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THE PATHS OF PROGRESS

Our last November issue was devoted to
"Electric Railways" and at th:~.t time we
stated that we hoped some day to issue a
special number on "Electric Traction" covering some of those problems involved in the
electrification of steam railroads. So the
present issue is devoted to "Electric Traction," and we hope that the contributions
will be read with interest and profit by those
concerned with our heavy traction problems.
The articles cover a wide field, and we believe
much valuable operating data are contained
in the articles written specially for this issue
by those responsible for the operation of the
various steam roads that have been electrified. We wish to express our appreciation
of the generous help given us by these contributors.
It is gratifying to find that in all cases
where a direct comparison of the operating
expenses before and after electrification can
be made, that marked economies can be
traced to the change in motive power. A
most striking example of the results that may
be expected from the electrification of many
of our steam railroads can be found by studying the figures found elsewhere in this issue
relative to the first year's operation of the
Butte, Anaconda & Pacific Railway, The
service on this road is of an unusually severe
nature and the unparalleled results obtained
as set forth in the detailed statements of the
economies effected, speak most eloquently for
the 2400-volt equipment. In fact there is
little doubt but what the success of this particular installation will have a far-reaching
effect on determining the choice of equipment
for many other installations.
The Canadian Northern electrification at
Montreal has adopted apparatus and equipment similar to that of the Butte, Anaconda
& Pacific Railway, and we have every reason
to believe that their judgment in this matter
was influenced by the success achieved by the
higher voltage direct-current system under
the severest kind of operating conditions. As

is well known, the Chicago, Milwaukee &
St. Paul Railroad is contemplating the electrification of a whole steam road division, and
here again we expect to see the direct-current
system used, with a trolley potential as high
as 3000 volts. When this last named electrification is completed we confidently expect
to see operating economies effected of a
nature which will determine the trend of
much future work.
We believe that is it becoming very thoroughly recognized that the adoption of
electric traction, even for the severest kind
of railroad service, involves today nothing in
the nature of an experiment. Electric motors
and locomotives and all the incident apparatus
and equipment have been designed and tested
beyond the point where there is any room
left for discussion as to their capabilities.
Electric equipment is available today for all
classes of service, ranging from the ordinary
city street car service, both light and heavy
interurban service (the latter often· closely
approximating steam road conditions), right
up to the severest steam road requirements,
whether these are to be considered for slow
or moderate speed freight service or high
speed passenger service of the most exacting
nature.
There are articles in this issue dealing with
both the design of motors and the design of
locomotives for heavy traction service which
we believe will be read with considerable
interest. The article describing the Illinois
Traction System is of special value as showing how some interurban roads are approximating steam road conditions and how
thoroughly ,all the equipments and appurtenances of some of these roads have been
developed to meet the severe conditions and
give the highest class of service with safety,
economy and satisfaction to the public in
general.
Many of the most notable e.xamples of
steam road electrification up to the present
time have been the electrification of large
city terminals. In these instances the change
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from steam to electric operation has been
primarily made to eliminate the smoke nuisance and the change had been rather a matter
of compulsion than choice. The same law
of necessity has dictated the electrification
of the various · tunnels now operated electrically. In the case of most tenninal electrifications the change in the mode of operation
has been accompanied by the building of
most elaborate tenninal buildings, and the
entire rearrangement of tracks. Some of our
modem steam road tenninal buildings are
the most elaborate and pretentious buildings
erected in modem times, and the cost has
run into many millions of dollars. The benefits derived from electrification have been
varied and most pronounced; but as such
tremendous sums of money have been
expended at the same time, which, while
providing improvements, .were not necessitated by the change in the fonn of motive
power, it is hard in most instances to arrive
at anything like a correct figure for the
economies secured by electrification. For
instance, the property holders in the immediate neighborhood and the city itself must
make enonnous gains by the improvement
in real estate values. If the railroad is one
of the property holders, and in many instances
this is the case, they also make large financial
gains in this direction. Is this profit taken
into consideration in computing the benefit
conferred by electrification? Most new
electrified tenninals operate on two levels,
thus saving enormously in the ground area
covered, and this in a locality where real
estate is enomiously valuable. Is this gain
considered? It has been proved many times
that any improvement in service will stimulate traffic and therefore electrification will
increase traffic returns. This in common with
many other points should be taken into consideration.
In all cases that we know electrification
has shown operating economies sufficient to
justify the expenditure; but when millions
upon millions have been spent on other
improvements at the same time, it is difficult

to differentiate what proportion of the outlay can correctly be charged against electrification as distinguished from all the other
improvements that have been effected at the
same time.
It is most unfortunate that the calamity
of the great European war should have
broken out at a time when the finance of the
country was going through such a trying
period. The period immediately preceding
the war practically amounted to a second
reconstruction period, but there is little doubt
that the potential and basic wealth of the
country can overcome the effects of these
trying times and meet successfully the
strained financial conditions imposed by so
large a section of the world being thrown into
confusion by war.
It is during a reconstruction period of any
kind that we look for ways and means of
effecting economies, so it is natural that if
economies can be obtained by electrification,
and we maintain that they can, a study
of the operating conditions of many steam
roads would be profitable at the present time.
We fully recognize that the technical considerations are not the paramount issues, but
that the problem has resolved itself into one
of finance. The engineers and manufacturing concerns have eliminated any technical
difficulties that existed. The main hindrance
to many schemes of electrification at the
present time is to be found in the difficulties
encountered in raising money and especially
in raising money for railroad purposes, but
we believe that when those who can
dictate the "doing" or "not doing" of things,
realize that a tendency to construct rather
than destroy has started they will stimulate in every available way, to the utmost
limits of their power, any efforts put forward
by the railroads to secure economies. Should
pessimism give way to confidence, a great
impulse will be given to the electrification of
steam railroads, and we shall then proceed
along the paths of progress, in spite of all
obstacles, with greater energy in the future
than in the past.

Digitized by

Goog Ie

1009

DEVELOPMENTS IN ELECTRIC TRACTION
Bv W. B.

PoTTER

CHIEF ENGINEER, RAILWAY AND TRACTION DEPARTMENT, GENERAL ELECTRIC COMPANY
After mentioning briefly some of the more important features of development in electric railways, the
author passes on to a consideration of some of the problems of steam road electrification. The requirements
of design in both electric motors and locomotives are reviewed and some of the factors governing the choice
of higher direct current voltage for heavy traction work are set forth.-EDITOit.

THE electrification
. of railways has
naturally been extended in the classes
of ltraffic where the
substitution of electric power has afforded advantages not
obtainable with power of some other
character. Electric
motor cars, as compared with the horse
w. a. Potter
or cable car, were immediately recognized
as a more efficient method of transportation,
and the extraordinary development of the
trolley car service was a natural result.
During the early development of electric
equipment for transportation purposes the
individual motor car and the electric locomotive received about equal attention. Be··
cause of the greater opportunities in urban
service the motor car soon became more
prominent, and for a number of years the
motor car equipment received almost exclusive attention.
Results obtained in trolley car service
demonstrated beyond question the success of
electric power and did much to establish
confidence in the reliability of electrical
equipment. For the heavier service of handling trains the use of a motor car as an electric
locomotive was but a natural development.
The entrance of electric power into the domain
of the steam locomotive really began in the
early nineties with small trains in passenger
service. The Intra Mural Railway at Chicago
in 1893, where motor cars were used as
electric locomotives, initiated in this country
the permanent invasion of the extensive
steam service on elevated lines.
The further development of multiple unit
control, permitting any number of motor
cars in a train to operate in unison, made
possible a schedule performance which even
the largest of steam locomotives would be

incapable of handling, quite apart from the
objectionable features incident to the use of
steam.
The earlier applications of electric power to
regular steam railway service were in most
cases for service in tunnels and railway terminals, with the object of eliminating the
smoke and gases common to the use of steam
locomotives. The Baltimore & Ohio Tunnel
which commenced operation in 1895 was the
first instance of electrification as applied to
heavy traffic, and the first electric locomotives
to successfully initiate the struggle for supremacy with steam locomotives under main
line requirements.
The electrification of main line service is
no longer an experiment. The heaviest
traffic can be successfully handled, and therefore there remains only the question of
whether it will pay. As a rule, excepting the
expense incident to the initial investment,
the cost of operation with electric power will
be less than with steam, and often this saving
will show a handsome return on the investment. There are many instances, such as
tunnels and terminals, where other considerations than the financial showing are of paramount importance. Even in such instances
there are often local conditions where the
value of property will be enhanced, or where
territory necessary to steam service can be
made available for other purposes and therefore remunerative.
The possibility of handling heavier, or even
equal trains at higher speeds is becoming
better recognized as a means of increasing
the tonnage over a given route, and so provide for an increasing traffic more economically than by the construction of additional
lines under steam operation.
Electric locomotives for heavy traffic must
be so constructed as to withstand the severe
shocks and strains which occur in the handling of trains, and to facilitate inspection
and maintenance the electrical and other
equipment should be conveniently located.
Much attention has been given to the develop-
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ment of different general types, and many
from an overhead construction, as with the
varieties of electric locomotives differing
third rail there is ample margin even at
both in mechanical design and electrical
600 volts.
equipment have been built and tested.
As a device for collecting current the
ordinary trolley wheel has proven successful
Variations in the mechanical construction
in handling far heavier equipment than
are influenced largely by different methods of
transmitting the power from the electric
originally contemplated. The roller pantomotor to the driving wheels. The motor car
graph, which is in effect an elongated trolley
and steam locomotive have both served as
wheel, has proven very successful in service
models, with innumerable variations in
for which the ordinary trolley wheel would
which their characteristics have been differentnot be suitable. The sliding pantographs, of
ly combined and in many cases with indifwhich there are many in service, when fitted
ferent success. Geared or gearless motors
with copper faces have a collecting capadty
mounted on the driving axle, or in special
even exceeding that of the roller, and there is
cases a combination of gearing and parallel
no doubt a pantograph equipped with a
. rods, each with reference to its fitness for the
suitable sliding collector will successfully
particular purpose, are the most promising
collect current to the full capacity of the
overhead conductor.
methods of drive. Guiding trucks will undoubtedly be used in high speed service and
An improvement in the overhead cantenary construction, accomplishing the double
doubtless at slower speeds with very heavy
locomotives where the weight distribution on
_purpose of securing greater flexibility and
the track may be of importance.
an increased conductivity, is obtained by the
The character of electrical equipment, conuse of two conductors lying close together in
sidering the larger power required in main line
the same plane, with the supporting hangers
service, is influenced by the problem of electric
located alternately so that the mid-span of
transmission to the locomotive and the
each conductor is opposite the supporting
hanger of the other. Within practical limits
collection of current from the conduction circuit. As the amount of current varies invers1000 amperes may easily be collected from a
ly as the voltage, the transmission and collecsingle 0000 conductor and 2000 amperes
tion are therefore made easier at higher potenfrom two 0000 conductors. With a copper
conductor and copper faced sliding collector
tials. The development of equipment suitable
for higher voltages has received much attenhaving grease lubrication, the tests and
tion, and there are at present a number of
obtainable records indicate a life of the conimportant railway electrifications of this
ducting wire fully comparable with that
character on which alternating or direct curcommonly obtained with a trolley wheel or
rent is used. The respective merits of alterroller pantograph.
It is a reasonable statement that with a
nating or direct current involve many details
of which only a few are of general interest as
potential not exceeding 3000 volts, no difficulty will be experienced in collecting from an
influencing the trend of commercial developoverhead construction the current required by
ment.
The equipment for alternating current,
locomotives in the heaviest passenger or
whether three-phase, single-phase or split • freight service. The choice of a higher direct
phase, docs not at present appear susceptible
current voltage is, therefore, a question of
economics-whether the saving in copper
of many improvements by which the cost may
be reduced, and there is further an uncertain
or further spacing of substations will
justify the greater cost of rolling stock
investment for counteracting the influence
of the alternating current on telegraph and
equipment at a higher voltage. Careful
telephone lines.
estimates, comparing 3000 volts with higher
voltages up to 6000 as applied to main line
Direct current operation at potentials
higher than 600 volts is no longer in the
operation, show practically no advantage in
favor of the higher voltage. In the majority
experimental class; the most important
electrification being the Butte, Anaconda &
of cases in this class of service the investment
Pacific, where successful operation at 2400
for locomotives is by far the larger item as
volts has been fully demonstrated.
affecting the selection of the voltage.
As between the different systems the indicaA vital question affecting the usc of direct
current in heavy service is the amount of
tions point strongly toward the more general
adoption of direct current for main line electricurrent which can be successfully collected
fication and heavy railway service generally.
from the conducting circuit, particularly
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THE POSSIBILITIES OF AN ELECTRICAL COMMISSION
BY FRANK
CONSULTING

J.

SPRAGUE

ENGINEER, NEW YORK

The author makes a strong plea for all manufacturing and engineering interests to subordinate all discussions of non-essentials, in order to view the general problem of steam road electrification in its broadest
aspects and to co-operate for the common good. He points out the financial and economic aspects of the problems and reviews some of the most important technical considerations.- EDITOR.

"STAGNATION of
·
export freight
traffic, dwindling
domestic and passenger revenues, piling
up of unpaid obligations, passing of interest payments of
railroad securities
aggregating nearly
$600,000,000, and
early maturity of as
much more in fixed
Praolt J. Spracue
charges and short
term notes, "-such
are the conditions, tersely described, confronting trunk line railways at a time of
unparalleled harvests, because of unwise or
dishonest financing, overmuch regulation by
Public Service Commissions and a war convulsing half the civilized world.
To those hoping for, and believing in the
ultimate operation of railways by electricity,
the situation seems fraught with tremendous
consequences, for the results of the financial
paralysis brought about will be felt throughout the life of the present generation.
Must we, therefore, give up the hope of
advance in electrification, or is there some
means of mitigating its enormous cost to such
an extent as will in some measure remove the
incubus now resting upon railway financing?
If so, then it behooves all manufacturing and
engineering interests to lay aside or subordinate the discussion of non-essentials, view
the general problem in its broadest aspects
and co-operate for the common good.
What I have often pointed out, that
electrification is primarily a financial problem,
and will ordinarily only be adopted when the
results to be attained will accomplish something that steam cannot, or will return a
larger net dividend on capital than when the
latter is expended in some other way, must be
accepted as true. Therefore the first requisite
for any hope of success is to reduce the capital

charges of electrification, this in spite of the
repeated claims that differences of opinion as
to systems, or the necessity of the acceptability of some single standard, has been the
greatest barrier to advance.
That the latter has an influence is undeniable, but as I stated at the recent meeting of
the National Electric Light Association in
Philadelphia, the matter of power supply is
more important than the question of system,
for everyone who looks forward to the future
of our country sees a specter arise, the
failure of our coal and timber supply. With
an ever increasing demand for power we must
then fall back upon hydraulic supply, but
meanwhile we should conserve our natural
resources by making use of the diversity
factor possible to large commercial stations
properly located and interconnected, for such
can not only relieve the railways of the cost
of large stations with ample reserve, operated
at a low load factor, but supply the power at
a reasonable cost.
Referring, however, to the matter of
systems, it is undoubtedly wise to see if it is
not possible to remove the discordant note
which has been so dominant, or at least
soften its character; and the question arises,
to what extent and by what means can railway
electrification be now standardized and its
probable development be determined?
It is a subject to which I have given much
thought, and to its solution no small amount
of energy. For many years after the advent
of the a-c.-d-e. substation, higher potentials
for the direct current secondary distribution
was generally discouraged and deferred, at
first because of difficulties in motor construction, some real and others assumed, and later
because of the advent of a new system which
promised to remove the limitations of potential on the working conductor and the objection of moving apparatus in substations,
and sometimes even of the substations
themselves.
The so-called "Battle of the Systems, "
limited for trunk line consideration in the
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United States, was at first defined by those
who committed themselves to advoc~cy of a
single system, as a choice between single-phase
trolley operation to 11,000 volts or over, at
either 15 or 25 cycles, and 600 volts d-e.,
third-rail operation from substations supplied
from a high tension prime station, as typified
in the New York, New Haven and the New·
York Central installations. In Europe, on the
other hand, the disputants divided themselves
into three camps, the English in practice
principally advocating direct current, the
Swiss, German and Swedish engineers singlephase, and the Italians polyphase operation.
It was unfortunate that the comparison
between systems, and especially between
direct current and single-phase, was based
on an over enthusiastic belief in, and acceptance of the merits and accomplishments of
the new system, and an unwarranted disregard of the possibilities of the development of
the older one along the lines which I had for
many years advocated.
It had long seemed to me that in each
of the systems there were certain normal
maxima of operating potentials, at which
there would be established a balance of
advantages for that system; that there was
nothing in the art-which prevented successful
operation at the working conductor at 6,000
volts for polyphase operation, 11,000 to 15,000
volts for single-phase, 1200 to 1500 volts for
direct current with a protected third rail and
from 2500 to 3000 volts with direct current
trolley; that there were inherent differences
in the weights and costs of single-phase and
direct current motor equipments, when built
and operated under like conditions of reliability, which were irremedial, and which were
likely in a large measure to offset whatever
advantages might be achieved in efficiency of
the secondary transmission; that in view of
the coming necessary interconnection of
power supplies, in which railroad use would
be but one of many, an arbitrary adoption
of a specific cycle for trunk line operation
was of questionable advisability; and, finally,
that only after the inevitable development
of each of the systems to its natural limits
could any final determination be made
whether, on the one hand, conditions were
so varied and the application of electricity so
catholic that no one system could be accepted
for general application to the exclusion of all
others, or, on the other hand, that there was a
definite trend in the favor of some one system
towards which the activities of engineers, manufacturers and railway officials should be bent.

This general position and contention was
not an advocacy of any one system, but a
prophecy of development, and a plea for
conservative action and judgment. Time, I
think, has vindicated the correctness of this
attitude, and while perhaps it has not lessened
individual solidarity of belief and zeal, there
has been some mitigation of asperity in the
advocacy of systems, and a tendency to unite,
to some extent at least, on a more general
advocacy of electric operation as a substitute
for steam, wherever proper, on broader
grounds and for more cogent reasons than
sentiment and minor differences in transmission efficiencies.
The art has steadily advanced. Polyphase equipment seems best at about 6000
volts and 15 cycles; single-phase remains
generally at about 11,000 volts at both 15
and 25 cycles; and direct current has already
arrived at 2400 volts, and even a much higher
voltage is proposed for the overhead trolley,
with any required initial voltage for transmission.
Polyphase operation is still limited to
concatenated speed variations; single-phase,
when carried out with commutated motors,
permits variation with a variable tap transformer; and with direct current speed variation to any essential degree is attained by
grouping of motors, and, thanks to the interpole construction, by variations of field
strength.
We have, therefore, practically arrived at,
or certainly are in sight of the limiting
potentials and practices which I have indicated, and for which, so far as applicable to
direct current practice I have, oftentimes to
some discomfort as a prophet, been the
advocate. But with these various goals
reached, it is but fair to say that there is still
no general agreement as to many fundamentals, and professional and manufacturing
rivalries the world over are unduly manifest.
· Urban and interurban transportation, surface, elevated and subway, and terminal and
subway problems have all been successfully
solved, the aggregation of any required
amount of power has been made possible by
the multiple unit system, the reliability of
electric operation has been established, and
of late the attention of the transportation
world is being directed anew and with keener
interest to the possible inauguration of
electricity in place of steam on trunk line
divisions. With the possibilities and dangers
of far-reaching and costly mistakes, shall the
settlement of the problems involved be left to
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the necessarily slow and independent solution
of individual trials?
I may be pardoned if I express the belief
that no railway official however broad his
experience, no manufacturing company whatever its resources, no electrical engineer
- however experienced, confident or self-assertive, can alone settle this question. The
problem is too big, it involves too many
financial, techincal and operating problems,
it comprises too great an assemblage of
advantages and disadvantages viewed at
different angles, for any single mind. Even
if such a one should be entirely correct in
final analysis and prophecy, his dicta cannot
carry the necessary measure of authority for
general acceptance, nor should it do so. Of
course, I do not mean that this or that railway problem cannot be met and successfully
solved, operatively, by one or more methods,
and by many able men, but varied as such
solutions are and will continue to be under
existing conditions, manifestly they cannot
have broad national acceptance.
In the various electrical fields in which I
have been more or less active I have always
been a firm believer in meeting a condition of
stagnation by some commensurate risk, and
then to secure standardization by effective
co-operation. Risks in an unknown field,
with problematical results, are naturally
undertaken by the enthusiast whose prophetic
vision ignores ordinary financial restrictions,
in the hope of laying a foundation of development which in the end promises commensurate reward; but once the way has been
blazed in a new field of endeavor, then the
attrition of mind against mind in co-operative effort is needed to formulate the grounds
for the most stable and satisfactory advance.
It was with this idea in mind that, some two
years ago, I addressed myself to the problem
of trying to find some means of breaking
through the wall of inertia which, buttressed
by ignorance, disbelief and sometimes even
by misrepresentation with regard to the
possibilities of electrification, was interposed
between accomplished facts and the hoped-for
wider application. I sought to find some way
of meeting existing conditions, financial and
other, in the trunk line situation, and while
demonstrating the financial advantages of
electric operation to suggest some plan to
relieve the railways in a large measure of the
financial burden of electric equipment.
It seemed that the time had come when
steps could be taken to remove the unneces-
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sary asperities and soften the differences
which had characterized the advocacy of
systems, and to determine in some authoritative way the lines along which the future
development should or should not take place.
If engineers and manufacturers were sincere
in their belief as to the economic advantages
of electric operation in the place of steam,
something surely could be done to manifest
that belief in a substantial financial way,
either singly or in co-operation; and the best
interests of the art would be subserved if the
great manufacturing companies could come to
a common basis of understanding, and unitedly bend their energies toward common lines
of development. It also seemed that, in connection with the future and inevitable concentration of small into great power stations,
and their interconnection of supply of
electric energy for a thousand and one purposes, there was an opportunity for the
development of a financial organization outside of the manufacturing and railway companies which could play an important part
in railway electrification,-in short, in general
power stations · would be found a great
leveller of industrial class demands.
Various phases of the question were discussed with many manufacturing officials
and a number of consulting engineers. Progress was slow, and still is, although some
encouraging advance has been made towards
a better understanding. At first it was
thought by some that the American Railway
Association, or possibly the American Institute of Electrical Engineers, through suitable
committees, could be instrumental in arriving at the necessary conclusions. But it is
almost unnecessary to point out that every
committee of such an organization is made up
of men absorbed in their individual businesses,
that these committees can meet but infrequently, are more or less unwieldly, and are
generally dominated by one or two members.
As a rule, their conclusions cannot well
indicate more than a general review of what
has been accomplished, and voice with some
measure of authority facts already selfevident. Nor could any uncompensated
group of men of the necessary ability and
experience afford to give the time for adequate
study, or assume the great responsibility of
decisions of far-reaching importance.
Then, too, the American Railway Association represents what I may term the defensive
organization, that is, a conservative group of
railway men whose methods of operation the
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believers in electricity hope to change. If, of
course, this association held anywhere near
equal beliefs in the new motive power, it
could be most effective, but I believe through
agencies which, although under its direction,
would be external to itself.
The fact must be accepted that electricity is
playing an increasingly important part in the
evolution of steam railroading, and with the
already successful handling of terminal problems the public is demanding with growing
force that the smoke nuisance shall be abated
in large centers of population.
'
Congestion at terminals is requiring a solution that can seldom be met with lateral
enlargement, but must rather be solved
through changed methods of operation which
will reduce switching and "dead" movements,
and permit utilization of space on more than
one level.
Greater earnings must be looked for in a
larger use of the capital already tied up in
investment, as by the increase of frequency
of service and capacity permissible by the use
of electricity.
Increase in efficiency and economy also, as
well as in capacity, may be expected under
suitable conditions of freight traffic.
At terminals, important returns may be
anticipated from the results of electrification,
such as the reclamation of air rights for commercial development, and the use of cheap
power for heat, light and improved methods
for mechanically handling freight.
I believe that the application of electricity
to problems of transportation by various
systems has now sufficiently advanced to
give entire confidence in the hope that correct
solutions may be arrived at, no matter
whether there is indicated a definite trend
towards a particular development, or on the
other hand a catholicity of application.
Yet we must recognize the fact that one of
the great barriers to the consideration of the
electrification of trunk lines is the radical
differences in opinion between engineers and
manufacturers as to what shall be the preferred future system or systems, as well as
ignorance of the facts as to equipment and
operative cost. In short, because the doctors
do not agree, or are not entirely frank in
their diagnoses.
Consider for a moment what the bewildered railway official and financier must
view, and is asked to digest: Steam
and water power central stations operated
at 15, 25, 40 and 60 cycles, either limited
to special use or seeking the advantages of

co-operation and diversified supply; polyphase systems operated at constant or concatenated speeds, but with high weight factor
of motive power, with double overhead lines
at 6000 volts at 15 and 25 cycles, and with
regenerative braking on descending grades;
single-phase operation at 11,000 to 15,000
volts, at 15 and 25 cycles, with or without
step-up and step-down transformers, with
comparatively high efficiency of local transmission, but with the disadvantages of low
weight factor and high equipment cost for
rolling stock ; direct current operation with
third-rail at 600, 1200 actual, and 1800, 2400
volts proposed, and with overhead trolley at
600, 1200, 1500, 1800, 2400 actual and 3500
volts proposed, from rotary or mercury
rectifiers, or motor-generator substations;
top contact third rails with or without protection of various kinds, and under contact
rails protected by sheathing; trolley lines,
flexible and rigid, with simple or catenary suspension, and cross span and bridge supports;
geared and gearless locomotives, solid and
quilled armature suspensions, symmetrical
and unsymmetrical arrangement of trucks and
motors, solid and articulated cab constructions, direct and side rod drives; high and
low centers of gravity; variable bridge and
tunnel clearances; and so on to the end of the
chapter.
If a representative technical society could
arrive at some common conclusions, not only
as to the present state of the art but the
probable trend of development, such would
probably be accepted by the manufacturing
companies and engineers in general, and
would go a long way toward relieving steam
railway officials of at least one serious problem.
But the members of a technical society
can not give, uncompensated, the time
necessary for the comprehensive study
necessary; and if similar conclusions could
be arrived at by the manufacturing companies' engineers, in consultation with the
officials of representative railroad companies,
probably the same result would be achieved.
But the engineers of these companies, however able, are concerned in the designing,
manufacturing and sale of apparatus, and
hence possibly and naturally biased to some
extent in favor of their own creations. If,
therefore, this general problem could be
referred to representative engineers selected
by,and occupying a confidential relation to the
manufacturers, their engineers and the railroad companies, and who could be made the
repository of the technical advances and facts
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THE POSSIBILITIES OF AN ELECTRICAL COMMISSION
individual to the companies, as well as the construction and operative facts on the railway
installations already made, similar effective
conclusions might be hoped for.
If we assume this latter procedure, the
practical question is, can there in any manner
be organized a group of consulting engineers
of sufficient judgment and experience, technical training, independence of judgment and
knowledge of railway and electrical conditions, men big enough to subordinate their
preconceived opinions in the face of facts, to
whom such momentous questions could be
submitted for at least advisory conclusions.
It seems to me that one of the troubles
which has confronted electrical engineers,
when dealing with the trunk line problem,
has been a lack of a common ground of
understanding, that they should be in more
intimate touch with the actual facts with
regard to steam operation, its possibilities
and economies, as well as the limitations of
increase of capaCity to provide for future
needs. If so, then much greater headway
could be made by such a body of engineers,
fitly representing various phases of opinion
and experience, persona grata not only to each
other and manufacturing companies, but to
the railway companies as well, if instead of
attempting to arrive at conclusions from
theoretical discussions, or application of
known facts to assumed conditions, they
should apply their studies to some concrete
case or cases which should embrace in extent
and variety all the principal problems of
trunk line electrification.
Most of the electrification projects in connection with trunk lines which have been
carried out in this country have been dictated
by local terminal necessities which could not
be met by steam operation, but for the more
extensive projects other reasons must prevail.
Even with a settlement of system and demonstrated ultimate economy of operation and
increase of capacity denied to steam operation, the financial problem facing the railroad man is a most serious one, for it is certainly true that the assumption of the actual

1015

cost of power supply, as well as that of rolling
stock, the provision of reserve, and the individuality of installation and development constitute a serious burden which, if it could be
in a large measure eliminated, would tend to
accelerate electrification.
Assuming, therefore, some general agreement as to standards and the best methods of
electrification, would not such be ma~rially
advanced if, as I have already indicated, the
burden of reliable power supply at a reasonable rate and with ample reserve, and the
possible provision of rolling stock on a basis of
usage, could be undertaken through the agency
of outside capital, leaving the railroads only
the minor burden of supplying fixtures along
the right of way, and co-operating with the
power companies in the erection of general
power supply lines upon their own property?
To effectively carry out the ideas above
crudely set forth, I may state that at least one
of the principal manufacturing companies has
expressed itself as being favorably inclined
to co-operate in the creation of a technical
commission, to be composed of disinterested
engineers of wide and varied experience, who
shall make a thorough study of the various
systems of electrification as applied to such
situation or situations as may be taken up;
that it is prepared to bear any required
part of the expenses of such a commission
incident to the making of a comprehensive
study of trunk line problems; that it is in
favor of some scheme of financial development
which shall relieve the railroads of a part of
the burden of raising capital; and, finally,
that it only awaits the necessary co-operation of railroad officials to make effective this
joint effort to avoid the heavy costs of mistakes due to individual judgment, on the
threshold of a possible great electrical development in transportation whenever the financial skies make such practicable.
Despite this promising advance, the proposal has met with sufficient obstruction to
thus far prevent its adoption in the form
which promises the greatest effectiveness, but
need that be the final result?

·'
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Three-Car Train on the Hudson and Manhattan Railroad. Mr. L. B. Stillwell deale with the operation and
maintenance of these care and their equipment. in hie article entitled,
"Co-ordination in Railway Equipment"
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CO-ORDINATION IN RAILWAY EQUIPMENT
Bv L. B.

STILLWELL

The author dwells on the fact that it is not only the goodness of the individual elements of equipment
that determines the success of a railroad, but that the ultimate results must depend upon the proper co-ordination of all the constituent parts. The equipment of the Hudson and Manhattan Railroad is analyzed to
support the authors contentions, and many valuable tables of statistics are given showing the operating costs,
detentions, etc.-EDITOR.

The gross earnings of a transportation
system will largely depend on its traffic
winning characteristics. Primarily traffic is
influenced by the frequency and reliability of
service and by the comfort and security
afforded to passengers by the rolling stock
and equipment.
Reliability of service depends not only
upon the proper design and construction of
car bodies, trucks, motors, control, air brakes
and brake rigging, but also, and especially,
upon the proper assembling of these constituent factors and their effective co-ordination.
Transportation service may be broadly
considered as a commodity, with the rolling
stock and power equipment as the production
plant and the right-of-way as the distributing
plant. Obviously, the commercial success of a
transportation system, as with any other
enterprise, will depend on its ability to meet
the specific requirements of the territory
involved, and upon the efficient co-ordination
of the many integral parts of the complete
transportation production machine, consisting
of the power generating plant, the transmission system, the rolling stock, the car
maintenance shops, and all the auxiliary
equipment of signals, telephone system, etc.
The large sums involved in the construction,
equipment and subsequent operation of
electric railway properties warrant the most
thorough investigation of such a project to
determine its true economic character "before
the fact." The subsequent analysis of the
actual operating expenses of a property is
often in the form of an inquest.
In the selection of equipment or right-ofway, for a transportation system, the first
cost and fixed charges should always be
considered in reference to the cost of operation, upkeep and amortization. Investigation
will frequently show that a relatively higher
first cost of equipment will be fully warranted
by attendant reduction in operating expenses.
The competent consulting engineer, experienced in railway equipment and operation, is
best fitted to make a comprehensive study

of the operating conditions of a proposed
system, and to thoroughly co-ordinate all the
many necessary details so as to insure the
greatest traffic winning service, with the
minimum expense for operation and maintenance.
The proof of the pudding is in the eating
thereof. Likewise, the test of a railroad is the
analysis of its operating expenses. Though
the pudding be of the best of materials, but
only half-cooked, indigestion may be confidently expected; likewise, the railroad
material may be the finest of its kind, but
if the amalgamation of the whole be not
skillfully accomplished, disappointment will
be experienced with the financial returns.
In equipping the Hudson & Manhattan
Railroad, the executive officers of the company placed upon the consulting engineers
direct and full responsibility, not only for the
selection and installation of motors, control
equipment, air brake work, and wiring, but
also for the actual design of car bodies, trucks
and brake rigging, as well as for the plans and
equipment of the inspection and repair shops.
As a result of this policy, provision was made
in the design of the cars for the convenient
and effective support of motive power and
brake equipment, and the completely equipped motor car is characterized by unity of
design in a very exceptional degree.
The accompanying costs of maintenance
of the rolling stock of the Hudson & Manhattan Railroad have been carefully compiled
from the records of the railroad company in
order to analyze as thoroughly as possible
the detail expense of operation involved in
the specific service in which the cars are used.
A short description of the equipment is given
to illustrate to what extent careful car design
and selection of equipment can be made to
contribute to reliability of service and to low
cost of operation.
In selecting the motive power equipment
for the Hudson & Manhattan Railroad cars,
due consideration was given to the peculiar
conditions of service imposed by the fact
that the cars were to operate entirely in
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CO-ORDINATION IN RAILWAY EQUIPMENT
tunnel service under the Hudson River, and
that the bulk of the traffic would consist of
carrying passengers to and from suburban
and through line steam railroad trains
operating on definite schedule. It is obvious
that a satisfactory service under these
conditions would require absolute reliability
and regularity of train operation, in order
that close connections may be assured, and
the further realization that delay of trains
in the tunnel service would soon cause the
traveling public to lose confidence in the
system, effecting a consequent loss of traffic.
As the profile of the tunnel system includes
several grades of approximately 5 per cent,
it was necessary to provide ample motive
power per car to meet the possible contingency
of the presence of a "dead" motor car in a
two-car train, on the maximum grade. That
this liberal motive power equipment per ton
of car weight is a good investment, aside from
its necessary purpose of accelerating the dead
car in case of stopping at a signal on a grade,
is evidenced by the remarkably low maintenance cost of the motors, and the almost
entire freedom from commutator and kindred
troubles.
As reliability of service depends primarily
on the adequate upkeep of motive power
apparatus by thorough inspection and repair,
particular attention was given to the facilities
afforded for this work .
Thus, in the car design, careful provision
was made for the application of control
apparatus, so that every contact surface and
working part of the apparatus can be thoroughly and readily inspected and maintained
by the repair men. This was done with full
regard to the human element and with a
realization that what is easy to do will be
done and what is hard to do will be neglected.
In the design of the inspection shop,
particular attention was given to the arrangement of inspection pits, so that abundance of
daylight is admitted to the underside of the
car by the use of an elevated track for the car
and low windows in the side walls of the
building.
Further a permanent hanging
gallery is provided to give access to the car
body at its floor level, and thus make it
possible for window cleaners and car body
inspectors to proceed steadily with their
work and in no way interrupt the equipment
inspectors at work on the trucks and control
apparatus beneath the car body. The work
thus proceeds in an orderly and expeditious
manner and the capacity of the inspection pit
is greatly increased thereby. Many expedients
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have been devised by the operating force to
assist in the dispatch of their work and every
operation has been studied with a view to its
efficient and economical accomplishment.
The arrangement for switching cars to and
from the inspection pit is such that no interference occurs with other yard movements.
No back-up movements on the inspection pit
are necessary and there is no ''dead'' mileage
for bringing in cars for inspection.
In the design of the repair shop, provision
was made for adequate natural lighting, and
the machine tool equipment was carefully
selected to meet not only the routine repairs of
car equipment, but to furnish facilities for
repairs of power house and elevator machinery
and incidental light repairs required by other
departments of the road. Power operated
hoisting apparatus was installed so that the
physical energies of the shop men are reserved
for productive effort. This in itself greatly
assists in the securing of the best class of
workmen, as well as greatly advancing the
rapidity of repair work. The arrangement
of the shop is such that all the members of the
working force are under the constant and
unobstructed observation of the foreman,
as no intervening walls are permitted. Any
delay to the progress of the work of an individual or gang can be instantly noticed in this
way and remedied, without the constant
patrolling of the shop by foremen .
As the item of labor is the largest in the
cost of maintenance of equipment, it is
obvious that the facilities for accomplishing
necessary work should be carefully considered
in the original design and equipment of the
shop, as in many cases no additional cost will
be involved.
The development of railroad motive power
equipment has been greatly promoted by the
interchange of information between various
operating men, engineers and manufacturers,
through the medium of conventions, committee work and trade journal enterprise,
as well as by direct contact between the
various interested parties. It is reasonable
to expect that the hearty co-operation of all
concerned, in patient, constructive analysis
and criticism of existing systems, designs,
shop methods and methods of manufacture
will lead to still further reduction in operating
costs and improvement in reliability of
service.
The desirability of publishing operating
costs and records of reliability of service
should be apparent to all, as it unquestionably
has a stimulating effect in encouraging
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operating men to sustained efforts in these
directions.
The railroad repair and maintenance shop
is a fruitful field for the designing engineer.
A careful analysis of the design of parts of
apparatus finding their way to the scrap heap
will often enable a designing engineer to
accomplish radical reductions in the cost of
maintenance, with a possible trifling expenditure of effort, by arranging for a change of
design or of material in faulty apparatus.

Much has been written about the education
of employees in the special work on which
they are engaged, and no question can be
raised as to the desirability of careful selection
and training of those connected with the
operation and maintenance of equipment.
It cannot be too strongly impressed upon the
operating force that constant proper maintenance is far better than occasional heavy
repairs. It is obviously cheaper to keep out
of trouble than to get out of trouble.

Table 1
DELAY RECORD HUDSON & MANHATTAN RAILROAD

I
No. of I Minutes
I ~~.:z·
Detention

1911

1910

Per <;:ent
o!r-M:e

I

Ml.les
per

Miles

M1nu~

De~ion

••

•

•

0

0

•••

35~

7

45~
42~
19~

•

20
18

19~
69~

151

1

Ave rage per
m onth ... ..

99 18
1 99:47
99.52
99.40
99.73
99.67
99.60
99.65
99.34
99.37

Dte,.otensn-

Minutes

14

40

Tra~na

~·

Miles
per .

11

22,300
2
3~
15 050
2
7
'
72,100
3Y:I
I 2
11,220
3
21
11,130
2
8
23,000
4
21
22,600 I 4
14~
I
29,100 I 7Y:I I 26~
28,200 I 12
45
8,860 I 8
57
4,520 j I ~ _1_2_~_

46,400
1 39,400
112,000
1 75,400
74,900
68,700
29,300
16,650

I

I

~ ---

·I

Per Cent

IDetention

I

Miles
Mfn:te

::~;:n ~- ~ 49 ~ ~ T••• l:-.2-:n _D_11et_~:-:n

Ja:uary.~ ..~ :-~ 30~
~ -- - I~
February. . . . .
21

March .... .. ..
.. . . .
~any'1.. .........
...
11
12
Jun e .. . . ... ...
4
July
Aug ust ... . . . . I 6
Sep tember . . . . ·
7
October . . ... .. 1 8
November ... .
21
December .....
41

II, ---~
No. of
11

99.493 157,843 1 22,102

5.75

1

1

282,000 161,500
1312,000 89,300
1297,000 1169,500
196,500 28,100
'269,100
67,300
1123,500
23,600
127,800 135,200
74,700
21,100
1 53,600
15,630
87,600
12,280
1 _9_9_.6_1_ 65,800 44,750
99.87
99.79
99.87
99.73
99.45
99.75
99.55
99.81
99.49

22.6

99.69 · 1160,558

56,630

• Average for ten months.

1912

-No. of
Detentions

January. .. ...
8
February . . . . .
5
March .... . . . .
5
April... . . . . . .
4
May .. . ... .. ..
8
June.. . . . ... . .
14
July ....... ...
13
August .... . .. .
10
September. . . .
14
October . . . . . . .
13
November . . . .
12
December . ... . i -1_1_
Average per
I
month .. . ... 1 9.75

--

Per Cent
Trains
on Time

Minutes
Detention

99.47 1 77,800
99.65 1111,000
10
99.67
120,000
12
99.40
145,000
99.44
73,500
17~
37,400
46
99.72
99.73
34,800
32~
50,300
24
99.71
36,100
99.16
44~
99.00
43,300
38~
29 ~ 1 99.50
45,600
_ 5_7__ 1_9_9_.6_1_ 54,500
24Y:I
23~

I
I

I

1

1

I

30

I

M,!!~s

:::1

'

25,400 !/ to
40
I
8Y:I
43
: 59,755 1 13Y:I
20~ I
I 48,300 11 16
26
'
I 33,600
10 Y:l
20 Y:l
I 11,400 I 12~
37
I 13,850
9~
22~
I 20,950
13~
46Y:I
• 11,120
6
12Y:I
I 14,620
934
26
18,520
6
22
. 1o,s2o I 14~- -~ i
1

'I

I 23,600 I

I
I
I
I

I
I
1

I

-M~-;-

1

II
I DMinutes
I Per
.
Tra.ns
etentlon on Time
·1 - -

Miles
No.of
per
, M'"· Deten•nu~e I' tions
Detention 1
Detent1o~

99.505 I 69,108 I 22,311 II
I 10.8

iI

31.3

Miles---,
per
Mr•nu~e
Detent1on

I Detention

I

99.65 I 58,soo
14,620
99.51
61,600
12,160
99.87
43,loo
28,400
99.57
35,500
21,800
99.85
54,800
28,100
99.74 I 42,000
14,200
99.81
53,300 I 22,500
99.71
37,400
10,850
99.80
85,200 I 41,400
99.57 1 60,400
21,500
. . . . . . 87,700 i 43,900
_. .... 4o,9oo 1o,o8o
1

1

I

I

I

II 99.708 . , 55,033 I 23,293

• Average for ten months.
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The arousing and sustaining of the interest
of every employee connected with the service
is always a potent factor in any ,industry.
This is particularly true in transportation
systems, where reliability of service largely
depends upon the intelligent and faithful
efforts of many individual workers.
The Hudson & Manhattan cars are all
motor cars, each equipped with G-E Type M
control and two G-E 76 motors. The line
voltage is 650. The commutation was a
matter of special consideration in the selection
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and design of these motors, and their low cost
of maintenance and freedom from commutator troubles is noteworthy. Flash-overs are
practically unknown on the road.
Tables 2 and 3 and Fig. 1 are arranged
to illustrate the distribution of expense of
maintaining the rolling stock of the Hudson
& Manhattan Railroad :
Fig. 1 shows the cost of maintenance of
rolling stock from January 1st, 1910, to
December 31st, 1913. It will be noted that
the average for the four years is 1.48 cents

Table 2
MAINTENANCE COSTS OF CAR EQUIPMENT ON HUDSON & MANHATTAN RAILROAD
Subdivided in Accordance With I.C.C. Standard Classification of Accounts
Number

1910
i
!-~~~~!

Name or Account

1912

1911

1913

- -- ·

I

29
30
34
35
36
69
70

1

Superintendence ... . ..... . . . . . .
Car Bodies . . . . . .... .. . . . . . . . ... .. .. .
Electrical Equipment. .. . .. . . .. .. . . .. .
Shop ~achinery . . . . . . . ... . . . . . . .. . . .
Shop Expenses . . .. .. ..... . .. .
Carhouse Employees. . . . . . . . . . . . .. . . .
Carhouse Expenses .. . . . . . . . . . ... . .. .

0.1112
0.3501
0. 1173
0.0217
0.0841
0.5101
0.0083

Total . ... . .. .. . .. .. .. .. . . .. . . . ... .

1.2028

0.1128
0.6420
0.1941
0.0374
0.1714
0.5071
0.0067

I

0.1386
0.3917
0.1163
0.0181
0.1635
0.4339
0.0363

0.1166
0.7472
0.1141
0.0438
0.1977
0.5171
0.0387

--~~-

Mileage .. .... .

