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FOREWORD

This manual covers mechanical and electrical maintenance. Its purpose is
to provide instructions for what may be called 'on-the-locomotive"
maintenance, and to provide under separate cover material for general
familiarization with locomotive components and systems.

Instructions for maintenance that requires deep involvement with com-
ponent repair, or instructions for rework that involves use of bench
apparatus, will be presented in the standard EMD Maintenance Instruction
form and in an electrical bench manual that covers repair and bench
setting of control system modules and other selected components.

Instructions covering the diesel engine appear in the EMD Engine Main-
tenance Manual. Certain engine mounted equipment may receive brief

mention in this locomotive service manual, but information in the engine
maintenance manual covering such equipment takes precedence.

SERVICE DATA PAGES

A Service Data page is included at the back of each section of the
Locomotive Service manual. This page provides the following:

1. Reference to applicable Maintenance Instructions and technical
manuals.

2. Reference to applicable replacement part numbers.
3. Reference to component manufacturer's technical literature.
4. Reference to applicable tool and testing apparatus numbers.

5. Reference to instructions file numbers for customer manufacturing of
testing apparatus.

6. Specific system values for operation or testing.
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SECTION

EDN | LOCOMOTIVE 0

servicE DEPARTMENT| SERVICE MANUAL

SD40-2 GENERAL INFORMATION

Model Designation . . . . . . . . L L e e e e e e e e e e e e e e e e SD40-2
Locomotive Type . . . . . . . . e e (C-C) 0660
Locomotive Horsepower . . . . . . . . . . . e e e e e e e e e e e 3000
Loaded Weight On Rails
Minimum Basic . . . . . . . e e e e e e 364,250
Maximum Basic . . . . . . . e e e e e e e e e 371,750
Diesel Engine
Model . . . . e e e e e e e e 645E3
Operating Principle . . . . . .. . .0 e Two Stroke Cycle
Number Of Cylinders . . . . . . . . . . . @ e e s e e e e e e e e e e e e e 16
Cylinder Arrangement . . . . . . . . . ... e e 45°"y"
Compression Ratio . . . . . . . . . . L e e e e e e e 14.5:1
Rotation (Facing Flywheel End) . . . . . .. . . . .. ... ... ........ Counterclockwise
Bore And Stroke . . . . . . .. e 9-1/16" x 10"
Idle Speed . . . . . . L e e e e e e e e 315 RPM
Full Speed . . . . . . e e e e e e e e 900 RPM
Main Generator
Model . . . . e e e e e e e e ARI10A7
Maximum Continuous Current . . . . . . . . . . ..o e e e e e 4000
Maximum Voltage . . . . . . . . . e e e e e e e e e e e e e e e 1250
Auxiliary Alternator
Model . . . L e e e e e e e e e e Dl4
Nominal Voltage AC . . . . . . . . e e e e e e e e e e e e e e e 215
Number Of Poles . . . . . . . . e e e e e e e e e e e 16
Frequency At 900 RPM . . . . . . . . . . e e e e e 120 Hz
Auxiliary Generator
Model - BasiC . . . . . . e e e e e e e e e e e e e A-7159
Voltage DC . . . . . e e e e e e e e e e e e e e e 74
Rating . . . . . e e e e e e e e e e e 10 KW
Model - Extra . . . . . . . e e e e e e e A-8102
Voltage DC . . . . . . e e e e e e e e e e e 74
Rating . . . . . e e e e e e e e e e e e 18 KW

Air Compressor

Type . . e e e e e e e e e e e e e e e e e e e
Number Of Cylinders
Basic - Model WBO . . . . . . e 3
Special - Model WBG . . . . . . . e e e e e e e 6
Lube Oil Capacity - Nominal
3-Cylinder Model . . . . . . . . . . . . e 10 Gallons
6-Cylinder Model . . . . . . . . . L e 18 Gallons

125472 0-1



Section 0

SD40-2 GENERAL INFORMATION (CONT'D)

Compressor Displacement At 900 RPM
3-Cylinder Model . . . . . . . . . . e i e e 254 Cu. Ft./Min.
6-Cylinder Model . . . . . . . . i i it e e e e e e e e e e e e 400 Cu. Ft./Min.

Storage Battery

Model . . . . . L e e e e e e e e e e e e e e e e e e e e e e e e e e e MS420

Number Of Cells . . . . . . . . o o e e e e e e e e e e e e e e 32

/) 64

Rating (8 Hour) . . . . . . . . . . . e e e e e e e e e e e 420 Ampere Hr.
Traction Motors

Model . . . . e e e e e e e e e e e e e e e e e e e e e e e e e e D77

Type . . o e e e e e e e e e e Direct current, series wound

axle hung with rubber nose
suspension to damp torque shock.

Current Rating
Maximum Continuous . . . . . . . . . . .t e e e e e e e 1050 with 62:15 Gearing
1075 with 59:18 Gearing

Gear Max. Minimum MPH Minimum Tractive Effort
Ratio Speed For Full Continuous At Minimum
l Horsepower MPH l Continuous Speed

Basic Performance Control - P¥ 7

62:15 1 65 | i T 83,100
61:16 70 ] 12.0 76,700
60:17 76 : 13.0 70,900
59:18 \ 82 | ] 14.0 65.900

Low Speed Extra Performance Control - PF18

62:15 65 12.4 | . l 87,400

, 7.2
61:16 70 134 7.8 80,700
60:17 76 14.5 8.5 74,650
59:18 82 | 15.6 9.1 | 69,300 .
Trucks -- The HT-C truck is not interchangeable with previous SD truck models.
Model . . . e e e e e e e e e e e e e HT-C
Wheel Diameter . . . . . . . v i e e e e e e e e e e e e e e e e e e e e e e e e e 40"
Basic Bolster . . . . . . e e e e e e e e e e e e e e e e e e e e e e Solid
Basic Brake Rigging . . . . . . . . . . . . .. e e e e Single Composition Shoe
Basic Journal BOXeS . . . . . . . . . e e e e e e e e e e e e e e e e e e e e e e e e e e e JEM
6-1/2" x 12" roller bearing with lateral thrust taken up by cushioning directly by
the box.
Traction Motor Orientation . . . . . . . . . . . . . 0 i it v it All in one direction
Rubber sandwich secondary suspension between truck and frame bolster.
Hydraulic shock absorber at center axle.
Dimensions
Between Bolster Centers . . . . . . . v i it e e e e e e e e e e e e e e e e 43' 6"
Truck Wheel Base . . . . . . . . o i i i e e e e e e e e e e e e e e e 163-3/8"
AXle SPacing . . . . o e e e e e e e e 79-5/8'"", 83-3/4"
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SD40-2 GENERAL INFORMATION (CONT'D)

Characteristics
Static Wheel Load
(Basic locomotive weight of 368,000 Lbs.) - Nominally 30,760 Lbs.
Dynamic Wheel Loads
(Variation due to journal spring deflection ) - 7000 to 9000 Lbs.
Lateral Wheel-Rail Loads
Steady state net force between leading outside wheel and rail (dry rail, no
sanding) and without influence of lateral centerplate load due to coupler angle

and buff load level.

S5°CUrve ... 8000 to 10,000 Lbs.
10° Curve . . . . . 13,000 to 15,000 Lbs.
Dynamic loads at rail joints or transient rail
irregularities on tangent track at 65 MPH . . Common - 10,000 to 12,000 Lbs.

Occasional - 15,000 to 20,000 Lbs.

Handbrake
Operator acts on one cylinder lever. Holds locomotive stationary on 4.2 percent

grade when 125 Lbs. of force is applied to the operating handle.

Air Brakes . . . . L e e e e e 26L
Curve Negotiation Capability

193 Ft. Radius - 30° Curve - Represents minimum single unit curve negotiation for an
SD40-2 basic single shoe truck as limited by truck
negotiation.

193 Ft. Radius - 30° Curve - Represents minimum single unit curve negotation capability
for an SD40-2 equipped with clasp brake truck as limited
by truck negotiation.

262 Ft. Radius - 22° Curve - Represents minimum curve capability for two SD40-2 loco-
motives in multiple as limited by units with 15-3/4"
footboards.

359 Ft. Radius - 16° Curve - Represents minimum curve capability of an SD40-2 coupled
to standard 50' box car as limited by car coupler swing.

All figures are based upon worst conditions with no lateral.

Supplies
Lube Oil Capacity

Basic Oil Pan . . . . . . . e e e e 243 Gal.

Increased Capacity Oil Pan . . . . . . . . . . . ..o 395 Gal.

Usable Oil

(Volumn between "Full" and ""Low' on dipstick)

Basic Oil Pan . . . . . . . . e e e 47 Gal.
Increased Capacity Oil Pan . . . . . . . . . . . .. e 195 Gal.
Fuel Capacity
Basic . . . . e e e 3200 Gal.
Special Available . . . . . . . 0 Lo L 4000 Gal.
3600 Gal.
2600 Gal.
1700 Gal.
Cooling System Capacity . . . . . . . . . . o e e e e e e 254 Gallons
Sand Capacity . . . . . . . e e e e e e e 56 Cu. Ft.
Major Dimensions
Distance, pulling face of coupler to centerline of bolster . . . . . . . . . . .. .. .. ... .. 12' 8"
43' 6"

Distance between bolster centers . . . . . . . . . . . L L e e e e e
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Section 0

GENERAL INFORMATION (CONT'D)

Distance, pulling face front coupler to rear coupler . . . . . . . . .. .. ... ....
Width over cab sheeting . . . . . . . . . .. ... ..
Height, top of rail to top of cooling fan guards . . . . . . . . .. ... ... .....
Width over basic arm rests . . . . . . . .. . L.

WEIGHTS

The weights as listed below are approximate and are intended as an aid in determining
procedure to be used. Weights represent 1bs. per unit as described.

16-645E3 Diess Engine . . . . . . . . .. L e e e e e e e 32,500
Starter Motor . . . . . L L L e e e e e e e e e e e e e e e e e 80
Starter Motor Bracket . . . . . . . . L e e e 60
Engine GOVEINOTr . . . . . . . . . i i e e e e e e e e e e e e e e e e e e e e 120
Turbocharger . . . . . . . e e e e e e e e e e e e e 1800
AR10 Main Generator Assembly . . . . . . . . L. L e 16,000
Auxiliary Generator And Blower Assembly . . . . . . .. ... . Lo 1000
Inertial Air Filter . . . . . . . . . . . e e e e e e e e 600
Inertial Fer Screen . . . . . . . L e e e e e e e e e 35
Inertial Filter Compartment And Hatch . . . . . . . ... . . ... .. ... 4700
Inertial Filter Hatch (Less Filters) . . . . . . . . . . . o . . . . o i i e e et e 500
Fuel Tank 3200 Gal. . . . . . . . . . . . e e e e e e e e e 6650
Fuel Tank 4000 Gal. . . . . . . . . . . . e e e e e e e 9940
Truck Assembly (Single Shoe; Solid Bolster) . . . . . . . . . . . . . . . ... 57,200
Traction Motor . . . . . . . . e e e e e e e e e e e e e 6000
AXIE . e e e e e e e e e e 325
Wheel . . . . . e e e e e e e e e e e 1015
Gear 62 Tooth . . . . . . . e e e e e e e e e e e 409
Bearing - Inner Race . . . . . . . . L e e e e e e e e 33
AQr COMPIESSOT . & . o o v v v v v e e i e e e e e e e e e e e e e e e e e 2325
Air Compressor Shaft . . . . . . . . . . L e e e e 136
Air Compressor Shaft Guard . . . . . . . . . . . L L e e 68
Air Compressor Coupling . . . . . . . . . . . L e 48
Lube Oil CoOler . . . . . . o e e e e e e e e e e e e e e e e 845
Lube Oil Filter . . . ... . ... e e e e e e e e e e e e e e e e e 675
Fuel Pump Assembly . . . . . . . . L L e e e 81
Fuel Suction Strailer . . . . . . . . o e e e e e e e e e e e e e e e e e e e 8
AC Cabinet Assembly . . . . . . . L L L e e e e e e e e e e 250
Fuel Filter . . . . . e e e e e e e e e e e e e e e e e 60
Temperature Switch Manifold . . . . . .. . . . o 20
Load Regulator Vane Motor . . . . . . . . . . . . . L e e e e e 36
Dynamic Brake Fan Assembly . . . . . . . . . . Lo 760
Dynamic Brake Resistor Grid . . . . . . . . . . .. e 385
Dynamic Brake Grid Shorting Contactor . . . . . . . . . .. . ... .. oo 35
Fan Grill Asseml . . . . . e e e e e e e e e e e e e e e e e 190
Radiator Fan Assembly . . . . . . . . . L e e e e e e e e 700
Radiator COTE . . . . . . i e e e e e e e e e e e e e e e e e e e e 325
Cab Heater . . . . . o e e e e e e e e e e e e e e 71
Storage Battery . . . . . . . L . . e e e e 289
SCR (Generator Excitation) . . . . . . . . . . L L e e e e 29
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Section 0

GENERAL INFORMATION (CONT'D)

GENERAL DESCRIPTION

The diesel engine operates on a two-stroke cycle,
with power applied on each downward stroke. At
the bottom of each downward stoke cylinders are
aspirated through cylinder wall ports opening to a
chamber that is supplied with pressurized air
from a rotary impeller. The pressurized air scav-
enges spent gases from the cylinder through mul-
tiple exhaust valves in the cylinder head. As the
piston moves upward the ports are closed off and
the exhaust valves close. Air is compressed in the
cylinder. At the top of the stroke fuel is injected
into the cylinder and ignited by heat of com-
pression to provide power to drive the piston
downward until the cylinder wall ports and the
exhaust valves again open.

