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125 tons. All the weight is on the
drivers. The locomotive has a
nominal rating of 1,500 h.p. It
can haul a 1,000 ton train up a 2%
grade at 10 miles an hour. It
can give a draw bar pull of 80,000
Ibs. before slipping its wheels.
The 15 cycle experimental single
phase locomotive (double header)
made for the Pennsylvania Rail-
way weighs 140 tons. One hundred
tons of this weight are on the driv-
ers. The locomotive has a com-
tinuous capacity of 9,200 Ibs. draw
bar pull at 61 miles an hour (1,500
h.p.), and one hour capacity 145
700 Tbs. draw bar pull at 51 miles
an hour (2,000 h.p.), a maximul
draw bar pull of 48,000 Ibs. and
maximum capacity of 3,000 h.p.
The three phase locomotive of the
Italian State Railways weighs 95
tons. All of the weight is on the
drivers. The nominal rating of the
locomotiveis 2,250 h.p. The max-
imum draw bar pull is 47,500 1bs.
Mr. Armstrong says that the great
claim for recognition of the electric
locomotive lies in its great horse
power output, its ability to carry
full tractive effort, or slip its wheels
at speeds two or three times greater
than can be done with any steam
locomotive yet built. Four motor
equipments can be built to de-
liver a draw bar pull of 56,800 Ibs.
at 23 miles an hour (3,500 h.p.).
Two of these trucks pombmed i
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of 113,600 lbs. at speed of 23 miles an l1our
(7,000 h.p.). The various {ndependent 0co-
motive units can be articulated to gn('t;
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tie up the electric zone. However, the pos-
sibility of such a contingency is remote. The
reliability of the power station and the re-
liability of the transmission system is based
on 20 years’ experience. FEach power station
has reserve units, and the various power
stations are inter-connected. The transmis-
sion lines are in duplicate. Repairs can be
rapidly effected. ' Traffic can be shunted
around local trouble as in steam service. The
reserve units in the power stations, the inter-
connection of stations, and the duplication
of the transmission systems practically elim-
inate the hazard of a complete stoppage of
traffic due to failure of power. A destruc-
tion of the track due to such causes as wrecks
and floods would carry away the third rail,
and the third rail would interfere with repairs.
However, the overhead trolley would prac-
tically render the power supply system inde-
pendent of the permanent way.

In the discussion of the subject of electri-
fication it is frequently assumed that a
steam locomotive costs $10 per h.p., and the
electrical equipment $100 per h.p. ($15 for
the electric locomotive and $85 for the
power station and the transmission system.)
But coal chutes, water tanks, cinder pits,
boiler shops, and a part of the machine shops
should be charged up to the steam locomo-
tive. They are as much a part of the steam
locomotive equipment as the power house
and transmission system are a part of the
electric locomotive equipment. These steam
accessories would have to be scrapped in a
completely electrified divisipn. It is not any
more necessary for the ral}way company to
own the power plant than it is for it to own
a coal mine. There will be power companies
as there are coal companies. It will be pos-
sible to buy power delivered to the trolley
just as it is possible to buy coal delivered to
the sidings. As to the cost of a h.p. hour at
the draw bar of an electric locomotive com-
pared with the cost of a h.p. hour at the draw
bar of a steam locomotive, for equal work
done the cost of current is greater than the
cost of locomotive coal. However, accord-
ing to Mr. Armstrong, the operating ffxpcnse
for 1,000 ton miles up and down a 2% grade
is $1.39 for the steam locomotive and $1.02
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for the electric locomotive. The cost in the
case of the steam locomotive is made up of
coal, crew, maintenance. In the case of the
electric locomotive it is made up of current,
crew, maintenance.

Assuming the cost of operation of the elec-
tric locomotive to be less than the cost of
operation of steam locomotive, a given h.p.
of electric locomotive will do more work in a
year than an equal h.p. of steam locomotive.
The electric locomotive is in service more
hours per day than the steam locomotive.
It is in service more days per year than the
steam locomotive. There is no turning, coal-
ing, watering, cleaning of fires, boiler wash-
ing. In the aggregate the steam locomotive
makes 80 miles a day. The freight locomo-
tive will average 6 hours a day on the road.
Selected figures show better results. Ac-
cording to the American Master Mechanics’
Report, 1905, on 2,620 locomotives distribut-
ed among 22 roads, the engines averaged 20 %
o.f their time in the roundhouse, 33 % of their
time awaiting orders to go on the road and
47 % of their time actually on the road. The
more common assumption is that the time
in the roundhouse exceeds 30%. This is in-
stanced in the following quotation from the
Railway Age: “If we consider the average
run of a steam locomotive consumes 10
hours, and that a 5-hour lay over is custom-
ary at the roundhouse, we see that one-third
of the time is not available for earning div-
idends, and the motive power of the railroad
is practically reduced by 33 %—exclusive of
engines that are in the shop.” The increased
availability of the electric locomotive, coupled
with its high speed and heavy tractive effort
characteristics, mean that the electric loco-
motive can handle more ton miles per year
than an equal horse power of steam locomo-
tive can handle. Messrs. Stillwell and Put-
nam believe that the ratio of electric locomo-
tives to steam locomotives for a given service
will not exceed 2 to 3, and will probably ap-
proximate 1 to 2.

Taking the normal steam service on a 2%
grade to be 500 ton trains at 10 miles an
hour, it is a simple matter to replace the
steam locomotives with electric locomotives
that can haul a 1,000 ton train up a 2%