1.6715
1.2984
6,7o5,7so_ ,_ 6,675,777

6,288,778
-

~~~--

·

1.7752

I

i- 6,571,942

-

- -·

Average cost for four years, 1.487 cents per car mile.
Table 3
SUBDIVISION OF MAINTENANCE COSTS IN CENTS PER CAR MILE ON
HUDSON & MANHATTAN RAILROAD
Repair, Material and Supervision
1913

I.

1J Pumr ,

G~~er·

:· Motorg

1

• -

B~dles

·

· - -~-~:r ~ W~~ls

Trucks

Brakes
!

nors

I

J_a_n_u-ar_y_
. .-.-.
February . ..
March.
April . . . . . .
May. . . . . . .
June . . . .. . .

1

Control

-·~-~2~;

0.0050
0.0132
0.0030 0.0225 0.0194
0.0008 0.0179 0.0287
0.00781 0.0138 0.0266
0.0054 0.0189 0.0117
0.00261 0.02121 0.0241

0.0444
0.0324
0.0489
0.0834
0.0788
0.0950

0.0687
0.0564
0.0564
0.0372
0.0268
0.0256

0.0391
0.0288
0.0202
0.0248
0.0365
0.0852

·

and
: Axles

I

. .
MiscelPamtmg laneous

-~-~7 ~~~~;I
0.0004
0.0045
0.0012
0.0028
0.0029

0.0600 1
0.1276
0. 13501
. ... . .
.. .. ..

0.1388
0. 1816
0.1789
0.1376
0.1450
0. 1428

1

I Super•
Matenal , vision

I

~;621 0.0134~
0.73441
0.6297
0.9384 ,
0.0699!
1.1287•

I

-

1913

0.0142
0.0129
0.0092
0.0092
0.0099

1.1530
1.1531
1.1265
1.4150
1.4050
1.5380

!

I P~mr

~-~- , -I.

Motors I G~~er1

Total

nors

Inspection
- 1 -

-

Control

Car
Bodies

I

T rue,_
..~

I'

Air
Brakes

Brake
Shoes

Oilers

0.0526
0.0585
0.0587
0.0617
0.0541
0.0679

0.0116 ·
0.0114'
0.0117!
O.Q125:
0.0106 :
0.0116

0.0157
0.0154
0.0166
0.0129
0.0148
0.0190

.

i

Car
Miscel·
Cleaning laneous

Total

:

0.00~5 - 0.~~3:-0.0507~691 1

January . ...
February .. . . 0.0067 0.00401 0.0553 1 0.0702
~arch . . . . . 0.0056 0.0055 0.0672 · 0.0561 ,
April. . . . . . 0.0044 0.00261 0.0541 0.0762 i
May. . . . .. . 0.0047 1 0.0010 0.0605 · 0.0767
June . . .. . . . 0.0060 j 0.0057 0.0740 . 0.0745

0.0359
0.0353
0.0337
0.0320
0.0335
0.0387 j

0. 1838
0.1948
0.1852
0.1870
0.1781
0. 1971

0.0953
0.0984
0.0942
0.0891
0.0985
0. 1090

0.5265
0.5480
0.5345
0.5325
0.5325
0.6035
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: Total
; Inspection and
1 Repairs

1.6795
1.7011
1.6610
1.9475
1.9375
2.1415
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per car mile. The high peaks in the early
part of 1911 and in 1913 are due to extensive
painting and car body repairs. This low cost
of maintenance is not due to neglect of apparatus, as is evidenced by Table 1, which
illustrates the reliability of service by recording the percentage of trains on time during the
same four years, and the average miles per
minute of delay over the same period. It is
worthy of note that the average reliability
of service for the four years has been 99 ..599

wear and tear of service, and the liberalitv
of design of working and current carrying
parts.
,
Car cleaning on the Hudson & Manhattan
road forms a considerable item of the total
cost of the maintenance. Specific conditions
of tunnel service require that the interior
of the cars be kept free from dust or loose
material of any nature, as the strong drafts
occasioned by the movement of the car would,
if dust laden, be a considerable annoyance to

Fla. I . Curvee Sbowln1 COIIta of MainteDaDce of Car Equipment Durln1
a Four Year Period

per cent of trains on time, while the average
miles per delay was 59,654, and the average
length of delay was three minutes.
Table 2 shows the costs of maintenance of
car equipment arranged in accordance with
the Interstate Commerce Commission 's standard classification of accounts, from which it
will be seen that the average cost of maintenance of electrical equipment for the four
years was about 0.1354 cents per car mile,
being less than 10 per cent of the total cost
of car maintenance.
Table 3 is compiled to illustrate the relative
costs of maintenance of various portions of
the equipment during the period of six months
in 1913, indicated by the cross-sectioning
on Fig. 1. It is noteworthy that the average
total cost of labor for repairs and inspection
for motors during these months was about
0.005 cents per car mile and for control
about 0.04 cents per car mile.
The low maintenance costs of the motor
and control equipment illustrate the result
of close co-operation between the manufacturers and the operating and engineering
representatives of the railroad, special attention being given to the accessibility of the
apparatus for inspection and repair, the low
cost of the parts to be replaced on account of

passengers. Traffic winning service, therefore
requires frequent sweeping out of the cars at
terminals, and as particular provision was
made for this work in the design of the car, it

Fi1. 2. VI- of Underbody of Car, Sbowln1 !taM with wbic:h
Reaiatanc:e Grieb and Contac:tor Boz c:an be ln8pected

will be of interest to record that cars are regularly swept at terminals while on service
tracks, the time allowed for this work being 45
seconds. The interior of the cars was specially
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designed to avoid ledges or crevices capable
of retaining dust or dirt. Such features
materially aid in the accomplishing of the
necessary work. The average cost of car
cleaning for four years is $5.01 per car per
month.
The Hudson & Manhattan maintenance
cost& are used as an illustration of the saving
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to be secured by careful selection and design
of equipment for a system operating under
special conditions. The same engineering
methods were employed in the case of the
New York, Westchester & Boston Railway,
where a high speed suburban service is
furnished; the rolling stock being maintained
at a cost of about 2.36 cents per car mile.

THE FINANCIAL ASPECT OF STEAM RAILROAD
ELECTRIFICATION
Bv

WILLIAM

J.

CLARK

:MANAGER TRACTION DEPARTMENT, GENERAL ELECTRIC COMPANY
American railroads are not able at the present time to take advantage of the recognized economies to be
secured by electrification, owing to the political and economic conditions which prevail in railway finance.
But the present conditions will not be permanent, and the author makes a strong appeal to America to take
every available advantage of the general situation to create a new set of conditions which will benefit the trade
of the country as a whole. This would stimulate railroad finance and put the railroads of America in a position
where they could take advantage of the recognized economies to be secured by electric operation.-EDITOR.

the pres en t,
ATwhen
the very
foundations of world
finance are shaken by
the most terrific of
all wars, it is difficult
to write comprehensively upon any of its
specific phases, and
obviously the financial aspect of steam
railroad electrification is one of these.
The advancement
WiUiam J . Clark
of the electric traction
art and its great economic advantages over
steam in the operation of railroads have been
generally conceded for several years. Yet,
the great majority of American railroads have
not been able to consistently favor its introduction, in view of their difficulties in raising
the necessary capital to make this possible, or
even to care for their more pressing immediate
requirements. This is because of America's own
political and economic conditions which have
most seriously handicapped railroad finance.
The great objective and desire of American
railroad management is to furnish the
best transportation facilities which political,
governmental and financial conditions will
permit, the last of which are virtually determined by the other two; as is exemplified in
the European situation of today, the far reaching effects of which unfavorably affect the
financial aspect of steam railroad electrification here for the time being.

All economic truths are recognized however, and taken practical advantage of so
soon as incidental factors permit; consequently full realization of the fact that electric
operation increases the net earnings of railroads will eventually, in itself, so shape the
financial aspect of their electrification that
electric traction will then "come into its
own. "
When the adjustment of the pressing and
most important questions of universal finance
which have ever arisen will be accomplished
cannot now be determined, but in connection
therewith almost inconceivable opportunities
are presented to America, which if taken
full advantage of cannot fail to bring to it
unprecedented permanent progress and prosperity of every character; and the extensive
electrification of American railroads should
be an important element in the creation and
maintenance of such conditions.
Most essential to this country, in it-6 attempt to secure the greatest possible advantages from the present general situation, is
immediate realization by its entire people
that great financial, industrial and commercial policies and enterprises, which yesterday were considered by some as of individual interest only to others more favored
than they, now stand out as that which alone
can and will, if unobstructed in their legitimate spheres and logical development, bring
the maximum of personal benefits to all.
Illustrative of this, as very recently intimated by the President of the United States,
a reversal of our present public policy toward
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the railroads has become an absolute necessity; for we cannot have immediate and
unbroken progress and prosperity without
increased and improved railroad facilities
that are already needed to meet the present
transportation requirements of the country.
It is impossible to promptly secure these
unless the investment of private capital in
our railroads is at once made more attractive
than it now is, and delay in their acquirement
would well nigh prevent the complete realization of present hopes and opportunities.
Even though America should eventually
secure adequate railroad facilities through
the adoption of the most costly and continuing uneconomic course possible, viz.,
government ownership and operation, it
would be at far too late a date to meet the
demands of the present situation; for, as is
well known, the estimate of the Interstate
Commerce Commission as to the time required
to make a physical valuation of the railroads
is five Years.
The· possible future return upon, and the
reliability of investments in American railroads has also an important and immediate
bearing upon the reshaping and adjustment of
the world's financial conditions to the advantage of this country for the most serious
problem which confronts it, in such regard, is
presented by European holdings of American
securities, which principally consist of its
railway issues. Unquestionably, many of
these will soon be marketed here, which
means gold exportation or its practical
equivalent, the establishment of temporary
European credits on this side of the ocean.
The extent of these transactions will depend
upon the actual necessity for sale, plus the
possibility of Europeans being able to make
what they may consider to be more reliable
and attractive investments elsewhere; in
which connection it should be remembered
that rates of interest throughout the world
will doubtless be higher in the future than
during the recent past.
Obviously, the smaller the total of these
sales, the greater will be the amount of
American capital available for internal re-

quirements and the expansion of its commercial and similar interests abroad, which
will in time create fundamental lasting
betterments at home.
Therefore, if the earning power of American securities is increased and European
faith in their solidity is upheld by a favorable attitude on the part of our public and
government, their amount, which must be
absorbed here, will be kept down to the
lowest possible minimum,-probably to a
much smaller total than is now expected,for these securities held' abroad are almost
entirely in the possession of actual investors,
who, unless forced to dispose thereof, would
be content with a fair return upon these
investments, providing their future is well
assured.
A growing mistrust of our securities exists
in Europe, so there is immediate necessity
for its removal. Otherwise, a wholesale
unloading in this country may occur, with the
serious results already indicated; viz., that
when we most need capital to meet our
internal requirements and to take full advantage of our unequalled opportunities abroad,
it will be extensively absorbed by purchases of
what Europe will sell in our stock exchanges,
at whatever prices can be realized. If these
are slaughtered, then possibilities of financial
panic and disaster, with resultant depression
and stagnation in everything, would confront
the United States instead of its gigantic
advancement toward all that any nation
could possibly wish.
It is not reasonable to suppose,--however,
that the American people, who have successfully met every great crisis and emergency of the past, will now be so lacking in
patriotism and intelligence as not to meet all
the requirements of the present extraordinary
situation, and thus secure every possible
advantage for the United States and its
citizens, both collectively and individually .
Therefore, we can at last reasonably look
for long deferred justice being done to our
railroads, and the resultant improvement in
the financial aspect of American railroad
electrification.

•
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MULTIPLE UNIT TRAIN SERVICE ON THE NEW YORK CENTRAL
AND HUDSON RIVER RAILROAD
Bv EowiN B.

KATTE

CHIKF ENGINEER, ELECTRIC TRACTION, NEW YORK CENTRAL AND

HUDSON RIVER RAILROAD COMPANY

The electrification of the New York Central Terminal led to many changes in the operation of suburban
service. The author discusses some of these and compares the old steam with the new electric schedules. The
multiple unit cars ant! .their equipment are described at length and the tests made on the multiple unit trains
are given.-EDITOR.

The suburban service of the New York
Central and Hudson River Railroad Company was electrified primarily to eliminate the
smoke nuisance in the Park Avenue tunnel.
and was mandatory by State Law. Early
in the electrification studies of the Grand
Central Terminal and the lines leading thereto,
it was apparent that the suburban service
could be best handled by multiple unit
cars, and the through service, that is trains
operating beyond the suburban zone, by
electric locomotives.
The advent of electricity materially changed
the methods of operating the Grand Central
Terminal as well as the two divisions of the
railroad adjacent thereto, and it is for this
reason that a direct comparison between
steam and electric operation cannot readily
be made. The principal operating changes
which were effected are as follows:
The jurisdiction of the Grand Central
Terminal Manager formerly extended to 57th
Street, New York City. From this point,
the operation of suburban trains on the
main line was under the Superintendent of the
Hudson Division, and Harlem Division trains
were under the Superintendent of that
division. At the present time, the Grand
Central Terminal Manager is also the General
Superintendent of the Electric Division and
his jurisdiction extends over the suburban
zone from Grand Central Terminal to North
White Plains on the Harlem Division, a
distance of 24 miles, and from Grand Central
Terminal to Croton, on the main line, a
distance of 34 miles. This includes ·the
entire suburban service, with the exception
of trains on the Putnam Division, which do
not enter the Grand Central Terminal, and
Peekskill trains, which latter service is handled by multiple unit cars drawn by steam
locomotives between Croton and Peekskill,
a distance of 6 miles. For these reasons it is
difficult to compare the former steam service

with the existing electric operation. It is
accepted that the service is better because of
the quicker acceleration and affords a greater
cleanliness in operation, but the relative cost
has not been determined.
A direct comparison of train schedules in
steam and electric operation is given in the
table below:
COMPARISON OF SUBURBAN TRAIN
SERVICE
Items

Hl' DSON DIVISION

Steam

Date of time table ' Dec.
1906
Number of trains
per 24 hours
54
Number of trains
per max. hour .
5
Fastest schedule
time between
terminals, min. 1 65
Average schedule
time for local
express min. . 72.4
Average schedule.
time for locals
min.
79.2

HARLEM IHVISION

I Electric

·· - - -

Steam j Electric
--- ~ ---

Dec.
1913

I

Dec.
1906

Dec.
1913

44

59

64

7

8

10

68

51

46

72.0

56.6

76.6

64.5

I

51.2
59.1

·--

Electric operation in the case of the New
York Central and Hudson River Railroad
Company was not a choice, it was a necessity
and was not installed with the hope of effecting any economy in operation, but to permit
trains to enter New York City under
Park Avenue without smoke and to make .
possible the new Grand Central Terminal.
The property owners along Park Avenue have
benefited financially more by the change in
motive power than has the railroad
company, and if the railroad company were
permitted to enjoy a portion of the revenue
derived by the city in taxes on the increased
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valuations of Park Avenue property, the
heavy fixed charges on the cost of electrification could more easily be carried and electric
operation would assume a more favorable
commercial aspect.
Multiple Unit Motor Cars

The multiple unit cars of the New York
Central and Hudson River Railroad Company
are of all-steel construction and consist of an
original lot of 125 motor cars built by the
American Car & Foundry Company, 55
trailer cars built by the St. Louis Car Company and 6 combination baggage, mail and
express motor cars built by the latter company. A subsequent order of 19 motor cars
and 6 combination baggage and smoking
motor cars has been filled by the Pressed
Steel Car Company. The original cars were
the first all-steel passenger cars used on a
trunk line railroad and the design was
necessarily crude in the light of the present
steel cars, since they were made up almost
wholly of structural steel shapes and plates
commonly rolled by the steel mills and of
other stock parts.
The original motor car general drawings
are reproduced in Fig. 1. This car weighs
105,800 pounds, of which 26,900 is in the
trucks, 12,200 in the motors, 48,300 in the
body, and 18,400 in the body equipment
which includes the electric, gas, steam and
brake apparatus, also seats, basket racks,
cooler, tool box, etc. The body is 50 ft.
long and 9 ft . 8% in. wide over sheathing,
and the height from track over roof is 13 ft.
9% in. The length between coupler knuckles
is 62 feet. The seating capacity is 64 passengers. The framing is of the side girder
type with a 6-in. angle side sill, a bulb angle
below the windows and the side sheathing
h in. thick forming a plate girder on each
side of the car, carried by the cast steel
bolsters and supporting the floor system by
means of built-up cross members at the ends
of the body and at three points between the
trucks. The center sills are shallow " I"
beams, transmitting the buffing and draft
forces, and acting as cantilevers beyond the
end sills to carry the platforms. The floor is
of fireproof composition laid on galvanized
steel sheets with keystone shaped corrugations
and wooden floor strips.
The outside of the car above the window
sills is covered with steel sheets Y8 in thick,
and the inside with sheets and moldings h in.
thick. The ceiling and roof are of composite
board. The doors except the vestibule end
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doors are of the sliding type, a feature which
however, has been abandoned on the later
' cars. The vestibule is completely enclosed
and is used as a motorman's cab. The master
controller and brake valve are so located that
when the vestibule end door is open, as it
normally is except at the front of trains, it
conceals and protects them. Two saloons
at the same end of each car are provided. The
seats are reversible, of the "Walkover" type,
and are rattan covered.
Both steam and electric heat are provided;
also gas and electric light, thus permitting the
cars to be operated outside of the electric
zone. Electric fans are placed at each end.
The switches and fuses for light, heat, fans
and air compressor are placed on a slate
switchboard in one of the body end bulkheads. Control, circuit breaker and headlight
switches are placed overhead in each vestibule.
The main motor fuse and the main auxiliary
fuse are under the car. The cars are connected
by a bus line on each car for supplying current to a car while crossing gaps in the third
rail. Resistance is inserted in the bus line on
each car, to keep down the rush of current.
All wiring is in iron pipe conduit, excepting
wiring for heat, light and fans, which is in
Sprague flexible conduit.
The draft gear is of a type developed
especially for these cars. The coupler is
8 ft . 9 in . long, pivoted at a point three feet
ahead of the bolster, and .designed for curves
of 135 feet radius. Connections are made
from the coupler shank to the forward comers
of the truck, to guide the coupler to the center
of the truck when rounding curves. The
buffer is mounted to swing with the coupler.
The brake and signal pipes are carried on the
sides of the coupler shank and connected at
the pivot, by lengths of hose, to the pipes
on the body.
The cars built by the St. Louis Car Company are of essentially the same design as
those built by the American Car & Foundry
Company. They were originally used as
trailer cars but were designed to be later
equipped with motors and this has now
been accomplished on 36 of the 55 trailer
cars.
The cars furnished bv the Pressed Steel
Car Company during the year 1913 represent
the latest practice in steel car construction.
They are almost an exact reproduction of the
New York Central main line all steel coaches,
though shorter in length . The appearance is
illustrated in the reproduced general drawings giv<'n in Figs. 2 and 3.

They follow the earlier cars in arrangement
and equipment, the principal differences
being as follows :
Body length increased 3 ft. 2 in . to accommodate larger seats.
Seat spacing increased from 34~ in. to
36 in. to accord with main line practice.
Doors hinged instead of sliding, to accord
with main line practice.
Doors steel instead of wood.
Roofing steel instead of composite board .
Wooden floor strips omitted.
Gas omitted, as cars do not operate
beyond the electric zone.
Steam heat omitted for the same reason as
the gas.
Electric heaters along side of car instead
of under seats, this being possible since the
steam pipes are omitted.
Window arrangement changed to accord
with main line practice.
Wood furring eliminated .
Greater use of heat insulation and sound
deadening material.
Use of cast steel combined bod v bolster
and platform.
·
Space between cars reduced by forward
extension from vestibule end door posts.
Two switchboards instead of one to
facilitate handling.
The side girder type construction of the
original motor cars is retained and this is the
principal difference between these and the
main line coach. The Commonwealth Company's cast steel combined bolster and
platform is used in the underframe from the
end of the car to a point back of the bolster,
where the sills are attached to it. The center
sills are of the same size as in the earlier cars
but reinforced by a %"in. top cover plate. The
floor arrangement follows closely that of the
main line coach, viz., galvanized "Chanarch "
sheets covered with composition flooring and
a sub-flooring of light flat flanged sheets
carrying insulating material. The two switchboards are on opposite sides of the car in the
end bulkhead. One carries the switches and
fuses for lights, heaters and fans, handled by
the trainmen; the other back of the motorman contains the compressor switch and
main switch, and the control apparatus. The
weight of this car is slightly greater than that
of the earlier design. The wheel spacing and
loading are shown in the diagrams and
tables.
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later have been reinforced by ,Y:!-in. plates.
The pedestals are of cast iron with single
equalizers. Both trucks have cast steel
transoms of channel section, spread at the
ends for a broad connection to the side frames
and formed to receive the spring plank hangers, the brake hangers, and on the motor
trucks the brake levers. The bolsters are of
cast steel with center bearings cast integral.
The journal boxes are of the Symington type,
with pivot lids, and have stirrups cast on the
bottom to carry the third rail shoe beam. The
wheels are of the cast center, steel tired type.
On the motor truck one wheel on each axle
has its hub extended to a length of 14 % in.
and has a seat of 15,Y:! in. in diameter on
which the motor gear is shrunk. The ends of
the motor axle bearings are directly against.
the finished surfaces of the wheel hubs.
The motor trucks under the last lot · of
motor cars and under the converted trailer
cars were of a special design built by the
Standard Motor Truck Company.

Trucks

The original motor and trailer trucks are of
special design and were built by the American
Locomotive Company. They are illustrated
in the group of drawings in Figs. 4 and 5. The
principal dimensions of the trucks are as
follows:
Motor
Truck

Trailer
Truck

Wheel base .
7 ft. 0 in.
6 ft. 0 in.
Frame centers .
.
6 ft. 8 in.
6 ft. 4 in.
Wheel diameter
.
36 in.
33 in.
Journals
.
.
. 5 Y2 in. by 10 in. 5 in. by 9 in.
Weight equipped with1
out motors
15,300 lb.
11,600 lb.
'I

The motor truck has cast steel side frames
of the locomotive type, suspended directly
without equalization from the ends of elliptic
springs above the journal boxes. The trailer
truck has 8-in. "I" beam side frames , which

•z End
(Motor End of MotorCars)

•tEnd
(Trailer fnd of Motor Cars)

- -- - - - - + - - - i f.D--i
~6~0~
~-E-~
f - - - - - - - - F - - - - · -----l

33"1-~---+--------c
I

(!
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MOTOR CARS
WEIGHTS

DIMKNSIONS

B

Type of Car

c

I

D

With A. L.
E
F

With

s.

I

M. T . :

E -_ii p -

No. 1 j No. 2
______ .
--I
__
_
End
End
.Ft. ln. 1_Pt . ln. Ft. ln. _Pt . ln. _Pt. In. !_!!· In. Ft. ln. Ft. ln. - - - - ___ _
A

St. Louis pass. cars.... .. .... .
St.L. comb.Sm. &Ba_Bg. cars ..
St. L. comb. B., M. & Exp. cars .
P. S. C. pass .. lot 82:!... .. .. . .
P. S. C. comb. S. & B., lot 823 ..
St. Louis conv. trailer. .. .... ..
A. C. & F. pass. car. . .. . ......

:

62-0
62-2
62-0 I 62-2
61-0
61-2
63-;j
6:l-7
63-.'1
63·7
62·0
62-2
62-0
62-2

1

38-6
38-6 ,
38-6 '
40·0
40.0
38-6
38-6

Total

1

36
36
36
36
36
36
36

'

I

7-0
7-0
7-0
7-0
7-0
7-0
7-0

45·0
45·0
45-0
46-6
46-6
45-0
45-0

6-11 H 44-11 ~

6- 11)->i44-ll~
6-1 Hl i-44-11 ~
6-11 h46- 5~~
6-11 ~-2 : 46- 5~

6-11 H'44-11~~
6-11 !2 1 44-11 ~~ -

48,000
48,100
.S2,200
50,300 '
50,200 :
48,800
45.600 ,

I

6.1,400

63,200
68,800
64,600
65,800
62.700
60,200

112.200
111,300
121,000
114,900
116.000
I 11,500
105.800

I

Notes

I1-~I

1I
2
2
2
I

TRAILER CARS
j

Type of Car

A. C. & P . cars. . . . . . .. .. . . . .... . . ... .. . .. _. . . . . . . .
St. L. cars ... ......... .. ........ .... .. .. . .. .. .. .. .

___ __ _ _ _

~~~ENSIC:N~ _

A I B I C
D
if t. In._ Ft.IIl.J:P't:-1 ~ Ft.In.
62-0
62-0

62-2 ; 31!!-6
62-2
38-6
1

33
33

_
'i

E

F

WEIGHTS

No. I

No. 2 . Total

41.850
45,200

39,650.
43,000

Ft.ln.--Ft~ I~~ ~
6-0
· 6-0
1

44-6
: 44-6

1

~nd

81.500
88.200

Note !-.Weights shown for No.2 end and total are with A. L. Co. motor truck. For S. M. T . Co. motor truck deduct 450 lb.
Note 2-.Weights shown for l\o. 2 end and total are \Vith S. M . T . Co. motor truck. For A. L. Co. motor truck add 450 lb.
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The dimensions, etc., given for the earlier
motor trucks apply approximately to these
also, except that the weight is 14,700 lb.,
being 600 lb. less. The center and side bearings, brake connection and drawbar connections are so arranged that the truck as a
whole will interchange with the earlier truck.
Most of the features standard on the trucks of
the manufacturer are included in these trucks.
All the principal frame members are pressed
steel, of channel section. There is the usual
pedestal jaw on the outer side of each journal
box, but the inner pedestal jaw is omitted and
the boxes tied together rigidly by the equalizers. The elliptic springs are of unusual design,
the leaves in each band being divided into
two groups, each group tapering separately.

pany and are known as GE-69-C which may
be briefly described as follows:
Their one-hour rating at 600 volts is 200 h.p.
at the axle. They are of the box frame type
and are run closed without ventilation. The
frame and gearcase occupy all the space
between the wheel rims, with only sufficient
clearance to permit the use of flanged brake
shoes. To economize space the armature
bearings are set entirely within the general
outline of the frame and extend inside the
armature core head and the commutator
shell. The motor is journaled directly on the
axle, and supported at the opposite side by a
nose resting on the truck transom without
springs. The motor not being of a recent
type, further d«:scription seems unnecessary.

I

t

Fla. 4.

Drawinc of one of the Orlainal Motor Trucks.

The bolster is of cast steel. Its side swing is
dampened by a friction device consisting of
two sets of steel leaves, one attached to the
bolster and the other to the transom, which
are interlaced and pressed together by
adjustable springs. The brakes are supported
from the non-spring-borne parts of the truck.
The third rail shoe beam is shorter than on the
earlier trucks and is carried by the equalizers
instead of by the journal boxes. On these
trucks the wheels are solid forged steel and
the gears are mounted directly on the axles.
Motor Equipment

The motors for all of the motor cars have
been furnished by the General Electric Com-

The Motor io not ohown here

Multiple Unit Control Equipment

The control equipment on all of the motor
cars is of the Sprague-General Electric type,
consisting essentially of solenoid-operated
contactors which make the different electric
connections of motors and regulate the
resistance in series with them, a solenoidoperated reverser, and master controllers for
controlling the current supply to the solenoids
of the contactors and reversers. The contactors (15 on the earlier cars and 11 on the
latest), the reverser and a circuit breaker are
mounted in boxes under the cars, with convenient removable covers for inspection.
There are four forward positions of the controller handle: 1st, motors in series, all resist-
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ance in circuit; 2nd, same, resistance cut out;
3rd, motors in parallel and resistance in
circuit; 4th, same, resistance cut out. The
second and fourth are running positions;
the first is used for low speed switching. In
the reverse direction, only the first two
The motorman
positions are available.
places the controller handle in any one of the
above positions, and the connections are
automatically advanced, resistance being cut
out step by step, and the motor connections
changed from series to parallel, under control
of a current relay which permits each successive step to be taken only after the increase
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known as Schedule AML, and have the
modem features of graduated release, quick
recharge, high emergency pressure, etc.,
which greatly facilitate suburban operation
by increasing the flexibility of the brakes
and the accuracy of stops. The compressor,
known as D-2-EGX, has a capacity of 25
cubic feet of free air per minute and supplies
air to two 16-in. by 60-in. main reservoirs.
Air is supplied through a feed valve set at 90
lb. to a line running through the train known
as the "control pipe" from which air passes to
the engineer's valve and the triple valves.
This is in addition to the usual brake pipe

Fia. 5. Drawina of one of the Orillioal Trailer Trucka

of speed and counter e.m .f. has reduced the
current to a given value. A system of interlocks prevents any further advance of the
control steps in case the reverser fails to
throw or any contactor fails to open or close
when it should. The master controller has a
"de~d man's handle," a device consisting of a
button on the handle, connected with a
small valve inside the controller, whereby, if
the motorman relaxes his hold on the handle,
an emergency valve is caused to open and
allow air to escape from the brake pipe, causing an emergency application of the brakes.

through which the action of the triple valves
is controlled. The brake cylinder is 14-in. by
12-in. The levers are arranged to give shoe
pressures equal to 90 per cent of the weight at
the trailer end of the car and 100 per cent at
the motor end, the excess at the motor end
being an allowance to compensate for the
rotative inertia of the armatures. The air
signal equipment on each car is a combination
of the usual car equipment and locomotive
equipment with signal valve and whistle at
each end of the car.
Multiple Unit Train Service

Air Brake Equipment

The air brake and train signal equipments
were furnished by the Westinghouse Traction
Brake Company. Both are arranged for
operation in connection with standard coaches
and with steam locomotives. The brakes are

Express multiple unit trains consist of from
two to ten motor cars, a photograph of a
six-car train is given in Fig. 6; local trains are
usually from three to twelve cars in length and
are made up in the proportion of two motor
cars to one trailer.
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From typical service tests made in January,
1908, with multiple unit trains, the following
statistics have been selected:
MULTIPLE UNIT TRAIN TESTS
Items

Test
, No. I

I Test

' Test
! l'o. 2 ' No.3

- - - -·- - :-

,-

I

Test
No. 4

-1 '

'

Location of tests. iHarlem I' Harlem iHudson I Hudson
i Div.
Div. : Div.
Div.
365T 330T
200T
165T
6
6
3
, 3

Total wt. of train ,
No. of motor cars !
No. of trailer cars
Total miles run .
Av'ge speed m.p.h.
Number of steps . I
Watthours per ton i
mile .
.
.

I

1

I

0

1

I

0

12.5
12.5
31.4 1 29
3
·
3

6.3 I
6.3
23.6 I 21.3
2
1

35

35

37

31

A direct comparison, on the New York
Central Railroad, of the cost of steam and
electric operation for suburban service is not
possible because of the changed operating

Jfia. 6.

conditions previously described; nor can any
accurate statement be made of the complete
cost per car mile for the re~n that the
multiple unit cars are not equipped with
wattmeters, and the current generated at the
power stations is used for so great a variety of
service that the amount of current delivered to
the cars cannot be segregated with any degree
of accuracy. It is, however, generally conceded that the cost of operating ~nd maintaining multiple unit trains is less than the
cost for a similar service with steam trains.
Nevertheless, the saving is not sufficient to
cover the first cost of the electric installation.
The benefits which have accrued from
electric operation are enjoyed more by the
public than by the railroad. It is obvious
that adjacent property owners and municipalities through which electric trains pass are
more benefited than the railroad, and it has
not been demonstrated that the railroad has
yet received adequate return on the investment.

A Six·Car, Multiple Unit Kxpreu Train
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ECONOMIES OF STEAM ROAD ELECTRIFICATION
Bv

A.

H.

ARMSTRONG

ASSISTANT ENGINEER RAILWAY AND TRACTION ENGINEERING DEPARTMEKT,
GENERAL ELECTRIC COMPANY

The author calls attention to the fact that the electric locomotive has demonstrated conclusively that
it can obtain operating results in any class of service that will compare favorably with steam operation. Many
of the operating features in steam road service in which economies could be secured by substituting electric
for steam locomotives are cited, and the sources of the probable economies to be secured with the extensive
introduction of electric locomotives on main line steam roads are summarized.- EDITOR.

success at-.
T HE
tending the operation of electric
locomotives has furnished ample proof
of the fitness of this
type of motive power
· to replace the steam
engine in any class of
service. It is natural
that in the early days
of electric locomotive
construction t h e r e
should be a wide
A.H.Armlotroat;
diversity in types and
systems of operation. Uniformity of design
will be obtained only after the weaker forms
of construction have succumbed to the test
of continued commercial operation. It is
fair to state that in no class of railroading is
there so much attention paid to detailed
operating figures as obtains in the several
electrical installations. While such figures
reflect in a great measure the special conditions surrounding each particular installation, there are nevertheless general records of
reliability, economy in operation and cost of
maintenance that are doing a great deal to
settle the much discussed questions of forms of
locomotive construction and systems of distribution.
In every installation, with perhaps no
exception, electrical operating results have
disclosed a favorable comparison with previous steam operation. Indeed it becomes
more apparent that main line railroading
today is steam railroading governed, in a large
measure, by the limitations of the steam
engine itself. The length of engine division
facilities provided at terminal points, coal and
water facilities, the length of a crew run, the
tonnage and speed of trains and even the
profile of the road itself are all governed
by the possible performance of the steam
engine and are all subject to radical change

with the substitution of the electric locomotive.
In this connection, it must be remembered
that the attractive results so far obtained with
electric locomotives of considerable capacity
have been largely secured in city terminal and
tunnel installations with but the two exceptions of the New York, New Haven & Hartford and the Butte, Anaconda & Pacific.
Through service to New Haven has been of
such recent date that operating figures are
not yet obtainable, but the details of operation published in this issue, as given by Mr.
Cox in his A. I. E. E. paper at Spokane,
covering the first six months of operation of
the Butte, Anaconda & Pacific are of special
interest as indicating the savings effected over
previous steam operation. The Butte, Anaconda & Pacific Railwav handles trains of the
heaviest freight class and its success in regard
to both reliability of service and economies
effected contributed in no small measure to
the decision to electrify a considerable part of
the main line of the Chicago, Milwaukee & St.
Paul Railway lying in the same territory.
Many of our electric interurban railways,
in magnitude of tonnage hauled and mileage
of track, approach some of the smaller
steam railway lines, but the mind of the
steam railroad operator bas been rather slow
to accept interurban operating figures as
applying in equal degree to his larger problem
of transportation. To the electrical engineer,
however, the electrification of the main
steam line differs from the interurban problem
only in the size of the electric locomotives
involved, as turbo-generator units and step
down substations are already in operation
of a capacity considerably in excess of the
needs of the average main line steam service.
Interest therefore centers particularly in the
electric locomotive, not only as regards its
design and cost, but because this new type
of motive power which can be built of unlimited capacity and speed bids fair to break
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through many traditions surrounding the
operation of steam railways, with resultant
benefits of a far-reaching nature. The usual
length of a steam engine division may vary
from 110 miles in the mountains to 150 miles
on the plains, but with the electric locomotive
requiring inspection only after 2500 miles run
(the present practice in the New York
Central and Pennsylvania electrical zones)
there il> no reason why engine divisions
should not be much longer than this. The
longer electric locomotive run is entirely
possible, as this type of motive power is not
dependent upon coal and water facilities, has
no need to reach a round house to have its
fires cleaned, boiler washed, etc.; in fact, has
no operating base, and furthermore can be
kept in operation twenty-four hours a day up
to the limit of what good practice determines
as a reasonable mileage to run between inspections. The flexibility of such a type of motive
power can hardly be overestimated and the
fact that it is ready for instant service at any
time it is reported for duty should effect certain economies in operation and eliminate
much lost time in present steam railroading,
which is directly chargeable to the limitations
of the steam engine itself.
Carefully compiled statistics indicate that
certain western railroads purchase in the
neighborhood of 12 lb. of coal for each horsepower-hour of actual work expended at the
driver rims in hauling trains of all classes.
Whether the electrified steam railroad depends
for its source of power upon coal or water
power, there will be considerable fuel economy
effected. If coal is the best source of power
then the modem turbo-generator power
house is so economical as to use considerably
less than half the coal now demanded by the
steam engine when effecting the same tonnage
movement, even after including all losses of
transmission and conversion of power necessary to reach the electric locomotive.
The recent contract closed with the Montana Power Company by the Chicago, Milwaukee & St. Paul Railway is an example of
the advantage of purchased power in localities
favored with abundant and reliable water
power. If the results obtained in the electrification of the Butte, Anaconda & Pacific
Railway, operating under a similar contract,
should be duplicated in the coming Chicago,
Milwaukee & St. Paul installation, the saving
of possibly half the previous coal expense
should in itself constitute largely to the
economic success of the undertaking. The
coat required for the present movement of its

trains constitutes roughly four percent of
the entire gross ton mileage, the saving of
which is not to be overlooked when considering the change to electric locomotives.
During the past decade of increasing costs,
electricity is one of the few commodities that
has steadily decreased in price, and this
lower cost of power has been attended with
improvements in electrical apparatus tending
to even greater reliability and efficiency in
operation. Looking forward to the further
developments which the future should promise, the fuel advantages of the electric
locomotive appear to be on a permanent
basis.
Stearn locomotives of great weight on
drivers and capable of giving a tremendous
drawbar pull are in general use, but such
steam units deliver their maximum pull at
very moderate speeds and in consequence
their ton mileage capacity per hour is limited.
It was left to the coming of the electric locomotive to provide a hauling unit capable of
giving the greatest drawbar pull which
the draft gear will permit and at a speed that
may be as high as desired. In other words,
one electric locomotive can be built to haul
just as heavy a train as the steam engine, and
at a much higher speed. Furthermore, this
very powerful unit can be operated by a single
crew. This means that the congestion of
single track mountain divisions will be greatly
relieved as full tonnage trains can be hauled at
speeds as high as permitted by the alignment
of the road with no restriction due to the
profile. Or to put the matter differently, the
introduction of the electric locomotive bids
fair to greatly diminish if not eliminate the
handicap of "the ruling grade."
From the operating records of the several
electric railways employing very heavy locomotives, the fact becomes apparent that such
locomotives can be maintained in good
original condition at an expense considerably
below that for an equivalent capacity in steam
engines. Coupled with the much lower cost of
maintenance is the greater reliability of the
electric locomotive in service, an advantage
that will leave its economic effect all along the
line of operating costs. Undoubtedly one of the
reasons contributing to the low cost of electric
locomotive maintenance is that its wearable
parts are easily replaced by spare parts in a
few hours, thus permitting repairs to be made
at leisure under the best shop conditions and
with a force continuously employed.
The completion of the extensive electrification work now under way upon the Chicago,
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Milwaukee & St. Paul Railway will afford the
first sel"Vice data of the operation of a complete main line engine division. The conditions call for the movement of very heavy
freight and passenger trains over both level
track and two per cent mountain grades and
great economies as well as operating advantages are anticipated. The success of this
installation will demonstrate on the broadest
scale whether the economies of electrification
can offer an attractive return upon the
initial investment required, and will prove the
desirability of replacing the steam engine by
the electric locomotive, at least on mountain
grade divisions where the steam limitations
are most keenly felt.
To summarize the sources of probable
economies with the extensive introduction of
the electric locomotives on main steam roads,
marked savings should be effected in the
following items of expense:
Fuel expense both as regards reduced cost
of electric power, elimination of coal tonnage
and coal facilities required with steam engines.
Reduced cost of engine maintenance, both
direct shop expense and round house expense,

On the Butte, Anaconda

10:35

which latter is practically eliminated. The
fewer breakdowns of electric locomotives
should also be reflected in lesser crew expense
for overtime and other items.
The greater capacity of the electric locomotive as regards speed on heavy grades not
only introduces considerable ecomomies, but
may defer for a long time the heavy expense
of double tracking a mountain grade division
suffering from the limitations of steam engine
performance.
Besides the direct advantages of electrification applying generally to all roads, the
greater flexibility of electric power and its
greater safety due to removing the fire risk
and substituting electric for air braking,
together with the many secondary advantages
of the electric locomotive, will all have greater
or less weight, depending upon the local conditions governing any particular instance.
With such possibilities of radical changes in
operation, it can be confidently expected that
direct savings may be materially added to by
great advantages in operation that may be
somewhat difficult to express in terms of
operating expense.

a. Padfte Railway
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RAIL SECTIONS AS ONE ELEMENT IN STEAM AND
ELECTRIC TRACTION
BY P. H. DUDLEY,

c.

E., PH. D.

CONSULTING ENGINEER, NEW YORK CENTRAL LINES, NEW YoRII:

This article, coming from the pen of such an eminent authority on rails, should be of special interest and
value to all railroad engineers. After some interesting general data and historical facts, the author gives such
a wealth of valuable information on many different phases of rail and track construction, as well as operating
data and tests of intrinsic value, that a short summarr is impossible. The article is concluded by a few short
and valuable paragraphs on the electrical resistance o steel rails, a subject on which we hope to publish later
on, a more extended article from the same author.-EDITOR.

100-lb.
T HEsteel6-inch
rail section,
laid first in 1892 on
the New York Central
& Hudson River Railroad, was designed
with a broad thin
head for an ample
bearing surface of the
wheel treads on a stiff
rail, which could distribute a large portion
of their loads to the
wheel spacing for a
P.H.Dudley
smooth riding track.
The fact is not generally appreciated that the
wheel load spacing of the equipment controls
the spans of the bending rails on the flexible
crossties in the ballast, rather than their
spacing under the rail. It was, as a rail section
of that date, the most efficient engineering
structure in use in the world and has fulfilled
its complex functions with safety, precision
and economy as an essential element of the
means of railway transport. (See Fig. 8.)
The modern steel trains, the Empire State
Express, the Twentieth Century Limited and
others, each have a kinetic energy greater
than the heaviest projectile of any high power
guns yet fabricated . The stored energy for
the speed of the train can be absorbed and
rendered inert through several wheel contacts
on the rails, when the engineer touches the
handle of the air brakes to stop his train.
The artillerist concentrates the stored energy
of a projectile upon a single contact for
destructive effect, while the railway engineer
carries and distributes the total load of a
train on many wheels. and therefore absorbs
the stored energy for the speed of the train
through several contacts on the rails for
safety and utility. The weight of the rails
on their flexible crosstie supports in the
ballast and subgrade. occupied by the length

of the steam railway or multiple unit train
on its several wheels, may be but one-hundredth of the load which the rails can carry
when subdivided, distributed and constrained
through several wheel contacts. A rail of
suitable stiffness on the flexible crossties in
the ballast, due to the principle of efficiently
subdivided, distributed and constrained loads,
is better for good track, smooth riding of the
equipment, and economical operation, than
that of the major part of the wheel loads concentrated on each crosstie, through a weak
rail section.
The 6-inch 100-lb. section is a model of
efficiency through its metal to limit and distribute the reduced strains of its wheel loads
to the crosstie supports, for it can withstand
thousands of repetitions with marvellous
exactness for similar conditions of service
without failure.
Some Interesting Historic Developments in Transportation

Schenectady being in the valley of least
resistance to travel from east to west and
vice versa, inherited the Indian trail and
canoe, then developed transportation, by
(1) the Conestoga wagon, (2) the stage coach,
(3) the canal, (4) steam railroads, (5) electric
traction.
The Mohawk & Hudson Railroad from
Schenectady to Albany was chartered in
1826, although active work upon its construction did not commence until 1830 and
1831 for the Saratoga and Schenectady
Railroad. Mr. John B. Jervis was Chief
Engineer of both roads for construction. Locomotives were then in their primitive stage of
evolution, of small tractive effort, and able
to ascend only moderate gradients of a
few feet per mile. Mr. Jervis was therefore
obliged to construct for the Mohawk &
Hudson Railroad an inclined plane operated
by a stationary engine, for the ascent and
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descent of the cars at Schenectady, from the
Mohawk River to the plateau on its banks.
A similarly inclined plane was constructed
from the Hudson River for the Albany terminal. · The alignment of the track of the
Mohawk & Hudson Railroad for 14 miles
on the plateau was composed of three tangents
connected by two curves. The one about
midway of the line w.as 396 ft. long, and of
23,000 ft. radius; the second near Albany
was 594 ft. long, and of 4200 ft . radius.
The head of each inclined plane connected
With the tangent at either end by a curve
528 ft . long and of 1100 ft. radius. To make
the gradients and curves easy for the locomotives, the cuts and fills were heavy, and
the cost of the railroad averaged $40,228 per
mile, a large sum for 1831, but a small cost
for the principles elucidated.
The New York Central & Hudson River
Railroad now occupies the original line from
Carmen to Kamer, and includes the curve of
23,000 ft. radius. The total length of the
railroad at first was 15.86 miles, and it did
not run into the business portion of the
Capital; but later a branch line for passengers was permitted in State Street. New
York State had just completed its Erie
Canal, and the Mohawk & Hudson Railroad
Company at first was not allowed to transport freight.
We can study With profit the historic but
frail structures of the track, the primitive
locomotives and the strap iron rails for the
principles of construction which eventually
directed their evolution into types in 83
years for the present developments. This
has required the application of the facts
of experience and the principles of science
of the preceding ages, on a more extensive scale than ever before in the history of
mankind.
The superstructure of the track for the
Mohawk & Hudson Railroad on the plateau
between the inclined planes at Schenectady
and Albany was constructed of a strap iron
of an inch
rail, 272 inches wide, and
thick, With the upper comers rounded to 1Ys
inches and spiked in the center of longitudinal stringers 6 by 6 inches, for their strength
as a girder, Fig. 1. The author has one of
the original rails and a piece of a stringer. To
make an expected enduring track of rigid
supports in the roadbed, pits 2 ft. square and
with 3-ft. centers were prepared for each line
of stringers, and in each pit were placed about
nine cubic feet of broken stone which cost
$2.00 per cubic yard. Near Schenectady, to

n
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support the stone blocks, the broken stone
was placed in two parallel trenches. Stone
blocks were placed on these foundations,
each of 2~ cubic feet, 16 inches in height,
with a top surface of 15 by 16 inches, and
upon these stringers were laid and attached
by knees and spikes to support the strap
iron rails. The. iron formed the bearing surface for the wheel contacts and the guide for
the flanges of the wheels of the passing locomotives and cars, and the stringer as a
separate piece supplied the strength as a
girder.
Mr. Jervis opened the Mohawk & Hudson
Railroad Aug. 9, 1831, with the locomotive
"DeWitt Clinton,"which was carried upon two
pairs of drivers and weighed 675872 pounds,
and was intended to be under three gross
tons, exclusive of the light four-wheel tender.
The three cars were stage coach bodies with
flanged wheels for the track. The length of
the entire train was less than that of one of
the present Pacific types of locomotives.
A locomotive na.rited the "John Bull" was
built by Robert Stephenson & Son, Newcastle-upon-Tyne, and weighed 12,742 pounds
and had under the front end a pair of rigid
carrying wheels, while the single pair of
driving wheels carried 8745 pounds. The
wheels of both locomotives were 4 feet 8
inches in diameter, and the wheel base of
each, 4 feet 6 inches. The weight of the
"John Bull" was too great for the superstructure, and was not subdiyjded and distributed by a wheel base sufficient in length to
ride steadily over the track, and was seldom
used as originally made.
Mr. John B. Jervis was constructing the
Saratoga & Schenectady Railroad when he
opened the Mohawk & Hudson. Three miles
of track were finished with stone blocks set
upon broken stone, which carried the stringers,
the same as used for the Mohawk & Hudson
Railroad, The strap rail was an angle iron
spiked on the upper inner comers for the
track, to provide for inch flanges on the engine
drivers and wheels. Mr. Jervis built the
balance of the line with crossties upon which
the stringers were placed to support the small
angle strap iron rails, and ballasted the track
for the flexible superstructure and an elastic
roadbed, the principle in use today on all
steam railroad tracks. The design of the
superstructure of the track of the Mohawk
& Hudson Railroad on the rigid supports is
shown in Fig. 1, and the Saratoga & Schenectady Railroad on elastic supports in Fig. 2,
from the best information to date. Fig. 3
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shows the original English locomotive "John
Bull," by Robert Stephenson & Co., 1831.
Mr. Jervis found the engines were more
severe upon the strap iron rails of the Mohawk & Hudson Railroad than was expected,

another pair of driving wheels was added for
new engines, constituting the American eightwheel or 4-4-0 type of engine.
The locomotive in evolution bad now
reached a type capable of enlargement, so

...

.-·

TRN:K WITH HIG/0 SVPPOtnS
c:DICS7IIrCE»IIY.-6.-IfJI1

MOHAWK tf HIJ/JSON R R
1830 qr~.
t:tf~~~p.t,

Fla.

and in 1832 he designed his leading fourwheel truck, arranged for both lateral and
vertical flexibility to guide the front of the
locomotive in place of the ordinary carrying
pair of wheels of the English construction,
see Fig. 4. This was also to extend the running gear of the engine, to subdivide and distribute the front truck load on the rail for the

1

flexible in the wheel base as to carry sufficient
weight on the driving wheels for adhesion to
pass around sharp curves and ascend gradients
of 40 feet per mile, and superseded the inclined planes worked by stationary engines,
used in the earlier railways.
My tribute to the enduring work of Mr.
Jervis on the Mohawk & Hudson Railroad,

T1IACK WITH ELASTIC SVPI'OITTS

---w.-a.-1111

S4RATOGA

3.

SCHENECTAOY N. R.
1832

~.

(7#-.L&.&.. ~

following driving wheels. The wheel base of
the engine constructed on this important principle was found much easier upon the track
and was extensively copied, and in a few years

for all coming
practice of the
ing four-wheel
tension of the

ij''/I'Z..

time, is for his adoption and
principle involved in the leadtruck for flexibility, and exwheel base of the locomotive
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for subdivided. distributed and constrained
wheel loads on the rails, crossties, ballast and
subgrade. The practice of the principle of a
flexible superstructure on an elastic roadbed,
used on the Saratoga & Schenectady Railroad,
is now followed by all steam railways of the
world.
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Bessemer's grand conception was the application of the fact that one-half of one per cent
of carbon combined with iron made a ductile
steel of greater physical properties than
wrought iron, and as cast iron contained from

Iron Tee Rail Sections

Robert Livingston Stevens in 1830 designed for the Camden & Amboy Railroad a
section of rail, the principle of which combined in one piece the bearing surface for the
wheel treads, the guide for the wheel flanges,
and the strength for the girder, with a base
to rest upon and be spiked to the crossties.
This was the prototype of our present rail
sections, and was rolled in 1831 by Guest
& Co. of Wales. It did not come into general
use on account of the expense for many years,
and then the head was made more pearshaped. The construction of the early railways with iron rails was slow, for at first all
the iron used was imported from England or
Wales.
There were only 23 miles of railway track
in this country in 1830 composed of ~trap
iron rails laid upon wooden or stone stringers,
and only increased to 2818 miles in 1840, as
the frail superstructure of the track had not
taken suitable form for its development; and
strap iron rails were prohibited by law in
New York State in 1844. The physical
properties of wrought iron were sufficient for

Fla. 3 .

"John Bull," HudiOD and Mohawk
Railway, 1831

the installation of the early railways but
inadequate for their development.
Beaaemer'a Invention for Malrinc Steel

Bessemer steel replacing iron rails marks
a distinct epoch in the construction of mileage, maintenance and operation of railways.

Fia. 4. Plrat BotPe ltDame, Saratoaa and Sc:beoec:tady
Railway. Jervia' Four-Wheel Jl'roDt Truck
ltDalne, Built by Robert StephenlOft a. Co., 1833

3~ to 4 per cent of carbon, 1.25 to 2.5 per
cent of silicon, 0.50 to 1 per cent of manganese,
0.03 to 0.06 of phosphorus, a non-ductile
and brittle product, he made a suitable converter and blew air through the bath of molten
cast iron to bum out, first, the silicon and
manganese, then the excess carbon above that
desired for his grade of steel. This direct
method proved only possible with the nearly
pure Swedish irons. It was required in all
other countries to select pig iron in which the
impurities of phosphorus and sulphur would
be 0.1 or under, as required for the grade of
steel, and then decarburize the molten bath
by blowing air through it and subsequently
recarburize the blown metal with the desired
carbon, manganese and silicon contents.
This was a success, and, by the large product
which could be made, rendered possible the
present railway development by the use of
steel rails of greater physical properties and
more homogeneous product, to replace those
of iron of inadequate physical properties.
The use of Bessemer steel rails commenced
in this country in 1863, with imported English brands of 500 to 1000 tons for trial. The
early rails cost $100 to $120 gold per ton,
which, with the premium, made the cost
from $240 to $260 in currency during the
Civil War. The early Bessemer steel rail
sections were from three and one-half to four
and one-quarter inches high, and the weights
ranged from 56 to 60 pounds per yard.
The engineers of the New York Central &
Hudson River Railroad made deflection tests
and in 1870 increased the height of the rails
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to four and one-half inches, and the weight
of the section from 60 to 65 pounds per yard.
Large tonnages of the 65-lb. section were
rolled in England and France, and the third
and fourth tracks were laid with it about
1870 and 1871, and cost from $100 to $110
per ton. These early steel rails were so expensive that the weights of the sections were
rolled as light as was considered safe for
service. They were not stiff, and had small
mechanical properties, and deflected to a

Jl"ic. S. New York Central a. Huda.-xa Rivet" R . R .• 1870

P11. 7. New York Central

a. Hudaxl River R . R., 1892

marked extent under the wheels, and transmitted concentrated instead of distributed
loads to each crosstie. A committee of the
American Society of Civil Engineers, in 1873.
studying the small wear of the rail under the
light wheel loads, came to the conclusion that
it would be desirable to design for economical
reasons what was termed a residual section,
and then add sufficient metal to the top of the
head for several years' wear, sec Fig. 5. They
modified entirely the type of the section,

reduced the percentage of the metal in the
base and used more in the deep head, providing, as they supposed, for many more
years' duration. The question of a section
as an engineering structure for stiffness to
reduce the train resistance and maintenance
was not considered, as it was in advance of
the ideas of the evolution of rail sections at
that date.
The deep, heavy head, and the change from
the thick to the thin base, did not make as

Jl"ic. 6. New York Central a. Hud.on River R. R., 1884

P11. 8. New York Central

a. Hud.on RIVet" R . R.,

1892

safe a girder for heavy traffic, nor result in
an equal quality of metal in the rail, as had
been secured in the shallow head and thick
base of the early sections, to which type we
are now reverting from experience, for
superior girders. The light steel rails, however, enabled the railway companies to save
the cost of renewing the iron rails so often,
and lessened the operating expenses, though
it did not permit much increase in the wheel
loads of the locomotives and cars over those
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used upon the iron rails. The railway
officials were anxious to improve their
tracks and increase the wheel loads of the
motive power and equipment to run faster
and heavier express trains, and also haul
larger freight train loads. I made a track
indicator, with a special 6-wheel truck, to
measure and record autographically the undulations of the rails in the tracks, to determine what was necessary to improve them in
an economical manner.
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.
that the rails were not sufficiently stiff so the

track could be maintained in good condition
for any length of time without constant
attention to surfacing by the trackmen, and
the results of their labor did not become

10~: L8.
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Inspection of Tracks with Track Indicator

I commenced the investigation of the undulation of the rails by my track indicator in
1879. The New York Central at that time
had 472-in. 65-lb. steel rails, see Fig. 5, in
general use upon the main lines, and upon
some of the subsidiary l:nes, 56 and 60-lb.,
and the height was from 4 to 472 inches.
The Boston & Albany had a 472-in. 72-lb.,
and the Pennsylvania, two sections of 472-in.
67-lb.
The diagrams taken from over 10,000 miles
of the Eastern lines demonstrated the fact
that the rails did not have sufficient mechanical properties to distribute the loads in the
wheel spacing to any marked extent, as each
crosstie received nearly the major percentage
of the wheel effects. The crossties cut under
the rail seats with rapidity, which permitted
the light equipment to cause destructive,
expensive and useless injury, while the train
resistance was high, as well as the cost of
maintenance and operation. I added a mechanism in 1881 to sum up the undulations inoo
feet and inches, shown on the large diagrams,
of one inch in length of paper to 50 feet of
track, from which the amount per mile and
section was secured for tabulation, and
afforded definite measures of what labor
could do and what could be expected from
stiff rails in the track.
The investigations by my track indicator
showed on all of the lines that the rails had
taken definite forms in the track, which I
classified under three distinct types: First,
second and third forms of permanent set.
First form: Rails which were low at the
joints and high in the center.
Second form : Rails low in the joints and
center, but high in the quarters.
Third form: Rails more or less wavy on
the surface due to conditions of manufacture.
There were combinations of the first and
second, and the second and third upon a few
rails.
The forms of permanent set also indicated

P'lc. 9. New York Central a. Hud.oa River R. R., 1912

cumulative from year to year. The rails
began to take a set after one or two years
cutting out at the joints under the passing
wheel loads, the unit fiber strains being higher
than in the present stiffer sections. It was
evident that the section should have sufficient
metal for its elasticity to carry the wheel
loads before the permanent set occurred.
·
I designed the pioneer 5-in., 80-lb. steel
rail for the New York Central in 1883,
Fig. 6, to· furnish the superintendents of
motive power and the engineers of maintenance of way a better steel rail section as
an engineering structure than ever before
used. It was, as a girder, 66 per cent stiffer
than the 472-in., 65-lb. section of the New
York Central & Hudson River Railroad,
secured by the addition of only 15 lb. or 23
per cent more metal per yard, and an increase of 72 in. in height for the section. The
rail was rolled in April, 1884, and laid in
July of the same year, on the four tracks
from Grand Central Station to Harlem
Junction, 572 miles. The demonstration of
its value in stiffness was a satisfaction to
railway officials, and soon was followed by
a 5-in., 80-lb. section for the Michigan Central Railway, and a 5-in., 85-lb. section for
the Pennsylvania Railroad. The value of
stiffness in rails as girders was so obvious that
in 1883, after I had designed the 5-in., 80-lb.
section already mentioned, and before it
was rolled, I stated, upon the Boston &
Albany diagrams for the year 1883, that it
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would be possible for them with new stiff
rails on a well ballasted roadbed to reduce the
undulations of the track to between the
fifteenth and sixteenth line upon my condensed diagrams.
I distributed the area of metal for the head ,
web and base of the Boston & Albany 9.'5-lb.
27(5,~1

