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OPERATION OF MOTOR CONTROLLER

The motor controller used with PCM control contains magnetic
contactors for making the main motor connections and a PC
controller for cutting out the motor resistors in the proper
sequence., The circuits are so arranged that the PC controller
cuts out the resistors during series acceleration by rotating
in the forward direction and after the change over from the series
to parallel connections by the magnetic contactors, it reverses
its movement to again cut out the resistors in the parallel
connection of the motors by turning back to its off position.

By referring to the schematic diagram K-2765059 it will
be noted that there are four magnetic contactors designated as
follows:

line breaker
series contactor
parallel contactor
ground contactor
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These contactors are all equipped with powerful blowouts
since they function to make and break the main power circuits.

The contactors numbered 1 to 1l inclusive are cam operated
resistance contactors and do not require blowout coils as they
are arranged to overlap when opening. The eleven resistance
contactors are actuated by a small air engine which is governed
by one magnet valve.

Resistance contactors 1 and 7 are normally closed in the
off position, therefore, in order to apply power to the motors,
the line breaker and "S" contactor are closed which completes
the circuit through the motors with all resistance in series.

As a safety precaution these two contactors are energized from
separate control wires, sa that in case one wire should become
connected accidentally to trolley potential due to a breakdown in
insulation, the operator would still te able to cut off power

by turning off the master controller.

From the sbove it will be seen that it is not necessary
to have air to operate on the first point, This is of advantage
in bringing in a crippled car, moving cars in the barn in case
of fire etc.

With the master controller held on the second point, the
PC controller will notch up to the full series position under
control of the accelerating relay. The connectioms at this
point are shown by Fig. 3 on K-2765059.

-3=




Transition is effeeted by turning the master controller
to the third peint which energizes the "P" and "G" contactors.
When the "G" contactor picks up, an interlock de-energizes the
"g" contactor and the magnet valve on the PC controller, The
connections at this point are shown by Fig. S.

The magnet valve being de-energized, the PC controller
turns back to its starting position, cutting out resistance in
the parallel connection of the motors, but still under control
of the accelerating relay. The connections in the full parallel
position are shown by Fig. 6 and it will be seen by comparison
with Figs. 1 and 2 that the PC controller has returned to its
original starting position, the difference in connections being
effected by means of the magnetic contactors "P", "S", and "G".
This feature is of particular advantage in that when power is
cut off it can be re-applied with minimum loss of time,

In order to halt the progression of the PC controller
the "stop" coil is energized. This may be done in two ways’
by turning the master controller to the first point, or by
action of the accelerating relay. When the stop coil is
energized, a roller on the armature slides into a notch on
a starwheel which is mounted on the cam shaft. This locks the
cam shaft and prevents further movement until the stop coil is
de-energized. By this means the control may be notched up a
step at a time, by moving the master controller handle or lever
successively from a running point to the first point.

A diagrammatic view of the PC controller mechanism is
shown on drawing K-2765581.

When the magnet valve is energized, air is exhausted from
the air cylinder "N" and pressure applied on the liquid in the
reservoir and the hydraulic cylinder, forcing the piston to
rotate the cam shaft toward the full series position.

The de-energized position of the magnet valve, due to the
action of the tension spring on the armature, is as shown on
drawing K-2765581. In this position full reservoir pressure is
applied in the air cylinder and any pressure in the hydraulic
cylinder is relieved through the exhaust port on the magnet
valve, resulting in the cam shaft turning to the off position,
providing the stop coil "F" is not energized.

Any liquid that may leak past the packing "S" will flow
down into the pipe leading to the check valve "R". In the off
or full parallel position there is no air pressure on the bottom
of the check valve and the liquid flows down into the pipe leading
to the liquid reservoir "G", At the next operation of the controller
the air pressure in the pipe closes the check valve and carries the
liquid along into the reservoir, thus preventing waste,
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The above sketches show how the mechanical force is transmitted from
the relay armature to the contactor armature in order to increase the
opening speed of the line breaker.
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These curves give a comparison of the time required for line
breakers with and without overload attachment to open.

