt enclosed type, with
light cast steel crossheads; and the main
and side rods had thin webs and flanges, and
were of minimum weight for the strength
required. American balanced slide valves
were used, with an outside steam lap of 115
inches; and they were set with a maximum
travel of 7 inches. This long travel was ob-
tained by prolonging the upper end of the
link to give several extra notches in the
quadrant and, combined with a negative
lead of 4y inch, permit a cut-off of 83 per
cent in full forward gear, thus increasing the
power to start and accelerate trains rapidly.

These locomotives did excellent work, and
on the Atlantic City run demonstrated their
ability to easily haul trains weighing 300
tons back of the tender from Hammonton
to Drawbridge, 27.4 miles, at an average
speed of 75 miles per hour. Objection was
raised, however, to the fact that, as the cab
was placed over the middle of the boiler,
the engineman and fireman were separated;
and after various experiments with blocking
off portions of the grates, a revised design
(Class Ela) with a firebox 66 inches wide,
and the cab at the rear, was prepared in

POWER DEVELOPMENT

2044" x 26"
80"

Steam pressure
Grate area

Heating su
Weight on drivers
Weight, total engine
Tractive force

21,480 1.

built at Altoona, 1899

1900, and one locomotive was built and
given a series of thorough trials. The result
was the designing, in 1901, of Class E2,
which was generally similar to Class Ela,
but had a grate 6 inches wider, with a larger
number of tubes, thus increasing the total
heating surface from 2,429 to 2,640 square
feet. The fireboxes of both Classes Ela and
were radially stayed, but the latter class
ed a steam pressure of 205 pounds as
against 185 in the earlier Atlantic type loco-
motives. The cylinder dimensions (2014 x
26 inches) and the driving wheel diameter
(80 inches) of Class E1 were retained in
Classes Ela and E2, as were also those
features of the machinery which had proved
so successful in Class E1. Instead of the
rigid trailing wheels of CI E1, however, a
two-wheeled radial trailing truck s em-
ployed in Classes Ela and E2. This truck
was placed under the extreme rear end of
the locomotive, and was equalized with the
drivers on each side, by means of two short
beams with a half-elliptic spring placed be-
tween them.

Class E2 proved highly successful, not
only on the Seashore lines, but also on the

Atlantic Type Locomotive, Class E2, built at Altoona, 1901

C\hnskb 201575267 Tubes, diam. 27

ers, diam. 807 number 315
Bmlu, inside diam. ©  length |s' 0"
Steam pressure 2051b.  Grate area 55.5 sq. ft.
Firebox 1117x72"  Heating surface 2600 % ~:| ft.

Wheel base, driving Weight, total engine 186,450 1b
total engine 307 0157
Cige =1 WL and der 320,500 1b.
tender 60'6%"  Tank cmpnuiy 5,500 U. S, gal.
Weight on drivers 118280 1b.  Fuel 25,000 Ib.

Tractive force 23,800 Ib,
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New York Division and the
more level sections of the
Main Line. For service on
the heavy grades of the
Pittsburgh Division, a new
Class (E3) was designed,
having cylinders 22 inches
in diameter, but otherwise
practically a duplicate of
Class E2. In 1902 the de-
signs of Classes 2 and E3
were revised to include
Belpaire boilers; and with
this change they became
known as Classes E2a and
E3a respectively. The ex-
cellent track conditions on
the Pennsylvania made it
possible to safely carry a load of 60,000
pounds per pair of drivers, so that these
locomotives were enabled to do work the
equivalent of which, on many other roads,
required six-coupled locomotives.

These locomotives were developed during
the administration of W. W. Atterbury, now

PENNSYLVANTA

Pl urnished by C. B. Chanes.
Pennsylvania Special in 1902

Hatned by iaes Dioa Lopomative No. 1395
and was timed to make the run between the
two cities, in each direction, in 20 hours.
This was a comparatively light train, usually
made up of four cars, and it was sucncsbfull)

handled, on the more level sections of the
line, by American type locomotives of the
Class D16 group. It made an excellent

227 x 26"
507

205 1b.

55.5 sa. ft.
2,640 sq. ft.
118,400 Ib.

Grate area

27,4101b,

Atlantic Type Locomotive, Class E3a, built at Altoona, 1902

Vice-President in Charge of Operation, who
served as General Superintendent of Motive
Power of the Lines East from October 1,
1901, to January 1, 1903. He was succeeded
on the latter date by Alfred W. Gibbs.

On June 15, 1902, a new train known as
the Pennsylvania Special was placed in
service between New York and Chicago,

Cylinders 147" &
Drivers, diam.
Steam pressure
Grate area

Heating surface
Weight on drivers
Weight, total engine
Tractive force

m-x 000 Ib.
19,560 1b.

record for punctuality, but on
severe freight congestion was \\1lhdra\\n
February 1, 1903.

In 1904 the Motive Power Department
designed and installed a locomotive testing
p[ant which was, at that time, the most
complete in existence and has yet to be out-
classed. This plant was first erected in the

Balanced Compound Adanic Type Locomotive, de Glehn System. built by the Societe Alsacienne
e Constructions Mecaniques, Belfort, France,




This bridge replaced the iron truss illustrated in Part
tra

Transportation Building, as part of the
Pennsylvania’s exhibit, at the Louisiana
Purchase Exposition, which was held at
St. Louis during that year. It v subse-
quently removed to Altoona, and housed in
a building specially designed for the purpose;
and the results of the tests made on the
plant have been of exceptional value, and
have, to a material extent, influenced motive
power development during recent years.
The first of such tests were made while the
plant was installed at St. Louis, and among

Weight on drivers 1
Weight, total engine 204,000 Ih,
Tractive fore 23,500 Ib,

Balanced Compound

the locomotives there tested was a balanced
compound of the de Glehn type, which had
been built in France and purchased by the
Pennsylvania for experimental purposes.
This locomotive was of the Atlantic (4-4-2)
type, equipped with Walschaerts valve gear,
and represented a high standard of design
and workmanship. Valuable results were
obtained from experiments conducted with
it, but it lacked the capacity required for
work in this country, and in 1912 was with-
drawn from service.

Experience with this engine, however,
prompted the Pennsylvania to extend its

Arch Bridge across the Susquehanna at Rockville,
of this article. It is composed of 48 arch:
ks and contains 440,000,000 pounds of stone.

Pihoto by Rau Studios, Inc.

. completed in 1902
3830 feet long

52 feet wide, ca

experiments with balanced compounds; and
in 1905 the road purchased four balanced
compound Atlantic type locomotives from
American builders—two from the American
Locomotive Company and two from The
One of each
of these locomotives was placed in service
east of Pittsburgh, and one on the lines west
of that point. As shown by the illustration
on this page of one of the Baldwin engines
the designs of these compounds were based
on that of Class E3a. In the Baldwin de-

Baldwin Locomotive Wor

Type Locomotive, Class E28, built by The Baldwin
Locomotive Works, 1905

sign, all four cylinders were placed in line
under the smokebox; and to permit the in-
side (high pressure) cylinders to drive on
the leading coupled axle, the distance be-
tween that axle and the front truck was
materially increased. The outside (low pr

sure) cylinders were connected tothe rear
pair of drivers. The short beams and springs
between the rear drivers and trailers wer
replaced by a single long beam, on each side,
which simplified the arrangement of the
spring rigging. This plan was used on a large
number of single expansion Atlantic type
locomotives subsequently built at Altoona.
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Consolidation Type Locomotive, Class Hoa, built by The Baldwin Locomotive Works, 1902

227x28"  Tubes, diam. 2r
5 “ number 373
Boiler, inside diam, * lensth 14"

Steam pressure
Firebox

a o sa. ft.
Heating surface 2.844 sa. ft.

205 1b.
107" x 66"

While the Atlantic type was thus being
developed for fast passenger service, steady
progress was being made in freight locomo-
tive development. The Class H6 Consoli-
dation type locomotives, with their long

Wheel base, driving 16°614”  Weight, total engine 194,500 Ib.
total engine 240" B “ T

- and tender
ender ¥ 13" Tank capacity

Weight on drvem 175,700 b, Fuel

Tractive force 42,170 1b.

at the same time the length of the firebox
was reduced from 120 to 107 inches. These
locomotives showed marked improvement
in steaming and fuel economy, and proved
so successful that during the years 1902 to

Cylinders 227 x 28"
567

Steam pressure 205 1b.
Grate area. 49 sq. ft.
Heating surface 2,844 sq. ft.
Weight on dri 178,700 1b.
« 200,700 1b.
Tractive force 42,170 Ib.

Consolidation Type Locomotive, Class Hob, built by The Baldwin Locomotive Works, 1905

narrow grates, were proving difficult to fire;
and the success of the wide firebox in pas-
senger service led to its application to the
Consolidation type in 1901, when two loco-
motives, designated as Class Hé6a, were
built by The Baldwin Locomotive Works.
In this design the firebox was placed over
the rear drivers, and the grate area, as com-
pared with Class H6, was increased from
33.3 to 49 square feet, or 47 per cent; while

Cylinders
Drivers, diam.
Steam pressure
Grate area
Heating surface

Weight on drivers 142,900 1h.
total engine 165,900 b,
e force 31,480 Ib.

Mogul Type Locomotive,

PENNSYLVANIA

1905 The Baldwin Locomotive Works built
a total of 1,017 Class H6a locomotives for
the Pennsylvania System, in addition to a
large number which were built at Altoona.
These locomotives were widely distributed,
handling heavy freight traffic not only in
the Allegheny Mountain districts, but also
on the low grade divisions of the Main Line.

