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TRACING PHYSICAL SCHEMATIC WIRING DIAGRAMS

INTRODUCTION

The purpose of this manual is to describe the
physical schematic wiring diagram along with its
associated diagrams and wiring list hook, and to
provide a guide to &id in the use and under-
standing of the diagrams and list.

The name ''physical schematic™ literally describes
the diagram. That is, its form is a combination of
the physical wiring diagram and the schematic
wiring diagram. It provides a direct presentation
of electrical circuit paths with complete identi-
fication of point to point wiring.

The actual location of electrical equipment on
the locomotive and within electrical cabinets can
be determined through use of the wiring list and
the conduit layout diagram associated with the
physical schematic diagram.

ASSOCIATED DIAGRAMS
AND WIRING LIST

A legend {see Fig. 1} located at the lower right
corner of the physical schematic diagram provides
identification numbers for the wiring running list
and for diagrams associated with the physical
schematic. These generally include the following.

1. Wiring Running List Book (includes device
location sketches and component parts list).

2. Cable And Conduit Layout Diagram (some-
times part of the physical schematic).

3. Electrical Devices Wiring Diagram {sometimes
supplemented by a diagram cavering printed
circuit devices).

4. General Charts And Graphs Drawing (some-
times supplemented by individual charts and
graphs drawings for specific plug-in circuit
modules}.

5. Main Generator Schematic Wiring Diagram.
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Fig. 1 — Sample Legend Of Associated Diagrams And List

THE PHYSICAL SCHEMATIC
WIRING DIAGRAM

All locomotive wiring and all electrical devices are
shown on the circuitry portion of the physical
schematic diagram. The circuit paths are arranged
in groups and are identified as to function. All
wires and all terminal points, whether on devices

or on terminal boards, are shown and are identi-
fied. The wires {with the exception of many
jumper wires} bear a letter or number prefix that
is common to all wires in the same functional
group.

Locator charts are provided to point out the
vicinity in which devices and terminal points

*



appear on the drawing. Locator numbers at the
margins of the diagram identify the vicinity.

Fig. 2 iliustrates a sample portion of a circuit
appearing on the physical schematic wiring dia-
gram. The "A" portion of the illustration shows
the circuit as it would appear on a basic sche-
matic presentation. The actual wiring cannot be
determined from the basic schematic.

The “'B' portion of Fig. 2 shows the physical
schematic presentation of the same circuit. This
form provides all the information given by the
basic schematic, but in addition indicates the
actual physical wiring.

The “C'" portion shows a pictorial example of the
physical schematic. 1t is presented here only as a
guide in interpreting the conventions used on the
physical schematic wiring diagram.

Before tracing lhe sample circuit, gxamine the
basic symbols, a clear understanding of which is
necessary to properly use the diagram.

As on the basic schematic, a single wire line
represents an electrical current path. This line can
represent one or more wires, but the wires are
connected as an electrical unit. A junction point
on the basic schematic is indicated by & heavy
dot where lines cross or meet. On the physical
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Fig. 2A — Basic Schematic Presentation




schematic  diagram the electrical junction s
indicated thusly:

% or,ﬁ_or%}gor‘d or
+or< oré_or%,

Each of the above symbols is electrically equiva-
fent to the symbois —+ and on the bastc
schematic.

On both the basic schematic and physical sche-
matic, crossed wire lines

that do not bear a connection symbol {either the
dot on the hasic schematic or the small diagonals
on the physical schematic) indicate that no elec-
trical connection is made at the point of inter-
sectton.

It will be well to observe at this point that a
sohid dot symbol is used on the physical sche-
matic wiring diagram. This dot symbol represents
a terminal board connection. It will always be
identifiad by a terminal board number and termi-
nal identiftcation.

° €34 0—

62A1 LI Rl

Observe on Fig. 2B that the crossed lines in the
vicinity of 6B8 and 13AC3 do not constitute an
glectrical connection, but the crossed lines at the
13ACE abd 13AC8 designations, joined by small
diagonals, do constitute an electrical connection.
The actual wires are not, however, connected at
that point, There is no splice or terminal. This
can be noted by observing the same area in Fig.
2C. By tracing on the pictorial example one can
find that an eiectrical path exists just as surely as
on the circuit shown on the basic schematic
diagram.

Notice on Fig. 2B that while small diagonals at
an area of crossed wire iines indicate a common
electrical point, they also provide a guide in
circuit tracing of actual wires. For example, the
junction at 13AC6/13AC8 indicates that the
13AC6 wire leads to the left, and the 13ACS
wire leads to the right, while the jumper “J" runs
vertically. The 13AC and "J" designations at 2C
of WL eliminate that point as the termination of
the 13ACE wire, therefare the 13AC8 wire must
terminate at 1C of WL, even through it is not so
identified in the vicinity of WL. Normally, how-
ever, the 13ACE wire would be identified at the
vicinity of WL, but for purposes of explanation
the wire identification was intentionally omitted.
This is to point out that the logic of the wire
identificationt scheme enables identification of
wire lines where the number may not appear.

The 13ACE wire terminates at “F'" of P3. This
can be determined by following the wire linaes,
the diagonals, and wire identifications.

The electrical junction symbol also indicates by
logical process of elimination that the 13AC wire
leads horizontally through the junction symbol
located between D1 and G2 of PR and to the
adjacent symbol. At that connecting symbol the
13AC wire makes clectrical contact with A" of
WS25, but the symbol indicates that the actual
13AC wire must pass through the junction
symbol The diagonal at the junction does not
indicate a change in the direction of the 13AC
wire, To use an analogy in railroed terms, a
branch cannct be entered hy passing over a
switch in a "teaving’ direction. The small diago-
nals at wire ling intersections can be construed to
symbolize “entering” and ‘“leaving” sides of a
switch. At the next junction the diagonal symbol
would allow the 13AC wire to lead downward to
"AT ot WS36, but the wire identifications indi-
cate that this is not the case. Therefore, the
13AC wire must continue horizontally to the
next junction whaore it again may continue gn or
bend downward. The wire identifications indicate
that it does in fact lead down and terminate at
A" of WS4,

Referring again to the pictorial (Fig. 2C) of the
physical diagram, ohserve that all wires fabeled
13AC are shown darker than others. This is
merely to accentuate the 13AC wire circuit which
is being wsed as an cxample. Notice that all wires
in the 13AC circuit are connecled continuously
from “F" of P3 to 13 of WSC without passing
through & device. In a manner of speaking, this is
the AC wire sub-circuit in the 13 group.




Gen. Fid.Control

_
_ P 5 om /110l 2101 g0l N\ 9
| M
_
| v OVE] nm oNz 810| ve clor @ 1o ﬁm_ 801 \__/ 2SN
_ o 25 ¥d Hld S |
_ —
LILE] PN, 80vEl
Mo 9 < F O OggwerQ gvvEl |
_ ¥d 90Vl 0 20 8 |
G2ISM _
_ 19vg
vl
| L Zous) m m Vel N |
_
| 9ESM
N 2ovEl — |
/
| v covel Oq m WYEl N\ _
| PISM |
| N lovel - /
ZvveE! A Z 8N
| Vel m, m 2Vl 7 cvve NN— |
ol _
| S — _
_ — _
o+ 0—0 N_|
| IN
_ maH_ |
O O 2OVELA £OVEl _
[ 11t 3
4 _
.,_\ @ |;m
: @ | _
H W | D
° |
o= .
L aali ¥2] _

Fig. 2B — Physical Schematic Presentation



Control And
Fuel Pump Sw.

FPCR
EL
GOL
PCR
PCR
FTR

? 1376 T
13T 2 3 J 4 13 J ‘
33 I ) =
TBSOTIZ f =l
,: ol ol
g
|3T5 wo
b a
o
i I3AC6 ©
y 13ACS8
-
- Y
O
il " ) il - J
[+ o
oo
[Ty} q o j
o 8 g /¢ ofs
o
©| o p- = - S z
o @ P — od
@w| © - < I
- J
1 3| 3, -
@
r | " - -
| 6 n o N
| 4 5
o
| ok
ols o
| i L e
2 5 2
| " g .cNu
[T
0] NB
| ol o
o™ o
l 4 14}
A o N
4@
>
NG2
— 2] r
< E = NS3

|
-

Fig. 2C — Pictorial Example Of Physical Schematic Diagram

-6 -



INTERLOCK AND EQUIPMENT
LOCATOR CHART

An “Interlock And Equipment’’ locator chart is
provided at the right-hand area of the physical
schematic diagram. The chart lists contactors,
relays, mamn and auxiliary generators, control
system components, capacitors, resistors, rheo-
stats, rectifiers, and diodes. Localor numbers are
provided on the chart to show the location of the
component itself or for parts of the component,
such as operating coils, main contacts, or inter-
locks. Thus, if the operating coit of a power
contactor appears in the vicinity of locator num-
ber 860 at the margin of the drawing, its main
contacts may appear at 125, while various inter-
locks are at locations such as 884, 660, and 130.

LOCATOR NUMBERS AT MARGINS
OF THE PHYSICAL SCHEMATIC
DIAGRAM

Circuits on the physical schematic are located by
function at specific areas on the diagram. The
margins of the diagram are provided with locator
numbers in groups or series that identify the
function. The individual numbers in the series
assist in locating specific electrical components.
The marginal numbering scheme is as follows.