The exhaust gases from the cylinder pass through
a manifold and drive a turbine before leaving
through the locomotive stack. When starting and
at lower power levels there is insufficient exhaust
heat energy to drive the turbine and impeller
assembly fast enough to supply all the air neces-
sary for combustion. At this time the engine
drives the turbocharger through a gear train, the
available exhaust gas providing some assistance.
At high power levels, the heat energy in the
exhaust is sufficient to drive the turbocharger
without any assistance, and an overrunning clutch
in the gear train disengages the mechanical drive
from the engine. The air discharged from the
compressor assembly is routed through after-
coolers before it enters the air box.

Two engine mounted gear driven centrifugal
pumps supply coolant to engine manifolds con-
nected to cylinder head and liner jackets and to
the turbocharger aftercoolers. A coolant return
manifold encloses cylinder exhaust ducts. Heated
coolant is piped from the engine through the
radiators, and through an oil cooler before it
returns to the centrifugal pumps. Part of the
supply from the pumps is used for cab heating
and part is used for air compressor cooling.

The entire system is pressurized, with pressure
level maintained by a relief valve at the storage
tank cap. A low water pressure detector is con-
nected to the discharge side of the centrifugal
pumps to bring about engine shutdown should
pump pressure fail.
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Automatic temperature control is accomplished
by temperature sensing switches flange mounted
on a manifold connected to the discharge side of
the pumps. The switches control AC power from
the D14 alternator to motor driven cooling fans
at the radiators. The switches also control magnet
valves that supply compressed air to radiator
shutter operating pistons. A high temperature
switch in the manifold operates to sound an
alarm and reduce locomotive power, when engine
temperature exceeds a predetermined maximum.

The coolant storage tank is provided with a
"rattlesnake' type fill pipe equipped with a
manually operated valve, the handle of which
interlocks with the pressure cap handle to ensure
release of system pressure through the fill pipe
before pressure cap removal is possible.

A positive displacement gear type scavenging oil
pump draws oil from the engine sump and
through a strainer, then pumps it through filters
and a cooler and to a seccnd strainer chamber. A
dual piston-cooling and lubricating oil pump re-
ceives oil from the second strainer and delivers it
to engine manifolds for engine lubrication and
piston cooling.

Additional filtration is provided in the circuit
delivering oil to the turbocharger. A separate
electrically driven pump and filter provide turbo-
charger lubrication and cooling at engine start
and after shutdown.

Engine fuel is drawn from the underframe
mounted tank through a wire mesh suction
strainer to a gear type DC motor driven pump.
The pump forces fuel through a primary filter
assembly equipped with a dial indicator and
pressure bypass that functions should the filter
plug. Engine mounted fuel filters provide sec-
ondary filtration before the fuel reaches the fuel
injectors located at each cylinder. Excess fuel not
used by the injectors provides cooling before
being returned to the tank.

Fuel injectors supply a precisely metered quantity
of atomized fuel to the engine cylinder at a
precise moment in the firing cycle. The engine
governor operates injector gear racks to maintain
the proper amount of fuel needed for the engine
speed and power level called for.



Section 0

GENERAL INFORMATION (coNT'D)

ELECTRICAL TRANSMISSION

Power from the diesel engine is applied to a main
generator consisting of a high power alternator
with integral rectifier assembly that changes the
generated alternating current to direct current.

Main generator output is transmitted to traction
motors by means of heavy duty power contactors
and gang operated switchgear. The power con-
tactors are rated at 1200 amperes and 1500 volts.
They are equipped for flashover protection.

The gang operated switchgear uses a single motor
to drive the multiple poles. The poles all operate
together and will not drop out, since a positive
feed is required to move the poles in either
direction. Interlocks are provided for positive
coordination of devices.

Direct current traction motors are directly geared
to each axle mounted in the locomotive trucks.
The motors turn the axles and wheels to provide
locomotive pulling power.

LOCOMOTIVE CONTROL

A direct current auxiliary generator driven from
the engine gear train provides nominally 74 volts
DC for control circuits, battery charging, and
lighting. Auxiliary generator voltage is auto-
matically maintained at the desired level by a
voltage regulator that uses solid state electronic
devices to control the level of the auxiliary
generator field excitation.

74 volt DC is delivered from the auxiliary gener-
ator to a reference voltage regi tor that main-
tains very stable 68 volts DC at control circuits.

The control circuits are ''packaged" in modular
form and can be inserted and removed by means
of a handle affixed to the face of the module. All
modular circuits are bench set and require no
readjustment on the locomotive, therefore any
modules bearing identical identification numbers
are completely interchangeable.

All circuit modules are provided with test poinis
at the face of the module to permit trouble-
shooting and qualification of the module.

The circuit modr s accomplish all control func-
tions such as voltage regi (tion, throttle response,
power control, performance control, generator
excitation regulation, matching of generator volt-
age an current feedback signals with a reference
signal, excitation control, wheel slip control,
wheel overspeed protection, transition (if appli-
cable), dynamic braking, sanding, and various
protective and backup functions.

The load regulator, however, is still the main
power controlling device. It modulates the voltage
reference signal used by the control modules in
order to maintain horsepower at a level related to
injector rack position by the linkage and valves in
the engine governor.

The horsepower demand of the main generator is
maintained by varying the wvel of excitation
current in the main generator field coils. This
current, provided by the D14 auxiliary alternator,
is rectified by a controlled rectifier that is
triggered by the modular control circuits so that
the needed value of excitation current is passed
by the rectifier.
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GENERAL INFORMATION (CONT'D)

GENERAL LEGEND OF DGX Dynamic Grid Excitation Relay
ELECTRICAL REFERENCE DG~ Dynamic Brake Grid Protection
Module

In the following general legend of reference desig-
nations, the long dash "--"" means that a numeral DP-- Dynamic Brake Protective Module
or numerals will appear when the designation is
used in a specific wiring diagram. The symbols DP-- Dynamic Brake Pilot Relay
appear in alpha/numeric order with letters of the
alphabet taking first position followed by numer- DR- Dynamic Brake Regulator Module
als (Represented by the long dash "--'"). The list
is general, and all of the reference designations do EBT Electric Blowdown Timer
not necessarily appear on a given wiring diagram.

EFL Engine Filter Latching Relay
ALT Auxiliary (D14) Alternator

EFS Engine Filter Switch
AGR Automatic Ground Reset Relay

ELT Excitation Limit Transductor
AN Annunciator Module

EL- Excitation Limit Module
ASR Alarm Silence Relay

EQP Equipment Protective Relay
B Brake Power Contactor

ER Engine Run Relay
BATT Storage Battery (64 V DC)

ESR Engine Stop Relay
BCT Brake Current Transductor

ESS Emergency Sanding Switch
BR- Brake Relay

ETS Engine Temperature Switch
CA- Capacitor

FCR Fan Contactor Relay
CCR Compressor Control Relay

FCT Field Current Transductor
CCS Compressor Control Switch

FC-- Fan Contactor
CDR Contactor Delay Relay

FFS Fuel Filter Switch
COR Motor Cutout Relay

FOR Forward Directional Relay
CR-- Rectifier

FPC Fuel Pump Contactor
CR-BC Battery Charging Rectifier

FPCR Fuel Pump Control Relay
CR-GR Ground Relay Rectifier

FP-ES Fuel Prime - Engine Start Switch
CRL Compressor Relay

FPR Fuel Pump Relay
CT-- Current Transformer

FSR Field Shunt Relay
DC- Braking Grid Shorting Contactor

FSRA Field Shunt Auxiliary Relay
DE-- Extended Range Dynamic Brake

Control Module FS-- Field Shunt Contactor

DGT Dynamic Brake Grid Transductor FS-- Field Shunt Module
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FTX
FVS
GFA
GFC
GFD
GFX
GPT
GR
GV--
GX-
IPS
LOT
LR
LSC
LTT-
MB-
MCOX
MCO-
MR
MRD
MSS
MV-AH
MV-CC
MV-DBI

MV-0S
MV-SH
MV-818

-824
-880

GENERAL INFORMATION (CONT'D)

Forward Transition Auxiliary Relay
Filter Vacuum Switch

Generator Field Auxiliary Contactor
Generator Field Contactor

Generator Field Decay Contactor
Generator Field Auxiliary Relay
Generator Potential Transformer
Ground Relay

Generator Voltage Module

Generator Excitation Module
Independent Pressure Switch

Lube Oil Transfer Relay

Load Regulator

Locomotive Spotting Contactor
Load Test Transfer Switch
Motor-Brake = nsfer Switch
Motor Cutout Auxiliary Relay
Motor Cutout Relay

Motoring Relay

Motoring Relay Delay Relay
Manual Sanding Switch

Air Horn Magnet Valve
Compressor Control Magnet Valve

Dynamic Brake Interlock Magnet

Valve
Overspeed Magnet Valve
Shutter Control Magnet Valve

Filter Blowdown Magnet Valves

MV- -SF
MV- SR
NLL
NLLD
NVR
OCP
ORS
PCR

PCS

PF-

PR

PRA

RE-BC
RE-DB
RE-GRD
RER

RHS

RLR
RLTD
RS
RVF

RV-

0-8

Forward Sanding Magnet Valve
Reverse Sanding Magnet Valve
No Load Limit Relay

No Load Limit Delay Relay
No (AC) Voltage Relay

Open Grid Circuit Protective Relay
Overriding Solenoid

Pneumatic Control Relay
Pneumatic Control Switch
Performance Control Module
Parallel Relay

Parallel Relay Auxiliary
Parallel Power Contactor
Radiator Spray Relay

Rate Control Module

Resistor

Battery Charging Resistor
Dynamic Brake Control Resistor
Dynamic Braking Resistor
Reverse Directional Relay
Reverser Handle Switch
Rheostat

Rated Load Relay

Rated Load Time Delay Relay
Radiator Spray Relay

Transfer Switch Forward Relay
Directional Transfer Switch

Sanding Module
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SB--

SCR

SE--

SHS

SLR

SM--

SPX, SPY
ST

STA

S--

Section Q

GENERAL INFORMATION (CONT'D)

Sensor Bypass Module

Gen. Excitation Controlled Rectifier
Sensor Module

Selector Handle Switch

Signal Light Reset Relay

Starting Motor

Series-Parallel Auxiliary Relays
Starting Contactor

Starting Auxiliary Contactor

Series Power Contactor

TA, TB, TC Temperature Sensing Switches

TDLO
TDR
THL

THS
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Time Delay Lube Oil Transfer Relay

Transition Delay Relay

Throttle Limit Relay

Throttle Handle Switch

TH-
TLPA
TLPR
TLTD
TLP
T™M--
TR--

TSR

WL
WO-
WS-

WST-

Throttle Response Module
Turbo Lube Pump Auxiliary Relay
Turbo Lube Pump Relay
Turbo Lube Time Delay Relay
Turbo Lube Pump Motor
Traction Motor

Transition Control Module
Transfer Switch Relay
Transformer

Voltage Regulator Module
Wheel Slip Light Relay

Wheel Overspeed Module
Wheel Slip Control Module

Wheel Slip Transductor






SERVICE DEPARTMENT
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SECTION

LOCOMOTIVE I
SERVICE MANUAL

FUEL SYSTEM AND ENGINE STARTING

DESCRIPTION

A pictorial diagram of the fuel oil system is
shown in Fig. 1-1. Fuel is drawn from the storage
tank through a suction fuel strainer by the motor
driven gear type fuel pump.

From the pump the fuel is forced through a
primary fuel filter to the engine mounted filter.
After passing through the engine mounted double
element filter, the fuel flows through manifolds
that extend along both banks of the engine.

These manifolds supply fuel to the injectors. The
excess fuel not used by the injectors returns to
the fuel tank through the return fuel sight glass
mounted on the filter housing. A restriction
inside the return glass causes back pressure, thus

PR—
Fuel Supply Line

el 'j
{Fuel Return Line

maintaining a positive supply of fuel for the
injectors.

The fuel pump delivers more fuel to the engine
than is burned in the cylinders. The excess fuel
circulated is used for cooling and lubricating the
fine working parts of the injectors.

A 25 psi bypass valve is connected across the
primary filter. If the primary filter becomes
plugged, fuel will bypass and impose- the total
filtering load on the engine mounted filter.

FUEL SIGHT GLASSES

Two sight glasses, Fig. 1-2, are located on the
engine mounted filter housing to give visual indi-
cation of fuel system condition.

Primary Fuel Oil Filter

e

Return Fuel Sight Glass

Bypass Sight Glass

e
:lb Engine Mounted
Fuel Filter

i / Fuel Return Line
e -
Fuel Filler — J\ o

Fuel Level ;
1

J5 " 1

k 1 A

e i %
Fuel Tank \,. ,ég_ 4% iy
o

(End View) ¢ 3

Fuel Tank Water Drain

(Ball Valve Special Extra)

. il )
[ b
| _'.I Drain Plug
njectors o
A — Bypass
@
——— S Valve
i;/—x ‘F \/‘ {[i &
g c_,\)QQ Fuel Qil Gauge
Pump I
= =t
‘_/"jﬁ)'_ Fuel Suction Line
y Fuel Suction
Strainer
="
17524

Fig. 1-1 - Fuel Oil System, Pictorial Diagram
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Bl B
Return Fuel Sight Glass
(Normalily Full)

Bypass Sight Glass |
¢ (Normatly Empty)
p a

S5

V|

Filter Element Housing £
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Fig. 1-2 - Fuel Oil Sight Glasses

For proper engine operation the return fuel sight
glass (the glass nearer the engine) should be full,
clear, and free of bubbles. The fuel flowing
through this glass is the excess not required by
the engine. Upon leaving the glass it returns to
the fuel tank for recirculation.

