Schematic Connection

Diagram

Ao

ALCO DIESEL-ELECTRIC LOCOMOTIVE SCHOOL
INSTRUCTION SERIES
No. 805



351 Schematic Diagram Page 1

THE SCHEMATIC CONNECTION DIAGRAM

Each device and component part of a device has a particular function.
It is necessary to represent these parts on a wiring diagram in a manner that
aids in trouble shooting. Trouble in the electrical circuits is caused by the
failure of a certain function, usually caused by the failure of a device or devices.

In the Schematic Connection Diagram, the devices are broken up into com-
ponent parts. The diagram is sectionalized by function and each component part
placed in that section to which it applies. For example: The connection dia-
gram has sections named Propulsion Control, Motors 2 and 4, Motors 1 and
3, Generator and Excitation Circuits, Limit Circuits, and so on.

A power contactor has an operating coil, a main contact and several
auxiliary control contacts called interlocks. The operating coil is placed in
the propulsion control section, the main contact is on one of the motor
sections, and the interlocks in a controlling circuit which would be located in
a particular section by its function. For example: A power contactor inter-
lock may control an alarm bell although the main function of the contactor may
be to close the circuit to a motor. When the bell fails to ring, it is readily
found that an interlock of this contactor controls the alarm bell, because this
interlock appears in the alarm circuit section of the diagram. The wiring dia-
gram now becomes an organized arrangement with a minimum number of lines
or wires connecting devices.

When using the diagram, certain assumptions must be made andfollowed.
1. Everything on one diagram is for one locomotive unit only.

2. Everything on the diagram is shown de-energized. All switches,
contactors, relays and other devices are shown in the shut down
position.

3. All devices involving reverser action have no shut down position,
so are shown set up for forward locomotive motion.

4. All dynamic braking devices are shown set up for motoring.

SYMBOLS

Two types of symbols are used, one system for pre-1950 and the other
for 1950 locomotives. The one for pre-1950 is shown in Fig. 1. The symbols
for the 1950 type are shown in Fig. 2.
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CONTACT /S CLOSED. ALL CONTACTS SHOWN 10 OF F POSITION.

‘_®E ENGINE CONTROL SWITCH CONTACTS LETTERS FOLLOWING
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ALSO CLOSED ON 2, 4 4 6. SEE SRETCH IN SECT/ION Q.
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POSITION. THROW OPPOSITELY N BRAMING. FISURE IN
CIRCLE 15 CONTACT NUMBER.

Swns
= 8 — SWM SWITCH INTERLOCKS CLOSED IN MOTORING

SWB SWI/TCN INTERLOCKS CLOSED /¥ BRAKING
INTERLOCK OR RELAY CONTACT ON DEV/ICE MARRKED
WHICH IS CLOSED W/I/TH DEVICE DEENEMS/ZED

INTERLOCK OR RELAY CONTACT CLOSED WITH MARKED
DEVICE ENEMRGIZED

RESISTOR SAME SYMBOL CURVED SHOWS A ANEOSTAT
OR PFOTENTIOMETER

TUBE MESISTOR
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—— tLamm~ BULB

———
""?‘-’3— CIRCUIT BREAKER

co NORMALLY CLOSED OR OFEN CUTOUT SWI/ITCH CONTACTS ,
—O"B— | THROW OPPOSITELY WHEN SWITCH IS OPERATED; oM

co 1F FOLLOWED BY NUMBERS WHNEN THOSE MOTORS ARE
-0 % | cvrouTr

SYMBOLS
FIG. 1

READING THE DIAGRAM

Conditions must be set up in reading a wiring diagram. Consider the
following circuit for an example.