The contact tips, arcing horns, magnetic blowouts, and arc-suppressor
plates in the arc chutes are constructed to stretch and rupture the arc
with minimum burning of the contact tips.

The arc chutes and pole pieces of the contactors may be removed as a
unit without the use of tools, leaving the contactor tips accessible for
inspection and repair.
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INSTALLATION

In preparation for the installation of the apparatus, a
layout should be made, particular attention being given to the
location of each piece of apparatus with respect to the piece
from which it gets most of its connections.. Apparatus should
be so arranged and located as to give as equal weight distribu-
tion as possible. The matter of accessibility for inspection
and repair is also important.

INSULATING FROM GROUND

The contactor box is arranged to be insulated from ground
and clearance should be provided between all grounded pipes,
hangers, brake rods, etc., and the contactor box. The insula-
tion between the supports and the contactor box should be in-
stalled so that the bolts fastening the box to its supports
are not grounded.

The insulating joint used in the air pipe should be placed
in a vertical pipe to prevent water collecting on the interior
insulating surface.

AIR PIPING

Main reservoir air is used for operating the air engine.
When the reservoir pressure exceeds 85 lbs. a reducing valve
is used, set for 70 lb. on the control side. A control reservoir
is not required as the control may be operated on the first point
without air.

In addition to the cooling pipe supplied for the air brake
equipment, at least 15 ft. of 3/8 in. galvanized cooling pipe for
the air connection to the control is recommended. This cooling
pipe should be installed between the air brake reservoir and the
contactor box.

The piping should be arranged to drain the modisture into
the reservoirs. Care should be taken to install the piping in
such a way as to avoid pockets or water traps. Where this is
unavoidable provision should be made for drainage at these
points.

When installing the air piping for the contrel care should
be taken to remove all rust and scale., After the piping is in-
stalled, it should be pounded with a hammer and blown out before
connecting to the control apparatus.
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PC CONTROLLER

The PC controller which is mounted in the SB contactor box

or DJ control group is shipped from the factory with the liquid re-
servoir filled with oil. In order to prevent leakage during ship-
ment the air pipe from the liquid reservoir to the magnet valve is
disconnected at the magnet valve and capped. After the contactor
box is mounted on the car, the cap should be removed and the pipe
reconnected to the magnet valve, care being taken to obtain a tight
connection.

After complete air and electrical connections have been made
the controller should be operated a few times with the main switch
open, The cap on the filling pipe located on the side of the liquid
reservoir should then be removed and the height of liquid in the re-
servoir checked. With the controller in the off position the liquid
should cometo within 1/2 in. of the top of the filling pipe,

The PC controller is adjusted at the factory to turn to the
full series position (full forward position) and back to the full
parallel position (reverse to original starting position) in a total
of four eeconds without any current in the main circuits and with a
reservoir pressure of 70 1b. This adjustment should be checked
again with maximum air pressure just after the compressor governor
stops the air compressor. This should be made by turning the orifice
adjusting screw located in the end of the hydraulic cylinder. It is
necessary to remove the cap in order to get at the adjusting screw.

Make Sure that the air strainer and insulated joint are in-
stalled and inspect the piping and magnet valve for air leaks.

The controller is shipped with the accelerating relay set for
the particular motor equipment with which it is to be used. Under
normal conditions the accelerating relay will retard the control
progression only when the current reaches the safe commutating limit
of the motors. With this arrangement the by-pass feature sometimes
used with automatic control is not required.

MOTOR RESISTORS

Porcelain bolt insulators are furnished for the supplemen-
tal insulation between the individual resistor frames and their
hangers as shown on M-2725480. When installing, the bolt insula-
tors should be arranged to prevant the short circuiting of the
porcelain portion by mud or grounded metal, Conduit should
not be supported from the resistor frames.
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MAIN FUSE

When the copper ribbon type fuse box is used it should be
mounted on porcelain insulators as shown on Photo. 345083,
In case wood is used for insulation there should be at least three
inches creepage distance between the fuse box supporting bracket
and ground for 600 volt systems,

MASTER CONTRCLLER

Two general types of master controllers are used - hand
operated and foot operated. With either type of controller the
frame should always be grounded to the car  frame for safety.