At the time of engine start the sight glass will be
empty. When the fuel system is primed, turbulent
flow will occur and when the fuel in the glass
flows clear and free of bubbles the engine may be
cranked.

The engine mounted filter is also equipped with a
bypass relief valve and sight glass. This sight glass,
farther from the engine, is normally empty. When
more than a trickle of fuel is seen in the bypass
sight glass, it indicates that the relief valve is
open. Fuel will pass through the bypass sight
glass and relief valve to bypass the engine and
return to the fuel tank when the filter elements

become clogged. This condition may become
serious and cause the engine to shut down from
lack of fuel.

EMERGENCY FUEL CUTOFF SWITCHES

In the event of an emergency, the fuel supply to
the engine can be stopped by pressing on any one
of the three emergency fuel cutoff switches. Two
switches, one on either side of the locomotive,
are located on the underframe in the vicinity of
the fuel filler, and the third switch is located on
the engine control panel. The switches are con-
nected in series with the fuel pump control relay
FPCR. Pressing in on any of the switch buttons,
momentarily, will de-energize the FPCR, stop the
fuel pump, and shut down the engine. The but-
tons are spring loaded and do not need to be
reset. See the fuel pump circuit drawing at the
end of this section.

MAINTENANCE
FUEL STORAGE FACILITIES

The presence of slime on fuel filters indicates
that bacteria and fungi are present in troublesome
quantities. Water in the fuel storage tanks should
be kept at the lowest possible level. Contact the
Electro-Motive Division of General Motors Corpo-
ration or the fuel oil supplier for recommenda-
tions regarding antiseptic treatment of fuel
storage facilities.

DRAINING CONDENSATE FROM THE
FUEL TANK

Condensate should be drained from the locomo-
tive fuel tank at the intervals stipulated in the
Scheduled Maintenance Program, or more fre-
quently if conditions warrant. During draining,
the locomotive should be placed on an incline
with the drain end of the tank facing down hill
to ensure condensate accumulation at the drain
plug, Fig. 1-1, and adequate drainage without loss
of fuel. The drain plug is secured to the drain
block by a retaining screw. On special order a
ball valve drain can be provided to facilitate rapid
draining. This valve is enclosed in a protective
box with a hinged lid for access to the valve
handle. Effective use requires that the tank be at
least one third full.
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FILLING THE FUEL TANK

The fuel tank can be filled from either side of
the locomotive. A short sight level gauge is
located next to each fuel filler. This gauge indi-
cates the fuel level from the top of the tank to
about 4-1/2'" below the top and should be ob-
served while filling the tank to prevent overfilling.
DO NOT HANDLE FUEL OIL NEAR AN OPEN

FLAME.

The basic filler cap assembly, Fig. 1-3, is
equipped with a strainer and pressure relief cap.
Periodically inspect the fuel strainer and test the
relief cap for operation against the spring. Also
check the condition of the filler cap gasket.

Fig. 1-3 - Fuel Filler Assembly

PRIMARY FUEL SUCTION STRAINER,
Fig. 1-4

The fuel suction strainer should be cleaned and
inspected at the intervals stated in the Scheduled
Maintenance Program or at shorter intervals if
operating conditions warrant.

CLEANING PROCEDURE

1. Stop the diesel engine, and place the fuel
pump circuit breaker in the OFF position.

2. Remove the bolts holding the strainer shell to
the strainer cover, and remove the shell and
strainer from the cover. To prevent loss,
thread the bolts with washers into the strainer
shell threaded openings.

3. Withdraw the wire mesh strainer element,
discard the oil and sediment held in the

strainer shell.

125172
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Fig. 14 — Fuel Suction Strainer,
Exploded View

4. Clean the wire mesh element in a container of
clean fuel oil. A brush may be used and a
round wooden dowel employed to spread the
pleats and determine the degree of cleanliness,
but no special tools are necessary.

CAUTION: Chlorinated hydrocarbon solvents and
temperatures above 180° F. will dam-
age the epoxy material bonding the
strainer element to the end caps.
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5. Clean the shell with fuel oil and wipe clean.
Note that the spring in the bottom is spot
welded to the shell.

6. Inspect the housing-to-cover ""O'" ring, and
replace it with a new ring if necessary.

7. Place the cleaned strainer element in the shell
and reapply the shell to the strainer cover.
Tighten firmly into place after making certain
the ""O" ring is properly seated.

PRIMARY FUEL FILTER, Fig. 1-5

The primary fuel filter element should be
changed at the intervals stated in the Scheduled
Maintenance Program or at shorter intervals if
operating conditions warrant.

-H,-’-— —

10846

Fig. 1-5 - Primary Fuel Filter And Housing

CLEANING PROCEDURE

1. Stop the diesel engine; place isolation switch
in ISOLATE position.

2.Place a container (abcut 5 gallon size) to
catch fuel drainage, and open the 1/2 inch
pipe plug drain located at the bottom plate of
the filter housing.

1-4

NOTE: If the pipe plug or the filter cover are
opened shortly after engine shutdown,
pressure refained in the system will cause
fuel to spurt out of the opening.

3. Loosen the filter cover plate retaining nuts,
then twist the cover and remove it. Withdraw
and discard the cageless waste-type filter
element.

. Place the fuel prime switch in FUEL PRIME
position to introduce a flow of fuel and wash
out any sediment that may be held at the
base of the filter housing.

5. Insert a new filter element into the housing,
being careful not to damage the lower seal on
the filter element.

6. Inspect the filter housing cover gasket and
replace with a new gasket if necessary. Re-
place the housing cover and firmly tighten the
retaining bolts.

7. Retighten the 1/2 inch pipe plug at the base
of the filter housing.

8. Operate the fuel prime switch until fuel runs
free and clear of bubbles in the return fuel
sight glass. Check for leakage at the drain
plug and the housing cover.

PRIMARY FUEL FILTER BYPASS
VALVE AND GAUGE, Fig. 1-6

This gauge, Fig. 1-6, only indicates the condition
of the primary fuel filter. Increased pressure
differential across the primary fuel filter will be
indicated by a numerically greater pressure
reading on the gauge. Normally, with a new
primary filter, the gauge should read zero lbs.
When the indicator on the gauge reaches 10 lbs,

7
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L
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}Q“
Fig. 1-6 — By-Pass Valve And Gauge
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two-thirds of the primary filter has been used. At
25 1bs the fuel will start to bypass the primary
fuel filter.

ENGINE MOUNTED FUEL FILTERS

The engine mounted fuel filters should be
changed at the intervals stipulated in the Sched-
uled Maintenance Program and the filter assembly
should be cleaned in accordance with the instruc-
tions in the Engine Maintenance Manual.

Check the ends of the filter elements for indica-
tions of rust. The presence of a combination of
water and dirt can cause premature clogging of
the filter elements and damage to the engine fuel
injectors.

FUEL PUMP AND MOTOR

The motor driven fuel pump, Fig. 1-7, is
mounted on the equipment rack. It is an "inter-
nal" gear pump driven by battery power during
system priming and by power from the auxiliary
generator during operation.

Suction Discharge

Crescent Rotor

16546
Fig. 1-7 — Fuel Pump Cross Section

Fuel is drawn into the inlet portion to fill a space
created by the gear teeth coming out of mesh.
The fuel is then trapped in the space between the
gear teeth and carried to the outlet side of- the
pump. There the gears mesh, forcing the fuel
from between the gear teeth and through the
outlet.

145272
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The fuel pump and motor need no routine main-
tenance if operation is satisfactory. However, the
motor and pump should be reconditioned in
accordance with EMD Maintenance Instructions
listed on the Service Data page. Maintenance
should be performed at the intervals stipulated in
the Scheduled Maintenance Program.

CAUTION: Use care during washing of the en-
gineroom to protect the fuel pump
motor from water. Water in the
motor can cause an electrical ground.

FUEL PUMP CIRCUIT Fig. 1-8

When locomotive control circuits are established,
and the control and fuel pump switch on the
control stand is closed, the fuel pump relay FPR
is energized. This establishes a circuit that pro-
vides the operator with the means of shutting off
the fuel pump from a switch on the control
stand. However, before the engine is running, the
fuel pump relay performs no function.
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With the control circuits established, the No. 1
contact of the fuel prime/engine start switch is
energized. Power is supplied to the fuel pump
contactor coil when the switch is held in the
FUEL PRIME position. The contacts of the fuel
pump contactor close to supply power to the fuel
pump motor.

After the system is primed and fuel flows free
and clear in the return fuel sight glass, the fuel
prime/engine start switch FP/ES is rotated to the
START position. The fuel pump contactor is held
picked up, and the 9-10 contacts of FP/ES switch
close to pick up the fuel pump control relay
FPCR. Other contacts of FP/ES cause cranking
motors to turn the engine.

The battery continues to power the fuel pump
motor until engine speed comes up sufficiently to
cause auxiliary generator output voltage to ex-
ceed battery voltage. If the FP/ES switch is
released after the engine fires, but before engine
speed and auxiliary generator voltage are up, the
fuel pump contactor may drop out. However,
fuel in the system will allow the engine to come

up to speed, and when auxiliary generator voltage

is sufficient the fuel pump contactor will again
pick up.

The fuel pump motor will stop if either the fuel
pump relay FPR or the fuel pump control relay
FPCR opens to drop out the fuel pump contactor
FPC. However, dropout of FPR and FPC will not
immediately stop the engine. Dropout of the fuel
pump control relay FPCR is required for imme-
diate withdrawal of injector racks and engine
shutdown.

ENGINE STARTING CIRCUIT

The AR10 main generator cannot be motored by
the locomotive battery, therefore the engine is
provided with dual DC motors, Fig. 1-9, that
engage the engine ring gear for cranking.

When the locomotive control circuits are properly
set up for engine starting, the fuel pump relay is
picked up, the turbo lube pump circuit breaker is
closed, the turbo lube pump relay TLPR is
picked up, the no (AC) voltage relay NVR is
dropped out, and the isolation switch is turned to
the START position. When the fuel prime/engine
start rotary switch is placed in the PRIME posi-
tion, the fuel pump contactor is energized by
battery power. The fuel pump contactor contacts
close to provide power to drive the fuel pump
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Fig. 1-9 - Engine Starting Circuit,
Simplified Diagram

motor. Fuel is pumped to the engine injectors
and returned to the fuel tank by way of the
return fuel sight glass on the engine mounted fuel
filters.

Engine starting contactor STA is energized when
the fuel prime/engine start switch is placed in the
START position. STA contacts close, and current
flows in the pickup coils PU and the hold-in coils
of the solenoid assemblies mounted on the
starting motors. The PU coils are of low electrical
resistance, while the hold-in coils consist of many
turns of fine wire and are of high resistance.
Current to drive the solenoid plungers flows
through the PU coils and through the low resist-
ance of the starting motors.

The solenoid plungers drive the pinion gears to
engage with the engine ring gear. When engage-
ment is complete, the SM contacts, operated by
the solenoid plungers, close to complete a circuit
to the operating coil of the main starting con-
tactor ST. ST contacts close to directly connect
the starting motors across the locomotive battery.
The motors turn to rotate the engine.
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When the ST contacts close, and with the STA
contacts remaining closed, the pickup coils PU
are effectively shorted out, and no more current
flows in the PU coils. Current in the hold-in coils
is sufficient to keep the starting motor pinions
engaged with the engine ring gear.

After the engine has started and the fuel prime/
engine start switch is released, the STA contactor
is the first to drop out, while ST contacts remain
closed momentarily. When the STA contacts
open, the short around the PU coils is removed,
and current flows in the PU coils, but in a
direction to obtain polarity opposite to that
already established. The solenoid plunger is driven
out and the ST contacts open.

As AC from the D14 alternator builds up, the
NVR relay picks up. This opens the circuit to the
STA operating coil and prevents starting attempts
with the engine running.

ENGINE STARTING PROCEDURE

1. Check oil level of the engine governor and air
compressor, Check engine coolant level.

2. Open cylinder test cocks and bar over the
engine at least one revolution; check for
leakage from test cocks. Close the test cocks.

3. Check that all fuses are installed and in good
condition.

CAUTION: Make certain that the starting fuse is
the correct rating, Fig. 1-10, for the
type of starting motors used on the
locomotive. Series connected motors
(two cable supply) use a 400 ampere
fuse. Parallel connected motors (four
cable supply) use an 800 ampere fuse.

4, Verify that the main battery switch is closed,
and that the ground relay knife switch is
closed.

5. Place the local control and the control circuit
breakers in the ON (up) position. Verify that
the turbo lube pump circuit breaker is in the
ON position.

128172
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. Place the control and fuel pump switch(es) in

the ON (up) position.

. Place generator field (and engine run if appli-

cable) switches in the OFF (down) position.

. Place the isolation switch in the START

position.

. At the equipment rack in the engine room,

place the fuel prime/engine start switch in the
PRIME position until fuel flows in the return
fuel sight glass clear and free of bubbles.

