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in the Operation
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The instructions contained in this book are supple-
mentary to those in the book of instructions to eleetric
train drivers, guards, shunters, and other employees
engaged in the operation of electric trains.

Most of the electrical equipment of the locomotives is
the same as that of the multiple umt stock, but there
are certain important « iferences i the electrical and
mechanical control arvvaucements. The instruetions re-
lating to that equipment which is common to both types
of stock is not contained m this book and must be
obtained from the book of instructions referred to
above.,

These instructions deal with the equipment peculiar
to electric locomotives Nos. 1100 to 1111 inclusive, and
should be read in conjunction with other relative in-
structions issued by the Department.
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981. With defect in No. 6 control circuit (Steps Nos. 4 and
10).
982. With defect in No. 5 control circuit (Steps Nos. 5 and
11).
983. With defect in No. 4 control circuit (Steps Nos. 6 and
12).
284. '
285.
Diagnosis of electrical failures and appropriate
tests.
986. General note. . .
987. Apparatus in use ¢o the various steps of acgeleratlon.
988. Instructions for lecating and dealing with faults
—indieations A, B. € and D.
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PART 1—DEFINITIONS.

100. GENERAL NOTE.

ions that follow apply to various techni-
cal terms used in this instruction book and e],sewhere,
and are clnded so that a clearer understanding may
he ohtamed of the various nstruetions issued to elec-
trie {rain drivers who will be operafing electric loco-

motives.
101. ADHESION PERCENTAGE.

The ratio——-expressed as a p_ercer_ltage—of the start-
ing tractive effort to that portion of the weight of the
locomotive concentrated on the erving wheels. In the
case of the V.R. electric locomotives, the adhesion per-
centage is equal to:— |

Starting tractive effort £ 100

Total weight of locomotive

102. BALANCING SPEED,
The speed of & locomotive or train at which the total
tractive effort is exactly balanced by the forces which

resist the motion.
103. BRIDGE TRANSITION.

A method of changing the main motor circuits, from
ceries to series parallel without breaking the eircult

and whilst maintaining the same current. in all the

The definit

motors.

104 JUMPER (COUPLER) PLUGS AND SOCKETS. -

Devices for. readily ¢ ounecting and disconnecting the .
electric circuits between locomotives -or..between .
cbaches of a multiple nnit train. Each set consists ofa
pair of plugs connected by 3 fAexible cable and arranged
to engage with suitable o kets attached to the vehicles.

105. PILOT OR DEAD I AN'S VALVE.

Unlike the :.ﬁr ui}‘L'Ww
cars, 1 ot or dead Tian’s valye~As provided on the
Toller of the electric locomotives. - - :

[Instructions 100-105.
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106. HIGH SPEED (OR HIGH RUPTUR]
CITY) FUSES. e CAPA.
A special type of fuse having sijlv
sand as the fusible element. Tt has
quickly and more efficiently rupturing ;
cuit in case of g fault, than the ordinarv tyop
fuse fitted to the base of the pantog L

107. NOSE SUSPENSION.

A method of mounting a traction motor
truck by SUpporting one side of t

ldeq n

axle

the framework of the bogie tr'uel‘
Jecting from the motor case.

108. NO. 1 END AND NO. 2 END.

Each end of"’che locomotive ig known by the numberg
1 and 2 respectively. No. 1 end is that end of the
locomotive adjacent to the main switechboard.

109. REVERSER.

A combination switeh for ¢
of traction motor field windin
direction of rotation.

110. STRAIGHT AIR BRAKE,

An auxiliary air brake system whereby the com-
pressed air for applying the brakes is admitted direct
from the main reservoir to the brake cylinders viag g
pressure reducing valve and-a drive’s straight air brake
valve in each driving compartment, (See also book
~of instructions for air brake equipment as fitted to
electric trains.) -

hanging the connections
gs 1n order to reverse the

111. TRACTIVE EFFORT. : o
The total propelling force measured at the tread of

the locomotive vwhoole

112, TRACTIVE =iSISTANCE.

The sum of e frictional and atmospheric forees
which resist locomaotive or train movement.

[Instructions 106-112.
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DESCRIPTION OF
ELECTRIC LOCOMOTIVES, Nos. 1102-1111.

EQUIPMENT DISSIMILAR TO THAT ON

MOTOR CARS.

As referred to in the introductory note at the com-
mencement of this instruetion book, the equipment in-
ctalled on the electric locomotives is very similar to that
on the electric motor cars.

There are, however, important differences in certain
of the major electrical and mechanical parts, and a de-
seription of these is given hereunder:—

200.

(a) Electrical.

(1) The locomotives are equipped with two
pantographs as compared with one on a
motor ear. The pantograph isolating
switeh is hence of the 2-way type and a
special 2-way air cock s also provided in
the magnet valve connections.

(11) The locomotives are equipped with high
yupturing capacity high speed fuses in
o "dition to the normal type of main fuse
. mted on the base of each pantograph.

(iii) Heavier type resistance grids are pro-
vided.

(iv) Bight contactors are used for reversing the
traction motor fields, and the correspond-
ing direction of movement of the loco-
motive. instead of the reverser used on the
electric motoer «ars.

(v) Two line bresiers are used for supplying
current to the loeomotive motor cireults in
place of one on each motor car.

(vi) The master controller is of a different
type to that used on the eleetric motor
cars and provides for manual control of
the locomotive acceleration instead of con-
trol by an accelerating relay.

[Instruction 200.
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(vil) Sixteen point couplers are used fo; coup.
Iimg up the control cirenitg betweap adja-
cent locomotiveg (for enabling 9 locom.
tives to be controlled by ope driver) i,.
stead of the standard 9 point coupler yge
on electric motop cars

.

(viii) A kilowatt-hoyp meter
locomotive fop
sumption of th

(1x) Two air compressors gre provided in egep,
locomotive.

(x) The locomotiveg are equipped with elec-
trolytic type lightning arresters,

IS provided ip each
measuring the energy coy-
€ motor cirenits,

(b) Mechanical,
(1) The electric motors ar

motive axleg through a pinion ang gear

wheel of g different 2€ar ratio to that ygeq
on the electrie motor carg

(1) The locomotive
straight air brake
matie air brake,

(1ii) A trippine handle Jgx
for (nicing g
\\/as 257 hy the
apparatns isoled

€ geared to the Jgqo.

1S equipped with the
n addition to the auto-

(c) General,

With the exception of a few minor items of equip-
ment, all the electrionl ang mechanical control equip-
ment is installed i the cal) of the locomotive instead
of being suspended from the underframe—as on an
clectric motor car,

[ Instruetion 200.
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GENERAL DESCRIPTION OF
LAYOUT OF EQUIPMENT IN BODY OF
LOCOMOTIVE.

5)1. GENERAL NOTE.

The body of the loo_orpoﬁve, which is earried on two
bogie trucks. has a driving compartment or cab at each
end partitloned off from a central equipment compart-

ment.
As the
duplicate, the locomotive can

either end.
The central equipment compartment contains most of

{Lie apparatus, which on a motor car 1s carried on the
anderframe. It 18 divided into two sections by a nar-
row aisle running the full length of the compartment.
Access to the electrical equipment contained in the
central compartment i« obtained by means of a door
in each partition.

k N

902. EQUIPMENT IN CAB AT NO: 1 END.

Tn the cab at No. 1 End of the locomotive, the equip-

ment is Jocated as follows :—

(a) On a frame above the main switchboard behind
the driver's seat (reading from left to right
when facing the frame). '

"No. 1 air compressor and protective relay
switeh.
Dynamotor switeh.
(b) On the main switciboard, top row, left to right.
No. 1 compressor ut-out switch.
Bus line switcii
Main control swiich.
Main lichting switeh.

(¢) On the main switchboard, second row, left to
right.

No. 1 end radiator snap switeh.
IHeadlights snap switeh.

controllers, brake valves, and sanders are n
be driven effectively from

[Instructions 201-202.
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Nignal and cauge lightg Shayp Switely
Locomotive lighting Shap switel,

(d) On the bottom of the main $Witchbogyg
Pantograph and cont

rol cut-gyy swit
: h 'lt(ah Q
fuses. o

Note.—The cireuity gpq fuses, o Show
diagramg Nog. 8 to a1

eadi o
left to right, are as fol] :

01 g frop
and 14 Dantograph Nos. 15

. OPerating . . ‘

0.13 cu;cmtsnot fllSE‘d\NhOS(. l;gu]t; '
i 654,85 o COntyo]
(e) Underneath the maj

' n switchboard,
mergency Jumper,

(f) In front of the contro]lep aNd aboye v
No. 1 conty] and line hreg r resetxllgdsi\tvﬁ I
No. 1 enq Pantograph oDerating gyigo -
(2) Above the secondary switchboard on t.hé igh
Or assistant’s siqe of the cap ieht

0. 2 air COmpressor anq Volt relay gy
(h) On the secondary SWitchhogyq. W switeh,
Kilowatt-hoyp meter,
No. 2

an(

gL

tehes wity, contyo)
SWitches attached—at ottom of SWiteh.
oard.
Shunts fop kWh. metep and ammetep (behing
switchboard)

(1) Above the outside door,

No. 1 contro) governor—

the controller,
No. 1 contyo] gov

on the side nearest to

ernor switeh—on 1],

e side fup-
thest from the controller,
(j) On instrioent board above the controller,
Anicts —top Instrument.
Brake eviiy

)
wler pressure gauge for straight air
operation—to the left of centre. -
Pantograph pressure gauge—to the vight of
centre, _ . N
Duplex gauge for registering main reservoir
and brake pipe pressures,
[Instructions 202,
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k) On side wall of locomotive to the left rear of
driver’s seat. .
Train cable conneetion box.
(1) On side wall of locomotive to the left front of

~ driver’s seat.

No. 1 headlight snap switeh. |

No. 1 headlight dim and bright snap switch.
prake cylinder hand release valve.

(m) Between controller and outside door.
Magnet valve.
Between driver’s seat and front window.

Master controller.
Driver's equalizing automatic brake valve.

Driver’s straight air brake valve.
Air sanding lever.

203. EQUIPMENT IN CAB AT NO. 2 END.
(a) On the switchboard in front of the controller
" and above the window—left to right.
No. 2 control and line breaker resetting switeh.
Main control switeh.
No. 2 end pantograph operating switeh.
No. 2 end radiator snap switeh.
(b) Above the outside door.
No. 2 control governor (on the side nearest to

the controller).
No. 2 control governor switeh (on the side fur-
thest from the controller).
(c) On instrument board above the controller.
Ammeter—top instrument.
Brake cylinder pressure gauge for straight air
prake operation—to the left of centre.
Duplex gauge for registering main reservoir
and brake pipe pressures.
Note.—There is no nantograph pressure gauge
at No. 2 end.
(d) On side wall of locomotive to the left rear of
driver’s seat.
Train cable connection box.
Brake cylinder hand release valve.

[Instructions 202-203.

(n)
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e) On side wall of locomotive tq the le

e driver's seat. f frong o
No. 2 end headlight Snap switch
No. 2 end headlight dim and

switch.

(f) In front of the assistant’s geqt
Hot plate switch,

(¢) Behind the assistant’s geat,
Hot plate.
Hand brake.

(h) Between driver’s seat and frg
Master controller.
Driver’s equalizing automatic hrakea var..
Driver’s straight ajp brake valye ¢ valve.
Alr sanding lever.

bnght Snap

nt window

204. EQUIPMENT IN CENTRAL ¢
ON THE SAME SIDE AS NO.1 COONI{TI':PA’R,ROTLI]VZ[.f:gT
(a) On the partition dividing No, 1 gy, f .
central compartment, fom the
Electrolytic lightning arregter.
(b) On the ceiling.
Choke coil.
(c) On the side wall,
Dynamotor resistance.
Kilowatt-hour meter resistance,
(d) On the top of the equipment frame,
No. 1 section of vesistance grids.
(e) Suspended from the equipment frame—commen-
e¢ing from No. 1 end,
No. 1 line breakor,
No. 1 contactor hox—containg Nos. 1 to 12
contactors. At No. 1 end of the box is a
termimal Loard and at No. 2 end are control
resistance tubes Nos. 1 to 13 (See table
hereunder).

No. 1 governor equipment.
One main reservoir.

(f) On the floor—commencing from No. 1 end.
[Instructions 203-205.
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Commencing from No. 1 end.
Anxiliary reservoir—underneath No. 1 line
breaker.
Dvnamotor-—underneath No. 1 contactor box.
No. 1 air compressor.
(o) On the partition dividing No. 2 cab from the cen-

tral compartment.
Hot plate series resistance.

200, EQUIPMENT IN CENTRAL COMPARTMENT
ON THE OPPOSITE SIDE TO NO. 1 CONTROL-
LER.

(1) On the top of the equipment frame—commencing
from No. 1 end. .

One main reservolr.

No. 2 section of resistance erids.

(h) Suspended from the equipment frame—commen-
¢ing from No. 1 end.

Two pantograph storage reservoirs.

No. 2 governor equipment.

No. 2 contactor box—containing Nos. 13 to 24
contactors. At No. 1 end of the box 1s a
terminal board and at No. 2 end are control
resistance tubes Nos. 14, ]) and 16. (See
table hereunder).

No. 2 line breaker.

(¢) On the floor—commencing from No. 1 end.

No. 2 air compressor.

Whistle and pantoeraph reservoir, with duplex
check valve.

) On the partition dividing No. 2 cab from the
central compartment.

Headlight resistances,

206. EQUIPMENT IN CENTRAL COMPARTMENT
IN OR OVER THE CENTRAL AISLE.
Traction motor main switch—over the door
at No. 1 end.
High speed fuse.
Pantograph isolator and interlocking air cock
—on the ceiling near No. 2 section of grid
resistances.
[Instructions 205-206
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CONTACTOR INTERLOCKS. The
e fitted with interlocks ag followg .—

Number of inter- |
locks fitted.

Contactors in box | Contactors i 1o
No. 1. No. 2.m box

No interlocks
One interlock
Two interlocks

Three interlocks ..
Four interlocks

.|Nos. 7, 8,9, 10 & 11 Nos. 18, 19, 20, 21 &
22

.|Nos. 2, 8,4, 5 & 12 Nos. 14, 15, 16, 17 &
24

No. 6 No. 23
No. 1 0__
— No. 13

[Instraction 207.
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DESCRIPTION OF SPECIAL ITEMS OF
APPARATUS.

910. THE PANTOGRAPHS.

The pantographs and their connections, also the
method of raising and lowering, are the same as on
each electric motor car, except for the addition of the
pantograph isolator with its safety air cock and a two-
way cock situated above the magnet valve and used
tor controlling the passage of air to either pantograph.
A general description of the pantographs and their
attendant valves and cocks is given in the book of
‘nstruction to electric train drivers and other employees
engaged in the operation of electric trains. The control
areuits and fuses used when raising or lowering the

pantographs electrically are Nos. 14 and 15 respec-
tively.
911. THE PANTOGRAPH ISOLATOR.

The pantograph isolator is a two-way switch, the
knife blade of which must be placed in the contact
fingers nearest to the pantograph which is to be raised.
(are must be taken after operating the isolator to close
the cover of the isolator box.

A safety air eock is provided which must be moved
to a position which mterrupts the air supply and ex-
hausts the air from the pantograph cylinders—thus
Jowering the pantograph if raised—before the cover of
the pantograph isolator box can be opened and the iso-
iator operated. The cover in turn must be closed be-
fore the safety air cock can be returned to the on
position.

Note.—Electric train drivers and others concerned
are warned that they must not assume that
any pantograph is lowered until they satisfy
themselves by observation that the panto-
oraph is down.

