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SPRAGUE G-E MULTIPLE UNIT CONTROL
TYPE PC

GENERAL

The Sprague General Electric multiple
unit control system was designed primarily
to permit a train of motor cars, when coupled
in any combination, to be operated as a single
unit from either end of any car of the train.

The system has been very generally used
‘o1l individual equipments where it has been
desired to remove from the car platform all
apparatus carrying motor current.

Fundamentally, the system for each motor
car may be considered as consisting of a
motor controller and a master controller
The motor controller comprises a set of
apparatus which handles directly the current
for the motors, while the master controller
metely governs the operation of the motor
controller, and consequently, does not handle
the larger currents necessary in thé motor
circuit,

The latest development in the Sprague
General Electric multiple unit control systemr
is the cam-operated motor controller, known
as Type PC. Before designing this controller,
a thorough analysis of ali existing control
systems was made. The result is the following
improvements in design and operation:

1. A definite sequence of contactor oper-
ation, preventing the trouble sometimes
encountered from improper functioning of
independently operated contactors.

2. TIuterlocks on individual eontactors
eliminated. i i ]
3. Simplicity of electric control circuits,

4. The contactor arc chutes assembled
in a single group that swirigs downward,
exposing all contactor parts.

5. The simplicity and compactness of
the apparatus, which permits the assembly
of the contactors, reverser, line breaker,
relays, etc., in one box.

6. Less weight.

In general, car equipments may be divided
into two classes, one being for city and light
interurban service, and the other for elevated,
subway and heavy interurban work. To
furnish car equipments that will be best
adapted to these services, Type PC controllers
are manufactured in twosizes, for both two-
motor and four-motor equipments. In de-
signing the ‘small PC controller, particular
attention was given to the restricted space
available for equipment underneath the
modern car with low steps and small wheels,

At the same time, all the ruggedness, acces-
sibility and safety features of the large PC

controller are maintained in the smaller size.

AUTOMATIC CONTROL

The cam-operated contactors with their
definite sequence of opening and closing and
elimination of electrical interlocks makes
possible the design of an automatic control
that is simpler than former non-automatic
typés.

With automatic control, the master con-
troller operates directly’ through the train
wires, the motor reverser, line breaker and
the rotation of the cam shaft closing the
contactors for the first step, but the succeed-
ing positions of the cam shaft and closing of
the contactors is controlled indirectly by the
master controller through the current limit

relay and under its-direct control.

The scheme of operation is that, as each
section of resistance is cut out of circuit, an
increased current passes throiigh the motor
and series coil of the current limit relay.
If this current is sufficient to open the relay
contacts, the progression of the cam shaft is
arrested until the current falls to a predeter-
mined value, and, in this manner, the auto-
matic current limiting feature is secured.

One of the objections to automatic control
has been the inflexibility of the current limit
in so far as overcoming grades, pulling a dead
car or other emergency conditions. The
General Electric Company have overcome
these objections by ‘devising an automatic
control from which the same results may be
obtained as a non-automatic control under
emergency conditions. )

When a car will not accelerate at the cur-
rent the notching relay is set, the operator
moves the advance lever on the controller
cap plate forward. This will advance the
motor controller one point. This operation
is repeated for succeeding notches. By this
means the'motor controller may be notched up
to and held on any point desired, as may be
done with a non-automatic control.

OPERATION OF MOTOR CONTROLLER

The line breaker, reverser and contactors’

are actuated by air pressure controlled by
magnet valves. The line breaker and reverser
are provided with individual magnet valves
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and -air cylinders, while a single cylinder
with a:double piston and two valves is used
for the operation of all the contactors. The
conitactors are actuated by cams mounted
on a shaft,” which is rotated by a rack and
pinion, as shown in Fig. 1. Air iy admitted
to, or exhausted from, the air cylinder, by
means of magnet valves, controlled by the
master controller.

OFF VALVE
PISTON PACKING

plNiDN«—%,u-

EQUIPMENT

The list of apparatus comprising a complete
PC control equipment for multiple unit oper-
ation is as follows:

: 600 Volts
2 Master controllers,;
1 PC motor controller with bolt insulators,.
2 Master control and reset switches,
1 Switch and fuse for the control c1rcu1ts

ON VALVE
RISTON :
EXHAUST

: RESERVOIR,
~[AM SHAFT

Fig.. 1. Diagram Section of PC Controller Maiii Engine and Magnet Valves

Flg 1 shows the position of the magnet
valves and the pistons when the master and
motor controllers are in the “off” position.
In this position, the air-pressure is applied
to the “off ’ p1ston through the “off ” magnet

- valve, while the on magnet valve allows

any air in the “‘on’’ cylinder to pass through
to atmosphere. When the master controller
is turned on, and the reverser throws, the
line breaker closes and then both the “on”
and ‘‘off’ magnet valves are energ1zed This
applies air pressure to the ‘“‘on’’ piston and
allows air to escape from the “off’* cylinder;
the rack moves toward the *‘off” magnet
valve, rotating the pinion and cam’ shaft
until the “off” magnet valve is de-energized.
When this occurs air pressure is applled to
the “off” p1ston and, as the “on rnagnet
valve applies air pressure to the “on’ ’ piston,
all movement of the rack and pinion cedses
with the motor controller in the first operating
position. Subsequent positions on the motor
controller are obtained by alternately ener-
gizing and de-energizing the ‘‘off” magnet
valve. When the master controller is: ‘turned
off, the ‘‘on” and “off” magnet valves are
de—energ1zed ahd air pressure is appliedto
the ‘““off” piston and released from the “on?

piston. . This: causes the rack to move toward

the ““on’’ magnet valve and rotates the pin-
ion and cam shaft, turning the ‘motor con-
troller to the ‘“‘off’ position,

1 Set control conpler sockets,

1 Control jumper,

1 Set air ‘accegsories,
Necessary gontrol cable,

2 Current collectors

1 Main switch in box,

1 Lightning arrester,

1 Main fuse box,

1 Set cast® grid motor resistors with bolt
insulators,
Main motor wiring,
Car lighting material.

1200 and 1500 Volts

2 Master controllers,

1 PC motor controller with bolt instlators.

1 1Y6-kw. motor-generator with 32-volt
generator for control, lights and headlight.

2 Master control and reset switches with
fuses,

1 Set control coupler sockets,

1 Control jumper,

1 Set air accessories,
Necessary control cable,

2 Current collectors,

1 Main switeh in box,

1 Lightning arrester,

1 Main fuse box,

1 Set’ motor resistors with bolt insulators,
Main motor wiring,
-Car lighting material,

1 Change-over device (when operation on
600 volts is required).
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Fig. 2. Type C-129.Controller

INSTALLATION
CONTROLLER SUPPORTS

Previous Sprague General Electric control
systems have been made up with each con-
tactor a self-containied unit and no particular
care in lining up the car-body supports was
necessary. With the PC controller, in which
all contactors are operated from a cam shaft,
it is essential that the supports attached to

the car-body, from which thecontroller is.

suspended, be accurately installed, as other-
wise, the controller framework will be pulled
out of shape and prevent the controller
operating in a satisfactory manner. The
points of support should not vary more than
1% inch from one plane. Poor alignment may
be indicated by the cam shaft not rotating
at 45 pounds air pressure, or controller may
start slowly and pass beyond the point where

. it should stop.

INSULATING FROM GROUND

The PC controller is arranged to be in-
sulated from ground and clearance should
be provided between all grounded vpipes,
hangers, brake rods, etc., and the metal box

of the PC controller.