2a],«.t1

15o,ttV

167,~

~
~~~

a?fX)()

~

,,~
~

P11. 10. ComptriaoD of Total Stre~ae~~ on Wom 5 ~ID., 80 lb.
IIDd Wom 6-in,. tOG-lb. Raila under tbe aame Loc:o·
motive. N . Y.C. a. H .R .R.R., July, 1913

section, which was limited to 5-h inches in
height by the railway company, owing to the
curvature and heavy gradients of the line.
I commenced to roll the rail in 1891, and the
entire line of 200 miles of double track from
Boston to Albany was completed in the
summer of 1897. My inspection of the track
in the autumn showed the average undulation
for the entire track was 15 42/100 lines per
mile upon my condensed diagrams, and confirmed the estimate of 1883, fourteen years in
advance of its consummation.
Stiff and Heavy Rail Sections

I designed a series of stiffer and heavier
rail sections, after the demonstration and
experience with the first 5-in .. 80-lb. by the
New York Central & Hudson River Railroad,
of which the 6-in., 100-lb. section, rolled
March 12th, 1892, has been described. The
5Ys-in., 80-lb., (Fig. 7) of which several
hundred thousand tons have since been
rolled, was over 10 per cent stiffer than
the original 5-in., 80-lb., and some of the
first made in 1892 have just been replaced
by the 100-lb.

I made all my sections with broad and thin
heads joined to the web with %-in. fillets
and 12-in. radii for all sections under 70
pounds, and 14 inches for those which were
heavier. The thinnest portion of the web
was above the neutral axis, to form a larger
junction with the base.
Quality of Metal in the Raila

When I increased the height of the sections
to augment their stiffness for smoother tracks
which would check the deflections and reduce
the area of contact between the wheels and
rails slightly, I knew it would be necessary
to increase the physical properties of the
metal in the stiffer rails to avoid rapid wear
and deformation. I introduced, for that
reason, the low phosphorus 0.06 and 0.56
to 0.65 carbon Bessemer steel for the heavier
sections. The Boston & Albany rails were
rolled in 1891 out of the tougher steel, and I
obtained 12 to 16 per cent ductility in the
metal under the drop test, which had become
obsolete for testing rails until this reinstatement. The specifications were that if 90 per
cent of the butts, one from each heat, should
withstand a weight of 2000 pounds falling
20 feet without fracture, and any of the
remaining 10 per cent gave 4 per cent
elongation per inch before breaking, the heat
would be accepted. Less than 5 per cent of
the heats failed under the 20-foot drop test.
This high grade of steel was made for the
New York Central and Boston & Albany
Railroads from 1891, and continued until
the low phosphorus ores were exhausted in
1898.
The metal was tough and tenacious and
had so large a duration strain factor that but
few breakages occurred in the zero or lower
temperatures of winter, and practically none
in the summer. I rolled over 500,000 tons
of such metal in three-rail ingots for 30-ft.
rails in the 80, 95 and 100-lb. sections. I
commenced in 1893 to mark the top rail
"A," the second "B," and the third or last
rail of the ingot "C.'' The subsequent service in the track furnished the first opportunity to study the wear of the rails from th<'
different positions of the ingots. The practice of the use of a letter to designate the
position in the ingot is general for the railroad companies of the United States for rails
and some wheels and tires.
The "A" rails of Bessemer steel with a
trace of entrained slag and oxides wore
the most rapidly under heavy traffic, but the
breakages were not much in excess of either
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'' B '' or '' C '' rails. It was this fact of the
service tests of fourteen years that enabled
me in 1907 to check the general adoption of
a 20 to 25 per cent discard from the ingot.
Improvements in making the steel and sound
ingots to secure the full ductility of the metal
due to its composition, is now the general
practice and the wasteful discard is avoided.
Reductions of Undulations in the New York Central
& Hudson River Railroad Tracks, From 1881
to 1914

The undulations as summed up by the
track indicator in 1881 on the New York
Central and Boston & Albany Railroads
averaged 8 ft. per mile, though there were
some miles ·of 1272 ft ., and others as low as
5 ft. on new rails. The New York Central &
Hudson River Railroad has a chart showing
the reductions of undulations in the track
from 1881 to 1907, as measured by my track
indicator. A curve also shows the increase
in driving wheel axle loads on the engines.
It is instructive and shows that, as the stiffness of the rails increased, the average undulations of the track decreased from 8 ft. per
mile to 2~ ft. in 1900, while the driving wheel
axle loads increased from 30,000 to 60,000 lb.
before 1907. The undulations of the track
for 1914 are estimated to average about 2
feet or less per mile. The reductions in undulations of the track, by the stiffer sections as
better · engineering structures, have lessened
the generated wheel effects and enabled
heavier wheel loads and trains to be run as
steam railway traction progressed.
The Empire State Express was installed
Oct. 26th, 1891, with Mr. James Buchannan's
100-ton locomotive, and drew four cars of
more than double its weight-the educator
of the world for heavy high speed trains.
The train today is three times its former
weight and is composed of 8 to 10 Pullmans.
Freight trains of 90 to 100 cars of about 4000
tons are now ordinary, as the train resistance
is less per ton for long and heavy trains than
for a single unit run by itself.
It is obvious that such progress in steam
railway traction has been secured only by the
utilization of important principles of construction of the equipment and the permanent
way, which is apparent from observation and
experience. There is, of course, difference of
opinion for the reasons of the results, and the
facts can be learned only by measuring the
strains in the rails under the passing wheel
loads.
The original 100-lb. section, to meet the
progress in transportation, has been increased

to a 105-lb. section, by the addition of fillets
of one-inch radius to join the web and base,
and the web thickened to % of an inch without other changes in dimensions. This was
for additional stiffness and strength, and the
rolling of basic open hearth steel from 0.63
to 0.75 carbon; see Fig. 9. The new splice
bars also fit the original 100-lb. and thus
join in the track the 100 and 105-lb. rail
sections.
The Equilibrium Depreaaion Between the Track and
Wheel Loads of the Palling Locomotives and
Cars

The moving wheel loads of the locomotives
and cars depress the rails, crossties, ballast
and subgrade from the trackman's surface
to the momentary equilibrium depression,
and the specific deflections under the wheel
contacts of the rails on the flexible crossties
are limited by the strains produced in the
metal of the section.
The depression is merely momentary for the
rails, crossties, ballast and subgrade for they
return practically to the trackman's surface
after the train has passed.
THE STREMMATOGRAPH

The stremmatograph is an instrument of
precision which I designed, and completed
its construction in 1897, to determine the
unit fiber strains in the rails when attached
to the base between the crossties under
moving trains. It is the function of the
stremmatograph to make autographic records
of the longitudinal unit fiber strains of the
elasticity in the metal of the rail section
exercised in the base, due to the action of
each individual moving wheel load, and its
reactions on the flexible supports in the
ballast and subgrade. The strains in the base
are balanced in the head by those of an
opposite character. The strains for a given
unit length in the spans of the bending rail
controlled by the wheel spacing of the equipment reverse above and below the neutral
axis of the section for each passing wheel
as a rule, consequently there is a series of
alternating unit fiber strains to balance the
stresses set up in the metal of the section to
carry the wheel load effects. The unit fiber
strains or balanced stresses developed in two
different rail sections as simple beams of
like sections on rigid supports and load are
inversely proportional to their respective
moments of inertia, according to the laws of
mechanics.
The tests on 80 and 100-lb. rails with the
stremmatograph show for the entire wheel
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base of the same locomotive with smooth
wheels, that the above law of mechanics is
equally true for the sum of all the unit fiber
or balanced stresses per individual wheel, in
two rail sections of different moments of
inertia, on the flexible crosstie supports in
the equilibrium depression of the ·track,
until a speed is reached where the weaker
section develops wheel effects in a faster
ratio than the stiffer rails. The track construction and roadbed must be similar for
both sections of rails; see Fig. 10.
The comparative tests were made on the
New York Central & Hudson River Railroad
at Coldwater, N.Y., July, 1913, upon a worn
5Ys-in., 80-lb. rail rolled in 1892 and laid in
track No.3, and a worn 6-in., 100-lb. rail rolled
in 1905, and laid in track No. 4, by the side
of track No. 3. The worn 80-lb. rails bad
carried over three hundred million tons of
traffic, and. the worn 100-lb., one hundred and
thirtv-five million tons. The moment of
inertia of the 80-lb. rail had been reduced
from 28.54 inches to 26.34, according to the
profile of the head, and were 30-ft. lengths
spliced with 36-in. angle bars for a 3-tie
supported joint. The moment of inertia of the
100-lb. had been reduced from 48.54 inches to
46. 77', while the rails were 33 ft. long and
spliced with 36-in. bars for a similar joint to
the 80-lb. rail.
The ballast was gravel under each track,
and the tests were made against the direction
of the traffic on the 80-lb. rail owing to conditions bevond control, but with it on the
100-lb. raii.
The engine was a Mikado; the wheel base
was 2-8-2; the total weight of the locomotive was 491,300 lb.; and the total length of
wheel base was 68ft., 11 in. Its tender had
the usual two pairs of four-wheel trucks, a
total of 10 wheel contacts upon one rail.
The locomotive was nearly new; the drivers
and wheels were of normal rotundity, which
rendered possible speeds from 672 to 60 m.
p.h., without the generation of large wheel
effects.
The total stresses of each of eight tests
upon the worn 5 Ys-in., 80-lb. for one rail,
and six tests upon the worn 100-lb. rails for
a range of speeds from 672 to 45 m.p.h.- 140
different wheel effects for the two sectionscompare within 1.52 per cent of being in'·ersely proportional to the moments of
inertia of the worn rails. Single experiments
upon each section of rail for the same speed
are within less than 1 per cent of the theoretical comparison. This is proof that the

metal in the 80-lb. section after its 21 years
of service, owing to its quality, has riot
deteriorated in elastic properties in the
slightest degree.
These tests involve also another law of the
moving locomotive, ascertained by the stremmatograph, namely, the moving locomotive
as a machine on good track, distributes its
total load through its center of gravity to the
several but individual wheel contacts on the
rail. Fig. 10 shows the comparative diagrams of the average total stresses for the
eight tests on the 80-lb., and six tests on the
100-lb. rail. The mean of the total stresses
per test on the 100-lb. rail was 157,600
pounds, and on the 80-lb., 276,261 pounds,
and would be double in each case for both
rails of the track.
The diagrams show the comparative value
of the two sections as engineering structures,
for the crossties, ballast and subgrade receive
greater intensity of pressures, and must
furnish .more support for the 80-lb. than is
required for the 100-lb. rails. The capacity
and stability of the track of 80-lb. rails is
less than that of the 100-lb., and therefore
exacts more labor in maintenance, for in the
practice of engineering the roadbed is
strengthened by the 6-in., 100-lb, rail. The
rail section on its flexible crosstie supports
with its several distributed wheel loads, by
the experimental proof in the track of the
stremmatograph, follows the laws of mechanics for a single deflection, with the advantage of the acquired constraint per wheel,
and it is one reason why, mechanically, that
it has been possible to secure the present
progress in steam railway traction.
Jervis's principle of subdivided and distributed loads has empowered, without injury
to the rails and roadbed, the use of a heavier
total load for adhesion and expended tractive
effort to be distributed through several wheel
contacts for locomotives and electric motors,
than was formerly possible through a single
pair of drivers, or the 4-4-0 class of locomotives. The wheels of the engine and
tender must be included for the total stresses
of the steam locomotive, therefore the tender
running gear must be included for the wheel
effects for each class of locomotives. The
4-4-0 would have the following designation:
4-4-0+4-4, or eight wheel contacts on one
rail. This class has been superseded by the
4-4-2+4-4 for heavy passenger service, and
this in tum by the 4-6-2+4-4 class. There
are a number of railwavs with mountain
gradients and rails of ~0-lb. or less per yard,
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where the class of locomotives of 4-8-2+4-4
is used to advantage. For freight service
of slower speeds and larger train loads, the
Mikados of 2-8-2+4-4, are in general use,
and a class of 2-10-2+4-4 are employed when
a larger tractive effort is required. The
loading and constraint of the rails in the
equilibrium depression would be still better
with a class of 4-10-2+4-4 wheel base and
drivers about 57 inches in diameter.
Basic Open Hearth Rails

The progress in transportation during the
past few years has required the replacement
of Bessemer rails of 0.10 phosphorus and 0.50
carbon, by basic open hearth steel of 0.04
phosphorus and 0.63 to 0.75 carbon, for 100-lb.
rails or over, to secure a duration strain factor
of the metal which would ~arry the high speed
trains in temperatures of 30 deg. below zero
without fracture of the rail, as so frequently
occurred in Bessemer steel.
The unit fiber stresses of 18,000 to 20,000
pounds under a driver at 30 m.p.h., would
be applied from zero to the full amount in
about 0.04 of a second, and at 60 m.p.h. it
would be 0.02 of a second from measurements
by the stremmatograph. This is quick time
for the application and distribution of so
large unit fiber strains which are balanced
by the limited stresses set up in the metal.
The basic open hearth rails, from the experience with them in the track, prove to have
a greater duration strain factor in the metal
than it was possible to secure in all of the
0.10 Bessemer steel rails at the low temperatures. The rails are made under the specifications for the New York Central Lines
elongation and ductility tests for basic open
hearth steel rails which were introduced in
1910, to secure those of the maximum ductility, purity and homogeneity of the steel,
due to its chemical composition for service
in temperatures 40 degrees below zero F.
The drop tests are made from each melt,
one from the crop of the top bar of the second ,
middle and last full ingot. The crop, 4 to
6 feet long, is stamped with a spacing bar of
six l-in. spaces in the center of its length on
the base, head or side, as desired.
Each butt for basic open hearth rails for
acceptance of the melt, must show under the
drop of 18 feet for the 80 and 90-lb. sections,
and 20 feet for the 100-lb. section, at least
6 per cent elongation for one inch, or 5 per
cent for two consecutive inches before
fracture. The elongation of each of the six
spaced inches is measured by a flexible rule,
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divided into hundredths of an inch, therefore the increased one-hundredths after the
drop give the percentage of elongation per
inch of the metal. The ductility is completely
exhausted in one test for each melt, and is
made in rotation from the different ingots
in succeeding melts. The melter has the
ductility of the last melt, before he. taps
another from the same furnace, which has
enabled a greater uniformity of the steel to be
obtained than was possible before the tests.
The specifications for the ductility tests
have been adopted by the American Railway
Engineering Association for use by the railroads in the United States.
The Wheel Problem

The wheel consists of a tread constructed
of uniform radius revolving upon its axis
of lesser rolling and with less axle friction
than would be produced by sliding on its
support, and is the mechanical embodiment of a principle for transportation so
ancient that its origin is unknown. The
wheels and drivers are the only contacts on
the rails to support and carry the equipment,
and it is requisite that the material of their
treads should be homogeneous and able to
maintain their rotundity for a considerable
length of service.
A 36-in. wheel makes 560.2 revolutions per
mile, and for a static load of five tons the
repetitions upon the metal of the tread are
equivalent to 2801 tons per mile. To run from
New York to Chicago, the applied · static
tons per mile equal 2,718,164 mile-tons per
wheel for the trip, exclusive of generated
wheel effects.
The New York Central Lines are giving
special attention to the wheel problem by
measuring the wear and deformation on
thousands of sections of marked wheels to
secure a metal in the wheel treads which· will
maintain their rotundity under the large
mile tons of service and the action of the
brakeshoes to control the trains.
Electric Traction

The principles and practice elucidated by
the stiff rail sections for steam railway practice apply equally to electric traction. The
latter has the advantage for city traffic, for
imbedded girder rails on rigid supports with
welded joints can be used to carry millions of
tons of traffic, before the track requires
adjustment or renewal of the rails.
Electric traction has rendered possible the
large underground terminals like the New
York Central & Hudson River, the Penn-
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sylvania and the Hudson & Manhattan
Railroads, and the subways in New York
City. The 10 and 12-car multiple unit
trains with 2 to 5 minutes headway, and all
the appliances for safety of control in their
movements, are models of electric traction.
The trolleys in the cities and country roads
are usually constructed with light T rails
which could be replaced with advantage by
stiffer sections.
The electrical engineers have the unique
problem of developing motors on similar
principles to those that determined the evolution of the steam locomotive.
Resistance of Steel Raila aa Electric Conductors

The 70-lb. contact rails for the Grand
Central Terminal were made of Bessemer
steel in 1905, and continue to the present
time, of the following desired composition :
Carbon . . . ... . . .... 0.10
Manganese .. ... .... 0.40
Silicon .. . . . .. ... ... 0.05 or less
Phosphorus not to
exceed . ..... ... . . 0.10 and as much less as possible
Sulphur not to exceed . . . . . . .. .... . 0.08 and as much less as possible.

The manganese was just sufficient to roll
the steel which gave a resistance of 8 to 8~
times that of copper. The resistance in some
of the recent Bessemer 70-lb. contact rails
is from 9 to 10 times that of copper, though
the higher figure is from the upper part of
the ingot, and doubtless was rolled cold.
The resistance of a 70-lb. New York Central
& Hudson River Railroad standard section
of the ordinary composition for the rail was
12.5 times that of copper; of the 100-lb.
Bessemer, 11 to 12 times; while the 105-lb.
section in basic open hearth steel is only
about 10.6 times.
Basic open hearth 70-lb. contact rails can
now be obtained of about 0.10 carbon, but
with phosphorus and sulphur each under
0.04, in which the resistance is guaranteed to
be not over 7 times that of copper. This
needs confirmation for the steel of the entire
ingot.
The strap iron rail with its 6 by 6 inch
wooden stringer for the girder of the Mohawk
& Hudson Railroad of 1831, and the 6-inch
steel section of 1892, are historic illustrations of the progress of railway transportation
as governed by the rail section.

Twentieth Century Limited
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'!HE. ELECTRICAL OPERATION OF THE BUTTE, ANACONDA
& PACIFIC RAILWAY
Bv J. B. Cox
RAILWAY AND TRACTION ENGINEERING DEPARTMENT, GENERAL ELECTRIC COMPANY
The author wishes, at the outset, to gratefully acknowledge the assistance of Mr. H. A. Gallway, General
Manager of the Butte, Anaconda & Pacific Railroad Company. li is through his co-operation and effort that
the operating data given herein are made available. Information of this character has seldom been published
and that it is here given to the public is a tribute to the broad sighted policy of Mr. Gallway's company.
This article gives a description of the work done and nature of the operating conditions. The direct comparison of the operati~ costs before and after electrification are of the utmost value as showing what may
be expected from electnfication even in such a severe character of service. This paper was read before the
Pacific Coast Convention of the A.I.E.E., at Spokane, Wash., on September 10, 1914.-EDITOR.

AnaT HEcondaButte,
& Pacific
Railway was built in
1892 principally for
the purpose of conveying the ore from
the mines at Butte
to the Washoe smelter, which had been
located at Anaconda,
twenty-six miles west
of Butte, where an
abundant supply of
J. B. Coz
water, so necessary in
the reduction of the
ore, was obtainable. The tracks connecting
Butte and Anaconda constitute the main line
which is approximately 25.7 miles in length.
As the mines are mostly around the top of

Butte Hill, and the shafts through which the
ore is hoisted to the surface are scattered over
a considerable area, yards were built at a
convenient point on Butte Hill for the
concentration of the cars containing the ore
from these shafts, as well as to serve as a
distribution point for the supplies to the
mines.
A branch locally known as the
Missoula Gulch line, see Fig. 2, was built
from these yards to connect with the main
line at Rocker where yards were also established.
Since the concentrator at the smelter is
also on a hill, at an elevation of approximately
340 ft. above the main line, it was advisable
to establish another yard at East Anaconda
from which to distribute the ore and other supplies to the different centers on Smelter
Hill. The lines from these yards at1_East
£o,e/fut(~ Htlll.J..r-
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Anaconda to the smelter are known as the
Smelter Hill lines, the longest branch of which
is that leading to the concentrator which is
about 7}4 miles in length. Two spurs lead
off from this main track, one to the stock bin
yards and the other to the copper tracks;
s€'e Fig. 4.

A total of 27 steam locomotives were owned
by the railway company, classified as follows:
7
Switching . . . . . . . . . . . . . . . . . . . . . . . .
Consolidation . . . . . . . . . . . . . . . . . . . .
8
Mastodon . . . . . . . . . . . . . . . . . . . . . . . 10
Passenger. . . . . . . . . . . . . . . . . . . . . . . .
2
The coal used on the steam locomotives
was obtained from the mines
at Diamondville, Wyoming,
and had to be transported
approximately 395 miles for
()(ITJ.IN(NAPtJrRYL!IffSIJNBUTT£HILL
delivery to the bins of the
"'"'
Ctlil ({IKJ¥ OT tJii'£ liND
IJCL/Vt:RY (IT SVPPl!t."S
railway company at. which
point its average cost was
approximately $4.25 per ton.
The machinery at the
mines and the smelter had
mostly been electrified, and
the results had been so satisfactory that the railway company had a study of their
conditions made for the purpose of investigating the
advantages that might be
expected from the electrification of their lines. The
result of this was the placing of a contract in December, 1911, with the General
Electric Company for the
electrical equipment of the
main portion of their line
consisting of the main line,
spurs and yards between
Butte and Anaconda, the
Missoula Gulch line between
Rocker and the Butte Hill
Pia· 2. Outline Map of Railway Linea on Butte H iU for Collec:t:ion
of Ore and Delivery of Suppliea
vards, and the Smelter Hill
iines. Owing to local conditions on the spur tracks leading to the
From the Butte Hill yards spur tracks
various mines from the Butte Hill yards it
radiate about Butte Hill to the shafts of the
was thought advisable not to electrify these
various mines and to other points where
until a later date.
supplies are to be delivered; see Fig. 1. Bins
Three of the steam switching locomotives
for receiving ore, as it is hoisted from the
listed above were used daily on Butte Hill
mines, are located near each shaft and from
for collecting ore from, and delivering supplies
these bins the ore is loaded into hopper
to the various mines from the Butte Hill
bottom steel ore cars of 50 tons capacity each.
yards. The Georgetown extension to Southern
These loaded cars are delivered to the Butte
Cross, 22.9 miles west of Anaconda, was
Hill yards where they are made up into trains
under way at the time; but as it was expected
and taken down to the Rocker yards where
that only a few trains per week would take
they are made up into still larger trains and
care of the traffic over this branch for some
taken over the main line to the East Anaconda
time, its electrification was not seriously
yards. Here the trains are broken up to be
considered in the original study.
transported in smaller units up Smelter Hill
It is fair to assume that a vital considerato the concentrator yards. Thus practically
tion leading to the electrification of this
all of the ore cars are handled by five different
railroad was the rapid development and
l' ngine crews between the ore bins at the mines
physical consolidation of a network of hydroand the receiYing bins at the concentrator.
at~TIIm£D l.IN£S - ~tr~- r/fi,.I!.:J

--
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electric power plants in the territory tributary
to the railroad.
·
A contract for the power for the operation
of the road was made with the Great Falls
Power Company, which, operating under the
same management and in physical connection
with the system of the Montana Power
Company, was enabled to guarantee an ample
supply of power at all times with exceptional
freedom from interruptions to service and
at a reasonably low price.
The tracks recommended to be electrified
totaled approximately 90.5 miles, all of which
are supplied with power from two substations,
one being located in the Missouri River
Power Company substation on Butte Hill
and the other in the substation building on
Smelter Hill, from which electrical power for
operating the machinery there is distributed.
At each of these substations there was vacant
space for the location of the extra apparatus
required for the operation of the railway,
and the transformer capacity already installed
at each place was sufficient to meet the extra
demand required for the operation of the
railway.

..

Power

.•

The Anaconda substation is connected
with the Butte substation by three high
tension trunk lines. The Butte substation
receives power over five separate transmission lines from six hydro-electric stations
of the following rated capacities:

.•.

~\

z--e---«-

Big Hole development .... . . 3,000
Madison River development 9,000
Canyon Ferry development 7,500
Hauser Lake development . . 14,000
Black Eagle development . . . 3,000
Rainbow development . .... . 21,000
Total . . ..... ...... .... . . 57,500

kw.
kw.
kw.
kw.
kw.
kw.
kw.

60-ft.
110-ft.
35-ft.
60-ft.
44-ft.
110-ft.

head
head
head
head
head
head

There is also now under construction the
Great Falls development, with a capacity of
()0,000 kw. and with a 155-foot head; see Fig.
7.

Map of Miaoula Gulch Linea, Rocker to
Butte HiD Yards

All of these plants are on the Missouri River
water shed, and operate with a free interchange of power, and all, except the first, are
located in a series below the new Hebgen
reservoir, now being completed on the head
waters of the Madison River, with an
available capacity of 300,000 acre-feet of
storage.
The individual plants are also provided
with storage reservoirs aggregating 125,000
acre-feet of total available storage capacity.
All of these reservoirs operating under one
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control are capable of developing from stored
water alone, in addition to the power otherwise available from the natural flow of the
river, the equivalent of about 100,000 electrical horse power for a period of 100 days.
In view of this development, the generally
recognized advantages of purchasing electric
power from a large operating system, instead
of developing the required power independently, were readily apparent in the case of
the Butte, Anaconda & Pacific Railway. The
railroad was relieved of all the first cost of
development and transmission of power, and
of all operating expense up to the point of
delivery of power to the two substations.

,-

due to possible failure of any part oi the
generating or transmitting system of the
power company. The enormous inertia or
flywheel effect of the motor loads connected
to the power system maintain extremely
steady speed and voltage under the most
extreme variations of load on the railroad.
Subetation

The original equipment of each substation
was practically the same, consisting of two
1000-kw., three-unit motor-generator sets
with the necessary starting and operating
devices. Each motor-generator set consists
of a 1450-kv-a., three-phase. 60-cycle, 720-

i

MAf'OF
SM:L TER HILL LINCS
BUTTE. ANACONDA R PACif•C AY.

... - ·-~

Fia. 4.

Map of Smelter HiU Lines

The cost of the delivered power is less than
it would have been from an independent
development, because the power company is
enabled to operate large generating stations
at a relatively high load factor (about 75
per cent), whereas an independent plant
purely for the operation of the railway would
have to operate in this case at about 30 per
cent load factor, with correspondingly high
fixed and operating charges per kilowatt-hour
actually used. The large number of generating
stations and the complete network of transmission lines already developed by the
power company afford ample insurance
against the interruption of the railroad service

r.p.m. synchronous motor coupled direct to
two 500-kw., 1200-volt direct current generators, one at either end, the two generators
operating in series and supplying 2400-volt
direct current to the trolley lines. The
generators are compound wound and have
compensating pole face windings as well as
commutating poles.
The series fields are
connected on the grounded side of the armatures while the main fields are separately
excited from a 125-volt circuit. The motorgenerator sets are capable of carrying overloads up to three times normal load momentarily and 50 per cent overload for two hours.
The value of this characteristic will be
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mounted on projections provided on the
appreciated when it is noted that each electric
wheel centers for the purpose, and in general
locomotive unit has a continuous rating of
mechanical design are similar to the electric
approximately 900 kw., or almost equal to
that of a single motor-generator set,
and frequently 16 of the 17 units ~'-""'---+---~- -~ _- --_
I purchased are in service simultat'IIIWJ£NSm,.,ar
neously, 11 of which are concentrated
.,
at the Anaconda end at intervals.

-=r--

Locomotives

Seventeen 80-ton electric locomotive units were purchased originally,
fifteen of which are being operated
in freight service and two'in passenger service. These units are prac..s
tically interchangeable with the exception of the gearing, the passenger locomotive being geared to operate normally at 40 to 50 m.p.h.,
while the freight locomotives are 1------+---geared to operate at from f5 to 25 ..-.---:>1:-----7-- - z - m.p.h., the maximum free running ~--~--~----~----1
speed being approximately 35 m.p.h.
JI"JC. 6. Condenaed Profile of Smelter Hill Line.
The continuous tractive effort of
the freight units is 25,000 lb., at
15 m.p.h., but they are capable of exerting
locomotives in operation on the Great
a maximum tractive effort of 48,000 lb .•
Northern Railway, the Detroit River Tunnel
Railway and the Baltimore & Ohio Railroad.
Each unit is equipped with four GE-229-A
commutating pole motors, wound to operate
at 1200 volts each, but insulated for 2400
volts, so that two are connected permanently
in series and the four are arranged in pairs,
thus securing the usual two running points,
with the difference that on the series position
all four motors are in series and in multiple
position the two pairs arc connected in seriesparallel.
The horse power of each motor on the
standard rating is approximately 300 h.p.,
making the hourly rating of each locomotive
unit about 1200 h.p. The control equipment
is of the multiple unit type and provides a
total of 19 steps, ten of which are in series
and nine in series-parallel. The 2400-volt
contactors, switches, fuses, etc., are located
in enclosed compartments where they can be
reached only by deliberate effort.
The
current for the operation of the control
equipment, the air compressor and the lights
on the locomotive, as well as the lights on the
passenger coaches, is supplied by a 2400,600volt dynamotor located in the main compartli"JC. 5. Coodenaed Proftle of Miuoula Gulch LiDe
ment of each locomotive unit.
for 5-minute intervals, based on a co-efficient
A blower which provides artificial ventiof adhesion of 30 per cent.
. lation for the main motors and the rheostats
All the locomotive units are of the articuis direct connected to the armature shaft of
lated double-truck type, with twin gears
this dynamotor. The principal data and
,....,....,~J-,

f--=t~+
j
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dimensions pertaining to the electric locomotives are as follows :
Length inside of knuckle~ . . . .
Length over cab. ..... . . . .
Height over cab . . ... ....... . .... .
Height with trolley down.
Width overall .... . . . . ... .
Total wheel base . .. .
Rigid wheel base . . . .
Track gauge .. . . .. ... .. .. . .... . . .
Total weight .. . . .. . . . . .
.. .
Weight per axle .... . . . . . .. . ...... .
Wheels, steel tired ... . .. . .. . ... .. .
Journals . .. ...... . . . . ... . ... . .. . .
Gears, forged rims, freight locomotives . ... . .... . . ... .. . . . . . . . . ..
Gears, forged rims, passenger locomotives . ... . .. . . . .. . . . . ... . .. . .. .
Pinions, forged, passenger locomotives .. .. .... . . . . . . . . . . . . . . . . . . .
Pinions, forged, freight locomotives
Tractive effort at 30 per cent coefficient .. .. .... . .. ..... . .. .. .... .
Tractive effort at one hour rating . . .
Tractive effort at continuous rating
Operation

37ft. 4 in.
31 ft.
12 ft. 10 in.
15 ft. 6 in.
10ft.
26ft.
8ft. 8 in.
4ft. 872 in.
160,000 lb.
40,000 lb.
46 in.
6 in. by 13 in .
87 teeth

80 teeth
18 teeth
25 teeth
48,000 lb.
30,000 lb.
25,000 lb.

Work on the electrificatiQn began in the
spring of 1912 and the first electric locomotive
was run in Anaconda on May 14th, 1913,
about a year later.
On the 27th of May two ore trains
were hauled up Smelter Hill with electric
locomotives and on the following day, May
28th, a double-unit electric locomotive took
over the regular day service of hauling the
ore from the East Anaconda yards to the
concentrator yards ; the distance between
being approximately seven miles. The ruling
gradient is 1.1 per cent and is compensated.
The grade is fairly uniform through the
entire distance ; see Fig. 6.
The steam
locomotives used in this service were of the
Mastodon type, weighing 108 tons, 83 tons
of which was on the drivers. The weight
of the tender loaded was approximately 55
tons, making the total weight of locomotive
and tender about 163 tons, which would
average closely to the weight of the doubleunit electric locomotive superseding it. The
steam locomotive ordinarily made six round
trips per shift, hauling 16 loaded ore cars per
•
trip, equaling 96 cars per shift.
The average time for the trip from East
Anaconda to the concentrator yards with
16 loaded cars for the steam locomotive was
about 45 minutes. The double-unit electric
locomotive began only 16 cars per trip but
made 8 trips per shift, delivering 128 cars
per shift. The average tiine for the uphill
trip with the electric locomotives was about
22 minutes or approximately half the time
required by the steam locomotive for the same

number of cars. Empty cars were taken to
East Anaconda on the return trip which
being all down grade, gave the electric
locomotive no decided advantage, as the
speed in either case was limited to about
25 m.p.h. for safety on account of the curves
in the line. The number of cars hauled per
trip with the electric locomotives in the
beginning was kept the same as it had been
with the steam, for it had been decided
to make the change-over by gradually replacing one steam locomotive at a time with an
electric locomotive, taking the engine crew
off the one and placing it on the other; thus
breaking them in on the electric locomotives
in regular servie!'!.
One of the regular steam engineers had
been given special instructions on the electric
locomotives during the trial running in order
that he might become competent to act as
instructor to the other engineers until they
were sufficiently familiar with the electric
locomotives to be left alone.

\ ..
.,_.f,Ndt11'1'1t1fiiRJN
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Fi1 . 7. Power Developmenb of the Montana Power Compoony
and Great Falla Power Company from which Electrical
Power for the Operation of Butte, Anacoada
and Paci&c Railway ia pun:""-!

The load per trip in this service was
gradually increased from 16 cars to 25 cars,
which is to be the standard for the present.
The average time for the uphill trip with
25 cars is about 26 minutes, so that eight
trips per shift is easily made, making a
delivery of 200 cars possible, or an increase
of slightly more than 108 per cent over what
had been possible for the same crew with
steam locomotives. These loaded ore cars
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average from 70 to 72 tons each, making the
trailing load for a 25-car train from 1750 to
1800 tons.
On arrival at the concentrator yards, the
ore trains are taken by a switching engine
called the "spotter," which places it, one car
at a time, over the weighing scales; after
which they are re-arranged for placement
over the concentrator bins from which the
ore is fed by gravity to the crushers.
On June 20th this spotting service was
taken over by a single-unit electric locomotive
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capacity per crew was so much greater that
it was no longer necessary to have a" spotter"
crew on the night shift, so that this crew was
eliminated and the night crew hauling the ore
up Smelter Hill did their own spotting on
arrival at the concentrator yards, it being
no longer necessary to make the regular
number of trips. Thus where formerly during
steam operation four engine and train crews
had been required, with electric locomotives three similar crews were able to do
the same work and in less time, thereby
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and on July 2nd the night service up Smelter
Hill was taken over by the double-unit
electric locomotive. The steam locomotive
used for the spotting service was of the consolidation type and weighed 93 tons, 83 of
which was on the drivers; the tender weighing
loaded 62 tons, making the total weight of
engine and tender, 155 tons. The steam
locomotive used in the night service on
Smelter Hill was similar to that used in the
day service. When the electric engines were
put on the night service all the handling of
ore between East Anaconda and the concentrators was done electrically and the hauling

reducing the number of crews· required m
this particular service by 25 per cent.
On July 9th the stock bin engine was
replaced by an electric unit. This engine is
engaged mostly in a switching service, placing
cars of coke, coal and other supplies at the
smelter. The type of steam engine used here
was the same as that used for the "spotter"
service described above.
Another engine, locally known as the
"tramp," because of the irregularity of the
time or place of its service, was partially
replaced on July 24th. As some of the tracks
over which this engine had to operate 11t
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times had not been equipped with overhead
wires, the infrequency of their use not warranting the expense, and as other conditions
made it necessary to keep one or more steam
locomotives in operation, the service of this
electric unit was intermittent. This practically completed the electrification of the
Smelter Hill service and no further extension
of electrical operation was made until October,
as the trolley construction on the main line
was not completed until that date.
On the forenoon of September 30th an
inspection trip was made over the main line
from Anaconda to Butte and in the afternoon
a special train carrying officials and visitors
from a neighboring road was taken from
Butte to Anaconda and return by one of the
electric locomotives intended fer the passen-

==o- = = =

~--_---c

==-=--=----====- ========= = =c-==-== -==-=-===--==
DELAYS ON ACCOUNT OF

No._ of
Trams

I Meeting Points
Hr.

- - - -- - -- 1 - - - - -Steam, 1913 . . . . . .
Electric, 191A.. . . .
Decrease . .. . . .. . .
Percentage of saving due to electrical operation .

cent in favor of the electric locomotives
with approximately the same weight on
drivers in each case. As had been done in the
freight service the steam engineers in the
passenger service, were transferred from the
steam to the electric locomotives with but
little previous instructions, and after the
first day or so were left mostly to themselves.
It may be of interest to note here that on
the day shift, averaging four trips per day,
during the first five months the passenger
train did not come in late a single time on
account of engine trouble. A comparison
of the delays to the passenger trains for the
month of June, 1913, with steam operation
with the same month with electrical operation
in 1914, is shown in Table 5. The results
from Table 5 are given below.

272
280
8*
2.94* 1

Min.

Power
Hr.
Min.

I Engine Failure I Lost Run Time

TOTAL DELAYS

1

Hr.

Min.

I

ALL CASES

Hr.

Min.

Hr.

Min.

4

13
25
48

20
5

46
10

- -- - -- - - - - - - _ _ _ ,_ _ _ - - -

15

49

3

54

11

55
75.66

44
24
20

27
27.
45.45

3

90.10

1 ~--~-

I

75.12

*Incre&M.

ger service. On October 1st the regular
passenger service between Butte and Anaconda was taken over for electrical operation.
The steam locomotives used in the passenger
service weigh approximately 80 tons, 60
tons of which is on drivers; the tender
loaded weighing 52 tons, making the total
weight of engine and tender 132 tons. The
distance between the Anaconda and Butte
stations is 25.7 miles, and the schedule time
for the trip is one hour. No change has been
made in this time though a reduction of
20 per cent would be possible with the electric
locomotives were such desired. The standard
passenger train consists of one mail and
baggage coach and two to four passenger
coaches, but as many as 12 passenger coaches
are handled by a single electric unit on
special occasions, such as excursions and on
holidays.
The baggage coaches average approximately 40 tons in weight and the passenger
coaches 45 tons each, making the gross weight
of the three-car electric train approximately
210 tons, whereas that of a similar steam
train was 262 tons-a reduction of 19 per

June was taken at random for a comparison, as that month's records were still in the
office file, but the results are considered
representative of general performances.
On October lOth a double-unit electric
locomotive was put in the day freight service
on the main line between' East Anaconda and
Rocker, a distance of 20.1 miles. The steam
locomotive replaced in this instance was of
the Mastodon type weighing 103 tons, 77 tons
of which was on drivers, the tender loaded
weighing 55 tons, making the total weight of
locomotive with tender 158 tons. The
standard train hauled on the trip west was
50 to 55 loaded ore cars weighing approximately 3500 to 4000 tons gross, and the
average running time of such trains, where no
stops were made, was about 1,72 hours, corresponding to an average speed of approximately
13.4 miles per hour. In the beginning the
electric locomotive took only the standard
train but made the trip without any stop in
about one hour, corresponding to an average
speed of 20 m .p.h. The ruling gradient on
the westward trip is 0.3 per cent and about
half the distance is down grade. On the 0.3
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per cent grade with a 55-car train, the steam
locomotive made about 7 m.p.h. The electric
locomotives with a similar train now make
about 16 m.p.h. on the same grade.
The weight of the trains hauled by the
electric locomotives on this run have been
gradually increased up to 65 loaded ore cars
averaging about 71 tons each, making the
gross weight trailing about 4620 tons. Adding
160 tons for the weight of the double-unit
electric locomotives and 20 tons for the
caboose makes a gross train weight of approxi.,.
mately 4800 tons.
The remainder of this main line freight
service was gradually taken on during the
months of October and November, thus
completing the electrification of the main
line service. As many as 76 ordinary freight
cars loaded with coal, coke and general
merchandise have been taken in a single
train on the west bound trip, and 85 empties
are frequently taken from East Anaconda
to Rocker east bound, the ruling grade being
1 per cent.
Table 4 gives comparative results for the
month of June, 1913, with steam operation
and the same month in 1914 with electrical
operation of this main line service, showing
that with a slight increase in the total tons
of ore hauled the average tons per train was
increased from 1761 to 2378 or 35 per cent,
thus decreasing the average number of trains
per day from 12.5 to 9.3 or 25.6 per cent.
Table 3, giving a comparison of the time
per trip for these trains, is representative
of the gain in this direction to be added to
the decrease in the number of trains. The
average time per trip during steam operation
was approximately two hours, twenty-five
minutes, while with the electric locomotive
it was approximately one hour, forty-five
minutes, showing a decrease of forty minutes
or 27.5 per cent. These figures represent the
time put in by the crews between Rocker and
Anaconda, the distance being 21.8 miles.
The result of these improvements is
indicated in Tables 1 and 2 which show
that the overtime in this particular service
has been decreased 73.5 per cent and the
total time 42 per cent, resulting not only
in greater economy ta the railway company,
but in shorter and easier hours for the crews.
The service on the Missoula Gulch line,
running between Rocker and Butte Hill
yards, was taken over for electrical operation
on October 20th. This line is 4.5 miles in
length and the ruling gradient is 2.5 per
cent; see Fig. 5. The steam locomotives used
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on this line were of the Mastodon type,
weighing 106 tons, 87 tons of which were
on the drivers, the tender loaded weighing
56 tons, thus making the total weight of
engine and tender 162 tons. Tvw complete
crews had been required to handle this
service during steam operation averaging
six trips per day each. A single crew with a
double-unit electric locomotive has been doing
this work successfully. Thirty-five to fortyfive loaded ore cars are taken down from
Butte Hill yard to Rocker and about an equal
number of empties taken up. In addition to
the empties large quantities of timber and
supplies for the mines are delivered over this
line.
On November 25th the last of the electric
locomotive units went into service, thus completing the electrification originally intended. The full electrical service has, therefore.
now been in operation more than nine months
and that on Smelter Hill more than 15
months, so that the total locomotive miles
operated would be. approximately close to an
average year's performance.
This was the first installation of 2400-volt
direct current apparatus for the operation of a
railway in this country, 1500 volts being the
highest heretofore installed for such purpose.
The results have been more satisfactory than
had been anticipated, and the development
charges due to such imperfections as usually
show up during the first year of operation
have been perhaps smaller than is customary
with an undertaking of like magnitude, even
where standard apparatus is used.
Difficulties especially attributable to the
higher potential have been negligible, and,
while there have been occasional instances of
arcing and flashing or short circuits due to
ordinary causes the resulting damages have
been really smaller than might be expected
from a like occurence of a 600-volt installation
of equal capacity.
The original brushes supplied in the motors
chipped badly and before all these had been .
replaced it was often found, when the units
were brought in for regular inspection, that
some of the brushes were broken all to pieces,
and while there was evidence that a flash-over
might have occurred sometime no harm
had resulted other than the blowing of the
motor fuse. On the replacement of the fuse,
the engine was continued in service until its
regular time for inspection, when the cause
of the fuse blowing would first be discovered.
The fact that the locomotives continued
in service thus is sufficient evidence of the
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harmlessness of the arc-over and in no
instance of the kind has any real damage been
done. The locomotives have made from
25,000 to 50,000 miles each, and without
exception the motors are in excellent condition. The wear on the commutators is imperceptible and the general performance of the
entire equipment is quite as satisfactory and
promising as that of any railway equipment
with which we have had experience in similar
service.
The overhead construction has been quite
satisfactory and a recent examination of the
trolley wire shows no indication of unusual
wear. The roller pantographs are operating
quite successfully, the average life being from
10,000 to 12,000 miles per roller. Where a
double-unit locomotive is operated the two
pantographs are connected electrically by a
main bus line, and the average current
collected by each when ascending the grades
with a standard load is from 350 to 400

amperes.
Two pantographs operating in
multiple thus will collect more than double the
current that can be successfully collected by a
single pantograph for the reason that sparking
is usually due to the momentary breaking
of contact between the trolley wire and the
roller, caused by hard spots on the line.
When two pantographs are operated in
multiple both do not encounter these hard
spots at the same instant, hence one or
the other always makes good contact so
that the flow of current is not so frequently interrupted and consequently the
sparking is greatly reduced. The double units
operating on Smelter Hill were run experimentally for several days with only a single
roller making contact with the wire, the
operation being quite successful with the
single roller collecting an average of 650 to
750 amperes while running atl6 to 17 m.p.h.,
and 800 to 1000 amperes during the accelerating period in multiple. The sparking was not

Table 1
BUTTE, ANACONDA & PACIFIC RAILWAY
Number of Hours Engine Crews were Employed in Various Services-June, 1913, Steam Operation
--- =--='-- -=== -
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ANACONDA YARD

Date

_Regular

June

Tim:Hr.
1

I

I

Ti:e, Hr.

~

~g

~.50

4
5
6
7
8

70
80

11.75
11.75

9

10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
2s
26
27
28
29

--c~;;;~:....,t,_a-=-1-

I

ro
~
ro

I

Over

-~

i

~~
~H

70
80
80
70
4o
70
70
~

80
70
70

~

~

s.oo
10.50
8.75
13
7.00
s.2s
12.25
10.25
8.75
7.75
12.25
9.50
12.00
9.7s
5.50
7.00
7.50
9.25
10.25
7.75
5.50
6.oo

10
70
I
8o
10
80
70
70
8o
80;:---l--;:2:=778
---;;2::::
2oo
:;:-:

I

I

BVTTB HILL YARD

_ Regular
Tim:. Hr.
0

1- _()ver_
I Ti:~;r·

~~

~·.~

20
20

20
20
20
20

8.25
8.00
9m
8.H
S.H
11.50
7.75
10.25
2.00

20
20
20
20
20
20
30
20
20
20
2
o
20
20
20
20
20

11.25
8.75
9.75
9.00
7.50
9.00
10.75
1o.2s
7.75
8.25
4.50
6.oo
9.00
7.50
2.50
t.so

~
~
~

1

I
I
I

i
I

1

I

I

4 :-=-~::;---[--s;Z ---l--:::2=o8:::--.=so:::---l

LOCAL

-

- - - --

_ Regular :
Time, Hr.

-- --

Over
Time, Hr.

ROAD
I- - - ----i_ Regular
__o~er_ _

-I-

I Time, Hr.

Time, Hr.

20
3.25
I
3o
20
s .1s
I
40
20
5.25
40
20
6.75
30
20
6.00
I
30
20
10.00
3o
20
6.50
30
20
4.7s
1
3o
20
8.25
30
20
2.00
30
20
7.00
30
20
5.25
30
10
1.00
20
7.50
30
20
20
5.25
30
20
16.00
30
30
I
11.00
30
20
i 10.75
30
20
3.75
3o
1
20
5.75
30
20
3.50
30
20
5.75
30
20
6.75
30
20
8.00
30
20
9.00
30
20
1.00
30
20
7.00
30
20
4.75
30
20
3.75
30
20
7.00
30
7
- 600 -- j ---:1-::-9-:-4. 25-::---l-~9::-:-1--;:01

I

I
I
I

I

I

I

I

13.75
17.25
15.00
11.50
12.25
14.50
11.25
12.25
11.50
9.00
10.50
12.00
6.75
9.50
11.00
9.25
15.25
12.50
8.00
8.75
12.75
10.00
8.75
9.00
11.50
13.25
10.25
9.00
9.75
9.50
335.50

Tons ore hauled during month-311,450.
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serious except at hard points in the line and
with two rollers in multiple there should be
no difficulty in collecting 500 to 600 amperes
per roller, which at 2400 volts should be equal
to the requirements of any ordinary locomotive unit.
The bearings first used in the rollers were
provided with ordinary bushings lubricated
with oil, but when the bushings became
slightly worn the oil was thrown out along the
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spindle and had to be replenished at comparatively frequent intervals. This was not
serious in the operation of the freight locomotives but became more so when the
passenger service was started, as the higher
speed caused the oil to be thrown out more
quickly, resulting in very short life of the
bushings. Slight changes were made in the
bearings and grease was substituted for the
oil as a lubricant, which proved quite satis-

Table 2
BUTTE, ANACONDA 85 PACIFIC RAILWAY
Number of Hours Engine Crewa were Employed in Various Services-June, 1914, Electrical Operation

!--

======~~·~-~~ = -~=======~==============~~======~~-=-=======~·~~-

~

--·:• _
2
3
4
5
6
7
8·
9
10
11
12
13
14
15
16
11

18
19
20
21
22
23
24
25

26

~

ANAC07A YAJU)

~

~

~

70
70
60
60
60
70
60
60
60
60
60
30
60
60
60
6o
60
60
6o
60
50
60
60
60

I

8.25
9.50
7.25
12.50
7.25
8.25
8.75
10.50
11.25
5.00
9.00
1.75
5.50
6.50
4.00
7.75
8.75
7.25
1o.15
8.75
5.50
6.75
11,25
7.75

I
~

BUTTE

~ILL YAJU)

i -- ___

ROAD

l.OCAL

~

~

~

~

~

~

20
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

4.00
1.00
2.00
2.00
2.00
2.00
1.75
1.50
1.75
1.50
1.00
1.00
1.25
1.00
1.50
1.00
1.75
3.00
1.75
1.75
1.00
1.00
1.5o
1.50

20
20
20
20
20
20
20
20
10
20
20
10
20
20
20
20
20
20
20
20
20
10
20
20

2.50
4.00
2.75
2.75
2.50
2.00
2.75
4.75
1.00
3.75
2.00
1.00
2.25
2.75
2.50
3.oo
2.25
2.25
2.25
2.25
2.75
1.50
3.oo
2.25

30
30
30
20
20
20
20
20
20
20
20
10
20
20
20
20
20
20
20
20
20
20
2o
20

5.00
1.25
4.25
2.50
2.25
6.25
3.00
4.75
1.75
1.25
1.25
4.00
1.25
1.50
2.00
2.75
1.50
2.25
5.75
1.25
2.25
3.50
3.5o
5.25

T;.,~~H'c l T;~~ T'~ii, .. T7~:·· ~ --Ti_m~:Hr._ 1 _T_im_2e_.~_H_r._ 1 _Ti_m_:-~H_r_.__T_i:-~-~-:r-.-

6Q

21
28
29
30
Total .... .. ..

6o
60
60
60
1800

Decrease . . . .

400

i
I
I

5.75

8.50
4.25
6.00
10.50
232.00

I

42.50

10

·1

I

1.25

20

1.25
I
3.00
1.00
1.25 -~I
48.50

10
10
10
10
320

1

250

1

160.00

20
10
10
20
550

2.50

-

50

2.oo
1.75
1.75
2.25
73.50

20

1

I
I
I
I

1.75

20
3.75
20
2.00
20
I
5.50
-~2:,:_0:____ -~3. 50
630
89.00
1

120.75

280

I 246.50

Tons ore hauled during month-319,700.
Regular

- - - - - -- - --- -

-

- -

Over

Total time 1913-steam . .. . . .... . .. . ... .. .. .. ... . ... ... .
Total time 1914-electric .. ... . ... .. ......... . . . ........ .
Decrease . .. .... .. . ... . ... ........ .. .. . .. .. .. .. .. . . . .

Total

- -- -- - - - - - - -

~- 1 ------

1012.75
443.00
569.75

4280.00
3300.00
980.00

5292.75
3743.00
1549.75

Percentage of decrease. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22.89 per cent 56.26 per cent 29.28 per cent
1

Digitized by

Goog Ie

GENERAL ELECTRIC REVIEW

1058

factory. However, the vibration which results
from too much play in the bearings of the
roller when operating at high speeds made it
desirable to increase the life of these bearings
as much as possible, so that later roller
bearings with grease lubrication were installed
with excellent results. As yet these have not
been in operation a sufficient length of time
to definitely indicate how long they may be
expected to last, but it would appear that
the bearing will last much longer than the
roller and that the attention required for the
adjustment and lurbication of the bearing
and the roller will be negligible.
· On account of a decision of the mining
company to divert to the Washoe smelter
at Anaconda the shipment of approximately
3000 tons of ore per day that had previously

been sent to the smelter at Great Falls, which
will increase the ore traffic over the Butte,
Anaconda & Pacific approximately 25 per
cent, an extra motor-generator set, a duplicate
of the original sets, has been installed in the
Anaconda substation as a spare. Also four
additional electric locomotive units were
ordered and will be delivered within the next
three months. These units will be duplicates
of the original ones except that they are to be
arranged for operating with an extra tractor
truck attached when desired. This tractor
truck will be a duplicate of the standard
truck used under the regular units, with two
standard motors mounted on it, and with
the necessary arrangements for coupling both
mechanically and electrically, so that the
standard unit and the tractor truck may be

Table 3
BUTTE, ANACONDA IS PACIFIC RAILWAY
Comparison of Time Required per Trip c;>f Freia:ht Trains Between Rocker and Anaconda-First 3 Days
of June, 1913, Steam Operation with_Correspondina:3 Days Electrical Operation, 1914
_ _ _ __ __
1

Train No.

_ 19~4 E~ECTRIC
_ _ __ _ _ 1__ _ _ _ __
West Bound
East Bound
West Bound
--T-ons---,---T-i_m_e--1--T-on-s-...,-1--T-i_m_e- _T_o_n_s-,
1~ --T-im_e_ _

_
19_13
- --,
ST_B_AM_

East Bound

~ --T-on-.---:--T
-i_m_e_

_

-ls-t--~-- --~-~-~-g--1-""'~"-r.__M_~_·:-· -~-rl-~-- --~_r.__M
'-'0-=
:0-· ·l--~-~-4--~, -"'~-'-r.-_I-_M:..:1_i;-··l--~-~-~~-- ~' -~-M;~
3
•
5

2nd

1010
915
1047

: ::;: :

i

I

6

3rd

3
2
2

1
2
3
4
5

6

~~~

1000
I

380
I 1010
I 992
884
1046
1084

I

20
40
30

3760
3420
2944

2
2
3

10
30
45

1336
1260
1240

:;;: ·~· ·~

~

3

oo

i!i
291o

~ ~ :~fi
2

so

u9o

1
1
2
2
2
3

2
I 50
50
20
40
15

3380
1630
200
0
3150
2770

2
2
2
1
2
2

50
45

470
1280
1298
482
1074
1200

oo

20
30
40

Totals

: 19-17192

Average
I
per train I

905

46
2

12
26

18-48246

I

43
2

4088
3830
4009

1
1
2

J;

3100
3220
3752
4029
3720
2840

2
1
2
2
2
2

2515
3964
4098
3760
3138
0

1
I

1

1
1
2
1
2
I 2

24

I

1

946

- - -- - - - - ' - - -- ' - - - -- - ' - --

I'

I

55

I

3
I 40
5
1 40

I

10

15

I
1

I
I
I

-~ --~----

20 1 17-16082 I 28

I
2680

40
40

I

~ - ---- -- ----- -- ~

i 45

I

; I,. I

~;~

~

i

1
1
1

1

--~ ~-

I

45

I

i 41

---.

1
1

I

5

I
I
I

00
25

~g

20
35
15

i lO
I

2
1

20

I 10

1

30
40
30
10

- - -- - ~ -

i 17-56070 30

i 40

I

!

3298
1 I 48
- - - -- - - - -

I

GRAND AVERAGE-1768 tons per train, time per trip, 2 hr. 25 min.-2122 tons per train, time per
trip, 1 hr. 45 min.
RESULT-20 per cent increase in tonnage per train; 27.58 per cent increase in time per trip.
On June 5, 1914. one main line crew was taken off and the tonnaee of the remaining trains increased so as to handle the
reeular business.
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when used in the "spotting "service is taxed
close to the slipping point of its wheels when
accelerating these heavier trains on the 0.5
per cent grades under ordinary conditions of
weather, and have to be handled very carefully with the continuous use of sand when
the condition of the rail is unfavorable.
Connecting the additional motors in series
will also result in considerable power economy,
since with a single unit the controller · is
seldom off the series resistance points on
account of the heavy trains handled and the
short movements required.
Small change in the personnel of the
maintenance or operating departments of the
railway bas been made on account of the

operated as a single unit. The motors of the
tractor truck are connected with those on the
standard unit in such a manner as to place all
six motors in series on the series points of the
controller, and with a series multiple connection with three motors in each series in the
multiple position of the controller. This
arrangement will make the tractive effort
of the new unit 50 per cent greater than that
of a standard unit for the same input with a
reduction in the free running speed of about
33~ per cent.
This arrangement was advisable because
of the increase in the weight of the trains
taken up Smelter Hill, which amounted to
approximately 56 per cent. A single unit

Table 4
BUTTE, ANACONDA & PACIFIC RAILWAY
Comparison of Freia:ht Train Movements Between Rocker and Anaconda-steam Operation for Month
of June, 1913, with Electrical Operation for Same Month, 1914

I

1913 STLUI
_ _ _ _ _ _ __

Date
June

East Bound

I No. Trains
----1

I

3

I

2
4

5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

I

22

23
24
25
26
27
28
29
30
Total

I

Average

I

Total Tons

7
6
6
7
7
1
7
7
6
6
6
5
5
6
7
6
6
6
7
7
7
7
6
6
7
7
7
7
6
6

6,247
5,549
5,396
5,584
5,848
5,877
5,698
6,388
5,508
5,039
5,381
4,376
3,705
4,912
5,652
5,180
5,475
5,483
6,003
5,277
5,737
5,082
5,386
5,098
5,544
5,690
5,935
5,754
5,105
5,221

193
6.4

I

163,130
1

845

No. Trains

!

I
i

I

I

I
I

_ _ _ _ _ _ _1_91_4_E,LE_c_Ta_•c
_ _ _ _ __
1

West Bound

6
6
6
6
6
6
6
7
7
6
5
6
5
6
7
7
6
6
6
6
6
6
6
6
7
6
6
5
6
6
182
6.1

Total Tons

East Bound
No. Traina

-----!·----

I

I

17,612
19,504
11,130
14,632
14,625
19,471
21,021
17,023
12,507
19,240
15,925
18,112
9,565
7,841
17,691
17,518
16,090
16,592
18,301
22,283
18,986
15,464
11,941
18,210
17,992
18,304
14,764
17,297
19,899
17,584

I 497,124
!

i

2,731

I

West Bound

Total Tons

No. Trains

Total Tons

-

5
17,934
4,530
6
20,661
5,748
5,804
6
17,425
6,127
6
18,332
5,334
5
17,155
5
4,804
4
17,563
4
5
6,579
19,073
5
6,083
5
14,170
5
4
15,292
5,796
5
6,027
5
16,926
5
4
12,832
5,345
4
5
17,881
5,670
5
1
2,322
3,042
2
4
13,803
4,638
4
4
15,761
5,262
5
16,408
4
5,116
4
6,433
5
20,581
5
4
4
17,546
5,141
5
18,489
6,661
5
5
17,992
6,768
5
5,120
4
11,932
4
6,017
5
5
15,613
4
4,121
15,930
4
5
18,917
6,556
5
5
16,855
6,531
5
5
18,593
6,782
5
4
4,362
4
18,038
4
5,047
4
14,884
6,455
5
17,941
5
5
6,617
I
5
18,128
1 - -- -1- - - - '- - - - - - I
138
141
167,796
495,697
5
6
6
6

I

4.7

1

1,190

4.6

3,592

GRAND AVERAGE-12.5 trains per day, 1761 tons per train.-9.3 trains per day, 2378 tons per train.
RESUL Ts--25.6 per cent less trains. 35.0 per cent greater tonnage per train.
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electrification and there has been no reduction
in salaries or wages. An extra man with
electrical experience was placed in the shops
to supervise the electrical repairs to the
locomotives and three linemen were retained
for the maintenance of the trolley system.
The three steam switching locomotives
used for concentrating the ore at and distributing supplies from Butte Hill yards are
continued in this work for reasons heretofore
stated. Another steam locomotive is used
on the Georgetown branch and a fifth one
operates at intervals over unelectrified tracks
at the Anaconda end. Approximately 20
per cent of the total locomotive miles now
being operated is by these five steam locomotives, the cost of which as shown in
Table 6 is upwards of 40 per cent of the
total cost of all locomotive performance.
The electrification of the remaining tracks
on Butte Hill has been recommended and
no doubt will be commenced at an early date.
Table 6 referred to was made up from
the regular monthly locomotive performance
sheets of the railway company from which the
principal saving resulting from the electrification may be noted. The saving from the
partial substitution of electric power for coal
is the chief item, being at the rate of $150,727.04 per year, which is remarkable when
it is considered that more than 39 per cent
of the total combined costs for fuel and power
for the period considered was for coal and
charged against electrical operation.
In
this instance, the saving in this item alone
would undoubtedly justify the expenditure
covering the entire cost of electrification.
It is to be noted that with a single exception,
that for depreciation of equipment, every
item of expenditure in the locomotive performance sheet shows a substantial percentage
of decrease in favor of electrical operation.
It is the practice of the railway company to
adjust depreciation charges on all locomotives
at the beginning of each half year. The
amount to be charged to the depreciation
of a new locomotive for the first half year
it is in service is determined by taking a
fixed percentage of its cost to the company,
one-sixth of this amount being charged
against the locomotive each month for the
half year, at the end of which the amount of
the depreciation for the period is deducted
from the original cost of the locomotive to
give a new value of which the original fixed
rate of percentage is taken, in determining
the amount of the depreciation for the
following half year and so on.

The Interstate Commerce Commission
ruling does not permit a depreciation charge
until the locomotive actually becomes the
property of the railway company, and as the
electric locomotives were not formally taken
over by the company until March, 1914, the
proper monthly charge begins only with that
month in the regular monthly performance
sheet from which Table 6 was compiled.
In fairness to the performance sheet, only
the proper monthly depreciation charges were
made, but as some of the locomotives had
been in service eight months before these
changes began an adjustment was necessary
to make a proper distribution of the back
depreciation, so that while Table 6 shows
only the proper monthiy charge for the six
months compared amounting to $8471.84, in
Table 7 under " Maintenance of Equipment"
the total back charges were included amounting to $20,047.48. It is evident that the
depreciation record on this basis for the first
months of service would be comparatively
high.
The total saving from locomotive performance alone, as indicated by Table 6, is
at the rate of $237,581.82 per year to which
should be added the credit of handling an
increase of traffic at the rate of 13,938,136
ton miles per year, or 8.77 per cent more than
was handled by the steam locomotives during
the period compared. To this saving from
locomotive performance should be added the
saving from trainmen's wages which is at the
rate of $31,146.30 per year, or a desrease of
approximately 21 per cent, due largely to the
elimination of overtime (see Tables 1 and 2)
making the total saving from these two items
$268,728.12 per year. From this should be
deducted $10,839.12 for maintenance of the
distribution system leaving $257,889 as the
net operating saving per year due to electrical
operation.
The roadmaster states that it is quite
evident that the electric locomotives are
much easier on the track at curves, but that
there is no noticeable difference on tangent
track; and that while sufficient time has not
yet elapsed to form definite conclusions,
present indications lead him to expect that
any difference relative to his work will be
favorable to the electric locomotives.
Arranging the items of expense appearing
in Table 6 in the order of their usual appearance in the summary of a standard locomotive performance sheet and placing them
on a yearly basis we have the following
results:
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DELAY~T_~ TRAFFIC COMPARING THE MONTH OF JUNE, 1913, STEAM OP!tRATIO_N WITH JUNE, 19!4, ~L!_(~'J:'~~~~O~_!_T!Q_f'J_

-

r=-- -~1

june

,

of
!No.
Trains ' _

- ~- ~~SSEN~Eil SERVI~ -

Delay for
Meeting

I

Poi~---.

Hr.

Dela for

Po~er

.
Mtn.

Mtn. I Hr.

IAcc'tDelay
Engine

- ----

Lost
Running
Time.
Hr. I Mm.

__Failure~ _
Hr.
Mtn.

_

--~

-~-- -- --------- -

•

Total Delays ' No. of
_ __ -- . - ITrains
Hr. 1 Mm. ,

Terminal ,
Delayl and

Swi~hin.g

Delay for
Power

--

Hr.

