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Iears
or
Sweat’

OT much difference be-

tween them, chemically.

But WHAT a difference finan-
cially!

Roads which are trying instead
of crying have smoothed thelr
track to progress.

There’s no getting away from
the fact that smooth track cuts-
o T maintenance costs, boosts busi-

' ness, speeds schedules, stifles
noise.

And here is equipment that is
relied on for economical track
smoothing by most of the
world’s electric railways.

Railway Track-work Co.
3132-48 East Thompson Street, Philadelphia

AGENTS
Chester F. Gailor, 60 Church St.. New York
Chas. N. Wood Co., Boston
H. F, McDermott, 208 S. La Salle St., Chicago
F. F. Bodier, San Francisco, Cal.
H. E. Burns Co., Pittsburgh, Pa.
Equipment & Engineering Cd., London
Railway & Welding Supply Company. Toronto, Ontario

® 1072

Alnx Electric Are Welder R S e e
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HE commendable spirit of cooperation within the

electric railway industry has been responsible,
in a large measure, for the success of many progressive
practices witnessed during the past 50 years—from
the horse car of yesterday to the trolley bus of today.

Much has been heard about the comparatively low
operating cost of this latest method of auxiliary trans-
portation to important street car routes. Equally favorable
have been the reports of increased revenue. Therefore it
is not to be unexpected if the trolley bus should have the
lion’s share of attention at the 1931 A.E.R.A. Convention.

As interested as one may be in the vehicle itself, it is only
reasonable to remember that the success of the trolley
bus lies, not alone in the silence of its motor nor in the
smoothness of its speed, but that its success lies also in
the careful planning of the overhead trolley system and
the proper selection of current collection equipment and
bus accessories. In the study of this important part of
trolley bus operation, many men will meet in common
understanding at the O-B Exhibit.

A large part of this exhibit will be given over to the dis-
play of the latest and most successful overhead and bus
equipment devices now being used. You are cordially in-
vited to visit this display and see at first hand, the present
day solution to problems of overhead construction and
vehicle operation—to help yourself generously of the in-
formation available and to suggest the findings of your
own experience that the fund of knowledge will be in-
creased for the collective profit of the entire industry.

Those whose paramount interest is in the economical
operation of street cars, will find many new appliances
covering line materials, car equipment, and rail bonds.
The O-B booth will present various labor-and time-saving
devices designed to reduce maintenance charges.

The O-B booth will occupy spaces E-502-503-504-505




‘The value of the trolley bus will be wide-
Iy recognized, and to many cities will prove
of tremendous value in restoring public
onfidence, as well as providing an earning
power (o the operating company.”
(. . Richardson

Viee Frresident amd Gon, Mg
Chicaxa Surface Lincs

Trolley bus installations have been made
recently in the following cities:

Chicago Detroit Knoxville
Rockford Brooklyn Pawtucket
Salt Lake City Shreveport Nerw Orleans
Dreluth Kenosha Peoria Memphis

0-B Swivel Trolley Shoe

A rugged but extremely light weight current collector for
trolley bus service. The shoe rides the overhead smoothly
with a miunimm of dewirements, and greatly reduces the
annoyance of radio interference.

O-B Titon Bond

In some trolley bus installations, routed over the old tracks
of retired street cars, the old rail is serving as the negative
feeder. In these cases, O-B Rail Bonds have been used prof-
itably to rebond the track and insure a good return.

Special Type ZCF Headlight

An automotive design particularly adaptable to the modern
trolley bus. Construction is thoroughly dust proof. It is a
recess-mounted headlight of extremely shallow design, and is
furnished in either crystal or gold ray glass reflector, or
chromium plated metal reflector.

O-B Featherweight Form 5 Base

A six spring trolley base in which lightness of weight and
sturdiness have been combined successfully. Weighs about
89 pounds. Movable parts are easily inspected or adjusted.
Timkin roller bearing assembly on main bearing gives great
freedom of easy movement. The base selected for use in
majority of trolley bus installations of today.

0O-B Tangent Hanger Assembly

Consists of O-B Spring Lock Hanger for main insulation, a
type B Hanger for secondary insulation, and a tapered Mar-
athon Ear for supporting trolley wire. This method of sus-
pension is in service on several trolley bus installations.

Mansfield,

Canadian Ohio Brass Co. Limited

York - Philadelphia *+ Boston ¢ Pittsburgh ¢ Chicago *+ Cleveland -
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>>>> TODAY

O-B Titon Bond

O-B Trolley Assembly

OHI0 BRASS COMPANY

Ohio, U.S.A.

Niagara Falls, Ontario, Canada

« Atlanta « Dallas + Los Angeles -«

O-B Trolley Shoe

O-B Featherweight
Trolley Base

1452G

San Francisco * Seattle
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SUBWAY

For every type of mass
transportation, there is a

system of N.P. Door Con-

trol which will provide
faster, safer, more efficient

operation at greatly re-
duced costs.

You cannot afford to

overlook the definite ad-

vantages procurable
with National Pneumatic
equipment.

VISIT BOOTH E-513 AT THE
A.ERA. CONVENTION

i

NATIONAL PNEUMATIC
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50 Years! Years which have seen

greater progress than any previous
century in history!

And yet, as we
smile at the crude equipment and

slow transportation of 50 years ago,
we must applaud the early pioneers
for their vision and persistence in

laying the foundations for our mod-
ern industry.

This company takes pride in its con-

stant effort to furnish the most mod-
ern accessories for the safe,
vehicles of today’s
program.

fast
transportation
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“GOOD OLD DAYS”

and inflexible route-destination signs

You have the complete line of Keystone Car and

Bus Equipment. Visit our Exhibit at Atlantic City
' : Spaces 314. 516. 518, 520

Typical of Keystone Specialties, are the famous “Golden
Glow” Headlights, used throughout the country on trolleys
and trolley-buses. The powerful, safe light provides max-
imum illumination without glare.

Keystone Faraday Signal Systems and Keystone Interior
Lighting Fixtnres are highest quality products, designed
exclusively for the severe service of transportation. Hunter
Illuminated Destination Signs are clearly visible at a
distance and can be changed instantly to coincide with
ronte changes.

See these fine specialties at the Ailantic City Convention.
A cordial welcome aicaits you.

New Keystone Care Lighting Fixlores, com-
binlng sturidy, pracfical cunstrucflon with
{he *looks"” necessary for the fines{ cars.
Many efher types available.

The famous Golden Glow Ilead- powerfnl, cantrolled Illumination,
lights and Flood eadllghts for Several styles for varioas types of
buses, ears, and trolley buses. Efficient, service.

ELECTRIC SERVICE
SUPPLIES CO. Manufacturer

RAIIWAY, POWER AND INDUSTRIAL
ELECTRICAL MATERIAL

Honfce llluminated Car and Bus Slgns. Available
for any type of seevice and any namber of destina-
tlon points,

Home office and plant at 17th and Cambria Sts., PHILADELPHIA :
District Offices at 111 N, Canal St., CHICAGO; 50 Church St., NEW
YORK: Bessemer Bldg. Pittsburgh; 88 Broad St,, Boston:; General
Motors Bldg., Detroit; 316 N. Washington Ave., Seranton; Canadian r

Agents, Lyman Tube and Supply Company, Lid.. Montreal, Toronto,
Vancouver. Winnipeg.
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WHY TROLLEY Sl
OPERATORS 7tis
ADOPTING “Phono”

See the display and
learn all the eatenary
applications of
“PHONO” Alloys,
Booth 583, A.E.R.A.
Conventlon, Sept. 26-
Oct. 2, Atlantie City,
N. J.

DEFIN

No longer is the trolley bus an experiment—its flexibil-
ity, speed, quietness and comfort have won the public.
Operators have rapidly learned that it meets auto
competition, requires no track maintenance and gives
efficient service at low cost,

ITE ELASTIC LIMIT 65%

But the trolley bus has its own peculiar problems. Due
to side stresses caused by the wide touring range (over
15 feet) from the center of the overhead—the con-
tact wires must be tough—high in tensile strength.
“PHONO"” answers that need, as a quarter of a century
of service on the major electrifications in this country
has proven. The contact wires must be strung tightly,
and stay tight, to avoid dewirements and the possibil-
ity of positive and negative wires swinging together
and burning down. “PHONO” (cadmium) wire has
a definite elastic limit of 65% of its tensile strength—
it can be depended on to maintain a predetermined
tension, without the care and adjustment necessary
with copper.

WE RECOMMEND uPhOﬂO
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“Phono” (CADMIUM) WITH 85%
MINIMUM CONDUCTIVITY MEANS
HIGHER EFFICENCY ON TRACKLESS

SYSTEMS . .

Note the off-center op-

eration in the accompany-
d ing photograph and re-
) member the contact wire
il guides your trolley wheel
or shoe 1In trolley bue
@ operation, nof the ecar
body es in the case of
trolley car  operetion.
With “PHONO" contact
3§ wire, the real benefit of
high definite elastic limit
1s reelized for the above
purpose.

With its long, trouble-free service, “PHONO” (cad-
mium) is also high in conductivity with operating aver-
ages equal or superior to copper. This is important in
reducing the need for auxiliary feeders. When con-
sidering the overhead, it will pay to get the facts from
Bridgeport engineers. Let their experience help you.

“Phono” FOR DURABLE SPAN WIRES

Reliable, durable span wires are as necessary as contact
efficiency. There are more wear and fewer replace-
ments with “PHONO” (standard) or “PHONO” (cad-
mium) spans than galvanized wires. “PHONO” will
pay for itself while the installation is still “new,” not
only in wire, but in bolts, clamps and other outdoor -
accessories where ruggedness and corrosion-resistance
are essential. Ask Bridgeport for full information.

BRIDGEPORT BRASS COMPANY
BRIDGEPORT, CONN.

BRANCH OFFICES

New York, N. Y Buffalo, N. Y

Pittshurgh, Pa.

Philadelphls, Pa. Cineinnati, Ohfo Chicago, TiI,
Newark, N. J. Detroit, Mich, Cleveland, Ohlo
Boston, Mass, Dayton, Ohio Dalles, Texas

Providence, R. 1. Akron, Ohio Los Angeles, Cal.

13
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For Single-Motored 30-Passenger Trolley Buses

NEW
LIGHT-WEIGHT
LOW-COST
EQUIPMENTS

HE remarkably light weight and low cost of
this G-E equipment for single-motored. 30-
passenger trolley buses are made possible through
a recent development of Type M control for
under-bus mounting — used in combination with
a GE-1154 (50-hp.) light-weight motor. This
Type M group is extremely simple, compact, and
reliable; it is foot-operated and nonautomatie. 1t
Type M group with master controller, meets any requirement of the service and weighs.
reverser, and contactors complete with master controller, contactors, and
reverser, only 125 pounds.

The low first cost of this equipment and the
present low price of copper for overhead con-
struction offer an 1mmediate opportunity to

. obtain all the operating econormies of trolley-bus
installations — with an investment very little
higher than is required for gas buses.

Let us analyze your service conditions with you.
For complete details and quotations, address
your nearest G-E office, or General Electric Com-
pany, Schenectady, New York.

GE-1154, 50-hp. motor

30-PASSENGER trolley-bus equipment includes a GE-1154, 50-hp. motor
(785 1b.), two current collectors (300 Ib.), and complete control, including the
Type M group, line breaker, EW resistors, cable, etc. (271 Ib.). Total weight, JOIN US IN THE GENERAL

13 6 ]b- ELECTRIC PROGRAM, BROAD-
CAST EVERY SATURDAY EVE-
NING ON A NATION-WIDE

EQUIPMENT for smaller trolley buses is also available. It includes a GE-1126, N
35-hp. motor (500 Ib.), two current collectors (300 lb.), and complete control,

including Type M group, line breaker, EW resistors, cable, etc. (271 1b.). Total

weight, 1074 Ib.

330-169

GENERAL ELECTRIC

TRANSPORTATION EQUIPMENT
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Consolldation of Street Railway Journal and Electric Railway Review

Joux A. MiLLEr, Editor
New York,

September 15, 1931

Building on the Experience of

A Half Century

of Progress

Foreword by
JAMES H. McGRAW

OMMUNITY TRANSPORTATION in America is still
C a comparatively young industry. Less than 50
years have elapsed since the first practical application
of electricity as a motive power for street cars. Some
of the men prominent in the electric railway industry
today have been actively associated with it since its birth.
Over its problems they have worked and worried, argued
and amplified, planned and perfected. Its progress and
improvement have been their first concern, and they have
good reason to be proud of their accomplishments.

From modest beginnings the business of community
transportation has grown to be one of the great indus-
tries of the country. Not only has it increased in size
but it has also broadened tremendously in scope. Fifty
years ago community transportation and street railway
service were synonymous. Today the street car is still
a vital element in urban transportation, but it is not the
only element. On the one hand it has been supplemented
by rapid transit lines and electrified suburban railroad
lines, and on the other by the motor bus and the trolley
bus. For individual service it has been supplemented
also by the taxicab. Slowly but surely the services of
these different élements are being co-ordinated. The
street railway operator of yesterday has become the
transportation merchant of today.

New types of rapid and comfortable transportation
service, undreamed of a half century ago, have been de-
veloped. These developments in turn have been respon-
sible for a great change in the distribution of population.
Even more significant, perhaps, is the change that has
taken place in the travel habits of the people. Once they
were accustomed to live and move within a comparatively
small orbit. Now the situation is vastly different. We

Volume 75
Number 10

A McGraw-Hill Publication—FEstablished 1883

have become a fast-moving travel-loving nation. We like
to go places, and not waste any time about it. We have
become thoroughly transportation conscious, with a well-
developed sense of travel discrimination.

QOur cities are expanding and their populations are
increasing at an accelerating rate. People are using
more transportation today than at any previous time in
the history of the world. Public transportation service
must keep pace with these developments. We must meet
the constant demand for new facilities. But we must do
more than that. We must furnish the kind of transporta-
tion the public wants. People today have no more liking
for old-fashioned styles in transportation than they have
for old-fashioned styles in clothes. If the history of
this industry shows any one thing more clearly than
others, it is the inevitability of change.

Modern demands can be met only with modern stand-
ards of service. Whether the vehicle be an electric rail
car, a gasoline motor bus, a trolley bus or a taxicabh, its
design and operation must be attuned to the times.
Interest is now focused on this subject to a greater
extent than ever before. The problems presented are
complex and difficult, but not more so than those which
the industry has solved successfully time after time.
When the history of transportation during the next 50
years is written, it will record new names and new
achievements worthy to stand beside the famous names
and great achievements of the past half century.



\VHEKE once ilie horse or muie
car wended its almost solitary
way carrying oceaslonal pas-
sengers, the modern eleciric car
now carries vast maultliindes
Intent npon speed despite con-
gestion nndreamed of in an
earlier day

ELecTrRIC RATLWAY JOoURNAL—V 0175, No.10
496



By
JOHN H. HANNA

President .
American Electric Railway Association

President
Capital Traction Company
Washingion, D. C

Evolution of

Community

The picturesque horse-drawn omnibus on
Broadway, New York, a century ago—the
foreranner of enr modern transportation
vehlicles

Transportation

MASS TRANSPORTATION in
the cities of this country was by
no means an infant 50 years ago. It
was already 50 years old, and was an
industry of considerable importance.
Nearly 400 years before some inventor
had discovered that wheeled vehicles
would move more readily and easily if
a track of some sort was provided for
them, but this discovery did not bring
abont the extensive use of rails until
the development of the steam railroad.
Horse-drawn vehicles carrying both
freight and passengers were used on
Fourth Avenue in New York in 1832,
and even before that freight had been
moved by this means, but in a desultory
fashion. While the growth of the horse
street railway was rapid throughout the
’50s and ’60s, there was no attempt at
a co-ordinated system which would care
for the entire needs of the community.
Every large city in this country and
many of the smaller ones had one or
more street railway systems meeting
their transportation requirements. These
roads were managed by men who, judg-
ing from their records of achievement
and public utterances, were well up to
the high standard of ability which we
believe our industry enjoys today.
Fifty years ago there were 415 such

companies, operating 18,000 cars over
3,000 miles of track, and utilizing the
services of more than 100,000 horses.
They carried nearly 1,250,000,000 pas-
sengers per year, and had a combined
capitalization of $150,000,000.

The place which the street car oc-
cupied in the cities of that time is
described in the following words of the
Honorable Moody Merrill, of Boston, at
the opening meeting of the first conven-
tion of street railway men, which was
held in Boston on Dec. 12, 1882: “Cars
can now be seen going to and from the
places of amusement filled with ladies
robed in silks, velvets and ermines and
adorned with costly emeralds, rubies and
diamonds.”

That the men of 50 years ago who
carried the responsibility of urban trans-

America’s first street car, the “John Ma-
son,” placed in service on the New York
& Ilariem Raliroad in 1832

portation were progressive and alive to
their responsibilities is best shown by
the encouragement and support given to
the early developers of electric traction,
and the rapidity with which that sys-
tem was adopted after its feasibility had
been established. Prior to that time,
particnlarly in the '70s and early ’80s,
great improvements in horse car service
had been accomplished. Frequency of
service was increased, and the later cars,
with their highly decorated exteriors,
contained added conveniences for pa-
trons, showing a realization of the need
of public approval. This point of view
was expressed in many spoken and writ-
ten utterances of the day.

The first decade of the past 50 years
was the period of experimentation in
electric propulsion. A Vermont black-
smith, Thomas Davenport, apparently
was the first to conceive the possibility
of using electricity for moving a
vehicle. He built and exhibited a small
electric motor car in 1835. Later ex-
periments by Professor Farmer, of New-
port; Professor Page, of the Smith-
sonian Institute, and others made fur-
ther progress. Professor Page, in 1851,
was able to propel a small car over 5
miles of track near Washington at the
unheard of speed of 19 m.p.h. His des-

ELECTRIC RAILWAY JOURNAL—September 15, 1931
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tination was the famous dueling grounds
at Bladensburg, which may have been
significant, as his primary batteries, his
only source of power, were entirely
destroyed when he got there. All of
these experiments were doomed to
failure until the development of the
power-driven dynamo, and the discovery
that the dynamo would function as a
motor when current was applied to it.

Edison’s Menlo Park car in 1880 and
Van Depoele’s at the Toronto Industrial
Exposition in 1884, with other early and
valuable work by John C. Henry, Leo
Daft, Professor Short and others, all
culminated in the first large commercial
electric railway, built by Frank J.
Sprague in Richmond in 1888. Without
in any way discounting the importance
of earlier experiments, it was Mr.
Sprague’s success in Richmond that was
the foundation stone of the electric
railway.

In the meantime, while awaiting the
development of a suitable electric sys-
tem, many other means of substituting
inechanical for horse power were tried.
The most important of these was, of
course, the cable road, such as had been
used for years in mines, and which was
first developed for passenger transporta-
tion in San Francisco in 1873. The
cable system was extremely costly to in-
stall and operate, but furnished a re-
liable, convenient means of transporta-
tion. While slow, as measured by
modern standards, cable car speeds of
10 to 12 m.p.h. were twice as fast as
those attained with animal power, and
cable lines furnished the backbaone of
city transportation for a number of
years in many of the larger cities. The
cable system was a wonderful engineer-
ing development; its acceptance and
widespread adoption were further evi-
dence of the courage and progressive-
ness of the early leaders.

Numerous other means of propelling
public vehicles were tried during this
period but were found wanting. Steam
locomotives, while giving acceptable
service on elevated lines, were found un-
suitable for obviouns reasons on city
streets.  Storage battery cars were
strongly urged, but failed to give satis-
faction because of added weight, the
time necessary for recharging the bat-
teries, and their short life. Compressed
air cars were operated from storage

For many years
the anlmal-
drawn street
car relgned
supreme

One of the early
experimenis In
eleciric opera-
flon utillzlng an
overhead “trol-
ler” carrlage—
progenitor of
ihe trolley

tanks and attempts were made to use
pipe lines along the track. Both meth-
ods were short lived. Varions forms
of chemical motors using caustic soda
or ammonia gas appeared and rapidly
disappeared in the frenzied search for a
substitute for the horse and mule, but
the many advantages of the electric
motor, fed by current generated at cen-
tral stations, soon drove all other com-
petitors from the street car field, except
in such unusnal conditions as the steep
hills of San Francisco where cable cars
still run.

After Sprague’s success in Richmond,
the growth of overhead trolley lines
was marvelously fast. The Richmond
operation began in Februnary, 1888, and
before the end of that year abont 25
other roads in all parts of the country
were using electric propulsion, not as
an experiment, but as a permanent basis
of their transportation systems. As
many more were under contract.

Successful use of electricity resulted
not only in the rapid elimination of
horse and cable lines, but also in a
sharp growth in total street car mileage.

In 1887, just before the opening of the
Richmond system, there were only 29
miles of electric road in the country,
357 miles of cable lines, and approxi-
mately 5,000 miles of horse car lines.
Ten years later the electric mileage was
13,765. Cable roads, which had reached
their peak in 1893, had been reduced to
539 miles, and only 947 miles of horse
car lines were left. Another decade in-
creased the electric mileage to more
than 34,000, and left only 62 miles of
cable and 136 miles of horse-car lines.
Much of this horse-car mileage was in
New York, which operated the first
horse car in 1832, and the last one,
which clattered and jingled on its final
trip in 1917,

The year 1890 found the electric sys-
tem definitely established as a practical
means of furnishing street car service,
and growing with astonishing rapidity.
The total investment in the industry had
increased to nearly $500,000,000—more
than three times that of ten years be-
fore. Similar increases, though not
quite to the same extent, were shown in
the length of line, number of cars and
passengers.

The “Gay Nineties” represents perhaps

On some of the early Installatlons small
electric locomotlves were used to draw
the passenger cars

the most important decade in the history
of electric transportation. It was
marked principally by engineering de-
velopments and improvements in the
electric system, the utility of which had
been established in the previous decade.
In 1890, 500-volt standard pressure was
adopted on practically all systems. It
was found that equipping the old horse
cars with motors did not meet the needs,
and double-truck cars 30 to 40 ft. long
were introduced in St. Louis and Bos-
ton. It marked the beginning of the
vast number of improvements in roll-
ing stock which have since continued
uninterrupted.

The first street car motors had been
placed inside the car or on the platform,
belted to the car axle. These soon were
replaced by motors supported on the
axle. At first a single gear reduction
was used, but with the light motors had
to be replaced with double-reduction
gears.  Single-reduction motors re-
turned in 1890, and were soon adopted
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generally. The first motors were open,
but these were soon superseded by
so-called waterproof motors with tight
cast-iron casings. Today’s tendency to-
ward the use of ventilated motors and
high-speed armatures with a multiplicity
of gears or worm drive is an interesting
throwback to the early design.

Track construction, too, was radically
changed. Heavier rails were found
necessary. The opposition of municipal
governments to the use of T-rails
hrought about the girder rail design,
and the many inventions of improved
rail joints naturally followed.

This period was marked by many
consolidations of both operating and
manufacturing companies. The first
holding company, McKee Syndicate,
composed of New York, Pittsburgh and
Philadelphia bankers, acquired numerous
properties, and the general tendency was
for the co-ordination of the many rail-
way companies of each city into a single
system. In the ’80s numerous manu-
facturing companies were in active com-
petition for the street railway business.
But consolidations were soon in order.
In 1890 the Edison General Electric
Company, formed by a merger of the
various companies carrying Mr. Edison’s
name, combined with the Sprague Elec-
tric Railway & Motor Company. In
the meantime, the Thomson-Houston
Company, of Boston, had acquired the
patents and interests of Messrs. Daft,
Van Depoele, Bentley and Knight.
These two large companies were in keen
competition, in which they were joined
in the same year by the entrance of the
Westinghouse Company into the traction
field.

In 1892 the Thomson-Houston Com-
pany the the Edison Company con-
solidated, establishing the General Elec-
tric Company, which, with the West-
inghouse Company, has dominated the
business since. These two great com-
panies, through their progressive poli-
cies and their scientific research, have
made possible the tremendous growth
of electric traction.

Invention of the three-phase system
of power transmission, first made ap-
plicable to railway work in 1894, tre-
mendously broadened the scope of elec-
tric railway development. Prior to
that, the limitation of 600-volt d.c.
transmission limited the use of electric
cars to comparatively short lines. The
possibility of transmitting large amounts
of electric power economically over
long distances completely changed this
situation. It marked the beginning of
the interurbans which played such an
important part in the development of
the country, and which made possible
the spread of population from the con-
gested districts of the cities to the
suburban areas.

The same period saw an elevated
electric railroad at the Chicago World’s
Fair and the beginning of electric op-
eration on the elevated roads in Chicago,

Thomas A\, Edi-
son and a
group of friends
riding on his
e x perimental
electrle rallway
line at Menlo
I’'ark in 1880

both of which were of far-reaching
importance. The latter was the fore-
runner of rapid transit systems, withont
which the larger cities in this country
or abroad could not exist. The year
1895 also saw the first permanently
successful conduit electric system de-
veloped, by Albert N. Connett, on the
Metropolitan Railroad’s lines in Wash-
ington. Other forms of conduit sys-
tems had been tried in Washington
and European cities but had not been
satisfactory. Mr. Connett’s work made
it possible for the cities of Washington
and New York, where the overhead
trolley wire was banned, to take care of
their transportation needs by a more
satisfactory plan than by cable or horse
power.

The first practical nse of electricity
for steam railroads was made in 1895,
when the Baltimore & Ohio Railroad
placed its electric locomotives in tunnel
service at Baltimore, and the New
Haven Railroad equipped its Nantasket
Beach line for electric operation. The
B. & O. locomotives were a remarkable
engineering achievement, and continued
to furnish satisfactory service for many
years. The advantages to passengers
of the elimination of smoke and cinders
in terminal tunnels were clearly shown
by this undertaking and resulted in the
adoption of similar systems in New York
and elsewhere,

Consolidations continued to take place ;
the Boston Elevated leased for a long
term the West End Street Railway, one

of the largest systems in existence;
the elevated lines in New York were
clectrified; and in January, 1900, the
first contract was let for a rapid transit
subway system in New York.

The end of the century found the in-
dustry well stabilized financially, and,
from an engineering point of view, with
a total track mileage in excess of 20,000,
of which 95 per cent was electric. The
investment had grown to nearly $2,000,-
000,000, and the railways were carrying
4,500,000,000 passengers annually in
62,900 cars.

The early years of the century were
marked even more than the previous
period by consolidations of operating
companies throughout the country, and
by the electrification of the Pennsylvania
Railroad and the New York Central
lines entering New York City.

About the beginning of the twentieth
century, a development took place which
was to have a marked effect not only
on street railways, but on all forms of
transportation. Horseless vehicles had
heen talked about for years, but when the
first crude automobiles began to appear
on the streets, few people even dreamed
of the important effect they would have
on our future social life. Street car
managers who had been worried tem-
porarily by the bicycle craze of the early
'90s thought, if they gave any serious
consideration to the matter, that this
was merely another passing fancy. The
bicycle was responsible for the inven-
tion and development of the pneumatic

Steam dummles and passenger trail cars held an Impartant place
in the Indnstry for some years
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rnbber tire, and it was this invention,
coupled with the improvement of the in-
ternal combustion engine, which made
possible the tremendous growth in the
use of motor vehicles and which entirely
changed the aspect of the transportation
business both in and out of cities.

By 1910 automobiles had become a
commou sight on city streets and coun-
try roads. Their influence was begin-
ning to be felt by public carriers of pas-
sengers. Before that time no surburban
developments were thought of unless
they were accompanied or preceded by
the building of a trolley line. The new
vehicles had not yet affected, however,
the countinued growth of electric rail-
ways both city and interurban. Elec-
tric railway mileage in 1912 was 40,-
808, nearly double that of ten years
previous, the number of passeugers was
in excess of 9,500,000,000 and the capi-
talization more than $4,500,000,000,
both more than doubled in ten years.

Managers were finding out, however,
that there was a limit to the amount
of money to be made. Except for the
severe business depression of 1893, the
street railway business had been uni-
formly growing, not only in size but in
financial strength. It was the aristocrat
of the utilities; its securities were in
demand and selling at good prices.
About this time, though, managers be-
gan to discover that this font of gold
was not unlimited. The continued ex-
tension of service given at the same
rate of fare; growing burdens in taxa-
tion imposed by municipalities and by
demagogical politicians who delighted
then, as they do now, in opening their
guus at the first sign of prosperity,
together with increasing cost of labor,
began to affect net earnings so that
capital was not as friendly as it had
been.