The msulatmn between the supports and °

the controller should be installed so that the
bolts fastening the controller to its supports
are not grounded. The method of insulation
recommended is shown in Fig. 23.

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

When a PC controller is installed without
a cover over ‘the line breaker arc chutes,
there should be at least 18 in. to any grounded
metal directly in front of the arc chute and
at least 8 in. to any grounded metal adjacent
to the top or sides of the arc chutes. If
grounded pipes or rods are nearer than 18
in., they should be covered with sufficient

ingulation to give this distance. When such

insulation is used, it should extend at least
3 in. beyond the outside vertical edges of the

‘arc chutes

- AIR PIPING

For air brake operation, it is ordinarily
recommended that'the air piping from the
compressor be arranged to condense moisture
contained in the air, For compressors of
25 cu. ft. per min. cap3.01ty, not less than 25
ft. of cooling pipe is used. With compressozs
of larger capacity, a greater amount of cool-
ing pipe is*required.

i

Fig. 3. Bus Line Coupler Socket and Plug

Fig. 4. Train Line Coupler Socket and Plug

0
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Fig. 12. Motor Controller Arrangement of 600-volt .(':arl Equipment with PC-12 Controller
ot T Bq FLELN _

. 7

@"‘Zwm

4
1.—011’2‘; Base Trolley E ase
. Control

Control &:Reset Switch

Reset Sveli@.ch

Controller No,1
Ground

a0

Control & Lightin
- '&nul 4

M-G Set
Résistor

= Motor-Generator Set
Ground i i

Lightnin,

Controller No.z

Coupler

Resistors

:|

Motor Controlier

o o

O]
To Air Sup

To Motors No. 3 & 4 -

G
Y4

To Motors
No.l &2

Fig. 13. Motor Controller Arrangement of Car Equipment with PC-101 Controller.

For 1500-volt Operation Only

W&-‘_-_._-m_ A A e § | Bl § i i _ 11} Y e i

| | bt



i

Ve

ey

T T md

Trolizy Base

Control Switch for Operating
Comm. Switch

Control & Reset
Switch

Controiler No.l

Grou

e}

o,

Control &
Lighting Pamel

Arrester

Reactor-

Contruller No.2

Gl";-lﬂd

Motor-@enerator
Se

Main & Motor-6
Switche To Aér‘:'| CF‘mP~t
h v, 1|
To Lights A
Resistors
-I To AirSupply [
Fizld Tapper
To Air .
Compressor 2A-2F
WGSet < J
: MyFy L M3 Fa
e S R MR
zCs & Ground Ef‘ i 2
el Distribution”|
-Caj &0 T 2 Box gl
1 >
H 1 M oh
ke U T Ty 7 ' g,
Sy = Comm Switch FromRelay |o '{éél-"éé:
l Controller : "{:{2%_
3 To Air Supply A °
i R-ArAg .
Grourd = To Air Supply

Fig. 14. Motor Controller Arrz;.ngement of Car Equipmént with PC-101 Controller,

Commutating Switch and Field Tapper.
on both 750 Volts and 1500 Volts

For Full Speed Operation




84779-14 Sprague G-E Multiple Unit Control, Type PC

Coritrol Switch Trolley 5
5 . witch No.l. Cutsout No.l & 4 Motors
yﬁﬁ;‘:ﬁr gl alne? L LB2 Switch NoZCuts out No.2 & 2Motors
ey Rev. For 1
{g:i' 4
T i —-OI G
R I
LA.
3 64 o Advance g
> :]Lewzr =
*" i3
T=i_ - 1: M i . g
‘—.[“ AN '-—‘AA/L-'
i 2 :“: Switch 2 @ Current L
4 ‘o, i i - Llmit =
——e  |m
Coupler Master Controlier Coupler
1557

-tn

9 :
1174t 678 T
1
l E : 1 L
Pyl ; - Contactor
! ! ' i e i i .5"295|511gm;w;mns||> G|
IR, = x,l:|||J} Tst. |® | =J
i i 2nd. |@ |.o
= " rd.
4;-—._-—1°—m1Lo---—1—'3£_—:E 814 l :~ i [#thTo@ [ (@ [
> pi [insd B = 2East
Advance | ] ':“,ll:" [6th @] ® IO
6 = Coil é—' %-—’.ZD imt i r} ' [ Tth. | [ (@l | _JE
> ol | I'II' i gih. [@@(8] [ "ri‘_rp
™ ®2A ! gth. Je/ejele] | [ele| [
R )
ch}@-wmzL-_o—hv Cantrol Cgllnder
7 on LBl
Reset ¥
Fig. 15. Connections of PC-12 Controller and Four Motors.
C'ont{orl = R
Switcl
oty rd Rev. 4 For
il TT — @
L :I—. LBI LEZ
\» -85 Advance
o ;Lever
\ S ‘ ) Overioad D P
= : .
—® | ; F—IMain e
\ﬂ}ﬂ [ - [T T - L
2 | J1II “ L% Switch No! Cuts .0ut Nos.i&2 Motors.
| 1| "FRGSIStOF' Switch No.2 Cuts Out Nos.324 Motors.
g _ﬁ.l By | 4 Alcelerating Relay
> I J._'_!| M.G.5et 5
o Master Controller . . f’_ﬁ”a“
O 9 & *009
o ‘Running Paint S e N
Resistance Fuints—| 2 3 4 Te 78 |
A . |
; oo fhow X |
E f—o ot& _AA_1B 1A |
. -5 Lifting Coll— [ I |
= Holaing Tl — = e
5 iy A(Div;':\cz z'clll—---_f_‘I [ Steps Contactors
i i LBI[LEA Ri [Re|RS R4[_5 R SIi[52[P ]G
a ALI'U L R - 2o 1st. (@@ ele |
| | 2rd (@@ e . :_!__ I
—82A ! 3ird (@@ (S o | |
! ' ; | 3th [@[e e | ®ee
4 - ¢ s il
ral |
L 1%1 (i) ® | (@ | a0
T 7th @el"| 'ee el |
gth 8/e/e] @@ @ |
G ‘ | [5ih [e[lee® e |
Control Cllinder
7 g

Fig. 16. Connections of PC-101 Controller and Four Motors. Operation on 1500 Volts Only

- ol e < i & e

e — b

T ———— -



Sprague G-E Multiple Unit Conitrol, Type PC 84772-16

S}IOA O0ST PU® SHOA 0S4 Yiog Uwo
paadg [ je woneradQ ‘s1ojofy Inog pue redde], pIoLi UM Ia[[oxjuo)d 101-Dd JO suondsuuo) AT "Jig

1l ARARANL

[ y k|
m “ - “ “ ” “ e . y cﬂ%ﬁw Buieinuwiong 2
® elee s | =
Mlo “ ol®] Uil — = 2SR
I3 @ 19 ! ; .
Ot ok azpuifiy [043u0)
Q00 ole] Wis f ;
100 @ ole| Uiy _ i 4 ]| _
e® @ o(e[ Pt _ .
oo ®® ele iz 7 _
o0 o ® @ I [ d5a t=a
a5 [ alas]is]u joxjva eu|2u | mReyey | raffaa @
403091100 saa3e 7 7
| _ Vi@ b+ = o o—
Il | oy Lol ol
: o e E= az ‘NO
I m 26 = tloyooueay | o
| | 7 | %fll| 1100 ButpioH s
S4010A €%2'SON 1IN0 SINJ 20N Ud}IMS _ _ | _ _ ——1109 Burnn . .
SUOJON $%1°SON ING SIND I'ON YILIMS _ —— — | T W b
fielay _ _ — S
Buiyeaajaniy 8 L9 1 v € 2 |———S3U|0d 20uPIsIsay !
i, £ e— =" sTuiod 6uiuuny | -
Ll ho_..m mh_ - - == . . . | \Hms Q- .
o8 &/ — — Ml g
A0ssaadiog Ay Yoyms e |