Position the governor rack control lever (lay-
shaft lever) at about one-third rack (about 1.6
on the scale), then move the fuel prime/
engine start switch to the START position.
Hold the switch in the START position until
the engine fires and speed increases.

Hold the rack control lever firm at 1.6 on the

scale until the engine fires and comes up to
idle speed.

CAUTION

. Before attempting a start after engine has

been shut down for any extended period, it
must be barred over at least one revolution
with the barring lever or equivalent and with
the test cocks open.

. Assist engine start with layshaft 1.6 on rack

scale. Do not overfuel during starting.

. Maximum cranking time 20 seconds.

. After cranking allow minimum 2 minutes for

starter cooling.

. Do not inch engine with starter,

. Preheat if engine temperature is less than 50°

F.

JIf cylinders are overfueled during starting,

pull layshaft full out and crank to purge, then
position at 1.6.

Stngle Link

_/,,

a ,. s

F1g 1-10 — Starting Fuse - 400 Ampere

15855






Section 1

FE: SERVICE DATA

e
4

SERVICE DEPARTMENT

FUEL SYSTEM AND ENGINE STARTING

REFERENCES
Fuel Oil Specifications . . . . . . . . . . i i e e e e e e e e e e e e e M.I. 1750
Fuel Pump Maintenance . . . . . . . . . . . i e e e e e e e e e e M.I. 4110
Fuel Pump Motor Maintenance . . . . . . . . . . . . . o v it M.I. 4101

ROUTINE MAINTENANCE PARTS AND EQUIPMENT

FILTERS
Part No.
Primary Fuel Filter . . . . . . . . . . o e e e e e 8356717
Cageless Waste Type Element . . . . . . . . . . . . .. . . . .. 8275432
Cover Gasket . . . . . . . . . e e e e e e e e e e 8358905
Engine Mounted Filter . . . . . . . . . . . . . e e e e e 8427284
Honeycomb Element . . . . . . . . . . . . . . @ i i i e e 8299457
Seal, Housing-To-Body . . . . . . . . . . . . & i i e e e e 8177030
Suction Strainer . . . . . . . . . . e e e e e e e e e e e e e e e e e e e 8341983
Wire Mesh Element . . . . . . . . . . . e e e e e e e e 8344103
"O" Ring, Housing-To-COVEr . . . . . . . .\ v i it et e e e e e 8343161
Pressure Differential Gauge With Bypass Valve . . . . . . . . ... ... ... .... 8439798
FUEL TANK
Drain Plug Gasket . . . . . . . . 0 i i i i e e e e e e e e e e e e e e e e e 8010874
Filler Cap Gasket . . . . . . . o 0 i i i i e e e e e e e e e e e 8065493
Special Ball Valve (Water Drain) . . . . . . . . . .. ... o e 8358203
Valve Repair Kit (Seats and "O" Rings) . . . . . ... . ... ... .. ..., 8378372
SPECIFICATIONS
Fuel Tank Capacity
BasiC . . . e e e e e e e e e e e e e e e e e e e e e e e e 3200 Gal.
Modifications . . & . o . o e e e e e e e e e e e e e e e e e e e e e e e e e e e e 4000 Gal.
3600 Gal.
2600 Gal.
1700 Gal.
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SERVICE DEPARTMENT

LOCOMOTIVE
SERVICE MANUAL

SECTION

2

DESCRIPTION

A pictorial diagram of the lubricating oil system
is shown in Fig. 2-1. Qil under pressure is forced
through the engine for lubrication and piston
cooling by the positive displacement combination
piston cooling and lubricating oil pump. After
circulating through the engine, the lubricating oil
drains into the oil pan. The positive displacement
scavenging oil pump draws oil from the sump and
strainer housing, then forces it through the oil
filter and cooler. From the cooler, the oil is
delivered to another compartment in the oil
strainer assembly where it is available for recircu-
lation by the combination piston cooling and
lubricating oil pump.

The lubricating oil pumps are mounted on the
front end of the engine and are gear driven by
the engine through the accessory drive gear train.
The oil strainer housing is also mounted on the
front of the engine. The oil cooler and filter
assemblies are located in the equipment rack
adjacent to the front of the engine at the long
hood end of the locomotive.

TURBOCHARGER

The turbocharger lubricating oil is obtained from
the engine lubrication system. A separate auto-
matically started motor driven turbocharger aux-
iliary Iube oil pump is used to supply oil to the
turbocharger prior to starting the engine and
whenever the engine is shut down. The motor is
timed to operate approximately 35 minutes after
each time it is started. Qil circulation through the
turbocharger is necessary prior to starting the
engine and during the period when the engine oil
pressure is building up to provide proper lubrica-
tion. After the engine is shut down, continued oil
circulation is necessary to remove residual heat
from the turbo and return the hot oil to the oil
pan sump. For this auxiliary pump to do the
work for which it is intended, the main battery
switch and the turbocharger auxiliary pump cir-
cuit breaker must be closed. See Fig. 2-2.

125172
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LUBRICATING OIL SYSTEM

The turbocharger auxiliary lube oil pump draws
oil from the oil pan sump. Discharge from the
pump is then filtered and fed into the head
assembly of the main turbocharger oil filter. This
head assembly contains the check valves required
for proper lube oil flow, Oil from the filter head
assembly is then directed to the turbocharger.

TURBOCHARGER AUXILIARY LUBE
PUMP CIRCUIT

The following text in conjunction with Fig. 2-2
explains the function of the turbo lube pump
circuit.

When the main battery switch is moved from an
open to a closed position, battery power will
flow through the turbo pump circuit breaker and
through normally closed contacts of the no volt-
age relay NVR. (The NVR relay contacts remain
closed until the engine is turning and the D14
alternator is delivering AC power.) NVR contacts
close upon loss of AC power from the D14
alternator at engine shutdown.

Power through NVR contacts then flows through
closed contacts of the fuel prime/engine start
switch and through normally closed stop push-
button contacts to energize the turbo Iube time
delay relay TLTD. The relay begins timing and
normally closed time delay contacts of TLTD
remain closed for the period set by the timing
device (nominally 35 minutes).

Current flows through the closed time delay
pickup contacts of TLTD to energize turbo lube
pump contactor TLPR. Contacts of TLPR seal
the relay in against NVR pickup, energize the
turbo lube pump light, energize the turbo lube
pump motor, and set up the circuit to the start
contacts of the fuel prime/engine start switch.

The timing relay continues to time as long as
current flows to the relay coil. When the relay
times out, TLTD contacts identified on Fig. 2-2
with upward pointing arrows, pick up, and TLPR
is de-energized. TLPR contacts drop open. The
turbo lube pump motor stops, and the turbo aux.
pump light goes out. If the engine is running at
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Fig. 2-1 — Lubricating Oil System Pictorial And Schematic Diagram
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Fig. 2-2 — Turbocharger Auxiliary Lube
Oil Pump Circuit

the time of relay timeout, NVR contacts are open
and TLTD is de-energized. Dropout of NVR, pres-
sure on the engine stop pushbutton, or movement
of the fuel prime/engine start switch will re-
establish the timing cycle and turbo lube pump
operation.

If the engine is not running when TLTD times out,
NVR contacts being closed will hold TLTD ener-
gized when TLPR drops out after TLTD pickup.
The timing cycle and turbo lube pump operation
can be re-established by operation of the fuel
prime/engine start switch or by pressure on the
engine stop pushbutton.

CHARGING THE LUBE OIL SYSTEM

When charging the system or when adding oil to
the system, the oil should be poured through the
square opening in the strainer housing, Fig. 2-6. Be
sure that the strainer housing internal drain valves
are closed.

CAUTION: If the system is charged by pouring oil
at the top deck or through an oil pan
hand hole, make certain that the last
portion of the oil is added at the
strainer, and make certain that the
strainer housing is full before starting
the engine. If the strainer housing is
empty, serious engine damage can
occur.

168372
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ENGINE PRELUBE

Always prelube a new engine, an engine that has
been overhauled, or an engine that has been shut
down for more than seven days.

Prelube Procedure

1. Remove the pipe plug at the main lube oil
pump discharge elbow, and connect an external
source of clean, warm oil at the discharge
elbow. Pressure of 30 psi. is sufficient.

. While oil pressure is being applied, open the
cylinder compression relief valves and bar the
engine over one complete revolution. Check all
bearings for oil flow. Also check for restric-
tions and excessive oil flow. Check for fluid
discharge at the cylinder compression relief
valves. '

. Remove the pipe plug at the piston cooling oil
pump discharge elbow and connect the exter-
nal oil source at that opening. Check for unre-
stricted oil flow at each piston cooling tube.

. Disconnect the external oil source and replace
the pipe plugs at the pump discharge elbows.
Close the compression relief valves.

. Apply oil liberally at the engine top deck.

. Momentarily place the Fuel Prime/Engine Start
switch in FUEL PRIME position to activate the
auxiliary turbo lube oil pump motor. (Main
battery switch and turbo lube pump circuit
breaker must be closed.) Look through a rear
hand hole for oil flow at the turbocharger end
of the engine.

. Replace and securely close all hand hole covers
and engine top deck covers.

LUBE OIL LEVEL GAUGE (DIPSTICK)

An oil level gauge, Fig. 2-3, extends from the side
of the oil pan into the oil pan sump. The oil level
should be maintained between the low and full
marks on the gauge, with the reading taken when
the engine is at idle speed and the oil is hot.

NOTE: Under some conditions the oil level may be
above the bottom of the oil pan handholes,
so care must be taken when the oil pan
handhole covers are removed.

LUBRICATING OIL SAMPLING
AND ANALYSIS

A lubricating oil sample should be taken for analy-
sis at the intervals stipulated in the Scheduled
Maintenance Program. The sample should be sub-
mitted to a competent laboratory to monitor the
suitability of the oil for continued use. Obtain the
sample in the following manner.

1. Run the engine long enough to ensure thor-
ough circulation.

2. Shut the engine down and remove the starting
fuse.
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Fig. 2-3 - QOil Level Gauge -- Dipstick

3. Obtain the oil sample (normally 1 pint) at the
center of the oil pan halfway between the
surface and the bottom of the pan.

NOTE: Inconsistent sampling techniques will pro-
duce inconsistent results.

OiL COOLER INSPECTION
AND MAINTENANCE

Major servicing of the oil cooler should not be
undertaken until the need for such maintenance
is definitely established by unsatisfactory opera-
tion, suspected oil cooler core leaks, or wide
temperature differential between cooling water
and engine oil.

DETECTION OF LEAKS

There are no simple methods of detecting water
leaks to the oil side of the lubricating oil cooler
assembly; however, evidence of water contamina-
tion will show up in the routine engine oil
samples taken and analyzed as prescribed in the
Scheduled Maintenance Program. Any such evi-
dence calls for a close examination of the cooler.
Maintenance instructions for cleaning and repair
of lubricating oil cooler are listed on the Service
Data page.

24

DETECTION OF DIRTY OIL COOLER
CORE

Proper lubricating oil temperatures are dependent
upon maximum lube oil cooler performance. Op-
eration of the hot lubricating oil detector pro-
vides indication that the lube oil cooler may not
be functioning efficiently. However, in order to
obtain a valid indication of oil cooler perform-
ance, the locomotive must be operated at its full
rated load and engine speed while the oil and
water temperatures are allowed to stabilize.

PROCEDURE

1. At the water pump discharge elbow, Fig. 24,
fill the thermometer well with oil. Water
temperature into the engine will be taken at
this point.

2. Set up engine loading apparatus capable of
taking the full rated load of the locomotive.
Refer to the Load Testing section of this
manual for instructions covering the load
testing setup.

CAUTION: Most standard load boxes are not of
sufficient capacity to fully load the
locomotive.

_ Water In

Thermometer

Thermometer ‘J/ Well

= Oil Level
15416
Fig. 2-4 — Location Of Thermometers
To Determine Oil And Water
Temperature Differential
125172



3. Remove the square cover from the engine
mounted oil strainer and hang a caged ther-
mometer in the overflow oil compartment of
the strainer housing, Fig. 2-4. This is oil out
of the cooler. Make certain that the thermom-
eter bulb is well below the surface of the oil
and is kept submerged when the reading is
taken.

4. Insert a thermometer into the well located at
the engine water inlet.

5. Operate the engine and apply load. Do not
operate above throttle position No. 3 until
water temperature is above 130° F. Operate at
full load and full engine speed until engine
water inlet temperature is stabilized. It may
be necessary to operate engine cooling fans to
maintain a constant water temperature in the
range of 160° F. to 175° F. Refer to the
cooling system schematic diagram in Section
3.

NOTE: Readings taken at 15 minute intervals will
indicate when a stable operating condition
is reached.

6. Record the temperature readings and compare
them with the performance baseline given on
the Service Data page. When oil temperature
for a given water temperature reading is 15°
F. higher than the limit indicated by the line,
the oil cooler should be serviced in accord-
ance with the Maintenance Instruction listed
on the Service Data page.

OIL FILTER INSPECTION AND
MAINTENANCE, Fig. 2-5

Oil filter elements should be replaced with new
elements at the intervals stipulated in the Sched-
uled Maintenance program. Use only approved

Outlet ¥

Bypass Valve Cover Drain

Cover Hinge

13402 Filter Housin”

Section 2

element combinations as indicated on the Service
Data page.

PROCEDURE

1. Operate the diesel engine until oil is warm
and circulating freely, then stop the engine
and remove the starting fuse.