The rapid growth of the automobile
industry and particularly the develop-
ment of cheap reliable cars selling for
under $1,000 naturally had made some
inroads on mass transportation, but it
was only with the appearance of the
so-called jitney between 1915 and 1920
that the industry first realized just how
serious automobile competition could be,
Jitneys, second-hand automobiles op-
erated by private individuals at a 5-cent
fare, blazed forth like wild fire, starting
on the Pacific Coast and spreading over
the whole country. Arguments that this
form of transportation could not eco-
nomically continue to exist and that
permitting jitneys to run constituted a
direct violation of franchise agreements
under which street railways were operat-
ing did not prevent the serious inroads
which they made for several years.
Their life was relatively short and few
operate today, but they left a scar on
many previously prosperous companies.
In 1920, thousands of them were still
running, although fundamental econo-
mics and regulatory restrictions were
beginning to put them out of business.

The jitneys were quickly followed by
buses, which at first were nothing more
than large automobiles operating under
the same circumstances as the jitney
but carrying more passengers. The in-
troduction of the bus was fought at first
by many railways as strenuously as
had been the jitney, but before long it
became evident that here was a real
transportation tool, and that the trouble
was not in the vehicle but the way it
was used. The old warfare between rail
vehicles and those running freely on
highways which had been fought out
about the middle of the last century was
begun again but under different condi-
tions. Rubber tires and good roads
changed the situation and made the fight
take on quite a different aspect. Elec-
tric railway managers, like their prede-
cessors of 30 years before, were wise;

The early Internrbaa lines following t{long
the winding country roads contributed
greatly te the development of countless
small eutlylng vlllages

they did not long fight the use of the
new transportation tool but adopted it
for their own, realizing that, while it
did not and would not supersede elec-
tric railway lines, it had its proper
place in the transportation field, and that
place would best be filled if all forms of
urban passenger transportation were co-
ordinated in one operating unit.

When this country entered the World
War in 1917, the street railway industry
included 44,800 miles of track—a growth
of 30 per cent in ten years. Approxi-
mately 80,000 cars, with 295,000 em-
ployees were carrying 11,305,000,000
passengers per year, and a total capitali-
zation of $5,136,000,000 was reached.

The War, of course, brought many
changes, affecting no industry in this
country more seriously than the electric
railways. Practically doubled costs of
both labor and material were not and
could not be completely compensated

for by increased fares. More track and
more cars were needed to serve the many
wartime industries which grew like
mushrooms, particularly on the Eastern
seaboard. Lessened earnings weakened
the financial standing of the industry,
and, in many instances these necessary
improvements were made with funds
borrowed from the Federal Government.
There were many receiverships, but the
majority of the established systems in
larger cities were able to weather the
storm successfully. The 5-cent fare,
with or without reduced-rate tickets, had
been in existence for generations, and
there was a great disinclination on the
part of the public and regulatory bodies
to change it, in spite of the fact that
there were few other things which a
nickel would buy.

The gravity of the situation and the
menace which it offered to municipalities
influenced President Wilson, at the sug-
gestion of the Secretaries of Commerce
and Labor, to appoint a Federal Electric
Railway Commission to investigate the
whole matter carefully and report recom-
mendations. Public hearings were held
and thousands of pages of testimony
were taken, after which the commission
made a unanimous report. They found
that the industry as a whole was in a
serious financial situation and not
properly functioning; that in order to
remedy this condition economies in op-
eration and improvements of service
should be instituted ; that financial struc-
tures, where necessary, should be ad-
justed to meet actual values; that unfair
assessments, such as paving construc-
tion and maintenance of bridges, shonld
be eliminated; that rigid regulatory
control by municipal or State govern-
ments should be continued ; but that this
should be flexible in character and
provide sufficient revenues to encourage
the influx of capital. They particularly
urged a prompt and reasonable settle-
ment of franchise problems. This in-
vestigation and report had a beneficial
effect on the industry as a whole.
Generally speaking, its recommendations
were followed by the companies and in
many instances by regulatory bodies.
The result was a reduction in the num-
ber of receiverships and a general im-
provement throughout the industry.

The story of the past ten years is well
known. Fares were usually but not uni-
versally increased; one-man cars, first
developed for smaller cities during war-
time difficulties, were found ecntirely
suitable, if properly designed, for large
city systems; financiai reorganizations,
when called for, took place, and many
operating economies were effected; and
the bus was adopted for supplementing
rail operation, or supplanting it in a few
instances where traffic was light. These
changes brought improvements in the
earnings and financial condition of the
companies, in spite of the exceedingly
rapid increase in automobiles, and the
sudden springing up of thousands of
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cheap, flat-rate taxicabs, operating at
low, competitive rates frequently under
inadequate regulation.

The present depression found the in-
dustry still feeling the effects of the diffi-
culties oppressing it during and follow-
ing the war and though improving its
position gradually but surely, this busi-
ness has been affected as have all others.
Unemployment has severely reduced the
number of passengers and the amount of
freight handled, with their attending
revenues, without much chance of com-
pensating savings in expense. Although
some reduction in imaterial prices has
taken place, wages of clectric railway
and bus operators have remained un-
changed. The industry’s losses have
not been as severe as those of many
others, and there is every reason to
hope that a return to normal business
conditions will be accompanied by the
satisfactory recovery and stabilization of
urban transportation systems.

Any history of city transportation
would be incomplete without reference to
two of the most important and vital
factors affecting it, that is—franchises
and fares. In the earliest horse-car
days, municipalities welcomed the ad-
vent of a more convenient and rapid
means of transportation and encouraged
its promoters. As soon as the business
was found to be profitable, restrictions
began to be placed on franchises, maxi-
mum fares were established, and the
practice was begun of using public car-
riers as tax collectors by assessing
against them many burdens not related
to their business. The greater number
of franchises were for a limited period
of years; fares were fixed at 5 cents,
independent of the length of the ride,
with tickets at reduced rates in many in-
stances. This arrangement was satis-
factory as long as the operating com-
panies were small and their lines short,
but it became obsolete when the
introduction of electricity led to exten-
sion of service beyond the original city
limits. When franchises began to ex-
pire or when extensions of them were
needed, the subject became a much more
important one, and many conflicts arose
in its settlement. As cities grew, capital
in great quantities was required for
extending their transportation facilities.
This capital was not available unless
some assurance was given that it would
be safegunarded and paid for. Munici-
palities demanded lower fares or a share
in the profits.

One of the first serious attempts to
stabilize the situation was the adoption
of the so-called service-at-cost plan in
Cleveland in 1910. This plan provided
for close regulation by the municipality
of all details of service and expense.
It established machinery whereby fares
would be automatically lowered or raised
to meet the actual cost of furnishing
the service, including allowances for
maintenance, operation and renewals,
and a return of 6 per cent on an agreed

value of the prop-
erty, a value ma-
terially less than
the outstanding
capital obligation,.
It permitted pur-
chase of thie prop-
erty by the city at
any time om six
months’ notice,
and laid down the
terms under which
purchase might be
made. This ex-
periment was sat-
isfactory; it re-
sulted in a much
improved service
to the citizens of
Cleveland, and a
lcwer rate of fare
until'  war costs
changed conditions. The franchise was
extended in 1919 for another 25-year
period. After a few years, modifica-
tions of the Cleveland plan were estab-
lished in many other cities of the coun-
try, and, while not always entirely satis-
factory, the service-at-cost theory pre-
sents probably the most satisfactory
solution of the franchise problem.
Among other means of obtaining relief
from the difficulties arising from in-
creased costs during and following the
World War were studies and experi-
ments in changing the fare structure.
All street railways had been operating
since their inception on the simplest
form of fare structure—the same fare
for all service and all lengths of line—
although fares varying in proportion to
the length of ride had been the rule in
other countries. Zone-fare schemes were
tried in numerous instances during and
after the war, but were generally un-
successful because of their unpopularity.
Suburban communities had been built
vp on the basis of the flat rate and ob-
jected strenuously to having this ar-

street rallways

One of ihe early ears used at Riechmond.
sinllatlon in 1888 gnve great lmpetus to the elecirification of

The success of this In-

rangement disturbed. Weekly and Sun-
day passes have been tried with varying
success, and now are becoming increas-
ingly popular.

Schemes of the same nature intending
to encourage the use of public trans-
portation vehicles had been tried even
in the ’70’s and '80’s. In Reading, an-
nual tickets were sold, first at $12 and
later at $15 and $25. Monthly tickets
from $1 to $1.50, limited to certain
hours of work days, were tried, as were
other forms of cheap commutation
tickets. The most interesting experi-
ment was the sale of life tickets at $300
each and $500 bonds with interest pay-
able in tickets to obtain sufficient money
to build an extension of the horse car
line. This experiment was probably the
first instance of the modern practice
of customer ownership.

Reference has been made to the adop-
tion of the gasoline bus as a transporta-
tion facility. While the fight between
highway and rail transportation about
the middle of the nineteenth century
resulted in a decided victory for rails,

The Melropolitan Elevated in Chleago was the first rapid transit line to adopt elec-

trieity.
to electric operation

Its advantages were qunlckly demonsirnted aad other lines were converted
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public transportation by horse-dmwn
vehicles over city streets continued in a
number of instances.

Probably the most notable example
of long continued use of buses is on
Fifth Avenue in New York City. The
laying of rails on this famous thorough-
fare had been prohibited when early
horse car lines were built on Manhattan
Island, but the need for some form of
public transportation resulted in the
operation of horse-drawn stages by the
Fifth Avenue Transportation Company
in 1885. Experiments with gasoline
and gas-electric vehicles were begun a
few years later but the first successful
operation of motorized buses on Fifth
Avenue did not come until 1907 when
a number of French chassis with Amer-
ican-made bodies were put in service.
The early work of this company had
much to do with the development of the
motor bus now so extensively used.

The general use of buses by electric
railways began about 1920. In that
year there were 21 companies operating
110 buses over 35 miles of route. This
practice grew rapidly, and five years
later 250 companies were operating
4,441 buses over 12,000 miles of route.
At the beginning of 1931 there were
390 electric railways operating 13,522
vehicles on 26,099 miles of route.
Widely spread statements that buses are
rapidly supplanting electric roads is con-
troverted by the fact that only 67 com-
panies, operating an average of 5% buses
each have abandoned all rail operations
and substituted buses. Street railway
companies now are generally such in
name only. The companies and men
responsible for furnishing passenger
transportation in our cities have as-
sumed the responsibility of giving that
service in whatever form the public
may desire.

Not only has the gasoline bus been
adopted, but in recent years great
strides have been made in the use of the
trolley bus. This vehicle was tried ex-
perimentally many years ago, but only
within the past three years have vehicles
been perfected which are giving satis-
factory service. The first company to
make extensive nse of the modern trolley
bus was the Utah Light & Traction
Company, Salt Lake City, which, begin-
ning in 1928, has put a total of 26 in
service. The largest trolley bus system
in the country today is operated by the
Chicago Surface Lines, using 114
vehicles. The trolley bus will un-
doubtedly take a very prominent place
in the transportation systems of the
future as it offers, for a certain character
of service, many advantages over either
trolley car or gasoline bus. .

The industry has not confined itself
to the use of mass transportation
vehicles, but also has adopted the taxi-
cab in numerous instances for supple-
menting other facilities. The operation
of taxicabs by an organized company
cannot be successful unless this service
is subject to the same sort of regulation
applied to the mass vehicle, but the ideal
solution of the urban transportation
problem undoubtedly lies in the unified
control of all forms of public transporta-
tion in each community with responsible
management and under strict regulatory
control.

The problems confronting mass trans-
portation as an industry today are many
and at times seem almost insurmount-
able. The usefulness of reviewing
failures and successes of past years may
be questioned. Conditions change;
methods and practices must change with
them; but the fundamental policy of
giving to the public upon whom we
depend for our existence the best avail-

able form of service at the lowest reason-
able price has remained unshaken
throughout the industry’s long and in-
teresting history.

Urban life increasingly requires the
movement of persons within and without
the city’s boundaries. This movement
can never be accomplished solely by
means of individual vehicles. Mass
transportation facilities are required and
always will he, and there is no reason
to doubt that the successors of the long
line of men who hawve notably carried
on this important business in the past
will be equally as successful in the
future. To do so satisfactorily, they
must be helped and not hindered. This
is a public and not a private business,
but it is contrary to the spirit of this
country that the Government itself un-
dertake the operation of any business
which can be successfully carried on
by private capital and under private
management.

On the part of the public, franchise
questions must be settled in a manner
fair to all concerned but must be settled
positively. Inequitable burdens in the
form of special taxes must be removed
and the co-operation of regulatory
authorities given to managements in
their efforts to improve their financial
condition and the service which they
render. On the part of the managements
the realization that this is a changing
age and that the public desires some-
thing different and better than what it
has had in the past must be recognized.
Important studies are now in progress
for the development of a vehicle which
will better meet the public needs, of the
important fare question, and of many
other operating problems. The industry
has met serious situations throughout its
history, and will unquestionably succeed
in overcoming its present difficulties.

Washlington, D. C., In the early ninetles, showing the underground condult
system, which 1s still used there and also In New York Clty
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Looking Ahead

in Urban
Tmnsportation

By

G. A. RICHARDSON

First Vice-President

American Eleciric Railway Association

Vice-President and General Manager
Chicago Surface Lines

OR twenty years—ever
since the automobile began
to assume importance in urban
traffic—the electric railway in-
dustry has been struggling
through various stages of re-
adjustment. There have been
times when the leaders of the
industry have been inclined to
waver in their faith in the future and
when the conviction was strong in the
public mind that electric railways were
obsolete, or at least obsolescent., The
industry has successfully survived the
“wild cat” jitneys and the clamor which
hailed the motor bus as the modern
cure-all for local transportation ills. It
has weathered the storm of increasing
costs of operation and necessary fare
adjustment, and it is finding new means
of meeting competition which caters to
the public’s desire for comfort and speed.
Now the time seems to have arrived
when it is possible to evaluate the
varions elements which are involved
in urban transportation, and to plan for
the future with a considerable degree
of confidence. We now know the limi-
tations of automotive traffic, and we are
at least beginning to understand the
transportation needs of the modern
city.
The antomobile has encouraged people
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The tremendous increase in the mnm-
ber of private antomobiles has over-
taxed the capacity of exlsting streets
and hindered the movement of mass
transportatian vehlcles

to move about as never before. Habits,
customs, forms of entertainment, and the
whole scheme of city life have been
drastically altered. The new restlessness
and roaming spirit have been developed
by the freedom possible with widespread
nse of antomobiles for the amusement
period of the day. Of course, the
family car, or one of them, is also put
to work on slight excuse as a carrier
to and from work. The sense of luxury
or of personal prestige derived from
the use of an automobile appeals to
many, and certainly has caused a de-
crease in the street railway riding from
what otherwise would have resulted from
the growth of population. Yet, when

503

Puobtiic transportation facilities nre
absolutely esseuntial to the oc-
copants af bufldings such ns
this, It they had to depend
ppon private automohiles an-
other stroctnre of equal slze
would be required for garaging

compared with the tremendons
increase in automobile passenger-
miles and registration, the con-
stancy of the street car ride curve
is truly remarkable. The auto-
mobile has unquestionably af-
fected travel on the established
local transportation agencies, but
not to the extent that is popu-
larly believed. Passenger automobiles
in the United States in 1929 were
operated a total of approximately 300,-
000,000,000  passenger - miles — many
times more than the total for all other
land transportation facilities—but the
greater part of this represented riding
which would not have existed if there
had been no private automobiles. It
was stimulated by the new vehicle, in
conjunction with the normal develop-
ment of the country, advancing stand-
ards of living and better highways.
Since 1921 motor vehicle registration
in the United States has increased from
10,464,000 to approximately 27,000,000.
In this same ten-year period, the busi-
ness of electric railways for the whole
country has shown no increase, but
neither has it shown a decrease. Total
passengers of electric railways of the
United States in 1921 numbered 14,593,-

234,000. In 1930 they were 14,-
600,000,000. It is evident, therefore,
1931



that the loss of patronage by electric
railways due to increasing automobile
ownership is not as great as some people
would have us believe.

The streets are congested by parked
vehicles, and vehicles cruising to find
parking space or left standing out in
the second lane in sheer desperation.
Movement is becoming slower, driving
is more annoying and the air isn’t so
pleasant to breathe. New streets have
been built and old ones widened, but
the costs are now beginning to hurt,
and the cities’” bonding limitations
aren’t so far away. The crest of the
wave is passing because the surge has
overwhelmed the facilities to the point
where costs and difficulties must be
reckoned. The terminal conditions are

person served to house the automobile
as is needed for him in office space.
That would mean one twenty-story
garage building for each twenty-story
office building. Imagine half the ground
space used for garages and, therefore,
double the rent cost of doing business!
Already the streets in the apartment
neighborhoods are becoming choked with
cars that are stored on the streets all
night. Some day these must be cleared
not only to restore freedom of move-
ment on the street, but because of the
very tragic results that may come from
a fire that the firemen cannot reach due
to the parked cars. Terminal conditions
at both ends of the route are about to
control the extravagant use of the auto-
mobile. Consequently. the automobile

Modern large-capacity ear with doors nt front, center nnd rear
ls an efficlent vehlcle for handllng mass transportation

becoming strained, and yet only a small
proportion of the people are being
served.

In Detroit only 26.6 per cent of the
people, except pedestrians, moving out-
bound from the central business dis-
trict in the evening rush hour go by
taxicab and private automobile. In
Philadelphia it is 18.1 per cent, in St.
Louis 21.0 per cent, and in Chicago
11.1 per cent.

As pointed out in the report of the
Rapid Transit Commission of the City
of Detroit for 1930, the density of traffic
is increasing at a greater rate than the
increase in automobile registrations, and
it is clear that traffic in the central busi-
ness district of some large cities is
approaching the point of saturation.
Under present conditions of city de-
velopment it would be impossible to
carry by private automobiles all of the
rush-hour riders, even if all of them
had automobiles.

Garages cannot be provided to house
the cars that would be needed. It takes
almost exactly the same floor space per

as a factor in local transportation be-
comes less important as the size of the
city increases.

In spite of all the handicaps of opera-
tion and difficulties of financing addi-
tional equipment, the rapid transit lines
of New York have shown steadily in-
creasing patronage. From the year 1923
to 1930 the number of passengers on
the Interborough Subway system in-
creased by 42 per cent. On the
Brooklyn-Manhattan system the num-
ber increased approximately 39 per
cent. In Chicago the number of pas-
sengers carried by the combined public
carriers increased constantly each year
up to 1930, when the business depres-
sion began affecting traffic. Careful
checks of the persons within the central
business district of Chicago made in
1926, 1928, and 1929, show that, of
those in the district at one time, not
more than 7 per cent arrived by means
of automabiles.

The automobile cannot assume the
burden of local transportation, and it
remains for the electric railway indus-

try to continue to carry it. For-
tunately, the experience of the past few
years and the advancement made in
process of development point the way
toward success in this effort.

The electric railway operator knows
that the public expects of him: (1) a
vehicle which approaches as nearly as
possible in mass transportation the com-
fort of the automobile; (2) increased
speed; and (3) dependability. The
public wants equipment that is attrac-
tive in appearance and quiet in opera-
tion. It is very critical of any lack
of efficiency or courtesy on the part
of operators. Given the right kind of
service, the large majority of the urban
residents would rather use a public
conveyance for business errands and to
and from their places of employment
than to suffer the annoyances of traffic
congestion and lack of parking facili-
ties to which they are subjected when
using private automobiles.

To have reached an understanding of
the demands of the public and to meet
these demands are quite different things.
An industry which for more than a
decade has had to struggle for bare
existence cannot be expected to be in
the best trim for rejuvenation over-
night. Nevertheless, great progress has
been made. and is bheing made, in
modernizing service.

Proper development of franchise pro-
visions, efficient management, adequate
street and traffic control by municipali-
tics and the encouragement of common
carriers by public regulation which per-
mits a fair rate of return are all essen-
tial to successful transportation planning.
It is important that there be an under-
standing on the part of the community
of the economics involved in local
transportation. The people must realize
that facility of communication is the
very basis of existence of cities, and
that improved methods of general trans-
portation are at the root of city growth.
They must recognize that the success
of the city is more dependent upon good
means of circulation than upon any
other factor under its control.

They must also be brought to un-
derstand the relative value of various
means of transportation. The antomo-
tive vehicle has been so prominently
before the public and the demand for
street space for it has been so great
that the people ascribe to it a greater
importance in city transportation than
it possesses. For example, in the re-
port on the economics of rapid transit.
published by the American Electric
Railway Association, it is shown that
the northwestern division of the Chi-
cago Rapid Transit Lines north of
Chicago Avenue would cost to repro-
duce approximately $2,500,000 per mile.
A parallel boulevard, 100 ft. wide,
through this same zone if built now
would, in the first 5 miles, cost approxi-
mately $4,250,000 per mile. The present
use of the northwestern branch for the
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rush hour is about 30,500 persons in
the northbound direction, and its ulti-
mate capacity, if used like the rapid
transit lines in New York City, would
be substantially 100,000 passengers per
hour.

A boulevard 100 ft. wide used to its
capacity by automobiles could not serve
more than 4,100 persons per hour in a
northbound direction. In other words,
it would take seven and one-half boule-
vards used by automobiles to give the
same capacity in an outbound direc-
tion as the present use made of this one
line, to say nothing of its ultimate
capacity. To get this capacity in boule-
vards would cost approximately $32,-
000,000, and would destroy a strip of
land for housing purposes 700 ft. wide
thronghout the entire length of the im-
provement. No one argues that cities
should not provide facilities for auto-
mobile traffic, but it is high time that
some consideration be given to the
relative expenditure of money on the
basis of the total number of persons to
be served.

In many communities progress is
being made toward the working out of
a sane and sound plan for the de-
velopment of local transportation. The
fact that so much has been accom-
plished within the last two or three
years indicates a growing understand-
ing on the part of the public, and a
keener desire on the part of manage-
ments to provide better service. A re-
cent example of this is provided by the
city of Chicago where, within the last
2% years, enabling legislation has been
obtained from the State General As-
sembly, a comprehensive plan for uni-
fication and development of all local
transportation facilities has been worked
out, and the necessary ordinances have
been enacted by the City Council and
approved by the people by a vote of
nearly six to one. It is not contended
that the ordinance for a comprehensive,
unified local transportation system in
Chicago is perfect, but it embodies
many principles of the economics of
transportation which are today recog-
nized as essential.

Under the ordinance, which is now
before the courts for judicial approval,
Chicago will have a unified local trans-
portation system, comprising, under one
management, rapid transit, surface and
bus lines, with transfer privileges be-
tween the three classes of service. The
rapid transit lines will consist of ele-
vated tracks and city-built subways.
The new company, which will take over
the existing properties, will expend
$200,000,000 in the first ten-year period
on extensions and improvements of
rapid transit and surface service, and
the city will expend approximately
$100,000,000 on the subways, which will
be equipped and operated by the com-
pany. This is more money for improve-
ments than the present value of sur-
face and elevated properties.
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Special assessments, based on the
principle of requiring the property im-
mediately benefited to pay part of the
cost of the improvement, will be utilized
in financing the city-built subways. The
company will pay 3 per cent of its gross
revenue into a special city fund, which
can be used only for transportation pur-
poses. It will be relieved of many of
the special taxes which the present com-
panies are now required to pay.

Regulation will be by a local transit
commission, which must allow a suffi-
cient rate of fare to provide an ade-
quate return on the investment. The
property will be operated under an in-
determinate permit. This set-up will
enable the company to provide not only
for immediate needs, but also to work
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and bus lines are most effective when
used as feeders to the rapid transit
lines, for short rides, local service, and
to serve neighborhood business com-
munities.

These principles are important in
planning any large city service. Their
incorporation in State law and franchise
provisions is a long step forward.

In addition to the progress made
recently in franchise planning, the elec-
tric railways of the country are begin-
ning to achieve definite results in the
improvement of equipment to fit modern
conditions. An outstanding example of
this is the trolley bus. Its many advan-
tages over both the street car and the
motor bus for certain kinds of service
are now very generally recognized. In

The trolley bus—a type of vehlcle particniarly well fitted to meet cerlunin kinds
of transportation demands—is becoming increasingly popular

out a sound financial policy suitable for
the development and continued growth
of transportation commensurate with
the needs of the community.

The plan recognizes these four im-
portant principles:

1. That subways for local transpor-
tation are, in fact, but an additional
street for the accommodation of the
public, and, as such, should be paid for
by the city in part by special assess-
ment in the same way as streets are
built for automobiles.

2. That co-ordination of all local
transportation service under one man-
agement is essential to ecomomy and
efficiency in operation.

3. That equal opportunity for making
use of the various transportation facili-
ties should be afforded, so far as pos-
sible, to all residents of the community.

4, That rapid transit is essential for
long-distance riding, and that surface
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Chicago, where more than 100 trolley
buses are now in operation, this vehicle
has met with general public favor. Its
quietness of operation, its comfortable
riding qualities, its comparative free-
dom from equipment failures and the
absence of exhaust gases are among its
strong points. In Illinois the trolley bus
has been classified legally as a street
car, thus saving the cost of motor
vehicle license fees, which, together with
the saving on gasoline taxes, amounts
to a considerable sum saved annually as
compared with the use of gasoline buses.
This permits more and better service
to be given.

Material modernization in car equip-
ment, under the leadership of the Elec-
tric Railway Presidents’ Conference,
also promises to contribute much to the
forward movement in the improvement
of the electric railway industry.

It must be apparent, even to the most
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gloomy pessimist, that the industry at
last is emerging from the doldrums of
the post-War period. It is setting its
face confidently toward a future which
holds promise of a sound financial and
physical structure, designed to meet all
of the needs of local transportation
service.

What has been said here is applicable
for the most part to electric railway
properties in the larger cities. The
circumstances and problems in smaller
cities are somewhat different. There
the automobile has proved a greater
menace, and as earnings have decreased,
ability to provide proper service has
diminished. These smaller properties
encountered difficulties to which the
larger properties are not subject. But
even in smaller cities there are ample
indications of a better understanding
of the problems and a more hopeful
prospect of their solution. Some prop-
erties, even during the present depres-
sion period, are earning a good rate of
return because of effective analysis and
solution of the transportation possibilities.

In many of these cities street cars
may not be the best units for service.
The cost of paving construction, the
maintenance of track and the payments
of special taxes or charges for the
privilege of operation create such an
added burden in carrying charges that
the properties cannot be made to pay,
because these costs are balanced against
too few fares per mile of track. Vet
these cities must have some kind of
public transportation.

Smaller cities hope to grow larger.
Even to survive, they must have com-
forts, conveniences and necessities.
Among these are numbered adequate
water supply, schools, industries with
good payrolls, competent merchants,
park systems and public spirited citizens
willing to plan for the commnnity’s wel-
fare. All of these are useless, however,
un1?§s. there are also provided adeguate
facilities to permit citizens to travel
conveniently and economically between

homes and work—to schools, to shops,
stores, offices, to amusements and on the
myriad errands of daily life. Can every
man, woman and child, every office boy
or clerk, operate his own automobile
or beg a ride from a neighbor? Can
the streets or vacant lots store these
cars when they have arrived at high-
school, at department store, or at the
bank, A community small .enough
that its citizens may have the alterna-
tive of walking can perhaps get along
with the automobile as the sole agency
of local transportation. But such a
small town cannot hope to realize the
dream of most small towns—to grow
into a city. What business could afford
to move to such a community, or if
there, could hope to do more than a
mere country store trade?

Business men and citizens’ represen-
tatives must be awakened by illustra-
tion and education as to the possible
solutions appropriate to each city’s prob-
lems. An answer can be worked out
that will give the citizens the lowest
costs of living and most desirable city
growth, that will promote the best pros-
perity of the business men and of the
citizens even while permitting a satis-
factory return on the investment in the
transportation system. There is no uni-
form prescription or standard answer
as to the details of a plan, but there is
absolute certainty that no city can
afford to fail to work out for its own
welfare a satisfactory way of maintain-
ing some public form of communication.

Whether the city is large or small,
however, there are certain factors which
enter into any successful planning for
the future of transportation. In the first
place, the franchise must be such as to
give assurance of permanency.” It must
be fair enough in its terms to encourage
investors to supply the money that will
permit improvements which will en-
courage riding. This, in turn, makes
progressively better transportation serv-
ice and then encourages more people to
ride on public carriers. There must be

incentive in the form of opportunity to
earn adequately on the investment in
order to encourage efficient manage-
ment and to assure a high degree of
responsibility on the part of the com-
pany in managing its own affairs and
in assisting the city in problems com-
mon to both the city and the transpor-
tation system. Franchise provisions
must be such as to remove unfair bur-
dens and limitations which interfere
with good operation. The management
must have the power to readjust its
lines and routes and to expand its serv-
ice. Political control of operation or
schedule requirements is inefficient and
wasteful and should be eliminated.
Traffic segregation shonld be encouraged
by city and company and appropriate
regulations for the use of the streets
by all classes of traffic should be worked
out on a co-operative basis. Unfair
competition from independent bus sys-
tems or flat-rate taxicab systems, which
cannot in themselves be profitable, is
deadly to good local transportation serv-
ice and it certainly should not be
permitted.

