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Flectric Trains QOwver the Rocky Mountains

Chicago, Milwaukee & St Paul Railway Has Just Opened the 3
First Section of Line That Marks an Epoch in Tr,ansportation

VEN the non-technical traveler
understands and appreciates
that the diminution of noise
is one of the notable advan-
tages secured by electric oper-
ation of a railroad—that and

the climination of fiery cinders and sable
smoke. Only a few Americans, compara-
tively speaking, have had the opportunity
to compare the new with the old system
of railroad transportation. The travel-
ing public has, however, dreamed of the
time when the clean, swift electric trac-
tion with which New York is familiar in
its suburban service shall have been
extended to cover all railroad operation.
With the announcement by the Chicago,
Milwaukee & St. Paul Railway that its
task of electrifyving 440 miles of track
across the Great Continental Divide,
is nearly completed comes the assertion
that it is justly compared in importance
with the first journey of a locomotive.
There may now be raised the question,
Has the doom of the steam locomotive
been sounded? In-1898 there were just
fifty-eight automobiles in the TUnited
States. Less than a hundred .years ago
it was feared that a great part of the
region through which these electric trains
will thunder at sixty miles an hour would
form a lawless interval -between the
abodes af civilized r:mn like the wastes of

the ocean or the deserts of Arabia. We
are heirs of evolution.

“ Nobody can doubt that electrification can one doubt that it is coming.

is a great problem,” said a well-knovwn
steam railroad man the other day, “ nor
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steam railroad.man I should hesitate to
predict that it will not come into genera
use in the future.” y

During the development of the science
of electrical engincering the steam rail-
road men have not been idle in locomo-
tive design by any means. They have
passed from the old type of locomotive
to the Mogul, then to the ten-wheeler
or Decapod; then to the Mikado, and,
finally, to the Pacific and Mallet type.
So the steam designers have been just
as alert, say the experts, as the electric
designers, and the problem now is the
relative efficiency of steam and electrie
locamotives.

Will electrification pay? Is it an eco-
nomical possibility? Just think of scrap-
ping all those useful, smoky locomotives
that cost so much meney! It is a tre-
mendous problem, and yet weli-informed
railroad men assert that in ihe course of
time the railroads—passenger, freight,
and suburban service—will all be op-
erated by electricity. Although, they
add, it may be a hundred years to the
time of the fruition of these hopes of
today.

Some time ago the Chicago, Milwaukee
& St. Paul officials decided to electrify
four engine divisions of its Puget Sound
lines, extending from Harlowton, Mon.,
to Avery, Idaho, a total distance of abpuk
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FlecitTified District and Substations (Shown by Numbers) on Chicamo, XMMilwaunkee & St. Panl IRailroad.

£10 milex, sorremaling abvout G20 miles
of track i.:iuding rards and sidings.
Qne krunirad zard fifieen miles, irom
Three I“erks 1o lreor Lodoa, are now in
aciun’ operation. This wotk is under ihe
direction of . A, Goodnow, zssistant to
the Prezigent and in charge of construc-
tion.

* Thiz projest.,” =zid Mr. Geodnow, in
descriting new line, 15 of special
interest bzcutse it provides for the
elesirifiezticn of four entire engine dis-
tricts and also because this work is being
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doze 1o efiert economies in operation on
2 sinzie tr2ck re of moderate traffic and

i
not 1o overcome congestion on a busy
line now worling to iis capacity or to
eliminuzs the smoke nulsance.

“ From Harlewion to the coast the
rzilway crosz-es four mountain ranges—
the Belt Mountains zt an elevation of
5.768 feei. the Roecky Mountains at a
height of 6.350 feet., the Bitter Root
Mounizins a1 an altitude of 4,200 feet, and
the Czscads Mcountzinsat an elevation of
8.0i0 fee:. There are several tunnels, the
longes: of +hich is the St. Paul Pass tun-
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grade west-bound 15 2 per cent. for 20.8
miles on the Easztern siope of the Rocky
MMountzins., whiie the maximum grade
east-bound iz L7 per cent. for 24 miles
approaching the St. Paul Pass tunnel.

“ The hardest problem of this nature
is preszented Ly {he continuous 1 per cent.
grade for 41 miies. ascending the western
slope of ihe Belr Mountains, invelving as
it does the necessity for special precaun-
tions to avold overheating the motors
while working at their maximum capaci-
ties for this long period of dime.

“ Zaveral imporizant economies are ex-
pected from the electrification of thiz
line. In the first place, this iz the first
time an enilre engine district has beon
eectrified, nermitting the complete sub-
stitution of electric for steam loco-
motives between he terminals. In other
instailations throurhout the country only
a2 portion of a divizion has bean el2:-
trified, re-aiting simoly in 2 shortening
of the steum operated (ngine district.”

Fach c<team locomotive is a power
renerziing plant in jtsell, wwhile the dlec-

loromaotive merely utilizes cnerey
wnich iz geonercted at cenrain ceniral
AWAET Laufes or rtulions. Enginears suv
ihar ever. unl-r ihe best conditions the
stanm loenrmrotice cannot produce power
with anvitonz like the ecoromy «7 a

stationury plant, vut while thus relative-
: ,

Iy waiteful, these Jocomotives ean b2
called ints mervice us they are nezied,
a2nd can be reilred te the roundnouzz
afzer their duly is dischargad. Each
steam locomotive eagineer is conecerncd
enly with a single problem. The centrzl
plants, on the other hand, suppiy motive
energy for 2 large number of electric
locomotives. and must be run continuou:-
1y whether the drain be merely the aver-
age or the maximum. Again, should the
power plant fuil the whole section may
be brought to 2 standstill.