The following points should be noted when installing foot
operated controllers. Operating rods and pull rods should be
installed in such a manner as to require the least amount of effort
to operate, consistent with positive operation. The return
spring for the master controller pedal must have enough tension
to positively return the pedal to the off position when released
from any operating position and still not require excessive effort
to operate.
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MAINTENANCE

The work of maintaining equipments and the frequency of
inspections necessary, depend greatly on local conditions, which
are the real determining factors. As a general rule this type
of equipment should be inspected approximately every S00 to 1000
miles, This usually amounts to & "light inspection" weekly.

A "heavy inspection" should be made every three to six months
depending upon the service,

OPERATING TEST

At each inspection the main switch should be opened and
the control operated from each master controller, with normal air
pressure in the reserwoir., This test, when made with the reverse
handle in the forward and then the reverse position, tells im-
mediately whether the pieces of apparatus are working.

Hold the master controller on the first point to see that
the stop coil halts the progression of the cam shaft. With the
master controller held in an operating position, trip the over-
load relay by hand. The holding coil should hold the overload
relay armature in the tripped position until the master control-
ler is turned off, when the overload relay should reset auto-
matically, With the latched type of overload relay it is nec-
essary to reset the overload relay by operating the MS control
switch in the cab.

INSPECTION

At each inspection the master controller, control switches,
main switch,fuse box, reverser, and contactor box or control
group should be opemed, examined, oleaned, adjusted or repaired if
needed. The following points should be noted:
CONTACTOR BOX (MOTOR CONTROLLER)
(1) General:

(a) Remove covers and blow out with dry air,

(v) Clean porcelain insulators on supports,

(e) Check condition of felt between covers and replace
if worn through.

(8) PC-19 Controller:

(a) Check piping for liquid or air leaks. If any leak
is indicated, locate, repair and refill liquid reservoir

if necessary,
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(3)

(b) Remove cap from fiiling pipe and check height of
liquid in PC controller reservoir, which should not be
allowed to drop more than 1 inch below top of filling pipe.

(e) Remove plug or cylinder head on air end of cylinder
and grease cylinder walls with a thin film of PC CONTROL
LUBRICANT NO,2.

(d) The two cam shaft bearings are bdall bearings and
should be cleaned and packed with grease once a year.

(e) Examine contact tips (main and control) for burning
or wear, If there is any burning on main contacts it is
caused by faulty resistors, faulty resistor connections to
contactors or stuck moving contact assembly.

(f) Replace contact tips when worn halfway through.

(g) When renewing a contact tip, if the surface against
which it rests has become rough or pitted due to poor contact,
it should be smoothed up or a new part installed,

(h) Examine screws holding contact tips and shunts and
tighten if loose,

(1) Examine all shunts for wear and breakage, Shunts
showing any indication of breaking should be replaced.

(J) Check interpoint interlock contacts for wear, and
replace when the contacts are worn through the silver facing.

(k) Check tip gap of interpoint interlock which should
be 3/16 to 1/4 inch.

(1) Test stop coil armature for free action,

(m) 011 all bearings, rollers and hinge pins with a thin
lubricating oil such as PC CONTROL LUBRICATION NO,1l

(n) Refer to "Magnet Valves®" on page 14 for information
concerning maintenance of this part of the equipment.

Line breaker, P, S and G Contactors:

(a) Remove arc chutes, oxémine contact tips and tighten
them if loose.

(b) Renew contact tips when worn halfway through.
(e) When renewing a contact tip, if the surface against
which it rests has become rough or pitted due to poor contact
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(4)

(s)

it should be smoothed up or a new part installed.
(d) Examine screws holding shunts and tighten if necessary.

(e) Examine all shunts for woar and breakage, Shunts
showing any indication of breoaking should be replaced.

(f) Examine all terminal connections for tightness and
inspect cables and wires for any indication of chafing.

(g) Tost all armatures for froo action,

(h) Work overload trip on line broaker by hand to see
if it is free,

(1) Clean arc chutes and replace any burned side plates
or arc Supprossors,

(J) Check interlocks mounted on back of line breaker and
contactors for wear, burning and cleanliness, See that
interlocks work freoly.