3 . 30A 30C 6
<3 - ;
TO CONTROL POWER POSITIVE TH N
IDLE TH GEN. FIELD
I-8 187
L e AWV >
e DMR TO CONTROL POWER NEGATIVE
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To follow this section of the wiring diagram from wire 13 to wire 6, the

following conditions exist:

Two paths are possible from wire 13 to wire 30A. Start from the top
line through the throttle handle contact (TH Idle). It is apparent that the throttle

handle must be in the idle position. Buttoproceedfromwire 30Ato 30C,

it is

necessaryto have the throttle handle in some position other than idle (TH 1-8).
As this is one and the same throttle handle and cannot be in two positions at

the same time, thiscircuit cannot exist. Againstartfrom wire 30A andfollow

the other paththrough operating coil of DMR to control power negative to env
ergize DMR. When DMR relay picks up, its contacts (also marked DMR) close
and complete a circuit from wire 13 to wire 30A. A path from wire 30A to
wire 30C is now possible by operating the throttle in some position other than
idle and from wire 30C to wire 6 by manually closingthe generator field switch
187. In other words, to establish a circuit from wire 13 to wire 6, the DMRre-

OPEN
- o B0~ F/INGER T VPE

0 o~ T8 BRIDEING TYPE

INDEX TO THIS DrAGRAM
ITEM SECTIONS ITEM SECT/IONS
A-N CONNECTOR WIRE TABLE X EXC/ITATION CONTROL F-6
APPARATUS TABLES ZHA-RD | GOVERNOR X-L
ASSOCIATED DIAGRAMS 1 4 LIGMHTING M-N
BATTERY AND AUX. CIRECUITS M-T PROPUL SION CONTROL A[-C
DEVICE SKETCHES QW |SEQUENCE TRBLES P
ENGINE CONTROL -t TRACTION MOTORS D-£E
EXPLANATION OF SYMBOLS
NoPM.  Nomam. CONTACTS | RESISTORS
CLOSED 6RID TUBE TVPES

TYPE FIRED WiITN TAP WITN SLIOER

T = —br

THE ABOVE SYMBOLS APALY TO
CONTALTORS, RELAYS, INTERLOCKS
AND ALL MANUALLY OPERATED
DEVICES EXCEPT AN/IFE -BLADE AND

PHEDJ‘ TATS fﬂ'g Pﬂr[ﬂﬂoﬁlf TERS

A

TWO - J&CTION
INAC Y/ YE] ACTIE
.m‘ra‘

lay must be energized

by first placing the
throttle handle in the
idle position, After this
the circuit is completed
by placing the throttle
handle in some position
from 1 through 8 and
closing switch 187.
Remember that when-
ever a circuit is traced
through a device or part
of a device, the condition
or position of that device
must be firmly establish-

SNAP SWITCHES AND CIRCUIT BRERKERS

# REVERSER MAIN CONTACTS

BRAKIMG SIVITTH MAIN CONTACTS
(FIGURE IN CIRCLE K5 COWTACTNA)

- _.o:ﬂj_ CIRCUIT BREAKERS

OPERATING ANO F/ELD cons

ORPER FIELD COILS
co/L COMPERTATIMG COMIL/TATING
— =Y\

_O=Q>_ xNIFE BLADE SWITCHES

———

SERIES SHUNT
P o & 5 TN .
CAPACITOR RECTIFIER

ONE SYMBOL SHONS| CURRENT FLOW /S

-‘:’ {“f— SNAP SWITCHES ONE OR MORE CA~ | /N DIRECTION OF
-=- PACITORS W PIRALLEL ARROW

—B—o— MOTOR CUTOUT SWITCH O

—o_p— CONTACTS. /F MARKED C0, LAME
THROW ORPOSITELY WHEN [t rr i nosiTION — EC SWITCH
ANY MOTOR |S CUTOUT. IF

0 OFF  CONTACYS ARE MARKED
MARKED CO FOLLOWEDO BY | 7 IDLE TP SHOW RQSITIONS ON
A NUMBER, THROW OPPOSITELY| § START  pymscw ThEY ARE CLASEQ
ONLY WMEN MOTOR SO R RuN
NUMBERED 15 cuT oUT 246 296
FIG. 2