I Mtn.
Min.
1st, 1913 ~~--43--,--------18'""--1---1- - 1'4~~·--·
1
1914
8
12
10
5
2nd , 1913
8 1
42
2
44 ·
8
12
5
20
1914
8
5
17
22
12
11
10
:lrd, 1913
8
15
14
5
34
12
9
30
1914
8
12
10
30
4th, 1913
8
10
10
12
11
28
1914
8
5
5
10
11
5th. 1913
8
17
5
22
12
14
1914
8
40
40
10
11
35
6th. 1913
8
1
10
3
1
13
14
13
25
1914
8
8
7
37
7th, 1913
13
7
51
58
13
11
20
1914
10
5
5
10
10
7
8th, 1913
13
36
37
1
13
13
12
38
1914
8
12
10
45
9th , 1913
8
24
8
32
12
12
15
1914
24
45
15
11
1
11
8
10
20
30
lOth, 1913
8
22
22
12
10
1914
8
10
13
55
11th, 1913
8
30
6
36
10
12
50
1914
8 •
8
8
12th. 1913
8
49
12
1
1
12
10
50
40
1914
8
8
8 I 10
10
13th, 1913
12 '
28
34
1
2
10
11
1914
22
9
9
4
3
35
14th, 1913
8 !
'
12
12
40
40
7
10
8
1914
14
37
4
41
13
10
15t h, 1913
57
1914
8
8
6
55
16th, 1913
8
8
11
19
12
11
35
1914
8
8
7
50
17th, 1913
8
I
40
1
40
12
12
51
1914
8
17
17
10
9
50
18th, 1913
8
37
37
12
17
1914
8
8
7
55
19th, 1913
8
10
10
10
8
35
1914
8
15
15
10
10
5
20th, 1913
8
38
38
12
10
25
1914 . 10
30
30
10
10
30
21st, 1913
8
5
5
12
12
1914
10
22
•
22
8
7
45
22nd, 1913
12
17
5
22
13
13
1914
8
10
10
40
23rd, 1913
8
5
13
18
12
10
25
1914
8
8
8
25
24th, 1913
8
40
16
56
12
11
18
1914
8
10
10
20
10
9
8
1913
8
I
2
1
2
12
12
35
1914
8
5
5
10
6
50
1913
8
1
6
30
3
1
39
12
13
25
1914
8
5
5
10
12
22
I 913
8
, 2:1
11
34
12
12
21
1914
8
1
I
9
9
8
10
1913
s
• 48
1
7
55
10
12
35
10
15
1
15
8
7
1914
20
1913
10
35
1
35
13
13
1914
8
10
6
29
1913
8
27
27
12
11
50
1914
8 I
7
7
10
9
55

-'- -

I

I

I

g1AL

(}Q

1913 . 2i2
1914 280

~•easf914 ,

s•

~~~ 49 --~ -- ~· --~--:wl -4-~-~33
54 :
27
24 I
25

: -11-~---:-~--- ~

_27*

--~--;-~ -a-1

48_ _

zol4ill'357
5

10

15_ 1_36 __

. 280

1

_]_7_

' 2.94• '

75.66

45.45

I

90.10

75.12

21.57

Delay for
Meeting
Points
H~in .

4
1
2
4
3
4
3
6
5
2
3
5
8
2
2
3
2

30
30
45
50
10
45
35
10
10
30
20
20
45
5
30
35
30
20
10
51
10
35

84

I

47

23.51

20

· H f.TMin.

---

Hr.

Delay
Water and
Coal
Hr.

Min.

10

30

19

45

40
5

1

24

40
40

55

40

30
1

10
1
1

15

10
21

15
35

5
15
1

55

14
35

40

I

50

!

4

1

29
10
10
10
50

1

15

4

2

40
30
30
25
35

5

4

2
3
15
4
20
2
4
. 5
1

10
20
22
5
15
10
20

2
1
1

5
15
40

10

52

90.04

19

30
20

4
19

-

45

5
40

4

3

1
2

1

41

5

2

35
42

25

14
14
14

40

1

15
20

T<
De

10

20

15

15

30

11
14
15
14
11
15
11
19
12
18 .
7
18
8
18
12
15
10
14
15
19
8
19
10
15
3
16
7
15
6
15
8
19
10
19
7
9
10
13
11
14
8
16
10
16
8
15
9
17
7
18
13
15
10
18
7
15
7
14
10

I

40 __

61.07

-6-1~
74.10

s_

I

18
11
15
15
14
11
15
12
19
12
19

7

19
8
19
12
16
12
14
10
20
8
20
10
16
3
16

7

16
6
15
8
21
10
19

7

41
55
24
22
44
45
47
47
50
57
47
28
25
51
17
1

48
40
26
10
57
58
46
44
3
50
32
55
42
15
37

10
10
13
12
14
8
17
10
17
8
16
9
18

4
20
48
15
35
32
2
55
9
45
49
38
53

20
13
16
10
19

14
10

23
27
24
19
40
35
30
54
42
22

301

38

7

7

16

7

42

4971- --518,'1 0

1oT55-s-1221_
8_ 1 4 1
4
15
2
10
296
6

Grand
Total
Delays

~ _I Min. ~ -- Hr. -1 Min.-

- -r--- -1735

-

l'C .

Min.

30
30

48
10
20

~-- 1~--;-1----;-

I

--

Delay Due to'
,
Derailments Delay !'--cc t
and BreakE'!fune
in-Twos
Fill ures

55
20

i- 1081-48

3601---;s-1-275
51 I

~~ta ge

,,

FREIGHT SERVICE

-

41

~I--~~~
40.40

41.78
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Table

BUTTE, ANACONDA
EXPENDITURES IN DETAIL AND PERFORMANCE OF LOCOMOTIVES, COMPARING
WITH SIX MONTHS ELECTRICAL OPERATION,

I

LOCOMOTIVE MILES

--;---

MAINTENANCE 01' EQUIPMENT BXPENSES

----,----,--.---,-I Non-Rev-1

J

e~~l~d

1

----M-o-nt_b_ _ _ _ _F_re-ig_b_t-I·-P-asse--ng_e_r I Sv.·itcbing
1

December, 1912, steam

23647

7031

27307

2152

January,

1913, steam

26018

6956

28601

4228

February, 1913, steam

23514,

6608

25(K1

March,

1913, steam

24948

7224

April,

1913, steam

23649

6832

I

'

I
I

60137

~=.; I

Depreciation

Repairs

Total

S 9216.24 S 1381.68 1 S 587.79

Total

I$11 ,185.71

65803

8391.12

1340.23

477.68

4700

59863

9689.59

1340.23

512.77

28136

6207

66515

8418.93

1340.23

M9.97

I

10,319.13

21747

7802

60030

8884.76

1340.23

616.86

J

10.M1.85

783_4_ _ _
2266-7-l--1-03-65-+--6803--3- __6_56_2_._33_ __1_340_.23-ll--39_3_.os_ l
_M_a_y·---19_1_3_,stea--m--l--2-7-16_7_ _ _

8,295.64

I

1

Total 6 month&-Steam

148943

42485

\ 1534,99

354M

I

10,209.03

I'

11,542.59

1

380381

$51.162.97 S 8082.83

$3148.15 i$62,393.95

Cost per locomotive mU~nts . .. ... ..... . . ... . . . .. . .... . . .. . . ... . ......... . . .

13.45

2.12

0.83

16.40

Cost per ton mil~nts ... . . .. . . ... . ..... . . ....... .. ...... .. . . . ... ... .. . . .... .

0.0644,

0.0102

0.0039

0.0785

December, 1913, steam
electric
January,

3000

56

·~

___ 1__7_280
_ _1
1___3_5482

16146

6946
19685 s 5567.97
_ _3_52_!-_59260
_ _ _ 1 14,59.63

Total

38482

7336

25829

7298

78945

1914, steam
electric

3161
36689

72M

9242
15580

24,49
333

14852
59866

72M

24822

2782

74718

9068
15985

1576 .
327

13796
56304,

26053

1903

70100

2151

363

13747

56642

I

Total

311850

February, 1914, steam
electric

3152

33384

6608

Total

36536

6608

19U., steam
electric

3012
346M

7336

SSM
14279

Total

37676

7336

22863

2514,

70389

1914,, steam
electric

2415
34098

348

7024

8001
12883

2175
768

12939
54773

38513

7372

208M

2943

67712

1569
36087

16
7868

MilS

920
107

10990
57783

37656

7674,

22416

1027

16309
2104,04,

4,20

53063
888M

16217
2250

March,

April,

Total
May,

1914,, steam
electric
Total

1---- 1 -~-- 1-----1~---+----1

13931

1----1---- 1---~----~-----

Total 6 month&-11team
electric
Total

1

4,3170

68773

4,3590

I

14,1867

s
s
s
s

7027.60
3577.93
1659.65
5237.58
1638.4,3
2798.81
4,437.24
2035.95
3064,.40

s
s

5100.35

s
s

.s37.4,4

1461.39
3076.05
1017.37
3763.93

s

4,31.41
226.73

s
s

769.61

s
s

868.14

591.95

271.27
175.18

s

4,4,41.16
18U.83

s
s

446.45

s
s

6275.99

s
s

5m..79

s
s

8797.07

s
s

8333.25

s
s

591.96

s
s

930.n

591.96
338.45

591.96

2711.1~

s
s

3303.09

s
s

3303.09

591.96
2711.13
591.96
2711.13

s

185.13
242.01

s
s

427.u

s
s

393.63

s
s

4,92.72

170.81
222.82
178.18
314,.64
135.67
262.53

s

67e8.99
1686.3&
SM55.35

2415.52
3379.27

2798.72
5998.35
2231.53
6101.72
174,15.00
6737.59

S 398.20 S 8482.59

3729.4,1
M7l.M

s 1372.47
14,43.81

$20,4,00.92
25,738.12

$31 ,121.51 $12.201.25

s 2816.28

$46,139.04,

15.822.47

1M67

769.61

S 4,781.30 S 3303.09

~ $15,299.04,

1-----1----- : ----~~----1

226713

s
s

s

-----1----1----1
Costs per locomotive mUe, steam--cents .. .. .... . . .. ... .. .. . . ..... . . . . .... . . . . .. .

17.79

4,,34,

1.59

23.72

Costa per locomotive mile, electric-cents .. .. . . .... .. . .. . ... .. . .. . .. ........ ... • .

4,.59

2.46

.42

7.47

Average cocts per locomotive mile, combined steam and electric--cents .. . . .... . · . · . ·r
Averace costa per ton mUe, combined steam and electric--cents . . . . . . . . . . . . . . . . . . . . .
Decreaae shown in favor ofl
electrical operation
SaviDIII resulting

I
77770*

per;year:on~the

nos- I'

7.23

2.83

0.65

10.71

0.0360

0.0141

0.0033

0.0534,

- - - - -1-- - - 1 -----11632

I

1

16987

1

50256*

$20,04,1.46

s 4118.42* s

331.87 $16.254.91

- -----1- - - - - 1 - - - -1
above basis (decreased operating ezpenses) . . . .. ... . $40,082.92 S 8236.M* S 663.74, $32,509.82

Pereentage of saving account of electrical operation (decreased operating ezpenses) .. ..

39.17

50.95*

10.54 1

26.05

• Increase.

Digitized by

Goog Ie

ELECTRICAL OPERATION OF THE BUTTE, ANACONDA & PACIFIC RAILWAY

1063

6

& PACIFIC RAILWAY
SIX MONTHS STEAM OPERATION, DECEMBER, 1912, TO MAY, 1913, INCLUSIVE,
DECEMBER, 1913, TO MAY, 1914, INCLUSIVE
TRANSPORTATION EXPBNSBS

Tons
Coal

---

----- -

1770

I 1,558,800

I

1770

1 1,558,800

:$14,263.39
. 16,066.31 .

1415

$ 2822.80
4163.25

I

I

$ 6986.05

Is 14,231.48
9822.23

$ 2204.70
4040.35

189.24
194.51

$ 6245.05

383.75 : $24.053.71 isao.329.7o

$ 2141.65
3760.65

122.69
135.88

I,

I

.

1415
1394

$ 5902.20

258.57 1$22,232.08 '$28,026.87

J:J94

$ 2034.15
3753.50

156.62 $ 8414.89 $11,213.61
203.19 • 13.460.16 I 19.458,51

$ 5787.65

359.81

$ 1975.72
3485.42

138.05 $ 5688.83
221.80 ' 13,056.02
359.85

14.97

I

1 $21 .875.05

7920.36 I
19.157.74 1

608

608

$ 6656.13 • 8401.13
12,845.10 1 19,582,69

i'

443.27

$19.501.23 1$27,983.82 '

1898

1071.28 $51 .454.55 $71 ,865.47 1
1204.90 i 81.076.12 106.814.24

8361

2276.18 ' $132.530.67 ,$178.669.71

8361

1.44

1.24 '

59.83

!

14.44

0.00 :

0.36

0.35

23.53

19.10 1

0.14 1

0.57

0.53

2.16

I'

209.38
233.89

0.69

8.27

1,670,248

15,210,014

],487,200

13,715,904

14,274.095

: 1,476,100
I

I 1.434,300
14,721,480

1,434,300
1,436,270

14.482,430

1,436,270
9.062,918 1

- -----

i

1,487,200

1 1.476,100

1898

37.78

1.78

r.670.248

I
I

1276
1276

;$30.672.12

Is18.744.85 l· s27.o78.1o

3.71 :

6.60

i

- --- ----

I

i

1

11031.87 $11.447.39
13.200.21 16.579.48

1

Ton
Miles

Kw-Hr.

I 9.062,918

I 86.427,928

-- -

--· - -

83.55 1 10.29 locomotive miles per ton of
coal.
31.00 . 26.30 kw-hr. per locomotive mile.

I

30.77 '

41.48 1

I

0.0412

O.ot08

0.0952

0.0007 .

0.0028

0.0026 ;

-· - $16,617.65

•

$33,235.30

$11 .269.42 $150,727.04

31.81

5634.71

37.68

$75.363.52

47.81

0.1633 !

----

0.2067 1 _ _ _ __

I

$ 1879.98

• 2404.56_ - ~ -635.58 ' $102,536.00$118.790.91 \

$3759.96

• 4809.12

75.90

49.31 '

- - - - - --

-

1

29039

i 9,023,170*16,989,068*

• 1271.16 i $205,072.00 $237,581.82:
2l.S.'l

43.62

39.93 '
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Table 7

BUTTE, ANACONDA & PACIFIC RAILWAY
Operating Expense-Comparison of Six Month's Steam Operation-December 1912 to May 1913, inclusive
with Six Month's Electrical Operation, December 1913 to May 1914

o-•u_ J•~•ey- -;....,..,~-M~.:
Maintenance of way and structure, 1913
1914
Ma;ntenance of equipment,

Traffic expenses,

0
(Q'
;;:;·
'<

0

&

~

rv

Deere~.

• Increase.

$ 5517.00* I

$

$

661.06
585.71

$

4164.53
3604.22

93.00

$

$

75.35

$

560.31

877.49
613.98

$

640.02
548.86

Decrease ' I

57.29

'1

263.51- $

91.16

I$

5540.04

· $ 8938.56

$56,171.03
47,772.32

$ 63,864.94
' 44,243.99

Decrease

$ 8398.71

i

$19,620.95

1913
1914

$ 321!1.70
2963.7:'1

1's

2462.68
3185.52

Decrease

$

$

1913
1914

$93.209.13
89,582.75

$104,470.27
: 76.623.26

$ 3626.38

's 27.847.01

$97,744.58
73.915.95
I $23,828.63

451!1.47
54,232.62

$ 7121.88
48,926.12

49.714.15
2000.00
2500.00
!

254.97

$18.075.01
43.271.31

· - - --

i'

722.84*

1- - - - -

$57,377.42
41 ,529.43
1 $15,847.99
! $ 2621.97
4948.42

$25.196.30

I'

( $41,804.24

$ 2638.58
3205.50

'$

; I 2000.00

Increase

$

566.92

I'
$

I'

'

23,872.53

2500.00

1 500.oo
500.00
2518.47 I $ 5121.88
51,732.62 ' 46,426.12

I
49.214.15
_
_ __,_1 $41,304.24

611.27
631.27
20.00*

$333,516.33
250,527.ol6

,. 115,939.89 - $10,194.11
1

5221.8/i

i 187.087.69

s 66,945.57

1912

! s:81,284.oo

1911

i s 62,028.28
0

(lj

I

$132,596.33

$109,495.65

$103,796.27

$12,987.22

$ 82.98!1.87

$ 3434.69
4655.18

$ 2727.64
ol132.90

$ 17,062.31
26,107.60

$ 1220.49*

$ 1405.26* $

$

4224,42

$

4371.95

I

$

3727,60

!

t"'

$315,555.24 i $259.948.95

$241.571.49

$ 18,625.85

$ 13.874.55

$ 17,646.52

82,112.75

I 4974.94
124.016.51
45,746.22

126.566.34
33,871.18

$21.729.71

I 7304.84

$ 2000.00
2500.00

I 2000.00

I

s

500.oo

$22,016.51
43,246.22

I_121,229.71

I

i'

·, $127,882.70

I $103,692.27 I $111.106.97

- - - - - -1-----

2500.00

s

500.oo- ,

$24.566.34
31,371.18

$1673.84t $144,075.40

I$

2000.00
2500.00

s

500.oo

I $39,280.07

'

37,106.23

1$ 12,638.58
' 15,705.50
fs

I

$ 12,319.29

$ 12.881.99

I$
'

12,306.88

3066.92

1$108,939.70
249,948.18

~ 6804.~ i $ 2173.84t 1$141,008.48

0
1-3
:.0
......
0
(lj

I'

$121.578.28
265,653.68

(lj

:::0

8045.29*

I

I $41.280.07
39,606.23

~

t"'

(lj

$537,587.41 $472.747.07 1 $42ol,998.19
$85,100.96
183.922.61 $551.535.24
84,952.89
ol89,049.19
81,861.59
.!
$ 3239.37- -,-1-03_0_._28_•_ 1$ 62,486.05- I

I

z

(lj

477.45*

$50.912.60
37.925.38

I 2596.63

1913

$133,475.43
133,952.88

$48,262.29
38,068.18

. $56,928.05
40,988.16

$ 2326.45* ! $ 2625.22*

1913
1914

I

t

$ 2501.86

613.85
520.85

j$

$15,436.43
I 40,065.81
Increue $24,629.38

--

' $ 4996.10*
: $

760.84
703.55

1913
1914
-- ·

$19,042.16
24.559.16

$

Increase

C)

$ 7170.59* $ 12,540.39•

$23,499.93
26,001.79

$ 1941.09* $

1913
1914

Operating income,

$ 3212.39*

i $18,876.43

Decrease

Decrease

Cll

Q.
CJ

, $ 3436.63*

$26,219.97
17,281.41

1

1

AVBilAGB FOR 6-MONTHS' PERIODS

1$ 63.316.64
I 75,857.03

$ 1277.37

1913
1914

ToTAL OP&RATJNG ExP&Nsl!s,

I $10,579.15
17.749.74

~~'.:b.

3145.35

$ 3143.50* $
$21.824.74
23,765.83

General espensea,

$ 9292.78
12.505.17

I ..

1 24,012.20
' 18.472.16

Decrease

1913
1914

Taxes,

1$ 13,252.96 , $10,886.20 ! $ 8072.73
10,107.61 __ 1 9607.83 ' 11,509.36

I

1913
1914

Transportation expenses.

Net operating revenue,

$11,233.82
14,377.82

Aori> I M•,

$115,563.42 I $ 90.810.28

I
I

,

I $ 98,210.09

~
......

(lj

:a

ELECTRICAL OPERATION OF THE BUTTE, ANACONDA & PACIFIC RAILWAY

per cent on the entire cost of the electrification, to say nothing of the increased capacity
of the lines, the improvement in the service
and more regular working hours for the crews
as is indicated in Table 5 comparing the
delays to traffic, and Tables 1 and 2 showing
the decrease in overtime.
From Table 7 it will be seen that if
taken on the basis of the increase shown
in net operating revenue or operating
income, this percentage is slightly greater,

The total cost of the electrification including
a change of signal system on Smelter Hill, the
extra motor-generator set recently installed
at Anaconda, interest during construction and
all incidentals due in any way to the electrification, was in round numbers $1,201,000.00.
This does not include the step-down transformers, which are the property of the power
company; but on the other hand no deduction
has been made for the salvage due to the
elimination of 20 steam locomotives.

--

-

Steam
1913

Electric
1914

Decrease
1914

Fuel and power ...... ... . .. ...
Repairs .. ....... .......... . ..
Enginemen's wages . ... . . ......
Engine-house expenses . . .......
Water ... ....................
Lubricants . . ... . .... . ........ .
Other supplies .. ..............
Total locomotive performance

$315,235.74
124,787.90
104,461.18
29,907.80
4,953.66
9, 751.44
5,823.52
$594,921.24

$164,508.70
92,278.08
71,225.28
18,638.38
1,193.70
4,942.32
4,552.36
$357,339.42

$150,727.04
32,509.82
33,235.30
11,269.42
3,759.96
4,809.12
1",271.16
$237,581.82

Trainmen's wages . ........ _. ._. _.
Grand total ..... . .. ~~-:--:-.-.-..-

$147,632.30
$742,553.54

$116,486.00
$473,825.42

$31,146.30
$268,728.12

Ton-miles hauled . ...... .......

158,917,720

172,855,856

13,938,136

Item of
Operating Expense

--

.

Per Cent
Decrease

47.81
26.05
31.81
37.68
75.90
49.30
21.83
~---39.93

I

-

21.10
36.19
8.n•

-

•Increase.

If a correction be made for the item of depreciation in Table 6, charging the regular
monthly amount of $2711.13 begun in March
for each of the six months making the total
of this item for the period $16,266.78, instead
of $8,471.84 as it stands on the performance
sheets, the total saving per year from locomotive performance would be reduced to
$221,991.94, making the total net saving
$242,299.12, which is equivalent to 20.02

1065

the rate of increase per year for these
items being $288,150.80 and $282,016.96
respectively.
The estimate on which the decision to
proceed with the electrification of the road
was made placed the annual net saving
expected at 17.5 per cent of the cost, so that
the results financially have been quite as
satisfactory as the general performance of the
equipment.

Hoiot 11Dd Storace Sino on Butte Hill
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GENERAL ELECTRIC REVIEW

THE CANADIAN NORTHERN TUNNEL AND TERMINAL
ELECTRIFICATION
BY

W. C.

LANCASTER

ELECTRICAL AND MECHANICAL ENGINEER, MONTREAL
A brief description is first given of the nature of the work being undertaken on this important electrification.
The author then discusses why 2400-volt direct current was selected in preference to other available modes of
operation. It will be noted that the successful operation of the Butte, Anaconda & Pacific Railroad had an
important influence on the decision. Both the 2400-volt locomotive and multiple-unit power equipments are
described in some detail. The power supply and substation equipment are also discussed.-EDITOR.

Canadian
T HE
Northern will become a transcontinentalrailwayinJune,
1915, when it is expected that the last
link, the line between
E9monton and Vancouver, will be ready
for operation. This
newest transcontinental line will connect
the Pacific Coast with
w. c. t.ncuter
Montreal and Quebec,
and will o p e rate,
when completed, over 10,000 miles of track.
Its principal eastern terminus will be
Montreal. To gain access to the heart of the
city it was necessary to tunnel Mount Royal
which forms a natural barrier between the
commercial and financial sections and the
country to the west. Any other route would
have entailed the enormous expense of a
right-of-way through thickly populated and
valuable property, with numerous street
crossings and other disadvantages. To the
west of the mountain all the way to the
Riviere des Prairies there are only farms and a
few scattered villages, quite inaccessible to the
city on account of the detour necessary
around Mount Royal. A large section of this
farm land was purchased, subdivided and
incorporated as the Town of Mount Royal;
more commonly known as "The Model
City. " Between this suburban district and
Montreal a quick and frequent service will be
maintained by means of multiple-unit trains.
The railroad crosses to the Island of
Montreal near its western end, and follows the
south bank of the Riviere des Prairies to the
Cartierville yard. This yard will be used for
the storage and sorting of freight; and for
changing the steam and electric engines. Here
also will be located the repair shops for the
electric locomotives and multiple-unit cars.

From the Cartierville yard the railway runs
easterly through the new town of Mount
Royal, where the tracks are depressed
sufficiently to allow the streets to be carried
over them. The multiple-unit trains will
stop about once every mile throughout this
suburban district. The locomotive trains,
however, will stop only at Mount Royal.
The west portal of the tunnel is located at
the foot of the westerly slope of the mountain.
The tunnel is 3~ miles long and descends on a
six-tenths of one per cent grade from the west
portal to the terminal station. It is all tangent, except one 2-deg. curve, and is of
double track construction. Each track is in a
separate tube, the advantages of this being
economy of construction, provision for ventilation, and safety of operation.
The east portal is at the terminal station in
the city, the tracks at this point being about
45 ft. below the street surface. From this
station the railway will run over a viaduct
down to the St. Lawrence River to connect
with the belt line operated by the Harbor
Commission, thus gaining connection with the
docks. As a part of the proposed viaduct
across the lower level of the city there will be
an elevated freight station in the center of the
commercial district for the receipt and
delivery of local freight.
Electrification of the tunnel was necessary
both for comfort to the passengers and for
reasons of safety. But, aside from these
reasons, the large number of light suburban
trains that are to be run at frequent intervals
make electric operation more economical
than steam ; especially when the cheap
electric power obtainable at Montreal is considered in favor of electric traction, and the
expense of operating steam locomotives during the Canadian winters is fully taken into
account.
The initiaL electrification will be carried
from the terminal in the city as far as the
Cartierville yard, a total of about ten route
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miles and thirty track miles. Later, it is
expected that this will be extended a considerable distance as the country to the west
of Mount Royal becomes more thickly settled.
The details of the Mount Royal tunnel and
terminal are as follows :

For these reasons it was thought best to use
a voltage of 1200, 1500, or 2400 direct current.
When future extensions were considered,
2400 volts seemed best on account of the
economy in copper and substations and it
therefore came down to the question of

Tunnel
17,000
Length, feet .. .. .. ... .. .. .. ... .. .. . . .
Rock excavation, cubic yards ...... . . . . 405,000
20,000
-Earth excavation, cubic yards . . .. . .. .. .
50,000
Concrete, cubic yards .. ..... .. ... .... .
4,400,000
Steel and iron, pounds .... .. ........ . .
400
Splicing chambers, spacing in feet . . .. . .
0.6
Grade, per cent . .. .. .. .. .. . . .. . . . . . . .
Terminal Station
1,200
Length, feet .. .. ... . ... .. . ... . ..... . .
350
Width, feet ...... ......... . ... . .. . . . .
50
Maximum de\'th, feet . . . . . ... ...... . . .
95,000
Rock excavat10n, cubic yards .. ... .... .
540,000
Earth excavation, cubic yards . . . . .. .
Concrete, cubic yards . . .... .. .. ... .. . . 100,000
Structural steel, pounds . .. .. ........ . . 8,000,000
Reinforcing steel, pounds . . . . . . . . .. .. . . 3,500,000

The 2400-volt direct current system was
selected after an exhaustive study had been
made of all the available systems of electrification. The choice quickly narrowed down to
three, namely; single-phase, 11,000-volt trolley; low voltage direct current, 600-volt trolley; and high voltage direct current, 1200 to
2400-volt trolley. A careful comparision was
made between these systems as applied to the
electrification under consideration both as
regards first cost and operating cost.
For single-phase it would have been necessary to install frequency changers in the
substation, all the available power around
Montreal being at 60 cycles. Thus the chief
point in favor of single-phase, the economy of
transformation by means of stationary transformers instead of rotating machinery, would
not have applied in this case. Another thing
against this system was the necessity for a
large number of multiple-unit cars. It was
found that the cost of these would be extremely high compared with d-e. equipments, owing
chiefly to the motors being heavier and more
complicated for the same output.
As regards the use of low voltage direct
current, 600-volt trolley, the main considerations were future long distance extensions and the necessity for a third-rail. If the
electrification is extended for any considerable
distance, as seems likely, the 600-volt system
would be obviously far more expensive than
one in which a higher trolley voltage is used.
A third-rail was considered out of the question
on account of the snow conditions prevalent
in Montreal a large part of the year.

Fi~~:.

1. Map of the Tennlrual Lines at Montreal abowin11: Line ·.
throaP tbe Mt. Ro,..J TUDDel

whether this high voltage which had recently
been put on a commercial basis in this
country would result in engineering or operating difficulties that would more than offset
the economy to be gained by its use.
A little consideration shows, however, that
24()()..volt direct current cannot be called
experimental. When 1200-volts first came
into general use, two 600-volt generators
insulated for 1200 volts were operated in
series to obtain the desired potential. Similarly the motors were insulated for 1200 volts
but each wound for 600, and two connected
permanently in series. There was little
difference in the design of these machines
from the old standard 600-volt generators and
motors except for the extra insulation and
the use of commutating poles. The matter of
insulation was easily accomplished, much
higher voltages having been used for a long
time on alternating current machinery. Commutating poles, which are of comparatively
recent developement, have done more than
anything else to make high voltage direct
current successful, as they overcome commutating difficulties which would be serious
without them at the higher voltages.
For the first 1200-volt system, then, the
generators and motors were wound for 600
volts and insulated for 1200 volts. The next
step was to wind these machines for 1200
volts so that one could be used in place of two
in series. This has been done successfully.
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Butte, Anaconda & Pacific Railway electrification in Montana for more than a year.
The first order for equipment which will
serve to start the operation of the tunnel and
terminal included six locomotives, eight multiple-unit car equipments and
two 1500-kw. motor-generator
sets with switchboard, exciters,
and other auxiliary apparatus.
The locomotives weigh 83 tons
each and are geared for a free
running speed of 45 miles per
hour.
It was not thought
necessary to resort to any of
the special methods of connecting the motors to the driving
axles, such as are used on the
POWtR STATIONS
rod and gearless type, as the
MONTRI::AL LiGHT HtATlPOWERO'
schedule for the locomotive
trains does not call for high
speed. The motors will therefore be nose-supported in the
usual way and geared to the axle
Fie. 2. Map ahowine the Source of Electric Power for the Montreal
Tuooel and Terminal
by means of twin gears.
The locomotive has four axles
machines wound for 1000 volts or higher. On
with all the weight upon the eight driving
all these railroads this high-voltage direct curwheels. The running gear consists of two fourwheel trucks articulated together by a heavy
rent machinery had been throughly tried out
and was entirely successful.
hinge. The equalization of the trucks is
Thus it was a comparatively simple matter
accomplished by a semi-elliptic leaf spring
to go one step further and connect two of these
over each journal box, connected through
spring hangers to the frame and to the
motors or generators wound for 1200 volts in
series and insulate them for 2400 volts; this
equalizer bars. The equivalent of a three-

When this matter was being studied a year
ago seven railroads in the United States
were using motors and generators wound as
well as insulated for 1200 and 1500 volts.
Abroad there were at least six railroads using

Fie. 3. Map and Profile of the Canadian Northern Montreal Tunnel and Terminal

being comparable with the first simple step
of connecting two 600-volt machines in series
for 1200 volts.
That this can be done satisfactorily has been
proven by the successful operation of the

point suspension is thus obtained. The
friction draft gear is mounted in the end frame
casting of the truck.
The cab, of the box type, is divided into
three compartments; the center compartment
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for the control apparatus, and the two end
compartments for the operator. Each operator's compartment is supplied with controller,
control switches, ammeter, speedometer, air
brake and pantograph control, air gauges,
2400-volt cab heater, bell rope, and control
for the whistle and sanders; thus providing the
locomotive with complete double end control.
The motor equipment consists of four commutating pole motors wound for 1200 volts
and insulated for 2400 volts, two of these
motors being permanently connected in series
for operating on the 2400-volt trolley circuit.
The one-hour rating of each motor is 315
h .p. at 1200 volts. The motors are designed
for forced ventilation which is obtained by
means of a blower in the locomotive cab.
Either pair of motors may be cut out in case of
emergency by a special handle on the changeover switch. The.locomotives are operated as
two-speed machines with 10 points in series
and 7 points in series-parallel. The controller
is of the non-automatic type and has two
handles, one to regulate the applied voltage
at the motors and the other to control the
direction of rotation of the motors.
The rheostats forming the external motor
resistance are placed near the roof of the cab
where they have ample natural ventilation.

drives the blower for providing forced
ventilation to the main motors.
Two trolleys are placed on each locomotive. These are of the roller pantograph type
pneumatically operated and mounted on
insulated bases.

Fil. 5. Typical Tunnel Section in Earth

Fia. 6.

Typical Tunnel Section in Rock

Combined straight and automatic air brake
equipment is used, including a 2400-volt
motor-driven air compressor, the motor having
two 1200-volt windings and commutators
operating in series on 2400 volts and direct
Fi1. 4. Tunnel under Construction abowin1
"Bottom Headin1" Method

Current at 125 volts is used for operating
the contactors and for lighting the cab and
headlights. This is supplied by a motorgenerator set, the motor of which has two
1200-volt windings and two 1200-volt commutators in series for operation on 2400 volts.
This set is mounted in the center cab and also

Data on Locomotive
Length inside knuckles . . . . . . . . . . . . . .
Length over cab ... ...... . .. . . .. ....
Over-all height with pantograph down
Height over cab . . . . . . . . . . . . . . . . . . . .
Over-all width ... . ..... .. .. .. . . . . ...
Rigid wheel base . . . . . . . . . . . . . . . . . . .
Total wheel base . . . . . . . . . . . . . . . . . . .
Total weight on drivers. . . . . . . . . . . . .
Wheel diameter. . . . . . . . . . . . . . . . . . . .
Tractive effort at 30 per cent tractive
co-efficient . . . .. . . .... ........ . .. .
Tractive effort at one-hour rating . . . . .
Tractive effort at continuous rating . . .

Digitized by

37 ft. 4
31 ft. 0
15ft. 6
12 ft. 10
10ft. 0
8 ft. 8
26 ft. 0
83 tons
46 in.

in.
in.
in.
in.
in.
in.
in.

49,800 lb.
20,300 lb.
14,500 lb.
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will be operated, but that very shortly after
the terminal is put into operation longer
trains will be necessary. The equipments
for these cars are designed for a maximum of
five cars per train. The running time between
the town of Mount Royal
and the main passenger station in Montreal will be 7~
minutes for a five-car train.
Beyond the town of Mount
Royal there will be a stop
about once every mile to the
end of the electrification.
These cars are designed for
a schedule speed of 20.6 miles
per hour with a layover at
each end of five minutes.
They will make the round
trip in one hour.
The motor equipment consists of four fully ventilated
140-h.p. 1200-volt commutating pole motors, insulated for
2400 volts. Two of these
motors
are permanently conPi&. 7. .Bievatioo of the Exterior of tbe Terminal SubftatiOD
nected in series for 2400-volt
operation. Ventilation of the
Multiple-Unit Cars
motor is accomplished by drawing air into the
The multiple-unit cars will be run under
armature at the pinion end by means of a fan
five-minute headway through the tunnel
on the armature shaft. The air passes longiduring the rush hours and will serve the
tudinally through the whole interior of the
suburban territory west of the mountain. It
motor and is expelled through an opening in
is expected that at first only one-car trains
the motor frame at the commutator end.
connected to an air compressor having a piston
displacement of 100 cubic feet of free air per
minute. .Some of the principal dimensions
and characteristics of these locomotives are
as given in preceding tabulation.

Pic. 8. Sectional Blevatloo tbtouch A-A of Pi&. 9
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The control is of the non-automatic type
for multiple-unit operation. The equipment
includes a motor-generator set for furnishing
600-volt current for the contactor circuits,
air compressor and lighting circuits. This
set consists of two 1200-volt motors operating
in series on 2400-volts direct connected to the
600-volt generator. The master controller,
contactors, switches, reverser and pantograph are all of essentially the same construction as those already described for the
locomotives. The controller will have five
steps in series and four steps in parallel. It
differs from the locomotive controller in
having the ordinary motorman's operating
handle instead of a lever. This handle is

provided with means for cutting off the power
and applying the brakes in case the motorman removes his hand.
The electric hot-air system of car heating is
used. One complete heater is placed underneath each car and receives its energy direct
from the 2400-volt supply. This heater has a
capacity of approximately 42 kw. and is
constructed for two heat combinations so as
to conveniently and economically provide for
the changes in temperature. The heating
equipment consists of the heating unit, the
blower and the regulating mechanism; ihe
controlling switch and thermostat of the
regulating mechanism being arranged for
operation from the 600-volt supply. Air is

r--- - - - -- ~ -
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Jlta. 9. Pia of tbe Termhull Subetatioo
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forced through the heating unit by means
of the blower and distributed to the car
through air ducts along the sides. The blower
is operated by a motor connected in series
with the heating unit on the ground side.
The capacity of the blower is 1100 cubic feet
of free air per minute.
The cars are of steel construction and
weigh loaded and equipped approximately
120,000 lb. Cross-seats are used near the
center of the car and longitudinal seats near
the ends, thus giving plenty of room near the
doors where most crowding occurs when passengers are leaving or entering. The underframing of the car is entirely of steel and the
car body of steel except for window frames,
wainscoting and headlining, which are of
wood. The heat insulation for the sides,
roof and ends of the car consists of three-ply
"Salamander" and is secured to the steel by
means of glue and "Clinchite" nails spot
welded to the sheet steel.

The outside and inside finish and all· the
fittings and other details conform as nearly as
possible with the Canadian Northern standard
practice. The principal car dimensions are
as follows :
Length over buffers . .. ... .. . ... . . .
Length over body corner posts .... .
Truck centers . . ...... .... . . ... .. .
Width over side sill angles . . . . .... .
Width over eaves .......... ... . . .
Height top of rail over roof ..... . . .
Height top of rail to underside of
side sill .... . .. . .... . .... .. . ... .
Center to center of body side bearings . .. . . . . .. ... .. ... .. . ... .. . .
Center to center of deck sills . . .... .

67ft.
57 ft .
42ft.
9ft.
10ft.
13ft.

5~
6~

in.
in.
9 in.
10~ in .
2~ in.
0 in.

3ft. 7% in.
4ft.
5 ft .

10 in.
6 in.

Substation

There will be only one substation required
until electric traction is extended for a considerable distance. This substation is located
at the west portal of the tunnel near the top of
the 0.6 per cent grade. Three-phase 60-cycle
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Fia:. 11. Combination Curve of Subetation Load and Train
Service for the Terminal Zone

11,000-volt power will be purchased and
delivered at this point from the Montreal
Light, Heat & Power Company. This company distributes electric power from six
water power stations aggregating 170,000 h .p .
All of these are connected to a central
distributing station, which is only a short
distance from the east end of the tunnel in
Montreal. Two sets of cables, one set a spare,
will be installed from this central station
through the tunnel in ducts and underground all the way to the substation. In
addition to these underground lines, an
overhead transmission line will connect the
power company's Montana Street transformer station just north of Mount Royal
with the substation. The switches on these
incoming lines will be so arranged that the
11,000-volt busbars can be quickly changed
from one to the other.
Besides the water power generating stations
the power company has two steam generating
stations with a total output of 32,000 h.p.
These act as a reserve only and are connected
to the central distributing station by underground feeders. Continuity of power supply
is thus amply provided for.
The alternating current power will be converted into 2400-volt direct current power
for the trolley circuits by means of 1500-kw.
motor-generator sets. Two of these sets are
being installed at present, one of them being a
spare. There will be space provided in the
station for a third motor-generator set which
will be installed when the load increases
beyond the capacity of one set.
Each of these sets consist of two 750-kw.,
compound . wound, commutating pole generators wound for 1200 volts, insulated for
2400 volts, and direct connected to an 11,000volt synchronous motor operating at a speed
of 600 r.p.m. These generators are permanently connected in series. The shunt
fields are separately excited. The pole face
winding, series and commutating field windings are all connected on the ground side of
these generators so that the armatures are
the only parts subjected to the full potential
of 2400 volts. Separately exciting the shunt
fields would ordinarily be objectionable for
the reason that if the commutator should
arc over due to a short circuit on the line the
generator voltage would tend to hold up and
maintain the arc. To overcome this objectionable feature a limiting resistance is placed in
series with each of the shunt fields. This
resistance is cut into the circuit by means of a
contactor operated by current coils excited
from the 125-volt bus and connected in series
with the auxiliary switch attached to the
Digitized by
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main direct-current circuit breaker. When
this circuit breaker opens the auxiliary
switch is also opened, tlrereby allowing the
contactor to open and cut in the additional
resistance, thus reducing the voltage of the
generators. A speed limit device is also
used. The contacts of this device are connected in series with the trip coil of the circuit breaker. In case of about 15 per cent
over sp~d. or more, a revolving weight due
to centrifugal force opens the switch, thus
killing the low-voltage release coil of the circuit breaker and causing it to open.
These sets have a continuous capacity of
1500 kw. each and an overload capacity of
200 per cent for five minutes.

The switchboard is composed of thirty-two
panels of natural black slate. These control
various outgoing circuits for signals, tunnel
lighting, and miscellaneous power as well as
the substation machinery. Nine of these
panels comprise the 2400-volt direct current
board. The 2400-volt circuit breakers and
lever switches are mounted on panels back of
and above the main switchboard. They are
operated by means of insulated handles on the
front of the main board so as to eliminate any
possibility of the operator coming in con- ·
tact with the 2400-volt circuit. The breakers
are enclosed between fireproof barriers. They
are equipped with powerful magnetic blowouts
to extinguish the arc, and are provided with a

Pia. 12. Dlmculooccl OatUne Dlcram of a Caoadlaa Northern Locomotive

There will be three motor-generator exciter
sets, each consisting of a 50-kw. 125-volt
generator of the commutating pole type
direct connected to a 550-volt 1200-r.p.m.
induction motor. Normally one exciter will
furnish exciting current to the fields of the
synchronous motors, and another the current to excite four generators, the third
exciter being a spare.
Two banks of transformers, one a spare,
each consisting of three 100-kw. 60-cycle
11,000 /550-volt single-phase transformers will
be installed to furnish low voltage alternating
current for operating the exciters and various
motors. Other small transformers will step
down from 550 volts to 110 volts for lighting
the . station. Emergency lighting will be
taken care of by means of a storage battery,
which will also furnish current for operating
the oil switches in case of a complete shutdown, when current from the exciter will not
be available.

re-setting device operated from the front of the
board. The field switches are mounted back
of the panels with their operating handles on
the front of the main board.
The substation building is 88 ft. long by
70 ft . wide by 34 ft. high and consists of a
machinery section and a switching and
auxiliary section. The machinery room contains the two 1500-kw. synchronous motorgenerator sets with the foundation for a third
set, and three exciter sets with space for a
fourth. It also contains the switchboard. A
25-ton traveling crane is provided in this
room. This crane will handle the heaviest
piece of machinery. Under this room there is
a basement where rheostats are located
beneath the switchboard and where there are
also storage and locker rooms.
The switching and auxiliary section is
divided from the machinery section by a
heavy fire wall. Underneath half of this is a
basement containing rooms for oil storage and
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for the furnace which provides heat for the
building. This section is divided into a busbar
room, oil switch room, lightning arrester
room, power transformer room, battery room
and feeder entry room. Fire walls and doors
fully guard against the possibility of any fire
spreading.
The machinery room has a glazed brick
dado extending 10ft. above the floor. Above
this, the room is lined with a light creamcolored brick. Ample windows are provided
for light and ventilation. Revolving ventilators are located in the roof over the
machinery.
The exterior of the building is finished with
a dark red tapestry brick with parapet,
cornice and other trimming of moulded concrete imitating dressed sandstone.

Outside the tunnel the overhead construction will be of the catenary cross-span
construction supported by means of cedar
poles spaced 150 ft. on tangents. The
messenger cable will be of %-in. steel. The
height of the trolley will be 23 ft . above
the rail. The hanger spacing will be 15 in.
and the deflection 28 in. One 500,000-c.m.
feeder will be installed from the substation to
the Cartierville yard.
In the tunnel the messenger cable will be an
aluminum cable one inch in diameter having
a steel core as reinforcement. This cable will
have a conductivity equivalent to a 400,000c.m. copper cable. There will be no other feeder
in the tunnel. The messenger supports will be
spaced 80 ft. apart and the height of the
trolley in the tunnel above the rail will be 16ft.
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HIGH VOLTAGE DIRECT CURRENT RAILWAYS
BY G. H. HILL
ASSISTANT ENGINEER, RAILWAY AND TRACTION ENGINEERING DEPARTMENT,
GENERAL ELECTRIC COMPANY
The writer points out that, important as is the physical success of higher voltage direct current apparatus,
the economic success under industrial conditions is of still greater moment. After several references to the
successful operation of the Butte, Anaconda & Pacific Railroad, the problems of transmission and distribution
are discussed and illustrated with a hypothetical example. Other important problems are dealt with, and the
article is concluded with a summary of the voltages for which direct current apparatus has already been
designed for different fields of service.-EDITOR.

successful
T HE
operation of the
first extensive heavy
freight electrification
in this country is
undoubtedly gratifying to all those who
are interested in electric railway progress.
The first year's operation electrically of the
Butte, Anaconda &
Pacific Railroad, just
now ended, has
O.H.HUl
demonstrated a success from every point of view. Even the
most conservative must agree that electric
apparatus in general and the specific apparatus employed in this instance in particular,
is well adapted for the heavy, rough service
involved.
The condition of the equipment throughout
indicates an ample margin in capacity and
freedom from any source of undue depreciation. The fact that the operation and maintenance has been in the hands of substantially
the same force as under steam operation is in
itself significant.
Important as is the physical success of the
apparatus, of still more importance to the
industry is the economic success. The very
complete data of costs of operation of the
Butte, Anaconda & Pacific Railroad, when a
steam railroad and since being converted,
which are now available, indicate a remarkable
saving by electrification. This is clearly set
~orth in the statistics given elsewhere in this
ISSUe.

There is no special feature that makes this
railroad peculiarly fitted for electric operation. The cost of coal is high and electric
power reasonably low, but this is the condition
throughout most of the trunk line mountain
districts.
Moreover, the savings shown
include a material amount of traffic and
switching service still being done by steam
locomotives. While it may not have appeared
economical at the start to electrify all of

these branches and yards, it appears that a
further source of saving would be opened by
so doing.
Whether or not this splendid demonstration
of the possibilities of electric traction could
have been possible with any other system of
electrification is, in a broad sense immaterial.
To railroad men the fact is demonstrated that
heavy grade steam railroads, freight as well as
passenger, can be equipped electrically; that
the apparatus can be operated by the same
organization throughout; that the equipment
is sturdy, capable of the hardest usage, free
from weaknesses and defects and that from
the very start most substantial economies can
be realized.
At the same time the fact that the Butte,
Anaconda & Pacific Railroad is equipped with
the direct current system at 2400 volts
establishes beyond question the fitness of this
system for use in electrifying the mountain
divisions of the great trunk railways, and is
one solution of this important problem.
One of the natural questions that arise in
this connection is what ultimate voltage
will be found desirable to use for heavy railroad work. It is frequently assumed that the
highest possible voltage is most economical
and that the line potential is'lil)Jited only by
the possibilities of producing operative apparatus. While such limitations may have
existed some time ago, the experience gained
in the development and use of 1200 and 2400volt systems, combined with the diligent
study and vigorous experimenting which have
been carried on, has demonstrated conclusively that both generating and motor equipments can be successfully built for at least
double the voltage of the Butte, Anaconda &
Pacific. This can be accepted as a reasonable
and conservative statement. The application
of still higher voltages is, therefore, not a
matter of physical possibilities in producing
apparatus but of the comparative economical
results. The highest line potential is not
necessarily the most economical or the best
suited for all conditions of profile and traffic
and it is necessary to consider all these conDigitized by
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ditions in order to determine the most suitable
voltage for electrification.
It is obvious that a given amount of power
can be transmitted at high voltage over longer distances with a given amount of copper, or
over the same distance with less copper, than
at low voltage. The problem of transformation and distribution from the high tension
alternating current transmission to the rolling stock is somewhat more complex. This
can best be illustrated perhaps by a crude
example:
Suppose a railway were equipped with light
cars consuming an average of 100 kw. each
and operating on a close headway one mile
apart. The load would be uniformly distributed over the system. If the line were
of 500 volts, the substations of 500 kw. could
be spaced about five miles apart with no feeder
copper to reinforce the 4/0 trolley. A 1000volt line would have substations of 1000 kw.
spaced ten miles and a 3000-volt line potential
would have substations of 3000 kw. spaced
thirty miles. In each case the total substation capacity and the amount of copper
would be the same.
The sole advantage of spacing substations
farther apart would arise from the lower cost
of apparatus and buildings per kw. At about
1000-kw. capacity per substation this cost
approaches a minimum, while for a given voltage the cost of feeder copper increases rapidly
with the greater spacing. At the same time the
cost per kw. of generators and the weight and
cost of the rolling stock increases at an accelerating ratio with the voltage. The balance
in costs will be reached for the assumed railway at about a twelve mile spacing of substations and with 1200 volts line potential. On the other extreme, if the railway
load consists of, say, two train units each consuming 5000 kw. spaced 50 miles apart it is
obvious that substations spaced less than
fifty miles will have to have substantially the
same capacity each as if spaced fifty miles,
so that there is a marked saving in total substation capacity by the wider spacing and the
balance will arrive at about 5000 volts and 50
miles spacing. The illustration is quite crude
since many other conditions enter into the
problem such as varying train weights, grades
and necessity for moving train fleets with a
deranged schedule.
It is clear, however, that the size of train
units and the density and distribution of the
traffic have the determining influence upon
the most economical voltage to be used as
well as the substation spacing. Many local
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conditions will enter to modify any general
conclusions. There are usually certain natural locations for substations, on account of
grades, branch lines or existing stations so
that each problem must be studied individually both with reference to present conditions and future growth.
The limit in weight of train units on grade
sections, due to the strength of car structure
and drawbars, air-brake operation and other
similar considerations, makes an input of about
5000 kw. per train, not including acceleration,
the maximum that will have to be dealt with.
Where traffic is dense enough to warrant
electrification at all and the future growth is
properly considered, it is generally found
that the minimum first cost and operating
cost is reached at about 3000 volts for the
heaviest train service.
Many situations and many conditions
indicate a lower voltage than this, for instance
where multiple unit train passenger service is
a considerable factor the advantages of a line
voltage of about 1500 volts are quite apparent.
Motors of less than 175 or 200 h.p. increase
rapidly in weight per h.p. at voltages over 700
or 800 so that four-motor equipments with
series parallel control become disproportionately heavy and costly above 1500 volts. The
control apparatus as well be~omes rather complex and bulky for installing beneath the car
floor. The lower power demand per train
unit and the frequent spacing of trains which
this class of service involves naturally influence the conclusion toward a lower voltage,
while the size, weight and cost of the cars
emphasize the economy of moderate voltage.
The use of 1200 volts for suburban lines is not
only most economical for the character of the
traffic, but presents especial flexibility in combination with 600-volt lines, with which they
usually connect. The large number and wide
distribution of 1200-volt railways now in
successful operation firmly establishes this
voltage as standard for suburban service.
The just demands for some degree of
standardization require the elimination of too
great a variety of line voltages. The needs
of all classes of service seem to be well met by
apparatus already well developed and to a
large extent in practical use. This may be
summarized as follows:
600 volts for city service,
1200 volts for suburban lines connecting
with GOO-volt city lines,
1500 volts for moderate mixed freight and
passenger traffic,
3000 volts for heavy trunk line service.
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Future development will probably follow
these lines, since this classification is already
fairly clearly drawn in railway practice, as a
result of much study and experience.
Steam railway organizations are confronted
with many perplexing problems in the consideration of the inevitable electrification.
It is of inestimable value to their progress,

as well as to that of the electrical industry, to
be able to present one satisfactory solution
with respect to the electrical system and
apparatus to be employed that is already
developed, tested and proven. Several railways have, as a result, already adopted the
2400 and 3000-volt direct current system
for important electrifications now under way.

THE OPERATION OF THE OREGON ELECTRIC RAILWAY
BY L. B. WICKERSHAM
ASSISTANT GENERAL MANAGER, SPOKANE, PORTLAND AND SEATTLE RAILWAY SYSTEM
In last November's issue we published quite an extensive account of this 1200-volt system, and in the
present article the author deals with the oyeration of the road since that date. The operation and maintenance of the p,assenger cars, an analysis o the power costs and of the substation data as regards "input,"
"output" and 'efficiency," and-a resume of the cost of maintenance for the whole electrical system, make
a complete and interesting story. The tables accompanying the article are of great value.-EDITOR.

As the physical features of the 1200-volt
system of the Oregon Electric were fully
described in the GENERAL ELECTRIC REVIEW,
November, 1913, shortly after the 1200-volt
system was put into operation, the present
article is largely supplemental and is based
upon operating data since that time.
It will be recalled that this line was formerly
a 600-volt system operating 50 miles south to
Salem, with a branch line of 19 miles to
Forest Grove. An additional 72 miles south
from Salem was completed in the late fall of
1912, at which time was also completed the
changing over of the entire system from
600-volt to 1200-volt operation. The results
contained in the table given are, therefore,
the statistics on the first fiscal year of operation under the 1200-volt system.
Cost of Operation and Maintenance

In Table I is given the operating cost for
passenger service per car mile, also the
monthly train mileage and car mileage over
this period.
In column 1 the cost of maintenance of
electrical equipment is shown in cents per
car mile, while column 2 gives the maintenance cost of passenger cars themselves,
exclusive of electrical equipment. Wages of
motormen and trainmen are shown in column
3, and column 4 represents the power cost
in cents per car mile. Common charges
between freight and passenger operation are
divided, as is usual, upon a car mileage basis.
It is interesting to note that the maintenance of equipment of cars, including electri-

cal equipment averages for the year approximately 1.75 cents per car mile.
At the time the change was made from 600to 1200-volts, two of the 600-volt GE-73
motors were retained on each car and new
GE-205 600/1200 motors used on the high
side. That the use of the old 600-volt motors
in connection with the 1200-volt operation
has not served to increase the maintenance
cost of the equipment is very evident from
the tabulated figures given, and justifies the
investigations and conclusions of the engineers
of the General Electric Company and the
railway company.
The total cost of all maintenance of passenger equipment is approximately 2 cents per
car mile, which is considered to be an excellent
record in the maintenance of equipment at
this time. The cost herein given includes the
depreciation charged against the equipment.
It will be noted that the total operating
expenses per passenger car mile is 22.9 c~nts,
and that the average car mileage is 197,465,
and that there is an average of 2.5 cars per
train.
Power

Power for the operation of these lines is
purchased from the Portland Railway, Light
& Power Company. The contract calls for
$1.25 per month perkw. of maximum demand;
the maximum demand being the average
power during the hour giving the largest
number of kilowatts . delivered during any
one-hour period, and is determined from the
load sheets for each month separately.
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The companies purchase both direct current
and alternating current from the power
company, the direct current being supplied
in the city of Portland, while the alternating
current is delivered at 60,000 volts at the
railway company's substations. Printometer
attachments are used for the measurement
of both the direct current and the alternating
current. The summation of the printometer
readings at the company's two direct current
substations and at their two power plants
represent the daily load . curve of the railway
company on which the maximum demand
is based.
A consumption charge of 4.75 mils per
kw-hr. is charged for all power delivered to the
railway company's substation and is measured
on the low side of the transformer at the
railway company's various substations. On
the direct current readings the company pays
an additional two mils for conversion. The
direct current furnished amounts to approximately ten per cent of the kilowatt-hours
furnished .
In Table II is shown the segregation of
power costs for the fiscal year 1913-1914.
The company has installed meters upon its
freight equipment and in this way is able to
effect an accurate segregation between
passenger and freight.
This enables an
accurate determination to be made of pas-
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senger power costs, so that the operation of
the passenger equipment can be studied and
by supplementing this data with that obtained
from coasting meters placed on certain
equipments, motormen are instructed in the
proper handling of their cars with the view
. of securing low power consumption.
In
addition to this, watthour meters have been
placed on several of the passenger equipments and the actual consumption required
to make certain runs determined. Motorinen
have learned the amount of -power consumption required to make certain runs under
economical handling of equipment and are
encouraged to reduce this as much as possible.
Car heating tests have been made so as to
properly segregate the heating and lighting
from propulsion. An effort has been made to
operate the freight trains as much as possible
during the night hours, and careful attention
is given to eliminate unusual peak load
conditions.
It will be noted that the load factor has
been maintained at between 40 and 50 per
cent. The reason for the low load factor in
July, 1914, being the heavy travel on the
Fourth, which caused unusual peak conditions and necessarily lowered the load factor.
The average for 14 months from June, 1913
to July, 1914, inclusive, was 46.3. The
average cost per kw-hr. delivered at the

TABLE I
OPERATION AND MAINTENANCE OF PASSENGER CARS

Electrical
Equi ment
.p
.of Cars
tn Cents
p<!r Car
Mile

Mainte- j Passenger.!
nance of
ConducaPnassedCongmer_
tors,
Po-r
IM
"~
bination
otormen Cent'M'il.r
C
and
C
il8
. ars
Trainmen
ar
tn Cents
per Car
pe~Rear , Mile

- - - - 1 - - - -~ · · . 1 - --

1913
July
August
September
October
November
December
1914
January
February
March
Aril

~

II

Other
Direet Proportion
Total
Char
of Common ! Paaaenger
ge.s
Char~es
Expense
Cents
c
per Car
p<!r ar : per ar
Mile
Mile
j'
Mile

I
Train
Miles

-1- - - - ~---1---~ ! --- '

Average
Cars per
Tram

Car
Mile.s

1 - - -i- - -

.45
.4725
.4523
.528
.405
.484

.9842
.956
.6545
.996
1.371
1.444

3.912
3.833
3.5956
3.71
3.865
3.986

2.76
2.878
2.9823
2.84
2.993
3.31

3.452
3.52
3.801
4.27
4.80
4.29

10.132
10.652
9.84
9.566
11.666
10.476

21.69
22.31
21.326
21.91
25.1
23.99

79,659
80,351
78,489
79,985
77,375
79,360

195,910
201,612
215,142 '
210,206 '
198,173 1
196,020

June

.458
.4556
.595
.6855
.4189
.0724

1.364
1.307
1.452 .
2.038
1.15
2.036

4.215
4.116
4.309
4.316
4.208
3.906

3.22
3. 179
2.993
3.025
2.842
2.9016

5.21
4.042
4.233
4.587
4.23
.971

10.233 1 24.7
9.86 I 22.96
20.9
7.318
23.47
8.82
10.273
23.122
23.854
13.967

77,345
72,923
79,493
79,010
83,146
81,780

188,466 1
175,305 i
188,575 :
185,004
199,773 1
215,397

2.44
2.44
2.37
2.34
2.40
2.63

Average

.455

1.306

3.903

10.28

79,076

197,465

i

2.50

May

I 3.988

I 2.981

22.944

.1·

I

2.46
2.506
2.741
2.63
2.56
2.47

------~----~~---~--- -
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company's substations over this same period,
including the direct current delivered, was
0.9 cents per kw-hr.
In Table II the amount of power billed
includes the power supplied the United

Railways, which is operated in conjunction
with the Oregon Electric Railway, as they
both operate under the same power contract,
thereby deriving the advantages of the
combined load factor. The balance of the

TABLE II
SEGREGATIONS OF POWER COSTS FOR FISCAL YEAR 1913-1914
June
1913

July
1913

August
1913

November December
1913
1913

I

Average

I
Power bill (Oregon Electric & United)
Kilowatt-hours per month .
Maximum demand kilowatt
Load factor .
.
.
Cost per kilowatt-hour
Passenger car miles
.
.
.
.
Passenger propulsion power bill
.
Passenger car lighting and heating bill
Passenger propulsion power cost per
car mile
.
.
.
.
.
.
Passenger propulsion kilowatt-hour
per car mile
.
.
,
.
.
Passenger car lighting and heating
cost car mile
.
.
.
.
.
Passenger car lighting and heating
kilowatt·hours per car mile
Revenue freight car miles .
Revenue freight power bill
.

~=~=~~: ~:~ ~H: ~~~!~~t~htour ·

Non revcnue freight car miles .
Non-revenue freight power bill .
.
Non~revenue freight car mile power
4

cost

.

.

.

.

.

.

6.20,

so~~~

$~.50

$11559.89
1,392.345
3.640
51.4%
0.0083
210.224
$5597.36
$371.45

11493.20
1,375,960
3.623
52.7%
$0.00834
198.173
$5144.92
$787.55

S109
1,299,945
3.483
50.1%
$0.00843
196.020
$5541.70
$947.12

46.3%

201,612
$5513.30
$289.37

$10687.28
1.255,550
3,498
49.8%
$0.00851
215.378
$6082.58
$333.79

$0.026133

$0.027346

$0.028705

$0.026625

$0.025962

0.028271

$0.027

2.558

3.078

3.193

3.375

3.208

3.102

3.353

3.113

$0.00135

$0.001431

$0.001434 1 $0.001549

$0.001738

$0.003974

$0.004831

0.155
76.729
$1665.02
$0.0217
2.497
87.804
$936.24

0.167
83.498
$1222.40
$0.01464
1.724
95.996
$907.30

0.167
82,164
$1370.59
$0.01668
1.938
184.230
$927.64

0.182
90.373
$1314.67
$0.01454
1.709
162.454
$856.71

0.476
0.2091
99.887
85.254
$1582.93
$1471.07
$0.0172.5
$0.01598
2.068
1.923
92.896
156.905
$926.97
$1252.56

0.573
72.538
$1087.60
$0.01499
1.778
62 098
$773.87

$115.31
$176.40
$24.74

$110.80
$187.60
$24.58

$120.96
$196.74
$23.16

$114.82
$192.00
$28.03

317.71
$204.32
$35.36

$182.21
$306.48
$28.32

$1913.28

$1911.08

$2022.47

$1764.68

$2198.20

$2645.68

$9696.36
1,115,055
3.259

$9764.02
1,1<18.840
3.193

$10464.23
1,221,780
3.446

206,715
$4585.71
$279.62

195,910
$5119.76

$0.02223

so~~~ so~.Th

$0.016{1

.

Non·revenue freight car mile kilowatt·
hour .
.
.
Switchinj! power bill
Station ltghting .
Shop power .
.
0. C. & I..• United Rail,.;ay, Ruth
Realty

$86.40
$306.48
$36.671
$2206.34

• Other Companies and Individuals.

January
1914

February
1914

May
1914

March
1914

June
1914

Power bill (Oregon Electric & United)
Kilowatt-hours per month .
Maximum demand kilowatt
Load factor .
.
Cost per kilowatt-hour
Passenger car miles
.
.
.
.
Passenger propulsion power bill
.
Passenger car lighting and heating bill
Passenger propulsion power cost per
car mile
.
.
.
.
.
.
Passenger J;>ropulsion kilowatt-hour
per car m1le
.
.
.
.
.
Passenger car lighting and heating
cost car mile
.
.
.
.
.
Passenger car lighting and heating
kilowatt-hour per car mile
Revenue freight car miles .
Revenue freight power bill
.

~=~=~~: ~:~ ~U: ~il~!~i~htour ·

Non-revenue freight car miles .
.
Non-revenue freij!'ht power bill .
.
Non-revenue fre1gbt car mile power
cost
.
.
.
.
.
.
.
Non-revenue freight car mile kilowatthour .
.
.
Switching power bill
Station lighting .
Shop power .
.
0. C. & 1..• United Rail,.;.ay, 'Ruth
Realty

Average
1914
July -'

----

- - - - 1 -$10154.98
1,187,831
3.296
46.0%
$0.00855
188.466
$5189.58
$878.59

$9426.89
1,065,215
3,189
49.7%
$0.00884
175.305
$4906.42
$663.80

$9179.29
$9143.09
1.060.240 1.030.190
3,177
3,0791
45.0%
46.2o/2
$0.00862
$0.00887
188,575
185.004
$5025.93
$5155.69
$440.88
$617.80

$9254.41
1,038.375
3,239
42.7%
$0.00892
199.773
$5448.86
$328.57

$9608.81
1,005,344
3.646
38.3%
$0.00956
215.407
$6072.09
$177.83

$0.027536

$0.027994

$0.02652

$0.027862

$0.02727 5

0.028189

3.221

3.161

3.076

3.141

3.057

2.949

$0.004661

$0.003786

$0.003276

$0.002388

$0.001645

$0.000826

0.545
61,578
$982.23
$0.01595
1.865
26,766
$610.72

0.428
60.379
1150.60
$0.01905
2.159
20.976
$399.69

0.380
78,976
$1232.81
$0.01561
1.811
8.780
$236.14.

0.269
72.627
$1000.95

0.184
70,731
$1087.85

49.570
$527.08

1.746
43.870
$447.71

0.086
63,641
$1262.17
$0.01983 1
2.074
3.671 '
$59.61

$46,421
$306.48
$33.98

$49.44
$306.48
$27.08

$34.33
$252.57
$40.17

$45.83
$252.57
$29.10

$68.12
$227.351
$29.90

$81.19
$159.96
$29.16

$2099.981

$1894.44

$1739.54

$1690.99

so.on~~ l

SO.Ol.'i38

S1616.o5 _ s_1_1_66_._2o"'"

$9602.581
989.8211
3,703

so.~?~ I

46.3%

199,8621
$6044.59
$106.88
$0.030241 $0.027
3.1081

3.113

$0.0005341
0.055
72,624
$1298.44
$0.017881 SO.Dl66
1.863
24,216
$132.591

$30.45
$168.17
$24.30
$1797.161

• Other Companies and Individuals.
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TABLE III
--

--- ~- -

SUBSTATION DATA
MOFFATT
I'
TONQUIN

MULTNORMAH

- - -- - - - - - - - - - - - - 600 Volt Rotaries
Two in Series

600 Volt Rotaries
· Two in Series

Input

Input : Output! - Ell.

Output!

-------

- I,

60lf.:~li~ ~;~es

,

Ell.

Output' Ell.

Input

14~ ~1657~
~~ 179200 14867~1
105100 79.6 : 172600 1401801

WACONl>A

ORVILLE

1200 Volt Rotaries

1200 Volt Rotaries

July
Aug.
Sept.
Oct.
Nov.

169000 142222,
208000 . 179758:
229200 : 196290
279300 I 242558 '
244900 201132
197400 155644

84.2
86.3
85.6
86.8
83.2
79.9

132100
140800
162000
174600
171200

111620
139230
137680
149750

83.0
81.2
79.2 176500 1 150280i 85.1
85.8 . 191000 . 1619001 85.0
78.9 1 198700 1169600 85.3
87.0 201600 171140 84.8

1362001 109920
1301001 110900
143400 t2077o
149600 125780
18300 94310
1194001 97970

Jan.
Peb.
Mar.
April
May
June
Totals !
for fiscal
year

186800
156800
171800
169400
160200
163500

83.6
83.7
83.2
85
86.7
87

152600
135900
134900
130800
140300
136900

124450
111430
109860
102770
111970
111720

81.6 187900
82
165600
81
1 173600
79.9 169600
79.7 , 169700
81 .6 155300

102900
87800
92600 :
94900
950001
93100

108790

81.0

Dec.

160400

156074
131282
143118l
144636
138900
142280
I

13_8_73_71_86
_ ._4_

PIRTLE

1200 Volt Rotaries

Input

~346()()

154600 1 1383701 89.5

1~?:fa~~t

I

Elf.

Input r

85
87.3
87
86.3
81.2
81

872400

- -

-73400
85200
94400
95500
102500
92300

164032188.6
76414 89.6
82935 87.9
827 43 86.6
80124 79.9
78972 85.5

'48700 40526
43300 37294
45600 39265
47500r1377
55100 46143
48000 39915

83.2
86.0
86
87
83.7
83.2

.36400 31127
37300 32582
37500 32671
39300133942
45300 36730
44300 36000

89500
83700
82400
79200
79200
77300

73674 82.3
,71597 85.5
69106 83.8
66402183.9
68061 86
66316 85.8

46500 36200
43900 38240
44800 37145
141400 34916
44000 37105
43000 36367

80
87
83
84.3
84.3
84.5

44800 35916 80
39100 32325 83

y e-ar

84020
71150
75420
77160
77390
76230

83J 73552
92300 84341
84.2 . 102800\ 91867
82
111400 100329
80
104200' 88501
82
88200 75850

Output-

~~89.6
89.3
90
85.2
86

84.9
85.1
85.4
85.2
86.1
86.6

69300 59758

86.2

78.0

D-C. Output

Eft.

600 Volt M-G Sets
1
Two in Series
Sta- Jeffertion
son
OutE
St.
Input 1 put Eft.

83.3
85.7
85.1
85.4
84.7
83 .6

118550
144240
109890
I 18620
ll8040
108690

-

Ell.

81
78500 66676
81
73200. 61282
81.4 . 77500 66133
81.2
767001 65367
81.4
81500 70226
81.8
742j 64305

HARBORTON

Elf. Input Output

~ Output

Input

~
85.2

90/iOO; 71550

Totals for Month
All G.E. Substations

1200 Volt
Rotaries

Jul y
Aug.
Sept.
Oct.
Nov.
Dec.
~an .
eb .
Ma r.
~ril
ay
June
T otals
for fiscal

84.2
85
86
87
87.2
87.8

LASSEN

1 - -C
_A_I<_T_N _
KV
__

Out- ~
· Output Eli. Input p.tt

i

159240.
141000'
149250:
146560,
147650,
136450:

Ell

Input · Output

Total
D-C.

----··-