(k) The interlocks are equipped with silver faced contacts
which should be roplaced when the silver is worn through.

(1) o011 all bearings and hinge pins with a thin lubricate
ing oil such as PC CONTROL LUBRICANT NO,1 .

Accelerating Relay:
(a) 1Inspect contacts for wear and cleanlinoss.
(b) Move armaturo by hand and see that it moves freoly.

(¢) Seo Page 19 for information concerning operation
and adjustment of accelerating relay,

Resistor Tubes and Connection Board:
(a) See that connoctions are tight.

(b) See that the tubes are not discolored or burned and
that thoy are properly mounted,

MASTER CONTROLLER (HAND OPERATED)

(a) Romove covor and blow out with dry air,

(b) 1Inspect for woak fingers, imperfoct contact and loose
connections,
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(e) Clean contacts and lubricate with a light grease
having a high melting point, :

(d) ILubricate bearings with a few drops of light oil,
MASTER CONTROLLER (FOOT OPERATED)
(a) Remove cover and blow out with dry air,

- (b) Inspect for weak fingers, imperfoct contact and
loose connections,

{c) Clean control contacts with fine sand paper if they
show signs of burning.

(d) See that moving contact assemblies are free on master
control contacts.

(e) Clean reverser contacts and lubricate with a light
grease having a high melting point.

(f) See that operating rods are in corroct adjustment,

(g) Lubricate rollers and pawls with a few drops of light
oil.

(h) The main shaft bearings are ball bearings which should
be cleaned and repacked with grease during overhaul.

AIR OPERATED REVERSER (WHEN USED)
(a) Remove cover and blow out with dry air,

(b) Inspect for weak fingers, imperfect contact and loose
connections,

(¢) Clean contacts and lubricate with a light grease having
a high melting point.

(d) Lubricate bearings with a few drops of light oil,

(e) oOperate the reverser by pressing on the valve pin,

It should throw in less than one second, If slow, and
segments and bearings are well lubricated, the cylinder may
require lubrication or the difficulty may be with the magnet
valves, See Page 14 on maintenance of magnet valves.

(£) Remove cylinder heads and grease cylinder walls with
a thin film of PC CONTROL LUBRICANT NO,Z2,
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MAIN SWITCH AND FUSE BOX

(a) Inspect for loose terminals and poor contact,

MOTOR RESISTORS

(a) Wipe off supporting insulators and blow off resistors
with dry air,

(b) See that all connections aro tight.

(ec) BSee that resistance ribbon has no foreign matter be-
tween turns,

CONTROL SWITCHES

FIELD

(a) Examine all control switches and fuses for proper
mounting, .

(b) See that all terminal connections are tight and that
all cables are properly mounted to avoid chafing of insulation.

SHUNT ING CONTROL GROUP
(a) Remove covers and blow out with dry air.
(b) Clean porcelain insulators on supports.

(¢) 1Inspect for frayod or broken shunts. Shunts showing
any indication of breaking should be replaced.

(d) Examine all terminal connoctions for tightness and in-
spect cables and wires for any indication of chafing.

(e) Inspect contact tips for burning or woar.

(f) Smooth up any rough contact tip surfaces and replace
tips when the silver facing is worn through.

(g) Try all armatures for free action,
(h) Inspect relay contacts for wear and cleanliness,

(1) Lubricate hinge pins sparingly, using only a few drops
of light oil,

(J) Particular attention should be given to the interlock
mounted on one of the shunting contactors, It is essential
to the proper operation of the equipment that this interlock
and the circuit it controls be in good condition, This inter-
lock completes the "sealing in" circuit of the contactors and
ir inoperative due to poor contact or open circuit, flutter-
ing of the contactors will take place resulting in excessive
arcing and burning at the contact tips,
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MAGNET VALVES

Magnet valves must receive proper maintenance to produce satis-
factory operation of electro-pneumatic devices, It is probably a
natural tendency to slight this device as all working parts are en-
closed, but when the frequency of operation is considered, it becomes
evident that proper attention to the maintenance of magnet valves
is an important factor in reducing total maintonance expense of the
equipment,