Number Margin
Series Location Circuits At The Area
100 Left Power Circuits

200 Btm & Top Excitation Circuils

300 Bim Or Top Auxiliary Circuits

400 - -

500 Btm Or Top Lighting Circuits
600 & 700 Bum

Local Control Circuits

800 & 900 Toup Trainlined Control

Circuits

LOCATOR LEGENDS AT
CIRCUIT AREAS

In addition to grouping of circuits by general
function, they are also grouped as closely by
specific function as practicality permits. Legends
adjacent to negative appear in brackets to iden-
tify the specfic function of a particular area.
Examples follow.

6T
GEN. FIELD CONTROL

S—— M MOTOR CONNECT CONTROL —

INTERLOCK LOCATOR CHART

The Interlock Locator Chart, Fig. 3, provides a
listing of relays and contactors and associated
interlocks.

The relays and contactors are arranged in alpha-
betical order in the ITEM column. Location of
the operating coit of the item is provided in the
COIL column. Location of main contacts, when
appticable, is provided in the MAIN column, The
ZONE column gives the physical location of the
item.

The INTERL.OCKS column gives the location and
designation of all interlocks of each item. Notice
that each item has two rows for interlock infor-
mation, The top row identifies and locates the
normally open interlocks., Identification and
iocation of normaily closed interlocks is provided
in the bottom row,

Locate PR in the ITEM column of Fig. 3. The
coil is located at 647 on the physical schematic
wiring diagram and is physically located in zone
36. Interlocks A through F are normally open
and G through M are normally closed. Normally
open interlock A is located at 648 on the phys
ical schematic wiring diagram. Normafly open
interlock F and normally closed interlock M are
located at 650 on the physical schematic wiring
diagram,

NOTE it the locomotive is cquipped with motor
operated switchgear, the “normal™ posi-
tion relates to the switchgear position as
indicated at the symbol for the operating
mechanis.
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EQUIPMENT LOCATOR CHART

Fig. 4 is a sample of the form used for the
equipment locator chart. The main portion of the
chart covers common electrical components,
capacitors, diodes, resistors, rheostats. These com-
ponents are arranged in columns by type and in
rows by number. When Lhe components are part
of an assembly, letters are used to identify each
part of the assembly. Thus, the first entry on Fig.
4 is a resistor RETA, which appears at location
217 of the wiring diagram. The actual physical
location of the resistor is at zone 31 in the
glectrical cabinet.

The last entry on the main portion of the
equipment locator chart shown in Fig. 4 is rheo-
stat RH11, which appears at location 124 on 1he

wiring diagram, and is physically located at the
main control panel {zone 36) of the electrical
cabinet, refer to zone diagram Fig. 8. The zone
number given further indicates that this rheostat
is located on the sub-panel on the main control
panel,

A miscellaneous eguipment locater chart is alsc
provided. This covers equipment {other than con-
tactors and refays}) and common components that
are not identified by a number {e.g. CR-BC and
RE-BC).

Notice that two or more location numbers are
given for certain pieces of miscelianeous electrical
equipment, This is hecause the devices function
in various electrical circuits, consequently must
be shown in the vicinity of those circuits. De-
pending upon the type of device involved, each

If Stacked i1t Reststor Are RH1Y Located On
ST IF CI(;;se%t tn Tandem, A" Main Control
To Panel Red Is To The Left, Panel
! / Top, Or Front
|I !
' 1
ca [Zg [/  or A Zo |[RE{_ 1+ % | RrH % || misc. Eque. |7,
N N N > N
N [ dF| Ml'a e [c o] lale|c ebay| "|| name  [ioc| Mg
! 217 |27 31 (2137 36
BCT6 235 | 3
2 372 31
3 Hz2 |12 3
BCT7 235 | 3
4 s |1z 3l
5 131 131 31
CRBC 364 | 3l
6 234, 238 1365 352 | 353 10
1 |
7 ".l ! 351 | 350 20 2i6
FCT 3l
8 \ 23]
1
S ".I 234|365 222
". ' GXIO » 3l
10 | 351 | 353 10 ’F 39 | 362 » /230
| | A -
11, | 140 | 31 | i HE 31/ 124 ,363/ 216
'. ] —
\\ | RH10, Located /7 / 221
On A Sub Panel 7 .
Capacitor CATI Rec tifier CREA | [ " - Pll_'q In” WSC 24| | 38
Located At 140 And CRGB | o Modular .
o Located Un A -~ Circunt { /683
n Diagram Sonarately Wire :
Separately Wired /
Suby panel Bolted Ta 865

The Man Cantral Panel,

Zone 36 Al Components

On The Subpane' Are

Wired To Terminal Boards

On The Sub-nanel All External
Wites Leading To Terminal Boards
Are In The Main Wiring Harness
Zone 326

/-
Shown As Dashed hne Bosoes
At Various Locations

On The Wiring Diagram.
Circuntry Insige Of

Dashed Boxes |s

Simphfied, And For
Gundanee Only,

Fig. 4 ~ Interpretation Of Sample Equipment Locator Chart
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portion of the device may be represented by a
symbol or it may be represented by a broken-tine
rectangle with symbols inside of the rectangle.
For example, a symbol is used to indicate the
magnet frame of FCT at one localion on the
diagram, while FCT coils are rcpresented by
another symbaol at another location.

MODULE LEGEND AND
LOCATOR CHART

Certain locomotive models are equipped with
transistorized control and regulating circuits that
are “‘packaged’” in modular form. The modules
consist of circuit boards on which the necessary
circuit components are mounted. The bhoards are

MODULE LEGEND AND LOCATOR CHART

NAME FUNCTION LOCATION
Dynumic Brake 1 ]
= } 152 212 : e
DE10 Extended Range Control 235 65
510 Dyramic Brake 239 474 -
DG Grid Protection Ge 1P v
Ovramic Brake Protection i
’ : 118 123 236 G748 888
DP1O Brake Warning, Motor Fld. ’
D\;naFT;iF_B_rake
DRE10 A ' 126 217 237
caqulator .,__
Excitation Limit
ELig | o eon B 235 | 678 | 672
Control
- i
VIO Gemcrator: Valtage " 598 ‘ a1
Reqgulator 3 f |
GX10 Generator Exoitation 296 ' 934
FRequlator _
PE10 Perf()rrr_mn(:e 536 |
Cantroi
RC10 | Rate Control 216 |
SA10 | Sanding Controf 844 1 :
Jass Max. . ‘ g i
spig | SCnsor Bypass Max. - Czs o226 | 230 | 230
Pertormance  (f appiicabte) J |
SEIQ Sensor (Excitation 16 1 276 226 2249 |
Control) ! | ;
Throtte Besponse & I 915 ’ 96 1 567 I.
o Relorence Voltage | ; » 2 !
Transition Conitrol , !
TRip | [ rron RORHE 240 . 237 | 647 | 6B
- fit appdieaaled |
VRI10 | Voltage Begnlotor 3745
_— i |
Ahvol Oherspee | 3 .
wotp | Wheel Overspeed 240 | 230 | 232 | 224 | oo | o6
ff applicaty o)
. Whee! Shp 1216 | 293 o
WS10 128 242 G670 205
Control | 220 | 230 )

MNearnbrer so i ot shown ot device locations at schemat.c diatraesy st

Al

modules are located i Zone 33 of the alectrical cabinet

Fig. 5 — Sample Modute Legend And Locator Chart
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fitted with terminal pins that mate with recep-
tacles mounted on a rack in the electrical cabinet.
They are readily installed or removed when slid
in guideways provided in the electrical cabinet. A
handle and facepiate facilitate instaliation and
removal. The module faceplate contains test
points for in-place circuit testing.

Some locomotive models use a few plug-in mod-
ules for specific functions. Other locomotive
models employ plug-in modules extensively and a
full compliment of modules is used. In such cases
a separate locator chart and legend, Fig. b, is
provided on the wiring diagram, and all circuit
representations of modular components are
shown as broken-line rectangles on the diagram.

BROKEN-LINE RECTANGLES

Broken-fine rectangles are used to represent var-
ious types of equipment.

1. Electrical switches or breakers that are oper-
ated by means other than electromagnetic
coils. These can include manually, pneu-

Pneumatically
Operated
Switch

(:Of.h
Thermally
Operated

I

Circuit
Assembly

matically, or thermally operated switches, and
magnetically or thermally operated circuit
breakers.

. Equipment that involves clectrical circuitry

within an assembly. Such assemblies can gen-
erally be unfastened or unplugged, and the
entire circuit replaced by application of an-
other assembly. Plug-in modules are examples
of such assemblies,

For example, WSC and GX are shown as
broken-line rectangles at a number of loca-
tions on the physical schematic wiring dia-
gram, and circuit symbols are shown within
the rectangles. The symbols provide a quide
to the function of the components at that
portion of the diagram. The circuitry within
broken-line rectangles 1s symbolic and is in-
tended only for guidance in tracing through
the rectangles. The devices drawing referenced
in Fig. 1 provides more complete diagrams
showing the circuitry in such devices. Fig. 6 is
an example illustrating the intention of the
symbols used.