ed and adhered to.
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ENGINE CONTROL SEQUENCE TABLE
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R D0 DD
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TMGLE ENGITOPL ON OR OF Flany [ANY ] 0 ®
LOCOMOTIVE CONTROL SEQUENCE TABLE
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v |2 N
x Y% % ]
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"JQ\ ofC ¥ [ o1 O Q &
NN R ENN N NN ENEEEERS
SRARIZ E|S|aa|affF] [W[R[F[][S|of[c! R[S
SER-PAR.FSI| /-4 [ ] e|6] o A
Fs2] 2-a ® o] [e[of |o M
M
-8R
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BRANING B ole| efs U000 o|B
curovr |MoOrIC.o. o |eof® ole] leo M
MOTORING |MOT- 2 C.0. ol0 [ ] olo] |e M
tvo ELecrricmor/azeall o1, g la ® ¢ olel |o
BRANING /N |MOT. 3 C. 0. D0 ol Je
curovr MOT. ¢ (.0, olo]e ole]| |e M
POSITIONS ) [MOT. 349 C.0. DD O0R0

SEQUENCE TABLE

SEQUENCE TABLES

FIG. 4

This table indicates what happens when. The sequence table shown in

Fig. 3 is for the pre-1950 model, and the dot signifies that for a particular
condition of control handles the device is closed. If by observationitisfound
that the device does not close, that apparently is the trouble, and the circuit
for that particular device can easily be traced.

separately.

The table shown in Fig. 4 is for the 1950 model and is similar except
that the devices dependent upon throttle handle position are tabulated
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iy OPERATING CO/L INTERLOCK ISEE NaCmAM
g TYPE v, no fas*Aes]camciron| ® | secrion FUNCTION
“ ! YPCMISAVTTMT7I47?| /88 YAF/IONMS |cP |E-N BAYTEARY
(7o Prcmisacy7|4r39977] a5 3 FUEL PomMP
—>ihlGS?, 2|/ 7CMMaSC] 4739368 27.85 |I17ArieJ3 {cP, C-N‘J'O:- CRANHING
M, e
,! ol ""' 3‘ i7carianise 4739346 237 wz’:lu;:u Aitld e FIELD SHUNTING
8 P/ I17CP2N3 12 210/ 778 I29AF21A@ |CP |A-B-E£-R-P
: P2 I1PCPANI nz210/ rr>s 17247244 |GR|A-B~J-N-P» PARALLEL
—trly| P27 |I7CrP2NI 322107 PVTS |1 74F2/1A8 {CPA-CC-W-I/-A-P MOTORS
X533 [1Fcmand |3/22i6i| 773 (1747 dIAIZ [P [A-ZE-F-F-RK-P
g K1) I PCPENYD 3/28101 T8 |I17AF8IA4 |CPr |B-LE-/K-P SERILCS
l $281 (17PCP2INI y22/0/ P?PS [iTar2/i4ad|crlA-M-Jd-4-P . MOTORS
: Sw _1176P8T/ /2201 PSS |INCL. CPIA-BC-J-K-Q | DRAHING
W[ GF PEMiSALTT |€739477 185 |174F/SKY [CP |C-I-N-@ GEN. FLD-
§ —— |/9DPINH] | 3idai0/| 775 |INCL. CP A DHIQ |RCVERSER
3, BZ|[/7CMEILS | 8827035 /a4 P A-B-T BRANING
AVFE |/7LVS3C/ |e73935/| réz2 ZR[cc- TN
AVYS |[IPLvS5IC) |e73935/ 762 EP|\D-2-N SEQUENCK
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= K
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DMR [17LvSICHO] 73938/ rea cS |FFN-A-X SAFETY CONTROL
DVS [17LvS3cC/ |473935/| Pé2 ZPkcc-DI-N SEQUENCE
EF |/7eve3cs 4739351 762 CARC-CC~v-O ___|EXCITER FIELD
EIM |/1PLvEICI 4799351 Té2 P {D-1-0 LENGINE STOP
GA_Xvs3ias [s73semz| <ae TR N-N-O0 _|GROUND
OAR |174ivVEICs 473935/ réa A D-0 1L PRESSURE CONT.
I EZ7ET2Y] € P-oxX-V
e <73 29. 4 _|SHUNT
9| me |1reciopre [d739208[ 379 | Dvrr. crlc-~ :W" ::::
|=' 32/7 | .00/ |SERIES
SAR Y ws2an]i3 4739407 17-8 cAD-» SAFLTY
SR _|I7LVS 33113 | 4739607 | i1-8 |1-0.1 MED &P |n-P S76NAL
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" = L -3~
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h [ X1 5]
20 NV VITD | g g 1084-13
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7 » CLUTEN
SMV [IPAIEIARO F-X
1 1
INDEX