912. TWO-WAY COCK ABOVE MAGNET VALVE.

This cock must be set to the correct position of the
pantograph which is to be operated, 1.e.,
[Instructions 210-212.
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a) For the operation of No, 1 pantograph the o k
handle is moved to g position appmxin-'é_télg})i;
degrees fo the right of the central \;emp‘ajl'y i
tion, the air supply to the panto frdl Ay

‘ graph evlindepe
then passes through the right-hand sie 'pjpé]el&

(b) For No. 2 pantograph the cock handle ig move(
to a position approximately 45 degrees t, ti(
](}f‘( of tl.h_e central vertical position the air Supe
Pl m this case passing to the ‘panté)o'ra 58
ders via the left-hand side pipe. oh eyl

213. LINE BREAKERS,

The two line breakers of the locomotive gre the gq
tyvpe as those on the motor cars and are designateq I{)le
numbers 1 and 2 respectively.  No. 1 lipe ﬁreaker iy
L operation in both series and serles-parallel conpe S
tions of the motors, whilst No. 9 line breaker doeg n(;;

come Into operation till the series-parallel cont '
cuit No. 9 is energised on the 8th o i

No. 17 step.—See Diagram
Eac.h line breaker has two interlocks, one being the
reset interlock; the other, which is referred to as the
line breaker interlock, works in conjunction with the
line breaqu contact carrying lever arm.—See Diagram
No. 4. This latter interlock is part of the interlocking
arrangements of the circuit which ensures that the line
breaker is the last switeh to close in the main motor
cireuit.  When the line brealer closes, this interlock is
opened. The reset interlock of the line breaker ope-
rates in a similar manner to that on each electric motor
car line breaker, i.e., when excess current flows to the
motors through the overload coil of a line breaker, the
pull of the coil overcomes the resistance of a spring
and causes a trigger attachment to operate and open
the reset interlock. If this happens it is necessary to
reset this interlock—by either of the control and line
breaker reset switches—before the line breaker can be
brought into operation again—See instruction No. 223,
description of No. 1 compressor and protective relay
circuit and No. 12 control and line breaker resetting
circuit.
[Instructions 212-213.
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When {he motors ave working in series-parallel, there
'« a line breaker in the cirenit of each pair of motors;
this arrangement permits each Iine breaker to be set to
open at a lower value of current than if there were a
«nele line bhreaker on each vehicle. If when working
m series-parallel motors 3 and 4 take excessive eurrent
and open the reset interlock of No. 2 line breaker, No.
0 control eirenit will be interrupted and both line
breakers will open and eut power off from the motors.
When. however, the controller is returned to No. 7 step
__ful] series—Nos. 3 and 11 econtrol circuits will be-
come energised and all motors will work in the full
ceries connection. Series-parallel operation cannot, how-
ever, be reverted to until No. 2 line breaker is reset.—

Qee Tnstruetion No. 223.

914. GRID RESISTANCES.

The grid resistances are used to limit the amount of
current through the motors during the period of initial
acceleration. They are divided into 9 sections. Cables
connect these sections to the various contactors which
short circuit them out of the motor eircuits, the con-
tactors being operated by the control cireuits which
become enereised as the controller is stepped up. The
orid resistances are all shorted out of cireuit when the
controller is in the full series and full series-parallel
positions respectively. If the ammeter reading 1s low,
and slow train movements are required, the controller
handle may, if necessary, be held much longer on a
resistance step without ill-effects to the equipment than
if the ammeter reading were of & high value.

When a high ammeter reading is present, the con-
| troller must be stepped up to the full series or the full
series-parallel positions as soon as practicable, because
the amount of heat generated in the grid resistances
increases very rapidly with the current strength. The
controller should, therefore, not be held on resistance
steps longer than is absolutely necessary.

[Instructions 213-214.
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215. MAIN MOTORS.

Each of the two fonr-wheel hogie trucks of the |
motive 1s fitted with two axle hune > 10cq,

2 N0Se gyug o

] 1 ‘ SUSPen
traction motors. 1.e., one motor is used to drix}:z e}e;l
?O]

axle. These motors are of the same type g those ys
on the electric motor cars, but the locomotive mofoed
have gearing of a different ratio—See diagr rs

i ram No, 9_
more suitable for the class of work for whi

- ch the
motive is designed. The motor field tapping lo.

> . arra,n()'e_
ments, which are used.on the electric motor cqp >

1 8 10 give
greater train speed, are not used on the electri, Toe,
motives as they are not required, the maximup ¢

of the locomotives being limited to 40 M.P.H. Peed

216. MOTOR CUT-OUT SWITCHES.

The two motor cut-out switches are each of the three
pole double throw knife type, the two large blades of
each switch being connected in the traction motop elr-
cuit and the small blade being part—under normg] con-
ditions—of No. 9 eontrol circuit. The function of the
motor cut-out switehes is to cut out of action ejthey
pair of motors i the event of a pair becoming defe.
tive, and at the same time complete the ecircuit, wity
the good pair of motors and provide for control i
any position of the controller handle. When a paiy
of motors is cut out by either of the motor cut-out
switches, the series-parallel control cirenit No. 9 ig
opened and the full series control circuit No. 11 is con-
nected via the small blade of the M.C.0. switeh to
No. 9 wire, thus providing for the retaining of No. 11
cirenit when the controller handle is moved to any of
the series-parallel positions. Tf it is necessary to cut
out a pair of motors, steppine up should be done cau-
tiously to control the higher current peaks which will
be produced owing to the lowered electrical resistance
of the traction motor cirenit.

217. DYNAMOTOR.

The dynamotor on each locomotive is identical with
that on each electric motor car. It provides the 750

[Instructions 215-217.
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the control, lighting and heating cir-
allv coupled to these ¢ircuits via the

neual emergency jumper.

51s. CONTROLLER.

As the loc

from those fitted to the |
atures of the loe,onmmje controllers are given here-

fe

under

(a)

(b)

omotive controllers are of a different type
he electric motor cars, the mam

Each controller has two evlinders, ie.. a main
cvlinder and a reversing eylinder.

On the main eylinder are mounted the groups of
nsulated segments which make the required con-
neetion with the stationary fingers when the

controller is operated.

The reversing eylinder carries a contact segment
which—acecording to the position of the handle
from the central or off position—will connect the
control voltage to No. 1 circuit for a forward
movement or to No. 2 circuit for a reverse move-

ment.

The shaft of the reversing cylinder projects
above the cover plate of the controller and 1s
operated by a special removable reversing
handle. This reversing handle can only be re-
moved when it is in the central position. The
shaft of the reversing c¢yhnder is so nterlocked
with the shaft of the main cylinder that—

(1) the position of the reversing cyvlinder can-
not be altered while the controller is in any
other than the off position, and

(11) the main cylinder cannot be moved when
the reversing cylinder is in the central posi-
tion.

The controller handle is attached to the shaft of
the controller main cyvlinder. It is moved in the
same direction of rotation for either forward or
reverse movement of the locomotive.

[ Instructions 217-218.
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(1) There is no spring to return the controller t,
off position. 0 the

(2) An auxiliary eylinder on the lower end of ¢
main cylinder shaft has he

) n"

nects two fingers which are part of No. 19 cir

cmit.  This eircuit is open at these fingers whi
the controller handle ig ip the on position

. (Seeldescription of line breaker anq protec
1Ive relav res S e . 1 ec-
No. 223.)} esetting cireuit No. 12, Instruetiop

e

(h) The 75(_) volt supply to the control
the various eircuits via a feed swit

of_the two upper fingers of the co
bridging co

ler is fed 1,
ch consisting
ntroller and g
g contact. When the controller is in the
off position, the supply is disconnected from the
controller circuits, but when the first and sub-
sequent, steps are made the two fingers are con-
nected by the bridging contact and the 750 volt
supply is fed to the controller circuits via No. 3
wire—See diagrams Nos. 8-21 inclusive. The
feed switeh also makes the 750 volt supply avail-

able to the reverser via a connection from B fin-
ger of the feed switch.

(1) The controller has twelve steps which are indi-
cated on the cover plate, the seventh being the
full series and the twelfth the full series-parallel
running position. A star wheel with a spring
actuated pawl eives a definite indication of each
step. It must be understood that the driver is
responsible for the acceleration of the loco-
motive, the controller must therefore be stepped
up step by step at a rate governed by the read-
ing on the ammeter, and the controller must not
be held on a resistance step longer than neces-
sary.

(See notes in operating instructions section of

this book re stepping-up on the controller—
Instruetion No. 261.)

[Instruction 218.
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910. CONTROL RESISTANCE TUBES,

There are 16 control resistance tubes and their fune-
fion is to imit the enrrent flowing through the operat-
ino coils of the contactors. Bach tube is stamped with
i< ohmic resistance, i.e., Nos. 1, 2, 3, 4, 9,10, 11 and 12
resistance tubes are 150 ohms each, and Nos. 5, 6, 7, 8,
13. 14. 15 and 16 tubes are 200 ohms each.

When replacing a resistance tube care must be taken
to see that a 150 ohm tube is not put in place of a 200
ohm tube as the lower resistance of the 150 ohm tube
will allow more current to flow than is necessary and
as a result the control fuse which protects the circuit
may blow.

The control resistance tubes are employed in the con-
trol circuits as follows:—

No. 1 tube is in No. 1 circuit.

No. 2 tube is in No. 2 circuit.

Nos. 3 and 4 tubes are in No. 6 circuit.

Nos. b, 6, 7 and 8 tubes are in No. 8 circuit.

Nos. 6, 7 and 8 tubes are in No. 4 circuit on the 6th

step.

Nos. 9, 10, 11 and 12 tubes are in No. 7 circuit.

No. 13 tube is in Nos. 3, 10 and 11 circuits during

series operation.

Nos. 14, 15 and 16 tubes are in No. 4 circuit on the

12th step.
990. TRAIN CABLE AND JUMPER.

The train cable, 16 core—Nos. 1 to 15 circuits plus a
spare—terminates at each end of the locomotive in the
respective connection boxes. One box is located in each
driving cab. The 16 terminals of the connection box
are connected by 16 core cables to the right and left
hand coupler sockets respectively, and by lesser core
cables to the adjacent controllers and to the panto-
oraph operating switches. No. 1 connection box is also
connected to the pantograph and control cut-out
switches and fuses.

A 16 core train cable jumper is part of the equip-
ment of each locomotive. This jumper may be plugged
in to the coupler socket of an adjacent locomotive to
enable the locomotives to be operated from any of the
controllers in a similar manner to the multiple unit
control of the electric motor cars. [Tnstruetions 219-220.

I



28

-

991, BUS LINE.

The bus line terminates in a connection box at eac
end of the locomotive. At No. 1 end the terming] (of
the connection box is connected to the 750 volt supply
—via the bus line switch—and to a right and left h‘{n}l
coupler socket. At No. 2 end the terminal of that 0(611(
nection box is connected to a right and left hén(—l
coupler socket and to the main control and lleatinm
circuit switches in the driving cab. 7

Under normal conditions, therefore, the funectioy of
the bus line is to supply power to No. 2 end for the
operation of the locomotive from that end, and t,
supply power for the heating circuits at that end.

Under abnormal conditions the bus line is used to
carry the 750 wvolt supply through an emergency
jumper to or from an attached locomotive or motor
car.

h

222. LIGHTING AND HEATING CIRCUITS.

(a) The lighting circuits of the locomotive are sup-
plied through the main lighting switch and 5
ampere fuse—the latter is in the switech box.
The switch is mounted on the main switchboard
at No. 1 end. After passing through the main
switch the supply divides into several minor
circuits each controlled by a snap switech and
protected by a 3 ampere fuse contained in that
switech bodv. These snap switches are also
located on the main switchboard and arranged
as detailed in instruction No. 202 of this instrue-
tion hook.

(b) The heating circuits of the Tocomotive are sup-
plied as follows :—

No. 1 end radiator. Supplied through the main
liehting switeh and coutrolled and protected
by a combined snap switch and 3 ampere fuse
mounted on the main switechboard at No. 1 end
adjacent to the lichting snap switches.—See
mstruction No. 202,

[ Instructions 221-222.
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No. 2 end radiator. Supplied from the bus line
and controlled and protected by a combined
enap switeh and 3 ampere fuse located in No.
9 end cab in front of the controller and above
the window.—See instruetion No. 203.

No. 2 end hot plate. Supplied from the bus
line and controlled and protected by a com-
bined switeh and 5 ampere fuse, located 1n
No. 2 end cab in front of the assistant’s seat.

993. NO. 1 COMPRESSOR AND PROTECTIVE
RELAY CIRCUIT AND NO. 12 CONTROL AND
LINE BREAKER RESETTING CIRCUIT.

ction with these circuits, reference to dia-
orams Nos. 8 to 21 will show that the closing of No. 1
COMPTessor and protective relay switech does not ener-
aise and reset No. 1 protective relay. To reset the
;elay it is necessary to momentarily energise the line
preaker reset coils and with them No. 1 compressor
and protective relay coil via No. 12 circuit. This 1s
done by moving the handle of the control and line
preaker resetting switch momentarily to the left hand
gide. When this is done the path of No. 12 cireuit from
the right hand contact of the control and line breaker
reset switch is across the two fingers at the base of the
controller—see note below—to the control cut-out
switch, and thence via No. 12 fuse to No. 12 terminal
on No. 1 contactor box terminal board where the cir-
cnit divides into three paths. Two of these paths
are through the two line breaker reset coils to rail, and
the remaining path is through the top (No. 1) contact
of the interlock and the coil of No. 1 compressor and
protective relay and thence through two 600 ohm
resistance tubes to rail. Tt should be noted that the
drawing of an are when the eonirol and line hreaker
reset switeh is operated to the reset position does not
necessarily indicate that each of the three circuits from
terminal No. 12 at No. 1 coniactor box terminal board
is complete to rail, because with any one of the circuits
complete an arc will be obtained.

In conne

[Instructions 222-223.



The protective rel

ayv has five inteplqr

ks whi
: nely o,
nsed as follows :— arn

(a)

(c)

No. 1—Top—contact of the interlock
No. 12 circuit and is used in resetting the

tective relay as referred to above, Whenp:}?
relay resets it opens No. 1 contact of the intére
lock and eloses Nos. 2,3, 4 and 5 contaetg f
the interlock. ool

No. 2 contaet of the
tz}ins the eircuit for ¢
cireuit is de-energised

'S part of

interlock being cloge re.
he relay coil whep No. 19

by the replacement of th
handle of the control and line breaker resettine

S\jritell to the norma] right hand position. The
1500 volt supply then passes through No. 1 ¢op,.
pressor and protective relay switch, 10 No. 50
ohm resistance tubes, No. 2 contact of the Inter-
lock, the relay coil, and the two 600 ohm resis-

tance tubes to rail ang thus retains the relay in
the reset position,

No. 3 contact of the interlock is in the eircuit
of No. 1 eompressor relay. The closing of this
contact of the interlock when the protective re-
lay resets prepares a circuit to rail in paralle]
with the cireuit from the protective relay coil
through the two 600 ohm resistance tubes. This
parallel circuit, however, is not complete unti] g
compressor governor closes. When this happens,
the current through the protective relay coil o
rail takes the following paths :—

(1) First parallel circuit, Through the two
600 ohm resistances tubes to rail,

(i) Second parallel circuit. Through protee-
five relay interlock eontact No, 3, No. 1
compressor relay coil, No. 1 compressor
-ut-out switch, the common compressor
covernor wire, and the closed compressor
governor contacts to rail.

When No. 1 compressor relay coil is
energised, the relay contacts close and feed

[Instruction 223.
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the 1500 volt supply to the motor of No. 1
air compressor.
d) No. 4 contact of the interlock is in No. 3 control

cirenit and if 1t does not close the locomotive

will be inoperative.

) No. 5 contact of the interlock is in No. 11 control
civenit and if it does not close thg locomotive
will be inoperative in No. 7 step, Le, the full
ceries runnNIng position.

Tt is necessary to reset No. 1 compressor and protec-
tive relay on any occasion yvhen power has been re-
«tored after being temporarily eut off. For example,
this must be done after a power fall.ure, or the lower-
g of the pantograph, or after a main or a high speed
fuse has blown, or after No. 1 compressor and protec-
five relay switch has been opened for any reason.