On its part, the company must main-
tain a management of such guality as to
justify public faith in its ability to pro-
vide adequate transportation and at a
reasonable fare. Such a management
will develop a thoroughly trained group
of men and will keep its costs well under
control by the most efficient use of its
facilities and the highest degree of skill
in planning and supervision. Vision,
sales ability and a high quality of leader-
ship on the part of the management are
necessary to success in winning and
holding public good will. The local
transportation industry is in a state of
transition, and it can look with confi-
dence toward a time, not far distant,
when it will be fully re-established finan-
cially and able, therefore, to give a supe-
rior service to the communities which
depend upon it for their growth, pros-
perity, and, in fact, for their very ex-
istence.

Typical Concentrated Business Center of a Large Metropolitan Area

Althaugh outiying bnsiness districts are developing rapldly in maay ecities
the congesied central areas nffer an increasingly serioas problems to trans-
poriation agencles in moving their vehlcies freely
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Association Has Aided

N 1882, a full half century had passed

since the first street railway in the
country was opened for service on the
Bowery in New York, and, although
the industry did not really begin to
expand until the early '70’s, develop-
ments came with a rush during the next
decade, accompanied by tactics on the
part of the promoters which were not
always strictly ethical according to
present-day standards. Each street
railway, each executive, was a law unto
himself, obliged to learn his own les-
sons, to work out his own salvation in
his own independent way. Street rail-
way managers were a hard bitten, highly
individualistic crowd. They knew little
of one another, and each guarded his
financial and administrative methods as
jealously as the guilds of the middle ages
preserved their trade secrets, The
average executive’s association with
others of his craft, generally confined
to a competitor in the same city, was
more apt to be unfriendly than other-
wise. The mule, still supreme as the
agency of motive power, often typified,
as well, the unyielding, stubborn char-
acter of the chief executive.

And yet, at this time (it is still 1882
that we are talking about) the street
railway business in the United States
and Canada represented an investment
of $150,000,000, a tremendous sum in
those days. There were 3,000 miles of
track and 35,000 employees. It is esti-
mated that the companies that year car-
ried an aggregate of nearly 1,250,000,000
passengers. Urban transportation was,
in short, 2 major industry, even at that
early period, but there was no central
clearing house for the consideration of
matters of common interest. And these
matters were growing rapidly in num-
ber and importance.

Finally, after several abortive at-
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the Industry

By
J. N. SHANNAHAN

Chairman Advisory Conncil
American Electric Railway Association

President
Omaha & Council Bluffs Sireet Railway

tempts, following an exchange of letters contact.

Omaba, Neb.

IN SUMMONING the leaders of the street railway industry to
meet at Boston for the organization of the American Street
Railway Association, the following letter was sent to all
companies in the United States and Canada:

Louisville, Ky.,

November 8, 1882.
Dear Sir:
. Permit me to call your attention to a matter which has
for some time been considered by a number of Street-
Railroad men, viz.: The formation of an Association based
upon well-established principles governing similar organi-
zations, the object of which shall be the promotion and
advancement of knowledge, scientific and practical, in all
matters relating to the construction, equipment and man-
agement of street railways; the establishment and mainte-
nance of a spirit of fraternity among the members of the
Association by social intercourse and friendly interchange
of information and ideas, to the end that the best service
may be obtained at the least possible cost.

With this object in view, I have been requested by a
number of street railway officials, both in the East and
West, to issue this circular, and urge that your company
send a representative to a convention to be held in the
City of Boston, on the 12th day of December, 1882, for
the purpose of organizing and adopting a Constitution
for the government of such an Association.

It is expected that most of the prominent street railway
companies in the United States will be represented. Will
you be kind enough to notify Mr. J. E. Rugg, Superin-
tendent, Highland Street Railway Company, Boston, Mass.,
at once whether your Company will send delegates, in order
that adequate accommodations for the Convention may be
made in advance? As soon as replies are received, arrange-
ments will be made, and you will be notified of the location
and the hour the Convention will meet.

Very respectfully,
H. H. LITTELL,

Superintendent,
Louisville City Railway Company.

Soon there were forged close

between a number of the leading opera-
tors, a call for a meeting was sent out,
and a handful of executives met in a
Boston hotel Dec. 12, 1882, and organ-
ized the American Street Railway Asso-
ciation. Once the ice was broken, dis-
trust gave way to confidence under the
stimulus of personal acquaintance and
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bonds of common - interest, and these
bonds, growing out of that meeting of
the pioneers, have continued without
break to the present time,

At this period, the business of local
transportation was just beginning a
cycle of rapid expansion and transition.
It was apparent to many far-sighted
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operators that the horse must go, but
there were serious differences of opin-
ion respecting the agency of power that
would take its place. During the first
decade of the association’s existence
there was a constant search by individ-
uals and groups for some better means
of propulsion. Every suggested pos-
sibility which appeared to have any
merit was subjected to serious study and
experiment.

Hence, from its very inception, the
association found itself the forum in
which matters of great import to the
industry were debated in all their as-
pects. Delegates came to the early con-
ventions prepared to hear about the
successful experiments with cable lines
in San Francisco and elsewhere, and to
discuss the relative merits of the variety
of electrification projects then being
advanced by that brilliant coterie of in-
ventors which included Charles J. Van

Depoele, E. M. Bentley, Walter Knight,.

Frank J. Sprague and Thomas A.
Edison.

INCREASING IMPORTANCE AND SCOPE OF
THE ANNUAL CONVENTIONS

Since that pioneer period, public
transportation and the association which
represents it have traveled far and fast.
From humble beginnings in a Boston
hotel room, the association has grown
to be an institution of nation-wide ex-
tent and importance. Its early conven-
tions—which were not always conven-
tional—have developed into assemblies
which draw thousands of delegates from
all sections of the country. Its annual
exhibit, which had its beginning in 1885,
when twenty manufacturers displayed
their wares in space provided by the
STREET RAILWAY JOoURNAL, has de-
veloped into a veritable industry fair,
occupying thousands of square feet of
floor space, and representing an invest-
ment of hundreds of thousands of dol-
lars. The papers and proceedings of its
annual gathering attract the attention
of operators, manufacturers and inves-
tors having a wide variety of interests.

From early discussions regarding the
merits of blonde or brunette horses,
their feeding habits and the ills that
afflicted them, the subjects considered
have broadened and ramified with the
years. As the atmosphere became
cleared of the suspicion and confusion
that had surrounded the acquisition of
some early franchises, there came a real-
ization on the part of managements of
the important mission their industry
was destined to play in the development
of the cities which they served. From
matters closely political in character dis-
cussion turned more and more toward
the engineering aspects and social im-
portance of community transportation.

To the amazing—and amusing—his-
tory of that decade in our national an-
nals which has been so aptly character-
ized as the “Gay Nineties,” the street
railways contributed a colorful and

glamorous chapter. To the railways,
more than to any other single influence,
the development of our urban centers
during that period can be ascribed.
Without them, growth would have been
checked and expansion would have been
impossible.  Quite naturally, the re-
sponsibilities of transportation manage-
ments grew rapidly and were sometimes
obscured by the accompanying enthus-
iasm and optimism. If these often led to
acceptance of committments which, at
a later period and under changed con-
ditions, were to arise to plague the trans-
portation operator, let it be said to his
credit rather than otherwise. With
courage and vision he accepted the mul-
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tiplicity of obligations imposed upon
him, little knowing that in many cases
destiny was awaiting around the corner
armed with a club.

During most of this period, the Street
Railway Association and its various
committees carried on in a more or less
perfunctory manner. There was no paid
secretary and no permanent headquar-
ters organization worthy of a name
until 1904, but a considerable corre-
spondence relating to various problems
of interest had been carried on in the
name of the association over a long
period of years. Officers of the associa-
tion made appearances from time to
time before legislative bodies, and con-
siderable effort in behalf of the industry
was exerted in local and national affairs.

For nearly a quarter century the
original name, American Street Rail-
way Association, served its purpose
well. Inclusion of many interurban rail-
ways in the organization made it seem
desirable to adopt a name of broader
scope. Accordingly at the 1905 conven-

tion the name was changed to American
Street and Interurban Railway Associa-
tion. Later it was decided to get rid
of this rather cumbersome title, and at
the 1910 convention the organization
became the American Electric Railway
Association, by which name it has been
known for the past 21 years.

As the business expanded and became
departmentalized, it led to the develop-
ment of specialists who felt the need for
the consideration of their own common
problems. As the association did not pro-
vide an agency for this purpose, the vari-
ous affiliated organizations came into be-
ing. The accountants organized at Cleve-
land in 1897, to be followed by the engi-
neers in 1903, the claim agents in 1904
and the transportation and traffic men
in 1908. At the Saratoga convention
in 1903, the manufacturers, who had
been closely associated with the parent
body since its earliest organization,
effected an organization of their own
for the purpose of handling the annual
exhibit, which had assumed important
proportions.

During the midyear meeting held in
Chicago in 1916 the constitution and
bylaws of the association were amended
so as to open up the membership to
manufacturer companies. At the 1919
convention a final readjustment in the
relationship between the railways and
the manufacturers was effected by an
arrangement providing for representa-
tion of the manufacturers on the Execu-
tive Committee. Since that date, they
have worked with operators with a
splendid singleness of purpose. Both on
the Executive Committee and on the
various committees of the affiliated asso-
ciations, the manufacturer members have
rendered faithful and valuable service.
Their advice and co-operation has un-
doubtedly added much to the weight of
the reports which have been rendered
on various matters connected with engi-
neering and operation.

TrE AssociaTioN HAs GuUIDED THE
INDUSTRY’S DEVELOPMENT

From its inception, an important func-
tion of the association has been to ac-
quire knowledge relating to the con-
struction, equipment, management and
operation of electric railways, and to
disseminate that information among its
members. Its purposes have been to im-
prove practices in all departments of
electric railway affairs, to establish and
maintain a spirit of co-operation among
its members, and to encourage friendly
relations between electric railways and
the public. The manner in which it has
carried out these obligations is revealed
by a review of the proceedings of the
association covering the entire period of
its existence. In the course of events,
it has closely followed, and to no small
extent influenced, many phases of the
development of public transportation,
including physical design, operating
methods, economics and policies affect-
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ing its relations with the public and with
its employees.

In 1911, under the direction of one of
its committees, there was inaugurated
the study of electric railway fares and
the items entering into the expense of
operation. This study culminated in the
publication of “The Cost of Urban
Transportation Service,” the most com-
plete and comprehensive study of the
subject ever undertaken. Other studies
carried on under the direction of the
association have included such subjects
as valuation, financing, franchises,
workmen’s compensation laws, and gov-
ernmental and municipal regulation and
control.

The Fare Research Bureau, which
began its existence in May, 1914, per-
formed a work of great value in defining
and outlining fixed and variable cost
factors, the trend of operating costs and
the cost of rush-hour service. The
bureau also investigated the experience
of Cleveland and Toledo with limited-
term franchises. In November, 1914,
the association drafted and adopted a
broad code of principles, defining in
clear-cut terms the position of the indus-
try upon many of the disputed problems
of the day.

When the jitney made its appearance
and began seriously to undermine the
financial stability of many street rail-
ways, a special committee was appointed
to consider and make recommendations
to the various companies as to the man-
ner in which this menace could be best
combated. Within a surprisingly short
time a report was prepared embodying
an extensive and close study of the situa-
tion, accompanied by a statistical and
technical study prepared by the Bureau
of Fare Research.

In August, 1916, when the Adamson
Bill, calling for an eight-hour day for
interstate carriers, was jammed through
Congress, the electric railways, which,
under the first draft of the bill, were
included within its scope, were specifi-
cally exempted through the prompt in-
tercession of the then president of the
association, assisted by the chairman of
the Committee on Federal Relations.

AssociatioN HeLps 1IN WAR

Promptly at the outbreak of the World
War the president of the association
pledged to President Wilson the patriotic
support of the electric railways in the
furtherance of any measures which
should be deemed necessary in the con-
duct of national defense. A committee
was appointed to co-operate with the
Council for National Defense, and a
succession of bulletins was issued from
association headquarters in support of
such measures as fuel saving, increasing
crop production, liberty loans, and the
protection of national property at
strategic points.

Later, in November, 1917, there was
organized under the auspices of the
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association, a War Board for the pur-
pose of co-ordinating the facilities of
the electric railways of the country and
to place them more effectively at the
command of the government and of in-
dustry. Meetings of the board were
held at frequent intervals during the
period of the conflict, and questions
having to do with taxation, labor diffi-
culties, necessary financing of construc-
tion, etc., were settled with the minimum
of delay. Space is lacking wherein
to tell in detail of the accomplishments
of the board. It should suffice to say
that its efforts and accomplishments
were such as towarrant the commenda-
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tion of the War Department. The
efforts put forth during this period
served as nothing else could to national-
ize the industry. Confusion of counsel
was eliminated. Unity of purpose was
accomplished.

In the difficult days of reconstruction
following the War, the association and
its various committees took an active
part in stabilizing the industry in the
face of unsettled conditions. The War
Board became the Committee on Read-
justment. As the result of high price
levels and disturbed labor conditions,
and of the failure of the prevailing
S5-cent fare in many cases to provide
necessary revenues and maintain the
properties, the electric railways found
themselves in a critical situation. To a
large extent credit was lacking, and in
many localities the companies were not
properly performing their functions.
The 5-cent fare, it is true, had begun to
give way rapidly by the time the War
was over, but other spectres, had, in
the meantime, arisen to plague the rail-
ways. When, in June, 1919, President
Wilson appointed the Federal Electric
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Railway Commission to investigate the
affairs of the transportation companies,
the association’s Executive Committee
appointed a committee of 100 men,
selected from the leading executives of
the industry, to co-operate with the com-
mission in presenting the position of the
electric raihwvays.

Hearings continued before the com-
mission for months, and out of them
were developed and disseminated many
of the principles which constitute the
fundamentals of sound community policy
with respect to local transportation at
the present day. Under this category
may he included the inauguration of the
movement for the elimination of special
taxes for sprinkling and paving. To
the work of this committee can also be
traced the beginnings of adequate regu-
lation of jitneys and other motor com-
petition, and the earliest efforts toward
the financing of extensions into new
territory by the property thus benefited.
From this period, too, and out of the
post-War emergencies can be said to
date the first comprehensive efforts to-
ward the establishment of better public
relations through publicity and adver-
tising, in all of which the association
took an active part.

Up to the filing of the commission’s
report, the electric railway industry, in
theory at least, had been conducted upon
the principle that the parties interested
were the municipalities on the one hand
and the companies upon the other, and
that their interests were of necessity
hostile. As the outgrowth of the com-
miission’s findings it became apparent, as
never before, that the public at large
had a real stake at issue, and that the
interests of the public, the municipali-
ties and the railways were closely inter-
woven and dependent one upon the
other.

CoMM1TTEES HAVE BEEN ACTIVE IN
STUDYING MANY PROBLEMS

The association early learned the
value of doing much of its work through
the agency of committees. They may
be said to constitute the very basis of
the association’s usefulness. Upon the
personnel of its committees and upon
the diligence with which they pursue
the problems assigned to them depends
in large measure the success or failure
of the organization. And in this respect
they have not failed. In their member-
ship, these committees have represented
over the years the highest business and
professional ability to be found in the
special fields of inquiry undertaken.
Carefnlly and painstakingly prepared
with the assistance of the association
staff, their reports rank among the best
management and technical publications
produced by any branch of technology
or industry. Sound, practical advice
and suggestions have in this manner
been made available.

No single electric railway could hope
to make such complete investigations
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At the Pittsburgh conventlon in 1891 the manufacturers exhlbited thelr
products on steambonts and barges

into a variety of subjects as the com-
nittee reports afford. The cost wonld
be prohibitive and the information would
be most difficult to obtain. The prob-
lems of so important an industry will
always require study and thonght, and
it is highly essential that those who are
to solve them have at their disposal the
very fullest and detailed information that
can be made available. As an agency
for supplying this information, the asso-
ciation has proved itself to be particu-
larly well fitted.

The Engineering Association, or-
ganized in 1903, has as one of its objec-
tives the promotion of uniformity of
practice—that is to say, of standardiza-
tion. This objective is kept constantly
before its committees and usually con-
stitutes an important part of their work
each year. As an outgrowth of this
phase of the association’s work, there
has been developed over a period of
years the Engineering Manual, a hand-
book of standards, recommendations and
miscellaneous practices, which has be-
come a reference volume of great value.

The standard classification of accounts
as laid down by the Interstate Com-
merce Commission for the guidance of
electric railways is today the basis of
all correct electric railway accounting.
And the standard classification, in its
present form, was made possible throngh
the unselfish and untiring efforts of the
American Electric Railway Account-
ants’ Association.

In 1925 there was created what came
to be known as the Advisory Council,
composed, in the main, of the principal
company executives and representatives
of the large owners. This was domne to
interest these men directly in the admin-
istration and functioning of the associa-
tion, and to secure their active co-oper-
ation in formulating its policies. The
council, in common with the Executive
Committee, functions through the man-
aging director of the association. In
this way, there is one man clothed with
the necessary authority to speak for the
association and its membership. Only
in this way can this industry give au-

thoritative voice to its views on the
problems that confront it.

There is another important matter
which is liable to have a most vital
bearing on the future of the local trans-
portation business. Believing, as one
must in these days, that the industry or
business which does not inaugurate and
carry on active research work is des-
tined to be relegated far to the rear, the
officers of the association undertook to
develop a program of intensive research
and to devise ways and means of financ-
ing the cost. It seemed to these men
that this program should not be directed
nor carried on by the association, as
such, but by a separate organization.
There was, therefore, created for the
purpose, what is known as the Electric
Railway Presidents’ Conference Com-
mittee. The cost of the work was
underwritten by a group of operating
and manufacturing companies.

This having been accomplished, the
Conference Committee soon realized that
the successful ontcome of their project
depended upon the man who was chosen
to have responsible charge of the re-
search work. The chairman of the
Presidents’ Conference Committee, Dr.
Thomas Conway, Jr., who, with several

others, had first voiced the need of this
program of research, gave a great deal
of time and thought to the selection of
the chief engineer. The man chosen
was Prof. C. F. Hirshfeld, of Detroit.
He had, it seemed, pre-eminent gnalifi-
cations for the post, and has the {full
confidence of all those who are asso-
ciated in the movement.

Throngh all the years of its develop-
ment, the policies of the association have
been wisely planned and efficiently car-
ried ont. But however valnable its
work may have been in the past, it
cannot rest upon laurels already won.
In order to endure it must continue to
be alert to changing trends, new re-
sponsibilities and the needs of the future.

To function best it must have the ac-
tive interest'and co-operation of its mem-
ber companies and their executives. It
provides all the machinery needed for in-
dividual companies to help themselves
on common problems. But unless this
machinery is fully utilized, it operates at
only partial efficiency. As time goes
on, the association serves to knit the
industry closer together. This group
consciousness may be made almost
irresistible if wisely guided and directed.
It is through increased collective action
that we may expect to master the many
baffling problems which continue to beset
us, but which in large measure differ
only in details as they are encountered
on individnal properties.

Many conditions affecting our indus-
try are national in scope. They must
be met in a national way, with every
company closely united in the work.
The wisdom and experience of the best
men in the industry, in the future as in
the past, are needed to establish and
promulgate the principles upon which
the industry is to proceed. There is a
constantly increasing need of spokes-
men removed from local prejudices, free
from local animosities and able to speak
with authority., No single company can
provide this; no sectional group can do
this. The association alone can properly
fulfill this very necessary function.

From the first showing of street raliway products In 1883, the annual exhlblit has
developed iInto a tremendous and spectacnlar display of tramsportation equnlpment
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Some Important Dates in the

Industry’s History

1832—First American street car line, on
the Bowery, New York City.

1833—Henry invented his “electric en-
gine.”

1835—Davenport made several motor car
models, using batteries. Fundamental
idea of motor for propulsion patented
in 1837. :

1838—Davidson exhibited electric loco-
motive with batteries at Aberdeen.

1840—Pinkus granted first patent for an
electric railway.

1847—Lilley and Colton developed model
locomotive using rails for conducting
current from stationary battery.

1847—Farmer developed first electric
locomotive in America at Dover, N. H.

1850—Hall exhibited an electric motor
car at the Mechanics’ Fair, Boston.

1851, April 29—Page operated battery
car train between Washington and
Bladensburg, 5 miles, at 19 m.p.h.

1859, May 10—Beers patented a 13-in.
rail to be laid on wooden stringers,

1861—Siemens invented dynamo.

1863—London Underground opened first
subway in world, using steam.

1867—Pacinotti discovered the reversi-
bility of the dynamo.

1868, June—Harvey tried cable drive
locomotive on #-mile elevated line in
New York City, the first elevated in
America.

1871, April 20—Steam dummy and three
cars used on Ninth Avenue Elevated
in New York City, the first commer-
cial rapid transit line in America.

1873—Van Depoele exhibited a motor
for tractive purposes.

1873, August—First street cable line put
in operation in San Francisco.

1875—Green, of Kalamazoo, made first
use of an overhead trolley.

1877—First girder rail rolled by Cambria
Iron Company, at Johnstown, Pa.
1879—Siemens and Halske, at the Berlin
Industrial Exhibition, propelled a
miniature locomotive and three cars
with power from a dynamo.
1880—Edison ran small locomotive at
Menlo Park, N. J., using power from
a dynamo and a third rail.
1881—Field ran a large motor car at
Stockbridge, Mass., using a dynamo, a
wire in a conduit and a rail return.
1881—Daft conducted early experiments.

1881 — Hopkinson proposed series-
parallel control.

1881—Siemens and Halske started first
commercial electric railway in world
at Lichterfelde with two cars.

1882—7-Van Depoele installed system at
Chicago, current conveyed by wire.

1882, De:c. 12—American Street Railway
Association, now the American Elec-
tric Railway Association, organized at
Boston.
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1883—Edison, Field, Maillonx and Rea
operated a 3-ton locomotive, “The
Judge,” with third rail at the Chicago
Railway Exposition.

1883—Van Depoele ran car at Industrial
Exposition in Chicago, using an over-
head and over-running trolley wheel.

1883, November—Daft operated 2-ton
locomotive, “Ampere,” on 12-mile line
of Saratoga & Mt. McGregor R.R.

1884, July 27—Bentley and Knight
opened first commercial electric rail-
way in America at Cleveland, using
underground conduit system.

1884—Van Depoele operated train at
Exposition in Toronto, using under-
ground conduit.

1884, November—First issue of STREET
RAILWAY JOURNAL appeared, the out-
growth of a street railway department
in the Journal of Railway Appliances.

1885, August—Daft opened commercial
line between Baltimore and Hampden,
using a third rail with wheel for con-
tact and later overhead.

1885—Henry built electric railway at
Kansas City, with two overhead wires
and over-running trolley wheels.

1885, Aug. 26—Daft locomotive, “Benja-
min Franklin,” on Ninth Avenue Ele-
vated, New York City, marked first
use of electricity on an elevated line.

1885, Oct. 21-23—First Convention Ex-
hibit, at St. Louis, sponsored by STREET
RAILWAY JournaAL, twenty exhibitors.

1886, Naovember—Montgomery, Ala.,
with Van Depoele system, was first
city in world where street railways
were run entirely by electricity.

1888, February—Sprague system at
Richmond with 40 cars was largest in-
stallation to date and embodied ad-
vanced designs.

1888—First commercial freight locomo-
tive built for service in Ansonia and
Derby, Conn.

1890—Minneapolis - St. Paul line of 9
miles first permanent interurban.

1890—Westinghouse Electric & Manu-
facturing Company entered the electric
railway field.

1892, April—General Electric Company
formed as consolidation of Thomson-
Houston, Edison General Electric, the
Sprague and other companies.

1893—General Electric exhibited a 30-
ton freight locomotive at the Chicago
World’s Fair.

1893, April 20—Elevated Intramural
Railway at World’s Fair, Chicago,
opened, using motor cars and trailers.

1895—First heavy interurban line, from
Cleveland to Akron, 25 miles.

1895—Synchronous converter first used
in railway work, Lowell & Suburban
Railway.
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1895, May 17—First permanent all-elec-
tric elevated in America opened, the
Metropolitan West Side in Chicago.

1895, June 30—New Haven started com-
mercial service on its electrified Nan-
tasket Beach line.

1895, Aug. 4—Baltimore & Ohio started
regular freight operation through elec-

trified tunnel in Baltimore, after a
month or more of trial,
1897, March 23—Street Railway Ac-

countants’ Association of America

organized at Cleveland.

1897, September—First subway in Amer-
ica opened at Boston, for surface cars.

1898—Maultiple-unit control first used,
South Side Elevated, Chicago.

1899—Siemens and Halske introduced
first trolley bus in world at Berlin.

1899—First underground rapid transit
line in America opened at Boston,
using multiple-unit trains.

1901—First American trolley bus demon-
strated by Eastern Trackless Trolley
Company, of Boston.

1903, Feb. 16—American Railway Me-
chanical and Electrical Association,
organized at Cleveland.

1904, April—Imperial Transit Company
operated gasoline motor bus line in
St. Louis.

1904, Oct. 12—Street Railway Claim
Agents’ Association of America organ-
ized at St. Louis.

1905—TFirst electrified suburban service
inaugurated by Long Island Railroad.

1905—Interpole railway motor intro-
duced.
1905, August — Interurban bus line

opened from Springfield to James-
town, Ohio, 22 miles, by electric rail-
way builders, three Oldsmobile buses.

1905, Sept. 27—Name of association
changed to the American Street and
Interurban Railway Association.

1905, October—Fifth Avenue Coach
Company, New York, ran first gaso-
line-electric bus.

1906, April 27—American Street and In-
terurban Manufacturers Association
organized. :

1907, August—Fifth Avenue Coach Com-
pany placed fifteen gasoline buses in
service, the first large motor bus line.

1908—New Haven Railroad electrified
with single-phase, 11,000 volts.

1908, Jan. 30—American Street and In-
terurban Transportation Association,
organized at New York City.

1908, June—STREET RAILWAY JOURNAL
purchased Electric Railway Review and
formed ELECTRIC RAILWAY JOURNAL,

1910, Sept. 11—First commercial trolley
bus system in America started in
Laurel Canyon, near Los Angeles.

1910, Oct. 10—Name of association
changed to the American Electric Rail-
way Association.

1914—Mercury arc rectifier tried for
railway service by Pennsylvania R.R.

1914, July 1—First jitney appeared in
Los Angeles.

1916, Nov. 1—Birney safety cars for
one-man operation in Fort Worth.
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'rllli comfortabie interior of a modern car
with individunl Jleather-npiinistered seats,
dome tighits and attractive flonoring presents
a striking contract to the old “luxarinus
interlor” with carpet-covered benches, nil
inmips and straw-littered floor

The Old and the New

ONE of the original four-wheel cars
which were operated on the Sprague
system at Richmond in 1888, and one
of the roomy, attractive cars planced In
service In Baltimore in 1930

ELECTRIC RAILWAY JoUrRNAL—V0l.75, No.10

512




Car Design

Reflects Steadily Rising Standards of Service

By

JOHN A. MILLER

Editor
Electric Railway Journal

Omutbus-type horse ear wlith entrance

at center of rear end

Improved type
of single-track
car wlth purtly
inelosed pilat-
forms

HEN public transportation ve-

hicles were first introduced in
England late in the seventeenth century,
they were denounced as a pernicious
evil. Before then a person who owned
no private conveyance had been accus-
tomed to walk or ride a horse from place
to place. This condition was generally
accepted as being entirely fitting and
proper. When public coach service be-
gan, one critic expressed the opinion

ELECTRIC RAILWAY JOURNAL—September 15,

At Jeft—ecarly
single-truck
eleetrie ear

At right—A modern

single-truck ecar

with front en-

tranee and nuto-

matle renr exit

that “Those who travel in the coaches
contract an idle habit of body; become
weary and listless when they have rade
a few miles, and are then unable to
travel on horseback and not able to
endure frost, snow or rain, or to lodge
in the fields.” Considering the crudeness
of the early coaches, which had no
springs and few cushions, this fear of
the enervating effect of their luxury
seems to have been somewhat exagger-
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Mule-drawn street car wlith

end platforms

The Birney
ear, whieh

came Into
widespread nse
about 1916

ated. But crude though these early
coaches were, they represented the first
step in the development of the commo-
dious and comfortable public transporta-
tion vehicles being operated today over
thousands of miles of railways and
highways.