2. Remove the square cap from the engine
mounted lube oil strainer housing, Fig. 2-6.

3. Raise and latch the gate valve handle in the
engine strainer housing to drain oil from the
filter housing into the engine sump. It is not
necessary to move the valve handle that
drains the oil strainer housing.

Filter Drain Valve
Open ONLY If j

Draining Engine
Filter Housing

10010A
Strainer Drain Valve

Open ONLY if drain-

ing engine oil

Fig. 2-6 -- Adding Oil To Engine Through
Strainer Housing

Pleated Cotton - Paper Element

Cradle =t @

Fig. 2-5 - Seven Element Lubricating Oil Filter Assembly
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NOTE: Depending upon the temperature of the
oil and system at the time that the drain
valve is opened, adequate drainage of the
lube oil filters can take from 1/2 hour for
hot oil and a hot system to several hours
for a cool system.

If the system is fully charged at the time
the system is to be drained, the oil level
will rise above the bottom of the oil pan
inspection covers.

. After enough time has elapsed to allow ade-

quate drainage and easy handling of the
filters, slightly loosen the nuts on the filter
housing cover. Qil remaining at the bottom of
the housing will leak into the drain pan.
From there it is piped to the engineroom
drainage sump.

5. Provide adequate quantities of bound edge
towels.

6. Place a container for used filter elements at a
convenient location.

7. After oil has stopped draining from under the
flat filter housing cover, loosen the retaining
nuts and swing the hinge bolts clear of the
cover. Swing the cover open. Remove and
quickly dispose of used filter elements.

8. Using only clean bound edge towels, clean
out the interior of the filter housing. Clean
up the drain pan and surrounding area.

9. Insert a set of seven new filter elements
consisting of part numbers shown on the
Service Data page. Make certain that the
elements are fully seated over the standpipes.

NOTE: Approved pleated paper elements have a
red casing. When the compliment of seven
paper elements is used, be certain to use
approved elements.

10. When the filter elements are properly in-
serted, place a new gasket into the circular
groove in the housing cover. Discard the used
gasket.

11. Close the cover. A guide hole in the filter
cover must mate with a dowel on the filter
housing body before the cover can be closed.

12. Swing the hinge bolts into place and tighten
the hold-down nuts.

2-6

13. At the intervals stipulated in the Scheduled
Maintenance Program, remove and inspect the
filter bypass relief valve assembly, Fig. 2-7.
The procedure is detailed in the article en-
titled Inspection Of Bypass Valve Assembly.
14. Close the filter drain gate valve at the oil
strainer.

15. Before starting the engine, check the oil level,
using the dipstick. Oil level should be above
the full mark on the dipstick with the engine
shut down. Start the engine and allow it to
run at idle speed. Check the oil level at the
dipstick. Add oil if necessary. See Fig. 2-6.

16. Replace and tighten down the square cover

on the oil strainer.
17. Inspect for oil leaks at the filter housing.
Tighten the hold-down nuts as necessary to
stop any leaks.

INSPECTION OF BYPASS
VALVE ASSEMBLY

The filter bypass relief valve assembly, Fig. 2-7,
should be removed and checked periodically at
intervals stipulated in the Scheduled Maintenance
Program or whenever improper oil filtration is
suspected. However, operation of the valve assem-
bly can not be effectively checked on the loco-
motive. For this reason it is recommended that
qualified spare assemblies be available for ex-
change with the assembly in use. A bench test
and inspection may then be performed in accord-
ance with the appropriate Maintenance Instruc-
tion listed on the Service Data page.

PROCEDURE

1. After the oil has been drained from the filter
housing, the filters removed, and the housing
cleaned; remove the four hold-down nuts
from the bypass valve port cover. Remove the
valve assembly and discard the port cover
gasket.

NOTE: Three light springs hold the valve assem-
bly seated in position and against the
valve port cover. Bypass valve spring pres-
sure is not felt during removal of the
assembly.
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Valve Guide Cover Plate
Valve Spring & Gasket

“ Poppet Valve
& Stem

Assembly Retaining Springs

13454

Fig. 2-7 — Filter Bypass Relief Assembly

2. Replace the filter bypass relief valve assembly
with a qualified spare. Seat the assembly
properly with the three light guide springs in
place. Apply a new port cover gasket and the
port cover. Tighten the cover hold-down nuts
to between 55 to 60 ft-lbs torque, using
standard tightening procedure.

If a qualified spare is not available, the valve
assembly should nevertheless be removed
from the filter housing and cleaned of sludge
and varnish by washing in solvent. The assem-
bly should be carefully inspected after
cleaning. If the poppet stem or valve body
guide is worn, those pieces should be replaced
with new pieces. Part numbers are listed on
the Service Data page.

TEST OF VALVE SPRING

If a qualified spare is not available, the valve
spring should be tested by compressing it to a

Section 2

the values shown on the Service Data page, the
spring should be replaced with a new spring.

HOT LUBRICATING OIL DETECTOR,
Figs. 2-1 And 2-8

A thermostatic valve located on the outlet elbow
from the main lube oil pump is calibrated to
open when lube oil temperature reaches nomi-
nally 260° F. At this temperature the probability
exists that either the lube oil cooler is plugged on
the water side, or steam pressure in the cooling
system is preventing engine shutdown by the low
water detector.

When oil temperature causes the valve to open,
pressure to the oil pressure sensing device in the
engine governor is dumped. The device sees low
oil pressure and reacts to shut the engine down.
The thermostatic valve is not latching, and it will
reset automatically when oil temperature falls. Do
not attempt to restart the engine until cause of
shutdown is determined.

WARNING: After it has been determined that
hot oil is the cause for engine shut-
down, make no further engineroom
inspections until the engine has
cooled sufficiently to preclude the
possibility that hot oil vapor may
ignite. When a low oil shutdown
occurs, always inspect for an ade-
quate supply of water and oil. Also
check engine water temperature. Do
not add cold water to an overheated

specific height. If this requires more or less than engine.
Start To Open Fuil Open
Temp. °F. Temp. °F.
Pressure Oil 252 - 267 275
Inlet
Element
16670

Qil Dump —

Fig. 2-8 — Hot Oil Detector Thermostatic Valve

128172
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CENTER BEARING LUBRICATION

Two quarts of all purpose lubricating oil per M.I.
1756 should be added to the truck center bearing
at the interval indicated in the Scheduled Mainte-

nance Program.

1‘
A
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LUBRICATION AT THE TIME OF
TRUCKING

Remove oiler pipe plugs, Fig. 2-9, before trucking
or untrucking the locomotive.

If the bearing is dry, add 3-1/2 pints of oil before
trucking, and add another 3-1/2 pints after the
unit is trucked.

Reapply oiler pipe plugs after unit is trucked and
oiled.
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Fig. 2-9
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SERVICE DEPARTMENT

LUBRICATING OIL SYSTEM

REFERENCES
Lubricating Oil Filter Maintenance . . . . . . . . . . . . . . . . . o M.I. 926
Lubricating Oil Cooler Maintenance . . . . . . . . . . . . . . . ..o M.I. 927
Lube Oil Qualified For Use In 645E3 Engine . . .. .. .. ... .. ... ....... M.I. 1752
ROUTINE MAINTENANCE PARTS AND EQUIPMENT
FILTERS Part No.
Lubricating Oil Filter Assembly . . . . . . . . . . . . .o oo 8411945
Pleated Cotton-Paper Elements (7 per housing) . . . . . . . .. .. ... ... 8345482

NOTE: Filter changeout recommendation will be found in the
applicable Scheduled Maintenance Program.

Filter Housing Cover Gasket . . . . . . . . . . . . . . . . . i i e 8268756
Bypass Valve Port Cover Gasket . . . . . . . . . . . . . . ... ... ... .. ... 8296030

BYPASS VALVE ASSEMBLY

NOTE: It is recommended that qualified spare bypass valve assem-
blies be kept available for scheduled maintenance
replacement.

Weight required to compress valve spring 8317190 3-5/8"" must be not less than 420 pounds or more
than 500 pounds. (This is the 40 psi spring.)

Poppet Valve . . . . . . . . L e 8322839
Valve Guide . . . . o i o o e e e e e e e e e e e e e e e e e e e e e e e e 8322840
Valve Spring . . . . . . . . e e e e e e e e e e e 8317190
Hot Oil Valve . . . . . . e e e e e 8427032

Gaskel . . . L e e e e e e e e e e e e e e 8430611

HOT OIL DETECTOR QUALIFICATION TEST
Remove detector from engine and test as follows:
1. Connect air lines to and from valve.

2. Fully immerse valve in heated, thoroughly agitated liquid bath. Temperature increase not to exceed
1° F. per minute over 240° F.

3. Apply 50 psi air pressure, and observe for leaks. No leaks between valve body and cap are
acceptable.

4. At 250° F. and below, maximum air passage to be 10 standard cubic feet of air per hour (SCFH).
5. Turn off air to avoid chilling.
6. Raise temperature to 258° F.

7. Turn on air. Minimum air passage to be 10 SCFH.

155372 Service Data 2-9
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M SERVICE DATA (CONT'D)

SERVICE DEPARTMENT

SPECIFICATIONS

Lube Oil Capacity Basic OilPan . . . . . .. .. ... ... i 243 Gal.
Increased Capacity Oil Pan . . . . . . . . . . . . . . e 395 Gal.

*Usable Qil
Basic Oil Pan . . . & ot i e e e e e e e e e e e e e e e e e e e e e e e e e 47 Gal.
Increased Capacity Oil Pan . . . . . . . .. .. . . e e 184 Gal.

*Defined as volume of oil between ""Full' and "Low' on dipstick.

Oil Level Gauge (Dipstick) for 16-645E3 Engine . . . . . ... ... ... ... ...... 8285976

OIL VERSUS WATER TEMPERATURE
PERFORMANCE LINE
220

210

200

190

180

Oil Temperature Into Engine - Degrees F

170

Service condemning limits 15 degrees F. higher than:
the clean oil cooter performance base ling,

160
140 150 160 170 180 190 200 210
Water Temperature Into Engine - Degrees F

Clean Qil Cooler Core Baseline
17481

Cooler Assembly 8412061 With Soldered Copper Core 8318804 or 3146250

Service Data 2-10 165372



SERVICE DEPARTMENT

E:D1

LOCOMOTIVE
SERVICE MANUAL

SECTION

3

DESCRIPTION

The cooling system is pressurized to provide
uniform cooling throughout the operating range
of the diesel engine. A schematic diagram of the
system is shown in Fig. 3-1. Coolant is pumped
by the engine mounted pumps from the cooling
water expansion tank and lubricating oil cooler
assembly and into the engine. The heated water
leaves the engine and flows through the radiator
assembly where it is cooled. The cooled water
returns to the oil cooler to repeat the cycle.

Part of the water from the engine mounted water
pumps is piped to the air compressor. There are no
valves in the line, thus air compressor cooling will
be provided whenever the engine is running. Water
is also piped through a temperature switch mani-
fold, then back to the water tank for recirculation.
Temperature sensing elements located in the mani-
fold, operate switches that control radiator fan and
shutter operation and a hot engine alarm.

Part of the water from the engine mounted
pumps is piped to the cab heaters. A shutoff

COOLING SYSTEM

valve is located in the supply line to the heaters
and another shutoff valve is located in the return
line from the cab heaters. These valves, along
with an engine and compressor drain valve and
heater drain valves are located at the sump be-
tween the engine and the engine accessory rack.

To drain the entire cooling system, open the
engine and compressor drain valve, heater supply
shutoff valve, heater return shutoff valve, and the
two heater drain valves. If it is necessary to
independently drain the heaters, the heater
supply shutoff valve and the heater return shutoff
valve must be closed and the heater drain valves
opened.

CAUTION: Allow all valves to remain open until
the system is completely drained. Do
not close a valve independently when
its discharge stops.

Whenever the heater supply and re-
turn valves are closed, it is good
practice to open the heater drain
valves and drain the cab heaters and
associated piping. Always check to

T
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|8

Cab Heater Drain

\

Céb Heater Return Shut-Off

Cab Heater Drain Vent

Engine & Air Comp Drain

™ Cab Heater Supply Shut-Off
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Fig. 3-1 - Cooling System Piping Schematic
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Section 3

see that the heater drain valves are
tightly closed before opening the cab
heater supply and return valves.

TEMPERATURE CONTROL

During circulation through the diesel engine and
air compressor, the cooling system water picks up
heat which must be dissipated. This heat is
dissipated and the water temperature controlled
by means of a radiator assembly and AC motor
driven cooling fans.

The radiators are assembled in a hatch in the top
of the long hood end of the locomotive. The
hatch contains radiator sections which are
grouped in two banks. Three AC motor driven
cooling fans which operate independently are

" Thermometer Well

16534

located in the roof above the radiators. They are
numbered 1 to 3 from front to rear, with the No.
1 fan being closest to the cab. Shutters, located
along the sides of the hood, adjacent to the
radiators, are operated by air cylinders controlled
by the shutter magnet valve MV-SH. Control of
the fans and shutters, and thus of the water
temperature, is entirely automatic.

Temperature control switches, Fig. 3-2, are desig-
nated TA, TB, and TC. These switches are
located at the equipment rack and are flange
mounted to a manifold located in the cooling
system piping. Water piped from the area of the
inlet to the engine passes through the manifold
where it acts upon thermal elements that cause
switches to respond and establish electrical cir-
cuits to cooling fan contactors. A fourth switch,
ETS, responds to overheating. It sounds an alarm
and reduces engine speed and load.