~~~~~~m ~~::

40200 334 14 83
39400 33430 85

74500 63481 8.3.2 !42500135737 84.1 37800131782 84.1

726619
772575
9009001
970200 825798
1085600 927859
1043600 854320
962400 805241
889500
786000
818500
8013001
810100
782700
10723200

!

183840
93640 ~g:6
'70428 65.0
79900 66.3
77060 . 65
740091 68

:rm~gg
31280 144480
40180 157945
55740158580
62710166145

""" "·' I"""' I'"" " ....,!,,.,

157890
176640
175460
198125
214320
228855

196391
658306 83.7 88780 52530 59 530851137350 190435
683759 83.5 94540 53520 55 14785132415 147200
670176 83.6 1 89670 49870 M.5 264551112765 139220
136693
~m~~ ~a ~l~8 ~~~g~g ~x ~m~m~!8 1137964
18
9012708 84.051
764200 648205 84.8 89530 46480 52.0 24536 111555 136091

I

I

TABLE IV
- -

--

COST OF
MAINTENANCE
- --Substation

-

~-

--

1913
July
August
September
October
. November
December
1914
January
February
March.
~ril
ay
June
Total per year

- -

Transmission
System·

- - - -- -

Distribution
System

Poles and
Fi:oturea

---$760.52
243.04
161.57
147.42
797.21
636.33

$275.83
320.50
161.81
218.98
273.04
284.13

$837.87
979.42
770.70
807.12
1034.97
1031.02

$399.58
452.21
576.92
878.02
1549.02
1515.17

253.25
523.69
437.78
587.68
479.98
549.29

298.66
291.71
276.17
39.85
71.23
25.44

686.31
562.43
589.89
219.34
344.19
45.23

1489.23
1487.63
599.68
58.37
144.08
168.35

$5577.76

$2537.35

$7818.03

$9318.26

---

Miles of line, 150.
Maintenance substations per mile road per year, $37.18.
Maintenance overhead lines per mile road per year, $131.10.
NoTE :-Seventy-two miles of line and four substations were new in 1912.
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table is segregated and is statistical for the
Oregon Electric alone.
It should be noted that the propulsion cost
per car mile and the kw-hr. per car mile for
propulsion alone are given separately from
the car lighting. and heating cost per car mile
and car lighting and heating kw-hr. per car
mile.
It will be noted that the approximate
average propulsion kw-hr. per car mile is 3.1.
This is at the meters and represents approximately 2 kw-hr. per passenger car mile at the
cars, which is considered to be an economical
performance, considering the weight of the
equipment and the grades over which these
lines operate. The average cost of propulsion
measured at the meters is approximately
2.72 cents per car mile.
It will also be noted from the table that the
average power cost per car mile on revenue
freight is 1.66 cents per car mile, or 61 per
cent of the cost per passenger car mile.
An approximate conclusion which may be
drawn from this comparison between the cost
per car mile in passenger and freight is the
difference in tractive power per ton mile
exerted to handle freight and passengers
under actual running schedule.
It should be understood that these figures
are averages of monthly computations, therefore approximate, but representing fairly
well the average conditions of operation over
the period given.
Substation Operation

In Table III is given the output and input
of each of the substations and their monthly
efficiency.
The average of the monthly
efficiencies is also shown.
All of these substations operate rotary
converters, with the exception of Harborton,
on the United Railways, which operates
motor-generator sets. Multnomah, Moffat
and Tonquin have 600-volt rotaries in series,
while the other substations have 1200-volt
rotaries. Harborton has two 600-volt motorgenerators in series.
The direct current output at Station E
and Jefferson Street station are also shown
in this table. ·

It will be noted that the average efficiency
as averaged from the monthly efficiencies of
the various substations on the Oregon
Electric is 84 per cent while the efficiency
of the Harborton substation averages
about 62 per cent. While this difference
in efficiency between the Oregon Electric
and United Railways substations is partially
due to the class of service which they
supply, there is clearly a difference of 15
per cent in the · operation of rotaries, as
compared with the motor-generators.
Substations on these lines are shut down
at certain intervals during the day whenever
a shut-down of 30 minutes can be obtained
with no trains in the zone supplied by the
substations. These shutdowns are handled
according to regular schedule, subject to such
variations as may be given by the dispatcher
in case of extra movements.
It will be noted that substations such as
Orville and Pirtle, which are located on the
south end of the line, show remarkably high
efficiencies. These are obtained by keeping
the capacity of the substations as low as is
consistent with the maximum demand conditions upon them, supplementing them with a
portable substation during days of unusually
heavy movement, such as the Fourth of July,
Rose Festival, etc.
Table IV gives the maintenance figures
for substations and overhead lines for the
fiscal year 1913-1914. It should be noted that
72 miles of the line, from Salem to Eugene,
were constructed in 1912 and are, therefore,
practically new. This is also the case with
four of the substations on the south end.
On the other hand, the balance of the line
has been in operation over seven years, and
the pole reinforcements and renewals were
begun a year ago. It is expected that the
work of this kind during the fiscal year
1914-1915 and the following year will complete the reinforcement or renewal of practically all of the poles on the old part of the line.
It should be noted that the substation
maintenance per mile of road per year over
this period averages $37.18, and that the
maintenance of overhead lines per mile of
road per year averages $131.10.
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THE BALTIMORE AND OHIO ELECTRIFICATION
BY J. H. DAVIS
ELECTRICAL ENGINEER, BALTIMORE AND OHIO RAILROAD
The author has written an interesting account of this the first heavy electric traction undertaking in America. The physical characteristics and history of the road, the power supply, distributing system, locomotives
(old and new), the operating features, and the cost of operation and maintenance are all discussed; the latter
features being amplified by some valuable tables. The high maintenance charges on the Class OE-1 and
OE-2 locomotives are explained by the fact that these units were much overloaded, and that for the period
for which the figures are given there were no adapt facilities for re-winding armatures of this size. The high
cost of third rail maintenance that has been experienced on this road is accounted for by the large amount
of renewal work and the unusual local conditions.-EDITOR.

it was sugW HEN
gested that an
article on the Baltimore & Ohio electrification would be of
interest in this number of the GENERAL
ELECTRIC REVIEW it
was felt that, in view
of the previous descriptions, very little
could be said at this
time with which students of heavy tracJ. H. Davia
tion were not already
familiar. However, the fact that the Baltimore & Ohio electrification was the first
undertaking of this nature in the United
States, and as changes have recently been
made to provide for much heavier traffic
conditions than originally existed, and also,
as data on the cost of operation and maintenance is fairly complete over a long period
of years, it was felt that a review of this
subject including a statement of physical
characteristics, a brief history of the reasons
for electrification, together with a description
of the equipment now in use, tonnage handled,
sources of supply of electricity, as well as
data on the cost of operation and maintenance, would prove interesting. The need of
actual operating data has been felt by
engineers and railroad managers who are
considering the subject of trunk line electrification, and notwithstanding the fact that
considerable information of this character
is now available, the same has not been made
public except in a few instances. Where the
exact conditions of operation are stated and
the data is properly used there should be no
objection to its publication.
Physical Characteristics

That portion of the Baltimore & Ohio
Railroad which is electrified lies within the
city limits of Baltimore, and is a part of the
so-called belt line, extending from Camden

Station on the west to Waverly interlocking
tower on the east, a· distance of 3.75 miles.
There are eight tunnels in this zone, together
amounting to 48 per cent of the total distance,
the longest tunnel, which is between Camden
Station and Mount Royal Station, being
7300 feet in length. This tunnel contains two
tracks while there are four tracks between
Mount Royal and Huntingdon Avenue, from
which point to Waverly there are two tracks.
That part of the zone through which trains
are handled by electric locomotives is entirely
upgrade, the difference in elevation amounting
to 150 feet, which gives an average through
grade of 0.9 per cent, the ruling grade being
1.52 per cent and maximum curvature, 10
deg. 16 min. Special attention is called to
this fact as trains are handled electrically
only in the upgrade direction, the electric
locomotives returning light, which results in a
unit power consumption that is in all probability larger than that for most other existing
steam railroad electrifications. Fig. 1 shows
map, profile and curvature diagram of the
electrified zone.
History

During the early 1890's the Baltimore &
Ohio constructed the Belt Line Railroad which
furnished a direct rail connection between
the main line west of Baltimore and that east.
Previous to this it was necessary to ferry the
trains across an arm of the Patapsco River.
One of the requirements of the ordinance
governing the construction of the line through
the city was that the trains be operated
electrically. In addition the number and
lengths of the tunnels necessitated special
means for reducing the amount of locomotive
smoke and gases, for which electrification
undoubtedly offered the most satisfactory
solution. The first trial trip with electric
locomotive No. 1 was made on June 27, 1894,
but the belt line was not opened for traffic
until May 1, 1895. Regular service with a
total of three electric locomotives was begun
on August 1, 1895. An overhead distribution
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system was installed, but as it never proved
satisfactory it was replaced in 1902 by the third
rail system. Four electric freight locomotives
were purchased in 1903 and another of the
same type in 1906. With the increasing
traffic and weight of trains the capacity of
the power plant and feeder system became
inadequate, with the result that in 1909 a
contract was entered into for purchasing
current from the Consolidated Gas, Electric

~cC"'"..,nCA,.,_

.. s:,..lltiC"T"l'A •T

direct current generators direct connected to
tandem compound non-condensing Corliss
engines. A large proportion of the plant
output, however, is used for the railroad's
shops and other purposes. As but one train
at a time was handled through the zone the
load was of an intermittent and high peak
character.
To obtain more economical
operating conditions as well as to improve the
voltage on the line a storage battery sub-
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Map and Profile-Curvature Diall'am of the Electrified
Section of the B. & 0. R. R .

Light & Power Company of Baltimore, and
a synchronous converter substation was built
near the center of the electrified zone. In
1910 and 1912 a total of four locomotives of
a more powerful type were placed in service
and the original three were retired.
Power Supply

The direct current system is used, 675 volts
being maintained at the d-e. bus. Originally
all power was supplied directly from the power
plant, built for that purpose, located at the
western end of the zone. The generating
station is supplied with five 500-kw.,_ 700-volt,

station was subsequently installed near the
Mount Royal passenger station, a mile and
three-quarters from the power house.
A
booster system of control was used which
included a booster located in power house,
thus permitting a reduction of the generating
voltage to 550 in order that current could be
used for industrial motor purposes. This
booster limited the power house output to
900 kw. for traction purposes which, with the
battery, was sufficient to handle one freight
train of 1600 tons weight including electric
locomotive and one light passenger train
simultaneously.
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With the increase in train weights and
in the amount of traffic handled there finally
resulted a condition where the system of
generation and distribution of power was
totally inadequate to meet the demands. A
study of the situation developed that power
obtained from a large central station plant
under a suitable rate schedule would prove
the most satisfactory from an operating as
well as economic point of view. In 1909,
therefore, a contract was entered into with
the Consolidated Gas, Electric Light & Power
Company for furnishing power in the form of
13,000-volt three-phase, 25-cycle current. A
synchronous converter substation was built by
the railroad adjoining the Mount Royal battery station. Three 1000-kw., 650-volt synchronous converters with the necessary
auxiliaries were installed, sufficient space
being provided for an additional machine. The
battery, which is of 3200-ampere hours capacity, at an eight-hour rate, or 3200 amperes for
a period of 20 minutes, at the maximum discharge rate, has been retained for peak work
and is controlled by. the Electric Storage Battery Company's carbon pile regulator system.
The present capacity of tpe station is sufficient
to permit handling simultaneously two freight
trains of the present tonnage rating, e.g., 2400
tons including electric locomotives, and one
passenger train, which will take care of the
probable traffic requirements for some time.
The power plant is operated in parallel with
the substation, it having been found economi-

1085

tages and economics of purchased current,
under suitable form of contract, for this
character of service. The ability of a large
central station system to absorb without
disturbance the abnormally high peaks occuring with the simultaneous starting of trains

Pi1. 3.

Lateat Type of Third-Rail Coaatructioa
Adopted. This ia now Standard.

on the grades, as well as the fluctuations of
longer duration, caused by the intermittent
character of the load, the ability of the
railroad to increase indefinitely the demands
for power without an additional outlay of
capital for power plant equipment, and the
elimination of the necessity of having to carry
the fixed charges on reserve plant equipment
are all decided advantages in favor of the use
of central power station.
Distribution System

Yaa;. 2.

Method of Mountina and Protectina:tthe
Third-Rail at Station Platforms

cal to do so as long as it is continued in
service. Plans are now under way, however,
for closing it down in favor of purchasing
current for the entire requirements of the
railroad in Baltimore. Experience thus far
has fully demonstrated the operating advan-

The original installation comprised an
overhead system of power distribution. The
contact conductor consisted of two Z bars
so arranged as to form a box-like structure
with a slot in the bottom. Outside of the
tunnels this was supported from towers by
catenary construction and in the tunnels by
direct hangers. In this overhead slot the
collector shoe, attached to the locomotive
by a pantograph, was allowed to slide. As
would be expected, from our present
knowledge of methods of collecting current,
the system was unsatisfactory, while the
presence of gases from steam locomotives
resulted in high maintenance cost. In 1902,
the overhead conductors were replaced by a
third-rail system, the larger part of which is
still in service. On account of the flush
platform construction at the passenger stations a special form of protection was provided, which is shown in Fig. 2. As a further
safety precaution, automatic sectionalizing
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switches were installed but, proving unsatisfactory, were discontinued.
To provide a continuous supply of current
to the locomotives at double slip switches,
where the gaps were too great to be spanned
by the third-rail shoes, a special arrangement
of movable third rail is used to avoid the
necessity for overhead conductors. These
consist of a structural T iron located inside
the crossing tracks and at such other points
where the standard third rail would be fouled

plete renewal, at which time the type of
insulator and guard board support were
modified to overcome certain faults in the
original design. The design as modified has
been adopted as standard for future replacement, and is shown in Fig. 3.
Locomotives

Three types of locomotives have been used;
the original locomotives designated as class
LE-I, the second lot of locomotives designated
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by trains using the crossing tracks. In the
operating position these are level with the
top of the third rail, but normally are lowered
to the track rail level. in which position
current is automatically cut off as a safety
precaution. The rails are controlled from the
signal towers and are properly interlocked
with the switch levers.
After ten year's of service the third rail
in the Howard Street Tunnel became so badly
corroded, due to action of the locomotive
gases and electrolysis. as to require its com-

as class LE-2, which were designed exclusively
for freight service, and the last lots purchased
designated as classes OE-1 and OE-2, which
are of the Detroit Tunnel type and are used
for both passenger and freight service. Mter
15 year's service the original locomotives
were retired on account of obsolescence; one
of them however, has been preserved intact
for exhibition purposes as being the first
electric locomotive used in this country
under steam railroad conditions. Accompanying photographs show the different types of
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locomotives, while the principal data
pertaining to the electrical, mechanical and operating features are given
in Table I.
Operating Features

The service in the electrified zone
is very similar to helper locomotive service except the road locomotives furnish no assistance. The
ruling grade in the zone is 1.52 per
cent while that of the remainder
of the steam locomotive division is
but 0.8 per cent. This necessitates
that the electric locomotives be able
to develop twice the tractive effort
required of the steam locomotives.
On account of the shortness of the
run, steam locomotives are hauled
through the zone with their trains.
The electric locomotives return light
as, on account of the grade, westbound traffic operates through the
zone without requiring power from
the steam locomotive except for
starting.
The present maximum rating for
freight trains handled over the belt
line is 2200 actual tons, including
the steam locomotive weighing 230
tons. Two class OE-1 or OE-2
locomotives haul these trains on
the maximum grade at a speed of
15 miles per hour, which is nearly
twice the speed obtained with the
railroad's Mallet steam locomotives
on corresponding grades and with
full loading.
Fig. 4 shows the results of a dynamometer car test with two class
OE-2 electric locomotives hauling a
2450-ton train over the belt line,
the total weight of train including
the electric locomotives being 2709.7
tons. These curves are typical of
freight train performance excepting
that the weight is above normal.

Pi1. 5.

Three 80-too Prelcht Locomotivea, Tv>e LE-1 U>d LB·2, each
equipped with four GB-65 Moton haulinl frellht train

Fil. 6. ODe 100-ton Freiabt and Pa.encer Locomotive, Type OB-1 and
OB-2, equipped with four GB-209 Motora haulin1 puaencer train

Coat of Operation and Maintenance

Data showing the traffic handled
and the total cost for operation
and maintenance in dollars per
thousand ton miles, including the
weight of the electric locomotive,
and in dollars per electric locomotive mile, including mileage running
light, for a period of several years,
are given in Table II. As would be

F"~&.

7. Two 100-toD Frei1ht U>d P-..ler Locomotivea, Type OB-1 and
OB-2, each equipped with four GB-209 Moton hauiln1 frdlht train
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Table I.

ELECTRIC LOCOMOTIVE DATA, BELT LINE RAILROAD

Class
Type
Year built
Number
Rigid wheel-base
Total wheel-base
Length overall
Total weight
Number of motors
Type .
. . .
Output of motor, one-hour
rating, h.p.
Gear ratio .
.
.
Diameter of drivers .
. .
Tractive effort, one-hour rating
pounds .
.
.
. .
Tractive effort, maximum momentary, pounds .
.
.
Speed at rated tractive effort,
m.f;hr. .
.
.
.
.
Num er of locomotives normally oherated together:
Freig t
.
.
.
Passenger . .
.
.
Maximum weight freight train
which can be handled over
belt line with above locomotive combinations, tons

Table II.

LE-1
8 wheel
2 section
1894
3
6ft. 10 in.
23ft. ~in.
33 ft. 10 in.
190,000
4
AXB-70

LE-2
8 wheel
rigid base
1903 and 1906
5
14ft. 6~ in.
14ft. 6~ in.
29ft. 7 in.
160,000
4
GE-65-B

OE-1
8 wheel
articulated
1910
2
9ft 6 in.
27ft. 6 in.
39ft. 6 in.
185,000
4
GE-209

OE-2
8 wheel
articulated
1912
2
9ft. 6 in.
27ft. 6 in.
39ft. 6 in.
200,000
4
GE-209

270
Gearless
62 in.

200
81/19
42 in.

275
78/24
50-in.

275
78/24
50 in.

23,000

35,000

26,000

26,000

49,000

40,000

46,000

50,000

17.5

8.5

16.4

16.4

2
1

2
1

2200

2200

.,!

3

I

1

2400

TRAFFIC DATA AND COST OF OPERATION AND MAINTENANCE OF ELECTRIC
LOCOMOTIVE SERVICE
1910

1912

1911

8 Months
1914

1913

I
r

Number of
passenger
trains handled
.
.
Number of freight trains
handled .
.
.
.
Mileage, electric locomotives
.
.
.
.
Ton miles including electric locomotives .
.
Gross watthours per ton
mile
.
.
.
.
Cost of current per k\y-hr.
at a-c. bus
.
.
.
Cost of current per kw-hr.
at d-e. bus

8,390

6,025

5,989

6,144

3,045

10,405

7,810

7,164

7,578

3,532

199,897

206,738

189,884

188,988

89,852

52,820,469

53,306,081

57,845,580

53,942,421

27,527,150

103

106

$0.0104

$0.0111

$0.0147

$0.0132

'

'

105

88

95

$0.0111

$0.0109

$0.0101

$0.0144

$0.0182

$0.0145

I
'
I

------------------- :------------ ~ -----~----- ' -----~----------------:----~----Cost of Operation
and Maintenance

I

Per
1000. Ton
M1les

I

I

Per
M1le

~o.

I1000.PerTon '
MJies

~rain men'~- wa;e_s____ -- $0.33-1 i;,.08;- jso.335
Power .
.
.
.
.
Oil and waste (for locomo- I
tives)
.
.
.
Miscellaneous supplies . :
Maintenance third rail,
feeders and bonding
Inspection, repairs and
cleaning electric locomo- .
1
tives

1.435

i

.007 ·
.002

.379

Per
M1le

__

I Loco.
Per

Per
Miles ,

,.

Mile

Per
1000 Ton
Miles

Per
Loco.
Mile

l

Per
Per
1000 Ton ' Loco.
Miles
Mile

I

1.049

.002
.001 '

.006
.001

.001
.....

.072

.087

.022

1

.006
.001

.002
.....

1'

.008
.002

.002
.. ...

.006
.002

.002
... . .

.340

.097

.094

.029

.233

.067

.171

.052

1

.273

1

1

.

.255 :

.077

1

1

T~tals

1

$0.086 1$0.312 1$0.095,$0.3:;-- $0.099 $0.322 $0.099
.271
1.090
.331
1.210
.346 1.212
.372

1

I

I

~o •• 1000 Ton

1

.206 :

.055 I .203

.053

.172

.052

I

I

1'2-.2-~ lso.596 1 ~o.681 ~OA33 I s1.836J~ s2-:-i41 $0:6il" sLso7 1 so.5~_
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Table III.
- ~

-

- --

- --

-

-

~~

-

COST OF MAINTENANCE OF ELECTRIC LOCOMOTIVES

--- - -~

-

-

~- ~-

- - - -I· 1906

Class LE-1 locomotivesMileage
.
.
.
Cost per locomotive mile

- ~~:__::_ ~ ~-~

1912_

54,379 46,259 47,620 47,092' 19,689 16,4801
$0.169 $0.339 $0.139 $0.079 $0.170 $0.091 .

I

Class LE-2 locomotivesMileage
.
.
.
Cost per locomotive mile

_::_

6~9r4ths

I
I

I

.

125,1991·134,623 122,0901126,258,138,098 129,146 92,550 1 87,556 38,000
$0.067 $0.062 $0.040 $0.029: $0.041 $0.044 $0.063 $0.054 , $0.043
1·

Class OE-1 locomotivesMileage
.
.
.
Cost per locomotive mile

I

,

.

i

- - --- -

i

42,110 61,112, 52,150 48,376 25,568
$0.029 $0.051 $0.034 SO.D73 S0.079

Class OE-2 locomotivesMileage
.
.
.
Cost per locomotive mile

Table IV.

1089

39,280 50,4401 26,284
$0.030 $0.067 $0.044
_._,___,_

- ~--~

COST OF MAINTENANCE OF THIRD RAIL IN DOLLARS PER MILE OF THIRD RAIL*
-

-

-- -

1913

p iscal Year
End i.ng june 30

1914

Labor

Material

$231.00
29.00
117.00
$377.00

$12.00
242.00
438.00
$692.00

Labor

Third rail .
. . . .
Third-rail ju mpers and feeders
Bonding
Totals .
----

Misc. exp. .
Grand to tals

- --

-

I

~ ----

$160.00
-$1229.00

Material

I.

- -~ -

$259.00
36.00
140.00
$435.00

I

$86.00
173.00
1211.00
$1470.00
--~

I

----

$67.00
$1972.00
~~-

I

• Includes complete renewal of third rail, jumpers, etc. , in tunnel and extensive rebonding throughout electric zone.

expected from the grade conditions the
power cost is by far the largest item. The
cost of current per kilowatt-hour at the d-e.
bus comprises the cost of purchased current,
generated current and substation operation
and maintenance. As the cost of purchased
current includes fixed charges while that of
current generated by the railroad and substation operation does not, the figures given
do not represent the tQtal actual cost per
kilowatt-hour.
Table III shows the mileage made by
electric locomotives and cost of maintenance
over a period of nine years. The maintenance
of the class OE-1 and OE-2 locomotives has
been abnormal on account of considerable
number of armature burnouts, caused by

-

overloading due to handling trains beyond
their capacity. In addition as the railroad
has no facilities for repairing armatures of
this size the expense has been large. This
trouble has now, however, been overcome and
it is expected that the maintenance will again
fall to the normal of between 3 and 4 cents
per locomotive mile.
Table IV shows the cost of third-rail and
feeder maintenance in dollars per mile of
third rail for the past two fiscal years. Cost
of third-rail maintenance is rather high due
to considerable amount of renewal work that
has been necessary. The heavy traffic conditions and the somewhat unusual amount of
curvature requires rather frequent track
renewals and consequent rebonding.
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DESIGN OF MOTORS FOR

~AVY

BY EDWARD

D.

TRACTION WORK

PRIEST

ENGINEER, RAILWAY MOTOR DEPARTMENT, GENERAL ELECTRIC COMPANY
This article includes a discussion of the design of electric motors for heavy traction from many different
view points, considerations governing the choice of the geared or gearless type, the mounting of motors, the
type of drive, the center of gravity, the number and size of motors, ventilation, mechanical losses, electrical
losses and other important factors are ably discussed. Some of the earlier types of electric locomotives are
considered and their motors and driving gear briefly reviewed.-EDITOR.

JT isofnotthisthepaper
purpose
to
discuss or COtl1pare
d-e. vs. a-c. railway
motors for heavy traction work, but to
briefly consider general lines of design
which have been followed in the past or
which may be followed
in the future whether
motors are a-c. or d-e.
Motors for heavy
Edward D . Prieat
traction work can be
conveniently divided in mechanical construction into two general types,-geared and
gearless. Either type may be applied with
or without side rods.
For slow speed heavy traction work the
gearless motor with a low armature speed is
abnormally expensive to build and low in
electrical efficiency. A gearless motor is not
suited for this class of work. For intermediate speeds the gearless motor is less
handicapped in this respect, and for high
speeds not too seriously handicapped, since the
peripheral speed of the armature approaches
the speed at which it is desirable to operate
any armature, geared or gearless.
The
question then of whether a motor for this
work should be geared or gearless is largely
influenced by the locomotive speed desired.
It can be assumed that within the limits of
practical design the single reduction geared
motor will generally have a higher total
efficiency than a gearless motor for speeds
under approximately 30 miles per hour, and
for speeds higher than 30 miles per hour the
bi-polar gearless motor will have a higher efficiency. The reason for the reduced efficiency of
a gearless motor in low speed work is because
of high PR losses made necessary by the
low armature speed. The increase in I 2R
loss is greater than the gear loss incident to
the use of geared motors.

At light loads a gearless motor is especially
efficient because of the absence of gear loss,
and possibly bearing loss. The percentage
of gear loss and bearing loss is high in a
geared motor at light loads and low torque,
while the percentage loss is comparatively
low at low speeds and heavy torque. For
short runs in which acceleration is a large
factor the problem of power efficiency is
somewhat complicated.
At the continuous tractive effort rating,
in work for which geared and gearless motors
are normally suited, the electrical efficiency
of d-e. motors will vary from about 91 to 93
per cent, the geared motor generally having
the higher efficiency and the gearless motor
the lower efficiency.
The method of mounting motors and
transmitting power from the armature to the
driving wheels has a large influence on
efficiency, whether the motor be geared or
gearless.
A gearless bi-polar motor, with an armature
mounted directly on the axle without bearings, has a mechanical efficiency of 100 per
cent, practically all mechanical losses being
eliminated.
If the armature of a gearless motor is
mounted on a quill surrounding the axle,
the quill being carried in bearings supported
on the motor frame and power transmitted
through a flexible drive to the driving wheels,
the mechanical efficiency at the continuous rating of the motor is possibly 97 per
cent.
If a gearless motor is mounted on a locomotive frame and power transmitted through
connecting rods, the mechanical efficiency is
possibly from 85 to 90 per cent, depending on
the number and arrangement of driving parts.
A single reduction geared motor, mounted
directly on the axle, at its continuous rating
has a mechanical efficiency of approximately
96 per cent, and possibly 94 per cent when
mounted on a quill for flexible drive through
a coupling.
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. If a geared motor is mounted on the
locomotive frame and power transmitted
through connecting rods, the mechanical
efficiency is possibly 85 to 90 per cent, or
about the same as for a gearless motor. The
mounting of a geared motor on a locomotive
frame can generally be made in such a way
as to reduce the number of connecting. rods
as compared with a gearless motor.
It will be noted, therefore, that for mechanical efficiency in transmitting power from the
armature to the driving wheels, the bi-polar
gearless motor mounted directly on the axle
has the highest efficiency; that there is but
little difference in mechanical efficiency between a geared motor mounted on the axle
and a gearless motor with flexible drive
mounted on a quill surrounding the axle,
and that the mechanical efficiency of geared
and gearless motors with side rod drive is
approximately the same for each type.
The importance of high efficiency is of
course largely influenced by the cost of power,
which varies widely in different localities and
with different conditions, so that the question
of efficiency becomes more or less important
depending upon the location of a given
installation and other determinable .factors.
From the standpoint of operation there is
a great diversity of opinion concerning the
correct mounting of motors on locomotives
for heavy traction work. Both in this
country and abroad a large number of
different mountings have been tried. The
side rod construction has been used in many
varying and ingenious types, but in the
writer's opinion it is doubtful if electric side
rod locomotives can be built at a" right price"
or operated with complete success. As has
been pointed out. the mechanical efficiency of
transmission is low and the design is to a
considerable extent complicated. To transmit
power from a rotary motion through a reciprocating rotary motion always seemed to the
writer forced and illogical as compared with
more direct methods.
While not unmindful of the advantages,
at high speeds, of a high center of gravity,
which can be readily secured by the use of
connecting rods, it is the writer's opinion that
equal and possibly superior results can be
secured in a more direct and simpler construction.
It is clear that the simplest form of mechanical drive is obtained by mounting a motor,
either geared or gearless, directly on the axle.
If then, this type of motor permits a design
of locomotive which has a higher power
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efficiency, satisfactory riding qualities, as
regards the effect on track and road bed, no
higher first cost, probably lower, and no
increase in maintenance, probably lower
maintenance, it would obviously seem the
right type.
A low center of gravity can be compensated
for by distributing the load over a greater
length of track with a larger number of
driving wheels and axles and by a proper
design in respect to the arrangement of parts
and distribution of loads. An increase in the
number of driving wheels has the advantage
of reducing the concentrated load per axle and
also flange and rail head wear, the pressure
between these parts being sufficiently reduced
to prevent undue abrasion of the metal, so
that, while the number of contact points
would be increased, the actual wear would
be reduced. The arrangement of motor axles,
trucks and superstructure in a locomotive
largely affects the riding qualities of the
locomotive. There may be an advantage in
equipping a locomotive with motors of different size or even different types, using for
instance light motors on leading axles and
heavier motors on intermediate axles. While
at first thought this may seem complicated,
in the writer's opinion it is not a serious
complication.
It is not the purpose to enter into a lengthy
discussion of the riding qualities of locomotives ·but·to point out that whatever defects·
exist at high speeds in a low center of gravity
can be successfully overcome by proper design.
The writer's conception of a motor for
heavy traction work would be a motor of
suitable capacity for mounting on a locomotive having a weight per axle of from
twelve to twenty tons. If a geared motor,
it would be of the single reduction, single
geared type, mounted directly on the axle, and
if a gearless motor it would be of the bi-polar
type with the armature mounted directly
on the axle. The driving wheels would be
comparatively small in diameter, approximately 34 in. to 42 in.
For either high speed or low speed heavy
traction work the natural development is
toward an increase in the number of motors
rather than an abnormal increase in the size
of motors. It is thought that the development
of motors along this line will materially
cheapen the cost of locomotives, it being
possible to construct frames and trucks of
cheaper material and with less finish. There
is a wide application for motors of moderate
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size, and consequently costs can be reduced
by manufacturing in large quantities. The
capacity of locomotives can be regulated
by the number of motors and axles used.
It is quite possible to design motors so that
they can be utilized partly to perform the
functions of a truck, thus doing away largely
with the truck frame and completely with
truck journal bearings. This type of geared
motor seems especially applicable to low
speed work. The initial cost of electric locomotives is a handicap to the electrification of
steam railroads. Anything which can be done
to reduce the cost will materially promote
electrification.
In the design of motors for heavy electric
traction it is necessary to provide suitable
means for ventilating the motors in order to
secure motors of reasonable size and cost.
Although motors can be· designed for quite
effective self ventilation with suitably
designed fans constructed as a part of the
armature; to obtain the most effective results
external blowers are required. The capacity
of a motor to perform work depends not only
on its efficiency but on its ability to dissipate
heat. Assuming for instance that a closed
motor can dissipate 2000 watts, a self-ventilated motor can dissipate 4000 watts, and an
externally blown motor 6000 watts, thus the
externally blown motor has a capacity to
perform much more work than a completely
enclosed non-ventilated motor. It will be
understood that these values are quite approximate and are used to convey a general
idea of the value of ventilation.
The amount of heat which can be dissipated
is influenced not only by the volume of air
blown through the motor, but by the distribution of the air, i.e., the flow of air to be
most effective must be properly distributed
and the air should come into intimate contact
with the heated parts. In passing between
intake and exhaust the air should be made
to take up as much heat as possible.
Another way of increasing the capacity of a
motor of given weight is to increase the
permissible temperature at which the motor
can be run. This can be accomplished with
satisfactory results by using insulating
materials which will successfully withstand
higher temperatures. It is the writer's
opinion that electric motors will in the
future be operated at materially higher
temperatures than now ordinarily prevail ;
indeed, satisfactory insulating materials are
at present available to accomplish this. Under
certain conditions the ultimate permissible

temperature may be fixed by power efficiency
rather than by the effect of heat on the
materials used. It is desirable that the temperature at which the motor is designed to
run should not be controlled by limitations
of insulating materials.
In designing motors it is important to secure
the right relation between copper loss and core
loss. In certain classes of service the core
loss may be of less relative importance than
the copper loss, and vice versa. A motor may
have a high core loss at nominal rating, i.e.,
one hour run at 75 deg. C. rise, and yet have a
low core loss for continuous service at light
loads. If the work is largely acceleration,
nominal load core losses are relatively of less
importance than copper losses.
In heavy traction work motors are occasionally subjected to excessive overloads for short
periods of time. This is especially true with
motors designed for high speed heavy passenger service where the continuous rating
of the motor is considerably under the slipping
point of the wheels. Such motors should be
designed to withstand high momentary copper
temperatures, possibly as high as 200 deg. C.
or even higher. The momentary copper losses
may be. abnormally large, while the amount
of heat which can be radiated in the short
interval of overload is small. Practically all
the heat has to be stored in the copper until
it can be slowly dissipated. In the design of
such a motor provision should therefore be
made for high temperatures and all electrical
connections made so that they will not be
damaged by heating.
In heavy traction work the continuous load
on the motor is usually high and therefore
cornrnutating characteristics must be especially good in order that the commutator and
brushes will not be.damaged. Railway motors
of ordinary design may be heavily overloaded
with considerable sparking for a brief period,
if there follows a comparatively long period
of light load during which the commutator
recovers, as it were, from the effects of the
heavy load. Free running at a light load
allows the commutator to take on a polish
which removes the injurious effect of the
overload.
Heavy slow speed traction motors are
sometimes abused by running them down
grade at high speed. With an efficient design
for low speed locomotive work a high gear
reduction must be used. This at a high
locomotive speed, as on down grades, gives
a high armature speed ; too high for safe
operation. In addition to this a slow speed
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heavy traction locomotive, if designed to the
best advantage, does not have riding qualities
suited for high speed running. It should be
understood that there must be restrictions
on the maximum speed of an electric locomotive which is designed for low speed, as
there are restrictions on the maximum speed
of a steam locomotive which is designed for
low speed. It is fundamental that electric
locomotives can not be economically designed
for low speed heavy traction work and without
change be suitable for high speed traction
work. The two kinds of service are fundamentally different and should be differently
treated.
In the past few years marked advances have
been made in the design and manufacture of
gears and pinions for railway motors. The
use of high grade heat treated steel has very
.largely increased the strength and life of
gears, and indirectly the average efficiency
of motors, since the correct shape of the gear
teeth is maintained for a longer period. Motors
mounted on the axle with single reduction
geJ.ring in heavy slow speed traction work
have a gear life of approximately 300,000 to
400,000 miles, and a pinion a life of approximat~ly 150,000 to 200,000 miles. This makes
the cost per mile for gears extremely low,
almost insignificant. It may be stated,
therefore, that there is no practical objection
to the use of gears in heavy traction work
For
because of their maintenance cost.
sentimental reasons there may be an objection
to gear noise, but with well cut, well lubricated
gears this can be reduced to a minimum.
Practically the only objection to gears is the
loss in power, but even this is low with well
cut single reduction gearing.
For high speed work the gear problem is
somewhat more difficult than for low speed
work. The strength of gear teeth is ordinarily
ample to transmit the torque of the motor
up to the slipping point of the wheels. At a
high speed on a rough track, due to uneven
rail joints, cross-overs, etc., blows may be
delivered to the teeth which theoretically
are beyond their elastic limit. It is the writer's
opinion that such blows are almost entirely
the cause of broken pinion or gear teeth when
such occur. Incorrect spacing of gear teeth
or variations in the thickness of teeth, due
to errors of manufacture, may at high speed
cause abnormal tooth stresses. This of course
can be largely overcome by accurate methods
of machining. Excessive tooth strains can also
be largely eliminated by the use of spring
gear~. i.e., gear rims held by springs so that
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the rim can have . a slight movement in
rotation independent of the axle.
Probably the first electric motors ever
designed, certainly the first to be manufactured, for heavy steam railway electric
traction work, were the motors used on the
96-ton locomotives manufactured by the
General Electric Company for the Baltimore
& Ohio Railroad.· These locomotives were
designed to haul trains through the B. & 0.
tunnel at Baltimore, and have a capacity to
handle 1200-ton freight and 500-ton passenger
trains, including a dead steam locomotive,
through the tunnel up an 0.8 per cent grade.
The design of the motors was started in the
spring of 1892, but owing to delays in
building the tunnel, the locomotives were
not completed and put into service until
July 1, 1895. They have operated successfully for many years, at times hauling
1800- and 2000-ton trains.
Although the speed at full load was low,
approximately 15 miles per hour, the motors
were designed without gears owing largely to
the desire of the Railroad Company to avoid
the use of gears and the lack of experience on
the part of the manufacturer witli geared
motors of such large capacity. At that time
heat treated, high grade steel gears, such as
are now in use, were not available. The
motors were designed with six poles, two
motors in series on 700 volts. The armature
was mounted on a quill shaft which was
supported in bearings on the motor magnet ·
frame. Power was transmitted to the driving
wheels through a spider mounted on each end
of the quill. Arms radiating from the spider
projected between the spokes of the driving
wheel. Between the arms and the spokes,
blocks of rubber were interposed, the rubber
being of such size and shape as to permit a
considerable movement between the motor
and the wheels and axle. On the whole this
arrangement worked very well. It was found,
however, that the cost of the rubber made it
rather expensive to maintain.
With modem knowledge of motor design,
especially in respect to the availability of
gear drive for heavy work, motQrs for this
class of service would unquestionably be
designed for operation with gears. In fact,
all locomotives of later design for use in the
B. & 0 . tunnel service have been equipped
.
with geared motors.
Although not for heavy haulage work an
interesting example of motor design for a
mining locomotive was a motor made by the
Thomson-Houston Company in 1889 for the
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Erie Colliery, near Scranton. This motor
was mounted on the main frame of a two-axle
four-wheel locomotive. Power was transmitted through double reduction gearing to a
jack shaft and from the jack shaft through
crank pins to sliding blocks in slotted or
Scotch yoke connecting rods to the driving
wheels. This was one of the first electric
locomotives to be used in mine haulage in
America. It was successfully operated for
twenty-three years, being taken out of service about two years ago. A better construction would have been to mount the
motors directly on the axle and to transmit the power through gears. The use
of side rods at that time was more or less
a concession to sentiment which assumed
that electric locomotives should have side
rods because steam locomotives had side rods.
A light locomotive of better design was
built by the Thomson-Houston Company at
an earlier date than this side rod locomotive.
The locomotive had a two-axle four-wheel
truck with a small double reduction geared·
motor mounted on one axle. The motor was
designed in December, 1887, for the Tremont
& Suffolk Mills, Lowell, Mass. It remained
in service until the year 1900. This was
possibly the first practical use of an electric
locomotive in a manufacturing plant. The
motor was known as F-6 and had about 3-h.p.
capacity.
An interesting type of motor designed for
a 30-ton two-axle locomotive was made by
the Thomson-Houston Company in 1892.
The motor was known as the L.R.R. It was
a four-pole gearless motor with the armature
mounted on a quill shaft surrounding the
axle. Power was transmitted from the quill
through a somewhat novel coupling to the
driving wheels. The coupling, without the

use of springs, allowed complete flexibility of movement between the quill and
the axle for the full amount of clearance
between the quill and axle. Mounted on
one end of the quill was a spider with an
inclosing outer rim. Projecting from the
spider toward the driving wheel, at diametrically opposite points, on the spider, were pins
of rectangular cross section. Ninety degrees
from these pins were two similar pins projecting from spokes of the driving wheel.
Power was transmitted from the two opposite
pins on the spider to the two pins on the
driving wheel through an intermediate floating member surrounding the axle and slotted
to receive the pins. The floating member was
carried entirely on the pins and to prevent
undue movement, parallel to the axle,
comparatively light springs were interposed
between it and the spider, and between it and
the driving wheel. The driving pins were free
to slide in the slots of the floating member
so that except for a movement in the direction
of rotation there was freedom of movement
between the motor and axle.
Probably the simplest gearless motors
which have ever been designed for heavy
traction work are the motors known as bipolar motors used on the locomotives which
have been in operation for a number of years
in the New York Central and Hudson River
Railroad Grand Central Terminal service, New
York. In mechanical construction it would
be difficult to conceive of a simpler design.
The armature is mounted directly on the
axle and is free to move in a vertical direction between pole pieces attached to
the magnet frame which forms part of the
locomotive truck frame. These motors were
designed for high speed and are remarkably
efficient at free running.
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THE INTERURBAN RAILWAY OF THE ILLINOIS
TRACTION SYSTEM
Bv H. E .

CHUBBUCK

VICE-PRESIDENT EXECUTIVE, ILLINOIS TRACTION SYSTIUI

This article includes a general description of the physical characteristics, nature of service, energy
supply, and equipment of one of the largest interurban systems in the world. It will be noted that in many
respects the service rendered closely approximates that given by many steam railroads. The sleeoing- and
parlor-car equipment and freight traffic are reviewed and some interesting notes are given concerning the
operation of the system.-EDITOR.