It should be noted that if a defect prevents No. 1

compressor and protective relay from closing, the loco-
motive will fail as well as No. 1 air compressor.
Should a line breaker reset coil be burnt out, or open
circuited, and the line breaker then be opened by an
overload, it will be impossible to reset the line breaker
electrically. It can, however, be reset by hand.

Note.—When the controller handle is in the off posi-
tion, the two fingers at the base of the con-
troller are bridged by a contact segment car-
ried on an auxiliary cylinder mounted on the
main eylinder shaft. This feature prevents
the possibility of the line breakers or pro-

 tective relay being reset while the controller
iy in any other than the off position.

994: NO. 2 COMPRESSOR NG-VOLT RELAY
"~ CIRCUIT.

The no-volt relay of No. 2 compressor hias one set of
interlock contacts only. When No. 2 compressor and
no-volt relay switch is elosed, current passes through
the ten resistance tubes, the coil of the no-volt relay
and two 600 ohm resistance tubes to rail. When the

[Instructions 223 224,
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relay coil becomes energised, the
closed. This prepares a circuit
the cirenit from the no-volt rela

600 ohm resistance tubes.  This potentia] cireuit, ho.
ever, is not complete until g COMPressor governor ¢logeg
When this happens, the current passing through the
no-volt relay coil to pail follows the parallel paths .
shown hereunder:—

Interlock contacty ape

to rail in parallel with
¥ coil through the two

(a) Firgt parallel circuit, Through the two 600 ohyy
resistance tubes to rail.

(b) Second parallel circuit. Through the interlock
of No. 2 compressor no-volt relay, No. 2 com-
pressor relay coil, No. 2 compressor cut-out
switch, the common COMPressor governor wire,
and the closed compressor governor contaects to
rail. When No. 2 compressor relay coil is ener-
2ised, the relay contacts close and feed the 1500
volt supply to the motor of No. 2 air COMpressor,

It should be noted that a defect in No. 2 com-
pressor no-volt relay does not affect the opera-
tion of the locomotive electrically, although No,
2 compressor will not operate.

225. AIR BRAKE EQUIPMENT.
(a) DESCRIPTION.

Electric locomotives are provided with the
combined automatic and straight air brake equip-
ment. This equipment comprises the standard
automatic arrangement with the addition of 1
straight air brake feature which provides for
independent control of the locomotive brakes
without interfering with their automatic opera-
ration when the driver’s automatic brake valve
is used, or should any discharge of air from th.e
brake pipe be caused, either purposely or acci-
dentally.

The brake equipment, which is shown dia-
erammatically in diagram No. 7, is so arranged

| Instructions 224-225.
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it can be manipulated from either driving

{hat
sarfment of the locomotive.,

omj

The locomotive is provided with standard trip
vear at each end with the addition of a tripping
handle lever 1 each driving compartment,
which, when pulled downwards as far as pos-
Gible. causes the tripping handle to be raised
clear of the train stop arm in the same manner
as that caused by the operation of the safety
apparatus isolating cock.  When the tripping
handle lever in the driving compartment is re-
leased the tripping handle returns to the nor-
mal operating position. The purpose of the trip-
ping handle levers in the driving compartments
‘s fo avoid the train being tripped to a stop
when the locomotive is passing an automatic sig-
nal at the stop position. For further instruec-
tions regarding the use of this device see Gene-
ral Appendix on “Working of goods trains
hauled by electrie locomotives.”

PARTS OF THE EQUIPMENT.

Two electrically driven air compressors which
turnish the compressed air for use in the air
prake system and other air operated devices.
Two air compresser governors which automati-
cally control the operation of the alr compres-

sors so as to maintain the mam reservoir pres-

«ure between 87 and 100 Ibs.

Two main reservoirs into which the compressed
ar is delivered and where it 18 cooled and stored
for use as required. Fach main reservoir is pro-
vided with a drain cock to enable the reservoirs
to be frequently drained.

A main reservoir safety valve which is adjusted
to open at 110 Ibs. and thereby prevent the aceu-
milation of excessive main reservoir pressure.

A duplex check valve whieh delivers compressed
Air to the whistle and pantograph reservoir only

[Instruction 225.



when there is.a pressure of 80 1bs. or more ip the
mam reservolr.

A duplex air pressure gauge in each driving eop,.
partment, fitted with a red and a black pginfef
The red pointer indicates main reservoir preg
sure and the black pointer brake pipe pressyre
A single pointer pressure gauge in each driving
compartment which indicates brake cylinder
pressure when a straight air brake application
18 made,

A brake valve isolating cock in each driving
compartment to enable the main reservoir pres-
sure to be isolated from the driver's equalizing
brake valve,.

A driver’s equalizing automatic brake valve in
each driving compartment which controls the
flow of compressed air from the main reservoir
to the brake pipe to charge and release the auto-
matic brake, and from the brake pipe to atmos-
phere to apply the automatic brake. This brake
valve handle has five operating positions, viz.,
1. Charging and releasing, 1. Running, III.
Lap, 1V. Service application, V. Emergency
application.

An automatic feed valve which regulates the air
pressure in the brake pipe at 70 lbs. whilst the
handle of the driver’s equalizing brake valve is
in running position. Tt also provides for excess
pressure being carried in the main reservoir for
the efficient release of the antomatic brakes and
- operation of the straight air brake.

‘A brake valve equalizing reservoir in each com-

- partment to assist the dviver to more efficiently
 manipulate the automatic brakes. -~

A pressure reducing valve located on the pipe
connecting the main reservoir pipe to the
driver’s straight air brake valve m each driv-
ing compartment. It is adjusted to provide a
maximum straight air brake pressure of 45 lbs.
in the brake cylinder when the straight air
brake is fully applied.

[Instruection 225.
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A driver’s straight air brake valve in each driv-
ine compartment which controls the application
and release of the straight air brake.

An improved triple valve which operates auto-
matically to control the flow of air from the
brake p'ipe to charge the auxiliary reservoir;
from the auxiliary reservoir to the brake cylin-
Jer to apply the brake; and from the brake
cvlinder to atmosphere to release the brake.

A triple valve bracket embodying a double check
ralve which separates the two air brake systems
<o that the operation of either system may be
achieved as desired.

An auxiliary reservoir in which is stored the
compressed air for the application of the auto-
matic brake on the locomotive.

A brake cylinder with piston, rods and levers so
connected that when the piston is forced out-
wards by compressed air the brake blocks are
forced on to the wheels.

A hand release valve in each driving compart-
ment which is connected to the brake cylinder
and serves to hand release the air brake when

required.

An automatic brake slack adjuster which auto-
matically maintains a constant brake piston
travel provided the brake rigging is properly
adjusted.

A brake cylinder safety valve adjusted to open
at 50 Ibs. pressure is fitted on the brake eylinder
pipe to avoid wheel sliding due to the develop-
ment of excessive brake eylinder pressure in the
event of the pressure reducing valve overfeed-
ing, or when a full automatic brake application
is superimposed on a heavy straight air brake
application.

A safety apparatus isolating cock at each end of
the locomotive which controls the cutting in or
out of the trip gear and the control governor.

[Instruction 225.




RE!

Varions ent-ond cocks, hrake pipe cocks
conpling pipes and other ﬁmngg, ‘
the air piping are included in the eq
focation and purpose of whiel, W
stood from their position on diagram No. 7
Hlustrated deseriptions of various of
air brake equipment and their o

€0 hose
Merdenty] to

Jllipll]ent, the
1T be under-

trains.”

226. THE HAND BRAKE. |
The hand brake is located in the No. 2

: driving cop-
€ assistant’s seat ang

Dartition the dividing

227. COMPRESSED AIR OPERATED SANDING
EQUIPMENT. ‘
There are eight sand boxes and
locomotive, one to each wheel.

arrangement the compressed air fop their operation is
supplied from the main reservoir pipe direct and is
controlled by a hand valve in each driving compart-
ment so arranged that, when the valve is opened, sand
is applied in advance of the leading wheels of each

bogie in the direction of running.
228. TRAIN DISC BOX.

The trast disc box is_sitrdted in the c: W
end o1the side wallahOve No. 2 traiw-rable coptection
X.

sand ejectors on the
With the standard

CONTROL CIRCUITS FOR ACCELERATING ’
STEPS.
(See Diagrams Nos. 8 to 21 inclusive.)
231. STEP NO. 1 FOR FORWARD RUNNING— (See
diagrams Nos. 8 and 9).
From finger A of the controller through the feed

[Instructions 225-231.
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arifeh to finger B and thenee to No. 3 finger and the
peverser segment for Nos. 3 and 1 cireuits respectively.
No. 1 circuit. From controller reversing eylinder to
{he following points i suCceession :—
(a) No.1train cable connection box—No. 1 terminal.
(h) No. 1 control cut-out switeh and fuse.
(¢) No. 1 terminal of No. 1 contactor box.
(d) Coil of No. 2 contactor.
(e) No. 1 (Top) contact of the interlock of No. 3

contactor.
(f) Coil of No. 4 contactor.
(¢) No. 1 contact of the interlock of No. 5 contactor.
(h) No.1 resistance tube (150 ohms).
(i) No. 1E terminal of No. 1 contactor box terminal

board. |
(;) No. 1E terminal of No. 2 contactor box terminal

hoard.
(k) No. 1 contact of the interlock of No. 17 contac-

tor.
(1) Coil of No. 16 contactor.
(m) No. 1 contact of the interlock of No. 15 contac-

tor.
(n) Coil of No. 14 contactor.
(o) Rail.
No. 3 circuit. From finger 3 on controller to the fol-
lowing points in suceession :—
(a) No.1 train cable connection box—No. 3 terminal.
(b) No. 3 control cut-out switeh and fuse.
(¢) No. 4 contact of the interlock of No. 1 compres-
sor and protective relay.
(d) Reset interlock of No. 1 line breaker. ,
(e) No. 1 contact of the interlock of No. 1 line

breaker.
(f) No. 3 eontact of the interlock of No. 1 contactor.
(z) Coil of No. 1 contactor.
(h) No. 13 resistance tube—200 ohms.
(i) No. 1 contact of the interlock of No. 12 con-
tactor.
[Instruction 231.
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howrd. terming|
(k) No. 3G terminal of No. 9 contactor .
board. mtactor hox terming|
(1) No. 1 contact of the interloc '
tactor. ock of No. 13 con-
(m) Coil of No. 23 contactor.
(n) Coil of No. 24 contactor.,
(0) No. 10 terminal of No, 2 :
board. contactor bhox terming)
(p) No. 10 terminal of No. 1 .
board. contactor box terming)

«q) No. 10 fuse and contro) cut-out swi
(r) No. 10 finger on controller, siteh.
(s) Controller drum contact
(t) D finger on controller.
(u) Rail.

It will be observed that when
energised the positions of its int
reversed, i.e., No. 3 contact of the interlock opens and
No. 4 contact closes. The circuit current then passes
from the reset interlock to No. 1 line breaker—in liey
of e and f above— as follows:-—

Segments.

No. 1 contactor is
erlock contacts are

el No. 1 contact of the interlock of No. 1 line breaker
in parallel with No. 4 contact of the interlock of
No. 1 contactor, to
f1 Coil of No 1 line breaker,
and thence in accordance with g to u above.

When No. 1 line breaker closes, its No. 1 contact of
the interlock opens, and No. 3 cireuit is maintained via
No. 4 contact of the interfocic of contactor No. 1, the
coll of No. 1 line breaker, aud thence in aceordance
with g to u above.

This mnterlocking arrangement ensures that the line
breaker is the last switch to close in the traction motor
eircuit. It should be noted that cirecuit No. 3 remains
energised in the above form during steps 1 to 6 inclu-
sive.

[Instruction 231.
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,:o STEP NO. 1 FOR REVERSE RUNNING.

from controller fincer A through the feed switch 1o
fincer B and thence to No. 3 finger and the reverser
cooments for Nos. 3 and 2 circuits respectively.

No. 3 circuit. Same as that for step No. 1 for for-

ward running.
No. 2 circuit. From controller reversing cylinder to

(he following points in sucecession:—

(a) No.1 train cable connection box—No. 2 terminal.
(h) No. 2 control cut-out switch and fuse.
(¢) No.?2 terminal of No. 1 contactor box.
(d) No. 1—top—contact of interlock of No. 2 contac-

tor.
(oil of No. 3 contactor.
No. 1 contact of interlock of contactor No. 4.

)
)
) Coil of No. 5 contactor.
)

S50 e ©

No. 2 resistance tube—150 ohms.
i) No.2E terminal of No. 1 contactor box terminal

1
board.
(3) No. 2E terminal of No. 2 contactor box terminal

board.
(k) Coil of No. 17 contactor.
(1) No. 1 contact of the interlock of No. 16 con-

tactor.
(m) Coil of No. 15 contactor.
(n) No. 1 contact of the interlock of No. 14 con-

tactor.
(o) Rail.

TN AN TN

NOTES:
(a) Having fully deseribed Nos. 1, 2 and: 3 circuits,
" no-reference will be made in steps Nos.:2 1o 12
" .to the connection:boxes and/or terminal boards.
(b) Tt should be noted that at No. 2 eonnection box
each train cable wire, except Nos. 1 and 2, 18
connected to the terminal pearing its distin-
ouishing number. In order that the control cir-
cuits mav be correetly energised for the forward

or reverse operation of the locomotive from
[Tnstruction 232.
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either end, Nos. 1 and 2 wires (Nos. 1 and 9
contr_ol circuits) are cross-connected at No. 9
ind,' 1e., at No. 2 train cable connection hox No
wire is connected to No. 2 termi oo,

2 ( . ninal ¢
1w and vice.
Note.—These wires are similar to wires Nos, 4

| :%nd 5 on the electric train stock.

(¢) E_lther cirewrt No. 1 or cireuit No, 2 remains enep-.

gised during steps Nos. 1 to 19 inclusive, J

233. STEP NO. 2 (Diagram No. 10).

No. 8 circuit energised as follows: From No. 3 eo
troller finger through eontroller drum contget séo'menlg‘
to No. 8 finger and thence to following points ti311 su;
cession :

E a)) 1§o. 8 gontrol cut-out switch and fyse,

b) Nos. 5, 6, 7 and 8 resistance -9 ,

() Coil of No. 7 contactor, - res—200 obums,
(d) Rail.

234. STEP No. 3 (Diagram No. 11).

No. 7 circuit energised as follows: From No. 3 con-
troller finger through controller drum contact seements
to No. 7 finger and thence to: ‘

(a) No. 7 control cut-out switeh and fuse.

(b) Nos. 9,10, 11 and 12 resistance tubes—150 ohms,
(¢) Coil of No. 8 contactor.

(d) Coil of No. 19 contactor.

(e) Rail.

235. STEP NO. 4 (Diagram No. 12).

No. 6 circuit energised as follows: From No. 3 con-
troller finger through controlier drum contact segments
to No. 6 finger and thenee to:

(a) No. 6 control cut-out switch and fuse.

(b) Nos. 3 and 4 resistance tubes—150 ohwms.

(¢) Coil of No. 9 contactor.

(d) Coil of No. 20 contactor.

(e) Coil of No. 8 contactor.

[Instruetions 232-235.
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() Coil of No. 19 contactor,
(¢) Rail.

936, STEP NO. 5 (Diagram No. 13).

No. b circuit energised as follows: From No. -} cou
troller finger through eontroller drum contact segmeti{s
to Ne. 5 finger and thence to: ’

(a) No.» control cut-out switch and fuse.

(b) No.3 contact of interlock No. 6 contactor.

) Coil of No. 10 contactor.

(d) Coil of No. 21 contactor.
(e) Coil of No. 9 contactor.
(f) Coil of No. 20 contactor.
(¢) Coil of No. 8 contactor.
(h) Coil of No. 19 contactor.
(1

1
i) Rail.