_BuiTeinwiuog—_401eauad 10joW  42](0d3u0)
O] NS A e mme _
..TH N2 \H g uanme A00S—e-CHI-6
A 0051 —e i) 6/ EGM_&,-- Jossaiduod | N~ 4
A0S — A0WIBN0g | oo N _
.~.|.|m__ J _I§CN
f 5
Y gma_\_w»mw P O :
297 127 At o
TSR e fuoms e / _
Tl OWAUEW ey - o

&

: yome = I | [ GyMe jojung
v /ﬁszig.s.u ﬂ.ml..\.l..L -4 a0y .
. ' ". ow N~
Joyreay | n0sz o/ BA00e _‘w‘
0
r . s



84772-16 Sprague G-E Multiple Unit Control, Type PC

. For the PC controller, at least 15 ft.
additional 14 in. galvanized cooling pipe is
recommended. This cooling pipe should be
installed between the air brake reservoir and
the control reservoir for the PC controller.

Compressor

-F Overload =
LB} LB2 7 -
z Rl R2 i

for 600-volt systems. When the voltage is
1200 or 1500, the distance should be six inches
(6 in.). Where conduit is used, there should
be at least three inches (3 in.) along the sur-
face of the cable from the end of the conduit

Reverser

+—a —G
L]

o]

Motor >

Lights

- "G :
Generator G
/I/
o
— —G 600/1200 Volt Change-over Connect ions

M mmm~——— of Compressor and Motor Generator
Fig. 18. Circuit Connections for Half Speed Operation on .600 Volts

Reverse r:'—_lig ;E

- nG

= mw-— Motor Generator

Motor
Generator CFAM~riG Lights
- 3
47 4 =L : ? ==
600/1200Volt Change-over Connections,
ofélverload Rela?.;.une Breakers, . ] e———y
e G Resistors, Motors, Compressor and,

L G
e - ,01_
G
3
S1 S2

4

Fig. 19. Circuit Connections for Full Speed Operation on 600 Volts

The control reservoir sheuld be located so
that not over 15 ft. of pipe is needed to con-
nect it to the PC controller. A ghorter
length is desirable. The piping diagram,
Fig. 24, shows the general arrangement and
connections of the air détails. -

The piping should be arranged to drain
the moisture into reservoirs,

When installing the air piping for the con-
trol, care should be taken to remove all rust
and scale. After the piping is installed, it
should be pounded with a hammer and blown
out before connecting to the strainer or PC
controller.

MAIN FUSE BOX

Copper ribbon .type fuse boxes are in-
sulated from ground. Where wood is used
for insulation, there should be at'least three
inches (3 im.) creepage distance between
the fuse box supporting bracket and ground

to the fuse terminal on 600 volts, and on
1200 and 1500 volts six inches (6 in.).

CONTROL COUPLER SOCKETS AND
PLUGS

After the coupler sockets are assembled
and installed on the car, the back of the
coupler- socket should be filled with com-
pound.

MOTOR RESISTORS

Porcelain bolt insulators are furnished for
the supplemental insulation between the
individual resistor frames and their hangers,
as shown in Fig..26. When installing, the
bolt insulators should be arranged to prevent
the short circuiting of the porcelain position
by mud or grounded metal.

Grounded conduit should not be supported
from the resistor frames.
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Sprague G-E Multiple Unit Control, Type PC 8477217
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84772-18 Sprague G-E Multiple Unit Control, Type PC

SEQUENCE OF PC CONTROLLERS

To reduce the burning of contactor arc
chutes to a minimum, it is essential that
there be a definite relation between the clos-
ing and opening of some of the contactors,

2 and 3, the tips of the R4 contactor should
touch before the tips of the R1 and R3 opew.
Between points 5 and 6, the tips of P contac-
tor should touch before the tips of R3, R4,
R5 or S open and the tips of R5 contactor

Pt
= o
L 3
i %IHole
3 7
“-r-'— l"—-—l:-(r]
1] 8“ ' 162
mHog | Y
— o nH

DA-82:C Couplar Socket and DC- 54> (lleouplar Plug

‘Approx. Weight 124

Holes for 14-24 Supporting Screws

MS-14-C Switch
Approx.Weight 4 |b. A

0¥
i
T |
el’,, 1 +1"Pipe Tapl i
I 3 Pg‘peTap.}
A __JEEGL-Ug PipeTap) S
) 7z Pipe Tap Holes for 14-24 Suppor-ting Screws

C-129-A Master Controller
* Approx.Weight 451b, -

MS-46-H Switch
Approx.Weight 45 1b,

Fig. 21. Outlines of Electrical Apparatus Used with 600-volt PC Controllers

though adjustment to maintain this rela-
tion 1s not required for normal wear. This
relation of contacts should be noted when a
contactor is installed in the controller or the
contactor pins and bearings ate badly worn.
To obtain the relation of contacts, turn the
cam shaft with a wrench and see that the
sequence as noted below is obtained.

SEQUENCE FOR PC-5 AND PC-6 CON-
TROLLERS

When the cam shafts of the PC-5 and PC-6
controllers are tyrned on between points

should be separated before the tips of R2
contactor touch. The tips of S contactor
should be separated before the tips of G
contactor touch.

SEQUENCE FOR PC-9 CONTROLLER

When the cam shaft of the PC-9 controller
is turned on between points 5 and 6, the
tips of P contactor should touch before the
tips of contactors R1, R3 or S separate and
the tips of R3 and S contactors should be
open before the tips of the G contactor
touch.
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Fig. 22. Air Auxziliaries Used with PC Controller




R = Insulation
1'4_ = Collar

s l77_ Hanger
i ./% X

1% % Insulation
[l = Tube 3 long.
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g A g i

Washer
Lock Washer

Fig. 23. Method of Insulating PC-5, PC-6,
PC-9, PC-10 and PC-12 Controllers

SEQUENCE FOR PC-10 CONTROLLER

When the cam shaft of the PC-10 controller
is turned on between points 5 and 6, the
contact tips of the B contactor should touch
before contact tips of the S, R12 and R22
contactors open. Between points 6 and 7,
the tips of the P contactor should touch
before the tips of B contactor open and the
tips of the B contactor should be out of con-
tact when the tips of the G contactor touch.

SEQUENCE FOR PC-12 CONTROLLER

When the cam shaft of the. PC-12 controller
is turned on between points 2 and 3, the tips
of the R3 contactor should touch before
the contact tips of contactors R4 and R5
separate. Between points 4 and 5, also 8
and 9, the tips of the R5 contactor should
touch before the tips of R3 separate. Be-
tween points 5 and 6, the tips of P contactor
should touch before tips of S or R5 separate
and the tips of the S contactor should be
open before the t1ps of the G contactor
touch.

SEQUENCE FOR PC-101 CONTROLLER

When the cam shaft of the PC-101 con-
troller is turned on between points 2 and 3,
the tips of the R3 contactor should touch
before the tips of either the R4 or R5 con-
tactors separate. Between points 5 and 6,
the tips of the P contactor should touch
before the tips of R5, SI, and S2 contactors
separate and the tips of contactors R5
and S2 should be separated when the tips
of contactors R3 and G touch. Between
points 8 and 9, the tips of R5 contactor should
touch before the tips of R3 contactor separate.