In general, magnet valves should be inspected for air leaks,
sluggish operation and once a yoar the air gap and travel should
be checked,

Whon a valve leaks air it is usually due to foreoign matter
such as pipe scale getting on the valve scat or else the valve
stem has worn beyond the permissible limit., Sluggish operation
may be caused by a sticky valve stem or insufficient travel. Wash
with gasoline, also pour a little gasoline through the magnet core
to clean the valve seats, When valves are removed, each must be
returned to its own seat, as each stem is ground to fit its own
seat,

Whenever a new valve is installed, or a valve leaks, it
should be ground in., Apply a small amount of grinding compound on
the valve seat and spin the valve back and forth by means of a
screw driver held in the slot in the end of the valve stem, When
grinding in the lower valve, the upper valve should be in place so
as to center the lower valve. To determine when a good seat has
been obtained, wipe all parts clean and with a screw driver roll
the valve stem back and forth on the valve seat. A bright ring
all around the stem indicates a good seat.

After a good seat is obtained, blow out all grinding ma-
terials with air and wash with gasoline. When a large number of
valves are to be ground in, the cost may be reduced by using
special recamers on the valves and valve scats before the valves
are ground in,

The valve travel, which is the distance the valve moves
from the closed to the open position, is stamped on the bottom
surface of the cap plug on all magnet valves, and may be checked
with gauges as described later.

The air gap, which is the distance between the armature
and magnet core, must be maintained within proper limits, as too
large a gap will require excessive voltage to operate the valve,
and too small a gap may result in the valve sticking in due to
residual magnetism,
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Fig.1
Adjusting Gauge Dial to
Zero on Flat Surface.

Fig.2
Method of Using Gauge
on Magnet Valves.
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The PC-19 controller has a double acting magnet valve, the
general construction being shown on photograph 345386, The spring
attached to the valve body and armature holds one valve normally
open and the other closed. When the magnet coil is energized the
reverse action takes place,

In order to check the air gap remove the magnet valve cover
and armature., Starting with the valve which is actuatod by means
of the coil, press down the upper valve stem and note the distance
the stem projocts above the core. This valve 1s designed so that
the upper stem can wear down until it is nearly flush with the
magnet core when depressed, but it is recommended that new stems
be installed when the old ones are worn to within ,010 in, of the
top of the core when depressed, Check the spring actuated valve
in the same manner,

To check the air gap on the roverser magnet valves use the
gauge Cat., 2716194, Place tho 0.032 in, gap over the upper valve
stom and press down, This is a condemning gauge and if the upper
valve stem is too short it will not seat and air will pass through,
in which case a new upper valve stem must be installed.

INSTALLING AND ADJUSTING NEW VALVES

After making any changes in the valve parts such as grind-
ing in or installing new parts, the travel and air gap should be
checked and adjustments made if necessary. To compensate for
wear on the valve seats, new valve stems are furnished slightly
longer than required, and when installed must be filed so as to
come within the proper limits. When making adjustments remove
the magnet valve cover and armature and use the gauge Cat. 2716194
which has four slot depths:- 0,032 in,, 0.052 in,, 0,068 in, and
0,088 in, When a large number of valves are to be maintained it
will be found more convenient to use a micrometer gauge as shown on
photo. 426979, :

EXHAUST VALVE (PC=-19 CONTROLLER)

Place the 0.032 in, gap over the oxhaust valve stom on the
coil operated valve and pross down, If the valve stem is of the
correct length the exhaust valve will seat and air will not pass
through the valve; the legs of the gauge will rest on the top of
the magnet core, If the stem is too long so that the feet of the
gauge do not touch the magnet core, file the top of the stem,

A convenient way of doing this iz to use a small steel block with

a hole drilled to take the stem and a thumb screw to hold the stem
firmly while filing. This will insure filing the end of the stem

perfectly flat,

The same procedure is followed in adjusting the exhaust
valve on the spring actuated valve, using the 0.032 in, gap on the

«15.
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gauge.
INLET VLAVE (PC=19«-CONTROLLER)

Place the 0.068 in, gap over the cxhaust valve stem with the
gauge legs resting on the top of the magnet core. If the inlet
valve stem is of the proper length, the end of the exhaust valve
stem will be flush with the gap surface and air will not pass
through inlet valve.