Such gradients as those on the line of
the Chicago, Milwavkee & St. Paul Rail-
way are said to be especially difficult for
the steam locomotive in Winter weather,
when the loss of heat by radiation Is
great and much attentien is necessary at
every division point. The electric loco-
motive, it is maintained, excels in cold
weather. Low temperatures keep its
motors cool, it suffers no lessening of
speed or tractive power, and it can drive
through snowdrifts in which 2 steam
locomotive is helplessly stalled. These
considerations, to which were added
sthers, such as the absance of snelp, the

elimiration of fuel trains, coal and water
stations and ash dumping, led to the
decision on the part of ihe Chicago, Mil-
wankee & St1. Paul officials 1o spend 312,-
600,000 in electrifving the mountain di-
visions of that road.

The electric passenger locomotives on
the Chicago, Milwaukee & St. Paul Rail-
way, according to an announcement
made by the company, are designed to
haul 800-ton passenger trains at a speed
of sixty miles an hour on the level or
thirty-five miles an hour on a 1 per cent.
grade, and are equipped with oil-feed
steam-heating outfits for heating the
train, The freigcht locomotives are de-
signed to haul a 2,500-ton trailing load
on all gradients up to 1 per cent. at a
speed of approximately sixteen miles an
hour, and this same trainload unbroken
over 2 per cent. ruling grades on the
west and east slopes of the Rocky
Mountain Divide with the help of a
second similar freight locomotive acting
as a pusher.

A big steam locomotive costs less than
a large electric locomotive, but because
of the nature of the mechaniczl move-
ments cf the latter its upkeep is said to
be only about half as costly as that of
the steam engine, while its drawinz
power is relatively higher for any fixed
messure of effort. The electric loco-
motive is far more responsive to a sudden
or excess demand than the steam engire,
In a word, its advocates say it is almost
iitke a good horsze in the way it will exert
itself to draw an overioad or to over-
coeme a momentary difficulty. Ceortain
electric locomeotives of the New York
Central were designed to pull a train of
950 tons, including the locometive’s own
weight, and it was the intention to
emploxr two locomotives on heavier trains,
Yet a single electric locomotive has fre-
queiitiy drawn 800-ton trainz consisting
of frem twelve to fourteen Pullmun cars.
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Electric locomotives of the Chicago,
Milwaukee & St. Paul Raillway weigh as
much 235 284 tons and cost as much as
$112,000 cach. Where the wood-burning
locomotive of fifty years ago had a
tractive power oi 5,000 pounds and the
present-day Mallet steam locomotive has
a tractive power of 76,200 pounds, these
eiectric engines. 112 feet and 8 inches
long. have a tractive power of 85,000
pounds.

The valuabic feature of regenerative
braking in such o system is emphasized
by the experts. By regenerative braking
it i1s possible to mzke the electric motor
produce power, instecad of using it, on
down grades. This produced power can
be turned into the trollex wire, says one
cuthority, to assist other trains and re-
duce the amount of purchased electric
current. When the crest of a grade has
been reached the helper lacomotive is
brought to the front of the train and
coupled with the forward locomotive,
both being operated as one. The train
is then controlied by regenerative brzk-
ing as it rolls down the slcpe. In this
way from one-quarter to a half of power
—from 25 to 52 per cent.—is recovered
and turned back into the t#Hey wire,
where it is available for other trains
toiling upward at other points on the
road.

Electrical power to operate thess 440
miles of roadbed and an additional 1€0
miles of spurs and yards is obtained from
the water power plants of the Montana
Power Company at Great Falls, Mon.
It is cdelivered to fourteerr substations
along the route of the railway. The
substations receive an alternating cur-
rent of 100,000 voits. It has to .be de-
livered to locomotives in direct current
of 3,000 volts.

The 100,000 volt alternating current is
rece:ved through oil switches, is con-
veved to the hizh tension current dis-
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tributer made up of three lines of copper
tubing, and there {orms the source of
power for the substation. From the dis-
tributer, the current is conducted through
other oil switches to the transformers.
These it enters at 100,000 volts and leaves
at 2,200 volts. It then goes through
switches to the motor generator sets and
supplies the powver empioyved to operate
them.

There are two general classes of elec-
tric service in use on railroads that have
formerly been operated by steam. For
local service the common practice is to
run trains made up of electric motor
and traller cars, as in the New York
subway and Hul.on and Manhattan
tubes, a5 well a3 o:: the clevated lines of
New York, Chicaon, and Boston. This
is known as the “ multiple-unit ”’ system
and provides great flexibility and ef-
ficiency of train operation. It is in use
on more than 200 miles of the Long
Island Rauailroad and on the New York
Central, comprising parts of the ITudson
and Harlem Divisions, as well as the
Camden-Atlantic City line of the Penn-
s¥ivaniu fur local service.

Where hkeavy trains must be hauled
for considerable distances and at regu-
lar express spoeds, electric locomotives
are used, singiy, or as double units, to
secure suiflicient {ractive power. On the
Chicago. Milwuukee & St Paul Railway
there are cither two or thiee motor gen-
erators in cach substation, and they con-
sist of one ziternating current motor
driving two direct current generators.
The system is described as follows:

The motor (= of the Gi-cyecle synchronous

type. wvidch means that the current changes
sixty times oacly sernn Each set gencrales

a 1Jewi nr Ttre vt direct current, and the
two geneiator s, being pArmanently connected
in serle2, deliver o combined direct current

of 3,00 volis This is the Lighest voltare
direct current sed in raflroad wo:k any-
where in tne woald.
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