44 ELECTRIC RAILWAYS. § 21

ExaMpLE.—The limit of adhesion.being § the weight on the drivers,
how steep a grade could be surmounted by a car with  its weight on
the drivers, starting from the level ?

SoruTioN.—According to formula 6,
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= 2.91 per cent. Ans.

40. The foregoing data and formulas will enable approxi-
mate calculations to be made regarding the power required
for a given number of cars. It is unsafe to give values of
the power to be allowed per car, because there is such a wide
variation in the size and weight of cars that such figures are
not generally applicable. The safest method is to calculate
the power required for any given case by taking into account
the weight of the cars, speed, steepness of grades, etc., as
indicated in the above formulas.

THE LINE.

41. The term line, when used in connection with a
street railway, covers quite a large field of work; in the
first place, the line may be an overhead-trolley system, a
conduit system, a third-rail system, or a high-potential
transmission line. Also, the name can include any of the
several sectional surface systems, none of which, however,
are in general enough use to warrant its consideration
here. Whatever the system may be, its consideration calls
for a study of the active trolley wire, its feeders, and their
means of support.

OVERHEAD LINE CONSTRUCTION.

42. General Features.—When overhead construction
is spoken of, it is generally understood to refer to the com-
mon overhead-trolley system that is used wherever it is per-
mitted, because it is so much cheaper than any of the other
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systems. Overhead construction includes the setting of the
poles, the stringing of the feed wires and the trolley wire,
with its span wires, guard wires, anchor wires, insulating
hangers, coupling devices, switches, etc. The feed wires,
or feeders, i. e., the wires communicating directly between
the generators at the station and the several points of dis-
tribution, are carried overhead or are laid underground if
necessary. When the feeders are carried overhead, it is the
rule to support them on cross-arms from the same poles that
support the span wires and trolley. Sometimes, however,
if the feeder followed the line of the track, it would be
unnecessarily long. In such a case, its route would lay
across country or across town, as the case might be.

43. In Fig. 16, P is the site of the power house;
k—a—C B-b-¢ is the trolley wire, which of course has to
follow the track.

The trolley wire is [~ 777777, 77T
divided into two ~ Feeder ]

. E
sections, ¢ and 4, @ Trolley a  Wire

separated by the
circuit-breaker C' 5
the term circuit-
breaker used in con-
nection with line
work denotes a fit-
ting for putting a
break, or insulating
joint, in the trolley
line. Each section of the wire is fed by its own feeder.
Feeder &, feeds into section @ at @ and follows the line of
the track up to that point. Feeder 4, feeds into section &
at &, but instead of following the track and taking the long
path around, as shown by the dotted line, it cuts across,
as shown by the full line, thus effecting a great saving in
length. It is, as a rule, cheaper in such cases to take the
short cut, even if a pole line has to be erected just for the
feeder, because great length in a feeder not only means a
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46 ELECTRIC RAILWAYS. § 21

great outlay in copper, but it also means that the additional
resistance helps to defeat the purpose of the feeder—that of
keeping the voltage up to a practicable value on the line.

44. Most overhead-trolley systems use a rail return;
that is, the current leaves the power house by way of the
feeders and perhaps the trolley wire, passes through the
car motors and returns to the power house by way of the
rails, the earth, and whatever water, gas, or other pipes may
happen to parallel the track. The return circuit, then, isan
item of just as much importance, as far as conductivity is
concerned, as is the overhead work, and in some cases it is
of more importance, because when the rail return is bad, so
much current follows the path of neighboring pipes as to
injure them and bring on lawsuits.

A glance at Fig. 16 will show that although feeder &,
allows the current a short path from the power house to the
point of distribution &, it does not provide a short path
back to the power house. To reach the power house, the
return current must follow the rail, and it would be very
easy under such conditions fot a greater drop to take place
in the track return than in the overhead feeder. It is
easily seen that, if a ground wire were run from some point
on the rail in the neighborhood of 4, or even from the end ¢
to the ground bus-bar at the power station, it would greatly
improve the conditions of the service.