Like the entire electric railway industry,
the Illinois Traction System has grown rapidly. The present property, with nearly a
thousand miles of street and interurban track,
and with light, heat and gas service in six
states, had a modest beginning with six
miles of track built in 1901 from Danville to
Westville, Illinois. The growth of this property has followed the controlling ideas of its
president, William B. McKinley, who in the
early days of the interurban railroad, undertook the construction of a group of roads that
would unite the substantial cities of Central
Illinois in which public utilities could also
be operated.
The general construction plan included
tracks and roadways, comparable with those
of the steam roads, and so designed that the
heaviest freight and passenger equipments
might be handled economically. Energy for
the propulsion of the trains was to be furnished from large generating stations so
located as to secure economy in fuel delivery
and in the distribution of the output. The
results show how well the far-sighted plans of
the builders have been realized.
Numerous public utilities have been built
or purchased and rehabilitated during the
period of interurban development, until now
electric lighting and power service is furnished
in 92 cities, street railways are operated in
24 cities, gas is furnished in 13 cities, steam
heat in 11 cities, and water in two cities.
Modem plants have been installed and distribution- systems designed to afford good
service with high operating economy.
No doubt our electrically-operated railway
system in Central Illinois is the most interesting part of our system, and, therefore, that
will be described and some of its most notable
features will be set forth in this article. A
map shows the location of our Illinois interurban lines and the following table gives the
mileage, equipment, etc., of the interurban
system.

Miles of main line track operated . .
-t:H.90
Miles of passing track, sidings, etc.
32.54
13.15
Miles of shop and yard track . . . . . . . .
13.52
Miles of industrial track . . . . . . . . . . .
Population served by roarl . .. . . .. ... . 2,500,000
Passenger motors . . . . . . . . . . . . . . . . . . . .
89
Passenger trailers . . . . . . . . . . . . . . .
21
Parlor cars . . . . . . . . . . .
.. .. .. ....
7
Sleeping cars . . . . . . . . . . . . . . . . . . . . . . .
5
Combination passenger and baggage . . .
4
Express motors . . . . . . . . . . . . . . . . . . . . .
17
Express trailers . . . . . . . . . . . . . . . . . . . . .
98
Line motors . . . . . . . . . . . . . . . . . . . . . . . .
6
Steel locomotives . . . . . . . . . . . . . . . . . . . .
21
116
Box cars. . . . . . . . . . . . . . . . . . . . . . . . . . .
Gondolas . . . . . . . . . . . . . . . . . . . . . . . . . . .
319
Flat cars .. . . . . . . . . . . . . . . . . . . . . . . . . .
37
Refrigerator cars.. . . . . . . . . . . . . . . . . . .
9
2
Scenery cars . . . . . . . . . . . . . . . . . . . . . . . .
Hopper bottom cars. . . . . . . . . . . . . . . . .
228
13
Cabooses . . ... . . . . . . . . . . . . . . . . . . . . . .
Miscellaneous and work cars . . . . . . . . .
54
Substations . . . . . . . . . . . . . . . . . . . . . . . .
40
Central power stations. . ... . . . . . . . . . .
4
Belt lines. . . . . . . . . . . . . . . . . . . . . . . . . .
4
150
Miles protected by block signals . . . . . .

Referring again to the map of the interurban system it will be noted that the main
division of the Illinois Traction System
extends from Peoria on the north, to St. Louis,
Mo., on the south, a distance of 174 miles.
At Mackinaw Junction, about 20 miles south
of Peoria, the Bloomington & Decatur division branches off the main division. From
Springfield the lines extend eastward as far as
Danville, a distance of about 125 miles,
serving Decatur, Champaign and Urbana
and intermediate points. From Danville a
branch extends southward to Ridge Farm,
and another to Catlin. On the eastward
from Stanton, a branch extends to Hillsboro.
The company also operates a 17-mile
interurban road between Galesburg and
Abingdon and between Galesburg and Knoxville.
The northern branch of the ~lcKinley
interurban system is known as the Chicago,
Ottawa & Peoria Railway. It extends from
Joliet on the east to Princeton on the west,
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EXPLANATION
lntf'rurban Lint"'l.
Elec.Lno Light. TrllllSmiuioa Linea.

CITY PROPERTIES CONTROLLED BY THE ILLINOIS TRACTION CO.

ILLINOIS TRACTION SYSTEM
CHICAGO, OTTAWA •

~~ ftt~~rcxds, Mo.

Q :,~::~~.~.!,.,, Chrlsm.~~.n, Ed'w4nbv!lle, El Puo,

Eut Alton, Olen Carbon, Gridley, Geofgelown,
Hudson, Ind ian~• . Me.adows, Monticello, Mtwton,

PEORIA RY.

:i.\:.~~r~!~::~r"~:!;:'·~~:,·~ !~~~!~tv~~~:

IHOWINO OONNEOTION8 WITH

CHICAGO • EASTERN ILLINOIS R. R
CHICAGO, ROCK ISLAND. PACIFIC RY.

•

T£1RITORT IN IWNOIS.

•

!I~ ~~~:~·J~=t~~:·~:;.~ontuumt~,

Street RaDway and El~rtc Ua.ht

No. Sharon

Granite City, Maditon and Vanlea, Ill .

Strttl Rall\\>ay, EJcctrk Li&hl and Heat
Bloomington, Ill .. Otltalooaa. lowa.al1d Topeka, Kan.

4 ~~~n~~~~~~r.· Electric LJaht and C:u
X Stret~
Railway, Elt."Ctrk.IJaht, Ca. and Htat
Danvd!e, ~rbanl, Champa•gn and Decatur, Ill.

A Electnc Lt&h tand Gaa
X ~f~1rr'i~·r.~!~t. Ctu mod Heat

[J i!~rc ~~rTC!nt Sold to Local Comt*ft)a
Armington. Bondville, Buftalo, C•rTo Gordo, Chldum,
OonYcrs, F1thl:an, Harrlalown, Hayworth, H c.ptca.l~.

llllooo·hs, L•Roy, Maroa . Matkin:a>M , N"'n'"·
Oakwood, Riverton, St. Jouph •nd Wa,..la, 111.

Map of Illinola Trac:tioa'S;vatem. Chicqo, Ottawa & Peoria Railway, abowin1 connection• with
Chicaao & Eaatem Illinola Railroad
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serving Ottawa, LaSalle, Peru, Spring Valley,
Bureau and intermediate points. This division has 106 miles of track and at Joliet
connection is made with the Chicago &
Joliet Railway, which offers a through
electric service into Chicago. A branch
extends northward . from Spring Valley to
Ladd and another division extends southward
from Ottawa to Streator.

propelling the trains, have been designed with
due regard to an immediate low operating
cost and future enlargement. The central
stations located at Peoria, Danville, Riverton

Service

Over the entire system trains are moved in
either direction practically every hour in the
day and schedules are arranged to fit local
conditions in accordance with traffic demands.
The passenger trains operated consist of
limited and local passenger service, parlor
and sleeping-car service, fast merchants' dispatch freight service, general freight trains
and the transportation of heavy freight, such
as trains of grain and coal in carload lots. The
limited passenger trains stop only at the larger
towns and cities and are supplemented by
local trains stopping on signal at country
highway crossings. The Illinois Traction
System now has in operation "belts" around
the cities of Edwardsville, Granite City,
Springfield and Decatur. By the use of
these belt lines, long, \J.eavy trains of standard
freight cars may be drawn around the cities
by electric locomotives at a good speed. This
arrangement also prevents the disturbance of
passenger schedules and makes possible traffic
connections with steam railroads and industrial tracks to manufacturing plants that
otherwise would not be easily accessible.
Similar belt lines are contemplated around
other cities on the line.
With the growth of the interurban system
there has also followed the development of
public utilities in many cities in Illinois, Iowa,
Kansas and Missouri. Practically the entire
mileage of the Illinois Traction System is on
private right-of-way, the greater part of
which is sixty-six feet or more in width. The
design of the roadway and track is similar to
that of steam railroads, the rails weighing
seventy pounds per yard. They are spiked to
standard ties and ballasted throughout with
gravel, crushed stone and chatts, which are
the tailings from Missouri zinc mines. All
the ties installed in the past four years have
been treated with a creosote preservative compound to reduce the cost of future maintenance work. 2\. separate tie replacement
fund has been established for tie renewals.
· Supply of Electrical Energy

. The generation and distribution plants,
for furnishing the electrical energy used in

Parlor-Car Train

near Springfield, and Venice near St. Louis,
have a total normal capacity of 27,500 kw.
These plants are connected through the
medium of a 33,000-volt three-phase transmission system, a large part of which is carried on an independent pole line to insure
continuity of service. The generating stations
have been located with due regard to the low
cost of fuel and economy in distribution. At
two locations large under-water coal storage
tanks have been built.
The plant at Venice which is of the most
recent design has a peak load capacity of
13,000 kw., which can be quadrupled by
completing extensions contemplated in the
original design. No power-driven conveying
plant is required for handling the coal and
ashes at this station because it is so located at
the east approach of the McKinley Bridge
that the coal is carried over the 800-ton
bunkers in standard railway hopper cars, and
the ashes fall into the cars on the ground level
beneath the boilers.
The generating stations at Peoria, Riverton,
and Danville include the latest types of steamturbine-driven generating machinery . The
high te~ion transmission lines uniting the
capacity of the four large generating stations
also serve for distributing energy to the forty
rotary converter substations in which it is
transformed and converted into 650-volt
current, suitable for distribution over the
trolley wires and feeders to the cars.
The accompanying illustrations show the
character of the overhead distribution system.
It consists of flexibly supported trolley wires,
supplemented by bare copper feeders of 000
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and 000,000 capacity respectively, so placed
as to enable heavy locomotive-drawn freight
trains to be operated along with the local
and limited passenger trains, without unduly
low voltage conditions.

Standard Subetatlon 11nd Waltinc Station

Rotary converter substations are located at
intervals of approximately 10 miles. These
are attractive structures and most of them
also serve for passenger stations. They are
built of pressed buff brick, trimmed with
limestone, and have French tile roofs with
overhanging eaves.
Rolling Stock

A statement of the various classes of rolling
stock has been given. Standardization of
equipment has been followed so that, should
occasion demand, any traction car or locomotive could be hauled over any steam railroad in the United States and meet all requirements throughout in the matter of coupling
arrangements, air brakes, wheels, etc.
As this system conducts a general railway
business in all its branches its supply of
passenger and freight equipment must necessarily be large and varied. Special types of
cars must be at demand for the hauling of
special classes of business and the company
has made it a principle to keep its equipment
right up with business demands. An example
is to be found in the construction of special
scenery cars for the handling of theatrical
properties, automobile cars, refrigerator cars,
etc. All of these special types of equipment
have been designed by the company and
contain many modern and special appliances
not found on the equipment of other lines.
Strength, serviceability, safety and comfort
has been the motto of the Illinois Traction

System in the designing of its passenger
equipment.
The regulation passenger coaches have
developed from a coach weighing 60,000 lb.,
and measuring 38 feet in length to a coach
weighing 100,000 lb., measuring 68 ft., 4 in.
in length. Motors have progressed from 35h.p. to 200-h.p.
The Illinois Traction System has operated
sleeping cars for more than six years and
observation parlor cars for nearly three years.
The sleeping cars are 57 ft. long, over bumpers,
and 9 ft., 7 in. wide, and weigh 84,000 lb. The
bodies are of a heavy substantial Pullmantype construction with segmental arch roofs.
They are mounted on steam-coach type,
four-wheel, steel-frame trucks with quadruple elliptic bolster springs, and are provided
with the M.C.B. contour, high-knuckle couplers. There are twenty berths in each car,
the design of the upper and lower berth being
The cars are illuminated by
uniform.
seventy mazda lamps, fed from a special
panel governing a Gould storage battery of
sixteen cells.
Sleeping-Car Service

A sleeping-car service is given between
Peoria, Springfield and St. Louis. Two fourcar trains make this 174-mile run each night.
The combination motor-express cars which
haul the sleeping-car trains were described in
the Electric Railway ] ournal for Febuary
2, 1911, page 275. These cars are 52 ft., 6 in.
long, 9ft., 5% in. wide, have an underframing

Standard Shelter

and body of heavy design and are equipped
with four 140-h.p. motors. These motor cars
haul a trailer coach and two or three sleeping
cars satisfactorily at the average schedule
speed of about 23 m.p.h. which includes time
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for cutting in and out extra cars at Springfield
and making all station stops between 6 and 7
a.m. as the terminals are approached. The
motor cars weigh about 100,000 lb. each. All
sleeping-car trains are equipped with air
brakes with universal valves in place of triple
valves.
The sleeping-car trains have brought to
this railway system traffic which it otherwise
would not have had. Practically all of the
passengers who now take the sleeping-car
trains, both in the coaches and in the sleepers,
would otherwise have taken steam trains had
the Illinois Traction System not introduced
the sleeping-car service. The business has
gradually increased until now five sleeping
cars are required, four of which are in operation daily and a fifth in reserve for over-hauling and for special parties, to which latter use
it is frequently put.

parlor car as a trailer in the same run, consumes about 46 watthours per train ton mile.
Freight and express traffic is handled by
motor express cars drawing trailers a~ by
large electric locomotives. Twelve all-steel

Parlor-Car Service

In 1911 the Illinois Traction System inaugurated an extensive parlor observation car
service which has since been expanded, until
now, seven fine, large heavy 80,000 lb. parlor
cars are in use. Parlor cars are attached to
limited trains. The running time of a limited
passenger motor car with trailer attached
from St. Louis to Danville, 227 miles, is
nine hours and fifteen minutes, and the running time between St. Louis and Peoria is
six hours and forty-five minutes. Thus the
schedule speeds of these trains are about 25
m.p.h., including all stops and dead time at
junctions.
These parlor observation cars are 5i ft.
long, 9ft., 7Ys in. wide, are mounted on standard steam-coach, steel-frame, four-wheel
trucks with quadruple elliptic bolster springs,
and are equipped with the Sharon type
M.C.B. coupler. There are eight double
seats, twenty-two mahogany chairs and six
Pullman-type camp stools in the parlor
cars.
The rates for seats in the parlor cars are
approximately ~ cent per mile in addition
to the regular first-class fare. A minimum
rate of 15 cents is observed. All terminal
station agents sell seat tickets and make
reservations in advance for parlor-car seats
and sleeping-car berths.
The energy consumption of these limited
trains with heavy observation parlor-car
trailers, as compared with the same limited
motor cars, shows that while the motor car
alone consumes about 64 watthours per ton
mile, the same motor car, when hauling the

DlataDce Sicnalln "Proceed" Poeltlon. A1ao abowlnc
Hi&b Tenalon Overhead Conatrw:tlon, TroUe:v,
Feeder, Telepbooe and BiiiUII Wirea

locomotives have been built in the company's
shops from designs made by its mechanical
department, each weighing sixty-three tons
and having a drawbar pull of 35,000 lb. A
locomotive, with its four 200-h.p. motors, can
handle long freight trains with the ease of a
large steam railroad locomotive.
Shops

Inspection and repair shops are located at
each of the larger cities on the road, the work
being done supplementing that of the main
repair shops which are located on a fifteenacre tract just east of Decatur. The Decatur
shop machinery is housed in three large fireproof buildings, designed and built particularly for the maintenance of electric railway rolling stock. The tools in these shops are such
as not only to make all repairs to cars, but to
also build new equipment. A new group of
shops has been started at Granite City, where
a fireproof repair shop building has been constructed, designed to handle the maintenance
and inspection work on the interurban cars
of the division south of Springfield and on the
street cars operated in the St. Louis bridge
service.
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Operation

All trains are operated under orders transmitted to the train crews by telephone from
centJally located dispatchers. A complete
system of remote control signal semaphores to

the running rails, track bonds, signal wires or
open switches would cause them to assume
the "stop" position.
The workmanship of this signal installation,
costing about $500,000, has been executed with
a view to obtaining the maximum safety as a
first consideration combined with low maintenance cost. During four years in which
these signals have been in operation their
performance has been more than 99.97 per
cent perfect.
McKinley Bridge

McKinley Brid&e, St. Louia

assist the dispatchers in controlling the movements of trains has been installed over the
entire road. Every possible safeguard, such
as double checking of orders, spelling out the
names of meeting points and the use of high
grade duplicate telephone apparatus, is
employed to increase the safety of operation.
The rules under which the trains are dispatched and operated have been based on the
best experience in steam and electric railway
service.
Automatic Block Signals

In addition to the foregoing system of
safeguards, most comprehensive plans for the
protection of trains by automatic block
signals have been executed. An extensive
investigation resulted in the purchase of
sufficient automatic block signal apparatus
to protect fully 150 miles of track.
The signal equipment was made by the
Union Switch & Signal Company, and attention is called to the fact that the automatic
block signals adopted as a standard by this
road are of the type which have given satisfaction on many thousand miles of steam
railroad tracks of the larger trunk lines.
These signals are fully automatic and
protect a train by displaying semaphores in
the "stop" position at a sufficient distance
in front, and behind it, to provide for ample
braking distance in case there should be misinterpretation of the dispatcher's orders.
They protect the meeting point of trains at
sidings as well as curves and subways. They
arc also designed so that any derangement of

In 1907 construction work was started on
the McKinley Bridge at St. Louis and the
bridge was opened to traffic in October,
1910.
The length of the bridge and
approaches is over 8000 feet and its carrying
capacity is 12,000 pounds per lineal foot as
against 10,000 pounds per lineal foot for any
other structure across the river. The main
bridge carries two railroad tracks through a
center space of 26~ feet; two roadways
14 feet wide each are carried on cantilever brackets. The total width of the
bridge over all is 65 feet and the clearance
above low water is 85 feet. Under the east
approach stands the Venice power plant
previously mentioned. The approach on the
Missouri side passes over 24 acres of freight
yards owned by the company and from this
approach the double tracks of the system
reach into the business district of St. Louis,
where there is a modern passenger station and
a commodious express-freight terminal with

Type of Elevator, ntinoio Traction Syotem

large receiving platforms and sheds for the
freight and express business. .
Freight Traffic

The Illinois Traction System is now handling over its lines, trains of standard railway
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equipment and has built up its freight and
express department along standard lines
established by the steam roads. The tariffs
are based on those established by the steam
roads and methods of operation follow closely
those laid down by the well established railway systems.
Interchange arrangements exist between
this electric system and many steam roads.
A typical illustration of this is found at
Glover, where there is a physical connection
between the Illinois Traction System and the
Chicago & Eastern Illinois Railway. By means
of this connection a through service for package freight to and from Chicago is maintained.
At Glover there is located a transfer elevator, by means of which grain may be shipped from Illinois Traction points to Chicago,
Nashville and St. Louis.
The grain shipping facilities offered by the
company have developed rapidly during
recent years and are becoming an important
factor in the movement of crops from the

big grain belt of central and southern Illinois.
At present there are twenty-two elevators,
ranging in capacity from 10,000 to 50,000
bushels, on the lines. The elevators are substantially built and equipped with modem
grain handling machinery, which afford quick
shipping facilities for the farmers in the
territory.
There are six coal mines whose output is
handled exclusively or partly by the Traction
System.
Track connections have been established
with seven roads, including the St. Louis
Terminal Railway Association. Joint rates
for through business have been established
with eleven roads, and through rates covering
grain have been arranged to Chicago, Detroit,
Toledo, eastern seaboard, Mississippi River
and Gulf points. In general we render to our
communities every service offered by steam
railroads and our frequency of trains and the
convenience of our stations and terminals has
won for the Illinois Traction System a steady
increase in revenue.

MAINTENANCE AND OPERATION OF THE DETROIT
RIVER TUNNEL
Bv

J.

C. MocK

ELECTRICAL ENGINEER, MICHIGAN CENTRAL RAILWAY COMPANY

The author reviews the physical and electrical characteristics of this most interesting installation and
then gives quite an extensive analysis of the traffic conditions. The locomotive mileage, the delays to traffic,
and the power consumption are fully dealt with. The maintenance of both the third rail and the electric
locomotives is given and the article is concluded with a brief account of the signal and interlocking system.
-EDITOR.

September 18,
O N1910,
three days
after the third rail
was first made
"alive" in the Detroit
yards, the Michigan
Central began operating freight trains
through the tunnel.
The 16th and 17th
were allowed for test
runs.
These were
made with a twothousand-ton train of
J. C. Mock
loaded coal cars and
were intended to verify, under actual service
conditions, the quite exhaustive tests made on
locomotive No. 7500 (which was the first of
these locomotives built,) during the fall and
winter of 1909 on the New York Central

test track near Schenectady. They also served
to teach the motormen how best to handle a
heavy train with a locomotive at both ends.
To prevent objectionable surging, it is important to know first where and how much the
brakes should be applied, where to release
and where the power application should begin.
Previous to these runs the motormen's
training was restricted to running the locomotives light or attached to construction trains
composed of a few fiat cars. The crews were
selected from the switch engine crews employed in "working" the ferry boats; that is,
splitting and making-up trains and placing
cars on and taking them off the ferry boats.
They were taken in tum and taught to operate
the electric locomotives.
As the yard tracks could not be connected
in a permanent way to the tunnel tracks until
September 15th, the same day that third rail
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was first made "alive," the only training
track available from July 25th to August
5th was the east-bound tunnel track as far as
each summit. The third rail on the westbound track was connected through a short
time afterward.
The first official trip made through the
tunnel by an electric locomotive under its
own power was on July 26th, with Mr. H. B.
Ledyard, Mr. W. K. Vanderbilt, Jr., and
party. For about three weeks after freight
traffic was started, the tunnel was operated
only eight hours a day, from 8:00 a.m. to
4 :00 p.m. On October 9th a twenty-four-hour
freight service was established and on October
16th all passenger and freight trains were put
through the tunnel.
It took all the month of October to trim up
the construction work and trim down the
forces and to get adjusted to the new conditions. The operating officials felt immediate
relief, the delays were insignificant as compared with ferrying, and the schedules were
changed. A daily record showing a summary
of the details of tunnel operation for the
month of November, 1910, follows. This,
as will be noted, is the first full month of
24-hour tunnel service.
Total tons hauled ..... . . . .. . 1,223,012
Total tons hauled, east-bound 588,042
Total tons hauled, west-bound 644,970
30,672
Total cars loaded ...... . ... .
Total cars empty . .. . .. . ... .
6,469
Average daily cars hauled . . .
1,238
16.4 min.
Average time of trip . . . ... .. .
Average time of trip, freight
20.9 min.
trains ... .. .. . . ... .. .. ... .
Average time of trip, freight
18.3 min.
trains, east-bound .. .... . . .
Average time of trip, freight
23.5 min.
trains, west-bound . ... .. . .
Average time of trip, passen9.2 min.
ger trains . ...... ... .. ... .
Average time of trip, passen9.8 min.
ger trains, east-bound .. ...
Average time of trip, passenger trains, west-bound . . . . .
8.6 min.
A brief statement of the pHysical, electrical
and traffic characteristics and conditions of
the tunnel route is necessary to an understanding of the above summary and of the
data which follow :
Physical Characteristics

Length of passenger train
2.8 miles
haul .. . . . . . .... . ... . . .. .
3.6 miles
Length of freight train haul ..
Length, summit to summit .. 13,000 ft.
Length of tunnel . . . . . . .. . . . 8,400 ft.

Length of open cut . . . . . . . . . 4,600 ft.
Length of nearly level portion of tunnel. . . . . . . . . . . .
800 ft.
Length of eastern slope 7,300 ft. of 1~% grade
Length of western slope 4, 900 ft. of 2 % grade
From U.S. Government Data

Elevation of Detroit River (mean) 575 ft.
Elevation of rails at Windsor summit .. . ..... . .. . . . . . .... .... . . 606.5 ft.
Elevation of rails at Detroit summit . . . . . . . . . . . . . . . . . . . . . . . . . . 601.5 ft.
Elevation of rails at middle of
tunnel . . . . . . . . . . . . . . . . . . . . . . . 508 ft .
The total curvature is 2900 feet. Of this
about 1300 feet is 2 deg. which is the
maximum. This curvature is divided into
two nearly equal parts, the inner ends being
approximately 2000 feet apart, so that all but
600 feet of the subaqueous tunnel tracks are
straight. It will be seen from the above data
that traffic west-bound must be lifted 98.5
feet and traffic east-bound 93.5 feet.
Electrical Characteristics

Current is purchased at 4600 volts, threephase, 60 cycles. A substation to convert this
current to 650 volts d-e. is located on the
Detroit side of the river, 3600 feet from the
Detroit sununit and 9400 feet from the
Windsor summit. The third rail feeders
running from the substation to the tunnel by
way of the Detroit shaft, which has the same
location, relatively, as the substation to the
two summits, are as follows :
Three 2,000,000 c.m. feeders joined to the
third rail at the bottom of the Detroit
shaft, one to the east-bound and two to
the west-bound third rail.
Two 1,000,000 c.m . feeders run to the
Windsor summit to circuit breakers in
the interlocking tower and then to the
third rails.
· Two 1,000,000 c.m. feeders run to the
circuit breakers in the 15th St. interlocking tower and then to trurd rails.
One 1,000,000 c.m. feeder runs eastward
from the substation and is connected
directly to the third rail of the east-bound
track at the Windsor shaft.
A 1000-kw. motor-generator set in parallel
with a 650-volt, 2520-ampere (for one hour)
battery supplies current to the third rails
through these feeders. A detailed description
of the electrical apparatus and the distributing
system will be found in the General Electric
Company's Bulletin No. 4834 of May, 1911.
Traffic Conditions

From the beginning the Detroit River
Tunnel proposition was to provide facilities
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for the expeditious handling of the traffic, not
only of the Michigan Central, but the Grand
Trunk, Canadian Pacific, Wabash and Pere
Marquette, the business that is required to be
taken across the river at Detroit for the last
four roads being about equal to the Michigan
Central in both passenger and freight. When
the plans were forumlated in 1904, this total
was about 2000 cars daily and it was found by
an analysis of the Michigan Central Railroad
records of the ten year's previous that the
increase in business was about 5 per cent per
year. At the start of the tunnel operations,
therefore, it was to be expected that the
Michigan Central would have to handle about
1270 cars daily and from the record of the
first month's operation, as will be seen, it was
1238 cars. The other roads have not exercised
their privilege of using the tunnel and the
writer does not know if their business has
been as close to the estimate as the Michigan
Central business. But the following data,
condensed from the record of trains through
the tunnel, taking the months of June and
December for each of the three years 1911,
1912 and 1913, furnish a good basis for
obtaining the daily average for the three-year
period.
TRAINS

Year

I. J~ne-

CARS

TOSS

~:rl Jun=-J~:.Uberl . June ~December

- -- , -- -·- - 11911
43
50
1287 1361 . 40.530 44,872
19121 45
51 1 1215 1368 1 38,960 47,960
1913
5o
55 I 1422 . 1412 45,567 45,837
- ---

From the above we find the daily averages
for the three-year period to be as follows :
49
Trains .. .. . .. . . . .. ......... . . .
1,328
Cars .. . . . ... . . .. ...... ... . . . . .
44,000
Tons .. .. .... .. .. . . . . . ..... . . .
160.4
Train miles ... ... . ... .. . . .... . .
4,652
Car miles ...... .. .. . .. .. . . .. . .
Ton miles .. . .... . .. . ......... . 151,600
Passenger

Trains ... . ... . .. . . . . . .. . .... . .
Cars per train . .. . .... .. . . .. . . .
Train miles . .. . ... .. . . . . ... . . . .
Car miles .. . ... . . . . .. . . . . .... .
Tons per train . . . .. . . . . .. .. . . .
Tonnage . .. .. . ... . .. . . .. . . . . . .
Ton miles ..... . .. .. .. . .. . .. . . .

20
8.5
56
476
425
8,500
23,800

Freight

Trains .. . .... .. . . . . . .. . . .... . .
Cars per train .. . . . . . ... . . . .
Train miles ... .. . . . .. .. .. . . ... .
Car miles .. . ...... . . . . . . . .. . . .

29
40
104.4
4,176

Tons per train... .. . .. .. . . .....
1,225
Tonnage. . . . . . . . . . . . . . . . . . . . . .
35,500
Ton miles ....... . ... . . . . . . . . . . 127,800
The character of the traffic is best shown
by an example of one day's operation. Below
is the record of trains run through the tunnel
on August 1, 1914. All freight trains are run
as extras and they have been assigned numbers, beginning with 100 as the first of the
eastward and 101 as first of the westward
trips. The passenger trains are given their
time table numbers.
FREIGHT TRAINS
WRSTWARD

EASTWARD

I

Train No. of Can
No. , Loaded Empty

I Tons

Train :\o. of Cars
No. Loaded iEmpty

-lr:n

-· ----~-- I - - - 100 : 53
102 I 18
7
104
106 I 53
108
60
110
49
112
31
114
39
116
30
118
34
120
1
122
19
124
17
126
2

6

1

3
1
12
9
37

2253
808
182
1811
1823
1641
1343
1630
1049
1420
230
1488

:

101
103
105
I 107
.. 109
:•
111
113
115
117
119
121
I 123
442
125
429 il 127
129
131
I! 133
I

16

35
25
6
38
27
6
46
24
43
26

I Tons
Cain
I

- - -5 1044
28 1697
20
655
140
7
50 1000
1364
10 1052
789
24
1378
884

1514
901
2217
824
626
1659
1271

16

44

26
1
34
19

28
1
22
--

EXPRESS AND PASSENGER TRAINS
--

-

I

B_A~TWAJlD

I

D~: I ~

I

1

18
2
32
12
2
6
36
7
8 . 10
12
4
10
12
.

1

48
14 '
22 I

86
6

7

1

WESTWARD

I

No. of Cars
T
0
Train
.
';"
N~ Loaded Empty '._Cain

:gg
120

Train
No. Loaded Empty

~

17
13
11
39
31
23
1

475
220
435
640
155
720

395
470
365

No. of Cars

Ji'l

36

1
·

1

T

ons
Cain

I 56o

9
9

12
11
4

12
14
10
2

5

13

529
755
685
125
460
555
670
240
590

- - - - --

Total
Total
Total
Total
Total
Total

number of trains ... .. .... .
passenger and express .. . . .
freight . . . . . .. . . .. . .. ... .
tons, freight .. .. . ... . .. . . .
tons, passenger and express
cars ..... .. . . .... . ...... .
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The foregoing details of one day's train
movements are of trains varying in class and
weight from local passenger trains of 200 tons
to freight trains of over 2000 tons. The
freight of these trains is not always of the
same class. If there is not enough fast freight
to make up a train of proper tonnage, other
freight is added. The fast freight trains are
ordinarily not over 1600 tons and other
freight trains are frequently over 2000 tons.
It is quite important from the standpoint of
economy in operation, as well as in the saving
of time, to avoid splitting any trains delivered
to the electric yard that are made up and
ready to be forwarded over the adjacent
divisions. It is also important from the same
standpoint to haul them with the least
number of locomotives; since every locomotive
crew consists of three men; a motorman, a
second man who is called "motorman's
helper," and a conductor. The conductor
couples the engines and sees that the trains
are in order to move. All trains above 1000
tons are ope ated by two locomotives, one
being used at each end, except on an occasional express or passenger train exceeding
1000 tons. For these both locomotives are
put on the head end. The head motorman
controls the· air. The rear locomotive is
coupled into the train line the same as a car.
As the locomotives are equipped with both
straight and independent air brake equipment, the rear motorman can set the brakes

on his locomotive but not on any part of the
train.
The details of operation of a freight train
with two locomotives passing through the
tunnel westbound are:
(a) Coupling of locomotives by conductors
(one on each end).
(b) Both motorman charge train line and
head motorman applies brakes.
(c) Rear motorman cuts out train line
control.
(d) Conductors inspect trains (each onehalf train) .
(e) Conductors signal brakes off.
(f) Head motorman releases brakes.
(g) Rear motorman whistles O.K.
NoTE.-Three whistles in Windsor and two
in Detroit.' By rule, all westward moves by
electric locomotives are "back up" and all
eastward moves by electric locomotives are
"go ahead." This rule is made because the
electric locomotives are the same at both
ends.
(h) Head motorman repeats whistles.
(i) Leverman phones yardmaster at "receiving" yard.
(j) Yardmaster if ready to receive it says:
"Let it come. "
(k) Leverman clears signal.
(1) Head motorman moves train without
help of rear locomotive, until rear
locomotive is within about 1000 feet
of bottom of grade.

Table I-LOCOMOTIVE TESTS
TRIP NO.

IE~t w~ iE:t w:.. ~,;, w:,;E:« ~:~1-E:;; I- ;:~
1

Direction . . . .. .... . . . . .. .
{
Time of start . . . .. .... .. . .. .. . . .
Running time (minutes) . .. ... .
Distance (miles) . . . .. ..... .
Average speed (miles per hour) ..
Speed at bottom of grade (miles per hour)
Speed at portal (miles per hour) . .
Locomotive weight (tons) . .
Weight of load hauled (tons) . . .... .. . .
Total number of cars . ..
Number of loaded cars ..
Number of empty cars . . .
Energy consumed in kw-hr ... . .. .
Start to bottom of grade (kw-hr.) . .
Bottom of grade to portal (kw-hr.) . .
Portal to stop (kw-hr.) . ...... . .. . .. . . .
Total (kw-hr.) . . . . .
. . . . .. .. .
Watts per ton mile..
. . . .. . . . . .

1

1

l

10:33 -11 :00 111:53 112:28 2 :09 2 :48 ' 3:15 1 3:49 1 4:19 ' 4 :36
a .m. a.m. a .m. 1 p.m. , p.m. , p.m. 1 p.m. · p.m. p.m. p.m.
I 17
16 ' 16~ ' 13~ I 12~ i 11 I 13 1 14~ 1 10~
3.1
3.1
3.1 , 3. 1
3.1
3.1 ; 3.1
3.1
3.1 . 3.o
11
11.6 11.3 13.5 14.6 ' 16.9 14.3 12.8 1 17.1
14
15
15
25
22
35
35 I 35
30
11
10
10 1 10
12
12
12
6 I 20
100
100
100 I 100
100
100
100
100
100 I 100
0
802 800 i 800 . 800 I 800 I 800 800 1831 'I 0
18
18
18
18 I 18
18
18
17 I 17 ' 17
17 I 17
17
17 I
1
1
1
1
1
1
1

I

I
I

NoT&.-For these tests, electric locomotive No. 7505 was equipped with two 600-ampere recording wattmeters, Stewart speedometer indicating speed and recording distance. Weather-clear. Rail-dry. Temperature--about 40 degrees.
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(m) Rear motorman here applies power to
full multiple position of controller
and as the summit is approached
gradually reduces power so that
when his locomotive has reached the
summit the power is off.
During the movement, the rear motorman must observe the ammeter for
any sudden variations and shut off
power immediately when it occurs.
The maximum speed permitted is 30 miles
for freight and 35 miles for passenger trains.
Table I shows the results of test runs
made for the purpose of determining the best
speed for trains and the watts per ton-mile
at different speeds. The trains are handled
without surging at the higher speeds, less
brake shoe wear and, of course, with less
power.
Locomotive Mileage

Until January 1, 1914, the old Third Street
passenger station was used, and all passenger
trains were run between the station and tunnel
by steam locomotives and switched by them,
so that no account was taken of the electric
locomotive switching mileage. It was a rather
small item, because freight trains to be taken
through the tunnel are delivered by steam locomotives to the designated yard track ready to
be forwarded, so that practically no switching
service was performed by the electric locomotives other than an occasional damaged car
being switched out of a train.
Since the new passenger yard was put into
service, the switching required, because of
the changes in the make up of through passenger and express trains, is now done with
electric locomotives and the switching mileage
is an important factor, especially as the total
mileage is low; the whole tunnel operation
being really a switching service. Cyclometers
were, therefore, put on in order to determine
the allowance which should be made for
switching mileage. The following table shows
the mileage record for the month of August,
1914.
The total locomotive mileage for the threeyear period, from 1911 to 1913, was 415,247 ;
a yearly average of 138,816 ; and a monthly
average of 11,568. If the switching mileage of
2175 for August is deducted, it will be very
nearly the same as the average locomotive
mileage for the previous three-year period.
We find the total daily average mileage for
the locomotives for all service is 377.5, but
that the total train mileage for the same
period is only 160.4. This apparent dis-
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Freight

Principal . . . . .. . . . . .
Helper . . . . . ..... . . .
Light .... . . ... . . . . .

3,808
3,808
1,821

9,437 miles

2,004
186
486

2,676 miles

1,088
1,087

2,175 miles

Passenger

Principal .... .. ... . .
Helper . . . .. . . . ... . .
Light .. . . .. . . .. .. . .
Yard Switch

Freight. . .. . . . . . . . . .
Passenger. .. . . .. . ..

Total . ... . ... . . . . . .. . .. . . 14,288 miles
crepancy is reconciled if the subdivision of
service is analyzed. Referring to the August
mileage: The train miles designated as
"principal" are 5812, or nearly 41 per cent
of the total of 14,288 and the ratio of train
miles to the total for the three-year period,
from 1911 to 1913, is 40 per cent.
The freight helper mileage, as will be
noted, is the same as the principal mileage,
indicating that every freight train is taken
through the tunnel with two locomotives and
in the passenger service is included express
and passenger trains which occasionally
exceed the tonnage hauling capacity of one
locomotive.
While fewer enginemen would be required
if all trains requiring two locomotives could
be run as double headers, it is not possible
to do so because the high draw bar pull
required results in the parting of trains.
While the new coupling apparatus has a drawbar pull equal to that needed to haul 2000
tons up a 2 per cent grade, all the couplers
are not new and it is found much better to
keep the drawbar pull below 50,000 lb. The
rear locomotive provides a place for a conductor (flagman) to ride.
Detroit and Windsor are the ends of
divisions and the river the frontier line
between Canada and United States, so the
steam locomotives and cabooses of trains
arriving at these terminal points would not
be taken across in any case.
The freight is classified in yards that lie just
beyond the electric zone and in these yards
the "made up" trains for the tunnel are
inspected. Much of the fast freight, however,
is through business-Chicago to Buffaloand does not need classification in the Detroit
territory. Such trains are inspected in the
electric yards.
These frequently contain
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Table II-RECORD OF NUMBER OF TRAIN DELAYS AND TRAIN MINUTE DELAYS
-

- -- --

- ----- - - ---- -- - -- - - - - --

1-_____

'-=~=----'===

F_ R_EIGRT _

·
1

Train

-- -- --

_ _ _ _ _ _ _ _P_A_ss_E,--N_G_ER
_____
1

Locomotive

-- -

No.

_

-

[ Minutes '

-

:>lo.

I

Train
-----

Minutes '

No.

1

~inutes

I

I..ocomotive
__N~- :

Minut~

T:~~

Minutes
_ _

1911
1. Broken couhler ..............
2. Broken air ose _.. ______ . ...
3. Broken contact shoes ........
4. Derailment .... _.. _.. __ _
5. Brake apparatus. __ . .... . . ..
6. Fuses . ..... .... .... _.... __ .
7. Air signal whistle .... _... __
8. Brake rigging in contact with
third· rail cut off power ___ .
9. Collision ...................
10. Load shifted on car ..... .... :
11. Lost power-poor contact at
third rail. .. ... .. ..... _...
12. Contactors . ... _ . . __ .. . _ . ...
13. Third-rail circuit breaker open
on bverload . . . . . . . . . . . . . . _

Total ........... _...... __ ... .

19
5

663
245

3

330
80

2

2

60

1
5

30
290

5
25
1

25

180

I

9.
10.
11.
12.
13.

Broken coupler ... ___ ___ . _. _.
Broken air hose .. .. . ____ .. __
Broken contact shoes .. _... . .
Derailment .... _.. . ____ .. .. .
Brake apparatus ....... ... _.
Fuses .. ... ...... _ __ __ . _
Air signal whistle .......... _.
Brake rigging in contact with
third-rail cut off power . .. . .
Collision . . .... . _.. _.... _.. .
Load shifted on car .... _.... .
Lost power-poor contact at
third rail. ...... . __ . . .. __ _
Contactors ...... _ .. _... . .. .
Third-rail circuit breaker open
on overload . . .... ___ _.... _

Total_ ... _. . __ ........ ... . . .

I

I
_3_1 _ -1-31_8__ , _ .

11
1
1

375
60
20

2

45

I

I

i:•••-: - :--_-_-1__1_1_:~~~ -25-

1912

1.
2.
3.
4.
5.
6.
7.
8.

1

- - - - - - -- 7

5
10

1

11

25
4

I_ :_
15

1

498

2

12

3

25

1

1913
-

--

~

25

-

-

I

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Broken coupler ........ _. _.. .
Broken air hose ... .. _. . . . . . .
Broken contact shoes ... _ ... .
Derailment ... .. .. .. ..... . . .
Brake apparatus ..... __ . .. . . .
Fuses ............ _... ___ .. _
Air signal whistle ......... __ _
Brake rigging in contact with
third-rail cut off power .... .
Collision . .. _. .. _. . _ .. . ... . .
Load shifted on car_ ........ .
Lost power-poor contact at
third rail ......... ____ .. _.
Contactors ... . . .. ... _.. _. _.
Third-rail circuit breaker open
on overload __ . . .. ____ .....

Total. ....... _. __ __ .... . . . . . _

1:3
4

2
:3

2
2

585
385
240
75

5

145

1

155

21
41

i

I
I

I

1

i~l

I- -1 - •- - - 1-

i

1285

!-6-)

300

1

5

!

62

I

!

I

- - I-- - I
I
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bad order cars which must be set out. Rigid
inspection is maintained so that very few
delays result from defective equipment when
the heavy grades are taken into consideration.
A statement of these delays for the three-year

J«JJ
11110

faw

i:
~

()
()

z

J

4

51
7691(}11
Time m Mmvtc

Fie. 1. Power Curve oC 1350-Ton Train

period is given in Table II. and shows clearly
the nature of the defects in cars, as well as
all other causes of delay.
It is quite evident that the load factor
cannot be good and also that the peaks, under
unrestricted operation, will be very high.
While it is possible to operate with only
forty-nine trains a day so that two freight
trains will not be ascending the grades at the
same time, it would not have been proper
to require such an operating condition by
limiting the power supply. Equipment was,
therefore, installed of a capacity sufficient to
furnish power for two trains to ascend the
grades simultaneously and also to do switching. In the statement of power opposite
the first item is the amount of purchased power. The records upon which bills
are made are from meters located on the
switchboard in the substation.
The cost per kilowatt..hour for traction,
when to the cost of primary current is added
only the conversion and transmission losses,
and the ~ost of operating and maintaining the
substation and distribution system, including
third rail, is $0.018.
Although much of the fast freight is run
in what is known as "symbol trains," which
have a schedule, their time of arrival at
intermediate points is by no means certain.
These, as well as all other freight trains are

run as "extras." It is, therefore not possible
to anticipate with any exactness the hourly
load, nor even the daily load, as the freight
trains vary from day to day, not only in
weight but in number. But if the weekly or
monthly average for the period of a
year is taken, it will be found quite
near to that for any particular week
or month, the tonnage averaging a
little higher for the six winter months
than for the six summer months.
There is the morning and evening
peak here as in every other place
where there is any considerable volume of transportation, although not
so marked, when considering the tonnage, as in most cases. The freight
·trains under normal conditions can
be and are quite evenly distributed
over the twenty-four hours, the
passenger load super-imposed on this
comparative even load causing the
peaks. In one sense the load is all
IZ
tJ peaks. The light and auxiliary power
averages about 150 kw. with a maximum demand of 300 kw., whereas a
two-thousand-ton freight train requires nearly 3000 kw. for a few minutes.
The power curve for a 1350-ton train is given
in Fig. I.
TOTAL KILOWATT-HOURS USED
1911

1912

1913

- - - -1- - -,- - Substation input 4,749,145 4,653,290 i 5,145,745
Substationoutput 2,977,650 3, 144,945 1 3,461,650
Total output for
traction . . . .... 1,758,400 1,844,770 2,223,940
Total output for
light and auxiliary power. .. 1,219,250 1,300, 175 1,237,710

I

AVERAGES

Substation input for one
year . . . . . . . . . . . . . . . . . . .
Substation output for one
year .. . ....... .. .... . . .
Traction output for one
year .... . . . ..... . .. . . ..
Light and auxiliary power
output for one year . .....
Output per day for threeyear period . .. .. . . .. . . . .
Cost per day for traction
current . ... . .. .... .... .
Watts per ton mile .. . . . . . .
Cost per ton mile .. . . .. .. .

4,849,393 kw-hr.
3,179,748 kw-hr.
1,942,370 kw-hr.
1,252,378 kw-hr.
5,320 kw-hr.
$95.50
35.1
$0.00063
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Third-Rail Maintenance

The maintenance of twenty miles of third
rail, including supervision, for the year 1913,
was $2,690.00; or $134.50 per mile and $7.40
per day. One of the principal items which
goes to make up this total is the cost of
replacement of burned and broken insulators.
During the year 1913, there were 1200 replacements due to burning and 360 replacements
due to breaking, costing $936.00. Of the total
burned insulators, 375 were on the tunnel
tracks, 370 in the east-bound tunnel and only
5 in the west-bound. The great difference is
due to the fact that practically all refrigerated
freight is east-bound and brine drippings from
- - - - - -- - - -

-

- -- -

Bay City Junction (24th St., Detroit) .. .. .
20th St., Detroit ... . . . . . .. .. . . ... . .... .. .
15th St., Detroit . . ... . .. .. ... .. .. . . .. .. .
Windsor Summit ..... . . . . .. ...... . ... . . .
Windsor Tower No.2 . . . . .. . .... . . . . .. . .
Windsor Tower No. a ..... . . . .. . . . .. . . . .
Through Tunnel. .... . ... . .. ... .. ... ... .

period of eighteen months, from July, 1912,
to December, 1913, and reducing to an
average monthly basis, we have:
Labor. . . . . . . . . . . . . . . . . . . . . . . . $406.03
Material, including shop machinery...... .. . . . .. . . .. . .......
168.77
Total per month . .. .. . .. . .. .. $574.80
Average cost per locomotive mile $0.0498
The life of tires under the operating
conditions up to the present is approximately
three years. After two turnings they are
scrapped. Tire maintenance is much the
largest single item in the maintenance cost.

- -- --

I
I

No. Active
Levers

-

I

--~-4~-" _

these cars drops on the third rail. The
application of grease and roofing paper over
these insulators has greatly reduced the
trouble from burned insulators, but has by
no means eliminated it, and I am of the
opinion that it will not be entirely eliminated
until tanks to retain the brine are provided
on all refrigerator cars.
Locomotive Maintenance

The maintenance force consists of:
% road foreman of engines time
1 mechanical man (foreman of the shop)
1 electrical man
·
1 air brake man
1 helper
All inspecting, cleaning and repamng,
including the changing of tires (but not the
turning of them) is done by this force at a
small inspection and repair house located
near the middle of the Detroit electric yard.
Taking the total cost of labor, material
and supplies for the six locomotives for the

- - - --

Signals

Switches

21
82
75
21
21
17

25
7a
72
14
18
12

I

48
155
172
a7
a9
29

Total . . . . .. .. . ... . . . .. ... .. · . · · · · · · ·_·

-- - - - ---

~

Track
Circuits

6
76
60
5
4

0

-

·~

-

--

--

No. of
1 Levermen

a

4

4

2
2
2

11

2a7

_

214
162
I
_ _ _!_ _ _

17

Signals and Interlocking

All train movements in the electric zone
are governed by interlocking and block
signals. Except for the Windsor freight yard,
all signals are controlled by a-c. track circuit,
as well as from the interlocking machines.
The table above shows the location and size
of plants and number of levermen used for
operating twenty-four hours each day.
Tunnel tracks between summits are signaled for running in either direction on both
tracks and here only are the double-rail track
circuits installed, as all four rails are wanted
for the return of the propulsion current. In
the yards one rail is used for the signal track
control and the other one for the propulsion
return current. Visual indication is given the
!everman, showing what section of track is
occupied by trains in the Detroit yards or
the tunnel.
All the modem auxiliaries, such' as, conductors platform signals, telephones and
telautograph apparatus are furnished to assist
in the expeditious and safe handling of trains.
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THE OPERATION OF THE THIRD-RAIL SYSTEM OF THE
NEW YORK STATE RAILWAYS
BY GEORGE

N.

BROWN

ELECTRICAL ENGINEER, NEW YORK STATE RAILWAYS, UTICA-SYRACUSE LINES
This article deals in a comprehensive way with the operation of the Oneida Line of the New York State
Railways since it was electrified. The power consumption for a full year is analyzed in detail, and the efficiency of each section of the transmission and distributing system, as well as a detailed statement of the
costs of substation operation for a period of six and one-half years, are given. The power consumption of both
the limited and local cars is recorded and a comparison is made between the cost of maintenance of the overhead and third-rail conductors. The interruption of the power and third-rail circuits are tabulated for a
period of seven years. The data should be of great value to operating men.-EDITOR.

15, 1907,
O NtheJune
electrified division of the West
S h o r e R a i 1r o ad,
known as the Oneida
line, a part of the New
York State Railways,
was formally put in
service and it might
be of interest at this
time to look back
over the seven years
of the road's operaG.-ae N. Brown
tion to see just what
changes have been
made in the equipment and to investigate not
only the continuity of power service but also
what this power has actually cost.
The third-rail division of the New York
State Railways, which is the electrified
portion of the West Shore, extends between
the westerly limits of the city of Utica and the
easterly boundry of the city of Syracuse.
This road was formerly double-tracked
throughout, but to accommodate the different
classes of service a third track was provided
between Clark Mills and Vernon to allow
faster units to pass the local trains. Between
Oneida and Canastota a fourth track was
laid to permit the electrically operated units
to pass steam trains that may be held up in
this section, owing to the presence of water
stations and freight yards. The length of the
electrified portion of the West Shore is slightly
greater than forty-four miles. Of this 30.515
miles are laid with double tracks, 8.843 miles
with three tracks and 4.582 miles with four
tracks, making a total mileage of 105.887.
The tracks throughout are laid with 80 lb.
rails.
The Oneida line cars operate between the
business centers of Utica and Syracuse, a
distance of 48.52 miles. The limited trains
cover this distance in one hour and twenty-

eight minutes, making the run of forty-four
miles over the West Shore in sixty minutes,
with two station stops, Oneida and Canastota, and two railroad crossing stops. The
local trains have a running time of two hours
and two minutes, but make a detour through
the city of Oneida, which adds about three
miles to the total distance. Express and baggage service is also maintained, two trains
operating in each direction daily, except
Sunday.
Source of Power

Power is supplied by the Adirondack
Electric Ppwer Corporation from a steam
plant located in the city of Utica. Energy
for the operation of the Utica lines of the New
York State Railways is also obtained from
this same source.
The equipment of this plant consists of
four General Electric vertical turbines, having a total rated capacity of 6000 kw., the
machines generating three-phase 40-cycle current at 2300 volts.
Transmission Line

Power is transmitted to Clark Mills substation, a distance of eight miles, at a pressure
of 60,000 volts on a steel tower line. These
towers, with bases seventeen feet square and
having a normal spacing of 550 feet, are made
for a double transmission line, but at present
carry only the three power wires and one
ground wire. These are all of the same size,
consisting of six copper wires stranded, forming a cable with a capacity equivalent to that
of No. 000 solid wire and having a diameter
of half an inch. The minimum .clearance
between conductors at any point in the span is
six feet. The insulators have four petticoats
and are of' the pin type and were tested on
140,000 volts.
All energy is metered at Clark Mills substation on the high tension side and is paid
for on the kw-hr. basis.
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The transmission line, which parallels the
West Shore tra~ks and extends from the Clark
Mills substation to the Manlius Center substation, a distance of thirty-three miles, is
made up of three conductors, each having a
capacity of a No. 0 wire. The cables are
built up of seven strands of hard drawn
copper. These towers are built for a single
transmission line and have a normal spacing
of 480 feet. Thomas insulators of the pin
type are used and spaced seven feet apart at
the comers of a seven-foot equilateral triangle.
No ground wire is used.
Substations

As shown on the map, Fig. 1, there are five
substations on the Oneida line, four of which
are used for railway purposes, namely,
Clark Mills, Vernon, Canastota and Manlius

transmission line enters the building from the
rear and in each case is connected to the high
tension buses through disconnecting switches.
An oil switch and disconnecting switches are
installed in the outgoing line in three of the
substations.
The building is divided into two sections,
the operating room and the high tension compartment. The former contains the transformers, reactance coils, rotary converters and
switchboard, as is shown in Fig. 3, while the
latter houses all the high tension apparatus,
such as oil switches, low equivalent lightning
arresters, choke coils and busbars.
The equipment of each of the substations
consists of two three-phase 40-cycle 300-kw.
rotary converters made by the General
Electric Company, together with two three-

Fl1. 1. Map of Third-Rail Syatcm, New York State Ralhnya, Oneida Line

Center, and one located at Oneida City,
which is used to transform energy from 60,000
volts to 2300 volts, at which the lighting and
industrial loads of Oneida and Canastota are
supplied. The average distance between the
railway substations is approximately ten
miles. The buildings are all of neat appearance, as will be seen by referring to Fig. 2,
which shows also the architectural characteristics. They are constructed of brick with
litholite trimmings and both the roof and the
floors are of concrete. Each substation is
provided with a heating apparatus and is
equipped with a lavatory. An excavation
beneath the floor level provides facilities for
running cables and also for housing a battery of
accumulators for the operation of the 60,000volt oil switches. The electrical apparatus
installed and the design of each· station is
identical in all respects, with the exception
that no outgoing oil switch is required at
Manlius Center substation, as the transmission line terminates at that point. The

phase 330-kw. 40-cycle transformers, having a
primary voltage of 34,600, and when "Y"
connected 60,000 volts. The secondary when
delta connected gives 370 volts. These transformers are operated "Y" connected on the
primary side with delta connections on the
secondary. Full load on the direct current
side of the rotary converter is 500 amperes at
600 volts. These machines are started from
the alternating current side on half-voltage
taps from the transformers.
At the Oneida substation the electrical
equipment consists of an oil switch, disconnecting switches, and three 275-kw. transformers, 40 cycles, 60,000 to 2300 volts, made
by the General Electric Company. An electrolytic lightning arrester is connected to
the transmission line at this point. This
station, as previously explained, supplies
energy for a lighting and industrial load, and
is operated by the Adirondack Electric Power
Corporation, power being purchased from the
Oneida line.
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Operating Force

The operating force in the power department consists of one chief operator, eight substation operators, a meter inspector (who
spends about one-third of his time on this
line) and a change operator, who takes care of
the shifting of men not only in the four
Oneida substations, but also in the two substations in the city of Syracuse. To maintain
the high tension line and third rail, together
with some three miles of trolley wire in the
city of Oneida, there are required one line
foreman, two high tension patrolmen, and
four linemen.

growing manufacturing concern, known as the
Oneida Community, which requires a considerable extra service for the transportation
of its employees to and from this plant. At
the present time there are a number of three-

Coat of Power

Table I shows not only the cost of operating
the substations year by year since the road
started operation, but also what has been
paid out for power during that time. The
alternating current is metered at 60,000 volts
at the Clark Mills substation, and the power
which is metered at the Oneida substation,
plus a 1 per cent line loss, is deducted from the
Clark Mills reading, leaving the net a-c. kw-hr.
used for railway purposes. During 1913 a test
was made to determine the various losses of
transformation, transmission and conversion,
following the energy from the 2300-volt busbars at the turbine plant in Utica back to the
negative side of the rotaries through the return
circuit. On the basis of these tests Table II
was prepared, showing power data for the
year 1912.