If air passes through the inlet valve, file a small amount
from the end of the inlet valve stom and ropeat tost.

If therec is a space betweon the top of the coxhaust valve stom
and gauge gap, peon out the inlet valve stem or install a now stem
and repeat test.

The above applies to both the coil and spring actuated soc-
tions of the PC-19 controller valve,

EXHAUST VALVE (REVERSER)

Follow same procedure as for PC-19 valve except use 0,052 in,
gap on gauge.

INLET VALVE (REVERSER)

Follow same procedure as for PC-1l9 valve except use 0,088 in.
gap on gauge.




PC-19 CONTROLLER
REMOVING PISTON
Refer to P-2743109.
(a) Shut off air supply.
(v) Disconnect piping from bearing cap.

{c) Remove cap screws (1) and washors (2) so as to cnable
taking off cylinder heads (3). In doing this care should be tae
ken not to ruin gaskets (4).

(d) With controller in off position the piston will be near
the hydraulic end of the cylinder as shown, in which position
cotter pin (5), nut (6), lockwasher and follower (8) may be remov-
od, Note position of end of piston with respect to ond of cylinder.
This will be of help  in reassembling.

(e) Turn the cam shaft using wrench V-2715895 as far as
it will go in the opposite direction., It will be found that the
piston moves away from the piston packing (9) and the latter may
be pulled out by using a hooked rod inserted through the hole in
the center.

(£) Remove cotter pin, nut lockwasher and follower on
the air end of the piston in the same manner. Turn the cam shaft
back and the piston packing will remain near the end of the cyline
der where it may be removed by means of the hooked rod.

(g) Remove the four cap screws (12) on the end of the bars
supporting the cam operated contactors.

(h) Remove cap screws (10) which hold the bearing caps on
both ends of the shaft, This will allow the cam shaft to be low-
ered, disengaging the pinion with the rack so that the piston may
be slid out either end of the cylinder.

REPLACING PISTON

(a) 1Insert piston (without packings) in cylinder with flat
end of piston in hydraulic end of cylinder,

(b) Replace cam shaft, lining up teeth in rack and pinion
in accordance with marks on teeth,

(¢) Fasten cam shaft in place with cap screws (10),
(d) Insert piston packing (9) and place follower (8) lock=
washer, nut (6) and cottor pin (5), on hydraulic end of piston.

.‘.017.




(e) Turn cam shaft so that piston is accessible from air
end of cylinder and insert piston packing on end of piston. Tasten
with follower, lockwasher, nut and cotter pin,

(£) Replace cylinder heads (3) and fasten with cap screws (1).

(g) Fasten contactor supporting bars in place with cap
screws (12),

(h) Re=connect piping to bearing cap.
REMOVING CAM SHAFT

To take down cam shaft, remove cap screws (12), which hold
the supporting bars for contactor units in place, and remove cap
scrows (10) or both onds of the shaft. The entire cam shaft may
then be removed.

-




OPERATION AND ADJUSTMENT OF ACCELERATING RELAY
CONSTRUCT ION

The accelerating relay used with PCM control consists
essentially of two serics coils and one shunt coil mounted on
a steel corc and a steel armature, the latter held in its
normal open position by a tension spring. A knife odgo bearing
extending the width of tho armature roduces friction on the
moving parts to a minimum and insures that the calibration will
remain constant, Silver contact tips arc used to roduce con-
tact rosistanco.

One sot of series coils is connccted in cach motor circuit
on two motor ecquipments and in series with cach pair of motors
on four motor equipmonts, This method is used so that the reclay
will operate on the average current through both sots of motors.

OPERATION

The function of the relay is to stop the progression of
the control whenover the current through the motors oxceeds a
predetermined value and allow the progression to continuc as
soon as the motor curront has dropped to this predetermined
value, Whenever the motor current exceeds the relay setting
the magnotic pull on the armaturc is great enough to overcome
the spring tension and the contacts are cleosed. This completes
a circuit through the "stop" coil which halts the movement of
the PC controller until the motor current falls to the value
at which the relay is set to drop out, at which point the
contacts arc opened, allowing the PC controllor to continue
cutting out resistance. This action is carried out throughout
the entire acceleration.