Should it be found desirable or should circumstances make
it necessary to put the feeders underground, they should
be handled with great care and should be substantially pro-
tected from any liability to abrasion, since faults are some.
what difficult to locate and expensive to remedy. The
feeders, as a rule, are encased in a lead sheathing, which
not only is a protection against abrasion and moisture,
but leaves the feeder pliable and easy to handle, A break
in the sheathing due to a bruise or a kink may not cause any
trouble for months after the feeder has been in active ser-
vice, but in course of time moisture will work through and
establish conditions for setting up a leakage current, which
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will gradually convert the fault into a short circuit. Even
in stringing feeders overhead on iron poles, a little careless-
ness on the part of the linemen will give rise to the same
trouble. The ordinary practice in stringing such feeders is
to set the reel upon which the feeder wire is wound near the
first pole and on the off side; one end of the wire is then
passed over the cross-arm of the pole and a horse or car is
hitched to it to pull it to the next pole, over the cross-arm
of which it is also raised and the operations continued until
the wire is in place. If there happens to be a snag on the
cross-arm or if the feeder gets caught, a hole is cut in its
insulation. If, after the feeder is secured in place on its
insulators, the injured part falls between poles, it can do no
harm, unless a telephone or light wire happens to fall across
it at some time; but if, as often happens, the abraded part
falls over the cross-arm, then the first time a heavy wind
lifts the feeder off the insulator and lets it down on the iron
cross-arm, trouble begins.

FEEDERS.

45. The whole distributing system of an electric railway
may be generally divided into two parts—the feeders and
the working conductor. The latter usually takes the
form of a trolley wire in overhead work, but it may be a
third rail or the conductor rail in a conduit system. The
feeders are usually in the form of heavy cables run out
from the station to supply different sections of the working
conductor. Feeders may be run overhead or underground.
In small towns and cities or on cross-country roads, they
are run on poles, because this is the cheapest construction.
In large cities, however, they are run underground. City
ordinances often prohibit running them overhead on account
of their unsightliness and also on account of their being a
nuisance and source of danger in case of fires. Under-
ground construction is expensive, but it has its advantages.
Electric-railway companies objected very strongly when
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they were first required to put their feeders undergrouna
but many of them are now strongly in favor of it. Under-
ground wires are not disabled by snow and sleet storms, and
on the whole their service is more reliable than that of over-
head wires.

Where feeders are run underground, they are usually in the
form of lead-covered cables. These are pulled into ducts,
and manholes are provided at intervals to allow access to
the cables for making repairs and locating faults.

46. General Methods of Feeding.— The simplest
method of line construction is to use a single wire, serving
both the purpose of trolley wire and feeder; but with a
heavy load, the drop of potential at the end of the line,
except in special cases, would be too great if the trolley wire
alone were used. It is more satisfactory to run a heavy
cable alongside of the trolley wire and tap it into the wire
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at intervals along the route: the two together will carry the
load with much less loss in voltage than will the trolley wire
alone. Such a plan is shown in Fig. 17, where 2 » is the
trolley wire, @ & the feeder, and f, / the several taps. The
power station is supposed to be at one end of the line at S.
It would be a much more economical arrangement were the
power station in the center, as shown in Fig. 18, so that
it might feed in both

s directions and there-
by halve the distance
[ from the power house to
(4 a . .
[ [f T I lf 1 [f [ [ either end of the line.
m n  If the trolley wire is
Fi1G. 18.

divided into a number

of sections ¢, d, ¢, f, g, each connected at its center to the

This electronic image is Copyright 2001 by George W. Schreyer. All rights reserved



This electronic image is Copyright 2001 by George W. Schreyer. All rights reserved



This electronic image is Copyright 2001 by George W. Schreyer. All rights reserved



This electronic image is Copyright 2001 by George W. Schreyer. All rights reserved



This electronic image is Copyright 2001 by George W. Schreyer. All rights reserved



This electronic image is Copyright 2001 by George W. Schreyer. All rights reserved



This electronic image is Copyright 2001 by George W. Schreyer. All rights reserved



This electronic image is Copyright 2001 by George W. Schreyer. All rights reserved



This electronic image is Copyright 2001 by George W. Schreyer. All rights reserved



This electronic image is Copyright 2001 by George W. Schreyer. All rights reserved



This electronic image is Copyright 2001 by George W. Schreyer. All rights reserved



This electronic image is Copyright 2001 by George W. Schreyer. All rights reserved



This electronic image is Copyright 2001 by George W. Schreyer. All rights reserved



This electronic image is Copyright 2001 by George W. Schreyer. All rights reserved



This electronic image is Copyright 2001 by George W. Schreyer. All rights reserved