Manually Operated
Switch
{Spring Loaded)

Magnetically Operated
Circuit Breaker

Swilch || H
| O I

Cam Or Handle
Oporated
Switch

217 -



RE&

COMPLETE
CIRCUIT

ety

p

To D14 And Wheel Sli
Transductors

| SBP
LR

SYMBOLIC

CIRCUIT

C__
L
TI

<
K

‘Bbay poon

Fig. 6 — Example Of Symbols Within Broken-Line Rectangles
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SWITCH LOCATOR AND
POSITION CHARTS

Various switches used on a locomotive are of the
multiple-pole ganged type. They employ either
lever or motor driven cams to operate the indivi-
dual switches in the gang, or are the rotary snap
or spring loaded type.

The individual poles of any given switch perform
separate functions, therefore must be located at
various places on the schematic wiring diagram.
The switch location charts provide marginal loca-
tor numbers for each set of switch contacts,

CERESCTLEL PRIME/ENG START = Z0e Mumbier

PLoc] aw POSHTION " Of Switch Location
OFF [ PRIME T &1
Fha | 17 . e
A ERRE T
o4 | 56 ) -
ECREE )
627 [ 010 D
Showr I CHE Position On Wereg Diagr an

The charts also indicate whether contacts are
open or closed at specific positions of the switch
operating device.

EQUIPMENT LOCATION ZONES

Zone numbers are assigned 1o various locomotive
areas that contain electrical equipment. Figs. 7, 8,
and 9 illustrate the zones. Notice that terminal
boards within a zone bear identification numbers
related to the zone number. For example, termi-
nal boards in zone 10 are numbered 13, 14, 16,
and 17. Terminal boards in zone 80 may be
numbered 81 and 82. Terminal boards in the
lower portion of the main electrical cabinet may
be numbered from 30 through 39. Exceptions to
this general guide for numbering of terminal
boards may be seen at terminal boards that are
located on the main control panel — zone 36.
Such terminal boards are identified by numbers
60 through 62, which relates to the second digit
of zone 36.

Wiring harnesses are also identified by zone num-
bers. A wiring harness is completely assembled
before the wires are connected to eguipment. it
is a group of wires formed on a pegged pattern
board. Wires of appropriate size and length are
layed out on the peg pattern and bundied to-
gether with ""tie wraps” so thal all wires hold

Contral Std,
Zone b0-5b1 Long Hood
Zone 20
M
Short Hood
Zane 10 1-24
50-53 21
[ _13:3: _____ [
L= —|— — 3039 D.B. Hatch 50889 L)
90-99
} No.1 ——d ® Acc. Rack 27
| Elec. 70 or No. 2 ?
| Cabt. Ea: A Elect |
| Zane 10 ate Cabt i
_____ /\ i
0 —_
No.2 D = | 1
-
Cont. Std. \/‘ Zones 80, B1 Zone 90
Zone 40

*On Units With Full Compliment

Of Circuit Modules

**CB Panel On Units With Zone 33"

Zone 31 Elect. Cabinet
Zone 32 Main Cable Form
* Zone 33 Circuit Module Rack
Zone 36 Main Control Panel
{Zones 361, 2,3, &6)
Zone 37 Fuse, Switch, & (Circuit Breaker Panel™ ")
**Zone 38 Wheel Slip Panel
Zone 39 Engine Control Panet

Fig. 7 — Eguipment Location Zones
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their relative position. When the harness is cor-
rectly arranged at an electrical panel or in the
electrical cabinet, all wire ends are positioned in
the vicinity of the component to which they are
to be connected.

The electrical cabinet main wiring harness is
identified as zone 32. It contains all wires that
connect between devices in the lower portion of
the main electrical cabinet, and it also contains
wires that connect from devices at one zone
within the cabinet to devices located at another
zane within the cabinet. For example, a wire that
connects from a device in the lower portion of
the electrical cabinet (zone 31} to a device on the
main control panel {zone 36} is in the 326
branch of the main wiring harness. Wires that
connect from a device on the main control panel
to a device on the engine control panel (zone 39)
arz also part of the main wiring harness — the
329 branch.

Secondary wiring harnesses — zone 36 for ex-
ample — are used for all connections made be-
tween devices located within a zone in the

electrical cabinet. Zone 36 identifies a wiring
harness that connects between devices located on
the main control panel. This harness is applied to
the main control panet, and all connections are
made before the panel is placed in the electrical
cabinet. Once the panel is in place, and the main
wiring harness is also in place, tie wraps may be
applied to bind the harnesses together, and the
zone 36 harness may have the appearance of
being part of the 326 branch of the main wiring
harness.

Other secondary wiring harnesses may be used for
other zones within the electrical cabinet. Since
these zones are normally mounted in the vicinity
of the main control panel, they carry the same
number 36 with a suffix number added in se-
quence for each additional zone. For example,
the dynamic brake regulator panel and its appli-
cable wiring harness are identified by zone
number 362, The dynamic brake step control
panel and its wiring harness are identified by
zone number 366.

365 —
Zone Zone Zone
39 38 361 362 363 | /W —=
366
O ? =\
ZOI"IE:? Zone &
37 26 I}
7] [vo] r~ w
o (%] [} o
o ™M ! ™
— | —— ))
N W7 ~
Zone 37
Wiring Zong 31
Hdrm:sg, Switchyear And
Control Heavy Caiiles
Wires O
@,
\\ —

Fig. 8 — Eguipment Location Zones,
Electrical Cabinet {Unit Without
Full Compliment Of Circuit Modutes)
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Zone 39
Engine Control

Panel
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WIRE IDENTIFICATION SCHEME

In developing the physical schematic wiring dia-
grarn, the draftsman endeavors to follow certain
general guidelines when assigning "name’” or
numbper identifications to wires. These guidelines
will be outhned here. Do not consider them as
mandatory or rigid requirements. For reasons of
practicality, the draftsman is allowed flexibility
of approach to allow for ease and simplicity of
presentation and to facilitate design change.

WIRE IDENTIFICATION SCHEME
FOR TRAINLINED CONTROL CIRCUITS

Wires in control circuits bear the following identi-
fication;

1. Number prefixes,
2. A single or double letter middle element.

3. Usually a number suffix.

NUMBER PREFIXES
{e.g. the “13" in wire 13AB6}

With the exception of the trainlined control
negative (N wires), number prefixes apply to
trainlined control circuits. Since most locomotives
are equipped for electrical control of trailing
units from the cab of the lead unit (MU opera-
tion}, the control circuits extend to  all
locomotive units coupled to form a consist. Such
circuils are called trainlined circuits. Electrical
connection  of trainhined circuits ts made by
standardized MU {multiple unit} receptacles and
jumper cables. The prefix numbers of the train-
lrned wires and the corresponding receptacle pin
numbers are standardized with respect to func-
tion as fallows.

Wire Or Pin Standard

Number Function
1 Power Reduction Setup
2 Alarm Signal
3 Governor Solenoid DV -

Engine Speed

16 -

Wire Or Pin
Number

4
5

10
11

12

13
14

15

16

18
19
20
21
22
23
24

25

26

27

Standard
Function

Negative "N

Optional — Emergency Sanding

Generator Field Contral

Governor Solenoid CV —
Engine Speed

Forward
Reverse
Whee! Slip
Spare

Governor Solenoid BV —
Engine Speced

Positive Control/Fuel Pump
Optional

Governor Sclenoid AV —
Engine Speed

Engine Bun
Dynamic Brake
Spare

2nd Negative

Brake Warning Light
Dynamic Brake
Compressor Control

Sanding

Brake Control/Power Reduction

Control
Headlight

Separator Blowdown/Remote
Reset

Boiler Shutdown



ALPHABETICAL MIDDLE ELEMENT
(e.g. the “T" in wire 13T6 or
the AB in 13AB6}

The single letter “'T"" following the prefix number
indicates that the wire is connected to an MU
receptacle pin without going through an electrical
control device such as a switch or relay. An
occasional exception occurs when an X' is used.

After the circuit passes through an electrical
device, the designation changes to a letter or
letters such as "A,” "B, "AA,” "AB.” However,
the designation may remain a “T" prefixed by a
different number if the circuit then connects to
another receptacle pin.

NUMBER SUFFIX
{e.g. the “6" in 13ABB)
to the use of number

Several guides apply

suffixes.

1. A T wire connected to thc MU receptacle
at the No. 1 end of the locomotive bears the
suffix number 1.

2.A T wire connected to the MU receptacle
at the No. 2 end of the locomotive bears the
suffix number 3 (three}. This changes to a
No. 2 at a terminal board located within a
junction box.

3. Wires leading from the main lerminal board
panel located at the back of the main electri-
cal cabinet bear the suffix number 5 when
they lead to the locomolive control stand in
the cab.

4. Electrical equipment is located at numbered
zones. Wires leading to a zone or from one

zone to another take on a numbered suffix
equivalent to the higher numbered zone.
These generally are single digit numbers rang-
ing above 5. Suffix numbers of wires leading
from device to device within a zone generally
follow numbers in sequence 1 through b.

WIRE IDENTIFICATION SUFFIX
NUMBERS IN RELATION TO ZONES

Fig. 10 shows the same circuits shown in Fig. 2B,
but with dashed lines and shading used to indi-
cate the zones in which various components are
focated. The dark wire lines are employed to
accentuate the number suffixes of wires leading
from one zone to another. On such wires, the
number suffix of the wire identification is equiva-
lent to the higher numbered zone. For example, a
13AC_ wire leads from “F" of P3 in zone 31 to
G2 of PR in zone 36. The wire takes on the digit
“B" of zone 36, and is therefore called the
13ACH6 wire.