- g
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Fig. 25.

Type DC Coupler Plug Showing
Method of Clamping the Cable

- PC-5, PC-6 AND PC-7
CONTROLLERS

CONTACTOR UNITS, CONTROL DRUM
AND CAM SHAFT

The removal and replacement of these
parts are exactly the same as for the PC-10
and PC-12 controllers. The description will
be found on a following page.

LINE BREAKER

The ARC CHUTE is removed by taking
out two cap scréws. These cap screws are
accessible from the bottom of the controller
arid are located in the arc chute pole pieces,

Minirnum to r:movz grids Use greater sﬁqng when, possible

on the outside of the-arc chute, adjacent to
the contact tips. *

To remove the line breaker piston packing, i
it is necessary first to take off the arc chute,
then take out one of the transite barriers.
This allows the pins through the operating
and contact levers and the levers to be taken

out. The cylinder head may now be taken

off and the piston packing removed. ,I;

REVERSER |
The reverse cylinder may be removed by

disconnecting and removing the cutout switch 1

and end bearing of the reverser. Then the
reverse cylinder may be taken out through
the door that covers the cutout.switch.

PC-10 AND PC-12 CONTROLLERS

CONTACTOR UNITS

When a complete contactor is put in the
PC-10 or PC-12 controller, its position may
be located from its cam roller. Slotted holes
in the contactor support provide mieans of
adjustments. As all of the cam rollers are
in line, a straight edge held against those in
position will locate the one being put in.

The arc chute should be closed before the
cap screws' fastening the contactor in.place
are finally tightened, in order that the con-
tactor may shift sideways until it takes its
correct pOSlthi'l
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for 600- and 1500-volt Work




od cleats clamping motor lead connectors
? and fastened to car body.

= h"\‘ Floati ng woedcleats

Fibre tube cover-~/j}{Nct attached to motor
i ; / frame)

Fig. 27, Diagram of Railway Motor Connections
to Car Body for Use with Type PC Control

CONTROL DRUM

In order to remove the control drum, take
out the cap screws holding the bearing at
the line breaker end of the cylinder. Then
slip the bearing off the shaft and the drum
can be easily disengaged from the clutch
and removed.

It is possible to put the control drum in
place 180 deg. from its correct position, and
to prevent this, the two parts of the clutch,
between the drum and the cam shaft, are
marked.

CAM SHAFT AND PINION

To remove the cam shaft, first take out
the control drum, then take off the steel strap
used as a stop for the covers. The cap bolts
holding the cam shaft bearings can now be
taken out and the cam shaft removed.

In order that the cam shaft and pinion
may be correctly assembled in the rack,
the best method is to mark the pinion and
rack before taking these parts out. In case
this is not done, the rack and pistons should
be pushed toward the “on’ magnet valve
as far as they will go. Thé cam shaft and
pinion are then put in place, so that none of
the cams touch the cam rollers on the con-
tactors.

LINE BREAKER

The pneumatic portion of the line breaker
is removed by disconnecting the control leads
on the magnet valves, -breaking the air con-
nection at the pipe union and removing the
four cap screws holding these parts to the
controller frame. The air cylinders and
magnet valves may then be removed toward
the back of the controller until the yoke
is disconnected from the pin through the
contact'arm. Fig. 36 shows this yoke and pin.

The arc chute is removed by taking out’
two cap screws. These cap screws are ac-
cessible from the bottom of the controller
and are located in the arc chute pole: pieces,
on the outside of the arc chute, adjacent to
the contact _tips.

PC-101 CONTROLLER—1500 VOLTS

The removal and replacement of the con-
tactor units, reverser, control drum, cam
shaft and main engine parts are practically
the same for the PC-10 and PC-12 controllers.
- The arc chute is removed by taking out
screws and parts as indicated by numbers 1,
2, and 3, in Fig. 28.

MAIN ENGINE
(PC-10, PC-12 and PC-101 Controllers)
REMOVING PISTON SPRING

In order to take the mechanism apart,
refer to Fig. 29.

1. Remove cylinder head on “off "’ magnet
end of main cylinder and revolve cam shaft

Fig. 28. Type PC-101 Controller, Parts to be
Detached to Remove Arc Chutes of
Line Breaker

5
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Sprague G-E Multiple Unit Conirol, Type PC 8477223

by means of wrerich, Cat. No. 176776, until
piston head (1) is near enough to the outer
end of the cylinder to be accessible.

2. Remove cotter pin (2}, nut (3), washeérs

(4), and follower (5), expansion spting (6)
and leather packing cups (7). .

3. Remove lock screw (8).

4. Remove stud cap (9) by means of a
pin wrench, Cat. No. 176775.

o+ 2 245611 AA5 B B

to see that rack (12) is guided into the hole
in piston head (1).

Put piston guide (18) and lock washer
(14) in place and screw cap-screwe (10) down
firmly on the washer by means of screw-
driver, Cat. No. 189905,

Remgve wrench from cam shaft, thus al-
lowing ‘spring (11) to drive rack (12) out
until .piston guide (13) bears against the

7 /i/ 7z

1/

m}\\‘m\\\m\

I

7z LA s

DR TTTTZ T

7 87 9

10.11 12

Fig. 29. Section Through Main Cylinder Showing Piston for Types PC-10,
PC-12 and PC-llOl Controllers «

5. TFasten ring (16), Cat. No. 176773, to
cylinder flange, in place of cylinder head
and revolve cam shaft until piston head (1)
is forced against it with -considerdble pres-
sure.

screw-driver, Cat. ‘No. 189905,.7and then
turn cam shaft in the gpposite direction until
the pressure on ring (16) is relieved.

7. Remove ring (16). Piston head (1)
can now be slipped out, giving access to
spring (11).

REPLACING PISTON SPRING

With the rack (12) in place, turn the cam
shaft until the end of the rack is accessible
through the opening in the end of the
cylinder.,

Insert spring (11) and piston head (1),
taking care that the spring (11) is properly
placed over the shoulder on rack (12) and that
the key (15) in rack lines up with the keyway
in piston head (1).

Fasten ring (16) to the cylinder flange and

* turn the cam shaft until spring (11) is com-

pressed. While doing this, it will be necessary

6. Remove cap screw (10) by means of a

%

shoulder in the boré of piston head (I).
See that the parts which slide are perfectly
free and that the spring forces rack (12)

back without hesitation.

Remove ring (16). -
O1il the bore of the piston head (1) in order

- that piston guide (13) will slide easily.

Put stud cap (9) in place, by means of pin

" wrench; Cat. No. 176775, and lock it in

by means of loek screw (8).

Replace leather cups (7), expansion ring
(6), follower (5) and washer (4), nut (3) and
cotter pin (2).

Replace eylinder head.

When the assembly is completed, turn the
cam shaft to the “off” position, fill the air
tanks, admit air to the “on’ cylinder by
pressing down the operating pin of the “on”
magnet valve. The cam shaft should turn
from the “off”” to the first position, which
may be noted by the contactors closed. When
the air is released from the “on” cylinder,
the cam shaft should turn to the ‘“‘off”
position. If this does not occur, or the oper-

ation is sluggish, there is some fault in the

assembly of the piston spring.
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Fig. 30. PC-5 Controller
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Fig. 31. Contactor Unit-for Types PC-5, PC-6 and PC-9 Controllers
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:Operating Link

{Upper Arcing

{Horn and Coil—- v
{Suppert et

i) S _Supporting
iRk P Bracket.