Coach service between towns began
long before it was thought necessary to
have local service within the limits of
any single citv. Thus the earliest ve-
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Old-style double-
track ear with open
platforms

Doubte-truck car
with parlly In-
closed platforms

hicles were designed for compar-
atively long hauls. Accommoda-
tions were provided for only a
small number of passengers, sel-
dom more than ten. Seats were
transverse, some facing forwards
and some backwards. Entrance
and exit were by means of a
small door in the center of the
side. The driver was seated on
the roof at the front end. Some-
times there were seats for pas-
sengers, too, on the roof.

When coaches were intro-
duced in local service it was
found necessary to increase the
seating capacity and to provide
more convenient facilities for
passenger ingress and egress.
To meet these needs a vehicle
was developed with seats placed
longitudinally and the door loca-
ted in the center of the rear end.
The position of the driver remained the
same. Passengers paid fare by passing
their money through a small aperture
alongside the driver’s seat. Most of the
horse-drawn omnibuses in city service
before the beginning of the era of street
railways were of this type.

The design of the first street railway
car in the United States, the “John
Mason,” operated on the New York &
Harlem Railroad, followed the older
omnibus design with side doors, but this
style was soon abandoned in favor of
the rear door. In general, the earliest

street cars were nothing more
than omnibus bodies mounted on
flanged cast-iron wheels. The
greater ease of hauling vehicles
on metal rails, however, en-
couraged the adoption of larger
car bodies. An open platform
was added at one or both ends
of the car body. The driver’s
position was

> changed from the

/ roof to the plat-
g form. On heavy
routes, a conductor
was added to the
crew to aid in the
handling of the pas-
sengers, he taking
his position on the
platform at the end
opposite from the
driver. During the
comparatively short
era of the cable car

Recent type of light-weight double-truck car with arch roof

no important innovations in design were
made. The double-end open-platform
car already described was in use
throughout the country on both horse
and cable lines when the first electric
operation began.

The bodies of the early electric cars
followed the same design as the horse
cars. With the rapid expansion of elec-
tric operation, however, a great variety
of other body designs were soon de-
veloped. Some have since been aban-
doned while others have continued with
more or less modification until the pres-

At left — The
“antomotlve’”
street var
out In 1927

first
type
brought

At right — Large rva-
pacity front-entrance
venter-exit car for
heavy city service

ent day. To describe them all in detail,
with the dates when they were devel-
oped, would require a volume. More-
over, similar designs were often brought
out practically simultaneously in differ-
ent places and it is scarcely possible to
establish a definite order of priority.
For that reason consideration in this
article will be limited to general trends.

Classification of car designs is based
upon a number of characteristics such as
the service for which the vehicle is used,
its size and construction, and the method
of operation for which it is intended.
Under the heading of service, passenger
cars fall into three major groups: city,
interurban, or rapid transit. Under the
heading of size and construction the
principal classifications are single truck
or double truck; single deck or double
deck; open, closed or some combination
arrangement. Under the heading of
operating characteristics the classifica-
tion is according to the door arrange-
ment, and whether it is designed
for operation in both directions
or only one.

The history of the industry
shows sotne significant changes
in the trend of design of cars
for city service. As has already
been mentioned, the bodies of
the early electric cars followed
the general design of their fore-
runners—the horse cars. They
had short bodies mounted on
four wheels. At first the axle
boxes were attached individually
direct to the framework of the
car. Soon, however, it was
found desirable to mount both
axles in a separate framework,
or truck, upon which the body
rested. Thus was evolved the
single-truck electric car.

As electric railway service
increased in popularity, it
became desirable to increase the size
of the car. The limit of length of
body which could be satisfactorily
carried on a single four-wheel truck
was soon reached. A new design
was then developed whereby the car
body was supported on two independent
four-wheel carriages, or trucks, pivoted
near the ends of the body. This design
had been adopted many years before by
the steam railroads. A number of pro-
posals had been made from time to
time for the use of double-truck horse
cars, but at the time of the introduction
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of electricity as a motive power for
street cars, the single-truck vehicle was
in almost universal use. Just when
double-truck cars were introduced on
the electric railways is uncertain, but
it was at an early date.

As time went on, the double-truck car
became increasingly popular, and the
single-truck car began to fade from the
picture. In 1916, however, a notable
reversal occurred. Efforts were
then being made to reduce the
weight of cars, and to provide
more frequent service. To meet
these needs, the so-called Bir-
ney car was developed, a light-
weight, single-truck car, ar-
ranged for one-man operation,
and provided with special safety
devices. During the period of
the World War and the years
immediately following, this type
of car achieved a considerable
measure of popularity. While its
light weight and low operating cost
were undoubted advantages, the
riding qualities of the original type
of Birney car did not fully meet
the increasing public demand for
comfort in transportation vehicles.

Utilizing the experience gained
with the Birney car, however, the
designers in 1924 brought out a
light-weight, double-truck, one-man
car. This type of vehicle possessed
many of the same advantages as the
light-weight single-truck car and
had better riding qualities. During
the past ten years it has achieved
marked popularity and has been widely
used for many kinds of service,

Recently articulated units have been
developed consisting of two car bodies
mounted on three car trucks, one at the
outer end of each body, and one at the
center common to both. In this way, a
large capacity is provided with compara-
tively light weight. Because of this and
because the unit can be operated satis-
factorily with only two men, it has cer-
tain advantages over two cars coupled
together in a train. Its use, however,
has been limited to a few of the larger
cities and some interurban lines.

A second method of classifying car
bodies from the standpoint of construc-
tion depends upon the number of decks.
In England, and in some British colonial

This dooble-deck open car was tried at ooe
time, but did not prove successfal In
regular gervice

lands, double-deck cars have been
used extensively for many years. A
few double-deck horse cars and
cable cars and one steam-motor car
were built in this country in the
early days of the street railways.
Attempts have been made at vari-
ous times to introduce double-deck
vehicles on the electric lines, notably
in New York City and Pitts-

Sixteen-beach open cur with sldes screened and end doors

installed for one-man operation

Califoruia type car with closed cenler sectlon
and open secilons .at both ends

burgh. The design has not met with
marked favor here, however, due prin-
cipally to the unwillingness of passen-
gers to climb up and down the stairs
to the upper deck. At the present time
tliere are no double-deck electric railway
cars in operation anywhere in the
United States.

During the era of greatest develop-
ment of the horse car, open cars were
widely employed for summer service.
While the first electric cars were of the
closed type, the open car soon came into
extensive use on the electric lines. Its
popularity continued until some years
after the turn of the century. But the
introduction of the pay-as-you-enter
niethod of fare collection in 1905 occa-
sioned a swift decline in the popularity
of the open car among street railway
men, as these cars were not considered
well adapted for such operation. An-

Open ears of this type were very
popniar some years ago

other factor partly responsible
for their decline was the added
cost of having duplicate sets of
cars for summer and winter serv-
ice. More recently, the open car
has regained a measure of its
former popularity. Some com-
panies having cars of this type
available, have operated them
during the summer months, using
two men and the old-fashioned
method of hand collection of fares.
Others have screened the sides of
the cars, and arranged them for
one-man operation. No new open
cars have been built in recent years,
however, and there appears to be
little likelihood that they will play
an important role in the future,
Compromise designs between
open and closed cars have been de-
veloped at various times. One of
these was the “convertible car” with
removable side panels developed
about 1895. Later came the “semi-
convertible car” with permanent side
panels below the seat level, and win-
dows arranged to be raised up against
the roof, leaving a large part of the
side open. At one time a half-and-half
car was tried in New York and some
other Eastern cities, with one section
open and one section closed. This
compromise, however, seemed to please
nobody. In fair weather, everyone
wanted to be outside, and in bad weather
everyone wanted to be inside. A some-
what similar, but more successful, de-
sign is the so-called “California-type”
car. This has a closed section in the
center and more or less open sections
in the ends. Under the climatic condi-
tions prevailing on the Pacific Coast
where this type of car is used, it has
Expcrimental double-deck car operaled for

severnl yenrs in New York Clty—since
discontinned
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Latest type of M-U cur for rapid iraasit service

proved very popular and is being oper-
ated extensively at the present time.

Operating conditions have had a
marked influence on the design of cars
used on many railways. Classification
of car bodies under this heading de-
pends on whether or not the car is
capable of being operated in both direc-
tions and also upon the arrangement of
entrance and exit facilities.

In the days of horse-drawn omni-
buses, the vehicles were all designed for
one-way operation. When rail vehicles
were introduced, they could not be so
easily turned around and a problem
arose concerning means of reversing
direction. The original street car, the
“John Mason,” was designed for opera-
tion in either direction. But this style
of vehicle was soon abandoned in favor
of the car already described with en-
trance in the middle of the rear, fre-
quently called the “bob-tailed” car. This
could be operated only in one direction,
and turn-tables or similar devices had
to be provided at the ends of the route.
The bob-tailed car was superseded by
the car with an open platform at each
end, which could, of course, be run in
either direction with equal facility.

Although some single-end electric
cars were built in the early days, the
double-end design remained the favorite
until the introduction of pay-as-you-
enter operation. With this type of fare
collection it was found desirable to have
an ample rear platform where a com-
paratively large group of passengers
could stand while waiting to pay fare
rather than to have them wait on the
street and thus delay the starting of the
car. During the decade 1905-1915 a
great many single-end cars with large
rear platforms were built. Track loops
or wyes were constructed to enable them
to reverse direction.  This added ex-
pense was more or less offset by the
saving in control and braking equip-
ment, wiring and piping on the car. On
some routes, lowever, no convenient
means of turning could be arranged, and
double-end pay-as-yon-enter cars came
into widespread use, with platforins
smaller than thosc of the single-enders.

Although recent vears have seen
marked changes in operating practices,
the basic factors in favor of and against
the single-end car remain virtually un-
changed. It is simpler and easier to
build. Fewer doors are necessary and
only one set of electrical controls is re-
quired, so that it costs less. Its appear-
ance is ordinarily more attractive than
that of a double-end car. On the other
hand, it is less flexible in service be-
cause of its inability to reverse direc-
tion except at certain fixed points.

In the days of the bob-tailed horse
car and for many years thereafter pas-
sengers entered and left the car at the
rear end. Use of the rear end of the
car for both entrance and exit of pas-
sengers, however, created some confu-
sion and congestion as loads increased.
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Typical old-fashioned heavy interurban ear

Just when the practice began
of having passengers enter
at the rear and lcave at the
front is difficult to deter-
mine. This arrangement
appears to have been used
to a limited extent before
the introduction of pay-as-
you-enter operation. The
latter, however, did much
to popularize it. While
many pay-as-you-enter cars
provided for passengers to
leave at either end, efforts
were made to encourage
the continitous movement of
passengers through the car
by having them board at the rear and
leave at the fromt. This reduced the
tendency to overcrowd the rear of the
car.

Numerous modifications of the origi-
nal pay-as-you-enter plan have been
made in recent years, with consequent
changes in door and platform arrange-
ment. Three general plans of door
arrangement have been widely used with
both single-end and double-end cars.
These are (1) doors at both ends; (2)
doors at front and center but not at
rear, and (3) doors at front end only.
The methods of utilizing these doors for
entrance and exit depend largely on
whether the car is operated by one man
or two, and also on the individual
preference of the management, the pre-
vailing idea being to avoid confusion
and delay by separating the boarding
and alighting passengers.

The idea of a door in the center of
the side of the car is by no means a
recent development. Only a few years
after the beginning of electric opera-
tion of street cars several companies
tried the experiment of joining two
short car bodies together into one large
unit with a center door. At various
times in the history of the industry
other center-door cars have been built.
In general, however, it has not been
found satisfactory to have center doors
only, on account of the interference of
boarding and alighting passengers al-
ready mentioned in connection with the
rear-door-only arrangement. Combina-
tion of front and center doors, however,
have worked out well in many instances.
An interesting variation of this design
is a car recently developed in Chicago
with front, center and rear doors all on
the same side.

oo

Recent type of high-speed interurban car

Not long after the adoption of the
rear-entrance front-exit design. a new
type of vehicle was brought out in Phila-
delphia, called the “near-side” car. This
was a single-end car with a large double
door at the front end. The conductor
had a railed-off space in which he
was stationed just behind the motorman.
Passengers boarded the car through one
half of the double door and left through
the other half. In recent years this
same general plan has been widely used
in one-man operation.

An important development following
the “near-side” car was the Peter Witt
car. In this design the front door con-
tinued to be used for entrance, but a
center door was used for exit with the
conductor placed alongside this center
door. Cars with this door arrangement
have also been used for center entrance,
front exit.

The extension of one-man operation
in late vears. with both entrance and

Modern light-welght interurban car

exit at the front end, re-
created in some measure the
old problem of conflict of
boarding and alighting pas-
sengers. To meet this sitna-
tion the automatic rear exit
was evolved so that the
weight of a passenger stand-
ing on a treadle plate causes
the rear door to open after
the car has been brought to
a standstill. Many recent
one-man cars have been
equipped with this device.

Interurban cars have gen-
erally followed through the
same stages of develop-
ment as the city cars, except that
of accommodating large crowds, and
since stops are relatively infrequent the
saving of fractions of seconds is a mat-
ter of less importance. Hence the end-
door designs have continued to be
favored over those with center doors.
Where interurbans are operated with
one man the system of having both en-
trance and exit at the front has gener-
allv been favored.

Design of rapid transit cars at first
followed closely along the lines of steam
railroad practice. As the crowds to be
handled became greater, center doors
were introduced in addition to those at
the ends. More recently the end doors
have been eliminated and three or four
doors have been provided, spaced evenly
along the side of the car.

From the structural point of view the
changes in car design have been exten-
sive, As the power of a team of horses
determined the weight that could he

Modern heavy Interurban multiple-unlt train
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hauled, the horse cars were built as
lightly as they could be made withont
falling apart. Framing was always of
wood, which was the lightest and most
easily fabricated material available. 'The
body was built upon the platform con-
stituting the floor framing, which also
had to be made strong enough to
hold the running gear. The car plat-
forms were added as separate units and
contributed practically nothing to the
strength. Side panels and roof ordinarily
were made of three-ply veneer on ac-
count of its lightness.

With the introduction of electric
power came faster acceleration and
braking rates, as well as higher speeds,
but in return the weight limitation was
removed. Heavier framing was adopted
to withstand the added strains, but the
same general design was followed as in
the horse cars. However, the practice
was introduced of cutting through the
roof framing to insert a monitor deck.
While this was considered advantageous
for light and ventilation it weakened the
structure materially.

Steel framing first came into use in
the subway cars of the New York Inter-
borough system. This construction was
undertaken when it was decided that
inflammable wooden construction was
too dangerous for nse underground. In
those cars the principle was adopted of
designing the car structure as a whole,
making each member do its part in con-
tributing to the strength. The top sills
formed girders from which a consider-
able portion of the weight of the body
was hung, and the underframe was light-
ened correspondingly. Platforms were
made integral with the body, so that
they were a source of strength rather
than an added burden to be carried by
the body framing. The success of these
cars created a demand for steel con-
struction in street car service, but de-
sign had not progressed sufficiently that
steel cars could be built as light as
wooden cars. Weights crept up steadily,
increasing the power demand and caus-
ing added wear on tracks.

A reversal in the weight trend camc
with the design of the original Birney
car, brought out in 1916, and in its suc-
cessors. The arch roof came back to
supersede the monitor roof, permitting
continuous window posts and carlines,
stiffening the body and reducing weight.
Ventilation was taken care of by me-
chanical devices. Present trends in body
design are toward the use of steel fram-
ing, with a certain amount of wood for
fillers and trim. This reduces noise and
makes the assembly of the body some-
what easier without any material effect
on the weight.

Within the past few vears consider-
able attention has been given to weight
reduction, both in car bodies and in
trucks. This has been done both on
account of the expense of hauling dead
weight around and in order to provide
a simple means of getting faster acceler-

ation and higher speeds even with small
motors. One of the most promising
methods is through the use of lighter
materials, chiefly the strong alloys of
aluminum that have been developed re-
cently. By the use of these alloys the
weight of a member of given cross-
section can be reduced to one-half or
less that of steel with no loss of
strength.

One of the most notable improve-
ments in car design has come within
comparatively recent years. For a long
time there was not much change in the
exterior appearance of the ordinary rail
vehicle. The introduction of completely
closed platforms together with the sub-
stitution of an arch roof for the old-
fashioned monitor deck gave the car a
more compact appearance. Following
this the car builders began to give
greater attention to the alignment of
windows, doors, etc., to secure a stream-
line effect. This development was fur-
ther stimulated by the introduction of
the so-called automotive type car first
brought out at Springfield, Mass., in
1927. Since then, constant effort has
been made to secure graceful proportions
and pleasing appearance. While it can-
not perhaps be said that the modern
electric car is a thing of great beauty it
is at least a neat, trim, business-like
looking vehicle, far more attractive in
appearance than its forerunners of a
generation ago.

Originally the horse car was merely
a shell with seats for passengers and a
place for the driver. With electrifica-
tion of street railways, motors and con-
trol were added to the car equipment.
Then in turn various devices were in-

troduced to assist the crew in their
work. These included air brakes,
sanders, mechanically-operated doors

and steps, fare boxes and registers,
energy-saving devices and the like. With
the advent of one-man operation came
safety control, automatic interlocking of
doors, treadle release, and many other
devices that have tended to make car
operation more efficient and that add to
the safety, comfort and convenience of
the passenger.

From the standpoint of the passenger,
the seats, lights, heat, ventilation, etc.,
are of greater interest than the struc-
tural features of the car. To trace all
of the many steps in the evolution of
these details, however, is beyond the
scope of this article. The old carpet-
covered longitudinal bench has been
transformed into the deep-cushioned
leather-upholstered individnal seat. The
old dim oil-burning lamps have been
superseded by electric lights, unshaded
hulbs at first and now the attractive
dome fixtures. Straw scattered over
the floor was once the only means of
keeping the passengers’ feet warm in
cold weather. Coal-burning stoves were
a great improvement when they were
first introduced on the cars, but even
they have now to a large extent given

way to electric heat. \Where ventilation
was once secured simply by opening the
windows, it is now arranged through
such effective ventilating apparatus that
the condition of the air in the average
car can be made as good as in one’s own
home.

Much attention has been directed to-
ward reduction of noise in operation,
particularly that part which can be
traced to elements in the car. Padding
and sound-deadening materials in sides
and roof, as well as various types of
flooring, have been effective in prevent-
ing sounding-board effects. Electrical
equipment and brakes have been so con-
structed as to eliminate noise. Motor
gears, which have been a frequent of-
fender in the past, have been quieted by
the addition of lead inserts of steel rings
welded on. Wheels have been fitted
with wooden, rubber or lead plugs that
break up resonance. More care has
been taken to eliminate from the design
parts that are likely to come loose and
rattle. Special attention has been paid
to designing the car so that, in addi-
tion to being quiet when built, it will
remain so throughout its life if given
ordinary care in maintenance,

NoTABLE IMPROVEMENTS IN EXTERIOR
AND INTERIOR APPEARANCE

Early cars were notable for rather
ornate decoration both inside and out-
side. Present practice tends more to-
ward simplicity, but the ultimate effect
of the modern method of decorating is
undoubtedly more attractive than was
the old. Moreover, the elimination of
ropes, straps and contraptions of various
kinds has greatly increased the attrac-
tiveness of the car interior. The intro-
duction of appropriate floor coverings
has greatly improved the appearance.
All these things have resulted in mak-
ing the modern car more comfortable
and attractive in the same manner that
improvement in structural design has
made it more efficient.

Looking back broadly over the his-
tory of car design during the past cen-
tury it will be seen that there have been
few sudden and radical changes. Prog-
ress has been made step by step as one
detail after another has been redesigned
and improved. The advances made dur-
ing this period in structural design have
been of far-reaching importance, but no
more so than those which have added
to the comfort and convenience of the
passenger. Progress in car design has
reflected accurately the steadily rising
standard of electric railway service. The
perfect car has not yet been evolved.
nor is there any likelihood that it will
be, but improvement has been rapid in
recent years and attention is being
focused on this subject to a greater ex-
tent today than ever before. As a re-
sult we may confidently expect to see a
continned improvement in car design
that will keep pace with the exacting
demands of the riding public.
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Van Depoele’s first motors were similar to

those of the stationnry type.

They were

mounted on the platform and belted to
the axle of the car

%/ ‘///
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CONTINUOUS PROGRESS

VEN in its infancy, the electric
motor stood ont as a giant in the
transportation industry.. Sturdier and
more adaptable than other motive
powers, it soon displaced them and
completely dominated the field. For
half a century it has held its place as
the most satisfactory means of drive.
While steady progress in motor design
has taken place throughout this 50-year
span, the developments in the last five
years have done more to improve the
railway motor than those made
in any comparable period since
the experiments of the pioneers
that led to stabilized types. Still
further revisions that will make
for better performance under
the changing conditions ahead
are likely. Similar progress has
been made in methods of con-
trol and in control equipment.
These have done much to assist
the motor in doing its best
under all conditions of service.
Most significant is the gain
in output per unit of volume
and per unit of weight that has
taken place, For instance, a

Has Characterized

Motors und

35-hp. motor of 30 years ago weighed
just short of 2,000 Ib. A standard 35-hp.
motor of today that weighs approxi-
mately 1,300 Ib., or less than two-thirds

One of the earllest Thomson-Houston mo-
tors. It was almost ldenilcal with the
generators of the same make, but was
turned on one slde and fitted with double-
reduction gearing

Control

as much, not only has better electrical
performance, but actually has a greater
continuous  capacity. Even lower
weights have been attained by some
special high-speed motors of
this same rating. Dimensions
have shrunk along with the
weight, so that the new motors
are far more adaptable and per-
mit the design of new types of
drive previously unthought of.
Better acceleration and higher
speeds are natural results of
these major improvements in
the street railway motor,
Greater appreciation of the
progress that has been made in
motor design will be had from
a brief review of the steps that
have taken place since it first
was realized that electricity is
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Spragne’s motor used on the Richmond rond
wns a distinet Improvement over previous

types. Originally designed for single re-
duaction, a change to double-reduction
gearing wns later found necessary

an ideal source of power for the pro-
pulsion of vehicles.

History of the electric railway motor
can be divided readily into four distinct
periods : ‘

1. Experimental—Prior to 1888

2. Development—1888-1895

2. Refinement—1895-1925

4. Revision—1925-

During the experimental period, the
main purpose was to prove that electric
propulsion was feasible, The history of
the electric motor goes back nearly a
century, for in 1835 Thomas Davenport,
a blacksmith of Brandon, Vt., conceived
the idea of using an electric motor for
driving machinery. He obtained fun-
damental patents in 1837 on the use of
the motor for propulsion. Had his
work been followed up, these would
have been extremely valuable, but it
was ten years before any further de-
velopment took place. Moses G. Farmer
in 1847 built a model electric locomotive
which was exhibited in Boston, and in
1851 Prof. C. G. Page bnilt a car which
actually made a successful trip on a rail-
road track.

INVENTION OF Dynamo Was an
EssenTiaL Step

All the early attempts were doomed to
failure, since the only sonrce of electric
power was the chemical battery, high in
cost and expensive to operate. It was
not until the “reversibility” of the
dynamo pointed the way to an adequate
source of power that further experi-
mental work was practicable. In fact,
it was in 1878, ten years after the
discovery of this principle, that Stephen
D. Field experimented with electric mo-
tors for driving a car. To him the
Patent Office awarded prior rights on
his inventions. In 1881 he exhibited a
locomotive which had a bipolar motor
with a longitudinal shaft. This drove
a countershaft though a bevel gear, the
countershaft being spur-geared to the

axle. The direction of motion was re-
versed by changing the brush position.

Early motors were mounted inside
the car body or on the platform. Bent-
ley and Knight in the equipment of
their Cleveland road in 1884 were the
first to place the motor under the car
floor. It drove the axle by means of
coiled wire ropes, which later were re-
placed by friction wheels and bevel
gears. Their motor also was the first
to nse a series connection of field and
armature. Other designers followed
similar lines, using various methods of
drive. In the Baltimore installation of
1885 Daft used compound-wound motors
with a single-reduction drive by means
of an internal gear. Some of thie later
Daft roads employed double-reduction
gears, since the armature speeds were
too high for a single reduction,

Frank J. Sprague in 1886 developed
the method of supporting one end of the
motor on the axle and the other on the
truck, the method which is in general
use today. This motor had single-
reduction gearing.

Bentley and Knight a year Ilater
brough out a motor with double-reduc-
tion spur gears protected by inclosure in
a gear case. Another innovation was
the use of brackets made a part of the
motor frame, on which were carried the
bearings and brush holders. The mio-
tors were series wound, and were con-
nected in parallel on the circuit.

MANY INNOVATIONS ON
Ricunmonp Roap

Equipment of the Richmond road in
1888 by Sprague, which was the largest
installation up to the time, saw a num-
ber of changes in practice. Two series
motors per car were used. They were
bipolar with axle suspension. Origi-
nally the motors had single-reduction
gearing, but when it was found too light
the motors were redesigned and donble-
reduction gears substituted. The mo-
tor fields were wound in sections, and
the control was effective in part by
varying the number of field turns. As
in earlier motors, copper brushes were
employed.

When the Thomson-Houston Com-
pany entered the field in 1888, it ad-
vertised the combination of practically
all the improvements that had been
made np to that time. Two motors were
placed on a specially designed truck in-
dependent of the car body, the drive
being with double-reduction spur gear-
ing. The field was made of iron forg-

ings. A series field winding was used
with external resistance control. At the
suggestion of Van Depoele, carbon

brushes replaced the copper brushes,
previously used almost universally.

By this time, all the essential elements
for a practical railway motor had been
developed. However, the design was
still very crude and much development
work was necessary before the street

railway could be considered a com-
mercial success. C. O. Mailloux in 1890
brounght ont a motor for nse on a
storage battery system that was a dis-
tinct step in adding ruggedness and re-
liability. It had a four-pole field, while
slotted laminations with coils placed in
the slots replaced the smooth core with
the armature conductors on the surface
as in earlier designs. The commutator
was cross-connected so that one pair of
brushes could be used. Later motors
built by Mailloux used wave-wound
armatures for the same purpose,.

BecinNINGs oF THE IroN-CLAD Motor

About the same time the Westing-
liouse Company brought out its first rail-
way motor; which was followed the next
year by its No. 3 motor. These motors
were distingnished by the cradle in
which the fields were carried, and which
formed a shield for the motor, as well
as a support for the armature bearings
and bearings for carrying the motor it-
self on the axle and the truck frame.
The motor had four salient poles placed
at a 45-deg. angle, and the field frame
was split in a horizontal plane to facili-
tate inspection and removal of the arma-
ture. The armature was slotted, and in
the No. 3 motor formed coils were
used instead of the hand-wound coils of
carlier types. The motor was partially
open, but the frame around it gave some
protection to the armature and com-
mutator.

Inclosure of the field frame was seen
first in the WP-30 motor, placed on the
market by the Thomson-Houston Com-
pany in 1891. This was a bipolar mo-
tor with only one field coil, placed at the
top of tlie case. The magnetic circuit
was formed of a partially closed case

The first motor to use a magnetic frame
completely surrpunding the armatare wns
the Westinghouse No. 3. [t had form-
wound coils
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which surrounded the armature. This
case was cast of mitis iron in halves,
the lower part being arranged to drop.

Gearless motors were tried by several
manufacturers, but were found unsatis-
factory and were abandoned. The
armature speed was necessarily so slow
that a good design was practically im-
possible, and the support of the arma-
ture to provide a reasonable amount of
springing was an almost insurmountable
obstacle. In more recent years gear-

With the formation of the Generai Eiectrio

Compaay In
brought out.

1892, the GIi-806 was
This was totaliy inclosed

less motors have been used on some
high-speed locomotives where small-
diameter driving wheels are permissible.

ALL Essentiars Workep OuT
By 1893

In 1892 the Thomson-Houston, Edi-
son, Sprague, Brush, Sperry and Short
interests were combined to form the
General Electric Company, and the
earlier lines of motors manufactured by
these concerns were abandoned, being
superseded by a line of which the GE-
800 was typical. These motors em-
bodied most of the good features of
their predecessors, but had two salient
and two consequent poles, so that their
performance was not entirely satisfac-
tory. In 1895 they were replaced by
a new line, of which the GE-57 was
the earliest. About the same time the
Westinghouse Company brought out the
12-A motor. These two lines were
typical of the revised design which em-
bodied every essential for successful
operation, and which continued prac-
tically standard for many years. The
characteristics of these lines may be
summed up as follows:

1. Series connection of field and arma-
ture, giving high starting torque and rapid
increase of speed.

2. Frame made of steel castings of a
shape to surround and protect the interior
of the motor.

3. Armature core made of slotted punch-
ings, and coils wound and insulated before
inserting.

4, Wave-wound armature acting in a
field with four salient poles, with a single
pair of brushes.