WIRE IDENTIFICATION

SCHEME FOR LOCAL CONTROL,
EXCITATION CONTROL, AND
HIGH VOLTAGE CIRCUITS

Wires in local control, excitation control, and
high voltage circuits bear double or triple letter
prefixes, generally followed by a number suffix
of one or two digits {e.g. MB41).

Local control circuits take their power from the
individual locomotive unit. The circuits are not
trainlined. Excitation control circuits are involved
with the unit's main generator. High voltage
circuits are involved with the unit’s main gener-
ator, traction motors, and dynamic brakes.
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LETTER DESIGNATIONS

. Local control circuits as well as control circuit positive and negative feeds bear letter identification that
refates to the circuit function.

Letters Functicn
AG Auxiliary Generator
AL - A 014 Alternator
BC Battery Positive
BP Battery Positive
BN Battery Negative
C Radiator Cooling
D Direction Control
F Field Loop Control
FS Motor Field Shunting Control
H Headiights
L Lighting
M Motor Controd
MB Motor Connect Control - Dynamic Brake
NA Control Negative
NX Control Negative
PA Battery Positive
S Engine Shutdown And Local Fuel Pump Control

s ] ST Starting

Excitation control circuits bear the following letter identification.

Letters Function
AX D14 AC For Control
AY D14 AC For Controf
E Main Generator Excitation Control
EZ Stable Reference Voltage For Control
G Main Generator Excitation Control

High voltage circuits bear the following letter identifications.

Letters Function

A - AA Connections At Traction Motor Armatures

BB Dynamic Brake Regulation (Positive}

BK Dynamic Brake Regulation

BM Oynamic Brake Blower Motor

BR Dynamic Brake Regulation {Negative)

F-FF Connections At Traction Motor Fields

Fv Motor Cables

GB - GF Voltage Sensing For Transition Or Wheel Speed
~ GN Generator Negative

GP - GS Generator Positive

Bv Motor Cables

W Whee! Slip Connections

- 19 -



ADDITIONAL LETTERS

The primary identification letter or letters of a
wire are often followed by an additional letter
that either indicates function or is of an alpha-
betical series. For example:

1. An AL wire may be identified ALP to indi-
cate positive polarity or ALN to Indicate
negative polarity. An ALF wire may indicate
connection to a generator field.

2. Wires in an example circuit may be identified
MB, MBA, MBRB, MBC, MBD, with the addi-
tional letter added and changing as the circuit
passes through devices such as contactor inter-
locks. In addition to such sequential lettering,
sequential numbering is also employed as indi-
cated in the following text.

NUMBER SUFFIXES

Local control wires are electrically connected to
the tocal control circuit breaker at the main
electrical cabinet. The number suffixes on local
control wire designations consist of either a single
digit or of two digits.

Single Digit Numbers

1. Single digit numbers may identify wires that
are separated from the “PA" or "NA' strings
by some electrical device that is located at a
numbered zone in the main electrical cabinet.
Such wires take on a number suffix equiva-
lent to the higher numbered zone.

2. Wires in the “PA" or "NA’ strings that lead
from the local control circuit breaker to
devices outside of the main electrical cabinet
may bear suffixes that follow in number
sequence 1 through 5.

TWO DIGIT NUMBERS

Wires in the "PA" or "NA" strings that lead from
the local control circuit breaker to devices inside
of the main electrical cebinet may bear suffix
numbers in the following series of numbers.

1. Series 10 through 50 to devices in zone 371 of
the main electrical cabinet.

2. Series 60 through 90 to devices in other
zones of the main electrical cabinet.

CONTROL CIRCUIT WIRING STRINGS

Where positive or negative feeds to contro!, local
control, and lighting circuits connect to a com-
mon point by means of a "‘string’” of wires and
jumper wires, Fig. 11, the circuit presentation at
the circuit area on the physical schematic diagram
is simplified by use of a dashed line. This dashed
line indicates that all wires represented by the
line are electrically connected to some common
device such as a circuit breaker. A legend at the
end of the dashed line identifies the wiring string
represented by the line. The actual wiring of such
strings is then shown in its entirety, generally to
the left and adjacent to the applicable circuits.

The wiring string manner of circuit presentation
facilitates accurate and rapid isolation of circuits
for test purposes such as troubleshooting. In fact,
special locomotive models have been equipped
with isolation knife switches called ground check
switches that perform the isolation without dis-
connecting wires.

In the wiring string presentation, the wires that
connect between terminals in the various strings
are identified by a numhber, while the wire leading
initially to the first termina! in the string bears
both & letter and a number designation. To be
understood here is the fact that all wires in the
string carry the same letter prefix. For example,
in Fig. 11 the N30 wire connects between
TBG60OR4 to a terminal on the GF contactor, and
a wire identified as 31 connects between GF and
ELR. The actual wire identification 1s understood
to be N3T. Wires N33 and N34 follow in the
same string.

An exception to the general rule is shown di-
rectly below the N33 and N34 wires. Dashed
unnumbered jumper wires connect TRP-B to
TRP-C and TRP-D. The dashes indicate that the
jumpers are part of the TRP device and not part
of electrical cabinet wiring.

The device terminals are not identified at the
wiring string presentation. The actual terminal
can readily be located and identified by scanning
the dashed-line negative that represents the string.
For the most part, in negative strings the wires
connect to operating coils of relays or contactors.
In positive strings the wires connect to relay
contacts or contactor interlocks.

In certain instances, the dashed lines that repre-
sent the wiring strings appear at more than one
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area of the physical schematic cdagram. For
example, one dashed line BN negative is located
at the 200 series of marginal locator numbers,
while another is located at the 300 series of
marginal locator numbers. [f the wiring string
presentation is also at the 300 series of numbers,
any devices that are located in the 200 area will
carry a locator number adjacent 1o the terminal
identilication in the wiring string. This enables
easy reference to the location of the device on
the schematic. See the BN string of Fig. 11 for
an example.

CABLE AND CONDUIT LAYOUT DIAGRAM

The cabie and conduit layout diagram provides
the following information.

1. General {ocation on the locomotive of electri-
cal cabinets and compartments, and focation
of electrical equipment outside of the electri-
cal cabinets.

2 Layout of conduit and cable duct, and loca-
tion of splices in wire and cable. {Permanent
splices such as those used on traction motor
cables are not indicated on the diagram.}

3. ldentification and wire size code for cables
and wires in conduit, duct, and terminal
boxes. Provides the means for tracing wires
that are not indicated on the wiring running
list.

NOTE: The wiring running list book covers those
wires and cables that connect from one
device to anolher within electrical cab-
inets. It also covers certain cables and
wires that connect from devices within
electrical cabinets to equipment located
outside of the electrical cabinets. Such
connections generally involve traction
motors, generators, dynamic brakes, and
battery.

4. Wiring at terminal boards located at the back
of the main electrical cabinet and elsewhere
on the locomotive.

6. Table of wire and cable sizes.

EQUIPMENT LOCATION

Fig. 12 shows the locomotive outline sketch as it
appears on the cable and conduit layout diagram,
but the sketch has been modified to accentuate
the location aspect by deletion of the wiring,

cabling, conduit, and duct. The actual fayout
drawing shows wiring and conduit leading to the
equipment locations.

CABLE AND CONDUIT

Fig. 13 shows a portion of the layout sketch with
some cable duct and conduit added for purposes
of explanation. The following points may be
chserved on the illustration.

1. Fillage charts are provided to identily all
wires and cables running within conduitl or
duct. The charts give the wire “names™ and
sizes. At areas where the fillage chart would
be toc large to be shown close to the duct, a
reference symbol is used. The chart 1s then
placed at an available area on the drawing.

Wires and cables that connect from a splice or
device located outside of an electrical cabinet
ta a device also located outside of an electri-
cal cabinet can be traced using the cable and
conduit layout drawing and fillage charts. The
layout drawing and fillage charts must also be
used to trace most wires and cables that
connect from a device or splice located out-
side of an electrical cabinet to a device,
terminal board, or bus located within an
electrical cabinet.

A small percentage of wires and cables that
connect from a device or splice located out-
side of an electrical cabinet to a device or bus
located within an electrical cabinet are shown
in the wiring running list book. These wires
are termed “cabinet hangouts'; that is, for
reasons of practicality during manufacture,
cables and sometimes wires are connected to
cabinet components during cabinet assembly.
The other end of the cable is allowed to hang
out of the cabinet and is connected to loco-
motive components after the cabinet is in
place on the locomotive frame. For the most
part, these inciude traction motor and main
generator cables, battery cables, and dynamic
braking cables and control wires.

Refer to the circuit tracing section of this

manual for a guide to circuit tracing with the

physical schematic wiring diagram and the

conduit and cable fayout diagram.
2. Conduit size is indicated in inches. For
example, 1-1/4, 2-1/2, 3-1/2.

3. Splices are localed (except certain permanent
cable splices).
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Wire
followed by a letter
indicates a trainlined circuit
trainlined wire.

other

Wires with arrowheads lead out
of the cabinet housing the
terminal board.