Pia. 3. Interior View ot Clark MUla Subetadon,
Oneida Line

car trains and some six or eight two-car trains
which are shown on the regular schedule, and
most of these operate with the extra cars
only as far as Oneida. This means that
Vernon substation is subjected to a heavier
load than any of the other substations. Fig. 4
shows the d-e. ampere load of this station on
September 9, 1913, and from this chart an
idea may be gained of the swings taken care
of by this apparatus.
Changes in Substation Equipment

Fla. 2. Exterior

V~ew o(

Clark MUla Subetation,
Oneida Line

Substation Load

Practically no trouble has been experienced
with any of the substation apparatus during
the seven years that it has been in service.
At Sherrill, on this line, is located a large and

During the seven year's of operation a
number of small additions or changes have
been made to the substation equipment,
either for greater safety or the betterment of
the service. Chiefly among these are:
First. The installation of a concrete wall,
one foot in height, forming an enclosure
around the transformers, which in tum has a
drain to the outside of the building. Drain
pipes are carried from the base of each transformer to a valve housing on the outside of
the substation. This box has a wire glass
front and furnishes easy access to the transformer valves, and by their operation the oil
can be drained from the transformer tanks.
This is in line with suggestions made by the
Fire Underwriters, and although it is decidedly uncommon that a transformer casing
should puncture and then the oil should
become ignited, yet the cost of piping up the
transformers was so small that it was considered a good investment.
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Second. It was found that a number of the
mechanical oscillators on the rotary converters were damaged when the machine
arced over, as at such times excessive current
would flow from the armature shaft to the

necting them up permanently to the frame of
the machine, which in all cases is ungrounded.
This furnishes a more direct path for this current and no damage is done to the balls or
raceways of the oscillator.
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Third. Disconnecting switches have been
placed at the back of two of the substations,
Clark Mills and Vernon, so that power may be
taken off from the high tension bus structure

frame of the machine through the oscillator.
This trouble has all been eliminated by
placing on the opposite end of the armature
shaft two small copper brushes and con-

Table I
NEW YORK STATE RAILWAYS, ONEIDA LINE
Power and Power Consumption Data for the Year 1912
I

COL.

1

,
Month

1

COL.

2

COL.

I

3

COL.

4

I

I

COL.

5

COL.

6

I

COL.

7

COL.

8

~ - - ~j~ ~~Per Cent Loss : - - - -

i

A-C. Kw-Hr. A-C. Kw-Hr. Loss in Raising
Per Cc;n.t
D-C. Kw-Hr. · Railw\"y
: Lowering I D-C. Power
Turbine Plant ' Clark Mills 1 Transformers Loss Ratstng
Substation
Substat1ons Transformers . in Per Cent
Transformers
Lowenng
d C
of A-C.
.
L
0
23()().vo1ts I 60 •000•V0 1ts
d
an
tne
and Line
utput
Transformers
an
on· I 2300 Volts
and Rotary '
verters
Converters

I

I

I

COL.9

I

Net D-C.

Kw-Hr. to
Oneida City

I

I- - - - -

and Kenwood
and West
Shore

I

January ...... I

483.500

461,100

22,400

4.64

367.770

93,330

19.3

- -76.06
---,

359,812

February . ... . 1

475,850

455,800

20,050

4.23

359,100

96,700

20.3

75.47

342.671

March . .. .... .

449,800

427,200

22,600

5.03

343,300

95,640

21.2

73.77

333.654

443,450

420,200

23,250

5.26

331.560

88.640

20.0

74.75

323.792

I
April . ... .... . I
May ....... ··I

443,100

416,600

26.500

5.98

333,250

83,350

18.8

75.22

325.875

June • ... .. ... 1

430.500

403,500

27.000

6.26

319,730

83,770

19.5

74.24

313,759

July . . ..... . .. I

461,400

434.200

27.200

5.90

345,460

88,720

19.3

74.60

337,326

August . .. . . ..

457,700

431.500

26.200

5.72

345.910

85,590

18.7

75.58

338.085

September .. . I

493.550

468.500

25,050

5.08

374,460

94,020

19.0

75.92

364,649

October ...... I

430,600

405,000

25,600

5.94

320,750

84,250

19.6

74.46

312,949

November . ..

424.200

404,300

19,900

4.70

324,340

79,960

18.9

76.40

315,826

December .. .. ,

468,300

450,200

18.100

3.90

354,560

95,640

20.4

75.70

345,451

AVERAGE ... 1

456.000

432,242

23,638

5.18

343,000

89,200

19.6

75.20

334.000

I

Deductions made as follows:
Column 1-Column 2-Column
Column 3+Column 1 ~column
Column 5 -Metered on d-e. bus.
Column 1-Column s-cotumn
Column 6+Column 1-Column

3.
4.
6.
7.

Column
Column
Column
Column
Column
Column

9 -Column 10-Column 11.
12 -Column 11 changed to a-e. equivalent.
11-Column 13 -Column 14.
14 +Column 12-Column 15.
14-Column 16-Column 1i.
17 +Column 12- Column 18.
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THE OPERATION OF THE THIRD-RAIL SYSTEM
in the substation, and by closing these disconnecting switches, power can be supplied to
the transmission line beyond either of these
substations. These disconnecting switches
simply shunt the station busbars, so that in
case of any trouble in the high tension room
of the substation, service would only be
temporarily interrupted to the substations
beyond. It is planned to install these disconnecting switches back of the Canastota
substation; none being required at Manlius
Center substation, due to the fact that there
is no outgoing line.
Fourth. It has been found that when the
transmission line has been struck by lightning,
not only one, but sometimes a number of
insulators adjacent to each other and all on the
same leg, have been shattered. This has lead
to an investigation and it has been determined
that there are too many grounds on the
transmission system, which is "Y" connected
with the neutral grounded at each bank of
transformers, making in all ten such grounds
on the system. It is planned now to operate
with only one permanent ground on the system
and that one to be located at the turbine plant
in Utica,andhaving in circuit 500 to 1000 ohms

resistance. When trouble has developed on
this line, after testing out and finding the
affected leg, it has proven helpful to be able to
operate three-phase with two wires and using

ll'la. 5. Thn!e-car Train, each Equipped with 4 GE
73 (75 h.p.) Moton. Oneida Line

the earth as a third conductor. However,
this feature can be retained by having disconnecting switches in the grounded neutral
at each substation.

Table I (Cont'd)

COL.

10

Oneida City
and Kenwood
at3 Kw-Hr.
Per Car MUe
and 17 Per
Cent Line
Lo. D-C.
Kw-Hr.

COL. 11

COL.

12

2300-Volt
D-C. Kw-Hr. A-C.
Kw-Hr.
Substation
Equivalent
Output to
to
D-C.
for
West Shore
West Shore
Only
Only

COL.

13

D-C. Kw-Hr.
Car Con·
sumption

·c=
I

COL.

14

Loss in Low
Tension Dilltribution
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COL.

15

COL.

16

,____ ,_;____
COL.

17

Estimate of i
Per Cent Loss 'Return Circuit '
D-C. Tran11I . - 4 Per
1 mission and
Cent of A-C. 1 Third-RaU
I Return
Equivalent 1
Losses
Circuit
for West
Shore Only ]

I

COL.

18

I

Per Cent
Third-Rail
Losses

COL.

19

Per Cent
Ovenll
Efticiency
Generator
to Car

- - - - -1--- - - - ---- ----- ! -----· 1 ----- ! ----- ~ ---------- - - - - 227,178
394,240
60,100
18.4
14.4
299,712
72,534
57.66
15,760
I 66,774
M.SOO

287,871

381,800

211,704

76,167

19.9

15,250

60,917

15.9

55.57

68,800

274,854

372,170

227.208

47.646

12.8

14,860

32,786

8.8

61.00

67,700

266.092

366,000

228,806

37,286

10.6

14.230

23.066

6.5

64.25

68.700

267,176

356,120

234.654

32,521

9.2

14.200

18,321

5.2

66.00

56,100

268,669

348,200

217,927

40,732

11.7

13.920

26,812

7.7

62.M

65,600

281,726

376,600

250,340

31.386

8.3

15.050

16,336

4.3

66.50

56.200

282,886

374,300

242,534

40,301

10.8

14.960

25,341

6.8

64.78

56,400

309,249

407,000

270,977

38,272

9.4

16,250

22,012

5.4

66.52

M .700

268.249

346.700

219.774

38.476

11.1

13,860

24,616

7.1

63.36

M ,600

261.326

341,700

192,379

68.947

20.2

13,650

56,297

16.2

66.30

67,400

288.061

380,600

219,532

68,619

18.0

15,200

53.319

lf.O

57.70

66,660

278.000

370.000

228,600

49,400

13.4

14.770

34.620

9.4

61.80
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Table II
NEW YORK STATE RAILWAYS, ONEIDA LINE
Cost of Substation Operation and Cost of Power for Past Seven Years
- -- -- -- - -- -·- - ---- 1
-

1907
(6 Mo. 15 da.)