The shunt coil on the relay is connected so that its flux
adds to that of the series coils, The purpose of this coil is
two fold:

1l - It acts as a 1lifting coil and helps the series coils
pick up the relay.

2 « It is also used to vary the relay calibration on
equipments which include the selective acceleration feature,

Under conditions of maxirum acceleration, the shunt coil
is energized only when the interpoint interlock closes, As its
name indicates, this interlock is arranged so as to close only
between points, and when it does close, it completes a circuit
through the relay shynt coil and the "stop" coil. The reason
for including the stop coil in this circuit is to start building
up the flux in the stop coil so as to insure that the progression
of the PC controller will be stopped on the following point in
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case the motor current is above the drop out setting of the
accelerating relay. Under conditions of maximum acceleration
therefore, the relay shunt coil is energized only between the
points, and when on a given point the only factor affecting
the dropout of the relay is the motor current through the
series coils.

To obtain selective acceleration, which is intermediate
or lower rates of acceleration, it is not necessary to change
the adjustment on the relay. This is accomplished by con-
tinuously energizing the shunt coil through a high resistance,
a different amount of resistance being used for each additional
rate desired. This, however, does not affect the operation of
the interpoint interlock which functions as described previously.
Under these conditions, the result is that with the same adjust-
ment on the relay, the current through the series coils will
have to drop to a lower value before the relay will drop out and
allow the PC controller to move to the next point.

ADJUSTMENT

The accelerating relay is shipped from the factory with
the proper setting for the motors with which it is to be used
In case the desired acceleration is not being obtained, it is
recommended that other parts of the equipment be checked thor-
oughly before making any change in the relay adjustment.

Apparent mis-functioning of the relay may be cause by
the following:

(a) On metallic return circuits such as used on trolley
buses, particular attention should be given to the wiring of
the control circuits with respect to the main circuits. If the
polarity of these two circuits is not alike, the relay shunt
coil will buck the series coils, resulting in erratic operation.

(b) If the timing on the PC controller is too slow, it
may take so long to cut out each step of resistance that the
current will never be high enough to cause the relay to operate.
Under this condition, if the relay adjustment is raised, it will
have no effect and if lowered, will only result in a still lower
rate of acceleration. The average timing of the PC controller
should be approximately four seconds for a complete cycle, i.e.,
up and back, this time to be measured while operating the con-
trol without current in the motor circuit.

(¢) Jerky acceleration is usually caused by incorrect
resistor connections which may be mistaken for failure of the
relay to function.

B0~



(d) The succeasful operation of the relay depends to a
large extent on the condition of the interpoint interlock.
Insufficient contact on the interpoint interlock mey prevent
the relay from picking up, allowing the controller %o skip
points. The tip gap on the interpoint in*erlock contacts
should be 1/4 inch. The tip gap on the relay contacts should
be 1/16 inch when a condenser is used and 1/2 inch when the
condenser is not included.

In case it should be necessary to change the relay ad-
Justment, this can be done by changing the spring tension on
the armature., Turning the adjusting screw tc the right will
increase the spring tension, raising the drop out setting of
thé relay So that it will be less effective in retarding the
time for the controller to turn on. Turning the screw to the
left will decrease the spring tension, lowering the drop out
point of the relay so that the relay will be more effective
in slowing up the time required for the controller to turn on.

=21
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LINE BREAKER AND CONTACTORS

The line breakeér and contactors are magnetically operated.
Arc chutes are readily removable without the use of tools, and
the line breaker is provided with arc suppressor plates to ine
crease the efficiency of the powerful blowouts, The four contact.
ors have magnetic blowouts of modern design capable of rupturing
all overloads as well as normal currenis.

Oon the back of the line breaker frame is mounted an over-
load relay of new design, which net only opens up the control
circuit of the coil when an overload occurs but also utilizes
the energy of the overload %o quickly and forcibly cpen up the
contact tips of the line breaker, thus reducing the destructive
effect of the overload or shert circuit curreni %o about one
third of that of the former types of line breakers.

