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 The substation design for such a system is not materially
different from that outlined above except in the cane of the con-
verting equipment. Two standard GOO, 1200, or 1500 volt
machines, connected in series, are usually installed for this
service, the negative terminal of one unit being connected to the
rail while the positive lead from the second machine is carried
to the switchboard bus bars and thence through feeder panels
to the feeders and trolley. The wiring diagram for such a
station will be found in Fig. 58. It should bo noted that in this
installation no transformers are used, although the synchronous
motor of the motor generator set operates at 13/200 volts.
Single-phase Alternating Current Substations.—-In systems
where single-phase alternating current in wupplied to the car in
place of direct current there is, of course, no demand for the
conversion of alternating current to direct current in the sub-
station. On long lines, however, substations are still necessary
to reduce the potential of the transmission Hm». to that suitable
for the trolley, the latter voltage usually being 0600 or 13,000
volts. Such substations, involving only trannformorB, lightning
protection and switches, require no attendants and arc therefore
very small and simple in design as compared with the stations
previously considered. Automatic oil HvvifeeheH are usually
installed in both primary and secondary ciraiitn of the step-down
transformers, although in this case the times element of the auto-
*ma.tic relay is adjusted for a greater time interval than those at
the power station in order that the latter Kwitcluw will open first
in case of trouble. This method, which in just the reverse of that
in converter substations, is adopted to avoid frequent trips to the
substation to close switches,
Outdoor Substations.—The successful operation of small out-
door substations for lighting service han encouraged larger
and higher voltage designs, especially in BingknphaHO systems to
which no converting apparatus is necessary, Evan in the latter
cases the high tension bus bars, lightning arresters and trans-
formers may be Installed outside the station, while the low vol-
tage apparatus requiring supervision is placed under cover. The
advantages of such construction are lower fir«t cost, less space and
building capacity, and less life and property hazard. Contrasted
with these must be considered the greater difficulty of inspecting
and repairing apparatus located out of doors and the greater
danger of its being molested by trespassers*
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