In 1904 the Walschaerts valve gear was
applied to the first American-built Mallet

lass F3c, built by The Baldwin Locomotive Works, 1902
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Hauled by Class

ccial in 1906
ocomotive No. 1610

locomotive, which was constructed during
that year by the American Locomotive
Company, for the Baltimore and Ohio Rail-
road. The advantages of this gear, especially
from a structural point of view, became at
once apparent; and in the following year it
was adopted by a number of railroads, nota-
bly the Pennsylvania. It was first applied
to ten Consolidation type locomotives, com-
pleted by The Baldwin Locomotive Works
during June, 1905. These locomotives, desig-
nated as Class H6b, were equipped with
piston valves and Walschaerts gear, but
were in all other respects like Class H6a.
Service results at once showed the great
maintenance superiority of the new valve
motion; and it was decided to apply it to a
large number of Consolidation type loco-
motives then on order. A
record breaking traffic was
at that time taxing the facil-
ities of the railroads, and the
Altoona Shops and The
Baldwin Locomotive Works
were exerting every effort to
meet the motive power de-
mands of the Pennsylvania.
Between October 10 and
November 22, 1905, the
Baldwin Plant turned out
160 Class H6b locomotives:
and built, during the years
1905 to 1907, a total of 423
of these locomotives for the
Pennsylvania System. One

of them is illustrated on
page 57.

These locomotives were
equipped with piston valves
12 inches in diameter, and
the steam chest centers were
placed outside the cylinder
centers in order to enable all
parts of the gear to be located
in the same vertical plane.
This simplified the gear de-
sign, and eliminated twisting
and bending strains as far
as possible.

While the Consolidation
type was thus being developed
for heavy freight service, the
Mogul (2-6-0) type was being
built for fast freight work.
The original Class F1 de-
sign, previously described,
had been revised by enlarging the boiler
and increasing the steam pressure. This
new Class (F3) appeared in 1901. It was
subsequently modified to include a wide fire-
box, radially stayed boiler (Class F3b), and
this was in turn replaced by a wide firebox
Belpaire boiler (Class F3c).

These locomotives all had slide valves
and Stephenson link motion, and a total
of 163 engines, representing these three
classes, were built by The Baldwin Loco-
motive Works during the years 1901-1903.
A locomotive of Class F3c is illustrated
on page 57.

On June 11, 1905, the Pennsylvania
Special, which had been withdrawn over
two years previously, was re-established,
and placed on an 18-hour schedule between

hoto by Jokn S.

“The Broadway Limited of Today
Hauled by Class K4s Locomotive No. 3881
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New York and Chicago, in both directions.
This necessitated an average speed, includ-
ing stops, of 50.2 miles per hour. The run-
ning time for the first 189 miles, from Jersey
City to Harrisburg, was 196 minutes, repre-
senting an average speed of 57.8 miles per
hour, with one intermediate stop. This fast
time was successfully maintained with an
excellent record for punctuality, until No-

between Pittsburgh and Chicago, on the
Northwest System, had become so heavy
that double-heading was frequently neces-
sary in order to maintain schedules; an([ an
experimental locomotive of the Pacific (4-6-2)
type was purchased from the American

Locomotive Company, in order to :Ludy the
suitability of this type for the service re-
quirement

. The superheater had not yet

Cylinders

Steam pressure
Grate a
Heating surface
Weight on driv

= total engine

o aoth.
100,400 Ib.
27,410 1b.

Tractive force

Atlantic Type Locomotive, Class E3d, built at Altoona, 1906

vember 24, 1912, when the schedule was
increased to 20 hours, and the name of the
train changed to Broadway Limited. On
December 1, 1917, under stress of excep-
tionally heavy traffic conditions, the train
was withdrawn by order of the War Board;
but on May 25, 1919, it was restored on
a  20-hour schedule, and continues to
operate as one of the most popular trains
on the System.

The success of the Walschaerts valve gear
on the Class H6b locomo-
tives led to its appllcatlon
to the Atlantic type, and in
1906 Classes E2d and E3d
were introduced. These loco-
motives were duplicates of
Classes E2a and E3a respec-
tively, except for the change
in the valve gear and the
fact that they had 12-inch
piston valves instead of slide
valves. The piston valves
had a steam lap of 1% inches
and were set with a maxi-
mum travel of 7 inches, or
the same as that of the slide
valves previously used. The
gear was similar to that used on Class H6b,
in that all parts of the motion were in the
same vertical plane. Particular attention was
given to removing all superfluous weight,
and the result was a gear which was remark-
ably light for such a large locomotive.

In 1906, the weights of passenger trains

The lea

become established in American locomotive
practice, and this design represented prac-
tically the maximum capacity then obtain-
able in a fast passenger locomotive using
saturated steam. The weight carried per
pair of driving wheels averaged Alxghtly
more than 60,000 pounds, and the tractive
force exerted was 32,620 pounds. The loco-
motive had a radially stayed, wide firebox,
and the boiler proportions were most liberal
throughout. This locomotive was thoroughly

Pihoto by John . Powell
in No. 25, Metropolitan Express, in 1906
ing locomotive is a Class the second, a Class E3d

tested, hauling trains of twelve and more
cars over an undulating proﬁlc having grades
as steep as one per cent; and it demonstrated
that suitably designed Pacific type locomo-
tives could successfully meet the traffic
requirements.

Following this experimental locomotive, a
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Weight on drivers 185,900 1.
total engine 278,800 1.
Tractive force 32,620 Ih.

Pacific Type Locomotive, Class K2, built at Altoona, 1911

new Pacific type designated as Cl. K2
was designed at Fort Wayne in 1910, and a
large number were built at Altoona for
service both east and west of Pittsburgh.
In general dimensions Class K2 closely fol-
lowed the experimental locomotive, but the
design was modified to conform more nearly

1011 sq. it
193,000 1b.
02,000 11,

total engine 30
Tractive force 3

50 1h,

cal stokers, for service west of Pittsburgh.
These locomotives were designated as Class
K3s; and one of them, bearing the Baldwin
construction number 40,000, is illustrated
on this page.

In this connection, reference should be
made to the policy of the Pennsylvania re-

Pacific Type Locomotive, Class K3s, built by The Baldwin Locomotive Works, 1913

to the Pennsylvania standards, and a Bel-
paire firebox was applied. Subsequently,
Class K2 was partially redesigned to use
superheated steam; and in 1913, The Bald-
win Locomotive Works built thirty super-
heated locomotives of the same general de-
sign, but with larger cylinders and mechani-

garding the use of superheated steam. The
first locomotive on the System to be
equipped with a superheater was Class K2
engine 7514, which was built at the Juniata
Shops for the Lines West of Pittsburgh in
1910, and was superheated in 1911. The
improvement effected was so marked that

Cylindes
Drivers, diam.
Steam pressure
Grate area
Water hea

g su

total engine
Tractive force

196,600 1.
27,410 1b.

Originally built to use saturated steam (Cl

Froto 0y C. 15, Chaney
Atlantic Type Locomotive, Class E3sd, built at Altoona. 1908
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the superheater was adopted as standard on
the Lines East in April, 1912, and the follow-
ing vear it became standard on all loco-
motives built for the System.

In addition to applying superheaters to
all new power, a comprehensive program
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train equipment on the Pennsylvania Sys-
tem, and a consequent increase in the
weights of all classes of passenger trains.
The first steel coaches built by the Penns
vania were placed in service in 1906, and’in
the following year steel equipment was

on drivers
total engine 141,100 Ib.
Tractive forc 23,900 Ib.
Iy built to use saturated

< D16h)

American Type Locomotive, Class D16sb, built at Altoona, 1900

was adopted for superheating existing loco-
motives. This program covers the super-
heating of all power heavy enough to still
be of value, excepting locomotives which,
on account of their age or condition, are
scheduled to be cut up in the comparatively
near future. It is found that under favor-
able conditions the use of superheat effects
an economy in steam consumption per
horse-power-hour of approximately 30 per
cent, and an increase in
horse-power output, per
locomotive unit, of 40 per
cent. The improvement is
most noticeable in the case
of locomotives with rela-
tively small boilers, such as
classes E3d and ( The
American type locomotives
of the D16 group have also
been materially improved
by the use of superheat. In
rebuilding them, the original
slide valve cylinders, which
were 1814 inches in diam-
eter, have been replaced by
piston valve cylinders 20!
inches in diameter; and 68-inch drivers
substituted for 80-inch drivers, where the
latter size were previously used. As thus
rebuilt, these locomotives have proved e
ceedingly efficient in local passenger service.

It is interesting to note that the adoption
of the superheater was contemporary with
a rapidly increasing use of steel passenger

A Class D16sb Locomotive in Local Passenger Service

adopted as standard for all new passenger
train rolling stock, and the wooden equip-
ment is being retired as rapidly as conditions
permit. The extended use of steel equipment
was hastened in 1907 and the years following
because of the approaching completion of
the New York Terminal and the tunnels
under the Hudson River, through which, as
a measure of safety, only steel rolling stock
was to be handled. The completion of this

tmmmal will be more fully discussed later
article, when describing the Penn-
sylvania’s electric locomotives, but it should
be noted here that the use of superheated
steam enabled the then-existing power to
cope, for the time being, with the increased
train weights resulting from the use of steel
equipment.




The Class H6a and H6b locomotives
continued the standard for heavy freight
service until 1910, when the need for more
powerful units again became apparent.
Accordingly, Class H8 was designed, a
(,nnso]uli ion type which was a direct de-
velopment of Class H6b, but of enlarged
dimensions throughout. The cylinder diame-
ter was increased 2 inches and the driving
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than 4 per cent. For service west of Pitts-
burgh a further step was taken, and Class
H10s was developed with cylinders 26
inches in diameter, thus giving an increase
of 17 per cent in rrmll\o force as compared
with Class H8 u~mg saturated steam, but
with no increase in boiler dimensions. Many
of the Class H10s locomotives were equipped
with the Crawford type of underfeed stoker.

209,500 I
0 b,
0.