937. STEP NO. 6 (Diagram No. 14).

No. 4 circuit energised as follows: From No. 3 con-
troller finger through controller drum contaet seg-
ments to No. 4 finger and thence to:

(a) No. 4 contact cut-out switch and fuse.

(b) No. 1 contact of interlock of No. 6 contactor.

(¢) Coil of No. 11 contactor.

) No. 2 contact of interlock of No. 23 contactor.
Nos. 6, 7 and 8 resistance tubes—200 ohm.

oil of No. 7 contactor.

C
() Rail.

938. STEP NO. 7 (Diagrams Nos. 15 and 16.)

No. 3 circuit. Same as described for Step No. 1 for
forward running as far as No. 1 contact of the inter-
lock of No. 13 contactor—a to 1 inclusive—then, as No.
10 controller finger opens eircuit, No. 11 closes, and the
circeuit is made as follows:—

(a) to (1) as for Step No. 1, then—

(m) Coil of No. Is contactor.

(n) Coil of No. 6 contactor.

[ [nstructions 235-238.
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(0) No. 5 contact of mterlock of Ng. 1 COMpregg
and protective relay. R0
(p) No. 11 fuse and control ent-m
(q) No. 11 finger on controller.
(r) Controller drum contaet segments,
(s) D finger on controller.
(1) Rail.
It will be noted that as a regy]
of No. 10 cireuit and the ep
Nos. 6 and 18 contactors

1t switet).

t of the de-enepgiq:
11 i
ergising of No. oigin;g
close and Nos, 93 and 94 o

tactors open, 24 con.
239. STEP NO. 8 (Diagrams Nos. 16 ang 17).

No. 3 circuit remaing made—as far gq and i
the coil of No. 1 contact Inel

. . 8 stepg
7, a to g inclusive. Fr ' : DS Nos,
No, 8 is as follows :—

(h) No. 2 contaet of interlo
(

ck of No. 1
1) Reset interlock of No, conta

: ctor,
2 line breaker o

(3) No. 1 contact of interlock of No, 2 lin

(k) No. 8 contact of iterlock of No, 13 eozg:t?)];er'
(1) Coil of No. 13 contactor, '
(m) No. 1 contact of interlock of No. 93 contactoy
(n) No. 1 contact of interlgek of No. 24 contggtg;'
(0) Coil of No. 12 eontactor, '
(p) Motor cut-out auxiliary switcheg,

(q)

) No. 9 fuse and contro] cut-out switeh,
(r) No. 9 finger on controller. |
(s) Controller drum contact segments,
(t) C finger on controller.
(u) Rail.- B
Tt wil be noted that whe
“gised the- positions of its
versed, i.e., No. 3 contact o
No. 4 contact closes.
reset interlock of No.

1-No.-13 contaetor is enep.

interlock contacts “are- Te-

f the interlock opens, and

The cirenit then passes from the

2 line breaker as follows :—-

J No. 1 contact of the interlock of No. 2 line breaker
i parallel with No. 4 contaet of the interloele o
No. 13 contactor to

[ Instruetions 238-239.
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k Coil of No. 2 line breaker,
and thence 10 rail in accordance with 1 to u above.
When No. 2 line breaker closes, its No. 1 contact of
the interlock opens and No. 3 cirenit is maintained via

No. 4 contact of the interloek of No. 13 contactor and

thenee to rail as explained above.
This cireuit remains energised during steps 8 to 12.

940, STEPS NOS. 9, 10, 11 and 12. (Diagrams Nos. 18,
19, 20 and 21).
The control circuits of these steps are the same as
those described for steps Nos. 3, 4, 5 and 6 respectively,
v For Step No. 9 see Step No. 3—circuit No.
For Step No. 10 see Step No. 4—ecircuit No.
For Step No. 11 see Step No. b—cireuit No.
For Step No. 12 see Step No. 6—circuit No. 4,
except that on Nos. 11 and 12 steps, No. 7 contactor is
Je-energised by the open-eircuiting of No. 8 control eir-
wuit and by the opening of No. 2 interlock of No. 23
contactor. Also on step No. 12, No. 4 circuit passes
¢rom the coil of No. 11 contactor to rail as follows :—

(d) Nos. 14, 15 and 16 resistance tubes.
(e) Coil of No. 22 contactor.
(f) No. 2 contact of interlock of No. 13 contactor.

(2) Rail.

941, FUSES IN PANTOGRAPH AND CONTROL
CUT-OUT SWITCH BOX (LEFT TO RIGHT).

No. 15 PPantograph lowering eireuit.

No. 14 Pantograph raising eircuit.

No. 12 Line breaker reset and No. 1 compressor and
protective relay reset.

No. 11 Return wire for No. 3 circuit. In use on No.
7 step only—Full Series.

No. 10 Return wire for No. 3 eircuit. In use on Nos.
1 to 6 steps only.

No. 9 Return eirenit—in conjunction with No. 3
cirenit—used on Nos. 8 to 12 series-parallel

steps.

?

b

b

s Crvaoy <A

[Instructions 239-241.
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No. S In use of steps 2-5 and 8-10 melusive.
No. 7 Inuse on Nos. 3 and 9 steps.

No. 6 In use on Nos. 4 and 10 steps.

No. 5 Inuse on Nos. 5 and 6 and 11 ang
No. 4 In use on Nos. 6 and 1?2 steps.
No. 3 Retaining cireuit, steps 1 to 12,
No. 2 Reverse cireuit.

No. 1 Forward cireuit,

Notes:

(a) The above fuses, except No. 12, are g of 3
ampere capacity. No. 12 fuge ig of ampey
capacity and to distinguish it frop the othq ¢
is painted green. rs

(b) No. 13 eireuit is not fused byt
terminal in the box containin

12 steps,

18 Connecte 1,

th o
and control cut-out switcheg afd fgsegéntobraph
TRACTION MOTOR CIRCUITS FOR

ACCELERATING STEPS,

244. 8TEP NO. 1 (First Series, Diagram Ny, 9).

Through line breaker No. 1 to the following
n succession :—
(a) Contactor No. 1.
(b) Motor cut-out switeh—Nos, 1
(c) AAL terminal of No. 1 motor
(d) No. I motor armature ang commutating fie]lq of
No. 1 motor to Al termina] )
(e) AA2 terminal of No. 2 motor.
(f) No. 2 motor armature ang comm
No. 2 motor to A2 terminal.
(2) Contactor No. 4.
(h) Main field coils of Nos.
to F1, to F2 and to FF2
(1) Contaetor No. 2.
() Motor cut-out switeh—Nos, 1 and 2 motors,
(k) Resistance sections hotiween R1 and R6.
(1) Contactor No. 24.
[ Instructions 241 & 244,

Pointg

and 2 motoyg,

utating field of

1 and 2 motors, vig FF1
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(m) Contactor No. _‘233.

Resistance sections between R11 and RT7.

\[ofor cut-out switch—Nos. 3 and 4 motors.

AA4 terminal of No. 4 motor,

No. 4 motor armature and commutating field of

No. 4 motor to A4 terminal.

AA3 terminal of No. 3 motor.

No. 3 motor armature and commutating field of

No. 3 motor to A3 terminal.

(1) (‘ontactor No. -14. o |

(u) Main field coils of Nos. 3 and 4 motors, via
FF3 to F3, to F4 and to FF4.

(n)
(0)
fp\

[(ﬂ

(1)
(s)

(v) Contactor No. 16.

(x) Motor eut-out switch—Nos. 3 and 4 motors.
v) Ammeter shunt and KkWh. meter shunt.

(z) Rail.

945. STEP NO. 2 (Diagram No. 10).

Qame as step No. 1 except that the energising of No.
7 contactor short circuits resistance sections R1 to R2.

946. STEP NO. 3 (Diagram No. 11).

Additional contactors energised are Nos. 8 and 19.
When these contactors close, resistance section R2 to
R3 and R7 to R8 are short circuited.

247. STEP NO. 4 (Diagram No. 12).

Additional contactors energised are Nos. 9 and 20.
When these contactors close resistance sections R3 to
R4 and R8 to R9 are short circuited.

948 STEP NO. 5 (Diagram No. 13).

Additional contactors energised are Nos. 10 and 21.
When these contactors close, resistance sections R4 to
R5 and R9 to R10 are short circuited.

249. STEP NO. 6 (Diagram No. 14).

The additional contactor energised on this step is
No. 11. When this contactor closes, resistance section
R5 to R6 is short circuited.

[Instructions 244-249,
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250. STEP NO. 7 (Full Seriesi])iagram No.

15).
Through No. 1 line breaker and thence gg detaile(l
for Step No. 1 as far ae« contactor No. 9 '

< i < '(111(1 the
motor cut-out switeh for Nos. 1 and 2 motopg

. \
through contactors Nos. 6 and 18 anq motor gut_}(])??[
switch for Nos. 3 and 4 motors and thence via Nog o
and 4 motors to rail as detailed for Step No. 1. o

It will be noted th

. at contactors Nos. ¢ and 18 have
bridged all resistances and that contacto

rs Nos. 7, g 9
10, 11, 19, 20, 21, 23 ang 24 have all bee :

) ‘ CIl1 Opene(. Thé
four traction motors are now in full serieg.

251. STEPS 7-8 (TRANSI

16.)
The transition of the motor cireuits froy, the .fuu
series connection to the first serieg Parallel Connectigy,
i1s brought about ag follows :—
It will be noticedq

TION——I)iag;ram No.

Snentg
: _ with Nos 3, 8,9 and ¢ ﬁnz‘ers SS
that in passing from No. 7 step to No. 8 step, Nos. 11
and 9 control circuits are momentarj i

the same time.
Nos. 6 and 18— full
after line breaker
7 have closed.
tions are shown on diagram No

that the transition ¢

ircuit employed—which enables the
motors to be changed from the series to the series-
parallel connection without opening

off the current
l-known Wheat.
1 measurements,.
nown as bridge

through the motors—resembles the el
stone bridee ¢irenit used for electries

The transition circuit is therefore k
transition.

202. STEP NO. 8
17).

On this step as explained above, contactors Nos. 6
and 18 are opened and No. line breaker and contac-
tors Nos. 7, 12 and 13 are closed. A separate cireuit to

(First Series Parallel-Diagram No.

[ Instructions 230-252
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il throngh cach pair of motors is thus provided as
E'n”(\\\'.‘?‘:'—*
Nos. 1 and 2 motors. Through No. 1 line breaker
No. 2 to contactor No. 7, thence through

and as for Step NO;
{he resistance sections between R2 and R6 to contactor

No. 12 and the kWh. meter shunt to rail.

Nos. 3 and 4 motors. Through No. 2 line breaker,
contactor No. 13. resistance sections between Ri1 and
R7 to motor ent-out switeh for Nos. 3 and 4 motors.
Thenee via armatures and fields of Nos. 3 and 4 motors
to rail as Jescribed in Step No. 1.

953. STEP NO. 9 (Diagram No. 18).
Additional contactors energise.d are Nos. 8 and 19.
When these contactors close, resistance sections R2 to

R3 and RT to R8 are short eircuited.

954. STEP NO. 10 (Diagram No. 19).

Additional contactors energised are Nos. 9 and 20.
When these contactors close, resistance sections R3 to
R4 and R8 to R9 are short circuited.

955. STEP NO. 11 (Diagram No. 20).

On this step No. 7 contactor opens and Nos. 10 and 21
contactors close. This results in short circuiting resis-
tance sections R4 to RD and R9 to R10.

956. STEP NO. 12 (Diagram No. 21).

Additional contactors energised are Nos. 11 and 22.
When these contactors close all resistance sections are
short-cireuited and thereby in effect cut out of cireuit.
The motors are now in full series-parallel.

957. GENERAL NOTE.
Contactors Nos. 2, 3, 4 5, 14, 1, 16 and 17 are
field reversing contactors and thereby motor reversing

contactors. For forward running—i.e., No. 1 end lead-

[nstruetions 252-257,
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ing—Nos. 2, 4, 14 and 16 are closed, and for reverse ryp.

ning—i.e., No, 2 end leading—Nos, 3, 5, 15 and 17 are
closed,

OPERATION OF ELECTRIC LOCOMOTIVES
Nos. 1102-1111,

260. PREPARATION OF LOCOMOTIVE FOR
SERVICE,

SINGLE UNIT

The employee preparing the locomotive for service

should enter the locomotive at the No. 1 end and proceed
as follows.

1. See that the pantograph two-way cock and the panto-
graph isolating switch are in the required positions
and that the pantograph safety air cock is closed.

2. Raise the leading pantograph by one of the following
means,

(a) If the main reservoir gauge shows 80 or more Ib.
per square inch, place the three-way service cock
in the No. 1 position and raise by the magnet valve, or,

(b) If there is not sufficient main reservoir air to raise
the pantograph, place the three-way service cock
in the No, 2 position and open the storage reservoir
(s) or,

(c) If there is not sufficient air in the storage reservoirs

to raise the pantograph, close the storage reservoirs
and operate the hand pump.

3. When the pantograph is in contact with the overhead
wire, close the dynamotor switch, and then all other
switches on the main switch boards. Operate the
control and line-breaker reset switch to start No. 1
compressor,

4. Whilst the main reservoir system is being charged,
check the following:—

Lights, (a) car lights.
(b) marker lights at both ends.

(¢) head lights at both ends for dim and
full operation.

Check that the racks for spare fuses and resistance tubes
are filled.
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See that the locomotive is equipped with:—

10.

Three high speed fuses,

One drag chain,

One 16-core cable,

One kit of tools,

One electric hand lamp,

Three oil lamps trimmed and filled ready for use,

One broom.
At No. 2 end, see that the brake valve isolating cock
is closed, that the automatic brake valve handle is in
the charging or release position, and that the straight
air brake valve handle is in the lap position.
See that the reverser is in the neutral position and the
controller off.
Return to the No. 1 end.
When the main reservoir pressure reaches 80 Ib. per
square inch, secure the pantograph by raising with the
magnet valve and placing the three-way service cock
in the No. 1 position,
Recharge the storage reservoirs by placing the three-
way service cock in the No. 3 position, and wait until
the compressors stop. Close the storage reservoirs
valves and return the three-way service cock to the
No. 1 position.
Drain both main reservoirs.
Open the brake valve isolating cock at the leading end
of the locomotive and charge the brake pipe.
Then test both brake valves at the leading end in all
five positions.
Instruct the fireman to release the hand brake.
Move the locomotive forward and stop with the auto-
matic brake.
Move the locomotive back and stop with the straight
air brake.
Lower the pantograph by opening the pantograph
safety cock, place the pantograph isolating switch in
the trailing position, open the dynamotor switch,
reverse the pantograph two-way cock and raise the
pantograph by the magnet valve.
Close the dynamotor switch, then lower the pantograph
electrically.
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12.
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Open the dynamotor switch and raise the pant
by the magnet valve. pantograph

Close the dynamotor switch and operate the control
and line-breaker switch.

Apply the automatic brake and instruct the fireman to
operate both sand valves.

Check that the brake piston travel is within the working
limits of from 3 to 5 inches.

Check that the sand valves are working and that the
sand is being directed to the rails.

Check that the main reservoir and brake pipe hose
connections are coupled to the dummy couplings.

The locomotive is now ready for service.

MULTIPLE-UNITS

The staff at South Dynon are to ensure that the units are
correctly coupled, that the 16 core jumper cable is in its
correct position and that the main reservoir and brake

pip

chose connections are coupled and that the main reser-
voir and brake pipe cocks between the units are open.

The employee preparing the locomotives for service
should enter the trailing locomotive and proceed as follows:

1.

See that the pantograph two-way cock and the panto-
graph isolating switch are in the required positions,
and that the pantograph safety air cock is closed.

Raise the leading pantograph, start the dynamotor
and both compressors as per the previous instructions
for one unit.