Year

~~~

~

1908

- - --- - - -- - - -- - - -

1909

1910

s 7,302.88

$ 6,746.80

$ 6,500.32

2,318.38
45,183.36
54,804.62
4.795,290
3,669,998

1,410.76
48,797.87
66,955.43
5,253,400
4,229,245

1.120.88
50,583.43
58,214.63
5.044.310
3,819,049

$0.0123
996.199
3.55

$0.0139
1,219.247
3.326

$0.0155
1,346,578
3.07

j

- -- --1

Substation labor . .. . . . .
Substation supplies and
expenses . . . .. . . .. . . .
Power purchased . . . . . .. ·
Total . . . . . . .. . .. . .
A-c. kw-br. purchased ..
D-e. kw-br. output . . .. .
Cost of power per d-c-1
kw-hr. . . .. ... . . . . . . .
Car miles .. . . . ..... . . .
D-e. kw-hr. per car mile

s

4.089.98

899.59
22,077.79
27,067.36
2,338,740
1.764,193
10.0126
491 .539
3.75

1

I
I
1

I

--

1911

1912

1913

$ 6.204.33

$ 6,141.61

$ 5,988.33

1,165.59
46,504.29
53.874.21
4,939,200
4.003,440

1,161.28
44.046.97
51.349.86
5,178,100
4,120,260

1,074.09
39,286.38
46.348.80
4,892,615
3.982.750

$0.0139
1,238,107
3.21

$0.0129
1.233.836
3.27

$0.0116
1.210.843
3.19

1- - - '

Table III
NEW YORK STATE RAILWAYS, ONEIDA LINE
Data Showing Equipment and Power Consumption of Oneida Line Cars-Limited an? Local Service
--

Car
:-;o.

-- ---

--- --·------

W~ht
F y

Date of Test

Equipped

-

No. of
Motors

-

- -- - ·---- ------ - - -- ------

--

I ~of
otors

I

Gear

Ratio

Line Operated
During Test

Kw-br.

I PerMUeCar

532
506
506
506
506

1913
1913
1913
Jan. 1st to
Feb. 23rd 1913
Apr. 16th to
June 12th,
1913
1913
1913
1913
Mar 27th to
Apr. 14th, 1913

-

75,765
75,765
75,765

4
4
4

GE201
GE201
GE 201

27-59
27-59
27-59

Utica
Oneida (W.S.)
Syracuse

75.765

4

GE 201

27-59

Syracuse
Oneida (W.S.)
and Utica

75,765
77,280
77,280
77,280
77,280

4
4
4
4

GE
GE
GE
GE
GE

4

201
73
73
73
73

27-59
24-51
24-51
24-51
24-51

I

iI
I

Limited service
Limited service
Limited service

6.63
2.00
3.63

2.58

S. U. and Oneida
Utica
Oneida (W.S.)
Syracuse
Syracuse
Oneida (W.S.)
and Utica

Remark>

I

---1

'

532
532
532
532

I

I

Limited and local

2.49
4.74
2.22
4.70

Limited
Limited
Limited
Limited

and local
service
service
service

3.50

Limited and local

I

-

Table IV
NEW YORK STATE RAILWAYS, ONEIDA LINE
Comparison of Overhead and Third-Rail Maintenance per Mile of Single Track
- - - -- -

---

- - - - -- --

- - -- - - - -- ----- --- - -

~-

--

Years

Utica ·Lines
(Overhead)
128.24 Miles

Syracuse Lines
(Overhead)
90.79 Miles

Oneida Line
(Third Rail)
117.94 Miles

1909
1910
1911
1912
1913
Average

$145.00
131.00
147.00
126.(1()
158.00
141.00

$366.00
403.00
248.00
220.00
243.00
294.00

$87.00
52.00
45.00
61.00
58.00
61.00

Table V
NEW YORK STATE RAILWAYS, ONEIDA LINE
Interruptions to Power Hi~h Tension and Third Rail
1907

1908

1

1909

1

1910

;;~h tensio: .- .--.- - 3 hr. 14m. I 6 hr. 33m. 115 hr. 6 m. ~- 5 hr.
rail . . . . . . . . . . . . . 43 hr. 8 m.
41 hr. 58 m. I 75 hr. 25m. ) 52 hr. 46 m .
I
- ------- --· - -- Average for the seven year's of operation:Th~rd

I

1911

I

2 hr. 30m.
32 hr. 3 m.

I

I

1912

1----- ---1J

2 hr. 39 m.
1 26 hr. 31 m.

I

1913
19 hr. 47 m.
50 hr. 45 m.

I__ _ _ _

Hif!h tension. 7 hours and 50 minutes.
Thord rail, 45 hours and 54 minutes.
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THE OPERATION OF THE THIRD-RAIL SYSTEM
Car Equipment

The original equipment consisted of 15
passenger cars weighing 78,144 lb. each, fully
equipped, and having four GE 73, 75-h.p.
motors, together with Type M control. This
type of car is shown in Fig. 5; also two

ll'la. 6. Steel Car, Weiaht 76,100, lb. Equipped with 4 OB-201
(50-60 b .p.) Moton, Ooeida LIDe
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Table III shows this data both for limited
and local service.
Third Rail

As previously stated, there are over 105
miles of third rail. The form of rail employed
is the bullhead under-running type and is of
the same cross section as that employed
in the electrification of the New York Central terminal; it has a further resemblance
in that it is arranged for an under-running
contact.
The weight of the rail is 70 lb. pc::r yard and
is supplied in lengths of 33 ft. No special
composition was used to secure higher conductivity as the traffic conditions did not
warrant it. The rail has, however, the equivalent conductivity of a copper cable of
1,023,000 c.m . cross section. Soldered bonds
were used throughout. In Fig. 7 is shown the
arrangement of the third rail on tangent track.
The covering seen in the illustration is
made of long leaf yellow pine in three parts

express cars weighing 90,000 lb. each, having
the same electrical equipment. On September
1, 1912, two new steel passenger cars with
parabolic fronts were l\dded, weighing 76,100

ll'la. 8. VIew ol Third Rill! under Soow Cclcditloaa,
OoeldaLine

Fi&. 7.

VIew of Third R.U Sbowlna Form of Jumpen
Ueed, Ooeida Line

lb. each and equipped with four GE 201 ,
50-60-h.p., motors, and having Type M control. This car is shown in Fig. 6. Tests were
made to determine the power consumption on
bOth these types of cars, not only for interurban service, but also for city operation.

and held together by No. 10 screws. The
wooden covering is not subjected to any
special treatment, but is painted before being
applied to the rail. Another form of covering used to some extent is made of fiber
and is molded in the form of the rail.
From the illustration of the third rail it will
be seen how the jumpers are carried under
highway crossings and the method of fastening the rams' horns to the third rail. When
replacements are made to such jumpers a
fiber conduit is used instead of an iron pipe,
as was the original installation, it having been
found out that an action, either chemical or
electrolytic, soon pits the pipe and allows
moisture to get into the cable.
In regard to the cost of maintenance of the
third rail, Table IV shows the comparison of
overhead and third rail maintenance per mile
of single track for the cities of Utica and
Syracuse and the Oneida line.
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With its third-rail construction, the Oneida
line has never been seriously handicapped by
snow. This may be due to the fact that the
line extends east and west and has no deep
cuts. Fig. 8 shows the third rail under
snow conditions. It might be added that no
effort is made to clean the snow out from
under the third rail, the contact slippers on
the car being sufficient for this purpose. Very
little data are at hand in regard to the losses
due to leakage through snow, but as far as
can be determined dry snow piled around and
over the third rail does not increase this
leakage. When the snow starts to melt,
that is, with wet snow against the third rail,
the leakage is ten times greater than normal.
This is also the case when there is a considerable quantity of rain falling.
On the system there are two types of thirdrail insulators, one wooden and the other
porcelain. Of the wooden type there are

4500 in service and of the porcelain type.
44,097. From a test section of the third rail
containing both kinds of insulators, data
were obtained in regard to the yearly leakage,
and applying these figures to the 105 miles of
third rail, it is found that the yearly loss,
due to leakage, is 14,430 kw-hr. This, at the
average rate of $0.0125, will amount to $180.38.
Interruptions

Table V shows the total number of hours
per year that the service has been interrupted
during the past seven years on both high tension line and the third rail. This table shows
an average yearly interruption on the high
tension line of 7 hours and 50 minutes and on
the d-e. side or third rail of 45 hours and 54
minutes. It should be borne in mind that
there are two d-e. feeders out of each of the
four substations and that this represents the
total length of time the d-e. was interrupted
on all feeders.

TYPES AND SYSTEM OF DRIVES OF ELECTRIC LOCOMOTIVES
BY

A. F.

BATCHELDER

ENGINEER, RAILWAY LOCOMOTIVE DEPARTMENT, GENERAL ELECTRIC COMPANY

The author gives an interesting review of drive systems used on electric locomotives, from the earliest types
built for heavy traction in this country up to the latest examples employed in our modem installations. The
article should be of considerable value to those interested in the design of electric locomotives.-EDITOR.

installationof
T HEelectric
locomotives by the Baltimore
and Ohio Railway
Company, for their
tunnel at Baltimore,
Md., in 1895, demonstrated beyond a
doubt the practicability of heavy electric traction.
This first installation consisted of three
96-ton locomotives,
A. F. Batchelder
each being designed
with a running gear made up of two trucks,
each of which had two axles and a short wheelbase. Each axle was equipped with a gearless
motor mounted on a quill surrounding the axle,
the wheels being driven through pieces of rubber, acting as springs.
These locomotives have proven to be very
successful in the slow speed servi~e required
at the tunnel, but experience from their
operation has given much useful data as to
where improvements should be made in the
design, especially where high speed is required.
Later in 1903 the Baltimore and Ohio installed

four additional locomotives weighing 80 tons
each for slow speed freight service.
These new locomotives were made at a
much smaller manufacturing cost than those
of the first installation, and are different in
design, having a single four-axle truck with a
long rigid wheel-base with a motor geared to
each axle. These locomotives were also very
successful and were operated at a smaller
cost. of maintenance than the first type.
Again in 1900 additional locomotives weighing 90 tons each were installed for higher
speed service.
These 90-ton locomotives have a running
gear'consisting of two-axle trucks each having
a short wheel-base, joined together with a
hinge connection. These units are similar
in design to the locomotives that had been
installed at the Detroit River Tunnel on the
Michigan Central Railroad in 1909. They
were so satisfactory in service that the next
installation made in 1912, of 100-ton locomotives, were of the same type.
Since the date of the first installation in
1895 many other installations have been
made in different parts of the world, and many
different designs have been made and are in
operation, or have been experimented with,
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TYPES AND SYSTEM OF DRIVES OF ELECTRIC LOCOMOTIVES
in an attempt to produce the most perfect
machine to meet the requirements as governed
by the kind of power or by the special conditions of the railroad on which they were to
operate.
A large percentage of the most
important installations in America,
operated both with high or low
voltage direct current and with
three-phase current systems, have
installed the last type adopted by
the Baltimore and Ohio Railroad
Company for freight and low speed
passenger service. Of these, the
following may be cited: The two
installations of the Baltimore and
Ohio Railroad Company: at the
Baltimore Tunnel; the two installations of the Detroit River Tunnel
Company, on the Michigan Central
Railroad, at Detroit, Michigan; one
installation at the Great Northern
Railway Company, for the Cascade Tunnel,
Washington; two installations on the Butte,
Anaconda and Pacific Railroad, Montana,
one installation on the Canadian Northern
Railroad at Montreal; one installation at the
Bethlehem-Chili Iron Mines Company, Chili;
one installation for the Commonwealth Edison
Company, Chicago, and one installation for
the Wilkes Barre & Hazleton Railway Company, Pennsylvania.
This type has the advantage of being
economical to manufacture, easy and cheap to
maintain, easy on flange, rails and road bed,
and satisfactory for speeds up to 50 m.p.h.;
all of these advantages have now been proved
in service by several years of operation.

Second Installation on Baltimore and Ohio Railroad

Important installations which have adopted
other types are the New York, New Haven
and Hartford Railroad Company, the New

1117

York Central and Hudson River Railroad
Company, the Pennsylvania Railway Company, the Norfolk and Western Railroad Company. The first and second installations of the

Firat Installation on Baltimore and Ohio Railroad

New York, New Haven and Hartford Railroad Company for high speed passenger
service were of a similar type to the first
installation of the Baltimore and Ohio Railroad Company with the difference that steel
springs were used in the driving wheels
instead of rubber, and these locomotives were
afterwards changed by adding a guiding
axle to each truck. Later, other installations
were made using locomotives with geared
motors, but retaining the quill and spring
drive feature. All the data the writer is able
to get on this system of drive indicate an
excessively high cost of maintenance.
The first and second installations of the
New York Central Railroad Company were
with running gears having a four-axle truck

Third and Fourth Inatallationo on Baltimore and Ohio Railroad

with a two-wheel pony guiding truck at
each end. This was changed later by substituting four-wheel trucks in place of the
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two-wheel trucks. Each of the four driving
axles is equipped with a motor armature
mounted direct on the axle, the field being so
arranged as to allow the necessary vertical

Pint Inatallation- New YOI'k, New Haveo aod
HartiOI'd Railroad

movement of the armature. This type has
proven satisfactory and has the advantage
over other types because of its simplicity and
low cost of maintenance.
The third and fourth installation by the
New York Central has the same
motor construction as the first, but
in order to obtain the benefit of
greater starting effort, the guiding
trucks are provided with motors,
and in order to operate on sharp
curves, the middle truck is articulated at the center. This type has
all the advantage of the first, with
the addition of the greater tractive
effort, relative to its weight, for
starting purposes. This type is
satisfactory for operation at speeds
up to 75 miles per hour.
The first and second installations
by the Pennsylvania Railroad Company have two four-wheel trucks
coupled together and a four-wheel
guiding truck at each end, being
the same wheel arrangement as the
third and fourth installations of the
New York Central, excepting that
the joint between trucks, which on
the Pennsylvania is a link connection, on the New York Central is
a hinge connection. The motor
equipment consists of two motors
mounted on the main truck frames
and the drive is arranged through
diagonal side rods to jack shafts and
then in turn through parallel side
rods to the driving wheels.

This drive was invented by the writer and
was patented* by him in 1911. A sample
machine was built and tested in the meantime, and the results indicated considerable

Pint aod Second Ioatallationa on New York Ceotral
aod Hudaon River Railroad

losses in the transmission of the power from
the motors to the wheels, and from such
data as the writer is able to obtain from
actual operation, the cost of maintenance is
•Patent No. 988,067.

Fourth Iostallation on New York Ceotral

Sample Locomotive Geared and Side Rod Drive

Sample Side Rod Drive Locomotive
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TYPES AND SYSTEM OF DRIVES OF ELECTRIC LOCOMOTIVES
excessively high as compared with other
types. The manufacturing cost is also higher
than those of the New York Central type for
the same capacity.
The first installation by the Norfolk &
Western Railroad Company is of a similar
wheel arrangement to that of the Pennsylvania Railroad, but with two-wheel guiding
trucks in place of the four-wheel trucks and a
hinge joint instead of the links between the
trucks, and the motors are geared direct to the

1119

tage where it is necessary to spring support the
motors to absorb the vibration due to the
pulsating torque as with single-phase series
motors.
It appears to the writer, judging from the
results obtained. in operation and from the
general satisfaction given by the type of
running gear and system of drive used in the
last installation of locomotives adopted by the
Baltimore & Ohio Railway Company, that
this design may be considered generally

Firat and See011d lnatallatiooa on the Pennaylvania Railroad

jack shafts which in turn are connected to
the drivers through parallel rods. A design
similar to the Norfolk and Western was
presented at the Meeting of the American
Institute of Electric Engineers, at Jefferson,
N . H., in July, 1910, by the writer.
A sample locomotive with geared and
side rod drive differing from the Norfolk &
Western by having a jack shaft for each axle
was built and tested in 1912 and the results of
the test indicated this arrangement to be
successful and that it could be used to advan-

settled and standard for freight and slow
speed passenger service. For the high speed
passenger service, however, it is not so apparent that the design is settled, owing to the
limited number of installations for this class
of service, but from such data as the writer is
able to obtain on costs of manufacture, cost
of maintenance, and general satisfaction in
operation, it would seem that the design
adopted by the New York Central and
Hudson River Railroad Company has the
advantage.
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A DESCRIPTION OF THE PHYSICAL CHARACTERISTICS OF THE
DALLAS, WACO AND CORSICANA INTERURBAN
1200-VOLT RAILWAY
BY LUTHER DEAN
CHIEF ENGINEER, SoUTHERN TRACTION COMPANY

The author gives a brief description of a new 1200-volt interurban road. The article is mainly confined
to a description of the physical characteristics of the railway and its equipment; some interesting notes are
given concerning the construction of some of the bridges.-EDITOR.

The lines of the Dallas, Waco and Corsicana Interurban Railway are made up of
approximately 171 miles of main-line track,
with about 2 miles of second track, and about
5 miles of sidings. About 80 miles of this
track were laid with 80-lb. A.S.C.E. tee-rails;
and the balance, except for about 5 miles in
city streets, were built with 70-lb. A.S.C.E.
tee-rails.
The standard roadway section is 16 feet
in width at the sub-grade on embankments
and 24 feet in cuts; an allowance for shrinkage
was made so as to have the embankments
full width after seasoning. The embankment slopes were made so as to be one and
one-half horizontal to one vertical after
settlement. The highest "fill" is just south
of Dallas, where a 15-ft. concrete arch
culvert was built. The top of the embankment is 65 feet above the bottom of the
culvert.
First quality 6 in. by 8 in. by 8 ft . seasoned
white oak ties were used and they were
spaced 17 ties to a rail length of 33 feet.
These ties were placed on 6 inches of gravel
ballast, except in paved city streets, where
6 inches of concrete was placed under the
ties. This concrete was brought up to 1 inch
above the top of the ties to make a foundation for the paving.
The maximum grade outside of the city
streets is 2 per cent and the maximum
curvature, except where governed by streets,
is 6 degrees. Of the 127 miles of interurban
track recently laid out and built, 91.43 per
cent is of tangent track.
Eighteen steel bridges or steel viaducts,
having a total length of 3513 feet, have been
constructed. The longest viaduct is 1455
feet long and carries the interurban track
over the main-line and side tracks of two
railroads at Waxahachie, and over the
Waxahachie Creek. The longest single span
is 150 feet. this being one of three such spans
which were used in crossing the Brazos

River at Waco. The steel bridges and steel
viaducts are all designed according to Cooper's specifications for E-30 loading. In
constructing the piers for the Brazos River
bridge, reinforced concrete cribbing was used
to protect the excavation. This cribbing
was made 12 inches in thickness and was
beveled at the bottom so as to allow it to
settle easily as the excavating progressed.
It is about 16 feet in height and extends from
bed rock to the bed of the river. It was
built up in sections so as to carry on the
excavation to better advantage and, after
bed rock was reached, the bottom was
sealed up and the cribbing was used as a
form for the piers.
Two reinforced concrete ballast deck trestles were built, one of these trestles being
660 feet long and the second being 340 feet
long. One 50-ft. reinforced concrete arch
and one 40-ft. reinforced concrete culvert
were also built. The reinforced concrete
structures were all designed for Cooper's
E-40 loading.
Pile deck trestling to the extent of 11,147
feet (equal to 2.1 miles) was built. The
longest single trestle is across the Chambers
Creek bottom, where the total length of
opening is 1660 feet. The trestles were
severely tested during the record floods
in December, 1913, but they withstood the
strain without damage. These floods demonstrated the necessity for large openings.
There are three terminal and three intermediate substations. The terminal substations are each equipped with two 400-kw.
three-piece motor-generator sets, designed
so as to deliver both 600-volt and 1200-volt
direct current. The three intermediate substations and the portable substation are each
equipped with one 400-kw. two-piece motorgenerator set, designed to deliver 1200-volt
direct current only. There are also two 300kw. 600-volt sets in the Waco substation,
these sets being used for city service.
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DALLAS, WACO AND CORSICANA INTERURBAN 1200-VOLT RAILWAY
Alternating current at 2300-volts and 60
cycles is delivered to the Traction Company
at the different switchboards by the Texas
Power & Light Company. The terminal
substation at Waco is in the power house of
the Texas Power & Light Company, and the
other terminal stations and the intermediate
stations are located in brick buildings measuring 40 feet by 50 feet overall with a clear
inside height of 15 feet. These different
substations are approximately 30 miles apart,
and are located as follows:
The terminal substation in the Texas
Power & Light Company's power house on
the Brazos River, Waco.
Terminal substation at the city limits of
Corsicana.
Terminal substation at the intersection of
the Waco and Corsicana Lines, about 1 mile
south of the Dallas city limits.
Intermediate substation, at Ennis, midway between the Dallas and Corsicana
substations.
Intermediate substation just south of the
City of Waxahachie.
Intermediate substation at Hillsboro.
The substations are all connected with
350,000 cir. mil. copper cable, and this cable
is provided with cutout switches about
midway between substations.
No. 0000 trolley wire is used and catenary
construction is adopted outside the city
streets, where a greater span construction is
necessary.
The standard poles are of Idaho cedar,
35 feet in length, having 9-inch tops, and
spaced 150 feet apart on tangents, but at a
shorter spacing on curves. Eleven-point
suspension was used with long bracket
steady-braces.
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The interurban cars consist of twenty-two
passenger motor cars, each having an overall
length of 53 feet 6 inches, an overall width of
9 feet, and a seating capacity of 56 persons;
ten trail cars 54 feet 2 inches long, 9 feet wide,
seating 54 persons; six motor express cars
measuring 50 feet by 9 feet overall; two
express trail cars with same size bodies, and
two motor work cars.
Each interurban motor car is provided with
four 100-h.p. motors and has a switch so
that it can be operated at full speed on either
600-volt or 1200-volt direct current. The
passenger motor cars have single-end control
and the express motor cars are provided with
double-end control. All the cars have electric
heaters and both air and hand brakes.
Current at 600 volts is used within the
city limits of Dallas, Corsicana and Waco,
and 1200-volt current on the remainder of the
system. The city cars on the four miles of
city track in Waxahachie are also operated
on 1200 volts.
The selector telephone system was adopted
and two complete circuits (four wires) are
carried the full length of the lines. No. 10
B.&S. copper wire with porcelain insulators
was used throughout, and each telephone is
protected by a transformer.
There are three railroad crossings where
the grades could not be separated and these
crossings are protected with derails and with
an interlocking device designed to be operated by the conductor. The device is arranged
so that the derail cannot be closed until
after "danger" signals have been set on the
steam line, and these "danger" signals cannot be set if there is a train within 2000 feet
of the crossing unless released by a time lock
which is set so as to release in thirty seconds.
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CRITICAL SPEEDS OF RAILWAY TRUCKS
Bv E. F . W.

ALEXANDERSON

CONSULTING ENGINEER, GENERAL ELECTRIC COMPANY
The author deals with the theoretical considerations governing the critical speed of railway trucks, and
it should be borne in mind in reading this article that the conclusions arrived at refer to trucks only and not
to a car or locomotive as a whole. Critical speeds of railway equipment are of the utmost importance to the
designing engineer, and the author therefore gives considerable attention to the phenomenon of "nosing,"
making an extended mathematical analysis of the critical speeds of railway trucks with different arrangement of motors.- EDITOR.

theoretical
T HE
possibilities for
the application of
electric power are
wonderfully broad,
and the fundamental
theory for the phenomena which are
dealt with in the
design of electric
power machinery is
so simple and so
well known that calE. J!. w. AJeli:IUidenon
culations and conclusions do usually
not need to be confirmed by tests. In
the construction of almost any electrical
machinery, the designer therefore finds
that his limitations are not in what can
be accomplished by electric current, but in
what it is permissible to do from the mechanical point of view with the material with which
he must deal. The mechanical phenomena
which constitutes these limitations are usually
so involved that it is scarcely ever attempted
to base a design on theoretical considerations;
results are arrived at by the method of "cut
and try," with the application of large factors
of safety. On the other hand, it is being
more and more fully realized that the different
mechanical problems that are encountered in
the design of high speed machinery cannot be
approached at all without a reasonable
understanding of the fundamental physical
principles which control the operation of
such machines. One of these considerations
is the so-called "critical speed," or mechanical resonance. The phenomenon of critical
speed can usually be determined with a considerable degree of accuracy if exact data of
the physical properties and dimensions of the
material that is used arc available. The
critical speeds that must be considered in the
design of high speed rotating machines like
turbo-alternators are of the same nature as the
pendulum movement, and the pre-determination of this phenomenon is the subject of

the same mathematical principles as the
pendulum.
The subject of this article is the analysis of
another form of critical speed, which, in its
nature is quite different from the pendulum
movement. Although it has been known for a
long time that it is dangerous to run a railway
truck beyond certain speeds, it is not generally
realized that the movement of a railway
truck is subject to a critical speed and that
this critical speed can be predetermined
mathematically from the dimensions and
inertia of the truck and from the clearance
between the flange and the rails.
The danger in operating any railway truck
at high speeds is primarily due to the approach
of the critical speed. Here it must be realized that if the term "critical speed" is
used for the danger point for the railway
truck, the nature of the action differs from the
critical speeds which have the character of
pendulum movement inasmuch as the pendulum effect appears only at a certain speed,
beyond which it disappears again, while
the critical speed of a railway truck is the
speed at which mechanical oscillations become
accumulative, and operation ·beyond this
speed becomes more and more dangerous
because the oscillations are limited only by the
physical strength of the material in the track.
The oscillations which appear at the critical
speed of a truck are usually known as "nosing," and this phenomenon was first brought
to general attention by experiments on the
high speed car of the Berlin-Zossen Railroad.
As a matter of record, it is probably remembered by most railway engineers interested
in electric traction, that the experiments of the
first year had to be discontinued on account
of the severeness of the nosing at speeds which
were considerably lower than those at which
it was intended to run. During the next
year the truck was rebuilt on extremely
strong foundations, and with the use of a
truck that fitted the track with great exactness
it was possible to carry out the experiments.
However, it was undoubtedly these mechani-
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CRITICAL SPEEDS OF RAILWAY TRUCKS
cal difficulties that were responsible for the
fact that the Berlin-Zossen experiments
never become the starting point of any
practical developments.
The nature of the phenomenon which is
known as "nosing" is substantially as
follows:
If the truck at some particular moment is
in position on the track so that it runs towards
one rail at a slight angle, the front wheel,
when it strikes the rail, will be reflected by an
elastic blow and the truck turned around on
the track so that it will be headed towards the
opposite rail at a greater angle. When the
truck hits the other rail it will be reflected
again in a still greater angle, and this action
will become accumulative until the maximum
angle is reached at which the truck can
stand on the track within the limitations
of the clearance between the flange and the
rail. The reasons why the truck is reflected
at a greater angle than the angle of impact are
given in the theoretical analysis following:
It is found in this analysis that contrary to
the ordinary conceptions of the mechanical
reflection of a single object, like a ball, the
angle of reflection may be greater or smaller
than the angle of impact. In order to understand in a general way, the phenomenon of
"nosing," it may be sufficient to know that a
certain truck when striking the track will be
reflected at a greater or smaller angle than the
angle of impact, depending upon the speed at
which it strikes and the angle of impact. For
instance, if a certain truck running at 60
m .p .h. strikes the rail at an angle of 1 deg., it
may be reflected at an angle of 1 deg. At
speeds greater than 60 m.p.h. it would be
reflected by more than 1 deg., and at speeds
less than 60 m .p.h. it would be reflected by
less than 1 deg. If on the other hand the
truck strikes the track at an angle of Yz deg., a
speed of 85 m.p.h. would be required to
reflect the truck by Yz deg. From these considerations it is apparent that if the clearance
between the flange and the rail is such that
the maximum angle at which the truck can
stand on the track is 1 deg., the critical speed
of nosing is 60 m.p.h. This means that at all
speeds below 60 m.p.h. the angle of reflection
must be smaller than the angle of impact,
because the maximum angle at which the
truck can strike the track is 1 deg. If the
truck runs at a speed above 60 m.p.h., the
truck may strike the track at an angle of
nearly 1 deg. and there may be a tendency
for it to be reflected at an angle of 1 deg. or
more. Inasmuch as it is not possible for the
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truck to be placed at more of an angle than
1 deg., it follows that a part of the energy of
the first impact is left over to increase the
force of the second impact; thus the truck
will be kept in a continous state of oscillation, reaching in each swing the maximum
angle which is permitted by the track clearance.
The factors that determine the critical
speed for any particular truck are the inertia
of the truck, the distribution of masses in
the truck, the frictional resistance between
the wheels and the rail, length of the wheelbase, and the flange clearance.
When the front wheel of the truck strikes
the rail it rebounds by an elastic blow and
the truck receives a rotating movement
around a certain point on the other side of the
king pin, which in the following discussion
will be called the center of rotation. The
first step in the calculation is to determine the
distance from the front wheel to the center of
rotation. This is done by a consideration of
the distribution of the masses in the truck
and also the mass of the car which is attached
to the king pin. For the sake of calculating
the movement of the truck it is sufficient to
consider the car as a single weight attached
to the king pin. The mass of this weight is
calculated separately from the distribution
of masses in the car and will be called the
equivalent mass of the car referred to the
king pin. Mter the center of rotation has
been determined, the inertia of the truck and
the mass attached thereto can be calculated
with reference to the center of rotation. Thus
it will be seen that the glancing blow of the
truck against the rail will give the truck a
rotating movement around its center of
rotation, and the kinetic energy of this
rotating movement depends upon the angular
velocity and the inertia of the truck with
reference to the center of rotation. The
rotating movement of the truck is possible
only by the sliding of the wheels on the track
and therefore the kinetic energy of rotation
can be given to the truck immediately after
the blow is used up by the friction of the
truck and rails. The kinetic energy is proportional to the square of the initial angular
velocity, whereas the energy absorbed by
friction is proportional to the frictional
torque and the angular movement. Thus
it is apparent that the sliding movement,
which continues until all the energy is used
up, will cover an angle which is proportional
to the square of the initial angular velocity.
On the other hand the angular velocity is
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proportional to the speed of impact and the
angle of impact. Thus it is apparent that if
the angle of impact is twice as great in one
case as in another, the speed being the same,
a sliding movement will result which will
cover an angle four times as great. Similarly,

and integrating again
1
I
2 t 2 = - T a + C1t C2
Substitute for determination of integration
constants,

Wo=

(l+v'E) v ~
R

we get the time for the complete movement

v -~
R !!

(l+v'E)

t=

Fie. 1

if the angle of impact is the same, but the
speed is twice as great, the resulting angular
movement will also be four times as great. If
the above reasoning is expressed mathematically, an equation can be derived giving the
relations between the angle of impact, the
angle of reflection, the inertia of the truck
and the frictional resistance.
Mathematical Ana!yais of Critical Speed

I = inertia of truck around center of rotation.
T = frictional torque around center of rotation.
W = weight on the wheels.
B = wheel-base.
R = center of from wheel to center of rotation.
o = flange clearance.
V = velocity of truck in meters per second.
a = angle of impact.
Wo = initial angular velocity.
If the wheel strikes a perfectly elastic blow,
it is apparent from diagram, Fig. 1, that the
initial angular velocity after rebound is
2Va0

Wo= - R ;

(l+v"E)

Substituting,

o

O+v'E)
ao=B; Wo= · - k

v~

Furthermore, we know

T=- dw I
dt

Integrating this equation we get

t=

-

I

T "'

Ida

+ c1 = T

di

+ c1

-

Substituting this value for "t" in the s<:'cond
equation,

.! (_.!_ (l+v'E)
T

2

V

R

i)2

=_!_a

T

the condition for critical speed is:
0
a= 2ao = 2 B
Hence the equation determining the critical
speed is:

~)2

(_!_

-~

(1 + v'E) v
= _.!_ 2
2
T
R
T
B
This equation solved for "v" gives the general
expression:

.!

v =

IT ifR2
'JT o-(i+vrE)-

The formula becomes more convenient to
use if the equivalent mass at the front wheel
is substituted for inertia in accordance with
the relation:
I

or if the blow has an elastic co-efficient
Vao
Wo=
R

~-

E

= m R 2 = 9.8
.!!._

RZ

where "P" is the mass in kilograms. the
expression for critical speed thus becomes :
v

=~~o(-1 :v"E~

'' T'' is the frictional torque of the wheels
opposing the sliding movement. If the weight
on the two axles is equal, T is the same
regardless of the center of rotation and can be
expressed:
T= Wj

B
where "W" is the weight on the wheels and
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"!" the co-efficient of friction. Thus we get
Critical speed V = B /W

9.8

f

"V P a (I + v'E)

In this expression the quantities " W" and
"P" are definitely known and can be calculated from the design, whereas the quantities "F," "5," and "E" depend upon local
conditions of track. Inasmuch as the object
of this treatise is to analyze and compare
designs irrespectively of conditions of track.
it is permissible to substitute numerical
values that are representative of average
conditions of track. Thus, it will be assumed :
Co-efficient of friction f = 0.2
Elastic co-efficient E =0.75
Flange clearance a = if = 0.011 meter.
Hence, we get:
9.8/

a(1

+ v'E)

= 94

or in round figures, 100.
Hence, we get the simple expression for
critical speed

V

=lOB~~

where "B" is the wheel base in meters,
' ' W '' weight on the wheels in kilograms,
"P" equivalent mass at front wheel in
kilograms.
Reduced to the English system this formula
becomes :
Critical speed V, = 72 B

~~

miles

per

hour, the units being feet and pounds.
Shock on Track

The shocks on the track can be expressed
by the product of
mass and velocity, MV
The mass M is the equivalent mass at the
front wheel designated P
The velocity of the shock at the critical
speed is :

a

v, = V, B

Hence the shock

a

= p V, B

At any definite speed between the critical
speed the shock is proportional to the square
of the ratio of the running speed to the critical
speed. This assumption is based on the
approximation that the angle of oscillation is
proportional to the speed, and hence the
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velocity of impact proportional to the square
of the speed.
The ratio of running speed to critical speed
will be expressed by

~::

Hence, we get the shock on track at running speed V,
Shock =

v: )2

( v'

a

P V, B

which, reduced to numerical values for an
average track, becomes
Shock = 1.1 V, 2

;

.J ~

w-3

and in English units
Shock = V, 2

; 2

Jl:;

I0-3

where •· V," is running speed in miles per
hour.
"P" = equivaient mass at front wheel
in pounds.
"B" = wheel-base in feet .
" W " = weight on wheels in pounds.
The following is a numerical calculation
of the characteristics of a truck in a specific
case. The specifications of the trucks are as
shown in Fig. 2. The inertia mass of the car
body referred to the king pin is calculated on
the assumption that the car is designed on
the principle that the other king pin should be
the center of rotation for any oscillations of the
car body resulting from shocks on the king
pin. The equivalent mass of the car body is
assumed to be rigidly attached to the king
pin. For the critical speed and shocks on the
track, one calculation is made assuming that
the truck is spring-connected to the car body
so that is is free to move and another calculation is made under the assumption that
the truck is rigidly attached to the car body.
The facts will lie somewhere between these
two extreme assumptions.
Specifications of Truck with One Motor
Wheel-base . . . . . . . . . . . . . . . . . . . . . . . . . .
Weight of truck . . . . . . . . . . . . . . . . . . . . . .
Weight of motor . . . . . . . . . . . . . . . . . . . . .
Weight on wheels . . . . ........ . .... . . .
Inertia weight of car at king pin . ......
Distribution of masses is shown in Fig. 2.

69
9,000
4,100
40,000
27,400

in.
lb.
lb.
lb.
lb.

(101 X 4100)

+

Radius of Gyration

13100 r 2 = (42 2 X 3600)
(271 X5400)
13100 r2 = 10,720,000
r = 28.6.

+
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Shock on Track

Center of Rotation

ft = F /2
ft + F/2
F 12 _ f

1

R

+ 1.6
0.977

R=2X28.G

x 2827.6 =0.477 F
= 0.977
= 0.023
0.954
2 - X 28.6
0.954
-

~:~~~ -1.6

1----R
HodtiJS

Center

o,.

Rotation

Shock on track at 45 m .p.h. = 20 meters
per second
3200
202
3200
= 1000 1.75 2 18,200
= 170 kg. meters per second
= 1220 lb. foot-seconds.

ot>

= 57 in.

..J...

7()()()/.IJ.

E~vNotent •

li'ototion Moss

center
01"

PercvssiOt?
Fie. 2

Equivalent Mass of Truck at the Wheel

P X 57 2 = 6550 X 58.6'
p = 7000

+

6550 X 1.4 2

Similarly it can be figured that the combined mass of the truck and the car is 8700 lb.
Substituting the figures thus found in the
formula for critical speed:
P = 7000 = 3200 kilograms
W = 40,000 = 18200 kilograms
wheel-base = 69 in. = 1.75 meters
18,200
v, = 10 X 1.75 3200
v, = 43 meters per second
= 97 miles per hour.

Similarly we find for truck rigidly connected
to the car.
Critical speed = 85 m.p.h.
Shock on track at 45 m.p.h. = 1730 lb.
foot-seconds.
In order to illustrate the results that are
obtained by using the above described method
for analyzing the running qualities of a truck,
a table is given showing the principal characteristics of a typical railway truck with motors
suspended in different ways. Three characteristic methods are shown for the suspension
of the motors, viz. : The ordinary arrangement
of two inside-hung motors, one inside-hung
motor, and one motor outside hung. (Table
on opposite page.)
The two characteristic figures that must be
examined in order to judge the running
qualities of a truck are the mass of the truck
referred to the front wheel and the critical
speed. The mass referred to the front wheel
is calculated without any arbitrary assumption and is determined from the well known
principles for inertia and unsymmetrical
shock. The critical speed is calculated in
accordance with the principles outlined above.
The conclusion that can be drawn from the
figures for the mass and critical speed are, in
general, that the higher the mass and the
lower the critical speed, the harder will be the
shocks on the track at any speed. In order to
combine the conclusion from the figures for
mass and critical speed, a figure is given for
the shock on a track at 45 m.p.h. This has an
intermediate speed which is of interest for
high speed as well as low speed equipments.
In order to arrive at this figure for shock, an
assumption has been made which cannot be
mechanically proven to be exact, but ought
to be a fairly close approximation· to facts.
This assumption, as stated above, is that the
oscillations of the truck are directly proportional to the speed, and reaches the maximum value at the critical speed. Thus, if the
critical speed is 50 m.p.h. the angle of oscillation at 45 m.p.h. would be 90 per cent of the
maximum, whereas if the critical speed were
100 m.p.h., the angle of oscillation would be
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only 45 per cent of the maximum at 45 m .p.h.
On the basis of this assumption, the shock on
the track at any speed can be expressed in
mechanical units. The units for the shock is
the product of mass and velocity, and therefore the shocks are expressed in units of one
pound at one foot per second.
In arriving at these figures, the weight of
the car, as well as the weight of the truck,
has been taken into account. However,
the car is attached to the truck with a semiflexible connection, and therefore the shock
resulting from the weight of the car cannot be
as great as the shock resulting from the
truck itself. In order to determine the limits
of error introduced by this unknown factor,
all the figures are given in two ways; viz. :
With a perfectly rigid connection between the
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car and truck and with a perfectly flexible
connection. It will be seen that these two
extreme limits give results which are not very
far apart, and the true value which must lie
between these limits can be determined with
fair accuracy.
Inasmuch as the phenomena referred to
are not subject to measurement with any
degree of accuracy, or at any rate only under
great difficulties, it is hoped that the method
for analyzing the running qualities of trucks,
as presented in this paper, will be of some
value to the designers in comparing the merits
of the different constructions. The object
of this analysis will have been accomplished if a practical method is provided for
arriving at relative values for the sake of
comparison.

i

Type of truck . ... . . . .... ........... ... ..... .. · Two motorsOne motorinside-hung '
inside-hung
Flexible

Connection between truck and car ...... . .
Wheel-base . . . ... . . .... . .. . ...

i

Equivalent mass at front wheel ;
tn lb . ....... . . . ... . ...... . :

1.2

5 ft.

i

5 ft.

I 40,000

40,000

I

40,000

8.700

14,000

15,000

84

58

56

;6ft. 6 in. 16 ft. 6 in. 5 ft. 9 in. 5 ft. 9 in.

B

1- - - - - - - - -,- - -

w

40,000

40,000

40,000

p

8,000

9,700

7,000

99

91

94

a~f.

One motoroutside-hung

Rigid - 1-Fle,cibl~ ·1 Ri;id -- Flexible [ Rigid

- - - - - - -·

Weight on wheels in lb .. . .... . I

Critical speed in m.p.h ..... . . .

!

1

1

------- - ,- - - - - - - - - - 1 - - - - - - - - - - - Shock on track at 45 m.p.h.
lb. X ft. per!second ...... .

0.0078X451
p

lp

1,330

1,800

1,400

1,940

5,200

5,800

X BI'IW
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CURRENT COLLECTION
Bv F. E.

CASE

ENGINEER, RAILWAY EQUIPMENT DEPARTMENT, GENERAL ELECTRIC COMPANY

Both the European and American current collecting devices are reviewed in this article and considerable
attention is paid to the collection of large currents and the development of pantograph trolleys for higher
direct current voltage installations. A great deal of study has recently been given to the details of construction of both overhead structures and current collecting devices, and has led to the development of pantograph
trolleys that can successfully collect the large currents necessary in heavy traction work.-EDJTOR.

HE long familiar
T overhead
trolley
wire is almost universally used for the conduction of -current to
the collectors of cars
used in city street
service.
On account of local
requirements in the
cities of Washington,
D . C., New York,
London, Paris and
a few other places,
F. E. Case
cars operating in the
streets collect their current from two iron
rails partly enclosed in a conduit located in
the road bed between the running rails. The
cost of such an installation is prohibitive
except where the density of traffic is very
great and local restrictions prevent the use of
the trolley.
Many interurban roads use the trolley,
some from preference, but more of them on
account of the major portion of their lines
being along highways, where a contact rail
could not be installed.
Practically all 600-volt roads in this
country which are operating heavy cars in
trains over private rights of way exclusively,
use the contact rail and shoe on account of
their great simplicity and reliability.
European Development

For many years some European manufacturers have furnished sliding bow collectors
for the same operating conditions under which
the trolley wheel is used in this country. The
collector contact is usually an aluminum bar
several feet long with a groove in its upper
face in which a mixture of graphite and
grease is placed for lubricating purposes.
There is nothing very special in the trolley
line construction under which these bows are
used, although it is necessary to provide a

smooth under-run for the bow by avoiding
suspension and pull-off points lower than
the trolley wire. The wire is also staggered to
prevent notches being worn in the bow.
The adoption of high voltage alternating
current for electrified steam road and other
heavy service made it necessary to provide
a current collector which would better fulfill
the conditions of operation. A contact rail.
lying near the ground, could not be considered
on account of the apparent impossibility of
properly insulating it and maintaining a
sufficient protection of life.
It was desirable, first, to continuously
maintain a proper contact with the wire at
all speeds in order to avoid sparking; second,
to permit operating the cars or locomotives
in either direction without lowering the trolleys or turning them around on a pivot; and
third, to obtain a reasonable life of contact
and trolley wire. The final result was the
pantograph trolley.
Many of these trolleys are supplied with
a single bow contact. This bow is from five
to seven feet long and pivoted at its ends to
the pantograph frame . Owing to the movement of the bow about its pivoted points,
which are about twelve inches below the top,
the contour of the wearing surface assumes
an arc of a circle. The contact bar is of
aluminum with a small percentage of copper
for slightly hardening it. It is made· as light
as possible in order to reduce its inertia to a
minimum and thereby permit operating with
The
a light pressure against the wire.
auxiliary springs give an upward pressure of
about eight pounds.
If a much higher
pressure was used the life of the aluminum
contact bar would be greatly reduced, owing
to the small area in contact with the wire.
This low contact pressure necessitates a
very flexible suspension of the trolley wire,
and the elimination of sags between points
of support. To accomplish this the trolley
wire is suspended from a secondary, or
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messenger wire at intervals of from ten to
fifteen feet. This general method of hanging
is used to some extent in this country and it
practically eliminates the sag in the trolley
wire as the points of support are so close
together. The trolley wire is hung by loose
links from the messenger wire, which permits
a certain amount of vertical flexibility
absent in older forms of suspension.
Continental experience demonstrated that
to secure the maximum life of the trolley wire
with a collector bow of the type adopted, it
was necessary to use a relatively soft metal
for the bow contact and provide for lubricating it. Also, that to prevent grooves being
worn in the contact surface, and to distribute
the wear to the best advantage, the trolley
wire should be staggered from one side of
the track center line to the other. In several
recent installations the amount of this
staggering has been at the rate of one meter
per 100, necessitating the use of a very long
bow contact.
Many of these catenary trolley installations
use automatic tension adjusters, which maintain a substantially constant strain on the
trolley wire at all temperatures. As the
difference in length of the copper wire
between summer and winter is about six
feet per mile it is evident that the automatic device has at least a theoretical
advantage in preventing excessive strains
in winter and too much slack in summer.
The current collecting capacity of a single
bow is about 150 amperes maximum for ordi-
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Many high speed locomotives have been
equipped with two pantograph trolleys for
simultaneous operation in order to insure a

Fia. 1.

A Forei1111 Bow Trolley for Ll&ht Service

continuous contact with the trolley wire.
Recently, however, pantograph trolleys have
been provided with two independent
bow contacts for accomplishing the
same purpose.
American Development

Fia. 2.

A European Double-Contact Pantoarapb

nary railway locomotive service, and a life
of about 5000 miles is obtained where the
trolley wire has a total stagger of three feet.

The trolley wheel has been extensively used in this country in a class
of service where it has been taxed to
its uttermost capacity. Several roads
are operating cars equipped with four
125-h.p. 600-volt motors, the current
being collected with a trolley wheel.
The life of the wheel under these conditions is naturally much less than
when operating on smaller cars and
collecting less current.
No material changes have been
made in the trolley wheel during the
past decade. Improvements have
been made in the method of lubrication, the
collecting springs at the ends of the hubs
and other minor features. The shape of the
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groove and the general dimensions of the
wheel are practically fixed by the size of the
trolley wire and the fonn of overhead frogs
and crossings. It, therefore, appeared impos-

Fie. 3.

A Roller Contact Pantolfaph

sible to develop a trolley wheel having a
materially larger collecting capacity and for
this and other reasons, which will be discussed
later, a different form of collector was found
necessary.
With some of the first high voltage a-c.
car equipments put into service in
this country, the ordinary trolley
wheel was used. A fonn of bow
collector was afterward tried but
eventually it was abandoned in favor
of a pantograph trolley having a thin
steel collecting pan. It was found in
several instances that this pan caused
an excessive wear of the copper trolley
wire, especially where grease was not
used for lubricating it. This sheet
steel pan has less collecting capacity
than a trolley wheel and would not
be at all suitable for heavy d-e. locomotives operating at even the highest
voltage yet used.
Recent railway installations of
1200, 1500 and 2400 volts have in
several cases used some fonn of the
pantograph trolley.
The roller type of pantograph
trolley has been successfully used
for a number of years in the vicinity of
San Francisco on heavy cars operating both
singly and in trains on 600 and 1200-volt
circuits.

Brass rollers five inches in diameter and
twenty-four inches long were first used, but
practice demonstrated that steel rollers gave
a much greater mileage without apparently
increasing the wear on the trolley wire. Steel
roller contacts in operation upon cars and
locomotives have given a life of over 15,000
miles in a service requiring the collection of
500 amperes during acceleration.
The roller contact pantograph, however,
has less collecting capacity than a shoe sliding ·
upon a rail, owing to its smaller area of contact,
which is virtually no more than a point.
While the contact rail and shoe have such a
decided advantage in regard to the quantity
of current which can be collected, there are,
in many cases, physical limitations which
prevent their use, at least exclusively on
600-volt circuits. For elevated and underground railroads this method of conduction
and collection has been used very successfully. For the electrification of existing steam
roads, however, such questions as clearances
in tunnels, over bridges and at congested
tenninals where there are numerous switches
and cross-overs, frequently necessitate the
use of a supplemental overhead conducting
rail.
With the adoption of high operating voltages the general use of the contact rail,
close to the ground, is questionable, as there
would naturally be a certain amount of

Fi1. 4.

A Double.SiidiDI·Contaet Pantoarapb

decreased reliability. A 1200-volt interurban
road in California is, however, successfully
operating over a portion of its line with an
under-running protected contact rail. Prob-
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ably this voltage is close to the reliable
operating limit, but the other considerations
previously mentioned may have a greater
influence on the selection of the method for
conducting current to the car or locomotive
collectors.
Bearing in mind the limitations of the
contact rail, and of the trolley wire collecting
devices described, it was evident that a greatly
improved form of current collection was
necessary for use at increased voltages,
currents and speeds.
Since the pantograph trolley possessed the
advantages of not accidently leaving the
trolley wire and requiring no attention when
reversing the direction of train movement,
it was logically chosen as the medium for
supporting the collectors. The pantograph
had the further advantage of being readily
raised or lowered by the motorman.
The current collecting capacity of the
contacts upon the existing pantographs
had proved inadequate for this more severe
service.
Investigations and extensive life
tests showed that a very material increase
in the area of contact between the wire and
collector was absolutely essential. It was
further determined that copper contacts
operating on a copper trolley wire were
Pantographs
superior to other metals.
embodying these features have been operated
in regular service and given excellent results.
The copper bars are attached to pans of thin
sheet steel about 42 inches long and 5 inches
wide and cover approximately three-quarters
of the upper surface. Pivoted arms between
the pan and the pantograph frame permit
the copper bars to maintain contact with the
trolley wire for their full width. At the same
time the arms provide for a quick movement
of the contacts which enables them to rapidly
follow small inequalities in the trolley line.
Supplemental springs bring the pan into
contact with the wire, giving a pressure of
about ten pounds.
Two pans are used on each pantograph
in order to insure a continuous contact with
the wire and provide abundant capacity.
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Having two pans, permits increasing the
upward pressure of the main springs of the
pantograph to substantially double the
amount which could be satisfactorily used
with but one pan. This higher pressure makes
the trolley as a whole more quickly responsive
to sudden variations in height of trolley wire
and ensures a more constant pressure of the
contacts against the wire.
A pantograph trolley of this type has
successfully collected 2000 amperes at speeds
up to 40 m.p.hr. This current is more than a
0000 trolley wire can conduct for any considerable period without injurious heating.
To meet heavy service conditions, where
one 0000 trolley wire would have insufficient
conducting capacity, two parallel wires may
be used. Such an installation has been tried
with very satisfactory results. Not only is the
conductivity of the overhead system doubled
but the collecting capacity of the pantograph
is greatly increased.
Several thousand car movements under a
trolley wire with the pantograph collecting
heavy currents produced a wear of the wire
so slight as to compare most favorably with
that obtained with the roller type of pantograph or trolley wheel when operating under
their average conditions. It is essential for
the successful collection of heavy currents,
with this latest form of pantograph, to provide an · overhead line possessing uniform
flexibility.
The wear of the contacts and trolley wire
is materially decreased by the use of a lubricant. Staggering the wire distributes the wear
more evenly over the surface of the contacts
and gives them a longer life. The side sway
of the car or locomotive, together with the
lateral variations in the position of the trolley
wire on tangent track and curves also distribute the wear. Local conditions determine
how much staggering, if any, is necessary
to give the most economical life of contact.
With a proper installation the contacts should
wear at least three or four times as long as a
good trolley wheel and at the same time collect a considerably greater amount of current.
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A REVIEW OF SOME EUROPEAN ELECTRIC
LOCOMOTIVE DESIGNS
BY

s. T .

DODD

RAILWAY AND TRACTION E NGINEERING DEPARTMENT, GENERAL ELECTRIC COMPANY
The author makes a valuable analysis of European electric locomotive design and discusses not only
the details of construction but also the general tendencies prevailing abroad that have led to the acceptance
or rejection of particular types. The design of the electric locomotives for the Prussian State Railways, the
Silesian State Railways, Baden State Railways, the Midi Railway of France, the Loetschberg Tunnel, the
Simplon Tunnel and the Italian State Railways are all reviewed and discussed. The author comes to the
conclusion that the development of electric locomotives in America has been more conservative and producti ve of more economical results than that in Europe.-EDITOR.

a number of disI Ncussions
on electric
locomotive design the
writer has encountered arguments, based
on European practice,
pointing to the advantage of the side
rod drive. This type
of design has been
repeated so frequently
in European locomotives that it is
quoted as showing the
S. T. Dodd
satisfaction with
which it is regarded by Continental engineers.
In the following article the writer has
attemped to analyze the conditions and
tendencies of electric locomotive design in
Europe. The object of this analysis is to
attempt to show the extent to which various
European locomotive designs have been
satisfactory or otherwise, as indicated by the
reports which have been published of tests on
experimental types and as shown by the
latest types ordered and built by European
manufacturers. The study is not based on
personal observations of the locomotives
under discussion, but on a general review of
the articles which have been appearing in the
technical press during the last few years, and
it gives the personal impressions obtained by
the writer from such a review.
In making such a study it must be noted
that the development of electric locomotives in
Europe has been influenced by certain considerations differing from those that obtain in
this country, and that must be kept in mind
if one is to appreciate facts in their proper
relations. The most important of these
might be classed as follows:
(a) The influence of preconceived engineering opinions.

A good illustration of this is given by an
extract from the A. E. G. journal of April.
1912.
" The two requirements already known from
steam locomotive practice, namely, a high center
of gravity, and the use of a parallel crank drive were
already adopted for electric locomotives in the
year 1902. "

The fact is that on the Prussian State Railways at least the satisfactory performance of
high speed steam locomotives largely determined the mechanical design of the first
electric locomotives. It was planned merely
to replace the boiler and fire box of the steam
locomotive with an electric motor and to
retain as far as possible the mechanical
arrangement and method of drive of the
steam locomotive. The least that can be said
of such a decision is that the arrangement
referred to is still open for discussion in the
year 1914, and an arbitrary decision on this
point 12 years ago must have tended to retard
rather than to advance engineering practice.
(b) The large number of experimental
locomotives built for the purpose of determining the preferred type.
Illustrations of this are to be seen in nearly
every experimental electrification referred to.
The European railways are largely state owned
and very possibly political considerations
often demand that orders for sample locomotives of practically the same type should
be placed with a large number of different
manufacturers. No other than political
reasons would seem to justify increasing the
cost of electrification with experimental locomotives to the extent that seems customary in Europe.
(c) The premature publication of locomotive designs.
The large number of manufacturers building electric locomotives and the keen competition between them seem to cause them to
advertise, as contracts, orders for locomotives
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which are in many cases only tentative, and to
describe in technical articles designs which
are more or less experimental and which are
changed before the locomotives are fully
completed. This tendency is rather misleading to one studying European locomotives if he starts out under the
impression that all designs of locomotives described in the technical
press are actually built, and in
successful operation.
Keeping these considerations in
view we will review briefly the results
of some of the most important
electrifications.

the side rods on the same side of the locomotive. As a consequence all the forces transmitted through the connecting rods on one
side must be transmitted through the jack
shaft to the side rods on the other side. The

Prussian State Railways

In accordance with a law passed
in 1909 it was decided to begin the
electrification of the Prussian State
Railways upon a stretch connecting
Magdeburg, Leipsic and Halle, the
total length of line being about 100
miles. As an experimental equipment to determine the types of
Fia. 1. 0-u-Bitterfeld Experimental Line. Hiah opeed puaenaer locomotive.
locomotives to be selected for various
Side rod drive with vertical connectina roda
classes of service, a length of 16
miles from Dessau to Bitterfeld was first
jack shaft is, therefore, subjected to a series of
electrified and equipped with locomotives.
suddenly applied reciprocating torsion strains
On this experimental piece of track some 12
and these strains were regarded as the
or 15 different locomotives have been tried
explanation of the breakages which occurred.
A very liberal design of jack shafts and
out.
Fig. 1 shows the experimental type of
cranks, and great care in alignment of bearings, have not been sufficient to entirely
locomotive ordered for high speed passenger
eliminate this trouble, and in spite of the ease
service. This is a 2-B-1 locomotive. A
on the track and the successful high speed
classification which indicates that it has two
operation of the locomotive, it seems to be
leading axles, two driving axles and one
questionable whether this type will ever be
trailing axle. It is equipped with one large
duplicated.
motor driving, through vertical connecting
In place of this for express service it has
rods, a jack shaft which in turn is connected
to the driving wheels through horizontal
been decided to try a 1-C-1 type with three
side rods. Of this type three locomotives
driving axles and two idle axles. Orders
were purchased from three different manuhave been placed for four sample units of this
facturers. Each of these locomotives had a
type, although according to the latest inforweight of approximately 75 tons with 35 tons
mation received by the writer . only two had
on drivers and were to be designed for
been delivered. No photographs have been
maximum speeds of about 80 miles per hour.
published and no very definite information as
The reports which have reached us regarding
to the results of the tests of this type have
the operation of this type is that it was very
been obtained. Each of these locomotives
successful as far as its ability to make high
is equipped with one motor of 1000-1800 h.p.
The motor is placed high in the cab and drives,
speeds without serious vibration was concerned. There does not appear to have been
by a connecting rod slanting approximately
any development of the "critical speeds"
45 degrees, to a jack shaft, from which the
which limit the operation of many other types
power is transmit ted through side rods to the
of side rod locomotives, but some difficulties
driving wheels. The experiments upon the
passenger locomotive, Fig. 1, seem to have
have occurred in the breakage of cranks and
jack shafts. It will be noted that the coneliminated the consideration of vertical connecting rods and to have determined that the
necting rod is vertical and at right angles to
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connecting rod should have as much slant as
possible in order to reduce as far as possible
the reciprocating torsion strains in the jack
shaft.

Fi1. 2.

Deeoau·Bittenfeld Ezperimental Line.
locomotive with aide rod drive

P'reiaht

The experimental freight locomotive is
shown in Fig. 2. This is an 0-D-0 type; i.e.,
it has no leading axles, four driving axles
and no trailing axles. It is a slow speed
locomotive weighing 70 tons with a rated
speed of 15.5 m.p.h. and a maximum speed of
37.5m.p.h. Of this type seven units have been
ordered of five different manufacturers of
which five have been delivered. Looking
at the subject from an American standpoint,
it is a little surprising that it should have been
thought necessary to do as much experimental
work on this type as is indicated by the
number of units ordered. There is every
reason to expect that at such speeds almost
any type of electric locomotive would be perfectly satisfactory. In fact, it is difficult to
see the reason why a high placed motor and
side rod drive should have been considered
necessary for freight service. The reasons
usually adduced as demanding a high center
of gravity do not apply at such speeds as are
attained in freight service, and the uniform
success of the slow speed geared locomotive for
freight work would have led to the supposition
that a straight geared motor would have
been selected without question for this work.
As a result of the experimental work
extending over about four years, the Prussian

State Railways have decided to proceed
with the electrification of the whole Magdeburg-Leipsic-Halle line and have placed their
order for 36 locomotives for this electrification.
Of this order 26 are for medium or
low speed service, and the type of
locomotive selected is shown in Fig.
3. This is a geared side rod locomotive classified as a B-B type; i.e.,
one having two independent trucks
each of which has two driving axles.
It is equipped with two motors each
geared to a jack shaft, which in tum
is connected to two driving axles
through a Scotch yoke or slotted side
rod. The locomotive can develop 600
h.p. at a speed of 13 m .p.h. and is
capable of maximum safe speeds of a
little over 30 m .p .h.
In addition to the locomotives
described above, various other types
have been tested on the DessauBitterfeld for the State Railways of
Silesia, Baden and Bavaria.
It
appears that practically all the high
speed, direct drive, side rod locomotives tested have given more or
less trouble from developing "critical
speeds" and by breaking rods, cranks
and crankshafts under some conditions.
It is difficult for one not in personal touch
with the developments to speak authoritatively, but apparently the result of four years
of experimentation and study on the Prussian
State Railways has been to discredit the

P'i1. 3. Ma1deburi·Leipoic·Halle Line. Medium apeed
paue111er and frei1ht locomotive. Motora 1eared
to jack ahafta with oide rod drive

direct driven, side rod locomotive and to
point toward some type of gearing and side
rod or simple gearing as the most satisfactory
drive for medium or low speed service, while
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the type of locomotive for high speed or
passenger service is not yet clearly indicated .
Silesian State Railways

Another electrification of considerable extent
is being undertaken at the present
time by the State Railways of Silesia,
the mountainous district of southeastern Germany near the Austrian
The first section to be
border.
electrified is from Lauban to
Konigzelt. This stretch is 81 miles
in length and will later be extended
to Breslau, a total distance of 125
miles. Trials of multiple-unit cars
on this line were made on July 14,
1914, and it was then expected that
regular multiple-unit service would
be in operation before the end of
the present year.
The Silesian roads traverse a
mountainous territory with severe
grades which demand heavy locomotives. The preliminary locomotive
contracts and designs have evidently
been largely influenced by the same
considerations which affected the Prussian
State Railways,andthefirstexperimentallocomotives for the line have been built and tested
out on the Dessau-Bitterfeld experimental
tracks. One of these locomotives is shown in
Fig. 4. It is a 1-D-1 type with four driving
axles, weighing over 100 tons, and driven by
two large motors. The two motors are connected by sloping connecting rods to a common jack shaft which in tum is connected to
the driving wheels through horizontal side
rods. Two locomotives of this type by different manufacturers have been tested and
according to all accounts have not given
a very good account of themselves. Both
these locomotives developed trouble from
severe vibration at certain speeds, resulting in broken rods and cranks. Referring
to this question of vibration the Railway
Gazette (London) of October 24, 1913, says :
" From these reasons it is probable that the
heavy express locomotives for the mountainous
district of the Prussian State Railways will not be
of the type with an elevated motor and parallel
crank action as was the first intention, but with two
motors each of half the efficiency of the elevated
one and with intermediate toothed gearing and
sliding crank. "

In addition to the two locomotives which
have been built and tested for this line, a
number of other interesting types have been
proposed and described.
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One of these is a C+C locomotive with
two three-axle trucks, each of which is equipped with two motors geared to a common
jack shaft which drives the three axles
through horizontal side rods.

F i1. 4.

SUe81an State Railways. Heavy ezpresa locomotive
with aide rod drive

Another is a B + B + B locomotive with
three two-axle trucks having one motor on
each truck. The motor is geared to a jack
shaft which drives the two axles through
horizontal side rods.
Another is a AA + AA + AA locomotive also
with three two-axle trucks, but having two
motors on each truck. Each motor is geared
directly to one driving axle.
A most interesting type is a 2-D-1 locomotive, the design of which is shown in the
line drawing in the upper part of Fig. 5. This
is equipped with one large motor of 1800 h .p.,
driving two jack shafts through a solid
triangular rod.
The upper point of the triangle engages
with the crank of the motor and the base of
the triangle connects together the cranks of
two jack shafts which are in turn connected
to the driving wheels by horizontal rods.
This is very similar to the triangular rod
drive used on one of the experimental locomotives for the Midi Railway of France
referred to later in this article. The Midi
locomotive had two motors connected to the
driving wheels through a solid triangular rod
of which the apex engaged with the crank of
the driving wheel, and the base connected
together the cranks of the two motors. The
proposed Silesian locomotive has one motor
connected to the driving wheels through a
triangular rod of which the apex engages with
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the crank of the motor and the base connects
together the cranks of the two jack shafts.
The ·Midi construction was later altered to a
more flexible type and one would not antic-

Fl1. 5. Silesian State Railway~~. Propoeed ezsn- toeomotivea.
oide rod drive; Lower, seared oide rod drive

ipate any different results from one of these
arrangements than from the other.
It is reported that the same manufacturers
are building a 2-B-B-1 locomotive for the
Lauban-Konigzelt electrification, the design
of which is shown in the line drawing in the
lower part of Fig. 5. The fact that this has
the same weight and aggregate horse power as
their single unit locomotive at least gives
rise to the suspicion that there is some question as to the success of the single motor
triangular side rod drive.
Baden State Railways

Another electrification worthy of mention
embraces a road known as the Wiesenthalbahn
in the southern part of the state of Baden.
In 1909 the Baden State Railways ordered
ten locomotives for the operation of their
experimental section from Basel to Sackingen,
a distance of 30 miles. If this installation is
successful it will later be extended as far as
Mannheim, a distance of 130 miles in a
straight line covering probably from 200 to
:~00 miles of track. Of the ten locomotives
described in the earlier announcements, only
one has been completed, which is shown in
Fig. 6. This locomotive was tested on the
Dessau-Bitterfeld line. A study of the
construction of the locomotive impresses
anyone familiar with locomotive design with
the idea that it would not be suitable for
high speed service. The location of the motors
at the outer ends of the locomotive made it

evident that serious oscillations might be
anticipated around a vertical axis which
would make it hard on the track at high
speeds, and the pony trucks do not look
as though they had sufficient
weight or friction to dampen
those oscillations. Running
gear troubles and instability
in running might be expected
to develop.
Apparently the remainder
of the order of ten locomotives
has been completed according
to another design, of which a
line drawing is shown in Fig. 7.
In this design the two motors
are set close together at the
center of the cab and drive
a jack shaft through independent rods sloping at an
angle of about 45 degrees.
The wheels are driven by
Upper, trian1ular
horizontal side rods, the center
one of which carries the
driving box on the jack shaft
crank, and the motor connecting rods are
separately knuckled to this box. Unfortunately, this design does not seem to have
been completely successful. The line was
scheduled to be running in the latter part of
1912, but was not running a year from that
date. Several articles could be referred to on
the troubles developed by these locomotives,
but perhaps the best summary of observations
is given by Lydall (Journal of the Institution
of Electrical Engineers, 1913, part 230, page
383), from which · the following is a condensed abstract:
"After a great deal of observation it was found
that at a certain speed the connecting rods and
coupling rods on both sides of any of these locomotives started to vibrate and that this vibration
gradually increased as the speed rose until at a speed
of about 36 km. per hr., it reached a maximum of
considerable amplitude. At this speed there seemed
to be the equivalent of resonance as the vibration
practically disappeared as soon as the speed had
risen to 40 km. per hr.
"It is of interest to remark that this performance
of coupling rod systems is observable on practically
all locomotives in which the effort of the motors is
transmitted to the driving axles by means of connecting rods. It is especially noticeable where two
motors are connected to a single jack shaft and is
also observable with Scotch yokes as on the locomotives for the Loetschberg Tunnel on which
breakages of the yokes have taken place. The same
experience, to a less extent, is found where one motor
drives a single jack shaft as on the 1-C-1 for the
Prussian State Railways. The same effect has also
been observed on the 2-B-B-2 locomotives of the
Pennsylvania Railroad although in this case the
vibration is very slight."
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Reports indicate that on account of the
difficulties with the driving rods on the
Wiesenthal locomotives it is proposed to
rebuild the driving mechanism by introducing a slotted arrangement at the
jack shaft, the nature of which has
not been very clearly explained in
publications.
In addition to the ten locomotives,
two locomotives of a different type
have been ordered for the Wiesenthal, only one of which had been
delivered up to the end of 1913.
The design of this locomotive is
shown in Fig. 8. It differs from the
preceding in that there is no jack
shaft and the motors drive the
middle one of the three driving
axles, thus decreasing the total
length of the rigid wheel base and the
overall length of the locomotives.
The driving box on the crank pin is
Fie. 6.
carried on one of the motor connecting rods, instead of being carried
on the horizontal rod as was done
in the p~vious design, the · other motor
connecting rod and the horizontal rods
being knuckled to this driving box. No
adverse reports have been recorded on the
operation · of this so-called ''double rod
drive" but it has not been used in a
large number of cases and until it has had
considerable practical application it is too
early to conclude that it is the solution of the
driving rod troubles.

Fia. 7.

Baden State Railways.
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Midi Railway of France

The Midi or Southern Railway of France
has been making a stu9y of the electrification
of a line 175 miles in length in the neighbor-

Baden State

Railway~~.
Ezperimental locomotive with two
jack abafta and eide rode

hood of Toulouse. As an experimental
section there has been electrified and equipped a 15 mile line in the Eastern Pyrenees
from Ille to Ville-Franche. The principal
grades of this line are 2 per cent.
The road is not state owned, but the water
power development is at the expense of the
state so that state control is probably to a
large extent effective, and the same characteristics mentioned on the Prussian State Rail-

Expreos locomotive with one jack abaft and aide rode
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ways are to be noted on this electrification.
For the experimental installation six locomotives were ordered from as many different
manufacturers. To what extent the designs

engaged with the cranks of the two motors.
It is apparent on inspection that the horizontal pressure of the driving rods against the
lower point of such a deep triangle gives
rise to vertical stresses against the
cranks of the two motors, and sets
up skew stresses in the motors and
locomotive frame.
An elaborate
mathematical paper by Kleinow
(Elektrische K raftbetriebe und Bahnen, 1913, page 337) discusses the
pressures produced by various shapes
of triangular rods and shows that
they may rise to excessive amounts
with such a deep triangular rod.
How much trouble developed from
this source in the Midi experiment the
writer is unable to say. After the
first publication and description of
the drive it was changed to the
"double rod drive" which we have
discussed in detail in our description
P'il. 8. Baden State Railwaya. Later type of ezpreu locomotive with
of the locomotives on the Wiesenthal
"double rod" drive without jack eharta
railroad. It will be noted that the
rod shown in Fig. 10 is this "double
rod" type rather than the solid triangular
of the locomotives were determined by the
type first designed for this locomot'ive.
experimental types specified for the Prussian
Another Midi experimental locomotive is
State Railways it is hard to say, but it is a
shown in Fig. 11. This is a geared side rod
fact that all but one of the locomotives made
type of locomotive equipped with two motors.
use of side rods in one form or another. All
each geared to a jack shaft set well down
the locomotives were of a 1-C-1 type, having
between the driving wheels. The center of
three driving axles and two leading axles.
the jack shaft is nearly in line with the
The weight of each was approximately 90 tons
center of the driving wheels and power is
with 60 tons on drivers, and all were to be
transmitted from the cranks of the jack
suitable for maximum speeds of about
shafts to the center wheel by a flat triangle
68 m.p.h.
or Scotch yoke, and from there by horiFig. 9 shows one of these experimental
zontal side rods to the other two axles.
locomotives. This locomotive was equipped
with. two motors, each driving a jack shaft
through sloping connecting rods. These
jack shafts were located at each end of the
locomotive, between the outer driving wheel
and the leading wheel, and were connected
together and to the driving wheels by horizontal side rods.
A second locomotive had a very similar
arrangement of motors and driving mechanism to that shown in Fig. 9, the principal
differences being in the design of the electrical apparatus.
A third type of locomotive is shown in
Fig. 10. This also had two motors but
instead of being connected to a jack shaft
P'il. 9. Midi Railway, France. Experimental locomotive
with two jack abaftl and aide rod drive
the motors were connected together through
a triangular rod approximately the shape of
The last of this set of experimental locoan equilateral triangle. The lower point of
motives is shown in Fig. 12. This is a geared
the triangle engaged with the crank of the
locomotive with three motors one over each
middle driving wheel and the- other points
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Fi&. 10.

Midi Railway, France. E:o:perimeotalloeomotive.
Moton coupled with triaqular rod
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axle flexibly supported and geared
to a quill surrounding that axle.
Three of these locomotives, those
shown in Figs. 9, 11 and 12, were
accepted by the railroad company.
The other three were rejected after
experimental service, as not meeting
the contract in some particular or
as developing characteristics which
made them inoperative. To each
of the three manufacturers whose
sample locomotives were accepted
the railroad company has given
orders for eight additional locomotives. The interesting thing to
note is that the 24 new locomotives
are not in any case to be duplicates
of the accepted sample. The type of
locomotive ordered is to have three
driving axles and two trailing axles,
each driving axle driven by two
motors geared to a quill surrounding
the axle and supported flexibly . In
other words, after an investigation
of the merits of different designs,
the railroad company have decided
on a geared type of locomotive with
twin motors driving through a quill
in preference to any type of side rod
locomotive.
Loetachberg Tunnel

Fi&. 11 .

Midi Railway, France. Experimental locomotive.
to jack ehafts coupled with Scotch yoke

Fi&. 12.

Moton &eared

Midi Railway, France. E:o:perimeotallocomotive.
Moton &eared with quill drive.

In Switzerland the most important recent electrification is the
Loetschberg Tunnel, which was put
in operation about the middle of the
year 1913. The construction of the
Loetschberg Tunnel offers a short
route from Italy to France through
the Simplon and Loetschberg Tunnels and through the Province of
Bern. In preparation for this the
Bernese Alps Railway has been
working for a number of years to
provide suitable electric service
when the Loetschberg Tunnel should
be opened, and which would divert
over this line part of the traffic
which previously went through the
St. Gothard Tunnel by way of
Luzerne. As a part of the preparation in 1910 the Bernese Alps
Railway received an experimental
locomotive shown in Fig. 13. The
locomotive weighed 110 tons with 75
tons on drivers. It was an articulated unit equipped with two
motors, one upon each half of
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the locomotive. Each motor drove a jack
shaft through a connecting rod having a slope
of 11 degrees from the vertical, and this jack
shaft in turn was connected to two driving
axles through horizontal rods. The writer

Fie. 13.

Loetachberc Twmd. Experimental locomotive
with vertical aide rod drive

has no definite information as to the results of
the test of this locomotive, but one might
anticipate the same troubles which developed
on the single motor locomotives equipped with
vertical connecting rods which we have previously discussed. A second experimental
locomotive was purchased of which the
design is shown in Fig. 14. The locomotive
is built with two separate three axle trucks
and one motor on each truck. The motor is
geared to a jack shaft, which in turn is connected to the driving wheels by connecting
rods and side rods. The jack shaft
is placed so low that the connecting
rod makes a very small angle with
the horizontal. The motors arc
placed at the extreme ends of the
locomotives, and while no information has been published as to the
results of the tests on this type it
might be anticipated that the large
value of the moment of inertia
around the vertical axis wculd give
rise to severe oscillations, and that
the locomotive would be hard on the
track at high speeds. The result of
the tests was the adoption for
the final installation of the type of
locomotive shown in Fig. 15. It
will be noted that several important
changes have been made from the
experimental type. There are five
driving axles instead of six. Three
Fi1. 14.
of the drivers are carried in a
rigid wheel base and each leading
truck carries one idle axle and one driving axle. The driving axles on all three
trucks are held parallel to each other and
connected by horizontal side rods. The two

motors are set close together in the center of
the cab and geared to jack shafts, which in
tum are connected to the center driving
wheel by a Scotch yoke to which the hori-

Fie. 15. Loetachberc Twmd. Accepted type of locomotive.
Moton 1eared to jack ahafb coupled with Scotch yoke
and aide roda

zontal rods are knuckled. The weight of the
locomotive is 235,000 lb. with 172,000 lb. on
drivers. The earlier reports indicated very
successful and satisfactory operation of this
type of locomotive, but as later discussions of
this electrification have appeared it is evident
that the locomotives have developed some
serious defects. Apparently very serious
·oscillations or vibrations take place in the
driving mechanism at certain speeds which
are sufficient to break rods, crankshafts and
yokes. The cause of these vibrations has

Loetachber1 Tunnel. Experimental locomotive.
to jack ohafto with aide rod drive

Moton 1eared

been the subject of mathematical investigations by A. Wickert (Elektrische Kraftbetriebe und Bahnen, June 14, 1914) and J.
Buchli (Elektrotechnische Zeilschrijt, May
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28, 1914). Perhaps the clearest statement of
the troubles developed can be obtained from
the following extract from Buchli's article:
"The Loetschberg locomotives which have been
in regular operation since the middle of last year
develop at certain speeds very serious vibrations
whose cause has for a long time been unexplained.
While some of these locomotives at all speeds up to
75 km. hr. run perfectly steadily in others there
appear at speeds between 35 and 42 km. hr. vibrations which in several cases have caused serious
defects of the driving gear. By careful adjustment
of the bearings one is able to remove the trouble.
The adjustment requires labor and time and shortly
after the locomotive is put in normal service the
trouble occurs again. Similar vibrations as are seen
on the Loetschberg locomotives I have also observed
on other jack shaft driven locomotives. They appear
under some circumstances so serious that the locomotive in question cannot be kept in service. The
locomotives of the Pennsylvania Railroad appear to
possess this same fault and I do not think I am going
too far when I make the statement that every main
line electric locomotive built up to this time \vith
side rods and jack shafts shows mechanical vibrations of this character in greater or less degree. It
is, therefore, not surprising that the representatives
of main line railroad companies are today looking
at the side rod drive with some mistrust and that
the American construction of drive, the axle
motor or the quill drive motor is again coming into
prominence."

Both the articles referred to indicate that
these vibrations can be attributed to resonance effects of oscillations in the driving
system. They also indicate that by the
introduction of a proper amount of elasticity
in the driving mechanism these oscillations
should be diminished or prevented. Along
these lines it has been proposed to rebuild one
of the Loetschberg locomotives with springs
inserted in the gears so as to introduce a
certain amount of elasticity between the
motors and the yoke. Until some information
is published as to the result of this test, it will
be impossible to say whether the troubles on
this type of locomotive have been eliminated.
The question arises why vibration effects
such as are described above do not occur on
the driving rod systems of steam locomotives.
The fact is that a great deal more accurate
adjustment is required on an electric side rod
drive than on a steam side rod drive. In the
electric locomotive a number of axles, jack
shafts and armature shafts have to be lined
up and centered very carefully, or the cranks,
rods and frame of the locomotive will be
subjected to excessive stresses at certain
points in the rotation. The same trouble
~oes not appear in the steam locomotive
because the terminus of the driving rod
system lies in the steam cylinder where the
elasticity or cushioning of the steam takes up
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any inaccuracy in the construction. The
trouble we have described on electric locomotives is exaggerated in cases where the
heavy rotating members of two independent
motors are connected together by a system of
rods as in the designs described on the Loetschberg, Wiesenthal, and Silesian locomotives.
The motors can be looked on as independent
of the wheels and the wheel friction cannot
dampen oscillations set up between the two
motors.
Simplon Tunnel

It is of interest to compare, with the results
above described, the performance of the equipment of the Simplon Tunnel. This electrification is geographically a continuation of the
Loetschberg electrification, as the Simplon
electrification meets the Loetschberg at Brig,
Switzerland, and extends through the Simplon
Tunnel to Iselle in Italy. Four locomotives
are in service in the Simplon Tunnel, two
each of the types shown in Figs. 16 and 17.
There will be noted a general similarity in
wheel arrangement and general design between
these locomotives and the Loetschberg locomotives. The Simplon locomotives have
been in service since 1907 and 1909 respectively, and as far as published reports give
any evidence they have not developed any of
the troubles which appear to have required
investigation on the Loetschberg.
Aside from the fact that one of these
electrifications is single-phase and the other
three-phase, the important difference as far as
mechanical arrangement is concerned sc~ms
to be that the motors of the Loetschberg
locomotives are larger in weight and horse
power than those of the Simplon and being
geared to jack shafts the motors run at higher
rotative speed for the same locomotive
speed. The rotary momentum of the moving
parts on the Loetschberg locomotive is therefore far greater than on the Simplon.
Italian State Railways

The equipment of the Valtellina line in
northern Italy has been so often described that
it is unnecessary in this article to do more
than mention it. The locomotives on this
line, one of which is shown in Fig. 18, have
been in operation since 1904 and their success
has largely led the Italian State Railways to
locomotives of this Scotch yo\e side rod type.
A still more recent and successful type has
been fully described in the technical press and
is widely used on the Italian Stat(' Railways
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Simplon Tunnel. Paasenaer and freiaht locomotive.
moton coupled with Scotch yoke and aide rods
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Slmplon Tunnel. Paaaen&er and freiaht locomotive.
Gearleaa moton with hori.contal aide rod drive
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Valtellina Railway. Paaaen&er locomotive. Gearleaa moton
coupled with Scotch yoke and aide rodo

Fi&. 19.

Italian State Railwayo. Frei&ht locomotive. Gearleao motors
coupled with Scoteh yoke and oide rods
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for freight service. This type is known as the
Giovi locomotive and weighs 132,000 lb., all on
drivers. It has five driving axles and, like the
Simplon and Valtellina types, is equipped
with two gearless motors set well
down between the axles, and driving the middle axle through a
Scotch yoke to which the other
driving wheels are attached by
horizontal side rod. These locomotives are built for a maximum
speed of 28 m .p.h. The first of this
type was placed in service in 1908
and according to the latest accounts
40 of this type are in service and
25 more on order.
One section of the Italian State
Railways, that from Milan to Varese
is equipped with direct current, the
other Italian installations being
three-phase.
Fig. 19 shows the
latest type of locomotive in service
on this section . The locomotive
weighs 157,000 lb., of which 102,000
Fie.
lb. are on drivers. It is equipped
with two 1000-h.p. motors placed
high in the cab, each connected to a
jack shaft through sloping connecting rods
and from there to the driving wheels by
horizontal side rods. The locomotive is built
for a maximum speed of 60 m.p.h. at which
the motors have a rotative speed of 350
r.p.m. Five locomotives of this type are in
service. No publication of results in operation of these locomotives has appeared since
their installation and preliminary tests about
two years ago.
Conclusion

The review of European electric locomotives which we have given above is not
exhaustive. It omits a discussion of several
important and interesting electrifications and
types of locomotives. Among these are the
geared side rod locomotives of the Rhaetian
Railway in the Engadine, Switzerland, the
locomotives of the Mittenwald Railway in
the Austrian Tyrol, and the heavy freight
locomotives of the Kiruna-Riksgransen line in
northern Sweden. Sufficient illustrations have
been given, however, to show the difficulties
which have been encountered in the development of the direct drive side rod locomotive
for high speed service, and to illustrate the
fact that European engineering practice is
apparently turning away from that type to
some form of geared locomotive for medium
speed service. and does not yet indicate what
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will be the finally accepted type of locomotive
for high speed passenger service.
It would be very difficult to make any
estimate of the investment which has been

20.

Italian State Railw8Y'. Paaeenaer locomotive with vertical
connectinc rods, jack ehafte and eide rod drive

made in these experimental European electrifications. It is a well known fact that the cost
of design , development, construction and
testing of a large electric locomotive is a considerable item and sufficient illustrations
have been given to show that a large sum
must have been spent in the last few years on
experimental locomotives.
The opinion formed by the writer from
this study is that electric locomotive development in America has been more conservative
and productive of more economical and
satisfactory results than the same development in Europe. We have not been affected by
the considerations which have forced spectacular designs on the European engineers,
and our initial installations have not been
loaded with sample locomotives to the same
extent as theirs. Such installations as the
Detroit River Tunnel, the Great Northern
Cascade Tunnel, the Baltimore & Ohio
Tunnel, the Hoosac Tunnel and the Butte,
Anaconda & Pacific have shown the geared
locomotive to be entirely successful and
satisfactory for medium speed service. · The
development of the gearless motor in locomotive service and its unquestioned success
upon the New York Terminal electrification,
shows that we have been able to solve the
question of high speed passenger service.

Digitized by

Goog Ie

1144

GENERAL ELECTRIC REVIEW

A REVIEW OF AMERICAN STEAM ROAD ELECTRIFICATIONS
Bv

joHN

A.

DEWHGRST

RAILWAY AND TRACTION ENGINEERING DEPARTMENT, GENERAL ELECTRIC COMPANY

This article contains a short review of the most important steam road electrifications in America. A
great deal of detailed information is given in the tables concerning the physical characteristics and equipment
of these roads. The author gives a short explanation of the American and Foreign classificatton of
Jocvmotives.- EDITOR.

STEAM railroad
electrification represents a mutual
growth ; the electric
locomotive not only
grew to meet the demands of heavy traction but heavy traction grew, through
precisely the same
period, to demand results beyond the limitations of the steam
John A. Dewhuret
locomotive in certain
fields of operation. In
general, the early development of electric
traction was along the lines of the street
trolley car, as the unsolved traction problem
in cities presented the most attractive field .
On the other hand, the conditions of the
longer hauls and heavier service of the steam
roads did not so favor electricity, and moreover, by that time the steam locomotive had
won the place that it still holds and will hold
for many years to come.
However, as a result of the enormous
growth of the railroads in recent years with
the accompanying traffic congestion, the
limitations of the steam locomotive have been
evident under three principal conditions;
first, congested terminals; second, important
tunnels; and third, the heavy grades experienced on mountain divisions.
Electric operation has successfully overcome each of these limitations on account of
the elimination of smoke and dangerous
gases in the first two conditions, and the freedom from the limitations of the steam boiler,
giving a greater continuous pulling power, in
the third condition it).volved. In such service the electric locomotive cannot only
handle heavier trains but the speed is much
greater, this being an important factor in
increasing the service capacity of the division.
What can be done by means of electric
operation in a congested terminal can be seen
at the Grand Central Station at New York

City, which is the terminal for both the New
York Central & Hudson River Railroad and
also for the New York, New Haven & Hartford. Not only are all of the local and through
passenger trains of both roads operated electrically out of this station but the suburban
passenger service as well; the latter being
handled largely by multiple unit motor cars.
To economize space the trains are brought
into the terminal on two levels, the local
and suburban service on the lower level and
the limited trains on the upper level.
The Pennsylvania Terminal in New York
City is an equally good example of the
possibilities of electrification; the problem
in this case could never have been solved
without the electric locomotive, since the
trains must be carried in tubes under the
North River directly into the terminal
yards. Up to 1912, the Pennsylvania Terminal
was in New Jersey, the only communication
with New York being by ferry boats.
The first steam road electrification of
importance in this country, namely, the
Baltimore & Ohio Railroad, was made for the
purpose of eliminating the smoke and dangerous gases in the tunnel at Baltimore. Since
then there have been four other electrifications installed to overcome the single
objection of smoke in the tunnel; namely, the
Detroit River Tunnel on the Michigan
Central, the St. Clair Tunnel on the Grand
Trunk, the Cascade Tunnel on the Great
Northern and the Hoosac Tunnel on the
Boston & Maine.
In general, where the tunnel is of sufficient
length or where it leads directly into a station,
the steam locomotive is dropped at a transfer
point, the electric locomotive hauling the
train through to its destination. In many
cases where the tunnel occurs in the middle
of an engine division, the electric locomotive
is simply coupled to the train ahead of the
steam locomotive and the train hauled
through with the steam locomotive running light, eliminating practically all of
the gases.

Digitized by

GoogIe

Compiled by
GENERAL ELECTRIC COMPANY
Rail way and Traction Engineering
Department
Schen~ady, N.Y.
]. A. D.
Oct. 1, 1914

GENERAL

Specific
Cause of
Electrification

Character
of
Service

POWER DISTRIBUTION

PERMANENT
WAY

Began
Electric
Operation

Name of Road and Section Electrified

Le~rb

Le~rb

Route

Track

Miles

Miles

Syatem of
Electrification

Transmission
to
Substations

Trolley
or
Third Rail

--------:----:-:----------------------:------------------Baltimore & Ohio, Baltimore, Md.
Heavy pass. Tunnel and
1895
3.3
8.4
600-v. d-e.
Third rail
13,200-v., 25-c}·cl
Baltimore Tunnels

and freight

terminal

- - - - - - - - - - - -Heavy
- -pass.
--- - - - 1906
- - - -34- - -251- -600-v.
--- - -Third
- -rail
- - -11.000-v.
- - -25-cycle
--New York Central & Hudson River
Terminal
d-e.
R.R .• New York-Harmon

------------------ ----- - 269
- - -Single-pba•e.
- - - - - -Catenary
- - - - -22,000-v.
- -- - - Heavy pass. Terminal,
New York, New Haven & Hartford,
1908
74
R.R., New York-New Haven

and freight

Gen.
econ.

11.000-v.25-cyc.
600-v. d-e.
N.Y.C.

Single-phase

Grand Trunk Ry. Co.
Heavy pass. Tunnel
St. Clair Tunnel Co., Pt. Huron, Mich.
and freight
St. Clair Tunnel

1908

2.5

12

Single-phase,
Catenary
6600-v., 25-cyc.

Great Northern R.R., Cascade Tunnel Heavy pass. Tunnel
Washington
and freight

1909

4.0

10

Three-phase
Two-wire
33,000-v., 25-cyc.
6600-v., 25-cyc.
direct
suspension

Heavy r.ass. Tunnel and
and reight terminal

1910

6.25

24

600-v. d-e.

Third rail

:4600-v., 60-eyc.

vl r.ass.
Tunnel
reight

1911

7.92

22

Single-phase
11,000-v.,
25-cyc.

Catenary

Direct feed

1912

15

95

600-v. d-e.

Third rail

11,000-v., 25- and
60-cyc.

Catenary

Part of network
100,000-v. 60-cyc.

-------30
Split 8/fo.ase,

Catenary

33,000-v. 25-cyc,
single-phase

-------9
,2400-v. d-e.
25

Catenary

11,000-v. 60-cyc.

Michigan Central, Detroit River
Tunnel, Detroit, Mich.

Boston & Maine R.R., North Adams, Hea
an
Mass., Hoosac Tunnel

Penn. Tunnel & Terminal R.R.-P.R.R. Heavy pass.
into New York City

Butte, Anaconda & Pacific R.R.,
Butte-Anaconda, Montana

Norfo\!' & Western R.R .. BluefieldElk om. W. Va.

Canadian Northern, Montreal, Can.

Tunnel and
terminal

iHea:;r freight :Gen. econ.
an pasa.
1 Hea~freight

an

pass.

' Heavy paas.

1913

Tunnel,
: heavy
' grade

Bldg.
1914

Tunnel and
terminal

Bldg.
1914

--------·:2400-v. d-e.
30

90.5

11,

11
Furnishes power to Long Island R.R.
Co., 60-cycle power for lighting and aul<iliaries.

I

Third rail

v.

Direct feed

I

b These transformer substations are of the
outdoor type, one being located near each
sectionalizing bridjl&.
They are remote
controlled from oWJtcb towers. They fulfill
the double purpose of allowing a hi11her
transmission voltqe and reducing the
telephone and telellfaph dioturbancea.
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As an example of the third limitation of the
steam locomotive, the Butte, Anaconda &
Pacific and the Norfolk & Western may be
cited, although in the latter case the existence
of a tunnel was an equally important factor.
With steam operation on heavy grades, it is
often necessary to break up a normal freight
train into two or even three sections and
haul each section over the heavy grades, using
four and sometimes five of the heaviest
mountain type locomotives. The service
efficiency is naturally low due to the large
percentage of idle weight of tenders, etc.,
and this coupled with the more important
factors of the steaming difficulties as well as
the low speeds attained, makes this class of
service a very attractive field for electric
operation.
Several transcontinental railroads are at
the · present time considering electrifying
mountain divisions on account of the greater
service obtained by electric operation and the
reduction in operating cost.
The accompanying table gives a list of the
eleven principal steam road electrifications in
America. From this it is seen that approximately 1000 miles of track are electrified,
involving 286 locomotives.
The system of operation or of distribution
to the locomotives differs widely, there being
six of these roads that use direct current, three
single-phase, one three-phase, and one split
phase which is a combination of a singlephase distribution and polyphase induction
motor operation, obtained by means of a rotating phase converter carried on the locomotive. Both the d-e. and single-phase installations mentioned above use some form of
series wound commutator motor on the
locomotives, while on the two roads last
mentioned the polyphase induction motor
is used.
Looking at this from a different standpoint. it is noted that of the total of 286 locomotives listed, 148 are designed for direct
current operation, 110 for single-phase, 4 for
three-phase, and 24 for split phase. Nearly
all .of the New Haven single-phase engines
are designed to operate on direct current as
well since they enter the New York Terminal
over common tracks with the New York
Central, using 600 volts d-e.
There is one other electrification that
rightfully belongs under this classification,
although in the strict sense of the word
it is not a steam road electrification. This is
the Bethlehem Steel Corporation electrification of the Bethlehem-Chile Iron Mines
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Company in South America. This project
involves three 110-ton electric locomotives
operating over about 18 miles of track, the
system of operation being 2400 volts d-e.
These locomotives will derive their power
from a substation consisting of two 1000-kw.
2400-volt synchronous motor-generator sets
installed in the power house, the main power
equipment being Curtis steam turbines. All
of this equipment is now being built by the
General Electric Company.
Regarding the heading "Classification" of
locomotive types in this tabulation, a brief
word of explanation might not be amiss. The
scheme generally used for electric locomotives.
although not standardized, is based on the
standard classification of steam locomotives,
the wheel arrangement being given first; the
general type second; the weight third; and the
motor ·equipment last. The wheel arrangement is based on the principle that every
locomotive theoretically has three trucks, a
guiding truck at each end and a main driving
truck in the middle. Beginning at the head
end, the wheels on each truck are counted.
Thus the first New York Central type were
classified as 484 type, there being a guiding
truck of 4 wheels at each end and a main
driving truck of 8 wheels in the middle.
The common 25 to 60-ton type of electric
engine having two swivel trucks, connected
through king pins to the locomotive frame , is
know as the 404 type, there being no main
central truck. Likewise in the Detroit Tunnel or the Great Northern type there are two
trucks articulated and considered to be the
main locomotive truck, there being no guiding trucks, the classification in this case being
0440. The complete classification then of the
first New York Central is 484-E-230-4-GE-84600; the 484 being the wheel order, the E
denoting electric operation, the 230 being the
weight in thousand pounds (230,000 lb.), and
the last showing that the motor equipment
consists of four GE-84 motors wound for 600
volts.
It is interesting to note that the German
practice differs from the American in this
respect. The American classification denotes
the truck arrangement without regard to
which wheels are driven and which are idle.
The German classification distinguishes between driven and non-driven axles as well as
signifying the truck arrangement and also the
side rod coupling. Beginning at one end the
axles are counted on each truck, idle axles
are counted numerically and driven axles are
denoted alphabetically. A truck containing
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two driven axles would be classed " B " if the
axles are coupled by side rods or "AA" if
they are driven separately, as is generally the
case in most American designs. A plus mark
between two truck classifications indicates an
articulated joint and a dash indicates that
there is no articulation. Hence the first New
York Central type (484) would be classed as
2-AAAA-2. The new New York Central
type (4444) would likewise be classoo as AAAA+AA-AA. The Pennsylvania Terminal
locomotive (also 4444) would be classed as a
2-B+B-2 the driving wheels of each truck
being coupled by a side rod.
This list does not cover all of the steam
road electrifications by any means. There are
several electrifications not mentioned in this
table that are more extensive in many respects
than some of the roads mentioned. They have
been classed, however, as either interurban or
suburban and do not as a general thing handle
through traffic. For instance, the Long

Road

Island Railroad, operating out of New York
City, controls 825 miles of steam and electrified track, operating 369 motor cars, the
system of distribution being by means of a
third rail at 600 volts. Likewise the Oakland,
Alameda & Berkeley Divisions of the Southem Pacific handle extensive suburban service. The Spokane and Inland Empire
Railroad, the Ft. Dodge, Des Moines &
Southern, and the Portland, Eugene &
Eastern are other important electrifications
which come entirely under the classification
of interurban roads and would in all probability be operated by electricity if constructed new today. The following is a brief
list of some of the more important steam
road electrifications and mileage not classed
in the previous tabulation.
This list does not include the electrification
of all of the early elevated lines in Chicago
and New York, and the electrification of the
yards of many manufacturing plants, terminal

I

Total Miles
Electrified

Voltage

j No. of Electric
' Locomotives Motor
, and Weights
Cars

- - - - - - - - - - - - - - - - - - - - - - - -1- - - - - - - - ------- ~ ----- 1 --Long Island R. R., New York ......... . ... . ..... I {

825 steam

t and electric

}

West Jersey & Sea Shore, Phila., Pa ........... . . .
Ft. Dodge, Des Moines & Southern, Iowa ...... . .

150
145

West Shore R. R. (Oneida Div.), New York . . ... .
Portland, Eugene & Eastern, Oregon .. . ..... . ... .
Southern Pacific, Oakland, Alameda & Berkeley Div.

118
110 (350 future)
121

Visalia Elec. Ry. (So. Pac. Co.), California ...... .

30

600

0

369

0

109
20

:
700
1200 d-e.

7 40-ton
2 60-ton
0
3 60-ton
1 60-ton

600
1500 d-e.
1200 d-e.
' { 11,000 15 cycle}
single-phase
600 d-e.
0
ll ,OOUsingle-phasc
0
600
I
0
750 d-e.
1 35-ton
i 11 ,000 single-phase
0

1

29
35
81
6

1

Peninsula Rwy. Co. (So. Pac. Co.). California .. . . .
Paoli Div. P. R . R ., Phila., Pa ..... . ....... .... .
Long Island Elec. Ry. Co., Long Island City. N.Y.
Salt Lake & Ogden. Utah ........ .... ......... .
Eric R. R. (Rochester Div.), New York ......... .
Spokane & Inland Empire R. R., Washington ....

Havana Central. ... . . .. . . .. . . .. .. .. . ... ...... .

96
80
21i.56
60.0

40
{

250 steam }
and electric

76.5

Wilkes Barre & Hazelton R. R .. Pennsylvania .....
Washington, Balt. & Annapolis Elec. Railway. Mel.
Maryland Elec., Baltimore, Md ... .. .. . ....... . .

34
103
25.3

Denver & Interurban R. R .. Colorado . .... . . ... .

54

Denver & Intermountain. Colorado ............. .
Providence, Warren & Bristol (N.Y., N. H. & H.
R. R.), Rhode Island ....................... .

18

24

I

i { 6600 single- \
phase 600 d-e. J
600 d-e.
600
1200 d-e.
1200 d-e.
' r 11,000 single- }
\ phase and 600
l
d-e.
600 d-e.

I :.~-]

I

d:~-]:

33
100
45
18
8
80

25
7

1 60-ton
0
0

47

0

14

0

8

600 d-e.
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yards, interurban lines, and street railway
systems which were either previously operated
by steam or are owned and operated by steam
railroads.
Just 34 years have elapsed since the first
electric engine, a mere toy today, was constructed, and only 18 years since the first
notable steam road electrification. The
first electrifications were made more with a
view of overcoming certain physical difficulties regardless of expense, but today it is
realized that, besides overcoming these difficulties, there are actual economies to be gained
in the electric operation of many classes of
service.
However, to gain the greater
economies of operation, it is necessary to

1147

make a comparatively great expenditure for
equipment, since not only do the electric
locomotives cost more than steam units of the
same weight but it is necessary to provide substations as well as an efficient distribution
system to the locomotives, to say nothing of a
power house and transmission lines if power
cannot be purchased directly at the substations. This all results in a greatly increased interest charge, and although the actual
comparison between steam and electric operation is in favor of the latter, there must be a
decided saving to induce conservative financial interests to make the expenditure, or
else some other physical advantage as outlined above must be the deciding factor.

160·Ton Electric Locomotive HauUnc 4550-Ton Ore Train, Butte, Anaconda
and Pacific Railway
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HOW INSULATION BREAK-DOWN MAY BE
CAUSED IN APPARATUS BY THE ADDITION OF STRONGER INSULATION

It is important in combining dielectrics of
different pcrmittivities to see that it is
properly done; otherwise, the one may weaken
the other by causing an unequal division of
the stress. As a matter of fact, it is possible
to cause break-down in apparatus by the
addition of insulation, which is good and
dielectrically stronger than the original insulation. That the respective dielective strengths
of insulation can not be added directly will be
shown in the following:
As an example, take two parallel plates
rounded with a 5-cm. radius at the edges
and placed 2-cm. apart in air.
(1) Apply 60 kv. (max.) between the
plates. The gradient then is approximately
60/2=30 kv. per em. max. (neglecting flux
concentration at edges which is not great
on account of the rounded edge). As a
gradient of 31 kv. per em. (max.) is required
to rupture air, there is no break-down.
(2) Remove the voltage and insert between
the plates a sheet of pressboard 0.2 em. thick.
The constants of pressboard are :
k2=4 Rupturing gradient= 175 kv. per em.
(max.) 12= 0.2 em.= thickness of pressboard.
For air
k,=l Rupturing gradient=31 kv. per em.
it= 1.8 em. = thickness of air.
The total insulation is now 0.2 em. of
pressboard and 1.8 em. of air. The total
"strength" added directly is (1.8X31)+
(0.2 X 175) = 90.8. Apply the same voltage
as before. Break-down results. The combination is actually weaker than the air
alone. The addition of the pressboard because
of its higher permittivity has increased the
capacity of the combination and, therefore,
the total flux and the flux density in the air.
The gradient in the air has also been increased
because of the greater flux through the air.
The combination may be considered as
two condensers in series. Let c, = the
capacity of the air condenser, c2 = the capacity
of pressboard condenser. e, = the voltage
across the air condenser, e2 = the voltage
across the pressboard condenser, A a constant
including the area of the plates, and e = the
total applied voltage.
The total flux is
1/1 = c,e, = c2e2

k,A
1,

1/1= -e,=

k2A
· e2
12

therefore,
k,
k2
-e,= -e2
I,
l2
e=e2+e,
k,
k2
z;e,= y;(e-e,)
e,{k' + ~)= kte
1,
~
~
k2
-e
e, =
12
= 1,k2 e = 58 .4
k,;l,+k2/12 k,~+k2ll
e2=60-58.4= 1.6
e,
k2 e
g,=- = -··- - 1, ktl2+k2ll
4X60
Then g, = (1 X 0.2) +4 X 1.8)
=32.5 kv. percm. (max.)
The air breaks down since g1 is in this case
higher than the critical gradient value that
causes the rupture of air. As the broken-down
air is conducting, most of the applied voltage
is then placed on the pressboard. Thus,
after the air ruptures, the gradient on the
pressboard is :
g'2=

g~

=300 kv. per em. (max.)

This is much greater than the rupturing
gradient of pressboard and consequently the
material then breaks down. Therefore, the
2 em. space, which is safe with air alone, is
broken down by the addition of stronger
insulating material of higher permittivity.
By properly arranging insulations of different permittivities, or specific capacities,
the stress may be greatly reduced in many
designs.
The case discussed above is an exaggerated
example of conditions often met- in practice.
In many power stations, little bluish needlelike discharges, (called "static") may be
noticed around generator coils, bushings, etc.
This "static" is simply over-stressed or
broken-down air but, unlike the conditions
in the example, the solid dielectric is so
thick that very little added stress is put upon
it by the broken-down air. Damage may be
caused in the course of time, however, by
local heating, chemical bombardment, etc.
F.W.P.
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