5. Carbon brushes set midway between
the poles, and not shifted in position when
reversing direction.

6. Single-reduction spur gearing between
armature and axle, with armature speeds of
500 to 1,000 r.p.m., and gear reductions be-
tween about 5:1 and 2:1.

7. Gears inclosed in a malleable
case containing a supply of lubricant.

iron

Several other American electrical
manufagturers brought out competitive
motors in the decade that followed, but
none of them showed any marked
superiority over the lines bronght out by
the two large companies, which made
consistent improvements irom time to
time, although there were but few radi-
cal changes. The split frame which was
a feature of the earlier motors gave way
to a solid frame, since with increased re-
liability the need for changing armatures
was reduced, and it was found more
satisfactory to run the truck out from
under the car and remove the motor
as a whole when making repairs. The
poles were made of laminated steel,
bolted into the motor case in order to
make the magnetic circuit more uniform,
Both field and armature coils were im-
proved by changes in shape, better types
of insulation, and the use of strap or
square wire coils where needed to give
capacity. New methods of dipping and
baking so as to impregnate the windings
with insulating material increased the
life of these parts greatly. Better com-
mutator design, uniformity in the di-
mensions of bars and mica, and selection
of better grades of mica, as well as cor-
rect dimensions and material of brushes
improved commutation.

INTRODUCTION OF INTERPOLES AN
OUTSTANDING STEP

Probably the outstanding development
of the refinement period was the intro-
duction of the interpole abont 1905.
This change was the addition of a set
of poles placed between the main poles
and carrying windings in series with
the armature, the number of ampere

For the newer drives motor dimensions have

been rednced to the limit. The GE-1126
automotive-typo motor I« an example of
this development

turns being approximately equal to and
opposing the armature ampere turns.
This reduced the distortion of the main
field flux to a negligible quantity and
permitted sparkless commutation at any
load or speed, or in either direction of
motion, without any change in the brush
position. Although the current density
inn the brushes is raised, there is less
heating of the commutator and very
small brush wear. Commutator wear is
almost nothing. Introduction of the
interpole also has made feasible the use
of voltages higher than the conventional
600 which has been used for many years
in street car work.

VENTILATION INCREASES
Motor CaPACITY

For years motors were built totally
inclosed. On account of clearances they
could not be made absolutely waterproof,
but would withstand splashing, and some
motors even would submit to operation
through a flooded street without taking
in an appreciable amount of water.
However, it was seen that the continu-
ous capacity could be increased ma-
terially by opening the case and forcing
the circulation of external air throught
the fields and armatures. Accordingly,
the manufacturers placed fans on the
armature to cause a current of air
through the case. This change has per-
mitted a considerable reduction in
weight for a given rating, and an even
greater gain in continuous capacity. In
some motors, particularly for heavy
traction work, reliance is not placed
alone on armature fans, but air is sup-

The Westinoghonse No. 12-A motor, shown at the ieft, was the first motor to incorporate

the essentlal features that hnve sinee become standard.

In comparison is seen the

same company’s No. 508 motor, which is a modern machine hnving the same rating
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slmple resistance

were
swltches. This type manutactured by the

Early conirollers

Thomson-Ilonston Company 8 a good

example

plied to the motor by means of a flexible
tube from an external blower system.
This permits a further increase in rat-
ing, as the circulation of air is not
dependent on the movement of the
armature.

Grease lubrication, which, while not
entirely reliable, was standard for many
years on account of its simplicity, has
been supplanted by oil, ordinarily sup-
plied to the bearing surface through a
wool waste wick. In some recent bear-
ings the oil is contained in a sealed well,
and inspection and replacement are
necessary only at infrequent intervals.
Many of the smaller motors now are
built with ball or roller bearings.

When a campaign was made a num-
ber of years ago for a material reduc-
tion in car weights, along with lower
step heights, it was found that this
would not be possible with slow-speed
motors of conventional design, which,
in general, required wheels of 30 to
33-in. diameter for sufficient clearance.
The manufacturers met the demand by
bringing out entirely new lines of mo-
tors suitable for the modern cars. The
principal change resulting in weight re-
duction was an increase in armature
speed. Improvements in gearing have
made practicable the employment of far
greater speed reductions than had been
the custom. Improvements in design
and in the ventilation system have made
it practicable to reduce the weight of
the motor even more than in the in-
verse ratio of the speed. Methods of
suspension in which the entire motor
weight is spring borne have been of
assistance on account of reducing road
shocks and permitting smaller clear-
ances in the motors.

GREATER WEIGHT REDUCTIONS
FoRECAST IN FUTURE

Undoubtedly, the future will see still
greater weight reductions. It is possible
to make the motor magnetic circuit of
rolled steel of high permeability instead
of cast steel. Light-weight alloys can
be used for non-magnetic parts. Higher
armature speeds are by no means out
of the question. There is a growing
school of advocates of the shunt and
compound-wound types of motor, which
also have possibilities for weight re-
duction.

Contemporary with the development
of the street car motor, there has been

a like change in motors for heavy trac-
tion. It is not possible to follow the
design through in a similar manner,
since there has been such a diversity of
systems of supply, of requirements and
of individual characteristics of design
that there has been no standard for
comparison. There has, however, been
a parallel improvement from the crude
beginnings, and similar innovations have
been made in the various types of heavy-
traction motors.

CoNTROL DEVELOPMENTS
AReE EQUALLY STRIKING

Control methods and controllers have
undergone a development not less strik-
ing than that of the railway motor itself.
The first controllers were merely hand-
operated switches for throwing the
power on and off. It soon was seen
that better regulation was necessary,
both for the safety of the car and for
the protection of the generating equip-
ment. With the acceptance of the
series-wound motor, the insertion of
series resistance, cut out in steps as the
motor gained speed, became the custom
for control. Various forms of resistance
were used, of which sheet iron and cast
iron were the most popular.

In some installations, notably those by
Sprague, the field windings were di-
vided into sections which were inserted
or cut out to vary the resistance of the
circuit and at the same time the number
of ampere turns of the field. With the
crude motor designs of that day, the
performance with weakened field was
found unsatisfactory and the method
was abandoned.

Probably the outstanding development
in the control of electric railway mo-
tors was the invention of the series-
parallel system, which was brought out
by the Thomson-Houston Company in
1892. With this the two motors are
placed in series at starting or for slow
speed, and then reconnected in parallel
for high speed. Suitable resistances in
series are used for further control of
the speed. This method has become
universal for use with direct-current
series motors, the principal differences
between the several types of control be-
ing in the method adopted for transition
between the series and the parallel con-
nections. The chief advantages of this
control are that it is much more cffi-
cient, reducing the waste of energy

Modern demands have forced the controller

, off the plattorm in some of the latest cars.
This ualt switch conirol is typlcal of the
deslgns adopted for use with a pedal

From Its Inception, the Type K controller
was a success, WIith varlous modifica-
tlons, It Is still the standard where plat-
form conirol Is wnsed

during acceleration, that it requires less
expensive equipment for controlling the
acceleration, and that it provides two
economical operating speeds.

Drum SwitcuH ADOPTED
AS STANDARD

Various types of controllers have been
used, but many years ago the drum
switch was adopted and has been the
standard ever since. In this type the
circuits terminate in fingers which press
on conducting segments mounted on an
insulating drum which makes the proper
connections between the fingers to estab-
lish the desired circuits. The Type K
controller, which was brought out as
one of the first series-parallel control-
lers, has been modified to handle the
circuits of street railway motors of vari-
ous sizes, and with several modifications
of the plain series-parallel connection.
In these modified forms, its use has been
almost universal where a platform con-
troller is desired.

For some of the heavier equipments,
as for rapid transit and interurban serv-
ice, particularly where several cars are
controlled from one position, remote
control has been developed. The first
control of the multiple-unit type, in-
vented by Frank J. Sprague for use on
the Chicago elevated lines, consisted es-
sentially of a modified Type K controller
mounted beneath the car and driven by
a small pilot motor, which in turn was
controlled by the motorman. Later
types of remote control substituted in-
dividual switches instead of the drum,
and they were opened and closed either
directly by electro-magnets or by air
pistons controlled by electro-magnets.
All multiple-unit controllers embody
these general features.

One of the recent developments is the
adaptation of multiple-unit contro! for
single cars, the master control being
through a pedal. The operator thus is
able to adjust the speed at his conveni-
ence through the pressure of his foot.
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In the horse car days the journal boxes were mounted

directly on the car silis, without trucks

Truck and Brake

History

Shows Radical Developments

ARLY horse cars followed the de-
sign of the stage coach. Naturally
the running gear consisted of loose
wheels revolving on fixed axles attached
to the car body. Before long it was
found advantageous to reverse this
practice, and the plan was adopted of
having a pair of wheels pressed or
keyed rigidly on a long axle which re-
volved in journal boxes. With track
curves of moderate radius this plan was
quite successful, and it has been con-
tinued ever since. It made possible a
better form of bearing and permitted
the journal box to be spring supported
in a pedestal. At first it was customary
to mount the pedestals rigidly on the car
framing, so that the only movement
permitted was vertical play against the
springs. So far as can be ascertained
all the early horse cars used axle bear-
ings that were bolted to the wooden
side sills. This made for a simple
structure and, with the wheels acting as
trailers only, no particular difficulty was
encountered in keeping the axles in
alignment.
The early electric railway designers
mounted the propulsion motors on the
platforms.  Since this method soon
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proved impracticable, they were mounted
on the axles, usually on existing horse
cars. Very soon it was found that with
the removal of the limitations which
the ability of the horse had imposed on
car weight and speed, the running gear
was entirely inadequate for the more
powerful vehicle. Accordingly, about
1888, representative car builders brought
out designs in which the running gear
was assembled into an independent
structure. The leaders in this movement
were Bentley and Knight, who had also
been pioneers in the installation of the
earliest electric railways. One type of
truck was designed with a rectangular
frame which extended entirely around
the top, and which was intended to keep
the car body in alignment, strengthen
it and prevent too much lateral motion.

Later, it was found necessary to
spring-support the frame. The axle box
support was at first suspended from
the under side of the journal box, and
cushioned with rubber at the point of
connection with the box. Practice showed
that it was necessary to have the wheels
and axles removable without disturbing
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the axle box frame, springs and other
parts of the running gear. The design
was then modified so that the frame
would be supported over the journal
boxes and cushioned at the top.

Soon it was found desirable to devise
some means of overcoming longitudinal
pitching motion. This was accomplished
by placing elliptic or semi-elliptic
springs at the four corners of the truck,
Many designs of single trucks have been
developed, but they all have to meet the
requirement of turning around sharp
curves with the four wheels mounted
on two parallel axles. Since the distance
traveled by the inner and outer wheels
is different, there must be slipping.
Also, with the axles parallel, there
always is a tendency for the wheel
flanges to climb over the rail head and
derail the car. These difficulties have
restricted the general use of a single
truck to cars of not more than about 30
it. over-all length and a total weight of
some 20,000 1b. The maximum wheel-
base is usually between 8 ft. and 9 ft.
In most designs, the side frames extend
a considerable distance beyond the wheel
line at each end to form a support for
the springs.
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One of the eariy separante trucks, hrought

out by Bentley and Knight la 1888. The
Journnl baxes hiave short beams for at-
tuchment to the ear sills

Numerous attempts have been made
to overcome the inherent disavantages
of the single truck. The most usual is
to permit the axles to swing in such a
manner that they will take a radial
position when the car goes around
curves. The Radiax truck is perhaps
the best example of this. A swing link
suspension, with two pins at the lower
end of each hanger, carries the journal
boxes and allows some longitudinal
movement of the axles, but tends to
return them to parallelism as soon as
the car is on straight track.

Other plans involve the use of wheels
mounted in a manner sinilar to the front
wheels of an antomobile, the axle being
rigid and the wheel hub free to turn
through a small angle. While none of
the plans so far brought out has been
entirely successful, the field existing for
a small four-wheel car makes the
problem interesting for the designer.

A more pretentious attempt to over-
come the limitations of the single truck
was the Robinson radial truck, brought
out in 1890. This arrangement con-
sisted of three single-axle carriages
articulated together. The end carriages
supported the car body through swivel
hearings, while the middle one, which
was free from any pivotal connection
with the car body, would at all times
keep its axle perpendicular to the track
rails, The passage of the car around a
curve, by swinging the middle axle out
of line, turned the outside axles to a
radial position. While the truck ac-
complished its purpose, its complications
were so great that it never was widely
accepted as a solution of the running
gear problem.

Mounting of a car oun two swiveling
four-wheel trucks was adopted by steam
railroads in early days to obviate the
disadvantages of the single
truck. At various times
they were used on horse
cars where conditions de-
manded the use of long
cars. Within relatively few
years after the advent of
electric traction, about the
beginning of the present
century, employment of two
swiveling trucks became

fairly common on street cars. While
the wheel loads and car dimensions are
not great enough to demand the use
of eight wheels for purely structural
reasons, the superior riding qnalities,
ease of negotiating curves, and possibili-
ties of higher speeds have caunsed the
single truck to all but disappear from
American street car lines,

Early double trucks were merely
steam railroad trucks with provision for
mounting of electric motors. It soon
was found that they were not sufficiently
flexible to make for easy riding on
rough track, and designers attacked the
problem of obtaining a more flexible
support for the car body. As a result, a
number of types were bronght out.

Support of the bolster, or cross-member
to which the car body is attached
through a center bearing and a king
bolt, can be arranged in a number of
ways. The simplest is to fasten it
directly to the side frames so that they
form one integral unit. This practically
duplicates the arrangement used on the
single truck. Cushioning of the support
is then entirely through the springs
carrying the weight on the journal
boxes. These springs may be elliptical
or helical, or a combination of the two.
In any event, the spring action is con-
fined to absorbing vertical play of the
axles, and there is no compensation for
swaying of the superstructure. The
rigid bolster truck was suitable for slow
speeds, principally for freight motor
cars and locomotives.

The floating bolster, which was
adapted from steam railroad practice, is
mounted on elliptic springs which rest
on the side frames of the truck. It has
an independent vertical movement and
travels in ways in the side frames. This
type of construction, which had long

This early Brill truck represenis a further
deveiopment, The framing is more rigid
boxes are carrfed in

aad the jonrnaj
guldes

A modificatlon uf the Beatley-Knight truck,
branght out sean after the previons one,
had side bars tylng the axles together
to maintain spacing jadepeadenily of the
hody

been standard for steam railroad freight
cars, was adopted for electric cars
fifteen years ago to obtain an extremely
low over-all height in order to lower the
car floor and eliminate a step. While
it is not suited to high-speed work, the
arch-bar truck has been quite successfnl
in city service.

Best results in high-speed service
with any of the conventional types of
truck are obtained with the swinging
bolster. Here the bolster travels in a
guide or transom, and is mounted on
elliptic springs. Unlike the floating
bolster, the springs do not rest directly
on the side frames, but are carried in a
saddle hung from the transom, so that
opportunity exists for a side swing of
the superstructure. Varions auxiliary
spring systems have been devised to in-
crease the flexibility still further.
Trucks of this type have been used for
all classes of high-speed passenger serv-
ice. Since a certain amount of height
is necessary to gain flexibility in a truck
of this type, it is somewhat difficult to
adapt it for use under extreniely low-
floor cars.

Since the two trucks of a car may
be mounted any distance apart, there is
no practical limit on length of body
that can be supported. Overhang on
curves is the greatest limitation, and this
can be minimized by inounting the
trucks a considerable distance from the
ends of the body. The wheelbase of the
truck itself must, however, be kept short
enough so that the car can negotiate
curves of the minimum radins encount-
ered. This may cause difficulties in the
mounting of motors and brake rigging.
Ordinarily, the motors are placed be-
tween the axles, but by placing them
outside the axles the wheelbase can be
reduced materially. The
maximum allowable wheel-
base is seldom more than
ZAu

Efforts have been made in
recent years to design trucks
which will eliminate the
principal disadvantages of
standard types. Require-
ments of today call for high
speeds and high rates of ac-
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A somewhnt more recent single truck with
elliptic springs Inserted to rednce oscii-
tatlons of the enr body

celeration and braking. Smoother rid-
ing and quietness are demanded to
meet the competition of the automobile.
Ease of access is also essential, calling
for low step height, with the ultimate
desire to eliminate steps altogether.
But above all there has been an insistent
demand for weight reduction. This is
an essential factor in attaining most of
the other requirements. Light weiglt
means reduced power demand, which in
turn makes possible smaller motors.
Again, it permits reduced dimensions,
and makes possible changes in body
construction that otherwise would be
out of the question.

One of the earliest devices to over-
come the objections to the standard
double truck was the maximum traction
truck, brought out by the J. G. Brill
Company in 1891, The distinguishing
feature of this truck was that one axle
carried standard 30-in. wheels, while the
other had wheels of a considerably
smaller diameter, usnally about 22 in.
The center bearing was offset so that
between 60 per cent and 75 per cent of
the total car weight was carried by the
large wheels. It was used with a two-
motor equipment, one motor per truck,
the weight of the motor adding to the
portion of the body weight carried
through the center bearing, Use of the
maximum traction truck permitted a
saving in height of as much as 10 in,,
and it was claimed that one step could be
climinated through it. The principal
difficulty was that, due to the unequal
distribution of weight, there was a tend-
ency of the small wheels to derail.
The maximum traction truck was en-
tirely unsuited to high speeds, and, of
course, the possible adhesive weight,
even with the offset center bearing, was
materially less than with the standard
trucks with equal diameter wheels and
four motors per car.

Since the early days of electric rail-

A sfandard short-wheelbase trunck of the
swinging bolster type of recent design

ways the propulsion motors have been
hung from the axles on bearings which
are made integral with the motor case.
This arrangement serves to align the
driving pinion of the motor with the
driven gear on the car axle. Thus
mounted, tlie motor is free to rotate
around the car axle. It is restrained by
means of a bar or other member con-
nected to ‘the side of the motor case
opposite the axle, and held to the side
frame or end frame of the truck through
springs. Approximately half the motor
weight is thus carried directly on the
axle, and its weight is transferred to the
track through the wheels without the
medium of springs. With increased
weights of motors the resultant pound-
ing became increasingly destructive.

In recent years it has become
standard practice to use two motors on
each truck, one to an axle, By this
means, the maximum unsprung weiglt
on any axle is only slightly more than
one-half of what it is with a single
motor per truck. Progress in motor
design has made it possible to obtain
practically as good efficiency with four
motors per car as with two. Naturally,
it has resulted in lighter members of the
truck and has permitted the use of
smaller axles, bearings and other parts.
Less power transmitted per axle has
made it possible to use smaller gears
and higher reductions, so that the motor
speeds have been increased and weights
reduced correspondingly.

With all these changes there still has
been a demand for trucks of even better
performance. Manufacturers have met
this in a number of different ways.
Some have followed along conventional
lines, but in general the changes have
been radical. One of the most successful
has been the abandonment of spur gear-
ing and the subsitution of worm drive.
With this the motor speed can be as
high as is desirable from the electrical
standpoint. Longitudinal mounting of
the motor has removed the limitation to
its length imposed by placing it between
the wheels, and also has made it possible
to extend the motor shaft to any desired

The maximum fraetion trnck was a favor-

ite wihen two-motor equipments were

popuiar

length. Development of the worm drive
principle has been carried out by the
Timken-Detroit Axle Company, and a
number of designs have been made by
that company to incorporate improve-
ments from time to time as experience
has shown them desirable.

Less radical changes have been made
by the J. G. Brill Company and the St.
Louis Car Company in modifications of
the swinging bolster type of truck to
adapt it for high-speed motors under
low-floor cars. This has necessitated a
change in the arrangement of the swing-
ing links to give them sufficient length
for flexibility of the truck. Additional
springs have also been included for
easy riding. Motor drives with these
trucks include a single-reduction spur-
geared motor, mounted so that
practically its entire weight is carried
free from the axles. Another type is a
worm gearing in which the motors are
mounted outside the axles, with long
drive shafts connecting them to the
opposite axles. Still another arrange-
ment is the W-N drive, which reverts
to the double-reduction gearing, but
with the difference that the motor is
swung entirely free of the axle, A re-
cent truck of the Cincinnati Car Cor-
poration employs a modified form of
arch-bar truck to accomplish the same
purpose of providing flexibility of
motor mounting.

Development of braking methods fol-
lowed naturally along with the changes
and improvements in motive power.
Hand-brake rigging had been stand-
ardized for steam cars and horse cars
for many years before the days of elec-
tric motors. With the higher speeds
and greater loads of the electric cars,
it soon was found that the existing
brakes were inadequate. Originally,
brakes were supported from movable
points, subject to the action of the car

One of the recent Timken worm-drive
trocks. Structorally it §s a modificntion
of the nrech-bar fype
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An adaptation of the swinging bolster trunck
to worm drive, Iadividual brake cylinder
and drive for each truck are nsed

springs. They would not equalize the
pressure of the brake shoes on the
wheels. This forced a change of the
system to a form in which the brakes
were supported from the axle box frame
and equalizing levers incorporated in
the brake rigging. With the advent of
the independent car truck the lever
system was built on it, and the connec-
tions with the band staffs {for the
operating levers made through chains
or a combination of chains and levers,
thus providing a maximum of flexibility.
With the adoption of mechanical
power, the hand brake had to be sup-
plemented with a brake that did not
depend on the brawn of the driver.
Cable cars ordinarily employed track
brakes, consisting of brake blocks
pressed against the rails by a system of
levers. These were also hand brakes,
and required a heavy pull or an ex-
tremely long leverage. The air brake,
which had been so successful in steam
railroad service, was soon adapted to
the needs of street cars. One of the
earliest air brakes was installed by the
Westinghouse Air Brake Company in
Pittsburgh in 1890. It had an axle-
driven compressor and a control not
unlike that in use today for straight air.
Other manufacturers entered the field,
and many different types of air brake
were brought out. Stationary air com-
pressors with storage tanks on the cars
have been tried. By 1895 motor-driven
compressors had driven out the axle
tvpe. No essential change has been
made in the straight air brake since that
time. When rapid transit made it neces-
sary to run cars in fairly long trains,
the automatic air brake was adapted to
the service. The use of antomatic air
has continued wherever trains of more
than two cars are used to any extent,
Electro-pneumatic control of the brakes
in order to obtain simultaneous applica-
tion on all cars of a train
has been used in all recent
rapid transit equipment,
From the earliest days of
electric railways it was
realized that the motors
could be used for braking,
either by short-circuiting
them through a resistance or
by using them as generators
and feeding current back
into the line. Many in-
ventors have attacked the

problem and working on these prin-
ciples, have devised brakes which have
been practical. Electric current, either
generated by the car motors or taken
from the line, also has been nsed for
various solenoid brakes. The most
effective of these have a shoe or shoes
touching or approaching the rail head,
the lever system being so arranged that
the car is drawn against the rail with
increased force, thus making the wheel
brakes more effective and preventing
skids. The best known of the early
brakes of this type was the Newell
brake, brought out by the Westinghouse
Company in 1901.

Numerous other types of brakes have
been used. The {friction brake of W. L.
Abbott, developed on the North Chicago
Street Railway in 1889, was one of the
earliest of the so-called momentum
brakes. By pulling on a lever a chain
was drawn tightly around the axle, the
movement of the axle itself tightening
the chain further and increasing the
braking effort. Another brake tried out
in the early days was the hydraulic
brake. One type, developed by Lom-
bard in 1895, used compressed oil for
applying the braking force. A some-
what similar brake was brought out by
J. H. Neal of Boston in 1900. Both
types used axle-driven compressors to
pump the oil into a reservoir against air
pressure. After some 30 years, the
hydraulic brake has again been brought
forward in a car developed at Joliet.
The new brake, however, is of the static
type, and reauires no pump.

Some recent cars are fitted with air
brakes of the automotive type, similar
te those used on buses and trucks.
These brakes dispense with a large part
of the lever system, and the travel of
the mechanism is reduced so much that
the ordinary cylinder with a piston niov-
ing a considerable distance can be re-

A heavy truck of the swinging bolster Lype
deslgned for high-speed
servicve

rapld {ransit

One of the newer trucks of the arch-bar
type, arranged for doubie-reduction drive

placed by a diaphragm with relatively
small movement. By this means the
quantity of air needed is greatly re-
duced and the air compressor can be
correspondingly much smaller.

From early days the actual friction
producing the braking effect was de-
veloped by shoes pressing on the wheel
treads and sometimes on the flanges.
Wear of wheels and shoes makes fre-
quent adjustment necessary. Further-
more, the shoes have a limited life. Cast
iron, with or without inserts of various
materials to increase the friction or re-
duce the wear, has been the accepted ma-
terial for brakeshoes for years. Im-
provements in composition and methods
of casting have resulted in a material
increase in the life of brakeshoes, with-
out a corresponding loss of service of
the car wheels.

As a means of reducing the need for
adjustment and in order to retain uni-
formity of braking over a wide range
of conditions, a number of designers
have gone to the adoption of brakes in
which the wheels are not used as sur-
faces for producing friction. The ear-
liest of these was the band brake in
which a band of fabric, usually rein-
forced with a metal backing, is drawn
against the outer surface of a metal
drum attached to the axle. This type
cf brake gave fair service, but it was
unreliable when wet and also was rather
troublesome to maintain, since the bands
wore out rapidly. Some designers have
reversed the practice, a pair of brake-
shoes of molded material being used to
press against the inner surface of a
drum attached to the axle or inside the
wheel. This type of brake can be en-
tirely inclosed, making it proof against
the weather. Still another plan is to
use shoes pressing against one or both
of the radial faces of a disk attached
to the axle or to the armature shaft.
Each of these devices has
merit and with all of them
the travel of the parts is
much less than with the
ordinary type of wheel
brake. Also the braking
surfaces, not being used for
other purposes, wear away
less rapidly and fewer ad-
justments are needed. The
parts are fewer in number
and are lighter than those of
the wheel brake.
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Victory Over Political and Engineering

By Ewing Galloway, N. Y.
Rapid transit tralns on the Brooklyn Bridge have
united the boroughs for many years

= URSUIT of a suitable and ade-
quate system of rapid transit has
been constant. The sought-for ideal has
been at times almost in sight; again it
has disappeared, only to be revived as
the struggle for it grew in strength.
Romance and tragedy, few successes
and many failures marked the quest.
In its service men ... have sunk
their all in vain attempts to material-
ize their dreams only to retire bank-
rupt and see other men reap golden
harvests from their crops. The history
of rapid transit is replete with flashes
of genins and the sordid spirit of greed.
The struggle for public franchises alone
. provides material for a thrilling
drama.” Thus James Blaine Walker,
secretary of the New York Transit
Commission, sums up the history of a
service that has been vital in the up-
building of great metropolitan cities.

NEW YORK

New York City, the largest metrop-
olis on the continent ever since Colonial
days, was easily the first to becoine
seriously congested. Manhattan Island
was settled at the southern extremity
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Obstacles Is

and, being long and
narrow, grew toward
the north. Three
steam railroads en-
tered the city and
several others
reached terminals in
New Jersey and
Long Island, con-
necting with Man-
hattan by ferries.
Omnibuses were the
principal local
vehicles. By 1850
they made up nearly
40 per cent of all the
traffic on Broadway.
A count showed a
thirteen-second head-
way.  Street cars
ran on sonie of the other thoroughfares,
but the service was inadequate to meet
the heavy demands.

It was to alleviate such conditions
that in 1864 Hugh B. Willson, heading
a number of prominent New Yorkers,
incorporated the Metropolitan Railway
Company, with a capital of $5,000,000,
to construct an underground railroad.
The plans called for an arch-roof tun-
nel lined with brick and carrying two
tracks. Propulsion was to be with
steam locomotives. The line was to
run in Broadway from the Battery to
34th Street and then in Sixth Avenue to
59th Street. The London Underground
had opened in 1863, and its success
caused the project to be well received.
In the Legislature, however, the oppo-
sition of the existing transportation
lines blocked a franchise. A new bill
passed by the Legislature in 1865 was
vetoed by the Governor. Several bills
were introduced by other persons, but
nothing came of them.