) - Caontrol Finger
Blow Out. Coil f Block

_Control Finger Stop
I and Base

ontrol Finger
Cantrol Segment.
Controt Sc;fhznt

+Air Cylinder
f’Contact Tips _I
iContact Lever

iLower Arcing
Horn %

Bottom S acz. = s Wipe g L e - ;
lock E = Shunt ' . Operating Lever

E,.

Fig. 32. Line Breaker Unit for Types PC-5, PC-6 and PC-9 Controllers

Fig. 33. PC-5 Controller (Reverser End)
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Fig. 34. Overload Relay for Types PC-5, PC-6 and PC-9 Controllers
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Fig. 35. Contactor Unit for Types PC:40 an'd PC-12 Controllers
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Fig. 36. Line Breaker Unit for Types PC-10 and PC-12 Controllers
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Calibration Spring
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Contact Base
Operating Rod
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Fig. 38. Overload Relay for Types PC-10 and ‘PC-12 Controllers

Type PC-101 Form A Motor Controller

Fig. 39.
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ACCELERATING RELAY

The accompanyihg diagram, Fig. 40, shows
the simplified control connections of the
DB-808 accelerating relay with by-pass
feature.

Control Cylinder

coils. The latter aids the series coil in at-
tracting its armature. This circuit, indicated
by the full light line, insures that the PC con-
troller will advance to the next point even
though the rise of current in the séries coil
between points causes contacts ““A” to open.

From Motors,
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Fig. 40. Type DB-808 Relay. (Control Connections)

NORMAL OPERATION

Assume the master controller is advanced
to the third or full parallel position, comnect-
ing wires No. 1, 2, 3, and 4 to their source
of ‘energy. This causes the liné breaker in
the PC controller to close whith closes the
interlocks “LB” in the ‘“on” and ‘‘off”

‘magnet valve circuit, arid the PC controller

is advanced to the first position. If the cur-
rent through the motors and the series coil
of the relay exceeds a predetermined value
causing the séries coil armature to be attracted
holding contacts ‘*“A” open, then the “off”
magnet valve will not be energized until
current-thiough the motors decreases to such
a value that this relay armature is released
allowing contact ‘“A’ to close, The circuit
will then be through wires 1, 1A, 1B, 1C,
as indicated by the full heavy line, causing
current to flow through the “‘off”’ ‘magnet
valve coil, advancing the PC controller toward
the second point. As wire 1A leaves the
segment, wire 2C makes contact with its
'segment energizing the holding and lifting

This sequence of operation continues until
the full series, or 5th point on the above dia-
gram, isreached when the 1A wire is energized
by the segment making contact with the
No. 3 wire. This allows the PC controller
to advance to the parallel position after the
current through the motors drops to the
proper value. The sequence of operation
then continues as in the series positions.
EMERGENCY OPERATION

If the PC controller is on some point where
the current through the series coil is too great
to release its armature although not enough to
start the car an additional point on the PC
controller can be obtained by energizing wire
No. 6 with the advance lever on the master
controller, thus energizing the by-pass coil,
attracting its armature and closing contact
“C.” The current will then flow through wire
1A, through contacts B, C, etc., as indicated by
the heavy dotted line, thereby by-passing

contacts ‘‘A,”’ thus energizing the “off”’
magnet and advancing the PC controller even

though these contacts ‘A’ remain open.

2
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The magnetic circuits of the by-pass and
holding coils are so arranged that with the
by-pass coil energized the flux leakage from
the coil will hold the contacts “B™ open
after they have been opened by the holding
coil being enefgized. By energizing wire
No. 6 the PC controller can be advanced but
a single point as wire 2C is energized during
the advance, between points, causing the
holding coil to attract its armature opening
contacts “‘B” breaking the circuit through
the “‘off".magnet coil. This causes the PC
controller to: pause on each point until the
advance: lever  is again -released allowing
‘contacts ‘B’ to close preparing the circuit

for the niext bypass‘around contacts “A.”

When the relay is used on equipments' the

control of which-operates from a low voltage:

source resistor tubes are ‘omitted.

USE OF THE BY-PASS FEATURE FOR

TESTING THE CONTROL

By inserting a piece of thin cardboard er
other insulation between contacts “A’ the
advance lever ‘can also be used in testing the
control, when there is no current in the seties
coil; to see’that it advances properly from
step to step.. When the PC controller is on
any point except the last and the by-pass
coil is -energized -contacts “C'" are closed
completing the circuit through the 1 and 1A
wire and contacts “B”’ -and “C” through
the *““off” magnet coil, as indicated by the
heavy dotted line, causing the PC controller
to start to advance to the next step. -When
advancing between points -wire 2C is éner-
gized and the circuit closed through the “off”
magnet coils which insure that the PC con-
troller advances one step. The holding coil
being energized attracts its armature causing
contacts “B” to open, thus making it nec-
essary to.release the advance lever, opening
the circuit in the by-pass’coil, before contacts
“B” will again close. -

MAINTENANCE! ]

_ The work of maintaining equipments and
the frequency of inspections necessary, de-
pend greatly on local conditions, which are
the real determining factors. i
* As a general rule, city equipments should
be inspected every 500 to 1000 miles and
interurban equipments from 1000 to 200Q
miles. i

A list of the points to be noted when in-
specting a controller is pasted in the back
cover of the main contactor compartment.
A more detailed description follows of the
work to be done.
OPERATING TEST

At each inspection the main switch should
be opened and with an air pressure of not

less than 60 1b., the PC controller operated
from each master controller, with the reverse
handle thrown in the forward and reverse
positions. This test immediately tells whether
the pieces of apparatus are working.

The master controller should be held on
points 1 and 2 long enough to insure that the
PC .controller definitely stops on the corre-
sponding positions. The controller should
be advanced a step at a time, the same-as
during acceleration, by using the ‘‘advance”
lever on the master controller, or, by repeating
the current limit relay by hand. The over-
load relay should be tripped by hand and reset
from the cab.

If when turning to full series or full parallel;
the shaft vibrates when stopping, check
the following: »

1. Be sure that the shaft is not turning
on too fast.

-2. If equipped with an accelerating valve,
be sure that the stem is not travelling too
far and that it is working freely and .not
sticking open. The stem in this valve should
travel approximately 14 in. on the first
point. If a new stem is installed it should
be cut off to give this travel.

3. See that the small hole in the reducing
bushing in the pipe line next to the on valve
is operi.

INSPECTION

At €Ach inspection the master controller,
masterqcontrol switches, main switch, fuse
box and PC controller should be opened,
examined, cleaned, adjusted or repaired if
needed. :

The following points should be noted:

"MASTER CONTROLLER

(a) Inspect for weak fingers, imperfect
contact and loose connections.
(b) Clean contacts when dirty and apply

a small quantity of thin lubricating

oil to the contacts with a piece of
cheese cloth.

CONTROL SWITCHES
(a) Inspect for poor contact.
(b) Clean and lubricate when needed.

MAIN. SWITCH AND FUSE BOX
(a) Inspect for loose terminals and poor
contact.

PC CONTROLLER

At the first four or five inspections after
the -equipments are put in service, the cap
screws fastening the main cable connections
to the contactors, line breaker, reverser and
relays should be examined to insure they afre:
tight.- . T

With the PC controller, the line breaker
shunts and contactor shunts, contact tips

ﬁ
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and arc chutes as well as the control and
reverse fingers and segments should be given
particular attention. Valyes and cylinders
shotld be tried for air leaks. Relay contacts
should be examined, and such parts as re-
quire it, lubricated. )

Below is given a detailed description for
the maintenance of these parts.

