ELECTRIC RAILWAYS.

(PART 4.

CALCULATION OF FEEDERS.

1. In the transmission of current for electric railways,
as in other cases of electric transmission, we are usually
limited to a certain amount of loss or drop in the line. If
the loss is large, we can use a comparatively high-resistance
line with a corresponding small amount of copper. A large
line drop, however, means a low voltage at the cars unless
the voltage at the station is automatically increased as the
load increases. Low line voltage makes it hard for the cars
to maintain their schedule and always gives rise to trouble
with the motors, to say nothing of the actual cost of the
power wasted in the line. It does not pay, therefore, to
allow the line loss to become excessive, and the feeders must
be designed to keep the drop within the specified amount.
The average percentage loss may vary greatly. It is seldom
that the drop is less than 10 per cent. (50 volts), and in a
great many cases it runs much higher than this.

2. The weight of the rail is fixed by traffic considera-
tions, so that an approximate estimate of what the drop in
the return circuit will be can be formed at the outset. The
balance of the drop will then give that allowed for the
feeders, and they should be designed to conform to this as
nearly as possible. Feeders designed under this condition
seldom fail to fulfil the requirements of the average drop.
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2 ELECTRIC RAILWAYS. § 23

There is a great difference between the maximum and aver-
age loads in the stations, and the smaller the station, the
greater the difference is liable to be. For this reason, the
average drop and maximum drop may be widely different.
Take a case where the road operates only two or three cars
and the load fluctuates between zero and the maximum
several times in perhaps a minute. Before the size can be
assigned to the feeders, the average load that each feeder
has to look after must be approximately known or ascer-
tained. In doing this, it is very convenient to divide the
line into sections, assign to each section the load that prob-
ably will be on it, and proportion the feeders accordingly.
Incidental to this method, a certain maximum drop or
average drop must be assigned to each of the feeders, so
that the operation of the cars on all sections of the line
will be practicable under all ordinary conditions.

3. Estimation of Load.— In assigning the probable
loads to the several sections, some knowledge must be had
of the number of cars that are to be run and of their head-
way or distribution. A knowledge of the weight of the
car and its equipment is also necessary in order to determine
the current that the car will take under average conditions.
As far as the 7elative sizes of the feeders and their points of
feeding are concerned, any convenient unit of current per
car can be selected, but in order to determine the actual
size of the feeder in order to keep the drop within the
specified amount, its actual load in amperes must be at
least approximately known.

4, Rules for obtaining the current required under dif-
ferent conditions have already been given in [filectric Rail-
ways, Part 2. The current, if supplied at a fixed voltage,
is almost, if not quite, proportional to the speed of the car.
Not only the variable speed at which the cars will run, but
other things will tend to make the current required per
ton a variable quantity, so that unless the road is already
in operation and the average current consumption per car
is known or can be found out, it will be necessary to know
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§ 23 ELECTRIC RAILWAYS. 3

the style of car, motors, etc.,, and the conditions under
which they are to be run, or to take this value from the
experience of others. ILet us assume a 24-foot car body
equipped with 37-horsepower motors and call the average
current per car throughout the day 20 amperes. This may
strike one as a very low value when compared to the current
called for when the two motors run at their rated output,
but it must be borne in mind that a great deal of the time
the car takes no current at all, for it may be coasting or
standing still with the power off. The value of the average
current per car is obtained by taking current readings on
the car at regular intervals throughout several characteris-
tic trips. The closer these readings are taken together, the
more accurate will be the result. These current values are
all added together and divided by the number of readings,
and this gives the average of the current during the time
covered by the test. This test should be made at a number
of different hours during the day and the average value of
all these average results taken. This final average is the
load to be assigned to each of the several cars; this load
multiplied by the number of cars to.be run gives the aver-
age load of the whole road, or the load that the feeders
will be called on to handle. The car referred to above is of
medium size. Large double-truck cars would take a much
larger current, the average probably being from 50 to
75 amperes, depending on the grades, etc.

5. Example of Feeder Calculation.—On account of
its mechanical strength, low cost of maintenance, and good
conductivity, the trolley wire in the following calculations
will be assumed to be No. 00 hard-drawn copper having a
resistance of about .08 ohm per 1,000 feet. This value
covers the average conditions of temperature.

Fig. 1 shows the layout of a road that we will assume
to be 5 miles long. The system is fed from a power
station at one end of the line and operates ten cars using
on an average 20 amperes of current per car, making a
total of 200 amperes. It is prescribed that the total load
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4 ELECTRIC RAILWAYS. § 23

concentrated at the end of the line shall not produce a drop of
over 100 volts. If the trolley wire is No. 00, what must be
the size of the feeder 5 A ?

The road is single track, so that there is available the
conductivity of two lines of rails in the return circuit.
These rails will be 5 miles long, and at .0111 ohm per
1,000 feet, including bonds, will measure .0586 ohm per mile;
5 miles of track will,therefore,measure .0586 X 5 = .293 ohm,

B leeder A
Power F‘—"J 9 ’
Station 2 £ 6 s 10
Trolley Wire *00 l
o 5ifes=26400° ' 4

FiG, 1,

which resistance, carrying a current of 200 amperes, will
cause a drop of 200 X .293 = 58.G volts, leaving a drop
of 100 — 58.6 = 41.4 volts to take place in the trolley wire
and feeder. If we assume that the conductivity of the
copper in the trolley wire is the same as that in the feed
wire, we may use the formula

Circular mils = 108 ><€L X C, (1.)

where L = length of wire in feet through which the
current ( is delivered;
C = current supplied;
¢ = drop in volts.

The number of circular mils given by this formula will
be the combined cross-section of the trolley and feeder,
because these two wires are tied together in parallel
throughout their length, In this case, L = 26,400 feet,
C = 200 amperes, ¢ = 41.4 volts; hence,

10.8 % 26,400 X 200
41.4

Circular mils = = 1,377,400, nearly.

The trolley wire is No. 00 and has an area of cross-
section of 133,079 circular mils, as will be seen by referring
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§ 23 ELECTRIC RAILWAYS. S

to the wire table in Flectric Transmission, Part 1. Deduct-
ing this from the total cross-section called for, leaves
1,377,400 — 133,079 = 1,244,321. This will be a very large
feeder, and 5 miles of it would be very expensive.

6. Another Solution of the Same Problem.—In the
above we assumed that the trolley wire was of practically
the same quality of copper as the feeder. This makes the
solution simple and accurate enough for all practical pur-
poses, because the trolley wire is small compared with the
feeder., We will assume that the hard-drawn trolley wire
has a resistance of .08 ohm per 1,000 feet, which is some-
what higher than the resistance of a soft-copper wire of the
same size, and work out the example by a different method
in order to compare results. :

The drop in the overhead system is limited to 41.4 volts,
and as the current is 200 amperes, the resistance must be

414

200
wire itself is .08 X 284%¢ = 2.112 ohms. The feeder must
then be of such a size that when it is connected in parallel
with a resistance of 2.112 ohms, it will bring the combined
resistance of the two down to .207 ohm. If R is the com-
bined resistance of the two resistances &, and K, connected
in parallel, then

=.207 ohm. The total resistance of the trolley

1 1 1
RERTR
Since we know the values of R and X, it is necessary to

solve the above equation for R,. The above equation may
be transposed as follows:

1 1 _ 1
=

1 ]

R R

This equation, by reducing the left-hand side to a com-
mon denominator and then inverting the fractions, may be
transformed so as to give

R X R,
R, —- K
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