However, in the confusion the rail-
road law of 1850 was amended in 1866
by authorizing the formation of a com-
pany to build a railroad with a cable
driven by stationary power as a source
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of propelling force. Charles T. Harvey,
in whose favor this amendment had
been passed, planned to build an ele-
vated railway with his patented cable
drive. His main route was from the
Battery up Greenwich Street and Ninth
Avenue and finally to Kingsbridge. He
also proposed lines up Broadway to
Yonkers and up Third Avenue to Har-
lem. Harvey organized the New York
Elevated Railroad Company, and in
1867 constructed an experimental sin-
gle-track section of his railway 4 mile
long in Greenwich Street northward
from Battery Place. This was placed
in trial operation in June, 1868. Tle
plan was adjudged practical by the com-
missioners provided in the act. So well
were the directors pleased that they
authorized the inventor to extend the
line to Cortlandt Street.

Financing proved difficult, and in
1869 the bankers forced a receivership.
After a reorganization the single track
was extended in 1870 as far as 30th
Street. The cable method of propul-
sion proving a failure, the bondholders
obtained permission to substitute steam
locomotives, and on April 20, 1871, op-
eration began again with a train of
three cars hauled by a dummy engine.
The road has been in service ever since.

Pursuant to a law passed by the
Legislature of 1868, construction of a
“pneumatic dispatch” tunnel was per-
mitted under Broadway for mail and
packages. The promoters built a sec-
tion of passenger tunmnel instead. It
was a 9-ft. circalar bore 312 ft. long
between Warren and Murray Streets.
Alfred E. Beach, the inventor and
builder, used the shield method of tun-
neling for the first time in America.
A circular car fitting closely inside the
tunnel was propelled by air pressure
obtained from a large blower at the end
of the tube. A trial trip was made in
February, 1870. The Beach company
failed to raise capital and the atmos-
pheric system did not prove a success.
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The same session of the Legislature,
1868, authorized a subway up Pearl and
Mulberry Streets, Fourth and Madison
Avenues to the Harlem River. Some
work was actually begun to hold the
franchise, but the line never was built.
Several other subway companies were
organized in succeeding years, but none
of them managed to do any construc-
tion.

Meanwhile considerable activity was
manifest in elevated railroads. Dr.
Rufus H. Gilbert and his associates ob-
tained a charter in 1872 for a “patent”
railroad of his invention. Tubular iron

Avenue line was built to 67th Street
and the Ninth Avenue line extended to
Harlem.

Gilbert’s lines were held up by legal
proceedings, but the Sixth Avenue line
to 59th Street finally was opened in
1878. Financial difficulties ensued, and
the Manhattan Railway came into the
picture in 1879, leased both systems, and
completed construction. With the ex-
tensions to the Harlem River in opera-
tion traffic grew by leaps and bounds
and the enterprise became profitable.
More than 60,000,000 passengers were
carried in 1880. Fares of 10 cents were

Testing New York'’s first efevated in Greenwich Street—1867

roadways were to be suspended above
the street from Gothic arches and cars
propelled through them by atmospheric
or other power. The route was that
of the Sixth Avenue line, The panic
of 1873 prevented the company from
getting capital and application for re-
lief was made to the Legislature. As a
result the act of 1875 was passed cre-
ating the first Rapid Transit Com-
mission. The act confirmed the routes
of Gilbert’s company and also laid down
many “connecting’” lines for the New
York Elevated Railroad. The com-
missioners authorized the latter com-
pany to build a connection with its
.Ninth Avenue line to reach the Grand
Central station by an “extension” from
South Ferry. This was the Third Ave-
nue elevated.

By the Rapid Transit Act the com-
missioners were authorized to organize
a company to build a road if none of
the existing companies carried out the
plans_approved. Under this clause the
Manhattan Railway Company was or-
ganized ready to step in if either the
New York Elevated or the Gilbert
Elevated failed to complete its contract.
The former company completed the
Ninth Avenue line as far as 59th Street
and began operating it in 1876, and to
South Ferry in 1877. The Third Ave-
nue line from South Ferry to 42nd
Street was opened in August, 1878, and
extended to 125th Street in December
of the same year. In 1880 the Second

established, but the Rapid Transit Com-
mission specified a 5-cent fare during
hours when workers were going to or
from business.

Fcllowing the success of the first
elevated railroads in Manhattan the
demand was made for similar facilities in
Brooklyn. The Brooklyn Steam Transit
Company was chartered in 1870 to build
an elevated road from Fulton Ferry to
Flatbush, but capital could not be raised.
However, the Brooklyn Elevated Rail-
road was chartered in 1874 to build a
road from the end of the new Brooklyn
Bridge to Woodhaven through Fulton
Avenue and East New York. After
numerous  vicissitudes ground was
broken in 1876, but it was not until
1885 that the first section was put in
service, Meanwhile the Kings County
Elevated Railroad was organized in
1878. It also had difficulties, but finally
built the Nostrand Avenue line, which
was placed in operation in 1888. The
Union Elevated Railroad, organized
in 1886, built several lines which were
leased to the Brooklyn Elevated Rail-
road. Within a few years all the prop-
erties in the city were acquired by the
Brooklyn Rapid Transit Company.

All of these lines, both in Manhattan
and in Brooklyn, were operated for
vears with steam locomotives. Success
of electric service in Chicago and else-
where caused agitation in favor of elec-
trification in New York. Finally ar-
rangements were made to equip the

Brooklyn lines, which began service
with multiple-unit electric trains in
1898. Electrification of the New York
elevated lines was then a foregone con-
clusion, and they were all converted
with the multiple-unit system by 1902.

Agitation in favor of city-owned
lines in New York began as early as
1873, when the plan was suggested by
Abram S. Hewitt, later Mayor. For
many years public opposition was ap-
parent, but in 1891 an amendment to
the Rapid Transit Law authorized the
Mayor to appoint a Rapid Transit Com-
mission with power to lay out routes
for construction with either public or
private capital. Such a board was ap-
pointed, but failed to accomplish any-
thing, and .the Legislatnre of 1894
created a new commission. Alexander
E. Orr was chairman and William
Barclay Parsons chief engineer.. This
was the board that built the first New
York subway. One of the early deci-
sions of this new board was that under-
ground railways were necessary. Differ-
ence of opinion developed as to route,
a board of experts recommending a line
on the East Side through Fourth Ave-
nue, while the commigssion itself favored
Broadway. Finally, after a great deal
of argument, including an appeal to the
Supreme Court, a compromise route
was selected in 1897 going from City
Hall via Elm Street and Fourth Ave-
nue, across 42nd Street and up Broad-
way to Kingsbridge. Extensions under
Lenox Avenue and to Bronx Park also
were included. Four tracks were speci-
fied from a loop at City Hall to 103rd
Street, all on one level. This zigzag
route proved costly years later when
extensions were made. A modification
of the original plan extended a two-
track line from City Hall to a loop at
the Battery.

Formation of Greater New York in
1899 by inclusion of Brooklyn, Queens,
Richmond and the Bronx caused more
or less embarrassment, for the proposed
line was entirely in New York County.
The Manhattan Railway about the same
time caused tromble when it arranged
to apply for extensions to its system.
The large bond required of the con-
tractor, $15,000,000, also made it diffi-
cult to get anyone to undertake the
construction. The new city administra-
tion. too, seemed ready to block the
project. About this same time the
Metropolitan Street Railway, control-
ling all the surface cars in Manhattan,
came forward with a proposition to
build the subway in return for a per-
petual franchise. But finally, by the end
of 1899, the legal difficulties had been
smoothed out. John B. McDonald, who
was backed by August Belmont, was
the successful bidder for Contract No.
1, which provided for construction and
operation of the line for 50 vears. The
city furnished such land as necessary
and the contractor supplied the equip-
ment for operation. In 1901 it was de-
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cided to extend the subway to Brook-
lyn, and Contract No. 2 was executed
to cover that portion of the line. Oper-
ation of the first portion of the subway
began Oct. 27, 1904, with multiple-
unit electric trains. The extension to
Atlantic Avenue, Brooklyn, was opened
in 1908.

During the progress of the work the
Interborough Rapid Transit Company
was formed to operate the subway on
its completion. In 1903 the new com-
pany leased the Manhattan Elevated
Railway for 999 years, placing the Inter-
borough in control of all rapid transit
lines in Manhattan and the Bronx.
Before the completion of the subway the
Metropolitan Street Railway formn-
lated plans for a competing subway
which were given great attention.
Finally the Interborough was forced to
purchase the Metropolitan company in
1906.

Meanwhile new routes were being
laid out by the Rapid Transit Com-
mission, Before the first subway had
been in service a year it began to be
inadequate. Criticism of the commis-
sion, despite its success, became so in-
sistent that in 1907 a law was passed
abolishing it and creating two State
Public Service Commissions, the first
district comprising New York City and
the second district the remainder of
New York State. One of the first acts
of the new commission was investiga-
tion of the acgnisition of all the Man-
hattan surface car Hnes by the Inter-
borough. In the progress of the in-
vestigation the creditors of the surface
car company forced a receivership. As
a result of this receivership the surface
lines in Manhattan were split into
two new companies, the New York
Railways and the Third Avenne Rail-
road, the latter entirely independent of
Interborongh influence.

Rapid transit projects were pushed
as fast as possible. The mistake of the
zigzag subway was rectified by making
two routes, east side :nd west side.
The lines were continued through to
Brooklyn. Station platforms in the old
subway were lengthened and third
tracks were added to the Second, Third
and Ninth Averue elevated roads.
New routes were laid out in the Bronx
and in Queens. After considerable diffi-
culty it finally was decided in 1911 to
award the subway contracts jointly to
the Interborough and the Brooklyn
Rapid Transit Company. Construction
work was begun the same summer.

The changes made by the dual sys-
tem contracts were far-reaching. The
Interborough previously had 191 miles
of subway and elevated track. This was
increased to 360 miles. The Brooklyn
system, formerly all elevated, went from
105 miles np to 260. In other words,

the single-track mileage of rapid tran-.

sit lines in the city was more than
doubled. Minor additions have been
made since that time,
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Even with this great expansion the
needs of the city have not been met.
Politics crept in and prevented a con-
tinuous program of expansion to meet
the growth of population. After several
changes in legislation the present Board
of Transportation was organized in
1924 and empowered to build new sub-
ways. Following many delays con-
struction was started in earnest in 1928,
and it is hoped to have the first of the
new lines, the Eighth Avenue subway,
in service before the end of this year.

P e

times and a small amount of progress
made. In 1889 S. Pearson & Sons of
London took over the work with Eng-
lish capital and by 1891 carried the
north tunnel to a point 3,900 {t. from
New Jersey by the use of the shield
tunneling method. Again funds gave
ont, It was not until 1902 that the
scheme became active again when Wil-
liam G. McAdoo organized the New
York & New Jersey Railroad. This
company resumed the work, and the
same interests formed the Hudson &

By Underwood & Underwood

The famous 110ih Street curve on the Manhattan Elevated when
rapid traasit in New York was youag

HUDSON TUBES

From early days ferries plied across
the Hudson River between New York
and New Jersey. The irregularities of
the service prompted various schemes
for tunnels under the river, dating from
the middle of the nineteenth century.
However, the first to be incorporated
was the Hudson River Tunnel Com-
pany, formed in 1873 to construct an
underground line connecting New York
with the railroad terminals in New
Jerscy. Work was begun late in 1874
by sinking a shaft in Jersey City at
Fifteenth Street. Litigation held up
the work until 1879, when the shaft
was sunk deeper and a heading started
for the tunnel 60 ft. below the surface.
The plans adopted called for two ellip-
tical tunnels, each holding one track.
The north tunnel was driven 280 ft.
when a blowont of air occurred in
1880, drowning the workmen and flood-
ing the tunnel. In 1881 work was re-
sumed, but it was stopped for lack of
funds the next year after the® north
tunnel had been driven 1,542 ft. from
New Jersey and 74 ft. from New York,
and the south tunnel 570 ft. from New
Jersey. Work was resumed at various
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Manhattan Railroad to build two simi-
lar tunnels to lower New York. The
north one of the old tubes was carried
throngh in 1904 and its mate in 1905.
A franchise was obtained to centinue
the line in New York under Sixth
Avenue as far as 33rd Street. Mean-
while work was started on the lower
pair of tubes, and twin 22-story office
buildings were erected over the termi-
nal at the New York end. These lines
began operating in 1908. In 1912 a
connection was made with the Pennsyl-
vania Railroad and through service
established to Newark. From the be-
ginning the system was operated with
all-steel multiple-unit trains.

CHICAGO

Observing the success of the elevated
railroads in New York, it was not long
until demands were made for similar
facilities in Chicago. There was some
talk of building a line like Harvey’s
elevated in New York. Again, as early
as 1886 Chicago was planning subways.
In 1888 a proposal was made for an
underground transit system to have a
main line under Monroe Street, with
a loop about the business district. This
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plan never progressed much farther
than the ordinance stage.

Following this project a real step was
made in 1888 when a company was
formed to build an elevated railroad to
the South Side. Consent was soon ob-
tained and construction was begun. In
anticipation of the World’s Fair of
1893 work was pushed and the road was
opened on June 6, 1892, as far as 39th
Street. It was extended to the fair
grounds in Jackson Park in time for
the exposition. Steam locomotives were
used to haul trains of trail cars. Unlike
the elevated railroads in New York,
which were erected over city streets,
this and other Chicago lines built later
were constructed on private right-of-
way through the middle of the blocks.
Thus the South Side line hecame known
as the “Alley L.”

private right-oi-way for the greater
portion of the distance.

Meanwhile the Lake Street Elevated
Railway had been buiit paraliel to the
Metropolitan for a distance of 6} miles
from the center of the city. So success-
ful was the latter that the Lake Street
line was changed over to electric oper-
ation during June, 1896.

Last of the rapid transit systems to
be built in Chicago was the Northwest-
ern Elevated. The first contract was
let in February, 1895, but it was not
opened until 1900. It was the first one
of the clevated lines for which electric
service was plauned from the inception
of the road.

As originally built the Chicago ele-
vated railways were operated indepen-
dently. Each of the four systems had
its own terminal at the outskirts of the

Survey Co.

Chicago’s famous Loop District—mnde possible by rapid transit

One of the great attractions at the
World's Fair was the Intramural Rail-
way. It was an elevated loop line, with
its several stations near the principal
exhibit centers. The road, opened for
traffic on April 20, 1893, was the first
demonstration of heavy electric train
service. Passenger cars equipped with
motors hauled one or two trailers. On
the occasion of “Railroad Day™ a dem-
onstration was given of a train of seven
trailers hauled by a single motor car.
The road was in service the entire time
of the exposition. It carried thousands
of passengers and gave a great impetus
to heavy electric traction.

In 1892 A. F. Walcot of New York
formed the Metropolitan West Side
Elevated Railway to be run with 40-
ton steam locomotives. Success of the
Intramural Railway wmade the builders
change their plans and adopt electricity.
When the line was opened on May 17,
1895, from Franklin Street for a dis-
tance of 5 miles westward it was the
first permanent all-electric elevated rail-
road in the United States. Like the
South Side Elevated it was buiit on

central business district, which at that
time was about 4 mile square. In 1894
a loop delivery line was proposed, and
after somewhat extended negotiations
it was constructed by a new company,
financed largely by the four elevated
railbways. The new line made a double-
track loop on Wabash Avenue, Fifth
Avenue, Lake Street and Van Buren
Street, with connections to the four
systems.

Contracts for the electrification of the
South Side Elevated, the last of the
Chicago systems to be converted, were
let in 1897. Unlike the older electri-
fications, in which one motor car
hauled several trailers, this one called
for the use of several motor cars, con-
trolled jointly by one motorman through
the use of the multiple-unit control sys-
tem devised by Frauk J. Sprague. This
installation, put in service in May,
1898, proved epochal in rapid transit.
All the other elevated railroads soon
were equipped with multiple-unit con-
trol, either the Sprague system or the
electro-pneumatic type.

Certain tunnels had been built toward

the end of the last century to carry the
street car lines under the rivers to pre-
vent drawbridge delays. In 1900 John
M. Roach, then president of the Union
Traction Comipany, proposed a system
of subways under the principal down-
town streets connected with the under-
river tunnels to provide a terminus for
the principal street car lines. Nothing
came of the project, nor of others
which were brought forward at various
times.

When the consolidation ordinances
of 1907 were drawn up subwayvs were
incorporated as an element in the plan.
Annual payments of the surface lines
to the city were impounded to form the
nucleus of a fund for construction of
rapid transit lines. From time to time
plans have been made to begin such a
syvstent, but up to the present no definite
action has been taken. Legisiation
adopted last vear for the consolidation
of all local transportation lines in the
city, however, paves the way for the
construction of rapid transit subways
in Chicago’s business district, with sub-
sequent extensions of subway and ele-
vated lines to cover the entire city,

BOSTON

Rapid transit in Boston dates from
1891. During that vear Henry M.
Whitney discussed the possibilities of
an underground passenger railway as
a means of reducing street congestion
in the business district, principally on
Tremont Street. Early in 1892 the
Rapid Transit Commission, formed the
vear previous to investigate the matter,
agreed on a provisional loop route,
partly elevated and partly underground.
The plan was not approved and in 1894
the Legislature appointed a new board.
The arrangement adopted called for a
double-track subway from an entrance
at Park Square via Boylston and Trem-
ont Streets to an underground loop at
Park Street. Surface cars were di-
verted into it from the Back Bay and
Roxbury districts. This section, opened
in Septemher, 1897, was the first sub-
way in America. Another pair of
tracks enter the subway at Pleasant
Street, paralleling the first pair of
tracks from Boviston Street to Park
Street, with a second loop at that point,
A similar subway with four tracks
went from the vicinity of North Sta-
tion via Haymarket Square to Adams
Square and Scollay Square, where loops
were coustructed. A connection under
Tremont Street between Park Street
and Scollay Square gave a through
route under the city. As a result all
street car tracks were removed from
Tremont Street,

Subway construction in Boston was
undertaken by the city and the structure
leased to the operating company. This
was an innovation in the history of city
railwayvs in America. Need for real
rapid transit service hecoming more and
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Entrance lo the Boylsion Streel Subway at Park Square——
the first snbway in Amerlea

more apparent, in 1897 a bill was passed
in the Massachusetts Legislature for the
charter of a comprehensive elevated
railway system. The main route was
to be from Sullivan Square in Charles-
town to Dudley Street in Roxbury, via
Atlantic Avenue, a distance of 5 miles.
It also was proposed to construct an
alternate route under Tremont Street,
utilizing the street car subway between
North Station and Pleasant Street.
joining the elevated track as near those
points as possible. This plan was
adopted with minor modifications and
the line was placed in service in 1899
with multiple-unit trains. Thus Boston
not only has the first subway, but also
the first underground rapid transit sys-
tem in America. The Atlantic Avenue
elevated was not opened until August,
1901.

Inauguration of rapid transit service
deprived the surface lines of one pair
of tracks under Tremont Street, but it
made possible a new type of transpor-
tation. The rapid transit trains in
Boston are run by the same company
as the surface cars, and at prepayment
stations in the subway it became pos-
sible to change cars without the use
of paper transfers. This system was
later extended by the establishment of
prepayment areas for surface cars under
elevated stations and at a few subway
stations.

Soon it was realized that Boston's
rapid transit system was inadequate.
Construction of a new tunnel beneath
Washington Street, opened in 1908,
gave a more direct route for the trains,
and the Tremont Street subway was
restored to its original purpose of carry-
ing surface cars.

East Boston was connected with the
center of the city by a tunnel under the
,harbor Dbetween Maverick Square and
Scollay Square, begun -4n 1900 and
opened at the end of 1904. Later it was
extended to Bowdoin Square to provide

a direct route to East Cambridge and
Somerville. The Washington Street
elevated was extended from the termi-
nal at Dudley Street to Forest Hills
in 1909, and from Sullivan Square to
Everett in 1919.

The most important of the later de-
velopments in Boston’s rapid transit
program was the inception of the Cam-
bridge-Dorchester subway. T'he original
portion of the system was built by the
company but later was purchased by
the State of Massachusetts and leased
to the railway. The first section, opened
in 1912, connected Harvard Square,
Cambridge, with Park Street, the
Charles River being spanned by a

Market Street—under thls is
Phlladelpbia's first subway

bridge. Subsequent extensions carried
the line to South Station, Andrew
Square and Ashmont. The latest ex-
tension has been made through the
electrification in 1929 of a branch line
leased from the New Haven Railroad.
This line, between Ashmont and Matta-
pan, is being operated with high-speed
surface cars, but has stations of the
rapid-transit type.

PHILADELPHIA

In 1901 the Pennsylvania State Legis-
lature passed an act sanctioning the in-
corporation of elevated and subway
companies, and the Philadelphia Council
granted franchises for several projects,
including numerous elevated lines as
well as a subway under Broad Street.
In 1902 the Council authorized the
building of a subway under Market
Street east of the Schuylkill River to
take the place of the elevated road con-
templated in the original franchises.
Several other franchises were passed.
All of them subsequently were acquired
by the Philadelphia Rapid Transit Com-
pany, and a broad plan for giving genu-
ine rapid transit facilities in conjunction
with the existing surface lines was
formulated. As in Boston, all lines are
run by one company and transfers are
given between rapid transit and surface
cars.

First of the routes to he constructed
was that portion of the Market Street
subway hetween the west side of City
Hall and the Schuylkill River, where
it crossed on a bridge and continued on
an elevated structure to a terminal at
63rd Street. Soon the line was ex-
tended to 69th Street and a joint ter-
minal established with several inter-
urban railroads. This first section of
the subway, begun in 1903 and com-
pleted in 1905, contained four tracks,
the two inmer ones being for rapid
transit trains and the two outer ones
for the diversion of surface cars from
Market Street. The latter tracks were
later extended in a loop around City
Hall, and the rapid transit subway con-
tinued east to the Delaware River. In
1920 the Frankford line was placed in
service.

Construction of the Market Street
elevated differs from that in New York,
Chicago and Boston in that the struc-
ture has a closed concreted floor system,
preventing drippings to the street and
reducing noise materially. The track
is laid with wood ties on 5 in. or more
of broken stone ballast.

Plans for a subway under Broad
Street were made many years ago.
Thevy were modified several times, and
it was only in 1928 that the first section,
from Cityv Hall to Erie Avenue, was
opened. Extensions underway and con-
templated will, in conjunction with the
surface cars and buses, give Philadel-
phia a modern co-ordinated transporta-
tion system.
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Typlcal track constructlon of the early ’90's,
speclal trackwork on chalrs Iald In Atlanfa, Georgla, 1891

IETY years ago is far enough back
so that only an occasional track
man has any personal recollection of the
track construction of that time other
than as a passenger on some horse car
line, or perhaps in riding a high bicycle
across a cobble-paved track at imminent
risk of disaster. One of the best-known
members in the industry admits that his
ambition was to drive the extra horse
pulling the car up the hill for the sake
of riding down on the horse’s back. In
several very hilly cities the “hay-motor”
himself rode down the hill on the back
platform.
The same ambitious youth referred
to above says:

One of the reasons why I left the street
railway business in 1891 was the result of
an engineering report to the effect that
their present construction of 6-in., 70-lb.
rail on a 4-in. stringer on cross ties would
last indefinitely, if not forever. This fol-
lowed a survey in which no measurable
wear was found on the rails after a year’s
use. My reaction at the fime was that
maintenance of such a proposition was not
likely to call for much engineering service.

In 1881 there were about 6,000 miles
of street railway track in the United
States, but these were horse car tracks,
for at that time it was only the dreamer
who thought of electrically driven cars.
Then the cable car was considered the
coming means of city transportation.
Even the flat rail had a predecessor in
the bar or flat strip of wrought iron,
which, nailed to a wooden stringer,
formed the support and guide for the
car wheels. An interesting intermediate
type was that of a bent plate laid in St.
Paul and Minneapolis in the early ’70s.
This track consisted of wooden string-
ers, 5 in. square and 16 ft. long, laid on
wooden ties. The stringers were drift
bolted or spiked to the cross ties. On
top of the longitudinal stringers, bent
iron plates, weighing 23 lb. per yard,

were laid to act as
rails. The track was
narrow gage, 3 ft. 6
in, wide. The cost
of such construction
was $6,000 per mile.

This type was suc-
ceeded by the “side-
bearing” flat rail,
and that, in turn, by
an early form of
girder rail. Paving in
those days, if any, was usually of cobble
stone. In the Twin Cities, 50 years ago,
they tried for a few years a type of
round cedar block, only to learn, as we
well know now, that perfection in a
pavement has not yet been attained.

The cars that rolled over these old
rails were 10 ft. long, mounted on four
light wheels, and weighed about 1,000
Ib. Each car was drawn by one horse
or one mule. The fare box was placed
in the front of the car, and the pas-
sengers were expected to deposit their
fare on entering the car. If the pas-
senger was forgetful, the driver rang a
bell until he paid his fare.

The cars on each line were painted
a different color to distinguish the line.
In winter, the cars were heated by a
sinall sheet-iron stove on one side in
the middle of the car. The driver stood
on the front platform protected by a
sheet-iron dash extending a little above
his knees. The driver attended to the
horse, kept a lookout for passengers,
saw that all passengers paid their fare,
and was on the car sixteen hours per
day with twenty minutes off for lunch.
The wages were $35 per month.

Just as the horned toad and certain
shellback types of animals have, we are
told, survived their contemporaries by
millions of years, so the flat rail and the
horse car persisted for many years, side
by side with the improved track and
electric operation. Probably the most
notable instance was in New York City.
Horse cars were operated there until
1917, and horse car tracks have per-
sisted unused to the present time, being
gradually removed as streets are re-
paved. Most of the tracks, it is true,
were changed to girder rail construc-
tion, but it was of a very simple type.

An intermediate step was the use of
storage battery cars on the old horse
car lines, which necessitated some track
reconstruction and the installation of

*“RBolted Up”

Improvements

in Track

improved special work, giving a con-
struction similar to standard trolley
track, except that it was somewhat
lighter. Some of these storage battery
lines are still in operation in New York
City. )

It is perhaps not generally understood
in other parts of the country why this
curious condition existed, but there
was a good reason for it. In the first
place, overhead trolley construction has
never been permitted on Manhattan Is-
land except for very short distances over
some of the bridges from the Borough
of the Bronx. The underground con-
duit or slot type of track construction
required in Manhattan is extremely ex-
pensive, costing from five to ten times
as much as ordinary surface track, de-
pending on the amount of underground
obstructions to be moved and the extent
of complicated special trackwork re-
quired. In the second place, the build-
ing of rapid transit lines in New York,
beginning about 30 years ago, has
completely altered not only the lines of
traffic but the distribution of residence,
business and industrial districts. The
ferries, which formerly carried an
enormous amount of traffic, have virtu-
ally disappeared, except those to Staten
Island supported by the Municipality
and those to New Jersey supported by
steam railroads. Entire street railway
systems that once served these ferries
and were profitable have ceased to exist
or are no longer able to pay dividends,
so that the failure to change horse car
lines to electric lines was not due to
lack of foresight or initiative but rather
to the use of good judgment and to
hard facts.

By the end of the first decade of the
past 50-year period the design of rails
had passed through the experimental
stage and reached the types with which
we are still familiar. Among the out-
moded rails were the side and center
bearing flat rails, the Wharton “But-
terfly,” the Louis & Fowler box girder
rails, the Gibbon Duplex, and the Grib-
ble box girder rails. The first girder
rail actually rolled was the Section 72
of the Cambria Iron Company, Johns-
town, Pa., in 1877 for the Clay Street
Line in San Francisco.

The track in horse car days is best
described by a track man, now retired,
whose delightful personality and enter-
taining reminiscences are known to all
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Have Kept Pace with the IlldllStl'y’S Needs

track engineers in this country and
Canada. ’

The rail was 1% in. thick in the head and
was laid on a wooden stringer the width
of the rail and 6 in. deep, resting on similar
sized crossbeams set about 10 ft. apart.
The rail was spiked through the tram por-
tion of the stringer. If insufficient space
was allowed at the joints, in very warm
weather the middle portion of a 30-ft. rail
would rise from the stringer several inches
and remain until it could be cooled with
water. If it turned over sidewise onto the
pavement, the services of the track gang
were required to restore it to place. In the
meantime, the cars would roll along on the
wooden stringer. This was not an unusnal
event, for many old timers had seen cars
in New York City pulled entirely from
the track to clear an unloading truck which
temporarily blocked the way.

In New Orleans where suburban track
was laid without paving, and cars were
drawn by one mule, a plank about 1 ft.
wide was laid in the middle of the track,
and the mule, generally wise to conditions,
kept religiously on the plank lest, in wet
seasons especially, he become mired in the
soft ground.

A search of the old volumes of ELEc-
TRIC RAILWAY JOURNAL brought to
light so many instructive and amusing
facts that a few of them are given below.
In the 1880’s we have this description
of the different track gages for horse
car lines that were used in England and
France.