Wire identification with a
rumber prefix followed by the
letter “T" indicates a trainlined
wire,

Wire identification by letter
only indicates a non-trainlined
wire,

This is the TBM wire

leading to a

identification with a number prefix

than “T"

[}

le R1

Permanent Jumper

This is the TEM& wire

Indicates Faston Type

TB34 = Wires without arrowheads do
- 5 .- \/ 60 not lead out of the cabinet
’ ) housing the terminal board.
2 PA 70
~— —
1 1 1 This terminal identified as 34R2
* 14B \ on circuitry portion of physical
2 96T 2 schematic.
——— —-
/" 8T1 - —o—
— 34R2 J4R2
H.__‘\' Rectangles without numbers or
3 5 letters, but with wire lines,
B — mean that the attached wires do
4 FSM | TBL 8 not carry the same ‘‘name.”
/
m Line without a number indicates
EBN | g wire identification is by letter
I | only.
___ 6| TBM
<1 10 This terminal identified as 34R7
- on circditry portion of physical
2 NA 79 schematic.
———— —

S Indicates Stud Type

Y &
/\FJHJ

Indicates external jumper wire {the
actual wire is not tagged).

NOTE: I[P IP5

Lt

Nt

Permanent Jumper

(<3 @) St Type Board)
R5 R6

34

This symbol located adjacent to a terminal board indicates a connection, such as for
calibrated meter leads, that is made outside the terminal board. The hollow dot

indicates a splice.

Fig. 14 — Sample Terminal Board Symboaol
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4. Cable form index numbers {e.g. 021} are
provided adjacent to conduit or duct. These
are normally used for manufacturing and
design purposes. However, they may be useful
in cases of wreck or fire damage where refer-
cnce to an entire cable form can bhe made
without extensive listing of all wires involved.

TERMINAL BOARD WIRING

Terminal board symbols are shown in blocks on
the cable and conduit layout diagram. The blocks
are identified as to cabinet or compartment,
which then can be generally located on the
locomotive by use of the layout sketch,

Terminal boards are identified by two-digit
NUMBERS, not by letters.
The individua! boards, Fig. 14, are shown in

rectangular form identified by the terminal board
number The board is divided into smaller rec-
tangles that indicate individual electrically iso-
lated terminals on the board. A dotted arc within
a rectangle indicates that terminals on the right
and left side of the board are permanently con-
nected by a jumper at the time the board is
constructed. On the faston type terminal board,
this jumper is visible upon close examinalion
through an arc shaped “window' between faston
terminal tabs. On stud type boards, a copper
jumper bar is apparent.

Terminals boards are constructed in two sections,
identified as left and right if the board is
mounted wvertically, or top and bottom if the
board is mounted horizontally. The terminals in
each section are numbered from top to bottom
or from left to right starting with the number 1.
The system presents no problems regarding termi-
nal identification, therefore the numbers do not
actually appear on the board. On (he circuitry
portion of the physical schematic, a terminal is
identified by the terminal board number, by a
fetter indicating right-hand, left-hand, top, or
bottom section, and the number of the terminal
counting from the top or the left side. For
example; 2887, H0BbL.

Each rectangle on the terminal board symbol
containg idenlifying letters or numbers if that
terminal is in use. These letters or numbers
provide the general identification of the wires

that are connected to the terminal. Specific iden-
tification of the wires s indicated by sub-
numbers adjacent to short lines connected to the
rectangle. For example, the lourth terminal on
the left-hand section of TB34 may have two
wires connected to it. These wires arc identified
as FSM3 and FSM4. The letters FSM appear
within the rectangle that symbolizes the terminat;
the numbers 3 and 4 appear adjacent to the lines
connected to that rectangle. If a line is not
identified by a number, the wire it represents
does not carry a suffix. It is identified only by
letters within the rectangle.

If a line is terminated with an arrowhead, the
wire it represents leaves the cabinet wherein the
terminal board is located. For example, the TBLb
wire connected to the No. 4 terminal on the
right-hand side of terminal board 34 in the
electrical cabinet may reach to the engineer's
contral stand where it connects to another lermi-
nal board. Lines that are not terminated with
arrowheads indicate that the wires they represent
do not leave the cabinet in which the terminal
board is located. In such case the wire will
generally lead 1o a device rather than to another
terminal board.

Obviously, the terminal board portion of the
physical schematic does not provide indication as
to where a wire leads from the terminal board.
The circuitry portion of the physical schematic
must be consulted for such information. How-
ever, starling to trace from a terminal board, the
wire identification letters or numbers provide a
guide. The wire identification indicates the area
on the circuitry portion of the diagram where the
terminal is located. Bracketed locator legends at
circuit aragas help to identify the areas.

L EGEND OF WIRE SIZES
AND INSULATION

The duct or conduit fillage charts provided on
the cable and conduit layout drawing list wire
“names’’ in columns. A roman numeral or other
index number appears at the basec of such
columns. All wires identified in the column arc of
the type and size that the number represents. The
legend of wire sizes and insulation, Fig. 15,
identifies the kind of wire represented by the
index numbers.
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WIRE & CHBLE

CRBLE SIZE DIRIIETER |TYPE OF _

Sy 180L FG /Cr | STREND \OUTSIOE| BIRE  |INSLILR TV RT N
[ ZRNG|I2/75 | .220 | .O27 |EFPRE HY*|B472/7053
/4,950 137724 | 3] N8 |EPREHY 8421204
77 36,76 O |2//24 44 232 |EpRgHY [B42/205
IV |505002/24 | 428 | 7285 |EARsHY \842/706
VI 1Z2//ec0 2roo/30 | .865 | .g40 [FPRE HY |842/476
X /31 300\825/24 | .77 460 | EPREHY |BAZ/708
X PG 12/27 |.192 | .070 |LFR&HY 18421207
XI Wi doowoopd [1.205 | 870 |EFREHY 18427211 ]
XIH 444 dooVioo/24 (1740 | .9/ |GRG &0 *B3335/26
XIT PPzzzool5aq/z4 | .9/ G610 EPRPg HY 1842/1209
XIV |8/3,/100775/24 | 1.O70 | .740 | EPRg HY |842/2/0
4 WG 112/27 | 160 070 | eprs HY 1842/200

XVIT (®Z2 awis 12/25 | 180 | .092 |crPeédHry |842/20/
XX |535304325/24 | /.36 9% |EFPR# Y |842/2/7
144 #4705 12/0122) 150 | .0 |SpGLD 827855/
IPH 1"2awe |19/0179) .79/ 025 |SRGED |52925/2
6T |8 W5119/22 | .020 | .63 | 7&£F XSos /32
CC |¥&ZaWh &5/34 | .4/0 O52  WEOAFENE 5’072232_
W2 Wd-ZCon04//30 | .530 078 NEOPRENE|\BO7 7733
J3  P-3CaN04//30 | .00 | .OFZ WEORFENE |BIS34/5
7C We-ZOWD\e5/34 | ,320 O3 S/ ALEE B337 7%
T3 WE3aWDesS/34 | 440 | De3  [SIL.AUEE, \B337757 |
3H | #3aWG\B3I0/99| .450 | .22% |S.EG#LD 8376457
cH BZOMYBBIOB| 400 | .2l6 |SBRGID \BL5/55
XXV |cte,da0 leco/2F | 1.47 1.060 [EFPR & HY 1842/2/53
XXX 777 700 Y225/24 1 1.57 /.12 EPR & HY |842/2/4
XXTT 20,200 |225/24 | .68 390 |EPR&HY 842/1207

*EPR & HY —
*SRG&D —

*TEF

Ethylene Propylene Diene With Chlorosulfonated Polyethylene Jacket.
Silicon Rubber, Glass, & Polyester
Poly-tetra fluoroethylene

Fig. 15 — Legend Of Wires Sizes And Insulation

.28 -



LOCOMOTIVE WIRING RUNNING LIST

The wiring
sheets assembled

running list is composed of data
in book form. The data is

provided in three parts 1o supplement the physi-
cal schematic wiring diagram. These three parts
are as follows.

1. BLOCK DIAGRAMS

Column

Data

6 Locomotive c¢ode number for manu-

facturer’s use.

7 Revision letter of entry. A breakdown of
revised pages and revision dates is shown
on the first page of the wiring running list
book.

Caolumn

The first few pages of the wiring running list
book contain block diagrams that show the
location of electrical devices within electrical
cabinets and the control stand. Fig. 16 shows
a sampie block diagram. A device may be
focated on the block diagram by first deter-
mining the zone location of the device
through use of the electrical parts list or
through use of the equipment and interlock
locator charts on the physical schematic dia-
gram, then by scanning that zone on the
block diagram. Location can also be deter-
mined easily by total scanning of the block
diagram. Once the device is located on the
diagram, it is a simple matter to relate this
location to the actual electrical cabinet.

.PARTS LIST

The second portion of the wiring running list

is a hst af electrical cabinets, paneis, and
devices. Fig. 17 shows a sample parts list
page. The first entries on the page cover

electrical cabinets and panels. These entries
are followed by components listed in alpha-
betical order. The information is presented in
saven column format as follows.

Data
1 Name of equipment.

2  Data pertinent to the eguipment.
a. Number of normally open and closed
interfocks.
b. Voltage or current rating or wattage.
. Number of poles or throws.
d. Number of devices in tandem or in a
stack.
e. Number of points in a receptacle.
f. Number of switch positions.