The cooling fan contactors are designated FCI1,
FC2, and FC3. These contactors are located in a
cabinet mounted on the equipment rack, see Fig.
3-8. When energized, they electrically connect
their respective AC cooling fans to the alternating
current supply from the alternator to run the
fans.

TA
| FC1 - B P |
|
i AVAV: > ) o< & |
1 B | A 8 |
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: FC2 [—---1 |
1 Y ? ' ' (€ l
| B A |
D C L1 _
! o— - I
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= FC3 FC2 D C J\ D C !
T AN o © o O ==y
ol — — TC 3
=1 FC3 FC1 o lgn
HOT ENG \ ! =
2 NN B ! A s
= 77 - ———%+ —--L_a | &
3, ETSB ! I =
| THL | ) lﬁ
| Z VoY Y }) 1 : [} {T ]
| ETS-C L I ETS-A |
| FC3 MV SH1 ETS FC2 FC1 |
L5 5o
I B A W B A B A 1|
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17537
Fig. 3-2 - Engine Temperature Switch Manifold And Circuit Diagram
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FAN CONTROL

TA picks up first. This energizes FC1, which
starts the No. I cooling fan, and simultaneously
de-energizes the shutter magnet valve MV-SH,
releasing air pressure from the shutter operating
cylinders and allowing spring tension within the
cylinder assembly to pull the shutters open.

When energized FC1 establishes the first part of a
holding circuit to FC2 and FC3. TB picks up
next. This energizes FC2, which starts the No. 2
cooling fan and completes the holding circuit to
FC2.

TC picks up last. This energizes FC3, which starts
fan No. 3 and completes the holding circuit to
FC3. Once started, all three fans operate until TA
drops out to break the holding circuit. Also, the
shutters stay open until TA drops out.

The operating temperatures of TA, TB, and TC
are given on the Service Data page, and on the
switch nameplate. Part numbers of the switches
are listed in the locomotive wiring running list.

The automatic temperature control functions as
follows:

Section 3

SHUTTER CONTROL

When the fan contactors are de-energized, nor-
mally closed interlocks energize the shutter
magnet valve MV-SH, Figs. 3-2 and 3-3. Air under
pressure is admitted to the shutter operating
cylinders, where it drives the pistons and the
shutter operating bars to close the shutters.

During operation, outside air is either drawn by a
single operating fan through the shutters and
radiators or, if greater cooling is required, an
additional fan or all fans are energized and a
greater volume of air is drawn through the
shutters and radiators. The flow of air through
the radiators picks up heat from the circulating
water. The heat is then discharged through the
roof of the locomotive.

MANUAL SHUTTER CONTROL VALVE

A valve, Fig. 3-3, is provided for control of the
shutters. When the valve handle is in the oper-
ating position, the valve allows air from the
shutter control magnet valve to drive the shutter
operating piston and close the shutters. When the
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Fig. 3-3 - Shutter Operating Piston Arrangement
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shutter magnet valve MV-SH is de-energized, air
from the shutter operating cylinders passes
through the manual valve and discharges at the
magnet valve vent.

When the handle of the valve is placed in the
piston-release position (90° clockwise from opera-
ting), air from the magnet valve is blocked, the
operating cylinders are vented to atmosphere and
the shutters open.

NOTE: On a unit shipped dead in a train, the
dead engine feature limits main reservoir
pressure. This pressure, applied through
the shutter magnet valve, is not sufficient
to operate the shutter piston against the
built-in spring pressure.

SHUTTER POSITION ADJUSTMENT

1. Place the manual shutter control valve in the
piston released position (90° clockwise). This
will release operating air and allow spring
pressure to draw the shutters open.

2. Release the locknut at the adjustment threads
of the piston ball joint extension rod. Adjust
the rod to obtain shutter blade angle of 90° *
2° (fully open). Tighten the locknut.

3. Slowly operate the manual shutter control
valve handle to the operating position to close
the shutters.

NOTE: During usual maintenance conditions the
No. 1 cooling fan will be required for
engine cooling, therefore the shutter mag-
net valve MV-SH will be de-energized
cutting off the supply of air to the
shutter operating cylinders.

Since the locomotive is designed to have
the shutters open when the No. 1 fan is
energized, it may be necessary to jumper
FC1 interlocks to keep MV-SH energized.

4. Verify shutter operation by alternately posi-
tioning the manual shutter control valve
handle in the operation and test positions,
then return the valve to the operating posi-
tion. The shutters will close.

HOT ENGINE ALARM

A hot engine alarm switch ETS will close when
water temperature at the outlet from the engine

approaches the boiling point of water in the
pressurized system. This is not the temperature at
the switch sensing element. There is heat loss
between the engine outlet and the temperature
switch, therefore the switch is calibrated to pick
up at a lower temperature. This temperature is
close to the normal boiling point of water, but
much lower than the boiling point of water in
the pressurized system.

When the switch picks up, the alarm will ring in
all units of a consist, and the hot engine light will
come on in the unit affected. Pickup of ETS will
also energize a throttle limit relay THL. This
relay operates to light the hot engine indication
on the annunciator and to reduce engine speed
and power. The reduction of power facilitates
engine cooling, and the reduction of engine speed
reduces the possibility of cavitation at the water
pumps. The return to full power and speed can
be accomplished only by reducing cooling system
temperature to a normal level.

Engine water temperature may be readily checked
by means of a gauge located in the water inlet
line leading to the left bank water pump. The
gauge is color coded to indicate COLD (blue),
NORMAL (green), and HOT (red), engine
temperatures.

A more accurate check of engine water tempera-
ture may be obtained by placing a thermometer
in the thermometer well located on the temper-
ature switch manifold, Fig. 3-2. The proper oper-
ating temperature for the engine temperature
switch is given on the temperature switch name-
plate and is on the Service Data page. The switch
part number can be verified on the locomotive
wiring running list.

As a backup to ETS action, a hot oil detector is
located on the outlet elbow of the main lube oil
pump. Should ETS fail to reduce engine tempera-
ture and a boiling condition create pressure that
prevents low water detector trip, oil temperature
will increase. A thermostatic valve will dump
pressure oil in the line to the governor low oil
pressure detector and bring about engine shut-
down.

The thermostatic valve will reset automatically
after the hot oil cools, but it is recommended
that no attempt be made to start the engine after
a hot oil shutdown until a thorough engine
inspection is made by qualified personnel.
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WARNING: After it has been determined that
hot oil is the cause for engine shut-
down, make no further engineroom
inspections until the engine has
cooled sufficiently to preclude the
possibility that hot oil vapor may
ignite.

COOLING SYSTEM PRESSURIZATION

The cooling system is pressurized to increase the
boiling point of the coolant and prevent cavita-
tion at the water pumps during transient high
temperature conditions, such as operation
through long tunnels. A pressure cap, Fig. 34, on
the water tank filler pipe opens at approximately
7 psi to relieve excessive pressure and prevent
damage to cooling system components. The cap is
also equipped with a vacuum breaker valve that
operates as the system cools. Refer to the Service
Data page for pressure cap operating limits and
identifying number.

The pressure cap is equipped with a handle that
facilitates application and removal, but more
importantly it interlocks with the fill valve
handle. This ensures that system pressure is re-
leased through the fill/release pipe before the cap
can be loosened.

[+
| COOLING SYSTEM |

FOR NORMAL FILLING - DO NOT REMOVE
PRESSURE CAP. ATTACH HOSE AT FILL
CONNECTOR AND HOLD FILL VALVE OPEN.

CAUTION — IF PRESSURE CAP MUST BE
REMOVED, DO NOT ATTACH HOSE TO FILL
PIPE. HOLD FILL VALVE OPEN UNTIL TANK
IS COMPLETELY VENTED. THEN REMOVE
CAP. WHEN REPLACING, HOLD FILL VALVE
OPEN SO GAP CAN BE FULLY TIGHTENED
AS SHOWN,

~ FILL VALVE HANDLE
' (PULL DOWN TO OPEN)

~PRESSURE CAP
Y

—

~— FILLER PIPE CONNECTOR

8443668

16738
Fig. 3-4 -- Cooling System Pressure Cap And
Filler Pressure Relief Arrangement
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WARNING: Always relieve system pressure before
attempting to remove pressure cap or
water tank plugs.

LOW WATER SHUTDOWN

A low water detecting device, Fig. 3-5, balances
water pressure against airbox pressure. When
water pressure falls, the device dumps oil from
the governor supply line, causing an engine shut-
down. When a low water shutdown occurs, the
low water button pops out to display a red band,
the low oil plunger on the governor protrudes,
and the governor shutdown light on the engine
control panel comes on.

While there is no air box pressure when an engine
is shut down, there is spring pressure. This spring
pressure must be acted against by water pressure
in order to keep the device latched in. On certain
devices the static water pressure working against
spring pressure will not keep the device latched in
when the engine is shut down. This is not
necessarily an indication that the device is defec-
tive. It is merely neccessary to reset the device
immediately after engine start.

If the low water detector latches in with the
engine shut down, it still may trip at engine start,
particularly when the engine is cold or after the
pressure in the system has been released. The
reason for the trip being that the water pumps

Vent & Test Opening
i

L g

Test Cock ——=—= H\l

Fig. 3-5 — Low Water And Crankcase
(Oil Pan) Pressure Detector
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may cavitate until water is drawn from the
makeup tank and distributed to the radiators for
proper circulation. Tripping at engine start is not
an indication that the device is defective. It is
merely necessary to reset the device immediately
after engine start.

TESTING FOR LOW WATER SHUTDOWN

Operation of the low water shutdown device, Fig.
3-5, should be checked at the intervals stated in
the Scheduled Maintenance Program or whenever
faulty operation is suspected.

To test operation of the low water detecting
device, run the engine at idle speed and turn the
test cock mounted on the water pump discharge
elbow to the horizontal position. The low water
button should pop out smoothly without hesita-
tion after water trapped behind the operating
diaphragm escapes through the drain hole pro-
vided (in not more than a few seconds of time).
Return the test cock to the vertical position.

Observe the low oil plunger on the governor as it
moves out. The plunger should extend fully and
the engine begin to shut down in about 55
seconds. As the engine begins to shut down reset
the low water button and the low oil plunger.
Operate the rack positioning lever to bring the
engine back up to idle speed before complete
shutdown. Verify that the low water button stays
set.

If the low water shutdown reset pushbutton does
not pop out freely without assistance when the
test cock is opened and the engine is at idle, the
device should be removed and replaced with an
operative device. Refer to the Service Data page
for a listing of instructions covering maintenance
and qualification of the low water protector.
Special apparatus is required for proper testing.

The crankcase pressure detector may be tested in
a similar manner by applying a rubber tube over
the test opening on top of the detector and
applying suction to trip the upper button.

OPERATING WATER LEVEL

An operating water level instruction plate, Fig.
3-6, is provided next to the water level sight
glass. The instructions indicate minimum and
maximum water level with the engine running or
stopped. The water level mark should not be
permitted to go below the applicable "low' water
level mark.

FULL

ENGINE |
DEAD

Low

FULL

ENGINE
RUNNING

LOW |
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Fig. 3-6 - Typical Water Level
Instruction Plate

Progressive lowering of the water in the gauge
glass indicates a water leak in the cooling system,
and should be reported. Normally, there should
be no need to add water to the cooling system,
except at extended intervals.

MAINTENANCE
FILLING THE COOLING SYSTEM

The coolant used in the engine cooling system
should be made up and tested in accordance with
the coolant Maintenance Instruction listed on the
Service Data page.

When filling a dry system, remove the pressure
cap and fill system through the water fill pipe.
Before removing the water tank pressure cap first
pull down and hold the pressure relief valve until
the air stops blowing. The pressure cap cannot be
removed without hitting the pressure relief valve.
When adding water to the system through the
"rattlesnake'' connector, the pressure relief valve
should be held down. This connection should be
used only when adding small amounts of water.

WARNING: Do not overfill the tank. Overfilling
can result in frozen radiators, and
can constitute a hazard to personnel.
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After filling a dry or nearly dry system, the
engine should be run, with the filler cap removed,
or the vent valve opened, to eliminate any air
pockets in the system. After running the engine,
check the water level and if necessary add water
to the system.

NOTE: Draining the cooling system will trip the
low water shutdown device; therefore,
when filling the cooling system the low
water reset button must be pressed before
engine start.

After filling operations have been completed and
before starting the engine, the pressure cap must
be replaced.

DRAINING THE COOLING SYSTEM
The engine cooling system should be drained
immediately in the event that the diesel engine is
stopped and danger of freezing exists. The
draining procedure is as follows:
Drain Engine Cooling And Cab Heater System
Make sure that the following valves are open.

1. Cab heater supply.

2. Cab heater return.

3. Cab heater drain valve and vent valve. Vent
valve must remain open during entire draining
period.

4. Engine water drain.

The above valves are located in engine drain
sump, governor end of engine.

5. Preheater water supply (located at equipment
rack, if so equipped).

6. Preheater water return (located at equipment
rack, if so equipped).

All valves are tagged as noted and open when
handles are in line with piping.

After system pressure is released, remove the
water tank fill cap to allow drainage at an
increased rate.

CAUTION: If a hot engine is drained, always

allow the engine to cool before re-
filling with fresh coolant.
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Drain Cab Heater System, Only
I. Close cab heater supply and return valves.