The gage adopted in England is the
same 'as that in this country—namely, 4 fit.
8% in. In France the gage is 1.54 meters,
or very nearly 5 ft. The gage is so wide
that when two horses are pulling the car,
they can trot with ease without stepping
on the rail. In this country the horses are
continually stepping on the rails because
the gage is narrow. The French say that
when the rails are placed nearer together
than their standard it is necessary to har-
“ness the horses in tandem. Although tan-
dem driving is perhaps best for freight
hauling, it is not desirable for the trans-
portation of passengers.

In the same period, the West End
Company, in Brookline, Mass., is re-
ported as laying track with English
grooved rail known as the “Liverpool
Rail.” In section it was of the I-girder
form, similar to that in nse on steam
roads, but was 7 in. high with a -in.
web with a 6-in. flange and face.

A description of the foundation will
make some track engineers decide that
they were born too late.

By
E. M. T. RYDER

Way Engineer
Third Avenue Railway
New York, N. Y.

The bed for the rail consists of concrete
filled trenches, 8 in. wide by 8 in. deep,
made of the best Portland cement, one
barrel of cement to two barrels of sand,
mixed with small, hard broken stones, and
well rammed. The base of the rail has a
continuous bearing on the surface of the
concrete.

Before the day of mass transportation
“Five Points,” Atlanta, Ga., 1892

Not to neglect the
pavement, a descrip-

tion is given that
will be vivid to the
older men in the
industry.

While for many rea-
sons the cobblestone is
an excellent pavement
for the space between
the rails, vet, as ordi-
narily laid, the cobble
footway seon looks
like a relief map of
the moon. The stones
being of unequal size,
the small ones sink
deeper into the bed
than the larger ones.
Hence, those which

offer most resistance to foothold and
traction give the roughest riding to
ordinary vehicles. It is necessary to bed
the larger stones next to the stringers to
give the stringer and rail lateral stiffness.
The rest of the cobbles are generally put
into the ground without reference to their
size and shape.

There are some who may imagine
that the steel tie is a recent invention,
but several early attempts were made
to construct a metallic roadbed. In
this construction no wood was used.
The rail was of a peculiar shape with
a 2-in. web on the underside, and was
keyed to hollow cast-iron stringers con-
nected at intervals with flat iron tie
rods. The stringers were cast in sec-
tions of 4 ft., and weighed 82 1b. The
system cost $1,000 per mile more
than wood construction, but “once built
there is no cost for repairing the sub-
structure, and when a rail wears out it
can be replaced without disturbance of
stringers.”

The word “girder” appears first dur-
ing the “80s.

One would naturally think that the first
cost of laying track by the girder system
would be larger than by the old, but the
manufacturer is prepared to prove that it is
much less, and that they ‘will last five times
as long.

It is interesting to note that many of
the earliest rails were built without any
bottom flange. The rails were then
placed on chairs, and many efforts were
made to find a design in which the head
would be renewable without taking up

The same location as it appears today
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the support. A common method for
obtaining height without paying for all
the steel required by the solid 9-in. rail
was to support a shallow rail on chairs.
Such an installation was made in
Atlanta in 1891.

The rail joint problem may or may
not be solved at the present time. In
the '80’s they were still able to write:

This rail joint is designed to furnish a
joint for rails that will prevent the lamina-
tion of the rails at either end, and also the
jarring and noise created by the passage of
the car wheels over the joints.

Now we go to the '90s, but find there
are still problems unsclved and noises
that force the building of new tracks.
On the Fourth Avenue Railway, owing
to the rigid construction of the roadbed,
cars made a great deal of noise which
could he heard two or three blocks from
the Bowery. This construction soon
proved unsuitable owing to its rigidity.
The blocks were taken up and stringers
of Georgia pine substituted, the granite
stringers being sold to the city for gutter
stone.

GIRDER RAiL ARroused EArLY
Discussion

Fast and furious raged the battle over
track design during the '90’s. A pro-
ponent of the Gibbon duplex lap-joint
rail, which was laid in New York City,
took this crack at the coming girder
rail :

An English fad, fortunately as difficult
to introduce in America as the single eye-
glass, is a street rail weighing 100 Ib. per
yvard, of which 7 per cent represents its
head-wearing capacity and 93 per cent its
scrap residue. But apart from the dis-
comfort of riding on so inelastic a track,
the short service rendered by the rail for
so great an expenditure of material, and
the serious annoyance of a complete inter-
ruption of travel at its frequent renewals,
the track lacks homogeneity, and at every
30 ft. of its length, vibratory waves, set in
motion by travel, break with a shock that
speedily renders abortive this effort to per-
petuate the device of hitching together rails
to form street railway track.

Some one is sure to ask ahout the
special track work of the last century.
Below is a vivid description by an old-
timer of how it was manufactured in
horse car days:

Less than twenty years ago, when a turn-
ont was to be built, a pattern maker from
an iron foundry would visit the ground
with a load of wooden strips, which he
would proceed to lay ount on the ground,
bending them to form the necessary curves.
Having secured the model together, he
would cut it into pieces so that he could
load it onto a wagon and return to his
shop. Patterns for cast-iron switches,
mates, frogs and crossings would then be
made and the rails bent to conform with
the model. That work bnilt this way
wonld not always fit is not strange, for
the wooden strips would often insist on
warping out of shape before they were
used. A piece of work was built after
this manner as late as 1895.

Although the problem of rail expan-
sion has been subjected to constant
study it seemed to have heen solved long
before the middle of the 50-year period.

The modern girder ruil Is not so much a
radical Improvement over Its predecessors
ae it Is a refinement of bhasie principles

L]

S.A.Beers’ First Girder Rail
“Railrood Rail” Actually Rolled
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Here is a description of the vagaries of
the old flat rail in hot weather:

Following steam railroad nsage, rails
were kept open at the joints % in. or more to
allow for expansion. To test the correct-
ness of this practice for girder rails laid
in paved streets, Mr. Moxham began a
series of experiments on a 1,500-ft. stretch
of track of 6-in. rail spiked to wooden ties
and covered none too well with macadam.
For nine months, hourly records of the air
temperatures, and daily trials of the move-
ments of the rail, if any, were made. To
insure no expansion or contraction would
take place at the joints, it being old track,
all splice bars were removed, shims in-
serted wherever practical, and new special
joint bars with sixteen turned and driven
bolts inserted. As no expansion or con-
traction could be measured, this fact was
published and the art of track laying from
that date on has been for tight joints.

To A. J. Moxham and Tom L. john-
son is due the credit for the develop-
ment of the girder rail and the rolling
of many different sections. They organ-
ized in 1883 the Johnson Steel Street
Rail Company, with the financial assist-
ance of A. V. Du Pont, and the manu-
facture of the girder rail was begun in
Johnstown, Pa. The Johnson Company
then built their own rolling mill in
Lorain, Ohio, where they rolled their
first section in 1889. At this mill was
produced the first 9-in. girder rail,
weighing 90 1b. per yard. In the course
of time the number of girder rail sec-
tions increased to over 300, varying in
weight from 30 Ib. to 174 1b. per yard.
The name, The Lorain Steel Company,
was adopted in 1898.

Track CoONSTRUCTION SERVED As
MobiL For HicaWAYS

The second decade of our 50-year
period was one of enormous expansion,
with electric lines reaching out from the
cities into interurban territory, and with
tracks varying from those on lines with
poor alignment, grades and construction
to those on lines approaching the best
practice. The writer vividly recollects
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acting as assistant engineer in the con-
struction of interurban lines in Con-
necticut where the improvement in
alignment put to shame the highways
alongside which the electric lines were
built. Since that time, of course, the
highways have taken on the engineering
characteristics of railroads, and are
being built with great attention to align-
nient, grades, super-elevation, drainage,
and similar features.

During the development period of
street railways there was but little at-
tention paid to maintenance. Later,
when the extension of electric lines de-
creased and stiffer competition wvas
encountered as a result of the advent
of the automobile, increasing attention
was paid to track maintenance. One
of the results was the attempt to estab-
lish standards in the industry. The way
engineers’ first efforts were directed
toward standardizing the manufacture
and design of rails. A.E.R.E.A. speci-
fications for the manufacture of open-
hearth steel girder rail were approved
as recommended specifications in 1911,
The present designs for 7-in. and 9-in.
girder rails were adopted in 1910, and,
after various revisions, became Amer-
ican standards in 1923. Efforts to agrec
on complete designs for track construc-
tion failed, due to the old bogey of local
conditions, which frequently meant local
prejudices. In 1915 a recommended
design was approved for tee-rail con-
struction on wooden ties and ballast, but
nothing more definite has vyet been
accepted. One reason for this has been
the fear that however satisfactory def-
inite designs might be for the majority,
they might prove embarrassing to some

companies because of local problems of

finance and control.

The present manual shows upward
of 50 standards in the way division,
covering both specifications and designs.
In the development of these standards
the helpful co-operation of the manufac-
turers was enjoyed. Much of the work,
especially in the study of track layvouts,

would have been practically impossible

without this aid. Stand-
ards have been adopted for
track spirals, car clearance
easements, and branch-off
frogs. A factor which has
also helped to simplify spe-
cial trackwork has been
the adoption of standard
wheel flanges.

During the past few years designs
have been worked out for manganese-
steel track switches of all standard radii.
All tongues are of similar design and
are manufactured to definite limits so as
to be interchangeahle for each radius.
Records of trial switclies installed in the
last two or three years are now being
It seems likely that the use of
How-
ever, we have far to go to reach the

studied.
standard switches will increase.

perhiaps 90 per cent of their track lay-
outs.

As the electric railways grew older
it was found that 25-year franchises had
a way of expiring sooner than was ex-
pected. Added to the fiercer competition,
this resulted in financial turmoil for the
systems in many cities. Reorganizations
becanie prevalent, and were sometimes
followed by rehabilitation on a large scale
which gave engineers the opportunity to
use carefully timed reconstruction meth-
ods involving track standards, on a hith-
erto unprecedented scale. In Chicago,
during the five years from 1907 to 1911,

No one had more to do with the develop-
ment of the glrder rall than Tom I.
Johnson—aboeve are some of his early
speclmens

inclusive, more than 500 miles of track
were rebuilt, Standards were adopted
for track alignment and for individual
special work pieces. All switches were
of either 80-ft. or 160-ft. radius, and all
manufacturers furnished switches of the
same design. Unfortunately, the Chi-
cago alignment differed from that in
use anywhere else. The present
A.E.R.E.A. standards conform to the

Chicago’s staadard of construction for heavy
traffic streets is typical of the type of
track with a fouadation that wlll Iast
the life of tweo or three ralls

¢ f02" frack cenfef‘s-""""-"-"ﬂ”

|
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general practice throughout the coun-
try, and are not interchangeable with

those of Chicago. However, in stand-
ardizing as thoroughly as they did, the
Chicago engineers pointed the way for
the larger standardization program
which followed.

The standard that eventually became
widely used on heavy traffic streets in
Chicago is typical of similar work in
other cities, and follows the policy of
building a foundation that will permit
the successive use of two or three rails.

position- already attained by Canadian

operators, who use standard switches in It is practically the antithesis of some
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recent types of track construction where
rail life is the keynote of the design,
and the whole structure is scrapped
when the rail becomes worn.

Another notable installation on a
large scale was that in Toronto, where
standardization was carried perhaps to
a greater extreme than was done any-
wlere else.

The third installation that might be
mentioned covers a slightly different
field. The Eastern Massachusetts Street
Railway was a consolidation of many
small companies operating in and be-
tween some 50 towns in Massachusetts.
During the rehabilitation ahont 400 miles
of track was overhauled or rebuilt. The
figures become imposing when we get
down to such items as rail joints. About
150,000 joints were welded and ground.
Of the total mileage only about 20 per
cent was rebuilt with new rail, even
though much of the track had light tee-
rail. Sonie of the existing girder rail was
in such condition that the ends had to bhe
bent up vertically before welding. Most
of the welding was done by the metallic
arc process, and novel designs were tried
and tested. The open track was put in
good operating condition at a cost of
from $1 to $2 per lineal foot, and about
35 a foot covered the paved track, ex-
clusive of pavement.

As we take up modern methods we
find that some of them at least have
come into use more slowly than is credit-
able to the industry. For instance, there
is a very general use today of treated
ties, especially creosoted ties, but even
now their use is by no means universal.
It was in 1887 that STREET RAILwAY
JournaL informed its readers that in
London, England, ties were being made
of creosoted fir. At the present time
cne of the chief duties of our Committee
on Wood Preservation is felt to be the
necessity of educating our way engineers
and executives to the large money sav-
ings that can be made by the use of
treated wood in the street railway
industry.

About ten years ago, the Committee on
Welded Rail Joints of the
A.E.R.E.A. was created to
co-operate with the Amer-
ican Bureau of Welding
and the United States
Bureau of Standards.
Seven progress reports
have been issued, the latest
in May of this year. This com-
mittee was financed by cash grants
from the association, from a number of
street railways and manufacturers, and
by contributions of material, labor, test-
ing facilities, and expert advice from a
large numiber of manufacturers, univer-
sities and individuals. The reports give
figures of tests on all the types of welded
joints in general use, as well as a num-
ber of experimental types. They also
show photographs and diagrams cover-
ing preparations of joints, testing ma-
chines used, condition of joints, after

[
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testing to destruction, results of tests,
photo-micrographs, etc. The reports
are evidence of the value of this type of
industrial research.

Throngh similar co-operation, a com-
mittee of the Ways Division of the
A.ER.E.A. has been studying the sub-
ject of welding both in connection with
welding rail joints and building up of
special trackwork. Much progress
has been made, and the bnilding up of
manganese, as well as carbon-steel sur-
faces, is now the general practice
throughout the country.

Going still further in this line of
research, studies of the use of special
steels both for rail and special track
work are being made. The use of inter-
mediate manganese rail as rolled for
steam railroads is being experimented
with by electric railways. This rail con-
tains about 4 to 14 per cent manganese,
or from 4 to twice as much manganese
as is specified for the standard carbon
steel rail. Mention might be made at
this point that steel with manganese
content of about 12 to 13 per cent was
invented by R. A. Hadfield, the great
iron master of Sheffield, England, and
was used with hard center special track
work in about 1895. Many attempts
have been made to find substitutes hav-
ing equally valnable wearing properties,
with the additional advantage of easy
welding qualities. As yet there has
been no general substitution of other
alloys for manganese.

Stupy oF RA1L CORRUGATION

We are all familiar with David
Harum’s famous statement that a few
fleas are good for a dog. Most of us
have also heard the dictum that every
enterprising business organization needs
at least one thorough-going pessimist.
In the track maintenance game the place
of these two nuisances is taken by the
problem of corrugated rail. Theories
for cause of it have been announced a
number of times, but any given theory
is sooner or later disproved. In fact,
corrugation is so utterly mean and can-
tankerous an occurrence that it will even
disappear out of pure spite as witnessed
in the following account from the City
of Brotherly Love.

Many theories have been evolved to ex-
plain the cause of corrugation, and I guess
everyone interested has at least one of his
own. One incident clings to my memory,
which I believe cured my theorizing. It
was suggested that the cause was the pil-
ing up of metal in the rail head in front
of the wheel, due to the overstressing of
the upper fibers in the head. If such were
the case, it could be determined by meas-
uring carefully the height of the rail at
several points before and after corruga-
tion. We selected a particularly trouble-
some location on a curve of long radius,
which carried traffic at high speed. This
curve would invariably develop heavy cor-
rugations shortly after installation. We
took a new 30-ft. rail curved to the proper
radius, and in the middle of the base, and
copper plugs were inserted at intervals of

about 2% in. to provide non-corrosive meas-
uring points. The height of the rail was
then carefully measured at each of these
points with a micrometer caliper. The old
corrugated rail was then removed and the
new rail installed, care being taken not to
disturb the ties or paving any more than
was necessary. We wailed considerably
longer than the normal time for corruga-
tions to appear at that location, but nothing
happened, nothing ever did happen, and if
my memory serves me correctly, the rail
wore out without appreciable corrugation.
Thereupon I stopped theorizing and de-
voted my energy to the more practical
work of removing the trouble as it de-
veloped.

Although in some cities the cost of
paving is nearly equal to the expense
of all other way items combined, yet

In the Washington, D. C., standard, adopted
in 1929, the concrete pavement is prac-
tically the sole sapport of the ralis

a small portion of our literature is taken
up with its discussion and very little
time and thought is given to it, if we
can judge from the relative number of
pages in the A.E.R.E.A. Proceedings.
Paving seems to be like a disease that is
not proper to discuss, and must be
kept wholly within the family due to
“local conditions.” This is a pity, as
more knowledge and more publicity
wonld doubtless aid in helping each
engineer to profit by the experiments
and mistakes of others. Of course, we
throw the blame for it upon the fact
that usually the local anthorities have
control in the matter, and our argu-
ments and prayers are of little avail.
For example, granite, asphalt and con-
crete pavements are familiar in every
city, but many times one of the three
types will occupy 90 or at least 75 per
cent of the track area, while in a neigh-
boring city these conditions are entirely
different. This is a subject that could
profit from analysis of the results of
experience more than any other in the
way department.

The obligation of street railways to
pave the track area came down from
horse car days and varied in different
cities and States. That it is an un-
justifiable burden has been manifest by

the relief granted in many cities. How
extreme a load it was in some cities can
be indicated by the burden carried by
the Philadelphia Rapid Transit, many
of whose franchises required paving
the full width of the street. At one time
it was responsible for maintaining
6,500,000 sq.yd. of pavement, equivalent
to 300 miles of city streets from curb
to curb, assuming an average width of
36 ft., or four traffic lanes.

The subject of modern track enters
such a controversial field that it is im-
possible to cover adequately here all
its phases. It is enongh to note that
there are two major types—the so-called
one-life track, and the type that can be
relaid without disturbing the founda-
tion. The Chicago standard is a good
illustration .of the renewable type, while
the track laid in Washington, D. C,, in
the fall of 1929, will serve to show the
type in which concrete pavement is it-
self practically the sole support of the
rails, as light steel ties act only as tie
rods to maintain the gage, and to some
extent reinforce the steel under the
concrete.

No history of the work of way engi-
neers for the past 50 years would be
complete without at least one anecdote
indicating the difficulties sometimes
encountered in laying track. The fol-
lowing sketch, written by an engineer
who has practiced on both the Atlantic
and Pacific Coasts, gives a story that
will bring a chuckle to the older mem-
bers of the profession, many of whom
can duplicate it with stories from their
own experience:

In building a track along a minor street
on which there were several residential
houses, some of the people abjected to the
line being on their street. One lady in par-
ticular refused to let us erect a pole in
front of her propertv. We dug the hole
about 5 ft. deep, and when we got ready
to put the pole in she jumped into the hole.
Of course, she could not get out, so we
left her in there and built another hole
beside the first one, installed the pole and
then pulled her out.

Procress WiLL CONTINUE

And now, as the preacher wonld say,
as his andience gets uneasy at the end
of his harangue, please remember as
you go out that the history of the past
50 years shows how gradnal is our
progress despite the fact that we have
really advanced a great deal. To the
younger men this should mean that no
end can be set to the progress of the
future, and that the opportunity for im-
provement is just as good for them to-
day as it was for the old-timers of 50
years ago.

Valuable information in this article
was furnished by the following, to whom
acknowledgment is gratefully made by
the anthor: C. A. Alden, E. B. Entwisle,
C. M. Grifith, B. P. Legare, C. A.
Smith, G. B. Taylor, F. B. Walker, and
C. L. Wilson.
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America's two ploneer Installations of rnllroad electrification—the Nantasket Beach line of the Ncw Haven and the Baltimore
tunnel line of the Baltlmore & Ohio—began service a day npart In 1895

Railroad Electrifieation
of 4.500 Miles

A Notable Reéord of Progress

ROM the pioneer electrically oper-

erated locomotive cars to the highly
developed, powerful electric locomotives
of today is a far cry indeed. The
earliest electric freight locomotive in
this country, a 75-hp. unit built in 1888
for handling freight in Ansonia and
Derby, Conn., and now preserved on the
New Haven Railroad as a relic, pre-
sents an impressive contrast beside a
modern electric locomotive. Yet from
such crude beginnings the art of rail-
road electrification has grown. The
progress which has taken place in but
little more than two score years is one
of which electrical engineers may well
be proud.

The earliest “heavy” electric locomo-
tive, exhibited at the Chicago World’s
Fair in 1893, weighed 30 tons and con-
tained several features, such as gearless
bipolar motors, quill-mounted on the
axles, which have been retained in many
modern designs. In fact, that locomo-
tive, later purchased for the Manufac-
turers Railroad in New Haven, is still,
with some modifications, in service in
industrial switching after nearly 40
years,

Early development of the electric
street railway industry provided an
effective school for the pioneer projects
in what may be termed “railroad elec-
trification.” In the year 1888-1895
street railways grew rapidly. As the

By
SIDNEY WITHINGTON

Electrical Engineer
New York, New Haven &
Hartford Railroad

service demands increased it was, of
course, necessary to develop suitable
power production and distribution
facilities. When electricity was con-
sidered for steam traction problems, a
not inconsiderable amount of develop-
ment, not only in motive power, but also
in power generation and utilization had
taken place, and was available.

The two earliest steam railroad elec-
trification projects were devloped nearly
simultaneously in 1895. Each repre-
sented the solution of a typical railroad
problem, although quite differently.
The Nantasket Beach line of the New
York, New Haven & Hartford Railroad
between Nantasket Junction and Pem-
berton, Mass.,, near Boston, carried
dense summer passenger traffic. The
New Haven management was much in-
trigued by electric traction, partly on
account of the obvious advantages of
the then new form of energy, as con-
trasted with steam, and partly because
of the growing possibility of local com-
petition from interurban trolley service.

It was felt that electrification of the-
Nantasket Beach branch, with 8 miles
of double track, would provide experi-
ence of value in any subsequent develop-
ment.

Power was supplied from a steam
plant located at Nantasket, direct from
the bus-bars at nominally 600 volts, in
accordance with the then standard
practice. The trolley wire, designed for
heavy service, was a figure 8 section of
approximately No. 000,000 size (330,-
030 circ.mil), and weighed about 1 Ib.
per foot; it was hung by direct suspen-
sion from brackets. Today it is amus-
ing to note that the trolley wires and
feeders were at first supported upon
sawed pine poles without insulators, the
wood being relied upon for insulation.
Needless to say this was subsequently
modified, though much of the original
trolley wire is still in service. The mo-
tive power consisted of ten motor cars,
each normally hauling four trailers.
Since the service was a summer one
only, many of the cars were of the open
type, with steps running the entire
length.

The Baltimore & Ohio Railroad
originally ran around the center of
Baltimore. Train movements had long
been inconvenient because of the neces-
sity of ferrying. When the develop-
ment of electric facilities appeared to
justify, the management took the oppor-
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tunity to construct and equip a tunnel
for electric operation under the city. The
route electrified was about 3 miles,
and the three 96-ton locomotives first
acquired were by far the largest electric
equipment constructed up to that time.
Each had four 360-hp. gearless motors,
mounted on the axles. The original
contact device comprised a shuttle-like
brass shoe sliding in an overhead in-
verted channel which consisted of two
3xg-in. Z bars riveted to an 1lixi-in.

Most reecent of the New Ilaven's passenger locomotives are these
motor-generutor units, which run eitlier on single phase ur
direet current

cover plate. This contact arrangement
has since been replaced by third rail at
the track level. The power distribution
was nominally at 600 volts.

There has been some discussion as to
whether the Ballimore & Ohio tunnel
or the Nantasket Beach line of the New
Haven could claim to be the first “'steam
railroad electrification” in this country.
The first electric train order on the
B. & O. is dated July 1, 1895, and comi-
mercial freight operation started on
Aug. 4 of that year. The Nantasket
Beach electrification, after an extended
period of test, started “commercial serv-
ice” on June 30, 1895, and so it may
be said to have slightly but definitely
antedated the B. & O. electrification.

The New Haven management was
much pleased by the success of the
Nantasket electrification, and embarked
upon a program of electrification which
included various parts of the system
and somewhat diverse classes of service
All of this was at 600 volts d.c. Somie
lines had overhead trolley (either in
direct suspension or supported by cate-
nary messenger), and some third rail.
The handling of various classes of serv-
ice electrically under differing conditions
permitted the accumulation of much in-
formation of value in subsequent in-
stallations. The original third rail was
in the form of a flattened A, installed
midway between the running rails. The
shape was chosen with the tdea of shed-
ding water and protecting from weather
the wooden blocks which supported it.
The contact surface was 1 in. above the
track rail heads, which allowed the
shoes to clear the rails at turnouts,
crossovers, etc., but was not high enough
to foul the equipment. This location
without protection was found hazard-
ous. and was later abandoned.

In the meanwhile, use of electric trac-
tion was rapidly growing in the urban,
rapid transit and interurban fields. The
invention of multiple-unit control had
provided great stimulus. A number of
steam railroads were confronted with
problems for which the solution was
obviously electrification, and when the
development in the art jnstified, a very
considerable degree of activity was
manifest. This activity, for natural
reasons, was at first concentrated in the
vicinity of New
York, with its
problems of con-
gestion and of
terminal opera-
tion.

Steam rail-
road electrifica-
tion in the vi-
cinity of New
York was inau-
gurated by the
Long Island
Railroad in 1905,
from Flatbush
Avenne, Brook-
lyn, to Rockaway Park, about 16 miles.
Electrification on that railroad has been
gradually but steadily extended, and
now includes abont 450 miles of track.
This electrification, comprising as it
does snburban service, utilizes largely
multiple-unit cars, of which there are
now 1,077 in operation. Through trains
in the electric zone are hauled by elec-
tric locomotives. Distribution is by
third rail at nominally 600 volts.

Close upon the heels of the Long
Island Railroad in the vicinity of New
York, the New York Central-New
Haven Railroad electrifications into the
Grand Central Terminal were inaugu-
rated. These installations were primar-
ily the result of legislation on account
of operation in the Park Avenne tunnel.
Electrification of the Grand Central
Terminal presented the opportunity to
enlarge its capacity greatly by creating
two levels for the terminal tracks. This
involved, of course, com-
plete reconstruction of
all the facilities, and in-
cluded an enormous
amount of excavation.
all in solid rock, and all
necessarily carried on
without interruption of
service.

The New York Cen-
tral management chose
power distribution at
600 volts d.c. A novel
type of third rail was
developed with the con-
tact surface on the lower
side to reduce snow and sleet difficulties
and to allow as much protection from
accidental contact as possible. The
initial New York Central electrifica-
tion extended from the Grand Central
Terminal to Kingsbridge and to White

motives that can

engines

Plains, N. Y. Subsequent extensions
reach Peekskill on the main line, Yonkers
on the Putnam Dbranch, the Port
Morris branch and the West Side
tracks in New York. Nearly 400 miles
of track are now included. The initial
electrification was for passenger service
only, including suburban trains and
through trains in the suburban zone;
both multiple-unit cars and locomotives
thus were employed. Recently freight
service has been added. The road now
operates about 170 electric locomotives,
of which quite a number are of the
three-power type, and 355 multiple-unit
cars.

The New Haven management, al-
though obliged to run trains over the
New York Central's third-rail tracks
for about 12 miles, adopted single-phase
alternating current, with overhead trol-
ley wire. It was the intention that the
New York suburban passenger elec-
trification was but the beginning of an
extensive program to include all types
of service. The initial installation ex-
tended to Stamford, Conn., the end of
the suburban zone. Extensions, how-
ever, were snbsequently made to New
Canaan, New Haven, and Danbury, and
to White Plains, N. Y., and {freight
service was included. Now 150 electric
locomotives and 301 multiple-unit cars
are operated over more than 800 miles
of track, including trackage rights over
the New York Central and Long Island
Railroads.

TeErRMINAL ELECTRIFfCATION DEVELOPS
VALUABLE AIR RicHTs

An interesting feature of the Grand
Central Terminal electrification has
been the development of the air rights.
The entire terminal area of many acres
is now occupied by high buildings (one
of 34 stories) erected over the tracks,
and forms the center of one of the
busiest sections of New York.

Meanwhile, the Pennsylvania Rail-
road bhad constructed and, in 1910,
opened for service its passenger termi-

For the electirification of Its West Slde frelght tracks In
New York, tlie New York Centrat uses three-power luco-

run independently with Diesel olt

nal on Manhattan Island, designed to
serve also the Long Island Railroad, and
had connected it with Long Island and
New Jersey by tunnels. The tracks of
necessity were electrified. All trains
from the South and West change to
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electric power at Manhattan Transfer.
Construction of the coach storage yard
on Long Island reduced to a minimum
the expensive terminal yard space in
Manhattan. This early electrification
utilized third rail of the same design as
that developed for the Long Island Rail-
road. In accordance with the Penn-
sylvania’s comprehensive plan, this sec-
tion is now being equipped with over-
head trolley wire to carry power at
11,000 volts, connecting with the New
Haven electrification and utimately with
that to Washington.