CONTACTORS AND LINE BREAKER

() Examine contact tips and tighten
screws holding them if loose.

(b) Renew contact tips when worn half-
way through. 2

(c) When renewing a contact tip, if the
surface against which it:rests has be-
come rough or pitted due to poor
contact from a loose screw or similar
cause, it should be smoothed up or
else a new part installed:

(d) The contact tips of the line breaker
and contactors close with a butting
and rolling movement, which tends to
remove any roughness “caused by
arcing. If, for any reason, the tips
get extremely rough, they should be
filed smooth. j

(¢) The screws holding the contactor
and line breaker shunts should be
examined to see that they are tight.

(f) The contactor and line breaker shunts
chould be examined for wear” and
breakage.

(g) Try the operation of the line breaker
by pressing the valve operating pin.
Tt should operate quickly either clos-
ing or opening in less than1/s second.
If sluggish, the cylinder should be
oiled by placing approximately one
teaspoonful of thin non-freezing oil,
such as PC Control Lubricant No. 1,
through the hole above the piston.
This should be domne at least once
every three months, whether the car

is run regularly or not or whether the -

breaker shows signs of slowness.

(i) Oil all bearings, rollers 'and hinge
pins with a thin lubricating oil, such
as PC Control Lubricant No. 1.

(;) The main .cylinder should be -oiled
at least once every three months by
removing the heads” and placing a
thin film of non-freezing oil, such as
PC Control.Lubricant No. 1 or No. 2
on the walls. ° 7

(k) The PC-10, 11, 12 and 101 contiollers

- are provided with three oil holes,
A, B and C, as shown in section
through main engine cylinder in Fig.
29. At every inspection a small
amount of thin non-freezing oil,

such as PC Control Lubricant No. 1
should be put in A and B with the
controller in the “‘off”’ position and
in C when in the full ““on’’ position.
The PC-13 uses only holes B and C.
REVERSER , :

(a) Inspect for weak fingers, poor contact
and loose conuections.

(b) Clean contacts and lubricate with
vaseline or a thin lubricating oil,
such 'as PC Control Lubricant No. 1.

(¢) Operate the réverser by pressing on

' ‘the valve pin. ~It should throw in
less than one second. If slow; and
segments and beatings are well Tubri-
cated; the eylinder should be oiled.
The cylinders should be oiled at least
every three months by removing heads
and placing a thin film of non-freezing
6il, such as PC Control Lubricant
No. 1.or No. 2 on the walls.

CONTROL FIN GERS

(a)" At each inspection, the control fingers
oti the reverser, line breakers and con-
trol drum and their segments should
be wiped clean with a piece of cheese
cloth that has been moistened with
a thin lubricating oil. This is more
essential when ;the control is operated
from low potential (150 volts or less)
than*when trolley voltage is used.

(b) The %ontrol fingers when in contact
with ‘a segment should have sufficient
pressure to make a good contact.

(c) The fingers should be replaced when -

worn half- way through, thereby
preventing delays to service from a
broken finger.
OVERLOAD RELAY
(a) Clean contacts when dirty.
(b) Trip the relay and see-that the arma-
tures move easily.
CURRENT LIMIT RELAY ,
(a) Clean contacts when dirty.
(b) Move armature by hand and see that
they are free and move easily.
CONTROL DRUM
When segments are replaced on the control
drum, they should be located with respect
to the control fingers. This is quite necessary,
as the circuit, which controls the stopping
of the cam shaft for each controller point,

is broken by these segments and control

fingers: - A

Where other information is not. available,
it is suggested that measurements between
the control finger and the old segment. be
made before its removal-and used in locating
the new segment.
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STAR WHEELS

The star wheels of the PC controllers,
like those in a K controller, locate the con-
troller notches. If the pawl springs are
broken or become weak, the controller
notches are not as’ definitely located as they
will be when the spring pressure is normal.

+ -

?Operating Pin

Cover

Magnzt ‘?'Alvz'_caée'";' 2

- - i
gIniet Valve —

leap Piug

When a large number of valves are.to be
ground in, the cost may be reduced by using
special reamers on the valves and valve seats
before the valves are ground in.

. To grind-in the INLET VALVE of the
“off” magnet, remove thé valve and its seat
{from the valve case and use the grinding

Fig. 41. 'Magnet Valve for Rewirerser, Line Breaker and “ON” Cylinder

The pressure of thé pawl roller against the
star ‘wheel, with the controller in the ‘“‘off”’
position, for the PC-5, PC-6, and PC-9
controllers should be between 13 and 25
pounds, and for the PC-10, PC-12 and PC-
101 controllers should be between 20 and
30 pounds.
MAGNET VALVES
. The general construction of the -magnet
valves used on the reverser line breaker and
“on’’ cylinders is shown in Fig. 41, whilé the
“off " magnet valve is shown in-Fig. 42.
‘When the valves are sticky, wash with
gasolihe or kerosene, also pour a little gaso-
line~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' tofit its own seat.
Whenever a new valve is installed, or a
valve leaks; it must be ground in. After a
good seat is obtained, blow out all’ grinding
materials with air and wash with gasoline.

jig—Cat.. No. 472536 (shown in Fig. 49).
The screw threads in the jig form a holder
for the valve seat, and the hole in: the jig
acts as a guide for the inlet valve. A thin

‘paper gasket is used between the inlet valve
.seat and the valve case; be sure that thisis

'in good, condition before replacing the valve
seat. The: screw-driver—Cat. No. 189905,
may be used for removing and replacing the

. inlet valve seat.

MEASURING AIR GAP AND TRAVEL
The air gap and travel of the magnet
valves should be. measured once a year.
This measurement is made by removing the
magnet valve cover and armature. The
0.020-in. gauge—Cat.-No. 1408379, is placed
around the upper valve stem or Dplunger and
the armature pressed on top of the valve
stem., The exhaust valve of the reverser,
line breaker and ‘“‘on” magnet valves should
seat (that is, air should not escape’ thréugh
the exhaust valve). For the ‘“off” valve;

L
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this test should- seat the inlet valve (that is,

air should not pass through the valve). If
-air passes through, new valves must be in-

stalled.

{

Inlet Valve Spring—
‘Paper Gasket————
|Inlet Vaive Seat

inlet valve stem. - If the upper valve stem is
below the surface of the gauges, a new inlet
valve with a longer stem should be put in.

3. Replace the 0.036-in. gauge with, the

o e P

Operating Pin

Fig. 42. Magnet Valve for “OFF” Cylinder

INSTALLING AND ADJUSTING
~ NEW VALVES
REVERSER, LINE BREAKER AND “ON”

MAGNET VALVES
1. ‘Place the 0.052-in. gauge (Cat. No.

1408378) around the exhaust valve stem.

Then press down on the valve stem. When
the exhaust valve seats (that is, air does not
pass through the valve), the top of the valve
stem should be flush with the surface of the
gauge. If it isnot flush, it should be shortened
or lengthened until it is flush. T

2. Place the 0.036-in. gauge (Cat. No.
1408350) on top of the 0.052-in. gauge. If
the inlet valve stem is the proper length,
the upper or exhaust .valve stem will be just

flush with the gauges, and, when the armature.

is pressed down, no action will result (that is,
air will not pass through the inlet valve). If
the uppervalve stem is above the surface of the
gauges; a small amount should be filed off the

0.020-in. gauge, and press down on the exhaust

stem with the armature. Air should pass
through both the inlet and exhaust valves.
ADJUSTING “OFF” MAGNET VALVE
Small PC controllers equipped with ac-
celerator valvés to have adjustment as below
except two 0.052-in. gauges instead of one
0.052-in. gauge and one 0.036-in. gauge. - -
1. Place the 0.052-in. and 0.036-in. gauges
around the plunger. If the plunger and ex-
haust valve stem are the proper length,
the top of the plunger will be flush with the
gauges, and, when the armature is- pressed
down on the plunger, air will not escape
from the exhaust valve.
plunger is above the surface of the gauges,
either the plunger or the exhaust valve stem
should be shortened. If the plunger is below

the surface of the gauge, either the ‘plunger

or exhaust valve stém is too short_and a
new omne should be used.
2. Reémove the 0.036-in. gauge.