9]

3 Description or common name of eguip-
ment.

4 EMD part number.

Zone location.

1

3. WIRING RUNNING LIST

The third portion of the list book is the
wiring running list. Fig. 18 shows a sample
wiring running list page. The entries on the
page are made alphabctically by terminal
identification; thus ACT-COIL/L is the first
entry on the sample list.

The list shows all wires and heavy cable that
have -

a. Both ends of the wire connected 1o
devices within an electrical cabinet. Such
wires have duplicate from/to entries in the
running list, with the from/to portion
transposed for the second entry.

b. One end connecled lo a device or bus
within an clectrical cabinet during cabinet
assembly by the manufacturer. The wire
end outside of the clectrical cabinet s
allowed to hang free until the cabinet is
in place on the locomotive frame The
wire then may terminate at a piece of
electrical eguipment or it may terminatc
at a splice. Such wires have a single
from/to entry in the wiring running list.

When the wire terminates at a splice outside
of an electrical cabinet, the wire "name’’ may
or may not change after the splice.

The following wires and cable do not appear on
the wiring running list. Such wires are identified
and located by reference to the cable and conduit
layour diagram.

a. Wires leading from u splice to electrical
egquipment outside of an electrical cabinet.

b, Wires leading from a piece of equipment
outside of an electrical cabinet to another
pliece of equipment outside of an
electrical cabinet,

c. Most wires leading from a piece of
equipment outside of the electricul
cabinet to the terminal board areq of an
electrical cabinel.
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Fig. 16 — Sample Component Location Block Diagram

- 30 -



SHEET

14

84456018 WIRE RUNNING LIST 5045 BASIC DYNAMIC EXT
SYMBOL OR NAME OF EQUI# ACD INFD DESCREPTION OF £QUIP PART Z0ONE REY
20NE 231 ELECTRICAL CABINET B4asfa2 R 104
I0ME 31 LB PAN ASSEM 8362105 31 104
ZONE 31 RESTSTOR PAN ASSEM B4446B894% 31 104
Z0NE 31 TRANS SEQ TESY PANEL 8432392 31 104
IONE 32-326~7-8-9 ELECT CABT WIRING 32 104
Z0ONE 36 MATN CONTROL PANEL Batb6P93 36 104
Z0NE 261 EXCIT CONTROL PANEL 8377915 1G4
ZONE 362 D B REGULATOR PANEL 83466057 362 104E
2ZONE 263 D 8 WARNING PANEL 8364238 363 t0%E
IONE 365 D B CONT PANEL 8366463 365 104E
ZONE 366 P B STEP CONT PAMEL LET:1-L 390 366 104E
I0KE 37 CB PAN ASSEM 844177 37 104
ZDNE 237 FUSE €& SWITCH PANEL 8449176 3t 104
IONE 38 WHEEL SLIP PANFL BazBbsh? E]] 104
IONE 39 ENG CONTROL PANEL Baaup4l a9 104
10NE 51 ENGRS LMANTROL STAND 8332829 51 104
ZONE a0 A C CABINET 8344409 80 104
AC1- CONTACTOR BI0QTIGT BO 104
AC2- 2ND-2NC CONTACTOR 814549 80 104
AC3— ZNO—ZNC CONTACTOR B314549 ;14 104
AMM TH- AMMETER B411333 51 104
8- ZNO-2NC CONTACTOR 8399448 X 104E
BATT 1~ BATTERY 10 104
8ATT 22— BATTERY 10 104
BATT 3~ BATTERY 10 104
BATT 4- BATTERY 10 104
BATT S5- BATTERY 10 104
BATT &- BATTERY 19 104
BATT 7~ BATTERY 10 104
BATY B-— BATTERY 10 104
BCTE— TRANSDUCTOR 24250988 31 104E
BCTT- TRANSOUC TOR 8250986 31 1048
BELL ALARM- BELL ALARM 8430783 51 104
BELL ALARM— OPTIONAL BELL ALARM B4302B4 51 104
BPR— RELAY-DIR 4327263 366 104E
BpPS- SHITCH-MTR DRIVE 8350813 31 106E
COLUMN NO. 1 | 2 3 | a | s ] 8 | 7|
Fig. 17 — Sample Parts List Page
Bi44b0LA  MWIRE RUNMING LIST SD45 BASIC DYNAMIC EXT SHEET
FROM TAG 0 S1ZE 10NE REV
ACL-COIL/L NA3 AC2-COTL/L 14H 80 104
AC1-CDIL/L NAS TBA1-~-T 9 14H BO 104
ACE-COIL/R Ch TBEO~N &8 144 80 104&
AL 2--A J AC2Z2-C 14H BD 104&
AC2-A PA TeRO~T11 14H :14} 104
AC2-B J AC3I-A 14H 80 104
AL2-[ J ALZ-A 14H 80 104
AC2—COTL/L NAZ ACA-LOTL/AL 14H -1} 104
ACZ2-COiL/L MAZ AC1I-COIL/L 14H 80 104
ACZ-COIL/R cs TBaGC~8 9 14H a0 104
AC2-0 LDl AL3-C 14K 8o 104
AC3-4 + AC2-B 14H a0 104
AC3-R CE MY CC/5H-5H COIL/R 14K BD 104
AC3I-C o1 AC2-D l4H -1} 104
AC3I-LOTL/L NAl Wy CC/5H-5H COTLAL i4H ao 1G4
AC3-LDIL/L NAZ AC2-COIL/L 14H B0 104
AC3I-COLL/R J AC2~D 144 a0 104
AC3-COIL/R st Tea0~-p10 lat BO 104
AC3-D J AC3-COIL/R 14H &0 104
AMM TM-MNEG IN TB53 AREA SPL-IN5 XVIT 51 104
AMM TH-PGS IF TB53 AREA SPL-IPS Vi1 51 104
B4 6T TBR3Z~L 1 w 32 10&4E
B—4A 679 5W I5-N Xy 3z 104E
B—8 111 MFP-1C x¥ 3z 104E
B8-80T KV3A RVF3- 3 xx Al 104E
B-C MBE P2-D xv az 104E
B-COIL/L NX18 P2-COIL/L xv 32 104E
&~-COIL/K LA .} BX-=Y/COIL xv a2 104E
a-B MBRE Pe—C Xy 32 104E
B-E 217 TB35~ 11 Xy EY 104E
B—F 21Bé& CR39~C/BLK Xy 32 104E
B—G MK G5-F Xy 32 10&E
-G MK& BR-5] Xy iz 1G4E
B-H Hy M3s-C i 32 1O&E
B-TOP RYHA RVR&~- 3 XX 31 104E
BCTL—F & BCYT-F Xy iz 104E
FROM TAG TO WIRE | ZONE ’ ‘F‘EV'S'ON
SIZE LETTER

Fig. 18 - Sample Wiring List Page
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CIRCUIT TRACING

Betare beginning an analysis of sample loco-
motive electrical circulls it will be well to clarify
the use of symbois on the schematic wiring
diagram. All symbols are to some extent pictorial,
that is, they are drawn 1o look something hke the
devices they represent or in some manner indicate
the functton of the device. However, the more
closely the symbois represent the actual device,
the more complex circuit presentation becomes.
For this reason, relay contacts are shown inde-
pendent of their mechanical actuating devices and
magnet coil. Circuits are generally drawn in the
shoriest practicable direct line from the source of
current 1o the magnet coil of a contactor or
reiay. This is to say, a contact is not an indivi-
dual piece of eguipment existing by itself, but
rather a part of some relay or contactor and it is
actuated by that relay or contactor.

The main contacts of power contactors are gen-
erally identified by numerals. These contacts may
be found in the high voltage seclion of the
schematic diagram.

if the contactor has one set of auxiliary contacts
they may be identified as A-B, and are generally
located in the low voltage control circuits. If the
contactor has several sets of auxiliary contacts
these may be identified as C-D, E-F, and so on,

omitting the letters | and O. Relay contacts may
be identified in a variety of ways.

Remember that all contacts bearing the same
refay destgnation operate simultaneously unless an
arrow indicating time delay pickup or dropout of
the contact {not necessarily all contacts on the
relay) is attached to the contact bar.

You may note that some of the auxiliary con-
tacts are closed when the contactor that controls
them is not energized. Others may be open. The
former are referred tc as normally closed NC
contacts, the latter as normally open NO
cortacts.

Schematic wiring diagrams are always praesented
with the circuits de-energized, that is, with the
locomotive dead. Therefore, all contacts assume
their normal position. When motor operated
switchgear is used, the ""'normal’ position is indi-
cated at the symbol for the switchgear operating
mechanism.

When tracing circuits it should always be re-
membered that electricity will not flow until a
complete path or circuit is established. Electricity
will flow from some source, such as a battery or
generator, to some device 10 be operated or to
some coil where a magnetic force is created, and
then it will return to its source. Sample circuits
are presented here with an explanation of circuit
operation,
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TRACING A SAMPLE FUEL
PUMP CIRCUIT

The function of the fuel pump circit is 1o
provide battery power to operate the fuel pump
motor and prime the fuel system before engine
start. After engine slart, power to operate the
fuel pump motor is obtained from the auxiliary
generator through relay contacts which provide
shutoff control of the fuel pump motor.