The West Jersey & Seashore Rail-
road, owned by the Pennsylvania, clec-
trified its high-speed line between
Camden and Atlantic City in 1906,
utilizing mainly third-rail at 600 volts.
Of other somewhat similar installations
made in various parts of the country
during this period, one of the most in-
teresting is that of the Southern Pacific
Railroad at Berkeley, Cal., at 1,200
volts direct current.

Maxy TunnNeLs ELECTRIFIED TO
ELIMINATE SMOKE

For some time New York held the
center of the stage, in this country at
least, in railroad electrification. Never-
theless, a number of railroads in all
parts of the country were watching the
results obtained in New York. Long
tunnels had for years been a problem
where they created points of congestion
for freight or where the smoke caused
inconvenience to passengers. On this
basis, the St. Clair tunnel of the Grand
Trunk between Sarnia and Port Huron
was electrified in 1908; the Cascade
tunnel of the Great Northern, in 1909;
the Detroit River tunnel of the Michigan
Central, in 1910; and the Hoosac tunnel
of the Boston & Maine in 1911. It is
characteristic of the desire for experi-
mentation that no two of these electrifi-
cations utilized the same system of power
distribution.

Other than these tunnels and exten-
sions of existing electric zones, there
was not much activity in the field be-
tween 1908 and 1913, although some ex-
tensions were of considerable magnitude
and the mileage of electrified track in
this country was more than doubled.

A somewhat new problem was met
in 1913, when the Butte, Anaconda &
Pacific Railroad, an ore-carrying line in
Montana, was equipped for electric trac-
tion. This problem was not one of a
terminal, a tunnel or of dense traffic, but
largely one of general economy. There
were, to be sure, some heavy grades, but
the locomotives were not equipped for
power regeneration. While general
economy may be said to have been the
direct justification for this installation,
the local conditions are not typical.
Water power is unusually abundant and
readily available in the Northwest. It
is of interest as an indication of the
continuing efforts at explorations in the

field of heavy electric traction that the
power distribution system adopted was
one never before installed, 2,400 volts
d.c. with an overhead catenary-sup-
ported trolley wire. The B., A. & P.
now operates 123 miles of track elec-
trically with 28 electric locomotives,
The years 1914 and 1915 witnessed
two exceedingly important electrifica-
tion projects. Both are over heavy
mountain grades and both utilize regen-
eration, but except for this they have
little in common. One is in the West
and the other in the East; one utilizes
power distribution at 3,000 volts d.c.
and the other at 11,000 volts, single-
phase. It is of interest that of these
two important electrification installa-
tions utilizing regeneration on heavy
grades, one should utilize hydro-elec-
tric power where the energy cost is, rel-
atively speaking, a secondary considera-
tion, and the other obtains power from
a steam plant close to the coal mines

West Virginia. The initial project
made unnecessary a very heavy expense
for double-tracking and tunnel work.
Extensions have been made from time
to time, and that road now operates elec-
trically about 210 miles of track. The
sixteen locomotives are of interest on
account of their size and also because
the traction motors are of three-phase
induction type, taking power from an
11,000-volt single-phase trolley through
a phase-converter. By changing the
number of motor poles, two operating
speeds are obtained which are prac-
tically constant, regardless of the grade
or load, whether on level track, up-hill
taking power, or down-hill regenerating.

PENNSYLVANIA RAILROAD INAUGURATES
EXTENSIVE PROGRAM

The period about 1915 also saw the
inauguration of the electrification of
the Philadelphia surburban service of the
Pennsylvania Railroad. The Broad Street

These three-cab locomotives haul 0,000 tons of coal
on the Virginlan Railway

where fuel cost, and therefore energy
charges, are also relatively very low.
The advantages of regeneration are in
both instances, therefore, primarily not
saving of power but are largely those of
holding trains on long down grades.

The first of these roads, the Chicago,
Milwaukee, St. Paul & Pacific Railroad,
started its electrification in 1915. This
road crosses three mountain ranges, the
Rackies, Bitter Root and Cascade Moun-
tains. The controlling reasons for this
electrification were the same as those
for its neighbor, the B, A. & P.—
namely, cheap water power and heavy
grades—although other advantages also
accrued, notably that of electrically hold-
ing heavy trains on long descending
grades. The Milwaukee, being a trans-
continental road, has been able to
capitalize its electrification to some
extent in capturing tourist travel, for
the absence of smoke through the
scenic mountain routes, electrified for
more than 650 miles, with 880 miles of
track, makes good advertising. Fifty-
six electric locomotives take power at
3,000 volts d.c., from an overhead cate-
nary trolley.

The second of the pair of roads men-
tioned, the Norfolk & Western Railway,
commenced nearly contemporaneously
with the Chicago, Milwaukee, St. Paul
& Pacific Railroad, electrifying its coal-
carrying route through the mountains of

Station had become very seriously out-
grown, and that road was faced with
the alternatives of electrifying a large
part of its suburban traffic or of spend-
ing a great deal of money to enlarge and
modify the terminal. Operation of sub-
urban trains to Paoli and Chestnut Hill
by means of multiple-unit cars very
satisfactorily solved the immediate prob-
lem and postponed for about fifteen
years any necessity for terminal
changes. This installation and its ex-
tensions, utilizing an 11,000-volt trolley,
also provided an effective laboratory for
developing subsequent comprehensive
plans. Electrification of the suburban
service about Philadelphia now includes
lines to Trenton, Wilmington, West
Chester and Norristown, 437 miles of
track and 345 multiple-unit cars. The
new underground Broad Street sub-
urban terminal, made possible by elim-
ination of steam from suburban service,
has been completed in connection with
the comprehensive changes at West
Philadelphia, releasing much valuable
land in the heart of the city. Air rights
over this terminal are of great value,
Following the installations of 1915
and 1916, there was little activity in new
projects for nearly a decade; although
some extensions of existing electrifica-
tions were made both geographically
and in servicee. The New York Con-
necting Railroad was electrified from
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the New Haven system at the Harlem
River to the Pennsylvania system at
Sunnyside, L. I., to permit through pas-
senger train interchange between the
roads. In 1925 two notable electrifica-
tion installations were made, one by the
Virginian Railway and the other the
Illinois Central.

The Virginian electrification, like that
of the Norfolk & Western, carries very
heavy coal traffic over mountain grades.
The concentration of power demand in

a single electric train on the Virginian -

is probably the greatest up to this time
in railroad service. Trains of 6,000 and
9,000 tons are normally handled. The
three-cab Virginian locomotives weigh
more than 1,000,000 1b. apiece! As on
the Norfolk & Western, regeneration is
cmployed on descending grades. The
Virginian power distribution is at 11,000
volts, single-phase, and 230 miles of
track are electrified; the electric motive
power of the road consists of fourteen
locomotives.

The Illinois Central electrification at
Chicago was inaugurated in 1926, pri-
marily for suburban passenger service,
although some freight and all yard
switching on the Chicago terminal
tracks north of Roosevelt Road are in-
cluded. The distribution of power is by
means of catenary-supported trolley
wire, carrying 1,500 volts d.c. The
road now operates 280 multiple-unit
cars over 154 miles of track. Of ten
locomotives operated, six are equipped
with oil engines. This electrification
was carried out in accordance with the
terms of an agreement with the city of
Chicago.

At about this time, also, the Balti-
more & Ohio Railroad electrified its
Staten Island rapid transit lines, in com-
pliance with legislation of the State of
New York. Some 50 miles of track
are electrified, and 90 miltiple-unit cars
are operated.

MaNy EXTENsioNs MADE

From 1926 to 1930 activity was
largely confined to extensions of exist-
ing electrifications. The most important
project in that period was perhaps that
of the Great Northern, which in con-
nection with its new tunnel in the Cas-
cade Mountains and the extension of
its electrification in 1927, changed its
power system to 11,000 volts, single-
phase for a total of 93 miles of track.
Nine locomotives are employed, all of
the motor-generator type, supplying di-
rect current for the traction motors from
the alternating éurrent supply. These
locomotives are equipped for regenera-
tion of power, although like the C., M.,
St. P. & P. electrification, the water
power is in itself relatively very cheap.
Electric braking on long down grades is
the important consideration.

In 1927 the electrification of the Long
Island-Bay Ridge section and the New
York Connecting Railroad freight
tracks, from the New Haven at the

Harlem River to the float bridges at
Bay Ridge, was inaugnrated. This
allows through runs of electric freight
trains between Bay Ridge and Cedar
Hill. Physically, this electrification is
an extension of the New Haven, from
which it takes single-phase power at
11,000 volts. The Long Island acquired
seven single-phase freight locomotives
to handle its service in this section.
Abount 100 miles of track are involved in
the project.

Last Two YEArRs NOTABLE
iN Heavy TracrioN

The years 1930-1931 have been
perhaps the two most notable in rail-
road electrification since the pioneer
efforts. Four important installations
constributed to the progress of these
years: the Cleveland Terminal, the
Delaware, Lackawanna & Western sub-
urban electrification in New Jersey, the
Reading suburban electrification at
Philadelphia, and, above all, the Penn-
sylvania’s program between New York
and Washington.

The Cleveland electrification, com-
pleted about a year ago in connection
with the new union terminal facilities
there, comprises about 60 track-miles
over a 17-mile route throngh the center
of the city. Three railroads atilize the
facilities: the New York Central, the
Big Four, and the Nickel Plate. Trains
are handled through this terminal by 22
electric locomotives. The distribution
system is 3,000 volts d.c. by overhead
trolley. The controlling reason for this
electrification was the development of
air rights over the terminal tracks,
which ultimately will be of grerat value
to the owners.

The D., L. & W. electrification, which
handles most of the snburban service
out of Hoboken, was inaugurated last
year, and is on the basis of 3,000 volts
d.c. About 158 miles of track are
equipped, and 282 multiple-unit cars
have been provided. The reason for

this, as with most suburban electrifica-

tions, was primarily congestion.

The Reading Railroad suburban elec-
trification at Philadelphia, inaugnrated
in the summer of 1931, is at 11,000
volts, single-phase. This comprises
about 161 miles of track, with 70
multiple-unit cars.

The Pennsylvania’s program, already
referred to, is by far the most compre-
hensive in the United States. Trains
will be operated electrically between
New York and Washington. This is
of especial interest as it is one of the
few electrification projects based en-
tirely on broad economies to be derived
as compared with steam, under very
dense traffic conditions.

EvLECTRIFICATION SHOULD HAVE A
NoTABLE STIMULUS

About 4,500 miles of track have been
electrified in this country, an average
of nearly 200 miles a year for the past
25 years. The adoption of electricity in
industry being now prominently before
the country, it may be expected that, as
soon as there is indication of economic
stability in the railroad industry, further
advantage will be taken to increase effi-
ciency by this means, and that it will
have a notable stimulus. Universal rail-
way electrification is not immediately on
the way, however, for under present
conditions the necessary facilities add
very considerably to capital costs, and
only under certain circumstances are
the direct operating economies suffi-
cient to offset the added capital charges
and incidental expense. There is some
danger of irresponsible legislative action
in compelling railroads to electrify.
Enough data are available to determine
just when there is justification for elec-
trification in any individual instance,

“and legislative coercion cannot in any

way be justified, because forcing by
such means of electrifications which
may not be economically sound would
inevitably tend to defer decisions in
favor of projects which may be entirely
desirable, and wounld thus injure not
only the railroads themselves, but the
communities which they serve.

The Transition Period in Street Car Motive Power—
1890 to 1902

_Figures of car and track mileage for the various types com-
piled by the JournNAL shows the phenomenal rise in the use of
electricity and the steady diminution of other motive powers in

the period.
~— Electric — —Horse— . —~Cable— Steamand — Total—
i Miscellaneous
Cars  Miles Cars Miles Cars Miles Cars  Miles
21,970 5,400 3,795 510 751 604 32,108
21,798 5,302 4,372 594 815 642 35,877 13:23;
19,315 4,460 3,971 646 698 620 37,399 11,665
16,845 3,497 4,805 658 616 566 39,499 12'197
11,507 2,243 4,673 662 2,639 614 41,668 12:527
10,363 9,522 1,914 4,798 632 2,705 609 44
12,133 5383 1,219 4871 599 2957 519 48',71?2 133}3
13,765 5,144 947 5,199 539 2,653 467 51,532 |5'7IB
15,672 3,103 654 4,701 460 2,402 505 54,549 17:291
17,969 1,489 416 4,250 403 2,339 425 58,7
& { 19,314 1,456 370 3,517 330 2,761 428 62,8?3 53'313
.. 62,591 22,063 1,411 332 2,543 241 2,332 400 68,877 23'036
. 65,583 25,789 1,303 273 2,396 229 826 138 70,108 26:429
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Early power statlons sprawled ont
over a Inrge nrea and Dhelched
smoke from many tall stacks.
Contract the aitracilve modern
susbstation In Its setting sail-
able for a resldential district

DEVELOPMENT of the power
supply for the electric railway, and
of the methods by which that supply is
distributed to the cars, makes a story
which to tell properly would take far
more space than is here available. Only
the high spots can be touched in outlining
the steps which have brought us to the
present state of the art; on the gener-
ating side, from the messy batteries
of the experimental period, of but a few
cat power, through the development of
the direct-current generator from a
mere toy to the great engine-type ma-
chines, the shift to turbine-driven alter-
nators and conversion through rotary
converters, to the present practice of
leaving power generation to the central
station companies, the railway owning
only the conversion devices. either rotar-
ies or mercury arc rectifiers, with a
considerable proportion of the capacity
in automatic substations. And if, on
the side of distribution, there have been
less radical changes. the many varia-
tions which have been tried out, in not
a few instances with some temporary
measure of success, make a story but
little less interesting than that of the
power supply.

The first experiments with electric
traction, in the United States, those of
Thomas Davenport, were made at just
about the time—I1832—that the first
American street railway was put in
operation in New York City, and when,
in 1835, Davenport demonstrated his
car, first in Springfield, Mass., and then
a little later in Boston, the only street
railway had been abandoned, not to be
revived again until 1852,

It was, therefore, with reference to
its application in railroad rather than in

railway practice that Davenport and his

inunediate successors worked on the
idea of electric traction, and they nat-
urally followed railroad practice and
used a locomotive which at the first car-
ried its own power plant in the form
of a primary battery. Fragile, slopping
acid at every jolt—of which there were
many—and otherwise mishehaving gen-
erally, these batteries were an unmiti-
gated nuisance until Colton and Lilly
in 1847 shifted them to a fixed position
beside the track, and ntilized the rails
of the latter as the two sides of the dis-

Power Generation

By

CHARLES RUFUS HARTE

Construction Engineer
The Connecticut Company

New Haven, Conn.

-

tribution system by which current
reached the motor. While this
obviated many of the mechanical
difficulties it did not, however,
touch a very fundamental one, the
exceedingly high cost of electric
current so generated, and this re-
mained an unanswerable argument
against electric traction until the
direct-current generator had be-
come a commercial success.

The early generators were bipolar,
requiring very high armature speed
and close regulation. For driving them
there were available two types of en-
gine, the very compact short-stroke
high-speed simple machines, of which
the Armington & Sims, Ball, Buck-
eve, lde, Porter & Allen, and Westing-
house were typical, and the sprawling
long-stroke slower omnes, both simple
and compound, chiefly of modified Cor-
liss tvpe, the majority in any event being
operated non-condensing.

At first, the speed required made

Great advances In compactness were made abont 1890, as In the power statinn
of the West End Street Rallwny of Boston, illnstrated here
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and Disctribution

Have Undergone Many Changes

desirable, and in many instances neces-
sitated, the use of countershafting, often
fitted with clutches and quills to permit
selective driving. The disadvantage of
the friction losses was offset, in part
at least, by the cushioning effect of the
two belts, for the character of the load
and the small size of the generators
subjected them to frequent and heavy
jolts. This arrangement necessitated a
long engine room, even when, as was
frequently done, the engines were placed
on one side, the countershafting on the
other, and the generators, belted back
from the counter shaft, in mid-floor.
It was necessarily wide if the plant was
of any size, for the generators were
very small, rarely of 100-kw. capacity.
But since the big pulley wheels of the
slower-speed engines had nearly one-
half of the diameter below the floor, not
a great deal of headroom was needed.
This was also true in the boiler room,
at least as to headroom. The old stand-
by, the horizontal return tubular boiler,
still was supreme, and the shape and
small size of the units made it entirely
practicahle to put the entire plant under
one roof. With the tall steel or brick
stack, for natural draft was practically
universal, the general effect was of a
toadstool upside down,

With the rapid growth in size of the
larger systems the great area necessary
became a matter of concern. Improve-
ments in design soon permitted direct
belting of the engine to the generator:
behind it. a gain increased by the use
of a vertical engine, and by the use of
devices which, by increasing the arc of
contact, permitted much shorter belts.
A notable instance of the last type was
the West End’s station at Boston with
its (for that time, around 1890) enor-
mous Reynolds Corliss triple-expansion
1,000-hp. engines belted through two
sets of arc increasers below the floor
up again to the generators, which thus
could be close to the engine.

That there was not entire agreement
as to treatment, however, is apparent
from the description in Electrical IWorld
early in 1892, of a proposed model sta-
tion for which there were recommended
400-ho. engines operating at 70 r.p.m.,
and driving through countershafting.

By 1890 developments in several
directions, which had originated chiefly
on the electric lighting side, were be-
ginning to reach the stage where they
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became important in electric traction.
Of these the direct-connected unit was
nearest to practical application, and by
1892 it was in use in some plants. The
multipolar generator with its slow ro-
tative speed made possible, as a first
step, the so-called engine-connected
unit with crank shaft extended on one
or both sides of the engine frame to take
one or two generators. With one gen-
erator there usually was a sub-base to

horizontal twin tandem-compound en-
gines for the People’s Tramway of Phil-
adelphia in 1895 were characteristic.

At this time (1895), there was still
some question as to the advisability of
using direct-connected units for the
smaller installations because of their
very heavy and abrupt swings, but the
older practice of starting all car runs
from a common point and on the same
instant was dying out. Schedules were
being adjusted to keep all the cars from
climbing the steepest grades at the same
time, and power installations were be-
ing given a little surplus over the abso-
lute minimum, By 1900 the engine unit
was practically universal. Incidentally,
it was very close to its peak. Large
units still were built—notably. such ma-
chines as the 5,000-kw. Reynolds-Allis
unit with two vertical and two horizontal
cylinders for the Metropolitan Street
Railway of New York City in 1901—
but the reign of direct-current gen-
eration was practically at an end.

Mercury arc rectifiers are a feature of many modern substations

which were bolted both the engine frame
and the outboard bearing for the ex-
tended shaft; with two, they customarily
were overhung, one on each side. This
was very shortly followed by the true
engine type, with the generator carried
between the main bearings of the engine,
and between the cranks if there were
miore than one.

Of the overhung units, the vertical
marine-type engines with paired 200-kw.
generators used in Milwaukee in 1892
were typical. Of the true engine type,
the vertical marine-type engines with
525-kw. generator serving also as fly
wheel for the Fair Haven & Westville
line of New Haven, in 1896, and the
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To understand clearly the next change
it is necessary to go back somewhat.
Early developments in lighting had
been with direct current, and there was
a tremendous investment in the heavy
copper conductors and costly conduit
construction necessarry in view of the
low voltage used.

Soon improvements in transformers
macde possible a high-potential primary
distribution with transformation to the
working potential practically at its point
of use. This innovation had the result
of cutting the copper required to but a
fraction of that under the other scheme,
and apparently threatening over-night
to render the latter obsolete. There not
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unnaturally began what later was to be
known as the “battle of the systems,”
of which one of the first elements was a
matter whose outcome was very different
from that which was anticipated.

The State of New York, in 1888,
passed a law changing its method of
capital punishment from hanging to
electric shock at high potential. Fear
that this would greatly prejudice the
cause of alternating current led to un-
wise attacks on the law and resulted
in bitter feeling on both sides. The
objections proved unwarranted, how-
ever, and the alternating-current system
was vindicated, although for a short
time several States threatened to pass
laws restricting the use of alternating
currents to those of low voltage, With
these threats out of the way,. develop-
ment was rapid; at the Chicago World’s
Fair of 1893 there was exhibited a com-
plete polyphase system, the elements of
particular interest to the railway man
being the generator, step-up and step-
down transformers connected by a shunt
transmission line, and a rotary con-
verter feeding a railway motor.

The first application to electric trac-
tion was early in 1894, when three-
phase current, turbine-generated at Bal-
tic, Conn., on the Shetucket River was
transmitted at 2,300 volts a distance of
41 miles to Taftville, just outside Nor-
wich, to synchronous self-starting mo-
tors, one of which was belted to a
railway generator feeding the Norwich
Street Railway., There followed three
very important developments. First,
one minute after midnight of Nov. 16,
1896, Buffalo received Niagara power
for its railway system, one instance, if
not the first, of the dominant tendency
of today, the purchase of railway power
from a central station company.

Second, it was now practicable to
concentrate power generation at the
most desirable point for that purpose,
and to transmit to substations most
economically located for feeding, greatly
improving operating conditions, and
often permitting the shut-down of small
outlying stations with high generating
costs ; while by tying together the better
plants the loads could be most effi-
ciently handled.

Finally, although this did not at once
appear, it led to the abandonment of
direct-current generation.

The steam turbine, promising much
in some directions, gave little hope for
traction purposes, so long as direct-
current generation was the main de-
pendence, although some little success
was had in comparatively small sizes
using reducing gear. Success of poly-
phase operation with rotary converters
changed the situation completely. It
proved entirely practicable, although
at first by no means a simple matter,
to build alternators, particularly well
adapted to turbine drive, and for the
second time the existing stations be-
came obsolete.

With the transition to direct-con-
nected units and their growth to large
size, the old large-area low-roofed en-
gine room had to be replaced by one
of far greater clearance, The tops of
the cylinders of a 6,000-kw. vertical
engine-type generator are fully 50 ft.
above the floor, the armature frame
projects some 20 ft. below it, there
must be sufficient clearance between
cylinder tops and crane to permit
handling the parts of the engine and
then room for the crane above that.
But the floor area, at least for equal
capacity, was very much smaller. Also,
the trend toward mechanical coal and
ash handling equipment and to the use
of water-tube boilers with automatic
stokers and overhead bunkers called
for an equally high boiler room. On
the other hand, mechanical draft tended
to the use of comparatively short, large-
diameter stacks, completely changing
the appearance from that of the station
of the belted age. Incidentally it will
be noted that this gave the building of
the latter only the efficient service life
of the equipment it contained, for hav-
ing heen built for special service it
was not at all well adapted to most
other purposes, and while it was used
in some cases as a substation this usu-
ally proved unsatisfactory unless a great
deal of reconstruction was done,

The shift to the turbo station involved
comparatively little change on the
boiler side except to necessitate greater
capacity in many instances, but it called
for radical changes in the engine room.
The turbo alternator itself is very much
smaller than the corresponding capacity
in an engine type unit, it is true, but,
on the other hand, it requires much
more room for its auxiliaries, which
are preferably directly below it. While
the shell of the second-period station
could sometimes be utilized, so much
was needed in the way of internal
change that it usually amounted sub-
stantially to rebuilding it if it was not
decided to rebuild completely, thus
securing all the advantages of a new
station rather than spend but little less
and probably have to forego the benefit
of sonie of the latest ideas. Again the
life period of the building was that
of the contained apparatus, but this
time with less salvage; for the tendency
to outdoor substations took away a use
to which the belted station building
frequently though generally unwisely
was turned after it ceased to serve as
a primary station.

While in the main the generating
systems have kept as near the front in
power generation as their load and
financial conditions would permit, for at
least the last decade the chief advances
have been made by the central station
companies. Theoretically, the advan-
tage of purchasing the power from such
a company, with its diversified load in
which the peaks which so seriously
trouble the railway plant are of com-

paratively little importance, is so great
that there can be no question as to the
wisdom of so doing. Practically, this is
not entirely so.

There is a sense of security with an
owned plant which it is hard to realize
when the other fellow has control, and
there have been whispers of instances
where what seemed a highly advanta-
geous contract was found to be not quite
so satisfactory later, a discovery oddly
enough made by the power company,
soon after the railway plant was dis-
mantled.

Whether or no such things have hap-
pened in the past, there is no question
but that the chances for such sharp
dealing are steadily diminishing if they
have not vanished as a result of present-
day public regulations, and it is but a
question of time and not a very long
time at that before railway generation
will be very much the exception. For
that reason, the advances of the last ten
years in this field hardly belong in an
outline such as this, particularly when
it is necessarily so sketchy.

The story of the substation is one of
about as radical change as that of the
main stations. Difficulties experienced
with the first rotary converters, and an
unwarranted belief that they were at
their worst (and a very bad worst at
that) on 60-cycle current, led to the
use of motor-generator sets, particu-
larly if a lighting load in the same
transmission line made 25 cycles unde-
sirable, but as the various “bugs” were
eliminated, the advantages of the rotary
soon put it well ahead of its bulkier and
as a rule less efficient rival, a supremacy
it has held until the recent development
of the mercury arc rectifier.

At the outset the entire equipment
was looked upon as of frail health, and
it was sheltered and housed in with the
greatest care. Gradually it became
evident that part after part could be put
out-of-doors, even when subject to our
Northern winters, until today only the
more delicate control apparatus is
housed.

With these discoveries came first
the thought and then the demonstration
that all but emergency operation could
be done automatically, so that now the
power systems of more and more of the
railway properties consist only of one
or more main substations, receiving cur-
rent from a power company, each with
a very small operating staff supervising
rather than controlling a series of sub-
stations in which operation, including
first-aid treatment in case of trouble, is
entirely automatic.

The first distribution system con-
sisted of the two track rails, and this
plan, later modified by adding a third
rail for the feeding side of the circuit,
and the track rails for the return, was
followed in experiments made until
1875, although in 1855 one Bessolo
had suggested the possibility of using
an overhead wire, and as the possibility
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of electric street railway operation ap-
proached probability it became increas-
ingly evident that the open third rail
would be impossible for such service. In
the latter years, George F. Green, of
Kalamazoo, Mich., used an overhead wire
with track return on a model he built.
In 1882 Finney operated a car at Alle-
gheny, Pa., using a trolley which trav-
eled on top of an overhead wire, and
was connected with the motor by a flex-
ible cable. Credit for the first really
successful overhead system, however,
apparently belongs to Charles J. Van
Depoele, who had constructed and oper-
ated a small experimetnal line at Chi-
cago in the winter of 1882-1883, and
who, in 1885, successfully operated a
train at the Toronto exhibition, using
an under-running trolley. In the next
two years he first tried over-running

devices consisting of one or more wheels
on top of the wire with one or two
pairs of wheels gripping it from the
side, but by 1888 he apparently had
settled on an wunder-running trolley
wheel at one end of an arm carried on
top of a post so it could both turn in a
horizontal plane and tilt vertically, with
springs at the lower end to keep the
wheel against the wire.

Sprague, in his Richmond installa-
tion, used a wheel at one end of an
arm which had the other end set in a
stiff spiral spring, giving it motion in
all directions, while Daft, who had both
sides of his circuit overhead, used a
four-wheeled car riding the two wires,
on which it was held by the deep
grooves of the wheels and the weight
of the towing rope and the cable down
to the car. This plan was followed by
several other experimenters of the time
who had both sides of the circuit over-
head. Bentley and Knight on their
overhead section at Allegheny put the
two wires in a vertical instead of a

horizontal plane and used two separate
little cars, the cable from the upper car
being attached to the lower car as well,
and both cables twisted together from
this point to the car. It was the use of
these little over-running cars or
“trolleys,” which gave the electric car
its nickname. An unfortunate tendency
on their part to jump the wires and
come down, coupled with the serious
complications at crossings of two lines
resulted in their early abandonment in
favor of the under-running device,
usually with a wheel, although Prof.
Sidney H. Short used a shoe on at least
one of his lines, in 1889.

With but one exception, operation
was as at present on a parallel circuit.
Professor Short, beginning in 1885, for
several years most vigorously urged
series operation, and actually installed

Complicated track layomnts require careful
treatment of the suspenslon fittings to
produce good appearance of the overhead

and operated several lines. This plan
necessitated sectionalized double wire
and complications and the fundamental

error of the scheme resulted in its
ultimate abandonment.
Using over-running devices, some

form of goose neck support was neces-
sary to allow passage of the collector,
but above this support the overliead in
many respects was quite like that of
today. A report on perfect overhead,
read before the American Street Rail-
way Convention of 1892, at Cleveland,
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