Tractive forcy

Consolidation Type Locomotive, Class HS, built at Altoona, 1907

wheel diameter 6 inches. With the same
steam pressure, this increased the starting
tractive force by about 8 per cent, while the
total weight of the locomotive was increased
20 per cent. The larger driving wheels and
increased steaming capacity of Class HS,
however, gave it a material advantage in
point of speed; but tests with these loco-

Cylinders

e 3,066 sq. ft.
781 sq. ft.
0 1b.

PENNSYLVANIA

Weight on drivers
total engine
Tractive force

The Class H9s and H10s locomotives
represented the highest development of the
Consolidation type as used on the Pennsyl-

vania; and when in 1914 more powerful
locomotives were required for freight ser-
vice, the increased capacity was obtained
by using the Mikado type, as will be subse-
quently described.

Consolidation Type Locomotive, Class H9s, built by The Baldwin Locomotive Works, 1913

motives demonstrated that if superheated
steam were used, the boiler of Class H8
could supply larger cylinders and thus en-
able greater tractive force and horse-power
to be developed without materially increas-
ing the total weight of the locomotive. Ac-
cordingly in Class H9s, introduced in 1913,
a superheater was installed and the cylinder
diameter increased to 25 inches, thus raising
the tractive force approximately 9 per cent
with an increase in locomotive weight of less

During the years 1910 to 1913, a total of
399 locomotives of the HS, H9 and H10
groups were built for the Penn:
System by The Baldwin Locomotive Works.

While these heavy Consolidations were
being developed, several changes had taken
place in the organization of the Motive
Power Department. On July 1, 1911,
Alfred W. Gibbs, who had served as General
Superintendent of Motive Power of the
Lines East since 1903, was appointed Chief
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Consolidation Type Locomotive,

26" x Tubes, number
“length

763"  Grate ar

ter heat

ing s
2 Superheating surface
Tubes, diam. s167 & 2"

Mechanical Engineer, with office at Phila-
delphia; and was succeeded by R. N. Dur-
borow. Mr. Durborow died December 9,
1911, and was succeeded on January 1, 1912
by J. T. Wallis.

In the meantime an interesting step had
been taken in the development of the Penn-
sylvania’s passenger locomotives. Realizing
that, with the possibility of carrying heavier
wheel loads, the capacity of the Atlantic
type could be increased beyond that at-
tained in Class E 3d, an exceptionally heavy
Atlantic type, Class E6, had been designed,
and one locomotive built in 1910. This loco-
motive carried 133,300 pounds on driving
wheels, developed a starting tractive force
of 27,410 pounds, and had a boiler generally
similar in design and dimensions to that used
on the Class H8 Consolidation type loco-
motives. It was put through a series of
severe tests, not only on the plant, but also
on the road between Fort Wayne and
Valparaiso, Indiana, where it was pitted
against both saturated and superheated
Pacific type locomotives, and showed re-
markable power and speed capacity. These
tests were conducted in September, 1911,

Cylinders
Drivers, diam.
Steam pressure
Grate area
Heating surface
Weight on drivers
Tractive force

PENNSYLVANIA__

781 sa. ft.

tender
Weight on drivers 2 v; 000 1,

53,200 Ib.

Tractive force

the length of the run being 105 miles. The
locomotive handled a nine-car train, start
to stop, at an average speed of 75.31 miles
per hour, and averaged 66.6 miles per hour
with 13 cars and 58.05 miles per hour with
15 cars. On a previous occasion, with a
light special train of three cars, this loco-
motive had maintained an average speed of
67.4 miles per hour from Altoona to Phila-
delphia, 235 miles, deducting three minutes
for a stop at Harrisburg. The average speed
from Altoona to Harrisburg was 69.6 miles
per hour, while from Harrisburg to OB
tower, a distance of 98.8 miles, it was 68.1
miles per hour.

The Fort Wayne-Valparaiso tests proved
that Class E6 was equal to the Class K2
Pacific type locomotives, at 40 miles per
hour, and that at higher speeds it developed
more draw-bar pull than Class K2 and
hence, with the same train, could develop
higher speed. Later it was found that the

same relations existed when both locomo-
tives used superheated steam.

In 1912 the Class E6 locomotive was par-
tially rebuilt and equipped with a super-
heater,

and two other heavy superheated

Atlantic Type Locomotive, Class E6, built at Altoona, 1910
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42
o

Superheating surface 806 sq. ft.

Atlantic type locomotives were constructed,
one of which was equipped with rotary
valves. Early in 1913 these three locomo-
tives were partially rebuilt and their original
cylinders, which were 22 x 26 inches, were
replaced by new cylinders 2314 x 26 inches
in size, thus raising the tractive force to
31,275 pounds. Subsequently 80 of these
locomotives, designated as Class E6s, were
built at Altoona, and they
proved an unqualified suc-
cess in handling some of the
most difficult fast passenger
traffic on the System. This
success was chiefly due to
the exceptionally thorough
care with which the design
had been developed.

The aim and object sought
in developing Class E6s was
to obtain maximum power
output in proportion to loco-
motive weight, and with a
minimum consumption of
fuel and water. That this
was accomplished is evident
from the fact that, on the
testing plant, one of these
locomotives developed a maximum of 2,488
indicated horse-power, or one horse-power
for each 96.5 pounds of locomotive weight.
At a cut-off of 15 per cent and a speed of 240
revolutions per minute, this same locomotive
developed a horse-power-hour on 2.0 pounds
of dry coal and 17.6 pounds of steam.

Class E6s was especially notable because
of the light weight of its machinery, in
which heat treated steel was largely used.

The **Congressional Limited,” betweer
Ly

E6s, builtat Altoona, 1914

e, driving 75

Wheel b it, total engine 243,600 1b.
L total engine 207 715" ‘% and
ey A and tender 403,000 1,
tender 63 1015 Tank capacity 7,00
vight on drivers 136,000 b Fuel  *

Tractive force

Even the piston rod was hollow bored, and
the piston was a steel casting, weighing
complete, with rod and key, 40214 pounds.
The cross-head worked in a three-bar guide,
and was generally similar to that introduced
on the Class Dl4a locomotives built in
1894. Reversing was effected by a screw
gear, which was easier to handle than a
lever, and saved space in the cab. A novel

Photoby C. B. C
and Washinton, hauled by Class

n New York
ocomotive No. 7.
cqualization system was used, as the front
truck and leading drivers were equalized
together by a central, longitudinal beam,
while the rear drivers and trailing truck
were separately equalized on each side of
the locomotive. This arrangement provided
increased flexibility and insured a correct
distribution of weight between ‘the front
truck and the driving wheels under all con-
ditions. Another interesting feature was the
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rear truck, which was of the so-called KW
type. In this design the truck frame itself,
which was a one-piece steel casting, served
as the rear equalizer also, and the mdin
frames were supported directly upon it, by
means of sliding bearings. This design of
rear truck thereafter became standard on
the Pennsylvania System, and it has also
been applied, in somewhat modified form,
to a large number of locomotives built for
other roads.

The Class E6s locomotives were soon
handling the most difficult high speed traffic
on the New York and Seashore Divisions
and also on the Main Line east of Altoona,
proving nearly equal in starting capacity
and superior at high speeds to the Class

TEM 65

an increase of 42 per cent as compared with
& 26s, and of 36 per cent as compared
\\'uh Class K2s. On the testing plant this
Class K4s locomotive developed a maximum
of 3,184 indicated horse-power, and produced
one indicated horse-power-hour on a mini-
mum consumption of pounds of dry
coal and 14.96 pounds of superheated steam.
One indicated horse-power was developed
for each 97 pounds of total weight, so that
in this respect the locomotive was very
nearly > 5

s efficient as C

The machinery and running gear details
of Class K4s were closely similar to those
of Class E6s, already described. In order
to keep the boiler within the required limit
of height and allow sufficient clearance

Pacific Type Locomotive, CI

Cylinders Tubes, number 5147, 40; 21
Drivers, diam. = length 3
Boiler, inside diam. Grate area. 70 sq. ft.

Steam 1
Firebox
Tubes, diam

re Water heating surface 4,050 sq. it

Superheating surface 1,215 sa. ft.

K2s Pacific type locomotives. It soon be-
came evident, however, that on the Pitts-
burgh Division a locomotive of materially
greater power was needed, as it was fre-
quently necessary to double-head heav
trains. Accordingly in 1914, a new Pacific
type locomotive (Class K4s) was designed,
and one locomotive was built at Altoona
and put through a series of most exacting
tests. Those features of Class E6s which
had been largely respon:ih[e for its success
were mcorporatcd in this locomotive, which
was, in fact, practically an E6s lengthened
out sufficiently to accommodate a third pair

of drivers, the cylinders being enlarged from
2314 x 26 inches to 27 x 28 inches and the
boiler dimensions increased to suit. This
raised the tractive force to 44,460 pounds,

s, built at Altoona, 1924

Wheel base, driving 137107 Weight, total engine 308,590 Ib.
total engine 36727 L |

e 1 and tender 468,000 1b.

tender V107 Tank capacity 7,000 U. S. gal

Weight on drivers 201830 1b.  Fuel 25,000 1b.

Tractive force 44,460 1b.

above the rear drivers, the firebox throat
and lower half of the rear barrel course were
flanged out of a single plate. This eliminated
the usual throat seam. In a similar manner,
the upper half of the rear barrel course was
ﬂangod to form the hip joints for the Bel-
pmru firebox connection. This work, re-
quiring the use of specially designed dies,
was successfully accomplished at the Juniata
Shops.