Refer to Fig. 19 and assume that all switches and
circuit  breakers are open and the engine s
stopped. The normal engine starting procedure is
ta close the main battery swiich, the control and
local controb circuit “breakers, the fuel *pump
motor circuit breaker, and the control and fuel
pump switch. When the control and fuel pump
switch is closed, the fuel pump relay coil is
energized.

Contacts of FPR that are not shown on Fig. 19
close to allow completion of a circuit to the coil
of generator {engine) starting contactor GS. This
is done to prevent engine starting before the
control circuit is established
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The fuel prime/engine start switch is held in the FUEL PRIME position. The circuil is as follows

Battery positive to top right terminal of the main battery switch as viewed from the back of the switch
and fuse panel, F

BP7 wire 1o RE-BRC,
BC2 wire o fuel pump circuit breaker,
SRX wire 1o TB35LY at the back of the mamn electricat cabinet,

SRX2Z wire to TB22R2 at the junction box under the AC cabinet;

SRXY wire to TBBOB4 m AC cabinet; SRX wire to No. 1 of FP/ES al the AC cabinet;
SRX wire to 2C of FPC in AC cabinet, Jumper from 2 to 6 of FP/ES;

Jumper from 2 NO 1o 1C of FPC, SVT1 1o TBS1T3 in AC cabinet;

SR1 wire to TBBITY in AC cabinet, SV to FPC call in AC cabinet;

SR to fuel pump motor on rack;

BN to TBB0OB2 in BN string, BN3 to TBBOTZ in BN string;

BN2 wire to TB33L5 at hack of the main electrical cabinet,

BN70 wire 1o bottom left terminal of the battery switch
as viewed from the back of the switch and fuse pancl;

BTN wire to hattery negative.

When the fuel prime/engine start swilch is rotated to the START position, FP/ES contacts 1-2 remain

closed, contacts B-6 open, contacts 9-10 close. The operating coil of fuel pump control relay FPCR is

energized and FPCR A1-A2 contacts close to hold FPCR picked up. FPCR B1 B2 contacts also close, '
but since the 5-6 contacts of FP/ES arc open, no circuit is made.

The fuel prime/engine start switch is released when the engine fires, FP/ES contacts 1-2 open, and
contacts B-6 close With the engine running, the auxiliary generdtor provides power n the following
circuits:

The AGP7 wire from A1 of the auxitiary generator

to the top ol the auxiliary generator fuse;

The BCP wire to BCP1 wire 1o BCP7 wire to CR-BC;
BCP3 wirg, to BCP2 wire, o the
fuel pump circuit breaker,

SO6 wire to 2C of FPR;

SSX wire 1o B1 of FPCR, BC wire to RE-BC, and circuit to fusl pump motor
SS6 wire to TB34LS at the back of is repecated as indicated under fuel priming.
the main clectirical cabinet;

S82 wire 1o TB22L2 in the junction
hox under the AC cabinet;

SS wire to No. b of FP/ES on the rack;
SV1 toc TB81T3 in the AC cabinet,

SV wire to FPC coil;

BN3 wire ta TBBOTZ, BN wire to TBBOBZ; '

BNZ, BN70 to battery switch,
AGNT wire to AZ of the
auxiliary generator,
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TRACING THE SAMPLE FUEL PUMP
CIRCUIT ON THE CABLE AND
CONDUIT LAYOUT DIAGRAM

Fig. 20 shows selected portions of the cable and
conduit layout diagram. This diagram, along with
Fig. 19, the physical schematic diagram, can be
used to trace the sample fuel pump circuit.

Starting from battery positive, BTP and BTP1
wires enter the cable duct. Fillage chart A3 gives
the wire size.

BTP and BTP1 wires enter the main electricai
cabinet and connect at the battery switch. These
particular wires are also covered in the wiring
running list book because they are connected to
the battery switch during cabinet manufacture
and are atlowed to hang out, rather than being
connected at the cabinet after the cabinet is
mounted on the locomotive.

The circuit from the battery switch to TB35L9 is
entirely within the electrical cabinet, hence the
wires are covered only on the wiring running list
and on the physical schematic.

Wire SRX2 leads from TB3bL9 at the back of
the main electrical cabinet through the 022 con-
duit to TB22RB2 in the junction box at the AC
cabinet. This wire is not listed in the wiring
running tist book. The fillage chart indicates that
the SRX2 wire runs in the cable duct 1o the right
of the electrical cabinet and through junction box
“F.” The 022 conduit continues from junction
box "F" to the AC junction box. The fillage

chart indicates that the SRBX2 wire runs in the
3-1/2 conduit 022.

The physical schematic diagram, Fig. 19, indicates
that an SRX wire leads to No. 1 of FP/ES and
that an SRX9 wire leads to TB80OB4. The conduit
drawing shows a conduit between the AC junc-
tion box and the AC cabinet. The fillage chart
for this conduit calls out the SRX9 wire. Conduit
leading to the FP/ES switch calls out the SRX
wire, and in addition indicates that it is con-
nected to ternmnal No. 1 of FP/ES.

A wire identified as SV1 leads from the FP/ES
conduit to the AC cabinet. The physical sche-
matic shows the SV1 wire connecied to TB81T3.
Wiring inside of the AC cabinet 1s covered in the
wiring runmning list.

An SR wire runs in the 824 conduit from the AC
cabinet (TB81T7} to the fuel pump motor, and a
BN wire leads back to the AC cabinet {TBB0OB2}.
A fillage chart indicates the wire size.

The physical schematic indicates that the BN wire
teads to TBBOB2 and the BN3 wire leads to
TB8OT2; both in the AC cabinet. This can be
seen at the terminal board block.

The fillage charts show the BNZ2 wire leading
from the AC cabinet to the AC junction box;
through the 022 conduit; through the cable duct
and to the main electrical cabinet. 1t connects to
TB33Lb as seen on the physical schematic.

A BN70 wire leads from TB33Lb to the main
battery switch negative side. This is shown on the
physical schematic and in the wire running list.
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SYMBOLS USED ON THE PHYSICAL
SCHEMATIC DIAGRAM

This glossary attempts to explain symbols and
charts likely to appear on a schematic diagram.
Space prohibits coverage of all possible symbols,
but the most common and important are shown.

Al symbols are to some extent pictorial; that is,
they are drawn 1o look something like the devices
they represent, or in some manner indicate the
function of the device.

CA — CAPACITOR

1 L
™ T

A capacitor stares electrical charges on 11s plates.
Its usual purpose on a locomotive is to dampen
the affect of voltage peaks or to delay dropout of
a relay. When used with the rate control panel it
times the rate at which power changes take place.

CIRCUIT ASSEMBLIES

*See Misceltaneous Equipment Locator Chart Or
Module Legend And Locator Chart for number
suffix applicable to modular components.

Complete circuits are  “packaged’ in  various
forms such as boards mounted on electrical cab-
inet panels, “black boxes” mounted on cabinet
panels, and plug-in modules inserted in compart-
ments equipped with receptacles. These assem-
blies are shown as broken-line rectangles on the
physical schematic diagram, with symbols in-
cluded only for guidance. The actual circuits in
such assemblies are not shown on the physical
schematic diagram. Broken-line rectangles repre-
sentative of a single assembly may appear at
soveral locations on  the diagram in order o
integrate the wvaricus functions of the circuit
assembly at proper positions on the diagram.

CIRCUIT BREAKING DEVICES

Fuse.

—_— e amm e— e

Thermally operated circuit breaker.

$

COIL, MAGNET

When current passes through a coil, a magnetic
force is created. This force is used to move a
piece aof iron (armaturc} which in turn moves
electrical contacts {switches).

COIL, POLARIZED RELAY

:

When a coil has numbered terminals, the relay
armature 15 $o arranged that it responds in rela-
tion to the direction of current flow through the
relay coil. The commaon relay does not distinguish
the direction of current flow; 11 responds to
current or no current.

COIL {OF A POLARIZED OR EI TYPE
RELAY CONTAINING MORE THAN 1 COIL}

JA A K

Some relays contain several coils. The terminals
of such coils may be lettered. Current flow in
ascending alphabetical order will pick up the
relay. Current flow in descending alphabetical
order will act to drop the relay.
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CR, RECTIFIER

e
This device aliows conventional current flow in
the direction of the arrow portion ol the symbol.
It blocks current flow in the opposite direction,
but will break down and fail it the applied
voltage 1s too high. The red terminal of the

rectifier is at the arrow point. The black terminal
is at the broad portion of the arrow symbol.

CR  SUPPRESSION RECTIFIER

_ﬂc_

The suppression rectifier passes current in the
forward direction and effectively blocks reverse
current at normal circuit voltage. However, re-
verse polarity high voltage spikes result in reverse
conduction, The reverse current flow results in
suppressing the high voltage spikes which might
otherwise destroy other circuit components. The
primary purpose ol the suppression rectifier is to
protect conventional rectifiers from reverse polar-
ity high voltage spikes.

MAGNETIC AMPLIFIER

AC
||

Load

o 4

Load windings are connected to allernating cur-
rent, bul rectifiers that are part ol the magnetic
ampiifier allow current flow in only one direc-
tion. The pointed symbols indicate bias and
control windings that carry direct current 1o
control output of the magnetic amplifier. The
various windings are not necessarily located ad-
jacent to one another on the physical schematic
diagram.