APPARATUS TABLE

The Apparatus Table lists other necessary information concerning the
devices and equipment. Eachdevice islisted alphabetically and the following in-
formation can be found for each item.

1. Symbol
2. Type

# SYMBOL IN THIS COLUMN REFEMR TO LOCATION OF APPAMATUS

IN LOCOMOTIVE IN ACCORDANCE WITN THE FOLLOWI/NG : =

3. Cat. No. and resistance
of operating coil, if any.

cp
cR
CcS

(3 ON ENGINE

P,
EX

CONTROL COMPARTMENT
ITLE IS8 RELAY EQUIP. (IN CONTROL COMAMRTMENT)
CONTROL STAND IN ENGINEMAN'S CAB

I7FM 76 DI ENGINE CONTROL PANEL
I7FMESB/ PANEL (IN CONTROL COMP’T.)

FIG. 6
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4. Type of interlock, if any. APPARATUS TABLE SYMBOL KEY FOR SHOWING
. . OEVICE LOCATIONS ON LOCO.
5. Where the device is lo- [z L0CATION ON CoCo.
cated on the locomotive. (a5 [aR BrRare srsrem
6. In what section of the L. £2_ |conrroc compartament )
wiring diagram can be E DIESEL ENGINE
found all the component ER | ENGiNE RoOM
: 58 | i7ce58 Panec
parts of the device. 59 |17eEse paner | TERE EANALT ARE
. 105 I17TEM/I05 PANEL| £ TROL COMPRARTMENT
7. Recommended adjust- 110 | 17eatrio pamee) SONTROC COMPARTMEN

ments or settings, if any.

8. Function of devices. FIG. 7

Fig. 5 is the Apparatus Table or Index and Fig. 6 the Location Symbol Key
for pre-1950 models. Fig. 7 is the Key and Fig. 8 the Table for 1950 models.