If the top of the

[
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Press the armature on the plunger; this
should seat the inlet valve (that is, air should
not pass tlirough the valves). If the valves
are the proper length, the top of the plunger
will be flush with the surface of the 0.052-in.
gauge. If the plunger is above the surface of
the gauge, remové the inlet valve seat and
Place additional paper washers between the

e e o g st e o o

Reverser and Contral Drirm Bearings.
Apply -PC Lubricant No.{at inspection:

4
\

Lubritant No.2 -

Once d year clean.piston leathers
and Cylindérs. Lubricate with PC

casting above the piston. The main and
reverse cylinders by removing the pipe plug
in cylinder head and squirting on the top
wall of the cylinder. If pipe plugs are not
provided, remove the cylinder heads and
apply the lubricant with a swab. &

4. Refer to Fig. 29, put PC Lubricant No.1
in holes A and B 'with controller.in “off "’ posi-

Lubricate Pawl Rofler and Pawl with
P-€ Lubricant No.lot each {nspection.

Cami Shaft Bwr‘in%s. Clean and repack
onte a year. Use PC LubricantNo,2
B 2

Bearings of Line Bredkers and

Contact Tips of Line Breaker and

at each inspection.

Reverse Segments, ciean occasionally ond
Apply PC Lubricant No.Z

e

Contactors Apply PC Lubricont
No.1 at each inspection. i

When dry fubricate’ Rack and Pinion
with PC Lubricant No.Z

€ontrol Segments, cleon with cloth
Contactors. Apply PCLubricant No.z  '—— dampened inoilubricate with PC
Lubricant No.d gt each inspection.

L

Fig. 43. Lubrication Chart for PC-10, PC-12, PC=13, PC-14, PC-101 and PC-102 Controllers

valve seat and valve casing until the top.of the
plunger is flush with the surface of the 0.052-in.
gauge, with the plunger pressed down. If the
top of the plunger is below the surface of the
gauge, either use a new valve or make a
metal washer, which should be placed between
the inlet and exhaust valves, increasing the
length between these valves. .

LUBRICATION

Intervals of Three Months or Less

AIR ENGINES ‘
_ 1. Lubricate all pneutnatic eylinders with
PC Lubricant No. 1, using one teaspoonful

for each cylinder. ) ;
2. This lubricant can best be applied by

means of an oil or grease gun. ,
3. The line breakérs are lubricated by
squirting-oil through the hole in the cylinder

tion. Then turn controller to full “on’’ before
putting it in hole C. The small controllers
(PC-5, PC-6-and PC-9) have hole A omitted.

BEARINGS

1. The roller bearings om the contactor
units and star wheel pawls shotild be lubri-
catéd with a small amount of PC Lubricant
No: 1, applied at each end, and the bearing
rotated to cause the oil to enter between
the end washer and the outside rollway.

2. . The hinge pin bearings of the line breaker -
and . contactor units should be lubricated with
a small amount of PC Lubricant No. 1.

3. Lubricate the reverser main bearings
and also the sliding bearing and pin between
the piston and the crank, if the controller
is-of the PC-10, 11, 12 or 101 type, with a
small amount of PC Lubricant No. 1. _
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Fig. 44. Connections of Accelerator Valve on Small PC Controllers

4
Control S¢gm¢nts Clean
with cloth dampened in oil
Lubricate with PC Lubricant
No.lat each inspection

-~ When drg Lutﬂ:qmtlz rack and plmon w4t,h =
PC Lubrtc.ant No.2.

Once a year [
clean piston |
leathers and

cylinders. |
Lubricate i
with PC  §
Lubricant

2 Once a year wash wick and put new Lubricant in oil wells,

Fig. 45. Lubrication Chart for PC-3, PC-6, PC-0 Controllers i N
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Fig. 46. Lubrication .Chart of Contactor Unit

Fig: 47. Lubrication Chart of Line -Breaﬁer
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OVERHAULING PERIOD AT
LEAST ONCE A YEAR

AIR ENGINE

‘1. Dismantle the-air operating cylinders
sufficiently $o that the cylinder walls and
piston parts may be thoroughly cleaned.
This should include for the large PC control-
lers (PC-10, PC-11, PC-12 and PC-101) re-

moving -and cleamng the spring and piston -

head in the “‘off” end of the main air engine
as indicated 'on pages 22 and 23. When
reassembling, lubricate with PC Lubricant
No. 2. The three leather washers constitute
a single packing and even when soaking them
in oil should never be separated.

2. [If'the leather packing is soft and pliable
rub it over with PC Lubricant No. 2. If
the packing is dry and hard, soak it for several
hours in PC Lubricant No. 1. Do not knead
the leather to soften it as it distorts the pack-

ing with the possibility of leaking when re-

assembled. .

3.. Apply to the clean cylinder walls with
a swab or brush an even film of PC Lubricant
No. 2. ' Tor eylinders 314 in. diameter use
! /s-ounce (heaping teaspoonful). For cylin-
ders 134-in. and 214-in. diameter use L4-ounce
(level teaspoonful).

BALL BEARINGS

Remove bearing and bearing housing from

the cam shaft and pry out the plate holding
the bearing in the housing. Clean thoroughly,
pack with PC Lubricant No. 2 and use new
felt washers when reassembling.

SLEEVE AND SPHERICAL BEARINGS—
(WICK OILED)

Clean the oil wells and bearings, wash the
felt wick in gasoline rather than signal oil
or kerosene. Fill with PC Lubricant No. 1.

ACCELERATOR VALVE
FOR SMALL PC CONTROLLERS

When the controller is on a point and the

star wheel roller is in a notch, as shown in_

Fig. 44, the accelerating valve is held open
by the spring behind the operating pin. When
the off valve is energized so that the controller
will advance a point, the air exhausts rapidly
through exhaust port “ A’ and the accelerat-
ing-valve and the shaft starts to move in a
very short time. As soon as it moves far
enough for the roller to rise partly out of
the notch, the accelerating valve stém closes

Sprague G-E Multiple Unit Control, Type PC 84772-37

causing the air to exhaust through port
“B,” which can be adjusted by a screw:
This slows up the movement of the shaft
so that it will stop at the next point.
As the roller drops into the next notch,
the operating pin strikes the stem, but
due to air pressure behind this stem ‘the spring
behind the pin is compressed and the valve
remains closed. As soon as thé off magnet
valve closes and the pressure is removed,

Ocassuonalg Ciean Segments wuth Cioth :
Dampemd wrth Oﬂ Applg PC. Lubrlcan{. Nozzu} ¥

_.Lﬁ d

4
Fig. 48. }{ubrication Chart of Reverser

the spring “D” pushes the pin and stem
down and the valve is opened ready for the
next operation. This spring must, there-
fore, be strong enough to operate the valve
stem when there is no pressure behind it,
but weak enough to be compressed when
there is pressure. The. stem should travel
between % and % in. whén the controller
is operating in series. When turned all on
the valve is open at the start, but closes
as the roller comes out of the off position
notch and remains closed until the controller
reaches the full on position due to air pres-
sure being maintained behind the  stem.
The speed of turning on is therefore regulated
entirely by the adjusting screw in port “B."”