After the original Class K4s locomotive
had been thoroughly tested both on the
plant and the road, it was duplicated in
large numbers; and it is now the standard
express passenger locomotive of the System.
Its speed capacity is sufficient for any of the
schedules now being operated, and on low
grade divisions it can handle the heaviest
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ticable. As compared with
the Class H9s Consolidation
type locomotives, Class L1s
showed an increase in maxi-
mum tractive force of 25 per
cent and in total weight of
30 per cent. Class L1s had
higher steaming capacity in
proportion to adhesion, and
apart from its increased
starting tractive force,
proved far better qualified
to handle heavy tonnage
trains on long, hard pulls.
As with Classe and |
particular care was ldl\( n
Photo by C. B. Chanes : A £

“frain No. 25, Metropolitan Express, ascending the Allegheny Grade with three Class K with the design of the ma-
LS eamgiiits chinery in order to reduce

trains without assistance. The
fact that these locomotives have
been built during a period of ten
vears with changes in minor de-
tails only, is sure proof of the
correctness of the original design.
The most important change made
is the substitution, in the locomo-
tives built during 1923 and the
following year, of a power reverse
gear for the screw reverse former-
ly used.

Contemporary with Class Kés
was a Mikado type locomotive,
Class L1s, for heavy freight serv-
ice. These two classes were in
3 milar, the boilers
being alike, and interchangeable
details being used wherever prac- The Horse-Shoe Curve, Pittsburgh D

Phota furnished by C. B. Chane;
ision, in 1870

the weight to a minimum.
The driving axles, crank pins
and piston rods were heat
treated and hollow bored,
and the main and side rods
were also heat treated. The
design  throughout showed
unusual refinement for a
heavy freight locomotive.
In addition to 369 Clz
L1s locomotives which were
built at Altoona, The Bald-
win Locomotive Works built
205 locomotives of this class
during the years 1915-1917.
R Late in 1916, an experi-

The train s the Pennsylvania Limited, N composed of 12 cars, and hauled by two Class Kds mental Decapod  (2-10-0)

Pholo by C. B. Chaney

Locos
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Drives 197 07
Boiler, i

Steam pres Water heating surface 4050 sq. ft.
Firebox Superheatin 1,215 sq. ft
Tubes. diam.

type locomotive, designated Class I1s, was

built at the Juniata Shops, Altoona, and
placed in heavy freight service. The object
sought was to produce a locomotive of ap-
proximately 25 per cent greater capacity
than the Class L1s Mikados, and to ma-
terially improve the efficiency, especially
when working at slow speeds. In order to
effect this, Class I1s was designed to de-
\(lup its maximum tractive force when
cutting off at 50 per cent of the stroke.
Tests on the Altoona Plant demonstrated
that, as a result of this, the steam consump-
tion of Class I1s, when working in full gear
at a speed of 7 miles per hour, was only
19.5 pounds per horse-power-hour as com-
pared with 31.5 pounds for C L1s under
similar conditions. The indicated horse-
powers developed by the two locomotives at
this speed were r(’%pu‘\i\'(.l\' 1,740 and 1,230,
representing an increase in power output of
41 per cent for Class I1s with a decrease of
12 per cent in actual steam consumption.
The minimum steam consumption of Class

70 sq. ft.

Wheel base, drivin t, total engine 320,700 Ib,
RS

— tender 503,000 Ib.

tender capacity 9,000 U. S. gal.

00 1h.
61,470 1b.

Weight on drivers 240,200 Ib.

Tractive force

I1s was 14.9 pounds per horse-power-hour,
and a maximum of 3,486 indicated horse-
power was developed at a speed of 25.3 miles
per hour, on a steam consumption of 16.6
pounds.

After this first locomotive had been thor-
oughly tried out and its efficiency demon-
strated, 123 locomotives of this class were
built at the Juniata Shops and placed in
service on the Pittsburgh Division. These
were followed, during the years 1922 and
1923, by 475 more, which were built by The
Baldwin Locomotive Works. These Baldwin
engines were based directly on the original
design, with such madifications in equip-
ment as experience with the previous loco-
motives had proved desirable.

In order to develop tractive force in pro-
portion to adhesion, Class I1s is built with
(3014 x 32 inches) and

large cylinders ar-
ries a boiler pressure of 250 pounds. The
piston valves are 12 inches in diameter,

have a steam lap of 2 inches, and are set
with a travel of 6 inches when working in

Decapod Type Locomotive, Class I1s, built by The Baldwin Locomotive Works, 1922

Cylinders
Drivers, diam.

Superheating sur

Tubes, diam.

ce 2,283 sq. it.

Weight, total engine 386,100 Ib.

tender
Tank capacity
Fuel  *

Tractive force
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full gear. With such a long lap, there are
certain positions of the pistons in which it
would be difficult to start the locomotive.
To obviate this, two auxiliary ports, measur-
ing 1V4 x 15 inches, are cut in each steam
chest bushing, and are so located that the
steam lap of the valve, with reference to
them, is 14 inch. These ports admit a suf-
ficient quantity of steam to start the loco-
motive with the cranks in any position, but
after starting, the amount of steam admitted
through them is not sufficient to appreciably
affect the shape of the indicator card.

The guides and crossheads of these loco-
motives deserve special mention. The cross-
head is a one-piece steel casting of the under-

A Class I1s Locomotive in Service on the Pittsburgh Division

hung typ achguide consistsof two forgings
which are bolted together longitudinally,
and each forging is machined with two
internally projecting horizontal ribs, which
fit into corresponding channels in the cross-
head. The bearing surfaces of the latter are
tinned. This arrangement is a development
of the Vogt guide, first applied to the Class
D14a locomotives of 1894, In this case, the
double longitudinal ribs are used to provide
sufficient bearing area when backing up.

The main and side rods of Class I1s are
of heat treated steel, and the piston rods,
crosshead pins, crank pins and driving axles,
are of the same material, hollow bored. The
valve gear is of the Walschaerts type, con-
trolled by a power reverse mechanism.
Flanged tires are used on the front and rear
drivers only, the three middle pairs having
plain tires.

The boiler is in many respects similar to
that used on the L1s Mikado type and K4s
Pacific type locomotives, and the same in-
genious arrangement of flanging the throat
sheet in one piece with the lower half of the
rear barrel ring, and the hip joints in one
piece with the upper half, is used. The fire-
box has a combustion chamber, and the
tubes are 19 feet long, or the same length as
used in the Class L1s Mikado type loco-
motives. The boiler accessories include a
mechanical stoker and a feed-water heater.

The Class I1s locomotives have now
])raclicall\ become the standard for heavy

Ielght service on the Pennsylvania. They
are giving excellent results, not only on the

mountain divisions of the
em, but also on com-
paratively level divisions
where heavy drags are
handled. Their speed capac-
ity is equal to that of the
Class L1s locomotives, and
they can, if desired, be used
in fast freight service.

For handling heavy coal
and ore traffic on the Lines
West of Pittsburgh, there
were placed in service, in
1918 and 1919, two classes
of 2-10-2 type locomo-
tives, designated respec-
tively as Nl1s and N2s.
Class N1s was designed at
FortWayne, and 35 of these
locomotives were built by
the American Locomotive Company and 25
by The Baldwin Locomotive Works. These
are among the most powerful locomotives of
their type in service, as they develop a
tractive force of 84,800 pounds and weigh
in working ‘order, 439,100 pounds, with
352,300 pounds on drivers. In heavy ore
traffic between Ashtabula, Ohio, and Con-
way Yard, near Pittsburgh, Pa., they handle
85 loaded ore cars, rated at 7,100 adjusted
tons, or approximately 6,000 actual tons,
over grades of 0.3 per cent.

These locomotives are designed to trav-
erse curves as sharp as 23 degrees, and to
facilitate this, lateral motion boxes are used
on the first and fifth driving axles. All the
tires are flanged, with the exception of those
on the main drivers. An unusual feature is
the arrangement of the equalization. The
front truck and first pair of drivers are
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200 103"
70.9 sq. ft.

urface 4 721 sq. ft.
749 sq. ft.

Superheatin
equalized by a beam placed on the center
line; the three intermediate pairs of drivers
are equalized together on each side, and the
rear drivers are equalized with the trailing

truck. The equalization system is thus
broken at two_points, instead of one, as is
the usual practice in locomotives of this type.

ting surfac

Superheating sur
Weight on drivers

580,000 1b,
73,830 10,

Tractive forec

tender
Tank capacity

Fuel 10,000 1.

Tractive force 84800 1.

Locomotive Works, were assigned to the
Lines West of Pittsburgh.

In connection with these heavy road en-
gines, reference should be made to a number
of Mallet articulated locomotives, which,
from time to time, have been placed in
service on the Pennsylvania System. In

2-10-2 Type Locomotive, Class N2s, built by The Baldwin Locomotive Works, 1919

The boiler is of the wagon top type with
Belpaire firebox, and the maximum outside
diameter is 99 inches. When built, the safety
valves were set at 215 pounds, but the boiler
is so designed that a pressure of 250 pounds
can be safely carried. This boiler has a com-
bustion chamber 5 feet long, so that ample
fircbox volume is provided. It is fired by a
mechanical stoker.

The Class N2s locomotives, to which
reference has been made, were of the stand-
ard heavy 2-10-2 type as built for the United
States Railroad Administration. Thirty of
these locomotives built by The Baldwin

Mallet Articulated Compound Locomoti

1912, two such locomotives were purchased
for experimental purposes. One of these
was a compound of the 0-8-8-0 type, built
by The Baldwin Locomotive Works; while
the other, which was built by the American
Locomotive Company, was of the 2-8-8-2
type, using high pressure steam in all four
inders. Both were equipped with super-
heaters, and were tried out in heavy pushing
service on the Allegheny Mountain gm(](‘

These designs were never duplicated, but in
1919 ten heavy compounds of the 0-8-8-0
type were built by The Baldwin Locomotive
Works for heavy pushing and hump yard

Cylinders

257 & 307 5307

Grate area
1911 sa. ft.
1,263 sq. ft.
408,700 Ih.

82,500 Ih,

. total engine
force

. Class CCls, built by The Baldwin Locomotive Works, 1912




Mallet Articulated Compound Locomative, Class CC2s, built by The Baldw:

service west of Pittsburgh, and a locomotive
of the 2-8-8-0 type, designated as Class
HCls, was built at Altoona for road service
with the intention, however, of first using
it in pushing service on the Pittsburgh
Division. The draw-bar pull is too great to
handle trains not fully equipped with the
strongest M. C. B. coupler, known as type
D. This last named engine is of special
interest because of its high capacity and the
details of its construction.