Check that both brake isolating cocks are closed and
then proceed to the leading locomotive.

See that the pantograph two-way cock and the panto-
graph isolating switch are in the required positions
and that the pantograph safety air cock is closed.

Raise the leading pantograph, start the dynamotor and
both compressors as per the previous instructions
for one unit.

Whilst the main reservoir system is being charged,
proceed as per previous instructions for one unit,
recharge the storage reservoirs and place the pantograph

three-way service cock in the No. 1 position, Drain
both main reservoirs.
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10.

11.

12,

13.

14,

15.

16.
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Lower the pantograph by opening the pantograph

. safety air COCk, place the pantograph iSOlating switch

in the trailing position, and reverse the pantograph

two-way cock.
Open the dynamotor switch, raise the trailing panto-
graph by the magnet valve, close the dynamotor switch.

Return to the trailing locomotive, recharge the storage
reservoirs and place the three-way service cock in the

No. 1 position.

Lower the pantograph by opening the pantograph
safety air cock, place the pantograph isolating switch
in the trailing position, reverse the pantograph two-
way cock’ open the dynamotor switch, raise the trailing
pantograph by the magnet valve and close the dyna-
motor switch.

Check the interior of the locomotive as per instructions
for one unit, see that all brake valves are in the release
position, and that both controllers are in the * off ”
osition, and the reverser key is removed from the

controller.

Drain both main reservoirs and if lights are not re-
quired, open the dynamotor switch. Return to the
leading locomotive.

On the leading locomotive, open the leading brake
valve isolating cock, charge the brake pipe, then test
both brake valves at the leading end in all five positions.

Instruct the fireman to release the hand brakes.

Move the locomotives forward and stop with the auto-
matic brake.

Move the locomotives back and stop with the straight
air brake.

Open the control cut-out switch on the leading loco-
motive, and operate the controller forward and back
on the first step, to check the operation of the trailing
locomotive.

Close the control cut-out switch on the leading loco-
motive.

Lower both pantographs electrically, open the dyna-
motor switch on the leading locomotive, raise the
pantograph on the leading locomotive by means of
the magnet valve. Close the dynamotor switch, then
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returned to the Full 8eries or to the off positions and
1ot to a resistance step.

A\ !lell fwo locomotives are operating in parallel, and
a pair of motors become defective, stepping up on the

controller should be carried ont in accordance with one
of the following alternatives:—

(a)

If one locomotive will haul the load, all the
traction motor circuits on the defective loco-
motives should be cut out by opening the con-
trol cut-out switch and operating the sound
locomotive by means of the controller at either
end of the block comprising the two locomotives.
It should be noted that when driving from the
defective locomotive, there will be no reading on
the ammeter and the driver should be guided by
experience when stepping up on the controller.

If one locomotive will not haul the load, the de-
fective motors should be eut out by the motor
cut-out switch and the sixteen core jumper
should be removed from between the locomotives.
The driver should then instruct his assistant to
driv.e the rear locomotive. The driver of the de-
fective locomotive should advance his controller
from each notch at 200 amperes instead of the
normal figure of 250 amperes while the driver
of the sound locomotive operates at the aormal
figure (250 amperes).

Note.—It should be noted that when a pair of
motors is cut out of circuit on a defec-
tive locomotive, the interlock contacts of
the motor cut-out switch prevent any
alteration in the traction motor circuits
from the full series connection when the
controller is advanced beyond that point.
There 1s, therefore, no necessity to ad-
vance the controller beyond the full
series position although no harm to the
locomotive equipment will result if this
1s done.

| Instruction 261
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s OPERATION OF LOCOMOTIVES IN
- PARALLEL.

As referved o in the section of this instruetion hook
Jealing with the train cable and Jumper, electrie loco-
motives may be coupled together and their operation
controlled from any of ﬂ_lf‘. (]_rl\-‘mg cabs. |

In this respect, attention 18 drawn to the provision
of 1he General Appendix on “Working of goods trains
hanled by eleciric locomotives.

»i: ARRANGEMENT OF AIR BRAKE EQUIPMENT
"IN SERVICE.

(a) When an electric locomotive is in service the air
brake equipment in each driving compartment
must be arranged as follows whilst the air brakes
are released :— :
Driving Compartment.

Drivers straight air brake valve—Relegse
position. o

Driver’s equalizing automatic brake valve—
Running position.

Brake valve isolating cock—Open.

Non-driving Compartment.
Drivers straight air brake valve—Lap posi-
tion. =
Driver’s equalizing automatic brake valve—
Release position.
Brake valve isolating cock—Closed.

(b) When two or more electric locomotives are
coupled to run together, the air brake equipment
in the leading or controlling locomotive must be
arranged as shown in Clause (a) hereof, whilst
that in each driving compartment of the other
locomotives must be arranged as follows:—

Drivers straight air brake valve—Release
position.

Driver’s equalizing automatic brake valve—
Release position.

Brake valve isolating cock—Closed.

[ Instructions 262-263.
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5(4. TRAIN HANDLING AND BRAKE
MANIPULATING.

To apply the automatic brakes with moderate force
the driver’s brake valve must be moved to seryjce o
tion until a brake pipe reduction of 6 to § ib pﬁm-‘
been made when it should be returned to lap POSitioiS
This minimum brake pipe reduetion is necessary to .
sure that the brake eylinder pistons are forced be 0 1
the leakage grooves in the wall of the cylinders. e

When the brakes have thus been applied, further
eraduated reductions of brake pipe pressure will cop-
respondingly increase the brake power as desired. The
byakesj however, be_come fully applied when a brake
pipe pressure reduction of 25 Ibs. has been made as this
results in the pressures 1_n.the auxiliary reservoir and
the brake cylinder equalizing, and any further reduc-
tion of brake pipe pressure would merely be a waste of
compressed air.

Should, however, an emergency application of the
air brakes be required, the driver’s brake valve must be
immediately placed, and left in emergency position un-
til the train comes to a stop.

If the brakes are applied from any point of the train
other than by the driver’s brake valve, such as by the
guard, or by a hose eoupling pipe bursting, the driver
must, unless he considers it dangerous to do so, assist
to stop the train as quickly as possible.

Every driver must be particularly careful in the use
and manavement of the air brakes when deseending
long and steep avadients. Before commencing the de-
scent he must he <atisfied that the brakes are operating
properly throuetiont the train and that sufficient air
pressures can be maintained. In making the descent
careful manipulation of the brakes is required to pre-
vent waste of compressed air by too frequent applica-
tions without providing release periods of sufficient
length to ensure the recharging of the auxiliary reser-
VOIrs,

Should a driver have any doubt, particularly during
darkness, as to whether his train may have aceidentally

[Tnstruction 264.
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ivided m running, he must place the brake valve in
Jap position and ?.ho brake PIpe pointer of the duplex
ecenire gauge will fhen immediately indicate an open
wre?( pi]‘i‘ if the frain has divided.
h'.‘;\fhpn making ordinary air brake applications to stop
a Tocomotive or train, the driver’s brake valve must be
ased in service position. Ememency position must
not he used except in cases of emergency, otherwise
Jirt and grit from the brake pipe will be deposited be-
tween the rotary valve and its seat in the driver’s brake
valve. This will cause t]}e brake valve to hecome diffi-
cult to operate and will inerease the wear of the valye
faces. : NP -
When two or more electric locomotives gre coupled
together to run light or are attached to a train the
driver of the leading locomotive must take charge of
the air brake and manipulate.it as he would on a single
headed train. He must see that the hose coupling pipes
are properly connected betW.een the locomotives with
their corresponding brake pipe cocks fully open and
must satisfy himself that all brake valve isolating cocks
except that in the leading driving compartment are
closed. . TR
Whilst a train is in running, the driver’s equalizing.
automatic brake valve, except when it is being used to
apply or release the brakes, must be kept in running
position for the following reasons:— e
(a) To maintain an excess pressure of about 25 lbs.
in the main reservoirs, which will enable the
driver to release the train or locomotive brakes
‘more efficiently when desired. .
(b) To ensure an automatic application of the train
brakes in any of the ,“;"ollowing.éircumstanees —
I. The application of the brakes by the guard
~or shunter. o |
II. The train accidentally, dividing.
1II. The bursting of a hose coupling pipe.
IV. The fracture or uncoupling of any air pipe,
or the failure of any compressed air joint
- between the air compressor and any triple
~valve on the locomotive or train.
[Instruction 264.
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brabi]{]e(;u}li "1611](;egflg’lt:;“lgge?me aware that the train
T e et Vet {]om some point other than
to ascertain that none ef | Emust S'X(?mse great care
clause () héreﬁf are/ of the O(i)nflthIlS detglled n
hrakes with his 'foraké \ I;I’esent,. A res e the
pEAD 1 ralve. T any case of doubt the
train must be stopped and the cause of the irregular
application ascertained.

When a drlverf takes charge of any train in circum-
stances such as When effecting relief of another driver,
or changing over, he must, on receipt of the guard’s
starting hand signal and before starting the train,
plake an equalizing brake application and then release
in the preseribed manner.

Should a driver find that his train is being retarded
by the irregular application of the brakes on any
vehicle or vehicles, lie must stop his train under the
protection of fixed Signals, if practicable, and make
an exam'nation of the vehicles eoncerned.

At stations and sidings’ where shunting operations
are performed with the air brake in operation on the
vehicles attached to the locomotive, the driver must
keep the equalizing brake valve in running position
when the brakes are not applied in order to prevent
the brake pipe and auxiliary reservoirs being charged
above standard pressure. This will avoid any subse-
quent release difficulties that may develop as a result
of the fact that when vehicles having different air pres-
sures are coupled together the brake will automatically
apply on those having the highest pressure.

At locations where shunting movements of rakes of
vehicles are made with the air brake in operation on
ihe locomotive only, the driver must exereise great care
i applving the locomotive brake in order to reduce the
harsh offects of coupling slack action. If controlling
‘he movements with the straight air brake, the driver’s
 qualizing automatic brake valve must be kept in
rumning position.

Everv driver should adopt the habit of observing the

strength and duration of the brake pipe exhaust when

[Tnstruction 264.

L



b5

a brake application.  This will enable him fo

¢ the exhaust is proportionate to the length
e and in this way any obstruction such as
be bresenied by a closed or partially closed
: .1'9 cock oT other l_n*ake pipe obstruction at or
prake ]n}_l od of the train can be readily detected.
near the 1'@;110 obstruetion be present, the equalizing
H]l(ﬂll‘] a.‘H romptly open the discharge valve, but in-
piston ‘quhepair discharge being of normal duration it
st@d e ];I weaken or cease altogether according to
will quicts xtent of the obstruction. The eloser

_ ation or € i ;
- ]ggsiguction is to the locomotive the earlier the

X ill weaken or cease. -
d}l]?utslgewevent of any defect developing in the air

prake equipment of a train whilst in running, such as
{he air compressors stopping, an undue loss of air pres-
cure. Or any other brake fallqre that Would mterf_ere
with the safe control of the tran, the driver must bring
the {rain to a stop with as little delay as safely prac-
ticable. If the defect cannot be 1mme@1ately rectified
he must notify the guard and confer with him regard-
ino the working of the tram th;‘ough t}le section, or to
its destination, in accordance with the instructions con-
(ained in page 602 of the General Appendix.

The automatic air brakes must not be used to hold
o train stationary for more than a few moments whilst
it is on a falling gradient, as it is essential to release
the brakes and recharge the auxiliary reservoirs as
soon as possible after stopping. If the straight air
brake will not hold the train—which ordinarily it will
do, provided the train coupling slack is controlled—
hand brakes must be applied on as many vehicles of
the train as required.

Delays may arise from connecting portions of trains
carrying different air pressures as the air brakes auto-
matically apply on those vehicles having the higher
pressure when the brake pipe cocks are opened. To
avoid detentions from this cause, the driver should
avoid leaving more than 50 lbs. pressure in the brake
pipe of the train when the locomotive with or without

making
JetermITi®
of the fram

\\'(ﬂﬂd

[Instruction 264.
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any part of the train is to he g } _
any other purpose. . S luntmg oy
The driver must call the attention of the tpa:
miner, at the first examining station &% Whieh'ra-m exy.
arrives, to any irregularity in the Operation IS traiy
brake equipment on any vehicle in the train che air
also. before leaving duty, or as soop as 'pra € muygt
thereafter, report the matter on Form R.S 12A0tleable
Electric Running Superintendent, giving ﬁle t0 the
and class of the vehicle or vehicles conegrned Nume,.
Where there is no train examiner on duty tile dri
is responsible for the safe working eonditioﬁ of thrlve;r
brake equipment on his train and must carry Oute air
Rules and Regulations, and any other ingtp t,the
1ssued for the guidance of train examiners Ctlons

iss . ‘ f When ey,
ming and testing the brakes of departure traing, -

etached fq)

265. GOODS TRAIN HANDLING.

(a) Coupling slack action.

- Damage to the draw and buffer gear of
on moving trains and to the loading
1s caused by coupling slack action, t
of slack movement that may oceur between adjoinin
vehicles when coupled together. The total length of
the coupling slack depends on the number of vehicleg
m the train. ‘ 2

There are two kinds of coupling slack, namely, looge
slack and spring Slack._ Loose slack is that which exists
between adjoining vehicles without any compression of
the draw springs or the buffer springs, as the case may
he, whilst spring slack is the additional movement per-
mwitted between the vehicles when these springs are
compressed.  Spring slack also reacts and helps to
drive the slack in the opposite direction, thereby in-
¢rveasinge the train shoceks. :

I+ 1= obvious also that with no coupling slack, start-
e awd stopping shocks eould not oceur, neither eould
1t oceur if the draw gear was all held in tension or the
butfer gear held in compression. The shocks and
damage result from its sudden change from one con-

rolling stoek
contained therein

hat is, the amount

[Instructions 264-265
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..o to the other and 1_h_i§ can oceur when starting a
dition apy irain, whilst it i in running, or when it is
*“‘.““‘n;t(;mwd, When coupling slack is run in or out
]‘C"?%hﬂ one part of the train attains a higher speed
o the other and the resultant shock is caused by the
tha s in the draw or buffer gear in suddenly

king the speed of both parts uniform. The extent
mfa ;hebgh()(‘k will depend partly on the difference in
(Tg@ea (;f the vehicles in the train and partly to the
?leight that must be suddenly altered in speed.

Coupling slack action cannot be prevented, but it
can be effectively controlled and its harsh effect re-
Juced by the driver acquiring a knowledge of its vari-
ous causes as a result of practical observation and by
then anticipating and countering it by proper train
pandling and prake manipulation. Smooth tram hand-
ling therefore depends entirely on the ability of the
driver to control the coupling slack and prevent it be-
ing changed suddenly.

Coupling slack cannot be changed both gently and
quickly, and the driver m.ust 'reallze this fact when

ower, grade, or brake action 1s about to change the
JJack when the train is being started, stopped, or is in
punning. When the coupling slack is in process of
changing under any of these conditions, ample time
must be allowed by the driver for the run of slack to
be completed before taking any action that would tend
to hasten the change or reverse its direction, otherwise
cevere shocks must be produced. No attempt must be
made to place the controller in the on position follow-
ing the release of the brake until the driver has satis-
fied himself by observation of the pressure gauge that -
sufficient brake pipe pressure has been restored to
insure that the brakes arve properly released on the
rear vehicles in the train.

A further condition that has a material effect on
coupling slack action is the group marshalling of empty
and loaded vehicles in a goods train. The braking
power of empty vehicles is approximately three times
ereater than that of loaded vehicles and the location

oresses set up
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in the train of groups of loaded and eIPLY Vehioag
will cause severe coupling slack action in adverge ;?ix:.
cumstances. _

A train which 1s marshalled with grouped empt,
vehicles at the head end and grouped loadeq vehiel&
at the rear Will provide the best conditions for elimin.
ating severe coupling slack action during normal g,
viee brake applications in running, and when releasip
the brakes after reducing speed, but should an 'emerg_
geney or even a heavy service brake applicatioy he
made at a moment when the draw gear is in tension
whilst running, particularly at low speed, severe but.
fing compression must eventuate which wil] Probably
cause damage to rolling stock and loading.