GAUGES AND WRENCHES
Cat. No. 89996 (Fig. 49) wrench for turn-
ing -cam shaft PC-5, PC-6 and PC-9 control-
lers.

Cat. No. 149761 is wrench for adjusting
contact of reverser fingers.
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Cat. No. 176773. is ring (16, Fig. 29)
used when removing or replacing the piston
spring (11, Fig. 29) in the main operating
cylinder PC-10, PC-12 and PC-101 controllers.

Cat. No. 176775 is a pin wrench for the
stud cap 19, Fig. 29).

189905

178419

Ui

176776

36786 &

89907 189906

1408379/5"" i

Cat. No. 189906 is 'a double open-end S
wrench, one end for 14-in. cap screw and the
other end for {%5-in. cap screws.

Cat. No. 189907 is a double open-end S
wrench, one end for 34-in. cap screw and the
other end for Y%-in. cap screw.

116775

i 149761
176773

36781

194601 also 223814
020 .036 .052 .

§ T .
1408378 ¢
1408350 472536

S 194600

Fig. 49. Wrenches for PC Control Equipment

Cat. No. 176776 is a wrench for turning cam
shaft PC-10, PC-12 and PC-101 controllers.

Cat. No. 472536 is a jig for grinding theinlet
valve and seat or the “off ' magnet.

Cat. No. 1408379 is a 0.020-in. gauge for

measuring movement of the magnet valves.

Cat. No. 1408350 is a 0.036-in. gauge for
measuring movement of the magnet valves.

Cat. No. 1408378 is a 0.052-in. gauge for
measuring movement of the magnet valves.

Cat. No. 178416 is a spanner wrench for
the magnet core nut in the magnet valves.

Cat. No. 178419 is a double open-end
wrench, one end for 14-in. nuts and the other
for &-in. nuts.

Cat. No. 189905 is a screw-driver for the cap
screw (10, Fig. 29) holding piston spring, and
also for the inlet valve seat of the “off”
magnet valve. ‘

Cat. No. 194600 is a socket wrench for a
Y6-in. cap screw.

Cat. No. 194601 is a socket wrench. for a
34-in. cap screw. .

Cat. No. 223814 is a socket wrench for a
¥5-in. cap screw.

Cat. No. 36780 is for contact socket of
traih line couplers.

Cat. No. 36781 is for contact socket .of
Y4-in. bus line couplers.

Cat. No. 36782 is for contact socket of
34-in. bus line couplers.

Cat. No. 36784 is for contact plug of train
line couplers.

Cat. No. 36785 is for contact plug of 14-in.
bus line couplers.

Cat. No. 36786 is for contact plug of 34-in.
bus line couplers. 3




nineteen strands.
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CABLES FOR CAR EQUIPMENT

' The cables for car equipment have seven
strands for all sizes smaller than No. 1 B.&S.
. gauge, while No. 1 B.&S. and larger have

In the following table 1-Motor, 2-Motor,
etc., indicate that the cable carries the cur-
rent of a single motor in the former and of
two motors in the latter case. The numbers
are American wire or Brown & Sharpe
gauge sizes.

T CROSS SECTION OF CABLE FOR CAR EQUIPMENTS
H.P. of TROLLEYG‘:I;gEGROUND MOTOR CABLE RESISTOR CABLE
i ﬁ Mototr |[—— :
at 600 l
Volts 2-Motor 4-Motor 1-Motor 2-Motor 1-Motor 2-Motor 4-Motor
25 ° 5 2 7 ‘ 5 ti 7 6
40 4 1 6 4 7 6 4
‘ 50 4 0 6 ‘ 3 7 6 3
| 65 3 00 5 1 7 5 2
75 1 000. 4 0 6 4 2
100 0 0000 3 00 6 3 0
125 00 300000 CM 2 000 5 2 00
140 000 350000 CM 1 0000 5 1 00
| ! i .
i
i CONDUIT SIZES
‘ — — i~ = — —
| Nominal Outside Inside No.#f Threads Nominal
| Size _ Diam. Diam. per In. of Wt. per
In. In. In. Screw Ft.
14 0.84 0.62 14 0.85
A 1.05 0.82 14 1.12
1 1.31 1.04 114 1.67
134 1.66 1.38 1115 2.24
134 1.90 1.61 1115 2.68
2 2.37 2.06 1114 3.61
‘1
i MULTIPLE CONDUCTOR TRAIN AND JUMPER CABLE

600 VOLTS. EACH CONDUCTOR 19/25

| TRAIN CABLE . JUMPER CABLE
- =
[ No. of Diam. Over .
Conductors All In. Conduit Size Approx. Wt. Diam, Over Approx. Wt.
In., per 100 Ft. All In, per 100 Ft,
! . L
[ 7 0.75 34 32 0.97 54
[ 9 0.875 1 43 1.03 64
f 10 0.906 1 48 1.06 70
12 r 1.06 AY 55 1.28 89
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84772-40 Sprague G-E Multiple Unit Control, Type PC

TYPE C-6 FEED VALVE

This valve is used to maintaina constant
pressure in the control pipe.

DESCRIPTION OF VALVE

A slide valve, operated by a piston, con-
trols a port leading from the low pressure or
Lcontrol pipe side of the valve to the valve

A regulating spring acts against the pres-
sure on the diaphragm. Its compression,
which determines the control pipe pressure,
can be readily changed by means of an ad-
justing screw.

OPERATION

When the valve is closed the pressure in
theé main reservoir and pistonn chamber is
equal and the pilot valve is closed by its

Closed Position Open Position
To Contiol ,4///’4////’//////}?’///7/_ & <
Reservoir NN 8
T NN 1
SN ‘ NI |
From
Main Reservoir ‘
N A Q
- : \
< ; 4 Valve Chamber - i Valve Chambe-~
Sl e N Slide Valve RS- NN Slide Valve
F'f‘tm - s S Supply Port : Supply Port
Chamber A Slide Valve Spring -
: Piston
) & - >
, © U
' Pilot Valve T
Requlating Spring. Drass Diaphragm Regulating Spring

Fig. 50. Instruction Diagram of Slide Valve Feed Valve Mounted on Combined Straight
anid Crossed Passage Pipe Bracket

chamber. See Fig. 50. The valve chamber

s in communication with the main reser-

voir or high pressure side of the valve.
The piston which carries the slide wvalve
is fitted loosely in the valve casing, allowing
air to leak around it, so-that any difference
in pressure between the two sides is quickly
equalized. A small pilot valve, actuated by

a brass diaphragm, governs a port leading:

from the piston chamber at. the back of the
slide valve piston to the chamber on the pres-
sure side of the diaphragm, the latter being
connected to the low pressure or control
pipe side of the valve.

spring, the diaphragm being deflected by the
control pipe pressure. If the pressure in the
control pipe falls, thereby reducing pressure
on diaphragm, the pilot valve opens and
reduces the pressure on the piston chamber
side of the piston. The piston then moves,
opening the supply port and making connec-
tion between the main reservoir and control
pipe. This connection continues until the
pressure in the -comtrol pipe is sufficient
to deflect the diaphragm and allow the pilot
valve to close. The pressure then .quickly
equalizes on both sides of the piston and the
supply port is elosed by the action of the slide
valve spring. -
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