Class HC1s was designed with a view of
obtaining approximately the same degree
of economy in fuel and water consumption
as is realized by compounding, while avoid-
ing the use of abnormally large cylinders
and the consequent difficulty of exhausting
large volumes of low pressure steam. To
accomplish. this, the same plan was adopted
as in Class Ils, viz., cutting off the steam
at half-stroke when developing full tractive
force. With a steam pressure of 205 pounds,
this requires cylinders 3014 by 32 inches in
order to develop a maximum tractive force
in proportion to adhesion.

One of the most interesting features of
this locomotive is the boiler, which has a
total length of 53 feet 914 inches, and a
maximum outside diameter of 110 inches.
Notwithstanding the great length of this
boiler, the tubes are only 19 feet long; the
balance being taken up by the smokebox,

st
Grate area 96 sq. ft.
Water heating surface 4,911 sq. ft.
Superheating suri 63
W

12

Tractive force 99,700 Ib.

ocomotive Works, 1919

the 14-foot firebox and a barrel combustion
chamber 11 feet 734 inches long. Owing to
the great length of this combustion chamber,
the throat sheet connection with the firebox
is made with a fold or corrugation, in order
to provide for expansion. Some exceedingly
ingenious flanging work was required in the
construction of this boiler, and the details
throughout represent most skillful design
and a high grade of workmanship.

There are two exhaust stands in the
smokebox, one for each pair of cylinder
and each of these exhaust stands terminates
in a double nozzle. In order to obtain a
satisfactory ratio of stack diameter to length,
four separate stacks, each 15 inches in
diameter, are employed and are formed in
one casting which, in external appearance,
conforms to conventional lines. These stacks
extend inside the smokebox, to a point 10
inches above the nozzle tips.

This locomotive is fired with a mechanical
stoker, and is equipped with a hydro-
pneumatic power reverse gear.

In order to facilitate curving, plain tires
are used on two pairs of drivers in cach
group of wheels; in the front group, on the
second and fourth pairs, and in the rear
group, on the second and third pairs. With
this arrangement the locomotive can trav-
cerse curves of 400 feet radius.

The high capacity and the constructive

SYLVANIA

Single Expansion Articulated Locomotive, Class HCLs, built at Altoona, 1919

Cylinders (4) 30167 x 32" Tubes, number 313%, 284; 214", 137
Drivers, diam. 62" “ length 19707
Boiler, inside diam 033"  Grate area 112 5q. 1t
Steam pressure. 205 1h.

Firebox 1687 x 96"
Tubes, diam. Sm & 214"

Wheel base, driving, eac

Weight, total engine 603,500 1b,
P tender 814,000 1b
city 13,000 U. S. zal

28,000 Ih.
135000 Ib.

total engine
< Tank cay

tender
Weight on driv

Fuel
Tractive foree
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details of this locomotive, stamp it as one
of the most interesting designs in service at
present. It hasnot thus far been duplicated,
but it has done some excellent work on the
Allegheny Mountain grades, and valuable
operating data has been obtained as a result.

On February 1, 1919, Axel S. Vogt, whose
valuable work as Mechanical Engineer has
previously been referred to, retired under
the pension regulations of the Company.
He was succeeded by William F. Kiesel, Jr.,
who subsequently developed the designs of
several notable classes of locomotives yet
to be described.

Mr. Vogt, shortly after his retirement,
entered the employ of The Baldwin Loco-
motive Works, serving in an advisory ca-
pacity in the Engineering Department. In
this position he rendered valuable service
until his death, which occurred on Novem-
ber 11, 1921.

PENNSYLVANIA

motives were added to the equipment. The
first of these was an engine of the Mountain
(4-8-2) type, designated as Class M1, and
intended for heavy passenger or fast freight
service. One locomotive of this class was
built, with the idea of thoroughly trying it
out before constructing additional units.
This is one of the largest locomotives of
type thus far built, as it weighs, lusi
of tender, 383,100 pounds and develops a
maximum tractive force of 64,550 pounds.
The boiler pressure is 250 pounds, but the
plan of cutting off at half stroke when de-
veloping full tractive force, which has
proved so successful in Class Ils, is not
used in this case; as the increase of weight
of reciprocatin parts required is not de-
sirable in a high speed locomotive.

The details of construction of this engine
in many respects follow those of the Dec-
apod type locomotives. pecially is this

Mountain Type Locomotive, Class M1, built at Altoona, 1923

With the establishment of a regional or-
ganization, early in 1920, J. T. Wallis was
appointed Chief of Motive Power, with

jurisdiction over the entire System. In this
broader field he has continued his direction
of the development of the Pennsylvania’s
motive power to meet present and future
traffic requirements.

In the death of Alfred W. Gibbs, which
occurred on May 19, 1922, the Motive
Power Department lost one of the ablest
of its officials. Mr. Gibbs took an active
part in the development, not only of the
steam locomotive, but also of the Pennsyl-
vania's earlier electric locomotives, which
will shortly be described.

In 1923 two new classes of passenger loco-

Wheel base,

1810"  Weight, total engine
117 015" & % and

383,100 b,

tender 60,000 u,
7 Tank capacity. 7700 U

Weight on drivers L5001, Fuel 1»;

Tractive force m 550 b,

true of the guides, crossheads, and other
parts of the machinery. The boiler has a
long combustion chamber and tubes of
moderate length, and is of unusually high
capacity for a passenger locomotive. The
design is so worked out that a mechanical
stoker can subsequently be applied, should
this appear desirable.

This locomotive was subjected to a
series of very thorough tests on the road
and also on the stationary plant. The de-
i i iitable for service on the
Pllt\hurgh Division and on other parts of
the System \\hvrc heavy grades are en-
countered.

The second new design built in 1923 was a
ten-wheeler (4-6-0 type), designated as Class
GS5s, and primarily intended for suburban
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Tubes, number
“ length

cnger service. Forty of these locomo-
s were built at Altoona late in 1923, and
fifty additional were turned out in 1924.
These are among the largest locomotives of
their type in use, and they are admirably
fitted for heavy work where frequent stops
must be made. With high starting tractive
force and ample weight on drivers, they can

Wheel base, driving 14937 Weight, total engine

s GSs, built at Altoona, 1923

257,000 1h,
total eng 26" WA g
L] © 4 and tender

tender 62 714" 7.700 U. S, gal
Weight on driv 178,000 b, 31,700 1h,
11,330 .

Pennsylvania during the past few years,
and Cl G5s has 411(-a(l\ proved itself a
most useful addition to the motive pmwr
cquipment of the road.

While, as has been described, the road
engines were undergoing a consistent de-
velopment, several notable designs of heavy
switchers were placed in service. In 1902,

2.405 sq. f
169,000 11,

Tractive force 36,140 I,

Six Coupled Switching Locomotive, Class B6, built by The Baldwin Locomotive Works, 1913

accelerate trains rapidly, which a first
essential in suburban service. They are also
being used, to a limited extent, for express
passenger service where speeds are moderate
and where the high steaming capacity of
the Pacific type is not required. The de-
tails, throughout, closely follow those of
other classes of locomotives designed by the

Cylinders

61.6 5. ft.
surface 1,907 sq.
s...-m ating surface 464 sq. ft.

180,300 1h,
36,140 I,

otal engine
Trasttve fomee

a six-coupled switcher, weighing 170,000
pounds, and signated “lass B6, was
built for the Lines West of Pittsburgh.
This class continued to be built for some
vears, and 15 of these locomotives were
constructed by The Baldwin Locomotive
Works in 1913. The design subsequently
underwent several modifications, the latest

Six Coupled Switching Locomotive, Class Bosb, built at Altoona, 1924
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being Class B6sb, which is now the standard
heavy switcher on the System. These loco-
motives use superheated steam and have
wide firebox boilers of the Belpaire type.
With a total weight, all on drivers, of
180,300 pounds, and a tractive force of
36,140 pounds, this is an excellent design
for heavy work in yards and terminals.

In 1903, a lighter six-coupled locomotive,
known as Class B8, was designed for general
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a weight of 131,750 pounds and a tractive
force of 30,190 pounds they are among the
most pow erful locomoti of the 0-4-0 type
in service. As compared with Cl Bda,
which was the standard heavy six-coupled
switcher in service previous to 1902. Class
ASs represents an increase in total weight
of nearly 23 per cent, and in tractive force
36 per cent. Comparing Classes B4a and
B6sb, the corresponding figures are re-

Cylinders
Drivers, dian.
Steam pressure

143
20,870 1b.

Six Coupled Switching Locomotive, Class BS, built at Altoona, 1911

switching service on the Lines st. Thes:
locomotives have wide firebox, Belpaire
hoilers, slide valve cylinders and Stephenson
link motion, and use saturated steam. They
have done excellent work, but are somewhat
handicapped because of their limited ca-
pacity. Sixty-two locomotives of this Class
were built by The Baldwin Locomotive
Works in 1905 and 1906.

For comparatively light work where curves

Cylinders 207 x 24"

Steam pressure 185 Ib.
Grate area
Water heats
Superheating surface
Weight, total engine
Tractive force

31,750 Ib
30,190 1.

spectively 68 per cent and 34 per cent.
Designs have been prepared by Mr. Kiesel
for a switcher of the 0-8-0 type, Cl. C1,
which will weigh approximately 275,000
pounds. Following the principle of using a
short cut-off which has worked out very
satisfactorily in the case of Class Ils,
this new switcher is designed to develop
full tractive force when cutting off at
6214 per cent of the stroke. Its principal

Four Coupled Switching Locomotive, Class A5s, built at Altoona, 1917

are sharp and clearances limited, there was
designed in 1906, a locomotive of the 0-4-0
type, designated as Class A4. These loco-
motives weigh, exclusive of tender, 116,500
pounds and exert a tractive force of 25,830
pounds. In 1916 a new design, based on

Class A4 and known as Class ASs, was
built at Altoona. These locomotives are
equipped with superheaters, and have larger
cylinders and fireboxes than Class A4. With

dimensions are shown on the diagram on
page 74.