YvPE 0R |RELISTANCE DATA[INTERIAX ON OCATION
SYMB 4y wa.  ALAE TN 5o e o o160 DATA ) FUNCTION
GR |I17¢vsILeS | e7238¢s2| cae $8 |Bcrrcy |oROUND RELAY
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xz | 5672%¢ [akm. | 0-0403 x| T |morow scomens
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X3 EY2 4L ) T ARM. > C5% ER| £w BLOWER
Lo5
SREEOD
L cr-279r-c 2900 ¢s | aBco | SeEnsirive
C3in) 10 -F66 RELAVT
et
ML MST I1TAFI18M2 ALV £1ELD
M2ME | /7CMs2cc 3¢ | €739386| 237 17AF /184 | €R | ACDY SWUNTING
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7AZQ| 110
R FLD |0 0395 AsoTOR OO CVCLE
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MG | SATBISAI9 :um'ﬂza 2 g;' ER| &1 | o renmarom
FTATOR ALTERAA JET
adacae] ©O°
oPR |ievs3cr | 9239341 782 1/0 | TKLU |0IL PRESS RELAY]
[0F57, 2 |#5orDe |x23340 R NT (0w PRELsS THiTeAES]
05 |/ ?MMIEATI £ | KU |ENG. ORRIRED T W)
OfM Fae $27702| a7 A8 | B LOCO (ERTAZL M1
24X 12CPANS |3122/0/] 778 17AF2/44 | CP |ascocbtnv] AaRALLEL CoW:
Acs £/ 91092 AB | v ROMERCITOF 7 SW/ITEW
R 12DpP/13I/ | 3/22/01| 2?2725 CP |BDEIMY |REVERSER
R R2 |6RS3 /8 o5 || TG TATIIN
BRI |2 0FERS5C2] 3 RECTIFIERS
RFC |S6Dr324/ 7 R | T RAD_FAN CLUTCH
g739205| 29.9 SAHUNT PEVERSE
Y 17LCISDL26 (4739208 279 DIFF. cPhp | wy CURRENT
8562469 SERIES ReELAY
Rir  |172xceeF/ Ko cS | B9 REVERSE MINOLE
RPM | myP-61£ 110 | ¢ ENG. SACED RECEPT
5,527 [/ 7¢P2n3 |3/22107 | 775 |17AF2/1A4_| CP [4BDEXVISER-PAR _CoNTS
SAR |17Lv5348113| € 739007 17,8 1O | kLv  [TarETy RELAY
J6 | S6v4774) [ AXLE GENERATOR
SH__ISEE RN €S |ABCs@ | SELECTOR HANOLE|
SR __|AvS351/5 |€739407| 1/-8 170 | JV___|Si6~NAL RELAY
SW_|196PI18A] _|312210/ ]| 775 CP CDEFIY | BRAKING SWITCH
7/ 96256 ws] & TRANSFORMER
TDR |17t v33c/38|873335/] 762 105 | Bew | sEQuEMCE RELAY
76 1 12MMI6A) AR PHATE] 16.93 - 3 ENG_TACH, GEN.
TH _|JEE R# <SS | £ THROY 7¢E WANDK
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APPARATUS TABLE
FIG. 8
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RELAY AND INTERLOCK SKETCHES

It is also necessary to know the physical location of an interlock on any
contactor or relay having a number of interlocks. This is obtained from the
section onthe diagram titled Relay and Interlock Sketches (Pre-1950) or Device
Sketches (1950). For example: In Figure 9, it is seen that the fourth contact
from the left on AVF causes a circuit from wires Bl to 32M when AVF is en-
ergized and from 32A to 32M when AVF is de-energized.

DEVELOPMENT
The Development e e o “ “
shows when throttle, re- e A o
5 324 £8 (Z iD SoM
verser and selector handle ,ﬁ?ﬁ;u 320 45 a5 ‘o osoL
control contacts open and e BYS
close in various positions 1540 A < es P A 0%z
of these handles. Develop- o ofss orre Orse o x
ment sketches such as Fig- E:‘"Q‘.“t}"t?" t ?
ure 10 are used to locate AV ££7 0LES OLES OkEd BWR 20
the physical positions of 24
these contacts and possibly :/ i“
to check the wiring on the K e
diagram, . e,
The contacts are s A2 s 280 A cer
shown in the shut down po-
sition. This is "off" for .~ P S B
the reverser handles, "idle" q: ?ﬁ: Q‘ Yo i‘:ffii‘,
for the throttle handles BLR x penerss worcsarive conIacy | CHS
and "off" for the selector ou 174 1040 My _“_lam
handle. O#sD 08 OM  O6c n o Lis ::)‘pr
o a2 ryy
BRI L7 ] J ~ )] DMR 13D
an ) J4C AN —O ¢5
O3 022 oR oB27 [=] OfE8 O3tk O
TR | T ERE
w 12 59 /A EES OLV/ £y
BR2 Dys

DEVICE SKETCHES

FIG. 9
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Assume that the following is shown on the diagram:

5 || 7A

TH
2-4-6-8

(Pre-1950)

15

TA

or TPN

2-4-68
(1950)

How can this contact be found on the locomotive? When referring to
Fig. 10 it is seen that contact 15-7A is open in the idle position. The rec-
tangular portion opposite this contact shows anunshaded area in the idle position,

A ETC A4,E7cC. Fzzl?_ OAI‘/' ﬁ:ﬂ’.

i [ REVERSE
C— "W CYL/NOER

) 1 1 p”

7 12FR304) BRAKING POTENTIOMETER
[ SIP RING }

~

30 40 50
Hannnnnamnsnail

ERi LIl

42

CONTROLLER OEVELOPMENT

FIG. 10

[ — ]
1 1 {
DE 123 @ 5678
‘ | ] 1 1 1 ) | (
M.
) | | ] 1 1 1 ] +
[ Wn—  TwROTTLE
— W W CYNOER
] ] 1 1 [ 1 [ ¥ i TH
— ]
[ [ 1 ! | [ |
(—
) 1 « 1 ) ] [] ] [
| —  Susm—
L) 1 | { | » [ . 0
L )
1 1 ] ] 1 | 1 3
L )
‘ 1 1 1 1 ’ | r
MOTORING
MOTORING - BRAKING
N 432 478 BN SELECTOR - CYLINDER
SOy | — ) SH
7 R B3 —| P y }
5T [ e m— )
|<(o-l — ]
v /-99 ] 1 I; |l ' 1
A O —

RES. UN!
CAT. M-8831

while at positions 2, 4,
6 and 8, the shaded or
black portions show that
this contact closes at
these throttle positions.
Furthermore, the physi-
cal location of this
contact canbe determined
by counting down the
contactor drum.  The
contact in question, is
the seventh from the top.
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TROUBLE SHOOTING

To better understand trouble shooting, set up a case of trouble andfollow
through the various steps in its analysis. Assume the diesel engine does not
crank over, and the fault is due to an interlock on P21.

T\‘\N\XAY NN SN NN TN NN NN
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i25A
r
[-X 3 T 77 B
Soe soc
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15 =28
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>—\o—4 Teonx
> 3 682
1) GOV
e c}f CLUR, Sov
s
SAR Sox
5.

I
f/??)

som

'JICS
o)

w0a [TV WHEL
[ WNr2/4

L JIBUZZER
Al o2 o (5748)
5P OPR 170 &
(WHI7E) /
15/ N
g ; G i :“) o T L2
: ; 3 1
GIA
AL ARM C/IRCUITS GCOVERNOR
FIG. 11

The first step is to determine what is supposed to happen when the start
switch is turned. "What happens when'', is seen from the Sequence Chart. Re-
fer to Figure 4 and note that GS1 and GS2 contactors should be closed. To find
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the location of GS1 and GS2 on the locomotive, see Fig. 8, which places them
in CP. Fig. 7 explains that CP is the control compartment. The location of
GS1 is now known. Observation will show that GS1 and GS2 have not closed.
The next step is to find the coil of GS1 and GS2 on the wiring diagram and at-
tempt to determine why these coils are not energized from control power.
From the Apparatus Table, Fig. 8, note that GS1 parts are found in Sections
B, F, Kand T The coil is found in Section X, Fig. 11, and the problem now
consists of an examination of all equipment in this circuit. It is seen that a
normally closed interlock on P21 is in this circuit. @ Again refer to the Appa-
ratus Table to locate this interlock on the locomotive.

The diagram indicates that the interlock that has 43 and 43A wires, is
normally closed. If the wire numbers cannot be identified, the Device Sketch,
Fig. 12, will show that this interlock is the third from the right. By cleaning
or repairing this contact, the trouble is corrected.

By following this method any type of trouble can be traced to its source
and corrected. .

This type of diagram, with a little practice and experience, provides a
very efficient means of trouble shooting.
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