2. Open cab heater drain valve and vent valve.
Vent valve must remain open during entire
draining period.

3. Engine water drain valve is to remain closed.

Drain Flush Toilet (If So Equipped)

1. Flush toilet until all water has drained from
tank.

2. Turn off electric toilet tank heater (Gf so
equipped).

3. Remove pipe plug from bottom of toilet flush
piping.

Drain Water Cooler (If So Equipped)

1. Remove and empty water bottle.

2. Drain remaining water in cooler by holding in
the spigot button.

3. Turn off clectric power to water cooler (if so
equipped).

OBTAINING AN ENGINE WATER SAMPLE

When a sample of engine coolant is desired, it
should be obtained with the engine warm and
running. The coolant should be taken from a
point where water flow is turbulent. Allow the
water to run a few seconds to drain off any
accumulated sediment.

TESTING ENGINE WATER
TEMPERATURE SWITCHES

It is recommended that a routine check of tem-
perature switch operation be made at the inter-
vals specified in the Scheduled Maintenance
Program. A thermometer well is provided in the
temperature switch manifold to facilitate testing.

Temperature switches, Fig. 3-7, are easily re-
moved from the temperature switch manifold and
replaced with new switches. If a replacement
switch with a new gasket attached is held at a
ready position, the old switch and gasket can be
removed and the new switch inserted with only a
small loss of engine coolant.
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Fig. 3-7 —- Engine Temperature Switch

On the locomotive, pickup and dropout of
temperature switches can be checked by placing a
thermometer along with some oil or water in the
well located in the temperature switch manifold,
Fig. 3-2, and loading the locomotive engine.

To facilitate the pickup check, disable fans by
disconnecting the feed wires to the fan contactor
coils. Use a test lamp at the disconnected leads to
indicate temperature switch closure. The tempera-
ture switches will close in sequence TA, TB, TC,
ETS. When ETS picks up the alarm will sound
and engine speed and load will drop. Record
temperature at pickup of each switch.

After the alarm sounds, reconnect the feed wires
to the fan contactor coils in sequence FC3, FC2,
FC1. The shutters will open when-FC3 picks up.
Allow time for each fan to come up to full speed
before starting another fan,

When temperature comes down and ETS drops
out, engine speed and load will increase. Record
ETS dropout temperature, then reduce throttle to
Run 5 and place the generator field switch in the
OFF position to drop load. Record engine water
temperature as each fan contactor drops out.

The correct part numbers for replacement
switches are listed on the Service Data page and
in the 'Locomotive ‘Wiring Running List,"

3-8

supplied with the locomotive wiring diagrams.
The part number for the running list itself is
referenced in the lower right corner of the wiring
diagram.

After replacement switches are installed and the
engine is running, press the switch test push-
buttons in sequence to verify fan operation.

CAUTION: Do not press switch test pushbuttons
simultaneously. Allow time for a
given fan to pick up speed before
pressing the test buttons to bring in
more than one fan.

Instructions for checking the temperature
switches are referenced on the Service Data sheet,
and plans for construction of bench testing appa-
ratus can be obtained from the EMD Service
Department upon request. Note that in any test
of temperature switches, critical factors such as
circulation of the test bath to prevent stratifica-
tion, immersion of the temperature bulb to a
proper depth, and ambient temperature approxi-
mating engineroom conditions must be observed.

INDICATIONS OF FAULTY SWITCH
OPERATION

1. False hot engine indication due to incorrect
ETS pickup.

2. Low oil shutdown due to hot engine oil. A
fault exists in the cooling system and ETS did
not operate properly.

NOTE: Hot lube oil can be caused by a plugged
lube oil cooler. In such case a hot engine
alarm will precede the hot oil shutdown.

3. Temperature switch cycling and picking up
too soon after dropout. If the switch opens
during a starting surge, fan contactor tips may
be damaged. It is possible for the tips to weld
closed. Damage to fan motors and the D14
alternator is also possible.

. Two fan contactors must not pick up at the

same time. If this occurs, switches may be
operating improperly or an incorrect switch is
installed. The strong starting surge resulting
from such a condition can cause damage to
the D14 alternator. The condition can be
noted at the layshaft as the fans come in.

5. A cold engine may result from welded fan
contactor tips or from sticking temperature
switch pushbuttons.
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INSPECTION AND CLEANING OF
RADIATORS

The access covers between the engineroom and
the radiator compartment must always be se-
curely bolted in place during locomotive opera-
tion. If a cover is not in place, improper circula-
tion of cooling air will result, and the slight
pressurization of the engineroom provided by
cooling air from the main generator will be lost.

Periodic inspection and cleaning of the radiators
should be performed at the minimum intervals
called for in the Scheduled Maintenance Program,
at more frequent intervals as determined by oper-
ating conditions, or when trouble is suspected.
Since the pressurized system will rarely require
addition of water, any progressive lowering of the
water level indicates that an inspection should be
made for leaks. Inspect carefully for small leaks
called "'weep' at the junction of the radiator
tubes and header.

Normally, the application of clean dry com-
pressed air to the top surface of the radiators,
followed by reverse operation of the cooling fans
will satisfactorily clean the radiator cores and
radiator compartment.

128172
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Reverse operation of cooling fans can be easily
accomplished by interchanging the position of
two AC leads that are bolted to the buses
connecting to the fan contactors in the AC
cabinet. The leads are indicated on Fig. 3-8.
Reversal of AC leads at the alternator terminal
board is not recommended because the dirt
evacuating blower in the central air compartment
will also be reversed.

After the AC leads are reversed fan operation can
be controlled by pressing the test pushbuttons on
the manifold-mounted engine water temperature
switches, Fig. 3-2. One fan must be working to
ensure automatic opening of the radiator shutters,
or the valve can be manipulated to hold the
shutters open.

CAUTION: When using fan test pushbuttons, be
careful not to accidentally release a
button during the starting surge of
current and be sure to allow a given
fan time to speed up before pressing
another button.

Make certain that the AC cables are
returned to their proper connection
points after radiator cleaning is
completed.
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CAUTION

Whenever a single blown
fuse is indicated, always
remove and discard both
fuses in the fan motor
circuit. Replace with two
new fuses.

Fig. 3-8 - (AC) Cable Terminals To Be Reversed For Reverse Operation

Of Fans. Cables To Be Reversed Marked By An (X)

3-10
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COOLING SYSTEM PRESSURE
CAP AND FILLER NECK

The pressure cap and filler neck should be in-
spected, tested, and rebuilt or replaced at inter-
vals indicated in the Scheduled Maintenance
Program. Refer to the service data page at the
end of this section for replacement part numbers.

INSPECTION

Inspect for —-

1. Hardened or damaged seals on both the
primary sealing surface and the vacuum
snifter sealing surface of the pressure cap.

2. Damage to filler neck sealing surface.

Perform pressure test to qualify pressure cap and
filler neck.

COOLING SYSTEM PRESSURE TESTING

Quick disconnect fittings are provided on the
water tank and in the air system piping at the
equipment panel located below the water tank. A
locally fabricated testing apparatus, Fig. 3-9, can
be used to pressurize the cooling system with
main reservoir air while the diesel engine is
running and coolant is at normal level.

WARNING: Do not subject the water tank to
pressure greater than 50 psi.

0-60 Ib
Pressure Gauge

Adapter Nipple
Parker-Hanafin
Tru-Flate P/N B3C

-—Water Tank

-— Equipment Panel

~——— Flexible Hose

Adapter Nipple
Parker-Hanafin
Tru-Flate P/N B3C

17642

Fig. 3-9 - Cooling System Pressure
Test Apparatus
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1. Using the testing apparatus, operate the ball
valve to gradually meter air into the cooling
system until the pressure gauge shows a value
near the relief rating of the pressure cap.
Close the ball valve.

. Place a container of water so that water level
is above the discharge end of the overflow
pipe from the filler neck.

. Intermittently crack open and close the ball
valve to admit additional air pressure to the
system. Record pressure when bubbles occur
at the end of the overflow pipe. This indi-
cates pressure cap release.

NOTE: Due to the position of the gauge in the
testing apparatus, the reading is influ-
enced while air is flowing.

4. Close the ball valve. Record air pressure when
bubbling stops. This reading will be close to
the actual reseating value of the pressure cap.

NOTE: For a quick check, close observation of
the pressure gauge, along with frequent
lapping of the ball valve can substitute for
the use of water at the end of the
overflow "pipe, provided there are no leaks
in the cooling system.

5. When the pressure cap resets, observe gauge
for further pressure drop. If leakage is appar-
ent, inspect filler neck and gasket, and
cooling system piping connections.

REPLACEMENT

1.If the pressure cap bell housing or other
metal surfaces are bent, replace the entire cap
with a new cap. The basic 7 pound cap is
fitted with a shaped-rod handle. The special
12 pound cap is fitted with a flat metal strap
handle. Provide seal and wire for use after
cooling system filling if required by railroad
rules.

. If the filler neck sealing surface is damaged or
distorted, replace the neck assembly with a
new assembly. Use a new tank-to-neck gasket.
Secure with four 3/8'-16 bolts and
lockwashers.
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Perform pressure test to qualify pressure cap and
filler neck.

REBUILD

If the primary and vacuum snifter gaskets are
hardened, or if damage is limited to the gaskets,
the pressure cap may be rebuilt. If the pressure
cap bell housing or other metal surfaces are
damaged, replace the complete cap.

Carefully pry the snifter valve assembly out of
the pressure cap assembly, Fig. 3-10. Discard the
snifter valve assembly and the primary gasket.
Assemble a new primary gasket and a new snifter
valve assembly to the pressure cap. Carefully tap
the snifter valve assembly in place into the pres-
sure cap bell housing until it is fully seated.

Perform pressure test of cap after rebuild.

Primary
Gasket

Snifter Valve Assembly
(Discard After Removal)

17643

Fig. 3-10 — Pressure Cap Assembly
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SERVICE DATA

SERVICE DEPARTMENT

COOLING SYSTEM

E B Section 3

REFERENCES
Temperature Control And Hot Engine Alarm Switches . . . . ... . ... ... ... .. M.I. 5511
Engine Water Treatment . . . . . . . . . . 0 v 0 vttt it e e e e M.I. 1748
Maintenance And Qualification Of Low Water Detector . . . . . ... ... ... .. ... M.I. 259
Cooler, Lube Oil . . . . . . . . o e e e e e e e M.I. 927

ROUTINE MAINTENANCE PARTS AND EQUIPMENT

Part No.
Low Water Detector Qualification And Testing Apparatus . . . . . . . . . . ... ... 8349133
Temperature Switch-To-Manifold Gasket . . . . . . . .. .. ... ... ... ...... 8314926
Drain Cock 1/4" NPT . . . . . . . e e e e 8386667
Thermometer Well 1/4" NPT . . . . . . . . . . 0 e e e e e e 8268162
Water Tank Pressure Cap Assembly . . . . . . . . . . . . o vt i o v 8446821
Primary Gasket . . . . . . . . . . e e e e e e e e e 8417470
Snifter Valve Assembly . . . . . . . . . o e e e e e e e e e 8438234
Pressure Cap Identifying No. . . . . . . . . . . . . . o e e e 7
Pressure Cap Operating Limits . . . . . . . . ... .. ... ... (6-1/2 to 8) psi
Filler Neck Assembly . . . . . . . . o 0 0 i e e e e e e e e e e 8458052
Tank-to-neck Gasket . . . . . . . . . . e e e e e e e e e e e 8424925
SPECIFICATIONS
Temperature Switch Settings
Switch Pickup Dropout Part No. or Part No.
TA 174 + 1-1/2°F. 159 + 2°F. 8424293 8424290
TB 182 = 1-1/2°F. 167 + 2°F. 8424294 8424291
TC 190 £ 1-1/2° F. 175 £ 2°F. 8424295 8424292
ETS 215 £ 1-1/2°F. 205 + 2°F. 8425023 8425575

NOTE: A temperature switch identified as TB on
one model locomotive is not necessarily of
the same temperature setting as a switch
identified as TB on a different model loco-
motive.

ALTITUDE EFFECT ON ENGINE TEMPERATURE SWITCHES

Engine temperature switches are installed with an 8° F. nominal difference between set points to provide
a time interval between fan motor starts. Two companies currently supply temperature switches to

EMD. The set points of these switches vary with atmospheric pressure, but not to the same degree.

It is imperative on any locomotive operated at 6000 feet or above, that American Standard or Square D

temperature switches be applied only in matched sets. We also recommend that whenever an alternator
or fan malfunction occurs, the temperature switches should be checked for mixed application and/or

proper calibration.

125172 Service Data 3-13
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SERVICE DEPARTMENT

SECTION

LOCOMOTIVE 4
SERVICE MANUAL

DESCRIPTION

Air is taken into the carbody (hood) of the
locomotive to supply three separate systems.

1. Engine cooling.
2. Dynamic brake grid cooling.

3. Central system for motor and generator
cooling,engine fuel combustion, and compart-
ment pressurization.

This section of the locomotive maintenance
manual covers the central system, the compo-
nents of which are in or connected to an air-tight
compartment, Fig. 4-1, located directly behind
the locomotive cab.

The rear of the electrical cabinet makes up the
front wall of the air compartment. The back wall
is made up of the AR10 generator and a partition
fitted around the generator. One opening is pro-
vided for air to the engine and another opening is
provided for the auxiliary generator and blower
drive.