No discussion of the Pennsylvania's mo-
tive power would be complete without some
account of the electrification thus far carried
out, and the electric locomotives now in
service. What has been accomplished is but
the beginning of a comprehensive program
which will ultimately include a large part
of the mileage on the System.
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Steam pressure

250 1b.
Grate area 61.7 sq. ft.

Water heating 3921 sq. ft.
Superheatin 1,194 sq. it.
275,000 1b.

Eight Coupled Switching Locomotive, Class C1, designed in 1924

In this connection it should be noted that
in 1906, the old West Jersey Railroad be-
tween Camden and Atlantic City was elec-
trified, and has since been successfully ope-
rated on the multiple unit system. A similar
system has handled the bulk of the suburban
traffic on the Long Island Railroad, a sub-
sidiary of the Pennsylvania, since 1905.
arly in the present century, it became
evident that a complete reconstruction of
the terminal facilities at New York would
be necessary in order to provide for future
traffic requirements. Under the guidance
of President A. J. Cassatt, whose breadth
of vision and rare ]ll(lQl]]Ll\l enabled him to
fully comprehend the situation, plans were
prepared for the constr uction of a terminal
in the heart of New York City, to be con-
nected with existing trackage in New Jersey
by tunnels under the Hudson River, and
with the Long Island by similar tunnels
under the East River. All passenger tra
in the terminal district was to be electrically
operated, and only steel equipment handled
through the tunnels.

The franchise from the City of New York
authori m;\ the construction of the tunnels
and station, was granted October 9, 1902.

55 11"

Length overall 6 117

Weight on drivers 109,000 1h.

© total 313,000 b,

Motors, number 2
type  Westinghouse No. 315

650 D.
e force 66,000 1.
1,000

Voltage
Starting tracts
Maximum hos

Electric Locom

Work on the tunnels was started June 10,
1903, and on the station May 1, 1904. The
stone work was completed July 31, 1909,
and the station was opened for business
November 28, 1910.

In the meantime, the question as to what
type of loc omotive should be used was re-
ceiving most careful consideration. Three
experimental locomotives were built, two of
the double-truck type, and one of the 4-4-0
type. The latter, and one of the former, were
arranged with quill drive, while the remain-
ing double-truck locomotives had geared
motors. Experience at that time indicated
that certain types of electric locomotives
produced severe lateral stresses on the track.
In order to determine this point, tests were
made on both a one-degree curve and tangent
track, on the electrified section of the West
Jersey and Seashore Railroad, near Frank-
linvi N. J. The section of track tested
was laid with 80 specially designed record-
ing ties, covering a distance of 165 feet. A
device somewhat similar to that used in
making Brinell tests was employed, whereby
the lateral thrust against the rail caused a
one-inch steel ball to make an impression
on a piece of boiler plate. The three experi-

@

T
for New York Terminal Passenger Service, Class DD1, ohcar

oon:
Fitted with Westinghouss lectrieal Equipment
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mental electric locomotives were tested at
high speeds on this track, together with a
double-truck Baldwin-Westinghouse loco-
motive built for the New York, New Haven
and Hartford Railroad, and two Pennsyl-
vania steam locomotives, a Class D16b
(4-4-0 type) and a Class E2 (4-4-2 type).
The two experimental double-truck locomo-
tives showed the greatest amount of impact,
one of them, in fact, putting kinks in the
rail on tangent track. The 4-4-0 type proved
the most satisfactory of the electric loco-
motives, giving results, as far as lateral
thrust was concerned, comparable to those
obtained with the steam locomotive

As a result of these and other tests, the
locomotives subsequently built for the New
York Terminal service con-
sisted of two semi-units, each
of the 4-4-0 type, coupled
together back to back. Each
semi-unit has one Westing-
house direct current commu-
tating-pole series ty pe motor
of 2,000 maximum horse-
power, coupled through par-
allel rods and cranks to a
jack-shaft which, in turn, is
coupled to the drive The
rated maximum tractive force
of each complete locomotive
is 66,000 pounds, but in serv-
ice as high as 79,200 pounds
has been registered.

The mechanical parts of
these locomotives were built
at Altoona, while the electrical equipment
was furnished by the Westinghouse Elec-
tric and Manufacturing Company. The
clectric zone in which these locomotives
are used extends from Manhattan Transfer,
near Newark, N. J., where steam locomo-
tives are detached from their trains, to the
New York Terminal Station, a distance of
8.8 miles, and thence under the East River
to the Sunnyside Yard on Long Island,
where passenger cars are stored and trains
are made up. The service is maintained by
33 locomotives. Trains of 14 cars, weighing
1,000 tons, have been successfully handled,
and 850-ton trains are frequently started on
the 1.93 per cent grades in the tunnels, by
one locomotive

During the first four years of service,
these locomotives made the following record:

Miles run 3,974,746
Total engine failures 45
Total minutes detention 271
Miles per detention 88,328
Miles per minute detention 14,667

The cost of maintenance, during this
period, averaged 7.2 cents per locomotive
mile; while during the year May 1, 1915 to
April 30, 1916, the maintenance cost ap-
proximated only 3.5 cents per locomotive
mile. It would be difficult indeed, to find
any other locomotives that could show an
equally creditable record.

With the New York Terminal operating
successfully, attention was next turned to
Broad Street Station, Philadelphia, where
relief from traffic congestion was becoming

Train emerging from Hackensack Portal of Hudson River Tunnel

imperative. This is a terminal station with
stub tracks, handling a very heavy suburban
traffic, in addition to a ldrqv number of
through trains which are run in and, to con-
tinue their journey, hauled out in reverse
order by coupling a locomotive at the rear
end. A study of the situation proved con-
clusively that, by electrifying the suburban
traffic on the Main Line and the Ches
Hill Branch, existing track and station facili-
tieswould be adequate for some vears to come.

Conditions at the New York Terminal
had made it advisable to use direct current,
which was delivered to the locomotives
from a third rail, at a tension of 650 volts.
In the Philadelphia suburban zone, however,
a careful study of the situation led to the use
u[alternatmguirrent delivered from an over-
head wire at a tension of 11,000 volts. All-steel
motor cars were built for this service, each
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car being equipped with two -horse
power Westinghouse single phase air-bla
cooled motors mounted on one truck. Every
car in the train is therefore self- pro])g]lmg,
but all are controlled, on the multiple-unit

DEVELOPMENT

passenger or freight service. Three locomo-
tives have been built; one, designated Class
L5, to use 25 cycle alternating current, re-
ceived from an overhead wire at a tension
of 11,000 volts, and two, designated Class
L3a, to use 650-volt direct
current received from a
third rail. The first loco-
motive is being tried out
in freight service in the
Philadelphia zone, while
the other two are in passen-
ger service at New York.
With the exception of cer-
tain features of the clec-
trical ((lmpm(*nl these
three locomotives are alike.

These locomotiv e of
the 2-4-4-2 type, the four
pairs of drivers being held
in the same rigid wheel

A Multiple Unit Train in the Philadelphia Electrified Zone base, but independently

system, by the motorman at the head end.

The electrification on the Main Line, ex-
tending as far as Paoli, 20 miles from Broad
Street Station, was completed in 1915, and
that to Chestnut Hill, 12 miles from Broad
Street Station, in 1918, The Fort Washing-
ton Branch, 6.2 miles long, which joins the
Chestnut Hill Branch at Allen Lane Station,
was clectrified early in 1924. The service on
all these lines has proved an unqualified
succ

In 191/‘ an _electric freight locomotive of
the 2-6-6-2 type, <lL>|gan d as Class FF1,
was built for experimental purposes and
D]dl((l in heavy freight and pushing servic
in the Phl]d(l(‘l])hhl clectrified zone. This
locomotive is equipped with four Westing-
house three-phase motors, and can develop
at the rail, 4000 horse-power continuously.
In the event of electrifying the mountain
section of the Pittsburgh Division, two of
these locomotives could handle 3900 tons
up the eastern slope of the Alleghenies, or
6300 tons up the western slope, at a speed of
20.6 miles per hour. This is undoubtedly the
most powerful electric locomotive of any
type yet to be built as a single unit.

The latest design of electric locomotive,
which was placed in service early in 1924, is
the result of an exceptionally careful study
of the operating requirements, with a view
of producing a design sufficiently flexible to
be used, with only slight changes, in either

coupled in two groups of
two pairs each. There are four single phase
Westinghouse motors, two placed near each
end of the locomotive. These motors will
operate efficiently on either direct or alter-
nating current, a fact which adds materi-
ally to the flexibility of the design. Each

sing through the Phila-
i Frecathed Fons

pair of motors is geared to a jack-shaft,
which is in turn coupled to the adjacent
group of drivers.

The freight locomotive (Class L3) with a
gear ratio of 30 to 118, develops a tractive
force of 100,000 pounds at starting, of
59,000 pounds for one hour at a speed of
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Electric Locomotive,
Fitted with Wes

Drivers, diam. 72" w
Wheel base, rigi “ total
e gkl Motors, type  Westi

Le

21 miles per hour, and of 50,000 pounds
continuously at a speed of 23 miles per
hour.  Corresponding ﬁuurc: for the pas
senger locomotive (Class LL5a), geared 50 to
98, are 82,500 pounds at starting, 43,500
pounds for one hour at 35.9 miles per hour,
and 37,000 pounds continuously at 37.8
miles per hour: The maximum service
speed of this locomotive is 70 miles per hour.