Existing instructions provide for goods traing be-
ing marshalled as far as practicable with the loadeq
vehicles at the locomotive or head of the train, ayq
under these conditions the driver must exercise extreme
care in train handling to avoid the possible resulty of
severe coupling slack action during brake Operationg
particularly at low speeds. ’

Whilst a train is in running and the controller hag
been returned to the off position for the purpose of
applying the brakes under normal conditions t, reduce
speed, ample time must be allowed for the coupling
slack to be run in gradually before the hrake appli-
cation is commenced and even then the brakes myst be
applied in graduations.

If the coupling slack, due to grade conditions, ig
either all in or all out prior to the brakes being applied,
any brake action that would tend to run it in the same
direction could not cause any severe shock, As g gene-
~ral rule, whilst the train is running forward, a condi-
tion where all slack has run in is the most favourable
for an application of the brakes, and where the slack
has run out, for the release of the brakes,

\b) Starting.

When starting a goods train, the locomotive must be
“tarted slowly and kept at a uniform low speed for
abont a locomotive length to enable the coupline slack

T Trictyyvntss I~
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otched gradually and miformly, and this prac-
o be ® ‘*1 ne adopted as 2 general rule regardless of
ee M 151 of the train, It has to be remembered that
loﬂfﬂn'_mn .« heing started. each vehicle in succes-
when 8 ¥ be brought from a stationary condition to
sion M of the Jocomotive at the moment, and if the
e ;W‘l\'o acceleration is increased whilst the coup-
0co qlqé( i being stretched, very severe slack action
ling 8 parﬁcularly on long trains.
mﬂji O(id it be necessary to reverse the locomotive to
.bhi%ucoupling slack for starting, 1t must be eased up
obta_-h_ ond must not be agaum reversed until the entire
?].:?11'1138 stopped. If a brake application should be
ﬁ]écessal‘)' when easing up, the locomotive brakes must
4 from applying by means of the hand re-

e ’)I‘e‘vellte . . . . .
})eaie calves, whilst the train brake application is be-

ing made.

When a train has been stopped by an application of
the air brakes, sufficient time must be allowed for the

prakes on the entire; train to release before any attempt
is made to restart 1t.

In order to insure the prompt release of the train
prakes when a locomotive is recoupled to its train after-
being cut off for any PUrpose, or when a fresh loco-
motive is attached to the train, the driver must place
the automatic brake valve in lap position after reack-
ing the train in order to obtain maximum main reser-
voir pressure before he attempts to release the train

brakes.

(¢) Running.

The driver must frequeitly observe the air pressure
gauges and be prepared to aet promptly if any m-
proper condition is indicated. He should observe the
pressure gauges as far as possible during brake appli-
cations and releases in orclor to enable him to more effi-
ciently manipulate the air brake equipment.

Uniform and correct reculation of the brake pipe and
main reservoir pressures have an important bearing
on good brake operation, therefore the driver must
determine from the air pressure gauges that the feed
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valve and air compressor 2OVernors ape
correctly. The uniforn regn]
sure 1s pavticularly Importan
tfion permitted by the feaq valve of three ponnds
more 18 almost certain to eayee sticking hrakes S oy
I the standard hrake Dipe pressure fiannut l
taimed with the automatic br e in

position. it must not he Placed and Jeft in release OS]
ton except in the case of 5 feed valve failure. In aﬁY
such case, however, the driver must take particnlay
care to msure that t_he brake pipe pressyre 18 10t heipe
reduced from Some arregular cause, and ip any case of
dgubf. the train must be stopped within the p'roteotion
of fixed signals if practicable, and the capge of the
irregularity aseertained. '

Train running safety down long heay
dients; in so far as air brake control ig
pends on the ability of the hrake e
provide the usual retardation necessary to stop the
train on level track, but to also overcome the gravitg.
tional pull down the grade. Efficient manipulation of
the air brake equipment by the driver, therefore i
necessary to enable him to safely eontro] the speed of
the train as well as to maintain sufficient reserve hrak.
ing power to stop it on the grade if required,

Although standing brake tests may indicate that the
alr brake equipment of a train is in good order, its
braking efficiency can only be determined by the re-
tarding effect of the first running brake application
made at the top of the grade. This application, there-
fore, must be made whilst the speed is still low i order
to determine the subsequent action necessary to safely
control the train down the grade.

The retarding effect of the air brakes during serial
braking on long grades is chiefly dependent on the
prompt recharging of the auxiliary reservoirs during
the release and charging periods and this is determined
largely by the condition of the triple valve feed
orooves.  All feed grooves cannot be depended upon
{0 be perfectly elear and the extent to which they are

, fanctioniy,
ation of hrake Dipe preg

t as any Pressure vapi,.

0% be majp.
ake valve in TUNNIY

y falling gp,.
L 18 concerned, de.
atpment to not oply
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¢ roviding quick recharge of the auxi.lia.ry
le Or.p] (' mly he determined by actual experience
01T5 UHH-(W. ‘the train down the grade.
conTO L 1) maintain a uniform speed down a
It 18 },mmsm] vet vetain safe control of the train,
. hat the speed must be so reduced dur-
hrake application that ample time will be pro-
o he auxiliary Teservoirs to be fully recharged
vided {”1]' ttlraju aceclerates to a speed that necessitates
before 1,1eqérjél prake application being commenced.
the next 1 m-(]er to reduce the consumption of com-
Further. " to a minimum, the air admitted to the brake
l‘”'e.ssed ,dn]lbuld not be discharged to atmosphere until
?yh“das ?ormed sufficient work in retarding the train.
it l}as %egnd air pressures must be frequently and care-
Rpee 1rine the descent of the grade. Speed

v observed durmng .
gj)ﬂlgﬁg;fé pressures up mean safety, whilst the re-

perse means danger.

a1
Jong & ‘
for {he reason {

ng

(d) Reducing Speed and Stopping.

When applying the brakes on a goods train either
to reduce speed or stop the train, one graduated brake
application should be made as a general rule. The
-nitial brake pipe reduction must be from 6 to 8 lb. and
additional reductions then made as required, allowing
cufficient time between successive reductions for the
coupling slack to become adjusted. If the train is to
be stopped, the final service reduction should be com-
menced when the locomotive is about a length from
the stopping point to ensure that the air will be still
discharging from the cenalizing exhaust port of the
driver’s brake valve wien the train comes to a stop.

When circumstances -cessitate the locomotive being
powered during the im:odiate approach to a stopping
point the controller must be returned to the off position
in ample time to allow the coupling slack to run in
oradually before the brake application is commenced.

If power is required rieht up to the stopping point,
it should be gradually cased off until the speed is re-
duced to a walking pace when the brake application
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may then be made. The object of th
coupling slack stretched as much
If a {rain 1s rolling slowly backwards towards
ping point, after the controllep has been placeq a4 Stop-
off position the coupling slack will tend to run 011? "f:he
the train brakes must then pe applied with 4 ’]fl.nd
application and held until the driver is Satisﬁé'l'lght
the coupling slack has all ruyn @ that

_ _ out when the br
cation can be increased ag required.

Spot stops with long traing
that means that the train mus
accurately at a definite point
It must be stopped smoothly a few yards short of 1,
required spot and then moved ahead very slowly te
the stopping point. Spot stops cannot he regulaﬂo
made without setting up severe coupling slack aetiog

The best method of stopping a long goods train de-
pends generally on local conditions and these being
known to the driver he can employ the most suitabl%
of the foregoing methods in order to efficiently contro]

the speed of his train and stop it smoothly where
required. )

SIS to keep ty,
as possible,

must not be attempte
t not be run up to ston
such as for van g2oods.

When a brake application is required to reduce the
train speed to conform with a speed restriction or other
slow down, the initial service brake application must
be between 6 and 8 Ib. and after the coupling slack
has become adjusted, further service reductions must
then be made as required. The running release must

not be aiiempted unless the brake pipe pressure has
been veduecd by 15 1b. and the speed is sufficiently high
to erasie the release to be satisfactorily achieved with-
out seit’ =2 up severe coupling slack action, otherwise
the brawes must be left applied until the train comes

to a stop when the release can then be satisfactorily
accomplished.

The severity of coupling slack action during an appli-
cation or release of the brakes depends on the speed
of the train and the value of the brake application.
This is due to the fact that brake block friction, which
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ling power, is directly greater with
lication as the speed is lower, and
the " e harder the brakes are applied, the more
. {1y {hose on the vear vehicles, which commenee to
Jast, will run out the eoupling slack. This ex-
release Qv the slower releasing rear brakes, particu-
plams “H](;Wi'n? a heavy brake application, are liable
Jarly fo o hreak away when the train brakes are re-
to c.anst’t Tow speed, vet will not cause any severe
Jeased : .gl.ack qetion when they are released at higher
(*onp]m!‘él't follows, therefore, that the lighter the brake
sp)e)e]?:étion' ot any particular speed, the less will be
?}}13 coupling sl

ack shock produced during the release.
(¢) Releasing brakes.

In order to properly release the brakes after an ap-
cation has been made, particularly on .10ng' trams,
tial that as much pressure as possible built up
1 the brake pipe above that remaining in the auxiliary

Leservoirs, For this purpose, it 1s necessary that a large
volume of compressed air be mamta:med in the mamn
reservoirs. To then provide the maximum excess pres-
sure on the brake pipe sides of the triple Ya.lve. pistons,
to insure their movements to release position, 1t is also
necessary to reduce the pressure in the auxiliary reser-
voirs to their lowest value whilst the brakes are ap-
plied. The nearer the brakes are applied to a full
service application the more prompt and certain will
e the release, and it 1s very undesirable, therefore, to
attempt the release following a light brake application
from standard brake pive pressure. Should eireum-
stances necessitate a Tioht application being made to

stop a train, the brake pipe reduction should be con-

Ah

tined to 25 lbs. after stopping before the release 18
attempted.

Whilst it may be necessary under certain cireum-
stances in running to make a light brake application
for slowing down purposes without it being practicable
to increase the brake pipe reduction before releasing,
such conditions should be avoided as far as possible.

i« the qaciual retare
e game hrake app

pli
it 1s essen

[Instruction 265.




64

The coupling slack shock produced by releasing th
automatic brakes whilst the train is running at l(ne
speeds can be materially reduced by proper use of thz
straight air brake on the locomotive, particularly if fh
head of the train is on a straight track and the reai
end on a curve, as the retarding power of the loco-
motive brake will assist to prevent the harsh runnin
out of the coupling slack. As a general rule, howeVef
no attempt should be made to release the brakes on
long trains after a light brake application has been
made, and 1n no circumstances when the train is run-
ning at low speed.

The minimum speed at which the brakes of a goods
train can be released without causing severe coupling
slack action and possible break aways depends on how
heavily they have been applied, the length of the train
whether the coupling slack is then bunched or
stretched, and on whether the track conditions such as
humps and curves do, or do not, favour releasing. These
conditions must be determined by the driver and
where adverse releasing conditions are presented he
must, if necessary, allow the train to come to a stop
before releasing. “

The proper length of time to leave the automatie
brake valve in #elease position when releasing the
brakes depends chiefly on the length of the train and
whether a full service or emergency brake application
has been made. After a full equalizing service brake
application has Lecn made on a standing or running
train, the brake vialvc imust be placed in release posi-

tion for a period ¢: cine second for each five vehicles
in the train and flen retwrned to running position.
For example, witl: @ train of 30 vehicles, the brake

valve must be placed in release position for 6 seconds,
with 40 vehicles, 8 scconds, with 50 vehieles, 10 seconds,
and so on. After the brake valve has been placed in
running position following the above periods, it must
be left in that position until the brake pipe pressure
has equalized and has commenced to rise, when it must
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Jaced in release position for two seconds to
1 off and then returned to running posi-
ot of the kick off is to release any brakes
sicles of the train that may have re-
a slight overcharge.

he again b
make kick
tiomn. The n}uo X
~n the leadimg V€ ¥
applied as a result Of

- olease fhe brakes promptly after the brake pipe

To e ea.,q been exhausted or reduced to a low pres-
pressure ]haé;g may occur when the locomotive has been
sure, 9“(; 1{();, <ome time, when a hose coupling pipe has
detachec e Sir pressure has been discharged from any
bllrs'(' Orﬁse the brake pipe has first to be recharged
Sthe] <£a mz;in reservoir to a pressure of approximately
S t ]te e ual that in the auxiliary reservoir. A fur-
H0 ],bh'ui?st/%?lltia] increase in brake pipe pressure will
ther T pecessary to insure the release movement of
then ?ele valves. The brake valve, therefore, must be
fhfi /i[;ll:"el’ease position for reasonably longer periods be-
fe re it is returned to TUNTARYG position than that stipu-
1;ted for releasing after equalizing service applica-
tions. One or two kick offs must then be made to re-
lease any brakes that may have re-applied as a result

of slight overcharge.

It follows therefore from the. above that the most
favourable eondition for releasmg_brakeg on a lo_ng
train is presented when the train is stationary, with
maximum reservoir pressure and the brakes alpapst
fully applied, and that the most adverse release position
is presented when the brake pipe pressure is very low,
or when it has been completely exhausted by improper
prake manipulation, or by an emergency application
resulting from the train accidentally dividing, or other
such irregularity.

After releasing the brakes whilst the train is in run-
ning the controller must nci Le placed in the on posi-
tion until the driver is satisii:d that the coupling slack
has had time to run out au< even then it should be
opened gradually to avoid the possibility of severe
coupling slack action.
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The most common eauses of triple valves fq

" . ”in(y {

move fo release position when the train hr;,k,.\- n
hemy released is 1mproper brake n'lm'lirmlati(m d[rn
ihe driver whereby the hrake pipe pressype e l'-“'
S hot

quickly and substantially increased above that -
ing in the auxihary reservoirs. This is caused o
by the release being attempted after too light g
cation has been made which results in the auxiﬁph-
reservoir pressures not being sufficiently redneeq olra];.V
the brake valve not being left in release positioﬁ ] y
enough to provide a rapid increase of brake pipe pgng
“sure on the vehicles at the rear of the train. The hangf-
of the brake valve therefore must not be moveq 514 ¢
nately between release and running positiong Whi(l’r;
the initial release is heing effected as this destroys ‘(hse
continuous flow of main reservoir pressure to the brdké
pipe that is so essential for the rapid inerease of hral,
pipe pressure necessary to insure a prompt relegse of
the brakes on the rear vehicles of the train.

ai.
they

Triple valves may also irregularly re-apply oy
vehicles at the head of the train as a result of an ayxi.
liary reservoir overcharge caused by the driver moving
the handle of the brake valve alternately and unneces.
sarily between release and running positions after the
train brakes have been fully released and recharged
particularly when the train is approaching a heavy as-
cending grade, the object being to insure that all
brakes are released. It generally produces the oppo-
site effect, however, to that desired and is therefore
very bad practice.

By studying tiic ¢t of the air brake operation on
the smooth handiine of long goods trains, and by ana-
lvsing his daily experience in practice, a driver ean
become proficient in antieipating the possibility of
severe coupling slack action or brake releasing diffi-
culties and by then exercising the necessary care in
his train handling and brake manipulating he ecan
avoid any adverse operating results.
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i LOCOMOTIVE RATING.

Phe maximum load that can be hauled by each loco-
motive depends on the g'lza(le up which the load is to
e hauled, and a table of allowable loads for various
orades is set out hereunder,

Grade Trailing load
1 in 30 (3.33%) .- x . 210 tons
1 in 40 (26%) - .. .. 280
1in 50 (20%) - .. .. 340
1 in 100 (1.0%) -- . . 570
1 in 150 (0.66%) - .. .. 700
| m 200 (05%) .. .. .. 180
Level co e e 1200,

For grades intermediate between these values, see
Diagram No. 6.