El RELAY

Voltage Pickup

- RS
Current Pickup

The letter E in the name EI BELAY is the
conventional symbol for electrical potential or
voltage The letter | is the symbol for electrical
current. The EI relay is so caonstructed and
connected in electrical circuits that its operation
is dependent upon voltage at the operating coils
and current in cables or a bus passing through the
relay frame.

The relay will operate when DC voltage of a
specific value is applied to the coils in alpba-
betical order and no current passes through the
relay frame. However, when current passes
through the relay frame a higher voltage value is
required to actuate the refay.

Since the locomotive main generator is a constant
kilowatt machine; that is, its voltage and current
ocutput are maintained at a definite ratio at all
rotating speeds, the El| relay can sense the ratio

Voltage Knockdown

Curren‘t Knockdown (Bias)

and be calibrated 1o operate at various voltage
values. The EIl relay is gencrally calibrated to
operate when generator voltage is approaching its
upper limit tor a given rotating speed.

If the relay frame symbo! is shown pointing
the same direction as current, current through the
relay frame is considered to he the primary
operating factor. When the relay frame is shown
pointing opposite  to  current  flow, current
through the relay frame biases the rclay and
vOoltage at the coils is considered to be the
primary operating factor.

The coit and frame symbols are not necessarily
adjacent to one another on the physical sche-
matic. Furthermore, all coils in the relay are not
necessarily connected in the same circuit. Various
arrangements arc used to obtain desired character-
istics.
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MOTOR AND GENERATOR FIELD POWER CONTACTS
WINDINGS

5

—_— Motor field 3(\?1 60) I C\o >
O
4

2
Motor or generator
armature Contacts are always shown in their normal posi-

tion when the operating coil is not energized.
Observe that the attitude of the movable contact

Generator field windings on single break power contactors does not neces-
sarilty imply a gravity dropout so far as the
~ Compensating contact symbol is concerned.
— Y Commutating ' 0_0 2 3d 04
_—V Differential Double break contacts always employ the gravity

convention for dropout when they are shown
horizontally. The 1-2 contacts are normally open;
Shunt or battery field the 3-4 contacts are normally closed.

Y . -
or single field
] 3
MOTOR OPERATED TRANSFER SWITCH 20' 4
T
I I'I : When double break contacts are shown in a
[I‘_______-————Travel Limiting Interlock vartical attitude the contact bar is considered to
‘ fall to the right when the contactor is de-
- RV > . energized. The 1-2 contacts are normally open;
2t For C& Indicates That All Contacts the 3-4 contacts are normally closed.
Pos: And !nterlocks Are Shown

|
|
|
| With Switch In FORWARD
f
I
j

position. RECEPTACLES AND PLUGS
______ /7 Cable connection, plug
NN\ and jack

The main contacis of the switchgear are heavy
dut_y, but are not equipped for arc discharge. ! Indicates test point
Switch position is changed by a rotary motor, —O-KQ— at jack.

gear box, and cam. When the operating circuit is '

de-energized, the contacts and interlocks remain

at the position 1o which they have been driven. Cable connection,
Switchgear contacts and interlocks appear in the —< jack only.
conventional manner in various circuits on the
schematic diagram, but the normally closed or

open positions do not relate to a de-energized l Test jack, circuit
switch operating mechanism. Contacts and inter- Y, opening '

locks for motor operated switches are shown as — —

normally open or normally closed with the opera-

ting mechanism driven to the position indicated Accessory power
at the symbot for the operating mechanism. @ @ receptacle.
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RELAY CONTACTS OR AUXILIARY

CONTACTS

[

Normally closed when
device is not energized,
or when motor operated
device is in position
indicated at operating
mechanism symbol.

Normally open when
device is not energized,
or when motor operated
device is in position
indicated at operating
mechanism symbol.

Normally closed after a
time delay when device
is de-energized.

Narmally open after a
time delay when device
is de-energized.

Normally closed, but
cpen after a time delay
when device is energized.

Normally open, but
closing delayed when
device is energized.

Moves 8to2

[ AA 3
—>
Moves Bto 6

8
ol o6

Contacts of a polarized relay. The movable con-
tact makes with neither stationary contact when
no current is passing through the relay coil. That
is, the potential {electrical pressure} is the same
at both relay coil terminals. The relay operates
when a differential in electrical potential exists
across the coil terminals. Relay action is illus-
trated above. The arrow points from high toward
low potential.

Double throw, single break relay contacts. The
contact is shown in its normal {de-energized)
position. "C” indicates common; NC — normally
closed, NO — normally open.

A\

Normally open single break relay contacts.

Shaded bars indicate that
the normally open contacts
close before the normally
closed contacts open. The
contacts overlap.

o
(@)

|

Normally closed single break relay contacts.
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RH — RHEOQSTAT

G

RH — RHEOSTAT (Pontentiometer)

&

The letter L will generally appear adjacent to the
rheostat and & wire connected to it. This indi-
cates that the wire Is connected to the actual left
side terminal of the rheostat. The letter T for top
and FR for front will be used it applicable.

The rheostat is essentially
a variable resistor when
connected as shown.

The rheostat is used as
a voltage divider when
connected as shown.

RE — RESISTOR

L :
A resistor restricts the flow of electrical current
and causes a voltage drop across its terminals. It

is used to obtain proper values of current or
voltage at a circuit or device.

)

The adjustable resistor is equipped with a slider
to vary the resistance. It s used to calibrate
circuits.

RESA

On the physical schematic wiring diagram the
letters T, FR, L, or R will appear adjacent to the
resistor and a wire connected to it. This indicates
that the wire is connected to the actual top,
frant, left side, or right side of the resistor.

| RES
Resistor
L RrESCH
2ll2]]2
Resistor nimln
RESA3 31133
la B C

All resistors are identified by the letter prefix
RE. This prefix is followed by a number to
identify the specific resistor or group of resistors
in a stack. When the resistor identification is
applicable 1o a stack of resistors containing more
than one tube, the tubes are identified by the
letters A, B, C, etc., starting at the feet of the
resistor stack and working outward.

If each resistor stack is further divided, the

number 1 resistor is to the left or top, depending
upon the orientation of the resistor assembly.

SOLENOID OPERATED TRANSFER SWITCH

Hold-in Current
Limiting Interlock

The main contacts of this switchgear are heavy
duty, but are not equipped for arc discharge,
Contacts and interlocks appear in various circuits
on the schematic diagram. They are shown in the
position that they take when the switchgear
operating coil is de-energized.
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SWITCHES

Normally closed
pneumatically or
hydraulically operated,
double break.

Normally open
thermally operated,
single break.

Manually operated
double break. Switch
remains in the
position to which

it is set.

Manually operated
double break, spring
loaded to the open
position.

Manually operated
double break, spring
loaded to the closed
position.

¢ I AY
’40 i (.'3‘l
‘ 2

\\30 e

-

Manually operated rotary snap switch. Switch
remains in position Lo which it is set. Such a
switch may have numerous wafers ganged on g
single shaft. The individual contacts may be open
or closed at a given position of the operating
device.

Closed-Prime

_———

-~ Y

Spring loaded rotary switch. Manually operated,
it returns to ts normal position when the opera-
ting device is released. Such a switch may have
several waters ganged on a single shaft. The
individual contacts may be open or closed at a
given position of the operating device. Contact
positions will be noted adjacent to the switch
symbol.
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SILICON CONTROLLED RECTIFIER

I | E Gate Negative tead
Gate

The controlted rectifier will block a reverse flow
of current as does a conventional rectifier, but it
will also block in the “forward’ direction until a
smail charge is placed on its gate. Once it is
turned on, the controiled rectifier will remain on
until current flow drops to a small value {each
cycle of AC) and a charge is absent from the
gate.

STANDOFF INSULATOR

_@_

TRANSDUCTOR — CURRENT SENSITIVE

O,_IVW\_O

[F
u;i

23—

The transductor contains a single winding on a
gapless core. DC current carrying cahles pass
through the core. The winding carries alternating
current and is often connected in series with a
transformer primary. Current in the cables that
pass through the core of the transductor controls
the output of the transductor.

The core symbol Is not necessarily adjacent 1o
the winding symbol.

TRANSDUCTCR — VOLTAGE SENSITIVE

O—YY YD

A

The transductor contains two types of windings
on a gapless core. The 4-loop symbol winding
carries alternating current and is usually con-
necied in series with a transformer primary. The
pointed symbol winding (not necessarily adjacent
to the loop symbol) carries direct current that
controls the output of the transductor.

TRANSFOBMER
O—arn—0

O—"YY Y0

The primary and secondary windings of a trans-
former are not necessarily shown adjacent to one
another on the physical schematic diagram; how-
ever, both parts are identified with an identicai
reference designation.

TRANSISTOR

Emitter

Collector

t 3
o
2
T
2
[~
Q

Current flow through a transistor is in proportion
to a small current flow at its base. Conventional
current into the base turns on the NPN type
transistor, while current out of the base turns on
the PNP type.

Z — ZENER DIODE

+

This diode will conduct in the normal blocking
direction if sufficient voltage is applied. When the
Zener diode conducts in the normal blocking
direction it maintains a constant voltage drop
across the diode. This charactenistic is used to
provide voltage reference values in circuitry.

_A4 -
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