The four pairs of driving wheels are com-
[m(t]\ grouped on a rigid wheel base of 22
feet 3 inches, while the distance from the
front or back driving wheels to the adjacent
truck wheels is 16 feet 4 inches. The de:
of these trucks, which has been very care
fully worked out, provides for a side swing
of ten inches each way, with a maximum re-
sistance of onc—lnulth the weight on the
truck.

The frames consist of two end cradles
which carry the main motors, motor bear-

4
11,000 A. C.

140,000 1.
power, masimum

|ngs, draft gear attachments, e and two
intermediate or main frames, one on cach
side, extending over the driving pedestals.
main frames are exceptionally deep,
trength being sufficient to prevent
springing, even when the pedestal caps are
removed. The cab and superstructure are
used for covering purposes only and do not
contribute to the strength of the frame,
hence they can be made of light material
<lll(l are easily removable.

his type of locomotive has been worked
out with the greatest care in all details, with
a view to its future adoption as the s dan(l
clectric motive power for road service on the
Pennsylvania Railroad System. Its design-
ing and construction thus contribute a most
important step toward the goal uf simpli-
fication and standardi f all

ation of types, a
of these locomotives will be plaCll(’l”V alike.
The only variations required for different

Electric Locomotive, Class

at Altoona, 1924

Fitted with Westinghouse F\Lun I Equipment

Weight on drivers
tal
it

Drivers, diam.

Wheel base, rigi
total

Length overall

Westinghou

308,600 1b. Motors, number 4
408,600 1b. 11,000 A. C.

tarting 100,000 1.

ingle-phase, No. 418 Horse-power, maximum 3310
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conditions of operation and current supply
are found in the control apparatus and the
gear ratios.

A lighter design of electric locomotive,
similar in type but without trucks, will
ultimately be built for switching service,
o that all motive power requirements will be
met. The entire dc(‘(riﬁ("i\mn program is
being prepared with characte Pennsyl-
vania \hmuughn and with a view of
providing the increased facilities which will
surely be required in the future

The Pennsylvania has in service a number
of gasoline rail motor , which are being
u]nmlc(] on branch lines where the traffic
is too light to s 1pport steam service or
warrant electrification. Results thus
indicate that these cars will prove succe:
and economical. One of them, built by

il o

U T

Gasoline Rail Motor Car, built by J. G. Brill Company, 1923

J. G. Brill Company of Philadelphia, is
shown in an accompanying illustration.
This car is 42 feet 8 inches in length, and
weighs 30,000 pounds. It seats 38 persons in
the passenger compartment, and has a
baggage compartment 11 feet 3 inches in
length, with emergency seats for eight
additional persons. The engine is of the
four cylinder, four cycle type, the cylinder
dimensions b( ing 434 x 6 inches.

On July 1, 1924, the total number of
locomotives ay ailable for service on the
Pennsylvania System was 7,556. These may
be grouped according to service and type as
follows:

Passenger Service

ic it
enwhesled (6-0) type
¢ (4-6-2) type
Prairie (2-6-2) type.
Mountain (4-8-2) ty
0dd, standard gauge.
Narrow gauge.. . .

Total passenger.

Freight Service
Mogul (2-6- 0) type.....
Ten-wheeled (4-6-0) type
C mholnhunn (2-8-0) type

1
Narrow gauge. .

Total freight

Swilching Service
Four coupled (0-4-0) type 140

x coupled (0-6-0) t 790
ight coupled (0-8- o) type 2
Mogul (2-6-0) type : 15
0dd types 6
Total switching 053

FElectric Locomot

67
re # 2
Switching 1
Total electric 70

The aggregate tractive for of the loco-
motives used in various
classes of service are
as follows:

Steam, Standard Gauge
Passenger
locomotives.
Freight
locomotives. . 262,002,100 pounds
Switching
locomotives.. 29,67

49,845

600 pounds

500 pounds

Total 341,525,200 pounds
Steam, Narrow Gauge
Passenger

locomotives . 50,100 pounds
Freight t

Tocomotives. . 128,400 pounds

Total...... 178,500 pounds
Electric

senger locom
ht locomotivi
Switching locomotives

2,214,000 pounds
123,000 pounds
56,000 pounds

Total. ..

locomotives on the System, of 344,096,700
pounds, or an average of 45,500 pounds per
locomotive.

‘The tables on page 79 ln(_llL-llC the inc ease
in weight and capac syl
passenger and freight locomotives
to the present time. The Clas

T

M1 and

HCl1s locomotives are in a certain sense

experimental, but they have been included

to indicate the ultimate thus far attained.
A comparison of the Class B4a locomo-

tives, which were the heaviest switchers
used by the Pennsylvania at the hegmmng
of this period, with the new Class

locomotive recently designed at Altoona,




R el e S e

PEN N S

shows an increase in weight and capacity of
approximately 156 per cent.

The most notable feature in connection
with the development of the Pennsylvania’s
motive power the thoroughness with
which all problems have been worked out.
New types and designs have not as a rule
been duplicated until they have fully proved
their fitness to economically and efficiently
meet the service requirements, and all ma-
terials and special devices, before being
adopted as standard, have been subjected
to rigid tests to determine their ultimate
cconomy. Because of this the policy of the

o
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Motive Power Department has sometimes
been regarded as unduly conservative; but it
has been fully justified by the final results
attained. Furthermore the research work
done in connection with locomotive develop-
ment on this road has been of exceptional
value, and has been studied and utilized
the world over. It is safe to say that on
no railroad has greater progress been
made in raising the standard of motive
power efficiency, and placing the locomotive
on a plane where it is recognized as one
of the greatest achievements of the mechan-
ical world.

An Electric Locomotive, Class DD1, in New York Ter

Steam Locomotive Development, Pennsylvania Railroad, 1899-1923

PASSENGER LOC()MOTIVF,S

Tractive

W Weight, |
Total e |
Pounds Pounds | Pounds ,n.r.-.-‘m’«

101,550 21, 150 lnu

278,300
243,600
308,890
383,100

386,100

The Class I1s designs of 1916 and 1922 are both included in
l\mters used, and the fact that the 1922 design includes a feed-water heater.

*The tractive force of the lightest locomotive s taken as
fBased on a mean effective pressure equal t

1Based on area of fire side of superheater tubes,
#Based on area of water side of tubes and fiues.

the above table. because of differences

in the types of super-

per cent boiler pressure.
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A
Air brakejintroduction of . i s we s oe s 3i1.,.33%
Allegheny Portage Railroad................. 4
Allegheny Portage Railroad locomotives
6, 17*%, 19
Altoona Shops estabhshed .................. 2:1
American Locomotive Co., locomotives built
[T v B R 42, 44%, 56, 58, 59, 68, 69

American type locomotives (see locomotives)
Articulated locomotives (see locomotives)

Atlantic City, fast running time'to. ... .15 %% . 53

Atlantic type locomotives (see locomotives)

AT DULY, I WL W s o e s o e oy ais rore s s oo v heliwe 55
B

Baldwin Locomotive Works, The, locomo-
tives built by:
Compound, for Pennsylvania Railroad. ..
40, 42, 43*, 56%, 69%, 70*
Early American type, Camden and Amboy
15N E 0716 bt i i, o o e e R 7.8%
Early American type, Penna. R. R... .12, 13%

Early Consolidation Type, Penna. R. R. . .33%
First for Pennsylvania Railroad.......... 181
First for Philadelphia and Columbia R. R...4%*
Single driver fast passenger........... 14542
Six coupled with leading wheels, 1852. .12, 13%
With flexible beam truck....... SEGE. 115, 15%
With variable cut=off . ot e oo e s 1.5%, 17%
Belpaire firebox, introduction of. .. .......... 39
Beyer, Peacock and Company, locomotive
AT o e e it o P 41%
Broadwavilsimited . ol e oo Svbae o sshe 58%, 59
G
Camden and Amboy Railroad, locomotives. . 6—9%
Camden and Atlantic Railroad, locomotives
317,38
Camel locomotives, built by Ross Winans. . . 14%
(s Ay e R i b NGRSt s AL 45
CassattyAMexander J i v - s csrs taoe o 26, 33, 74
Elond S ohIRMVETE S il Ll i oL e et 40
Coalpeatlyasesofzas flel - nl o Shn et e 19
(€le AT oThe] oyt antl 23wt e st e = S S e e 33, 40
Consolidation type locomotives (see locomo-
ives
t ) D
Decapod type locomotives (see locomotives)
de Glehn type locomotive............... 55%, 56
D) B DS P SA R C s 2 o hrot s aan e rmeatis s B alions 1ot 5, S0 dan 7.:33
Dudley:ECharlessBEece e S ot s i o 40
1B 0 010 0y & e e O R e S S 63
E
Electric locomotives (see locomotives)
Electrification, New York Terminal.......... 74
Electrification, Philadelphia Zone............ 75
Ely, Theodore N i« v o ciiom st gl s s a0 33, 34
Equipment statistics........ 3,25, 29, 50,51, 78
G
Gardner, (George ClINtON o s esse oo vis st 33
Gasoline rail MOtOL CATLS .. « i <+ & s ol 506 6 6o 0 78
Gibbs A Ced N e s o s e e s 55,162, 71
H
Harrisburg and Lancaster Railroad, loco-
THOTIVES S et B in o e S o E 11%
J
Jarrett and Palmer Special Train............ 31
K
Kiesel, William B Jte it sievess s oo snesne 71
L
Taitd:, JOMRs S . ekt matiie o s 22,26
Lancaster Locomotive Works, locomotive
verthule byt D 2asn D DT D0 il . Tg%®
»Lew1s- BEaioch 2o & 5. '5.;. et P S )
«Link mouoh- a:foptrcrrr of st wsmser. s v 1S
Locomotives, American (4-4-0) type:

Class D=1 (A) g pir 5 s v sxpms e o s o o o 2 29
;‘"‘t cDe3 (B) ..... IR . Rl St a0 S
oot —D—-2a(BA—).. T O ot B ST 36*

e L = 0T o it N L e o R e 28% °
DA CC ANl )L ol 5 st SRR T e eie orte 29%
S DA (CAANTD) - oo o s s Sens e ms st e 29
R0 (G s, o e o, S el et 28, 29%
R0 (K)o v s oo e sag o 34, 35%, 36*
)= R ARSI RGN Or e N s st 36, 38%
D) R (N e o ey o st St 0 o o et 38
ST P-8a (@), e s 38, 39%*
SRR B 2 R0 B e St e e 41%, 42
S I AN () el o o ey 38, 39%
B D S 1 () e et ooy sashehohese 42%

4 58 6 0

(*) indicates illustrations

Class T A Y e 2 v it o e e e 43, 54%
ID=tdac@) Ji s Er 44, 45%, 46*
TS5 R G S e O i 42, 43%

R B P [T (] B B s e R e 45, 46

B R e (1 e L e i e e 45, 46*

CINRS D [ I o £ e i eSS R e 46%

St DoAlGe ies et s e e e e 46
SRS Gl s R e e 46, 48%
Baldwin compound experimental . ... .. 42, 43%
Early, on Pennsylvania Railroad.......... 10

With outside link motion, for New Jersey

Railroad and Transportation Com-
DAY b s R et et S o 9, 10%*
Schenectady experimental . ........... 42, 44%
Locomotives, articulated type:
ClaSsi@GE S B S i o2 o ol s e e 69%
e B S = e e RS ey ) 69, 70%
R HIC ol Sr il 58T S i e e e 70%
Locomotives, Atlantic (4-4-2) type:
Class e B e o T L e L oy = 53, 54%*
1 e N NS g ™ ol i o i ol 54
e 1 0 R 1 R e MO e S SR 54%
g s s e R b et SIS ) 55
] D0 PR B b B e AR R s o 59
] D S e e o T e R D e 55
S| 0=l s e T el R 55%
i D Yo b e T T L e e o 59%
- R3S A hraintlow Bty ol Xoaindy O Ne 60%, 61
R T ) e L R L e T o 63*
i . e o 64%, 65
‘  E-28 (Baldwin balanced compound) . .56%

de Glehn balanced compound......... 55%, 56
Locomotives, Consolidation (2-8-0) type:

Class Tlall oGl o e B s o o aiers s s 28%, 30, 31
HeBR e o e o i e s 39, 40%
SIS e e e s e e 48, 50%
e ] O L T e PR s Lo B i L 15 48, 49, 51%*
L (T e ) e e St
e [ DR e e s e g e 57%, 58
L R . e ik o e T e 62%
el O T e R e e s 62%
1 e e e e A 62, 63%
First used on Pennsylvania Railroad...... 33*
Locomotives, Decapod (2-10-0) type:
@l a sl R T R e L L e 67%, 68
Locomotives, electric:
(G DY DRl b iyl | st ol I SR B 74%, 75%, 79%
< T T L o R o e I 76, 17%
s Uioply Al o N N R i 6. 11%
Experimental types., o . ou s o wvsinie s msis s 74
Locomotives, Mikado (2-8-2) type:
CIASS Tl S mrirsrns o siss 6 70 o o 3 37 Sm s wincel 1 66, 67%
Locomotives, Mogul (2-6-0) type:
Class Hallns o s s i s s aroerons s o)s s @ s w0 o 48
] T [ T e il i e N RO S 48, 50%
SRR A e el TR R et e e 58
R 01201 o Tt T R e e e 58
S I oS O T e e e 57*%, 58
Compound-expetimental’ ... ..civomdeis-vs 48

Passenger, rebuilt from 4-4-0 type, 1866.47, 48*

Winans Camel locomotives, rebuilt. ...14, 19%
Locomotives, Mountain (4-8-2) type:
@ClasseM=1E 5 S e R R s 71%
Locomotives, Pacific (4-6-2) type:
Class K., oo reniretne oo btn s o s s low a7 ok nw sdls 60%
L e T N R ey 60%
48 R diser et N s e e e 65%
Experimental, built 1906. . ............... 59
Locomotives, single driver, 1849......... 1%, =12
Locomotives, switching:
Class A Ol e o A e LS SR 40%
e I (0 S e e S s R et e 45%
A R (), e iy, E O e e 50%
SN LG - e e e S e s I e e Vet 73
SEEENTET i wlvn st - At B e i T 73%
el o (0 T [ B S el B e o D 28, 34%
[ =0 (1 B el oy SR R A 28, 34%
B3R S P T S 38%
e B A (VI el oo s el o e s e bt (5 42
s e s SR OV o b e e e ws e v 42, 44*
Gy, etk B =0 [T ek S e e R S 2%
Y R TRl o S e e o R e 72%, 73
it N o e e e L e T 73%*
e O T L e el B i R 73, T4%
Locomotives, ten-wheeled (4-6-0) type
CIaSSiG (D)5 e sttt sl soria s e Tadids 28,-31%
SECTGE2 ) o s vs e 5vis 5se s e e sns w82 oxonsls 28, 31
R I O T, o VYl S S i 47, 49%
G e e ars s 1o v el e T A0S 47, 49%
B (B L g e L s 48, 49%
S ah S et S S R e e 71, 72*
Baldwin compound experimental. ..... 42, 43*
Early, on Pennsylvania Railroad. . ..13%, 16*

Schenectady compound experimental. . .42, 44%
Locomotives, 2-10-2 type:

Class NeliS:is o ssie sosmse s sieiis el e iatasere 68, 69%
O TNDG, 3 o v S e 56 Bl 68, 69%
Locomotive testing plant........cceveeeeene 55

Locomotive, Webb compound.............. 41%
Long and Norris, locomotive for Philadelphia
and Columbia Railroad. . o5 oo oo, 5
Loughridge-chain brake. .. . ms ot vk 22
M

Mallet locomotives (see locomotives, articulated)
Mikado type locomotives (see locomotives)

Mileage records, notable. ............ 24, 40, 47
MilleE B S Tor At raction inCreaser i e oo 8
Millhollatids James:. . . . v ¥ rae o o 14
Mogul type locomotive, the first true (Rogers
LocomotiveWorks)iantn — i il e . 8, 10%*

Mogul type locomotives (see locomotives)
Mountain type locomotive (see locomotives)

Multiple-unit electriccars. . .........cvovv.. 76%
N

New Jersey Locomotive & Machine Co.,
locomotive built by .. 2 oo e ol 25%

New Jersey Manufacturing Co., locomotive
15300 BE ey T e R g e R 16%

New Jersey Railroad and Transportation
Company, locomotives........... 8, 9%, 10%*

Norris Brothers, single driver locomotives,
Camden and Amboy Railroad......... 8, 9%

Norris, Richard and Son, locomotives for

Pennsylvania Railroad . 14%, 19%, 20%, 21%, 22%
Norris, William, early locomotives for Phila-

delphia and Columbia Railroad.......... 5%
Northern Central Railwayr. . ..c... o viren e o 25
(0]

Oil-burning experiments.........oeveeuenene 40
P
Pacific type locomotives (see locomotives)
Pennsylvania Railroad System:
Equipment statistics...... 35725,:295 50,5478
INCOEPOEAtION OF 0ot afs s st hivus wist s 1o syiie. o 10
Locomotives, types of, now in service. ..... 78
Locomotives, aggregate tractive force of....78
Mileage and traffic statistics............ 3,.26
Motive Power Department policy....3, 34, 79
Pennsylvania Special. ... .......coeeen 55%. 587%
Philadelphia and Columbia Railroad, loco-
TAOLIV Sk o o roermi i e N A sttt e 4% 5% 6%
Philadelphia and Trenton Railroad, loco-
motive “Black Hawk" ... .. v comis 8, 10%*
Philadelphia, Wilmington and Baltimore
Railroad. . ... iv a5 5 5 050 Sopdhaisoroese o suors 36
Philadelphia, Wilmington and Baltimore
Railroad,; [ocOMOLIVES ..« Zis « v srs wioesiois 37
Pittsburgh, Ft..Wayne and Chicago Railway. .25
R
1RO, Dok | D s T B e AT O SR o 26
Rogers Locomotive Works, locomotives built
R e (e ets st (o e e RS 8, 10%*, 19%
S
Sellers and Sons, Coleman, locomotive for
Philadelphia and Columbia Railroad..... 5

Single driver locomotives (see locomotives)
Smith and Perkins, locomotives built by
19 13%:-14,-22%

SN Qe DL T O O S O™ 2 s e hln o o el o5 el temer o - abn 19
Standard locomotive designs adopted........ 27
Steel, first use of, in boiler construction....... 24

Stephenson, Robert and Company:

Locomotive ‘‘John Bull,” Camden and
Amboy Railroad. s . a8 v vcreloniater oot 7%
Locomotives for Philadelphia and Colum-
bia . RaIIFOAN 7 i e isbiter s vagins doa e o 15wy s 0 v o/io 10 ie%w 5
SEEVEHS s JOITL . i e aioreioei » soioiwins 4. o & 6 316,51 5 aaie Bas 6
Superheating, improvement effected by....... 61
Superheating, introduction of . . ............. 60
Switching locomotives (see locomotives)
T
Ten-wheeled locomotives (see locomotives)
Thomson;, John Edgar .« o iaasaata. « oo 10
Two-ten-two type locomotives (see locomotives)
A%
Variable cut=offs 1serof . . .. c.. « s o sse 0 siosivas 15
Vauclain tANATEWIC &« o o 5idlo e w b e sioazebls sia 21
Vauclain, SamnuelsVL ¢ oot - wiime o ¢ mis e 20209
AV aTod e . o) ST S N e O I e e e 40, 71
A%
D e ] D e e o ORI P 25 ot 63,71

Walschaerts valve gear, introduction of . 56, 57, 58
Webb compound locomotive (see locomotives)

Wilmarth, Seth, locomotives built by........ 13%
“Winans, Ross, locomotives built by...... 11, 14*
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