267 STABLING THE LOCOMOTIVE.

[nstructions regarding stabling of trains as laid down
n the book of instructions for drivers of electric trains
will similarly apply, except that both pantograph stor-
age reservoirs must be left fully charged with com-

pressed air.

OPERATION WITH DEFECTIVE
APPARATUS.

Under this heading the following parts will be

dealt with :—Pantooraphs, motors and motor

cireuit apparatus, dynamotor, compressor and
protective relay civeuits, control eircuits.

970. WITH DEFECTIVE PANTOGRAPH.

. Should either pantograph become defective, it must
be lowered and the other pantograph used. If, how-
ever, a main or high speed fuse blows when a panto-

[Instructions 265-270.




68

graph is raised to make contact with the overheaq Wire
the pantograph must be lowered and assistance obf
tained—unless the locomotive is coupled to anothep
electric locomotive.

If two locomotives are coupled together, and hoth
pantographs on the leading locomotive become defee-
tive, the emergency jumper must be used when it 18

necessary to operate from the locomotive with the de.
fective pantographs.

271. WITH DEFECTIVE MOTORS AND MOTOR
CIRCUITS.

If the main fuse or the high speed fuse should blow
twice when the controller is being operated, or if the
line breaker keeps opening, it will be necessary to ope-
rate the motor cut-out switches to cut out the defective
pair of motors—see instructions in electric train in-
struction book regarding similar trouble on a single
unit motor car. When a pair of motors is cut out it
will be necessary to step up cautiously.

It a locomotive fails in both directions and Nos.
3 and 10 control eircuits are tested and found in order,
the fault is in the traction motor circuit. The main
switch may be open, a resistance grid broken or an
open circuit may exist in the cireuit of one pair of
motors. When it is definitely ascertained that failure
is due to an open ecircnit in the traction motor cireuit,
it can be defermimed whether the defect is a broken
resistance @vid, or an open cireuit involving a pair of
motors by stepping up on the controller to the Tth step.
If the defect is a broken grid, the locomotive would
tend to start when the controller reaches the step on
which the defective grid section is cut out. The result
of the locomotive starting on other than the first two
or three steps would result in the opening of No. 1 line
breaker owing to the excessive current flowing in the
motor circuit. If such is the case obtain assistance.
If, however, the controller can be stepped up to the 7th
step—where all resistances would be cut out—and the
locomotive does not start, the failure is not due to a
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hroken orid. In this case care should he taken not to
“the coniroller 1}9.\'01’1(1 the 7th step, because if

advanct 10 Py :
(e defect is an open circuit on a pair of motors, the
cood PAIT would start to work on the 8th step, and in

o would take excessive current and open the
{e line breaker. The action to be taken in
{his case is to Qperatq the motor cut-out syvitehes to cut
out {he defective pair, and the good pair would then
aperate when the controller 1s opened to the 1st step.
14 two Jocomotives are coupled tqgether and a trac-
{ion motor cirenit becomes defective in either loco-
motive, proceed as follows :—
(a) If one locomotive will haul the load, do not delay
" train by testing for the defect.
(b) If one locomotive will not haul the load, the
" driver must operate the motor cut-out switches
and test for the defective pair of motors. When
the defective pair is found, leave the motors cut
out, remove the sixteen-core cable jumper from
between the locomotives and proceed on journey
with the assistant operating the controller of the
second Jocomotive.
See Instruction No. 261 of this instruction book,
also special instructions in the General Appendix
(Working of Goods Trains Hauled by Electric
Locomotives) dealing with a defect in one of two
coupled electric locomotives which necessitate
the division of the train owing to the inability
of a single locomotive to take the load.

979 WITH DEFECTIVE DYNAMOTOR.

- If two electric locomotives are coupled and the dyna-
motor of the leading locomotive becomes defective, the
emergency jumper must be placed between the loco-
motives, thus enabling power to be obtained from the
dynamotor of the secon locomotive for the operation
of the controller, ete., on the leading locomotive. The
instructions and safety precautions pertaining to the
use of the emergency jumper on the motor cars also
apply to the locomotives. It the dvnamotor fails on a
single locomotive, assistance must be obtained.
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Jdoing 8
a ppl'O]Wm



70

273. WITH DEFECT IN NO. 1 COMPRES
PROTECTIVE RELAY OIRCUIT,  CF AND

11 No. 1 compressor fuse blows
pressor relay switch and No 1
smtch..‘ vRe{leW the .fuse, close No. 1 compressop and
protective relay switech and leave No. 1 Compreggy,
cut-out switeh open. If, on attempting to set No {
protective relay, the fuse blows again, the relay is de
fective and the loeomotive cannot he driven. In thié
case obtain assistance. If, however, the fuse does not
blow the fault is in No. 1 compressor.

If No. 1 compressor and protective relay is open cip.
cuited owing to the fuse being blown or oWing to any
one of the ten 500 ohm resistance tubes being defec.
tive, the interlocks of the relay will rattle when gn
attempt is made to reset it. When this indication ig
given change the fuse, if the fuse does not thep blow
the fault may be in one of the 500 ohm resistance tybes
or the second contact of the interlock of the relay,

It the locomotive fails, and No. 1 compressor wil] not
work, and after opening and closing No. 1 compressor
and protective relay switch and operating the eontrol
and line breaker reset switch for an are, the protective
relay is not heard to reset, the defect may be in one of
the 600 ohm resistance tubes.

In either of the above cases the services of a trouble-
man must be obtained—if possible—to deal with the
defect. Should, however, the defect occur where the
services of a troubleman cannot be obtained, and where
serious delay to traffic would occur, the driver is autho-
rised to deal with the fonlt as follows:
~ (a) Lower and isolute the pantograph (see note be-

’ low).

(b) Remove the defective resistance tube and replace

1t with a new one from the rack.

If the defect is in one of the ten 500 ohm tubes, and
the defective tube cannot be detected by inspection,
remove all the tubes and replace them with 10 good
tubes from the circuit of No. 2 compressor no-volt relay.
Test the removed tubes when convenient,

[ Tnstruetion 273.
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Any a_ppa,ra,tus not protected by a switch
Note—" % not be handled until the pantograph is
{I(;Wered and isolated. Tt should, therefore, be
dicﬁnoﬂy understood that as these remstanpe

' o directly on the 1500 volt cireutt,

any neglect to take the necessary precautions

\Y().lﬂd have gerionis consequences.

4 wITH MAIN CONTROL FUSE BLOWING.
274.

General No-te..
Before changing
controller must

-ed or removed. _ :
celﬂ»l:‘he main control fuse blows twice when the con-

ff position, drive from the other con-

or testing any of the control fuses,
| e in the off position and the key
the

tr(ilfle’fllle main control fuse blows twice when the con-
trollef is being operated, put in a tl;ird fuse and test
' then fry to drive from the opposite end controller.
1)[,If the main control and bus line fuses do not then
blow, instruet the assistant to drive under the .drivel"’s
instruction OT i either of these fuses blow, obtain assis-
ta?ge.when the two locomotives are coupled, the main
cont’rol fuse blows twiee when the controller 18 ope-
rated, try the opposite end controller.

I¢ the fuse does not blow, proceed with the assistant
driving under the driver’s instructions. If the fuse then
plows at the rear end, or if the bus line fuse blows,
open the control cut-out switch, replace the fuse at the
leading end, test 1t and try to operate the controller. If
the fuse does not blow. operate the second locomotive
it it will take the load—by driving from the leading
locomotive. If the second locomotive will not take the

load, divide the train ov obtain assistance, whichever is
the more expedient.

If, however, the third fuse should blow on the lead-
ing locomotive at the leading end, remove the 16 core
jumper from between ile locomotives—take it right
out—elose the control cut-ont switeh, renew and test the
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fuse and try to drive from 1he leadine ¥ :
~—ithat 15 if the ]ooomoth:; 112(;11()21(1(;21: ;(r)](z]ﬂr:ohve naa

¢ 1S 3 Can take the
load. Should one locomotive he unable to hayl the
}oad. test the other locomotive, and if in orclér jnt}
i the other 16 core jumper and test hoth IOCOInOtiI\)r; -‘
from the Teading end. Tf the control fuse doeg no:
again blow, proceed.

i, aff(er t.ihe Jumper has been removed, the leadine
1q00111o‘51\'e 15 still defective, the driver must instruebt
1}18 assistant to drive the second loecomotive—provid-
mg one locomotive will take the load. The driver
must signal to his assistant—by flag or lamp and by g
succession of short whistles—when to apply or shut off
power, and he shall brake the train from the leading
locomotive. If, however, one locomotive cannot haul
the load, obtain assistance or divide the train, which-
ever is the more expedient. |

275. WITH DEFECT IN NO. 3 CONTROL CIRCUIT,

No. 3 cireuit is not a complete cirenit in itself. Tt 18
completed to rail via either Nos. 10, 11 or 9 circuits for
different positions of the eontroller handle. Two of the
controller fingers C and D are ‘bonded together and
connected to rail, and the contact segments on the con-
troller drum are so arranged that connections are made
with the rail fingers when the controller drum is
rotated.

These connections provide for No. 3 ecireuit to be
completed to rail as follows:—

(a) Via No. 10 ¢ipenit on steps Nos. 1 to 6.

(b) Via No. 17 circuit on full series step No. 7.

(e) Via No. 9 circuit on series-parallel steps Nos. 8

. to 12. ,
~Should any one of these circuits (Nos. 10, 11 or 9)
become defective, the locomotive would fail only on
the steps where the defective circuit is required to com-
plete No. 3 circuit. TIf No. 3 fuse is blown, it follows
that circuits Nos. 10, 11 and 9 will be inoperative until
No. 3 fuse is replaced. The first contacts of the inter-
lock of either Nos. 12 or 13 contactors, if defective,

[Tnstructions 274-275.
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Jocomotive on any of steps Nos. 1 to 7.
et 1€ act of the interfock of No. 1 contac-
hi act of the interlocks of either Nos.

. {he 1st con' : ,
o1 contactors wonld fail the locomotive O

il the

276 wITH DEFECT IN NO. 10 CONTROL CIRCUIT.
] ];[‘ No. 10 fuse 18 blown or the circuit otherwise defec-
.o No. 3 civeuit will not operate and the motors will
e L while the controller handle is on steps 1 to 6.
Should, however, it be rotated to the Tth step where
No. 3 cireuit 18 completed to rall via No. 11 circuit, the
motors would start working 1n full series, that 1s, with-
out any grid res1s’_cances in circuit and in doing %0
would take excessive current and open No. 1 lne

For this reasol, when the locomotive fails
and the contactor knocks are heard, the controller
handle <hould not be rotated past the 6th step unless
the cireuits have been tested and it has been ascer-
iained that the failure is not due to a fault on No. 10

cireuit.

977. WITH DEFECT IN NO. 11 CONTROL CIRCUIT.

If No. 11 fuse or civcuit is defective, the result is that
when the controller handle 1s rotated to the Tth step,
No. 8 eircuilt would then become open-eircuited and No.
1 line breaker would open the motor circuit and cut
current off from the motors while the controller re-
mains on that step. if the fault occurred while the
Jocomotive was moving at a reasonably high speed with

meter reading, and it was not

a corresponding low &
convenient to renew tie fuse at once, the controller
could be moved on to the 8th step—first series-parallel.

If the ammeter reading was too high the controller
could be returned from the 7th to the 6th step and
held there for a short time. Tt must be understood,
however, that should circumstances, such as low speed
with a high ammeter reading, not permit of the
controller being advanced to No. 8 step, then the handle
must not be held too long on any of the series steps

[Instructions 275-277.
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owing to the danger of overheating the
but must be returned to the off positi
renewed or the defect remedieg

The 5th contact of the interlock of No. 1 Compregs
and‘ protective relay is op this circuit, so that if o
testing No. 11 fuse no fault jg found in it, look fop tﬁn
trouble at one of the following places: , e

(a) The 5th eontact of the interlock of No. 1 ¢op.

pressor and protective relay.

(b) No. 11 finger of the controller,

(¢) The Ist contact of the interlock of either No, 19
or No. 13 contactor.

grid resistanceg
b)
O and the fyge

278. WITH DEFECT IN NO. 9 CONTROL CIRCUIT,

If No. 9 fuse or circuit ig defective, No. 3 circyit
would be open-circuited when the controller handle ig
rotated to the 8th step. This would open No. 1 line .
breaker and cut off current from the motors, but on
returning the controller to the Tth step, the motors
would again operate in full series.

Change and test No. 9 fuse, and if the fuse does not
blow, reset the set interlocks of the line breakers as the
fault may be due to the reset interlock of No. 9 line
breaker being open. TIf this does not effect g remedy,
look for the trouble on any of the following:

(a) The 4th contact of the interlock of No. 13 con-

tactor.

(b) The Ist contact of the interlock of No. 23 con-

tactor.

(¢) The st contact of the interlock of No. 24 con-

tactor.

(d) The 2nd contact of the interlock of No. 1 con-

tactor. '

(e) The reset int:rlock of No. 2 line breaker.

(f) The control circuit switches linked with the

motor cut-ont switches,

(g) No. 9 finger of the controller.

(h) “C” finger of the controller,

If the 4th contact of the interlock of No. 13 contac-
tor was defective, it would be indicated by the rapid

[Instructions 277-278.
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ing and closing of both line breakers

jons open
' 1ler handle was rotated to the 8th or

when the contro
cu(-‘m‘(‘ding steps.

- TH DEFECT IN NO. 8 CONTROL CIRCUIT
979. ‘(Zﬁ::-:rs NOS. 2 AND 8).
1 No. § civeuit is defective, No. 7 eontactor will not
. on the ond and 8th step§ to cut out resistance
close " RI to R, but the closing of No. 8 contactor
sectio’ weeding step will cut out this section as well
The fault may be easily detected

(‘0”1‘

on the suc
as section RZ to

- there bemg—
by (’;1;6110 Variatioﬂ_Of Speed; | .

(b) no inerease in the ammeter reading; or
no contactor knocks heard when the controller
pandle is rotated from the Ist to the 2nd step.
The effect of No. 8 cireuit being defective should not
pe very noticeable when the controller is moved from
the 7th to the 8th steps as this movement brings mto
operation the series-parallel connection of the motors.
The failure of No. 8 control cireuit yvould cause Nos. 1
and 2 motors to have an extra section of resistance in
circuit on the 1st series parallel step. The effect on
the ammeter reading would be more marked when the
controller is moved from the 8th to the 9th step, as
No. 8 contactor then closing would cut out two grid
resistance sections instead of one.

The action to be taken is to change No. 8 fuse. If
the fuse is found to be sound, examine control resis-
tance tubes Nos. 5, 6, 7 and 8.

See note hereunder at the end of No. 5 circutt in
respect to the operation of the controller when a con-
trol circwit affecting « motor circuit resistance s

faulty.

980 WITH DEFECT IN NO. 7 CONTROL CIRCUIT
(STEPS NOS. 3 AND 9).
If No. 7 cireuit control fuse or the circuit itself is
defective, Nos. 8 and 19 contactors would fail to close
on the 3rd and 9th steps, with the result that grid re-

(¢)

[Instructions 278-280,
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sistance sections R2 o R3 and R7 to R8
cut out on these steps, but on sucecee
which normal working of the locomoti
See note on page 78,
To remedy the defect
1s sound look for the f
Nos. 9, 10, 11 or 12,

vould not 1

Mg steps, aftep
Ve would engye

, change No. 7 fuse. If the fuge
ault in control resistance tubeg

281. WITH DEFECT IN NO. ¢ CONTROL CIRCU
(STEPS NOS. 4 AND 10). .

']f No. 6 circuit is defective Nos. 9 and 20 contactorg
will not close and grid resistance sections R3 to R4 ang
38 to R will not be cut out when the controller handle
18 advanced to either the 4th or the 10th step.

