ELECTRIC RAILWAYS.

(PART 2.

RAILWAY SWITCHBOAED APPLIANCES.

1. The Recording Wattmeter.—The recording watt-
meter is used to measure the total amount of energy deliv-
cred from the station. The power, or the rate at which work
is done by the generators, is found by multiplying the cur-
rent by the E. M. F. This gives the watts delivered at the
instant at which the readings are taken. The watts multi-
plied by the number of hours during which they are delivered
give the total work done in watt-hours. Since 1 kilowatt
= 1,000 watts, the watt-hours divided by 1,000 will give the
kilowatt-hours delivered, and, also, since 1 horsepower
— 746 watts, the watt-hours divided by 746 will give the
horsepower-hours delivered by the station. It would be an
easy matter to obtain the output in horsepower-hours or
kilowatt-hours for any station if the load remained constant,
because all that would then be necessary would be to multiply
the ammeter and voltmeter readings together and then mul-
tiply the product so obtained by the number of hours the
station is in operation. This would give the total watt-hours,
which divided by 746 would give the horsepower-hours.
This method is, however, seldom practicable, especially in
railway stations: If the load is a variable one, it is neces-
sary to take readings at frequent intervals throughout the
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time during which the amount of energy absorbed is sought;
then, adding the voltmeter readings together and dividing
by the number of readings gives the average voltage during
the time, and adding the current readings together and
dividing by the number of readings gives the average cur-
rent during the time under test. These two average values
for the current and for the voltage, multiplied together,
give the average watts, and this multiplied by the number of
hours gives the watt-hours output. Where, however, the
variations in load are very violent and sudden, the energy
consumption: for any given period of time obtained in this
way is not always to be relied on, so it is necessary to use an
instrument that will average up the cnergy delivered to the
lines, and for this purposec a recording wattmeter is used on
the switchboard in the best equipped stations. The Thom-
son meter 1s generally used for this purpose. The instru-
ment used on railway switchboards is the same in principle
as that previously described, though, of course, the design
is considerably modificd to suit it to the heavy currents
that it has to handle.

2. A Thomson recording wattmeter as designed for
switchboard work is shown in Fig. 1. The series coils of
the ordinary meter are herc replaced by the heavy copper
bar @, through which the whole current output of the sta-
tion passes, connection being made on the back of the board
to the lugs 4, 5. Above and below this bar are the two small
armatures ¢, ¢, which are connected in serics with a resist-
ance across the line, so that the current in them is propor-
tional to the voltage. Current is led into the armatures
through a small silver commutator &, as in the ordinary
recording meter, and the reading is registered on a dial ¢ in
the usual way. The damping magnets used to control the
specd are contained in the case /. The main current flow-
ing through the crosspiece @ sets up a field surrounding it,
and this field acts on the two armatures ¢, ¢. The current
in these instruments is so large that a sufficiently strong
magnetic field is produced by passing the current through
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what is practically a portion of one turn only, whereas in
the small meters several turns are required. The reading
(watt-hours) is obtained in the same way as for the ordinary
style of meter, and by keeping a record of the readings, the
output of the station for any given interval of time may be
readily obtained. This instrument is constructed so that
outside magnetic fields have little or no influence on it.
On some of the older styles of meters, the magnetic field

Fic. 1.

surrounding the heavy conductors on the back of the board
affected the meter. In this meter any stray field affects both
the armatures ¢, ¢, which are so connected that an outside
ficld tends to turn them in opposite directions, and the dis-
turbing effect is thus neutralized. The field set up by the
instrument itself is in opposite directions on the upper and
lower sides of a, so that these two fields propel the armatures
in the same direction. -
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3. Car Wattmeter.—Recording wattmeters are also
made in portable form for use in connection with railway
work. They are very useful for making tests on the power
consumption of cars. Fig. 2 shows a Thomson recording
wattmeter as adapted for use on street cars. It is made so
that it can stand considerable jarring without injury. It
differs from the stationary types of Thomson meters in that
an iron core A is used in the field. This gives a much

i

Fi1G. 2.

stronger field than where no iron is used, thus giving a
larger twisting action on the armature, so that jarring is
not so liable to interfere with the accuracy of the meter.
B, B are the damping magnets used to control the speed
and C is the armature. The current coils /), [ are con-
nected between the trolley and the motors so that the
current used by the car passes through them. The arma-

ture C, in series with its resistance, is connected across 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



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



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