FC CONTROLLER

The PC controller has eleven small and rugged cam contactors
of a new design. These are spring closed and positively opened by
cams on a rotating cam shaft. The cam operated contrcller assures
a definite and positive sequence of closing the cam contactors
without the introduction of interlocks.

MOTOR_REVERSER

The motor reverser is of the electro-pneumatic type. Two
magnet valves are provided for operating an air cylinder which
throws the drum to the ferward or reverse positien. Fingers
mounted on both sides of the drum make contact with segments %o
provide the proper moter connections. Six control fingers are
included which insure proper interlocking,



MASTER CONTROLLER

The master controller is of the drum type with four po-
sitions as follows:

off «

Switching

Full series running
Full parallel rumning

8 2 ¥

o

Frame and cover are of sheet stesl., The shaft is of
hexagonal steel covered with moulded insulation which conforms
to modern controller construction. The reverse handle is
separate from the main handle and is arranged so that the
revergser drum cannot be thrown while the main handle is in
an operating position and the main handle cannot be operated
while the reverser drum is in the "off" position, The con-
troller is provided with a dead man's release, that is, the
cylinder returns to the "off" position when the handle is
released.

[
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MA.13 FUSE BOX

!n.:

Moulded compound box with moulded compound arc ghute
and contact parts enclosed.

_Capacity:
225 amps., (Will rete 500 amps. with special adeptors)
Fuse:

Copper ribben held by wedge clamp terminals, latter ope-
rated by insulated hand screws which extend out of ends of box.

General:

Pole pieces embedded in compound. Cover hinged at
bottom, helid closed by wing aut,

N




MS-118-4 MATN SWITCH
Anife “Hlade switch S8.P.S,T. with quick break feature.
Capacity: .
" 4CO amps. continuous. 1
General; '

Mounted on a slate base and enclosed in a wooden box
fitted with hinged cover.

{
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MD LI ING

Magnetic blowouts

Construciion:
This arrester consists of a spark gap in series with a

resistance. Part of the resistance is in shunt with a dlowout
coil, between the poles of which is the spark gap. The parts are
mounted on a porcelain base, which for outdoor service iz in turn
mounted in a substantiial asbestos-lined, wooden box.

For the 750 volt arrester, the resistance is 70 ohms, and
the spark gap 0.025 inah.

on:
When the lightning potential comes on the line, it causes
the spark gap to break down and a discharge occurs through the
gap and resistance rod to ground. Part of the line current follow=
ing the discharge shunts through the blowout coil, produciang a
strong megnetic field across the spwrk gap thereby hlowing out the
discharge arc and resicring normal conditions.

The resistance rods will not orack or Bl istor under the
heat of the current, nor will they losc their resistance.

The blowout coil 4s not in the main circuit but merely shuats
ity so that there iz no dangor of its taking the luhtnin; 4ig-
charge and burning out.
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LIST OF MATERIAL

DOUBLE END PCM CONTROL

FOR

4~ 40 H,P.~ 600 VOLT MOTORS.

Apparatus
US=24-B trolley bases
M-D3 lightning arrester

MA-13~F fuse box with porcelain
bolt insulators

MS-~118-A main switch
C~506 master controllers
Reverse handle
MS-46-H control switches with fuses
ME-59 reverser
SB-97 contactor box, containing
1l- PC-19 controller
l- DB-999 line breaker
3~ DB=920 contactors
l- Motor cutout switch
l- Accelerating relay
Set of resistors consisting of
1 box 17EW203B6
1 box 17EW202C6
Porcelain bolt insulators
Set air accessories

17KG1A field shunting control group
Induetive Shant

Total weight

W,
154
15

19
) €

24
80
1
9
86

446

135

8
3

55
\O

103
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Outline

K-764627

K-2182727

Ke2766504

K-1666092
K-2765556

L-2793503

X-21D473

K-21D474

Photo.

249426

406844

249475

343773

245862

344156

345672
345673

345674
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GEA-1306--A