With No. 6 circuit defective, a distinet falling off in
power and a drop in the ammeter reading will he
noticed when the controller handle is moved from the
3rd to the 4th step due to No. 6 circuit failing to pro-
vide a retaining cireuit for the contactors which were
energised on No. 3 step—Nos. 8 and 19. The opening
of these two contactors re-inserts erid resistance sec.
tions R2-to R3 and R7 to R8 in the motor cireyit

When the controller is advanced further to the 5th
step, Nos. 8, 9, 10, 19, 20 and 21 contactors wil] be
closed and grid resistance sections R2-R3-R4-R5 and
R7-R8-R9-R10 will be eut out of the motor cireyit and
a marked increase in power and a rise in ammeter
reading will be noticed.

In series-parallel operation the indications will be
similar to those given above.  When the controller
handle is moved from the 9¢h to the 10th step, a drop
in power and in the ammeter reading will vesult, but
when the controller handie is further advanced to No.
11 step, a distinct increase in power and a rise in the
ammeter reading will be noticed and normal operation
of the locomotive will ensue,

See note on page 78.

When these indications occur chance No. 6 fuse. It
the fuse is sound, examine Nos. 3 and 4 control resis-
tance tubes.

[Instructions 280-281.



7ITH DEFE IN NO. 5 CONTROL CIRCUIT
982. (STEPS No8. 5 AND 11).
w5 civenit fails, Nos. 10 and 21 contactors will
1 ,'NQ : 'nnd orid resistance sections R4 to RS and R9
nmRt'l]g- "1 mot be cut out of the motor circuit on the
10] and 11th steps. ]
ath his civeuit fails a ma.r}(ed decrease of power and
1t tht oter reading Will be noticed when the con-

L1 iy amm
g tall i &M oved from the dth to the 5th step.
Het o ced by No. D cireuit failing to provide a re-
This 18 (‘g_ms . tact hich .
Lo eirenit for the contactors which were energised
ta]m]m ard and 4th steps—Nos. 8, 9, 19 and 20. The
o t]illioj of these four contactors re-inserts grid resis-
(1»;)161-‘;9 :ections R2-R3-R4 and R7-R8-R9 in the motor
m\?rlﬁin the controller 18 advanced further to the 6th
step. an increase in power and a rise in the ammeter
reading will be notlced' owing to No. 11 'contactor clos-
o and cutting out grid resistance sections R2-R3-R4-
Rg-RG- A further advance o.f the cor}troller to No.‘7
step will give an additional inerease in power and 1n
smmeter reading, as the elosing of Nos. 6 and 18 con-
tactors—No. 11 circuit—will eut out of the motor eir-
~uit all remaining grid resistances.

The indications on No. 11 step will be similar, but
more pronounced, as No. 7 contactor on No. 8 circujt
also opens on No. 11 step, and the whole of the grid
resistances would be re-inserted in the motor circuit.

On advancing the controller of No. 12 step, contac-

tors Nos. 11 and 22 close on No. 4 circuit thereby cut-
ting all grid resistance soctions out of the motor eir-
cuits, and a very pronounced increase in power and in
ammeter reading would result. -
Tt would not be advisable, however, to advance the
controller to the 12th step unless the locomotive was
moving at considerable speed with a low ammeter read-
me.

When these indications are given, change No. 5 fuse.
If this does not effect a remedy, look for the fault at
the 3rd contact of the interlock of No. 6 contactor.

[Instruction 282.
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Note—When a resistance short circuiting cireyst
faals to operate, and the situation i8 not fa;;:
ourable to at once remedy the fault, the
driver must carefully note the ammetgp
reading. If he considers that the reading
will not rise to an excessive figure, they, the
controller can be advanced to the Succeed-
g steps to obtain normal operation, If,
however, the ammeter reading is too higp,
when this is done, the controller should pe
returned at once to the previous step and
kept there long enough to allow the am-
meter reading to fall to a value that woulq
permit the controller to be advanced two
steps at once. It must be understood, hoy.
ever, that the controller must not be held
too long on a resistance step as the grids
may become overheated. |

283. WITH DEFECT IN NO. 4 CONTROL CIRCUIT
(STEPS NOS. 6 AND 12).

If No. 4 circuit is defective, No. 11 contactor will not
close and grid resistance section R5-R6 will not be eut
out on the 6th step, and Nos. 11 and 22 contactors will
not close to cut out grid resistance sections R5-R6 and
R10-R11 on the 12th step.

The fault is easily detected as there will be no varia-
tion of speed and no higher ammeter reading, when the
controller handle is moved from the 5th to the 6th or
from the 11th to the 12th steps. When No. 4 cireuit is
defective there will Le one section of grid resistance
left in each motor circuit when the controller is ad-
vanced to the 12th step full series-parallel. Care must
therefore be taken not to run with the controller too
long i that position as these grid resistances may be-
come overheated.

Look for the fault either in No. 4 fuse or in the 1st
contact of the interlock of No. 6 contactor. If it is not
convenient to do this, operate the locomotive with the
controller handle in the 7th step full series where all

[Instructions 282-283.
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ant from the traction motor eir-

So 18 ent ©
; Qism“:““"ﬁLhﬂppon that No. 4 cirenit operates on
GLLE \1.13‘ yt fails on the 12th step, examine Nos.
e O 16 control resistance tubes, and the 2nd
and "0 Jock of No. 13 contactor. If it ope-

]
14, ij1‘| the inte .
cont® e 12th step but fails on the 6th step, exa-
oS 1\\}1 6 and 8 control resistance tubes and the
mh:{‘ .]]‘i-].('f ' ¢ the interloek of No. 23 contactor.
opd COMTE T

D|AGNOS|S OF FAILURES AND

APPROPRIATE TESTS.

946. GENERAL NOTE.

A1) failures of the locomotive to respond when the
. 01*1‘(1'01‘191‘ is operated can be grouped under three head-
contl v

ings, V12--
(i) Failure due to no power on the controller.

(i) Failure due to defective control circuit.

(ii1) Failure due to defective traction motor cir-
cuit’. . . . .
The defects or conditions responsible for the failures

coming under each heading are numerous.

The following instructions are made out for the guid-
ance of the driver in locating and dealing with the
various faults that may occul. By making the tests
in the proper sequence ihe driver cannot fail to locate
_and where possible renedy—the fault.

The tests that follow are made out on the assump-
tion that all mecessary cocks and switehes are I the
correct driving position, =0 that should the locomotive
fail at any time, the driver must not attribute the
failure to a defect until he has seen that everything 1s
correctly set and that the brakes are released.

As the contactors are located in the central equip-
ment compartment, they can be distinetly heard when
operating, and the knocks made by them when closing
an.d'opening are 2 valuable aid to the driver in deter-
mining the nature and location of a fault.

[Instructions 283 and 286,
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257 APPARATUS IN USE ON THE VARjoy,
STEPS OF ACCELERATION.

As a guide to the driver, the following table i, ..
to indicate the various pieces of apparatug i’]"r)l\rg(]ve”
cach accelerating step: 1oy

FORWARD OPERATION.

Step | Circuit and |  Control Contactors | gfjc(;mn of
No. fuse Nos. | resistance Nos. lf AMlog CI:tSls.
tube Nos. of motoy gll;t
cuit on Step‘
\
1 1,3,10 1, 13 1,2,4,14,16, A1 oy .
| 23, 24 L grids i
‘ l
:_\\
2 11.3,8,10 1, 5,6, 7, 81, 2, 4, 7, 14, R1-R2
13- | 16, 23, 24
—-\

3 11,3, 7,8 10]1, 5,6, 7, 81, 2, 4, 7, 8, R2-R3
9, 10, 11, 14, 16, 19, Ry pa™

12, 13 23, 24
;_\
4 |1,3,6,8 101, 3, 4, 5, 6,1, 2, 4, 7, 8, R3-R4 and
7,8,13 9, 14, 16,/ R8.R9
19, 20, 28,

3
2

\
| .
5 11,3,5,8 101, 5,6, 7, 8,1, 2, 4, 7, 8 R4-R5 and
| 9, 10, 14} R9.R10

6 1,3, 4,5 101, 6,7, 8, 13 1, 2, 4, 7, 8,/R5-R6
9, 10, 11,
14, 16, 19,
] 20, 21, 23,
\ 24

S

[Inswzetion 287,
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FORWARD OPERATION-—continued.

| 1, 18 1, 2, 4, 6, 14, All grids cut

7 il' 3, 11 16, 18 out
| |
/1/156781247
8 9 , 9y Uy 0y , 2, 4,17, 12, R1-R2
8 »il- 35 13’ 14’ 16
, 1
| — .
/}/
7, 8 9 1, 5, 6; 7, 8’1 2, 4, 7, 8, RZ'R3 and
9 !1’ Py 10 2 9, 10, 11, '12, 13, 14, R7T-R8
1\ 12 16, 19
|
o 1,368 9|1, 3, 4, 5 61, 2, 4, 7, 8R3-R4 and
1015 7, 8 9, 12, 13, R8-R9
| 14, 16, 19,
| 20
e
g 359 | 1, 2, 4, 8, 9,|R4-R5 and
’ 10, 12, 13, R9-R10
14, 16, 19,
20, 21

34,59 !1, 14, 15, 161, 2, 4, 8, 9,|All grids cut
| 10, 11, 12,/ out

| 13, 14, 16,

19, 20, 21,

! 22

12 |1

il

REVERSE OPERATION.

1, 3, b, 15, 17,\A11 grids in

2, 13
23, 24

1 |2, 3, 10

9.12 | As shown for forward operation except that No. 2
circuit is energised instead of No. 1

| Instruction 287.
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288. INSTRUCTIONS FOR LOCATING AND
DEALING WITH FAULTS,

If & locomotive fails to move, one of four gety
indications will be present which will direct the drivoi
where to start testing in order to locate the fault. T}TT
mdications and the tests to be made are ag follows i

(a) Indications “A.” The locomotive fajl and the
dynamotor is not working,

Tests.—Open and close No. 2 COMPTessor no.
volt relay switch, if power 1s available, the relay
will be heard to operate, or if the COMpressors
are working, change the dynamotor fuse, If the
_relay does not operate see if the pantograph ig
In contact with the overhead wire; if S0, lower
pantograph and change over the pantograph igo.-
lator and two-way cocks and raise the other pan-
tograph.  If no result, lower the pantograph
again and change the high speed fuse. If still
no result, change the dynamotor fuse and Nos, 1
and 2 compressor fuses. If these steps are not
effective, power is off,

\b) Indications “B.” The locomotive fails and the
dynamotor is working but no knocks are heard,

Tests.—Test for lights, elick of magnet valve
and arc of control and line breaker reset switeh
if none are obtained, open the dynamotor switch
and when the dynamotor stops running, examine
the emergency jumper. If liohts appear but no
click and are, change the main control fuse. If,
however, lights, click and are are obtained, try
the controller again and if there are no results,
reduce the brake pipe pressure and test the con-
trol governor. If no results, instruct the assis-
tant to hold over the control governor switeh,
and if the locomotive still fails with the control
governor switch held over, trv to drive from
the other eontroller.

. | Instruction 288.
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sions 0 The locomotive fails in one

di
o) gilrec'ﬁion only. |
Te_sts,flf the locomotive fails in the forward
qivection; but mo,“"g m reverse, change No. 1
s 1f still 10 result, try the other controller
e qesived direction. If the locomotive still
rals prom the ond controller, change or test No.
| resistance tube. Examine interlocks

;0]1“10 7
2,11(N05- 3. 5,15 and 17 contactors.

£ the Jocomotive fails in reverse but moves
fol*\\'al’d~ apply the above test to No. 2 fuse and
Jo. 2 confrol resistance tube. Examine inter-
Jocks on Nos. 92, 4, 14 and 16 contactors.

ndications «p.” The locomotive fails in both

(d) (Ilirec'ﬁions and knocks are heard.

TestS.’Operate the control and line breaker
reset qwiteh for an are. If no are is obtained,
change NoO. 19 control fuse and reset the line
preaker and No. 1 compressor and protective re-

lay. Test locomotive and if all is correct, pro-

ceed.
Tf, when operating the control and line breaker reset

ewitch, an arc is obtained and the relay is not heard to
1d be in the 1st contaet of the inter-

set, the fault would .
lock of the protective relay or in one of the 600 ohm

resistance tubes.

If the 1st contact of the interlock of No. 1 compres-
sor and protective relay, or one of the 600 ohm resis-
tance tubes, became defoctive whilst the relay was
closed, the locomotive would not fail. However, both

. continuously until either com-

cOmpPressors would work
pressor cut-out switch was opened when both compres-

sors would stop and the loeomotive would fail.

The services of an equipment fitter must be obtained
to remedy this defect, but <hould the trouble occur at
a locality where an equipment fitter cannot be readily
obtained and serious delay to traffic would result, the
driver must first lower the pantograph and isolate it

[Tnstruction 288.
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and see that 1t 1s clear of the contact wire, then |
the defective resistance fube and replace ]-'t'w‘ith“?mm'rs
one from the rack. | s
If, when testing for an are, a rattling ;s )
in No. T compressor and protective relay indicéi Barc
No. I compressor and protective relay fuse ig blves that
that one of the ten 500 ohms resistance tubeg or t(ilwn or
contact of the interloek of the relay is defectiye ° 2p(
mstruction No. 273 in respeet to defectiye res; $ e
tubes m No. 1 compressor and protective relay eisczliltc)e

If no rattle, try again after getting the are and i
the locomotive moves the line breaker or No. 1 cyom B
sor and protective relay had required resetting s

If the locomotive still fails, test Nos. 1, 3 and.lo éo
trol eircuits separately. Test No. 1 circuit by takinn(;
out No. 3 fuse and operating the controller to the 1st
step only in the forward direction. If knocks are heafdl
No. 1 eircuit is O.K. Next replace No. 3 fuse ang re.
move No. 1 fuse; if knocks are heard Nos. 3 ang 1)
circuits are sound and the fault may be in the tractiop
motor circuits, i.e, main switch open, a broken grig
resistance, or an open circuit on one of the motors, Byt
if when testing Nos. 3 and 10 control cireuits no knoeks
are heard, the control circuits are defective,

Test Nos. 3 and 10 fuses and renew them if blown,
If no result, try to drive from opposite end controller.
If still no result, test No. 13 control resistance tube—
it may be tested by changing it with No. 8 resistance
tube. :

If Nos. 3 and 10 control cirenits are still defective,
the fault mav te found in any of the following:—
(i) The 415 contact of the interlock of No. 1 com-
pressor and protective relay.
(i1) The gnterlock contacts of No. 1 line breaker.

(ii1) The Bth contact of the interlock of No. 1 con-

tactor.

(iv) The 1st contaet of the interlock of No. 12 con-

tactor.
(v) The 1st contact of the interlock of No. 13 con-
tactor.

[ Instruction 288.
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DIAGRAMS.

400. GENERAL NOTE.

The diagrams which follow
to give the electrie locomotive
standing where necessar
in this book.

hereafter gy, illfrlmlml 4

driver a clearey, ndoy =
¥ of the instructions onntailn—l‘l
0Nt ain

LIST QF DIAGRAMS.

Diagram No.

1 Electric lodomotives

TOS. 1100 an]
outline drawing. ¢ 1in

2 Electric loedmotivey Nos. 1102 to 13114
outline drawiyg.
3 Electric locomotivds Nos.

tric I 1100 angq 1101 /
detail wiring d\agyam.

4 Electriec locom tiyes Nos.

tric 1 . 1102 to 1113
detail wiring diagram.

Wy

Electric locomoti¥es Nos. 1100 and 1101
schematic wiring d¥agram.

6 Maximum loadg( aNowable on varioyg
grades. i

7 Westinghouse brake diagriy.
8-21 Acceleration diagrams, step by step.
22 Motor transition circuits.
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