The hood sides and roof and the generator pit
complete the central air compartment. Ambient
air enters the compartment through the carbody
inertial filters that are located high on the sides
of the hood. The filters are made up of wedge
shaped cells, Fig. 4-2, which have shaped slots
forming each wall of the wedge. The demands of
devices that draw air from the central compart-
ment create a depression within the com-
partment. Qutside air is forced rapidly through
the wedge shaped cells. Dirt particles, because
they are heavier than air, tend to travel in a
straight line and are carried into a bleed duct
located at the narrow end of the wedge. The
main portion of the air, separated by the action
of inertia from the dirt it carries, changes direc-
tion abruptly, passes through the narrow side
passages, and enters the compartment as clean air.
The bleed air containing dirt is drawn through an
electrically driven bleed blower and is expelled
through the roof of the locomotive.

125172

CENTRAL AIR SYSTEM

Approximately two-thirds of the filtered air goes
to the generator and traction motor blowers to
provide cooling air to the generator and motors.
Supplementary use is also made of traction motor
cooling air in the following manner.

1. Provides pressure to counteract the depression
in the central compartment and enables an
aspirator, Fig. 4-3, to drain water from the
generator pit.

2. Provides filtered air under pressure to the
electrical cabinet, and provides cooling air to
the dynamic brake blower motor bearing.

3. Provides pressure to the oil bath engine air
filter in order to alter its mode of operation
and prevent filter oil from being drawn into
the engine when operating at higher speeds.

Air from the generator blower is applied first to
cool the ARIO rectifier banks. From there it
passes through the generator and into the engine-
room. This creates a slight pressure which tends
to keep dirt from entering the engineroom. This
filtered air is used by the air compressor, re-
ducing the load on its own air intake filter
assembly.

INSPECTION AND MAINTENANCE
OF THE CENTRAL AIR SYSTEM

COMPARTMENT INSPECTION

If any leaks exist in the central air compartment,
unfiltered air will enter. This may be caused by
any of the following defects.

1. Access panel bolts removed.

2. Access panel gaskets or seals not properly
applied.

3. Compartment door not tightly closed.

4. Engineroom partition and attached cover
plates not properly applied and sealed.
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Intake For Engine Air Filter

Clean Air To Engine

Intake To Traction Motor Blower

. Intake To Generator Blower

Cooling Air Ducted To Traction Motors
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11. Access Panel
12. Electrical Cabinet Air Filter
13. Cooling Air Piped To Dynamic Brake Blower
Motor Bearing
14. Filter Vacuum Switch FVS, Engine
Filter Switch EFS, And Manometer
Hose Stem

Fig. 4-1 — Central Carbody Air System
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Fig. 4-2 — Inertial Air Filter Cell Diagram

5. Generator pit aspirator not properly

connected.

ASPIRATOR INSPECTION

At the intervals stipulated in the Scheduled Main-
tenance Program, inspect the main generator pit
aspirator, Fig. 4-3, as follows:

1. Check aspirator drain holes for obstructions.
2. Check that traction motor cooling air is ex-

hausting from the aspirator tube causing ven-
turi action at the aspirator drain holes.

Screen

FAULTY BLEED BLOWER OPERATION

The efficiency of the inertial carbody air filters
will be significantly reduced if the bleed blower is
faulty. If the blower is not operating, unfiltered
air will be drawn in through the bleed blower
exhaust stack, or if improper electrical connec-
tion is made, the blower may run backward with
a resulting large drop in blower effectiveness.
Either of the aforementioned conditions will
cause an excessive amount of dirt to be blown
into the generator and traction motor ducts. The
engine filter will effectively clean the air taken in
by the engine, but the added burden placed upon

Traction
Motor
Blower Duct

Fig. 4-3 - Typical Generator Pit Aspirator
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the engine filter may bring about the nced for
carly filter maintenance.

Proper operation of the bleed blower can be most
readily verified in the following manner. Climb to
the top of the locomotive before the engine is
started, and observe the squirrel cage blower
through the exhaust filter compartment. When
the engine is started, the blower will turn so that
the vanes move up toward the observer.

NOTE: It is not sufficient merely to check that
air is exhausting from the bleed blower
hatch of an already running engine. The
squirrel cage blower, if running backward,
will still exhaust air from the hatch, but
at a greatly reduced volume.

INSPECTION OF FILTERS
CARBODY INERTIAL FILTERS

When dirt accumulates on the inertial filter cell
vanes, the pressure drop across the filter in-
creases, thus increasing the depression inside the
filter compartment. As depression increases, the
carbody inertial filter becomes less efficient, but
this in itself is not critical, since the efficiency of
the engine filter may not be affected. However,
as filter compartment depression increases, the
traction motor and generator blowers, which take
their air from the compartment, will put out less
cooling air.

It is not possible to determine by a visual inspec-
tion whether the carbody filters are sufficiently
clean or are plugged to the maximum allowable
limit. It is possible for the filters to appear very
dirty and still provide adequate filtration and
adequate cooling air.

If dirt on the filters is evenly distributed, it has
no adverse effect upon filtration, except for the
resulting increased pressure drop that the cooling
blowers must work against. However, if dirt is
unevenly distributed, filtering effiency can be
reduced without an increase in pressure drop.

It has been determined from experience that
inertial filters should be removed from the loco-
motive and cleaned whenever compartment de-
pression exceeds the value shown on the Service
Data page.

ENGINE AIR FILTERS
Additional filtration is required for air used by

the engine. It is provided by a filter assembly
consisting of 12 pleated paper elements, Fig. 4-4.

17752

17753

Fig. 4-4 - Pleated Paper Elements
For Engine Air Filter

MEASURING DEPRESSION ACROSS
INERTIAL PLUS ENGINE
AIR FILTERS

Units equipped with pleated paper engine air
filters are provided with pressure switches, Fig.
4-5, that sense the differential between ambient
and pressure at the turbocharger inlet. The
switches are located inside of the electrical
cabinet, and connected by tubes to the turbo
inlet side of the engine air filter, and to ambient.

/Uw_@/\(

A%\d‘ B @///

Fig. 4-5 — Filter Safety Device
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When the primary switch FVS trips at 14" differ-
ential the ENG. AIR FILTER light comes on in
the AN module, indicating excessive depression.

When the backup switch EFS trips at 24", differ-
ential a latching relay EFL in the electrical
cabinet picks up. Relay contacts operate to limit
engine speed and power and provide a backup
signal to the AN module. The latching relay must
be reset before the AN module can be reset.

Hose stems located at a comer of the electrical
cabinet provide a convienient place to take a
manometer reading of pressure drops across the
inertial air filter or the engine plus inertial air
filters. Monometer readings should be taken as
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indicated in the Scheduled Maintenance program
or when operating conditions or the appearance
of the filters seem to warrant such a check.

1. At the side of the electrical cabinet connect a
rubber hose to the inertial filter hose stem,
Fig. 4-6. Connect the other end of the hose
to a U-tube manometer or other pressure
measuring device.

\ %
AR FLTERS

ENGIRE
+
INERTIALS

17546

Fig. 4-6 — Hose Stems For
Manometer Connections

2. Operate the diesel engine until it is warm,
then with reverser handle in neutral position,
test switch in CIRCUIT CHECK position, and
generator field CB off, place throttle in Run
8 position. Loading is not necessary.

3. If filter compartment depression is less than
the minimum stipulated on the Service Data
page, make certain that all central air com-
partment panels, partitions, and cover plates
are properly applied and that no air is by-
passing the carbody filters.

4. Filter compartment depression greater than
the maximum stipulated on the Service Data
page is cause for immediate cleaning of the
inertial filters.
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NOTE: A reading of more than 3" of water is
indication that the inertial filters can be
expected to plug within 12 months.

5. Connect the measuring device to the "Engine
- Inertials" hose stem. If the reading is greater
than the maximum stipulated on the Service
Data page, and the inertial filter reading previ-
ously taken was satisfactory, the pleated
paper filters must be renewed.

NOTE: If the inertial filter reading was near the
maximum, cleaning of the inertial filters
may extend the useful life of the paper
filters somewhat.

6. Connect the measuring device to the "'Electri-
cal Cabinet' hose stem. Make certain that all
cabinet doors are securely latched. Check the
Service Data page for maximum permissible
depression.

CLEANING THE CARBODY
INERTIAL AIR FILTER

The only approved and recommended method of
cleaning the carbody filters is immersion in a hot
caustic or detergent bath followed by a cold
wash. The filters should be removed from the
locomotive and cleaned if filter compartment
depression exceeds the maximum value shown on
the Service Data pages.

REMOVAL AND CLEANING PROCEDURE

In order to facilitate inertial air filter cleaning
and changeout, a spare set of filters should be
available for rapid exchange with dirty filters.
This practice will allow proper cleaning and main-
tenance of the filter assemblies without tying up
a locomotive.

To remove the inertial air filter assemblies from
the locomotive, perform the following:

1. In the engineroom, at a position adjacent to
the turbocharger, remove 22 hex head
1/4"-20 screws and the filter compartment
access panel, 11 Fig. 4-1, from the engine-
room - air compartment partition. This pro-
vides access to clamps on dirt evacuating
hoses.
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2.

Loosen the clamps on the hose that connects
the inertial filter dust bin to the bleed blower
assembly. Raise the rubber hose so that the
hose is free of the filter assembly.

. From the outside of the locomotive remove

twelve 1/2'""-13 hex head bolts and split lock-
washers holding the inertial air filter inlet
screen to the filter opening. Remove the
screen. Fig. 4-7 shows a cross sectional view
of the area where filter and screen are
attached to the locomotive hood.

. Thread several lifting eyes into the holes for

the 1/2'"-13 bolts, and attach a suitable lifting
device to the filter assembly. Each filter
assembly weighs approximately 600 pounds.

.From inside the central air compartment

loosen the flare nuts that connect drain
piping to the underside of the filter assem-
blies. Bend the tubing slightly away from the
fittings.

. With a pipe wrench, remove the pipe nipples

and attached elbows from the filter assem-
blies. This is done to allow easy removal of
the filter assemblies and avoid damage to the
pipe fittings. To avoid loss, the elbows and
nipples may be temporarily fastened to the
flare nuts.

. Remove the 18 hex head 1/2'-13 bolts that

hold the filter assembly in place, and remove
the filter assembly from the carbody.

Pressure
Sensitive Tape

| £ —BoIT 1/2:13 Hex Head
S o Inertial
Filter

Assembly

Screen
Assembly

\Bolt 1/2-13 Hex Head
== Washer 1/2 Lock

17547

Fig. 4-7 — Inertial Filter And Filter Screen
Attachment Cross Sectional View

8. Remove and discard the pressure sensitive
backed tape-type gasket material from the
filter flange.

9. Place the entire filter assembly in a hot
caustic or detergent bath until clean. The
time required for cleaning will depend upon
the type of bath used, its temperature, and the
condition of the filter.

10. When the filter is removed from the caustic
bath it should be given a clear cold wash.

11. Dry the filter flange and apply a new pressure
sensitive backed tape-type gasket.

12. Reinstall the filters and filter screens, recon-
nect water drain piping, and reconnect the
hose between the dust bin and blower
assembly.

13. Tighten the hose clamps, then after inspecting
the gasket material on the access cover, re-
place the access plate and reapply the screws.

CAUTION: Make certain that the hoses are cor-
rectly mated to the dust bin openings
before tightening the hose clamps.

14. Check all connections to see that no leaks
exist. Check the filter compartment
depression.

OIL BATH TYPE ENGINE AIR
FILTER (SPECIAL ORDER ONLY)

GENERAL DESCRIPTION

The oil type engine air filter, Fig. 4-8, is provided
when requested by the railroad. It is mounted
within the central air compartment and on top of
the main generator. It is an oil bath filter that
relies upon oil-wetted media to remove dirt parti-
cles from the air that is drawn through it. The
filtering media is both wetted and washed by
filter oil that is drawn by the force of air from
an oil sump and up to the filtering media.

FILTER OPERATION

Incoming air enters the front, side, and back of
the filter housing through openings formed by
structural iron legs that separate the drip pan and
oil sump from the main body of the filter
assembly. The air passes through a perforated
plate, each perforation of which is covered by a
disc that is elevated by the force of incoming air.
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Fig. 4-8 —- Engine Qil Type Air Filter Pictorial And Schematic Diagram
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The openings in the perforated plate are cali-
brated to increase the velocity of air through
them just the proper amount to pick up oil as it
tends to spill over the edges of the holes. At the
same time, the movable discs (vari-flow valves)
act to distribute air flow uniformly over the filter
pad area.

Oil and dirty air are carried upward from the
perforated plate and into the primary filter pad.
Dirt is collected by the pad, and clean air passes
through the pad. The collected dirt is washed out
by oil as it drains to the low edges of the pads
and into channels and piping that returns the
dirty oil to the sump. The accumulated siudge
settles to the bottom of the sump.

A secondary pad catches oil that did not adhere
to the primary pad. However, when the air
velocity through the filter reaches a certain level,
oil would pass through the secondary pad and
into the engine. The manner in which this is
prevented is detailed under ASPIRATOR
CUTOFF.

OPERATION OF THE PNEUMATIC
OIL LIFT

The restriction in air flow caused by the perfo-
rated plate and vari-flow valves develops a pres-
sure drop across the perforated plate. Because of
this pressure drop, oil is pulled in droplet form
from the aspirator cup and into the lift tubes. A
flow of oil is therefore supplied from the oil
sump to the filtering media and top of the
perforated plate. This occurs in the following
manner.

The pressure inside the lift tubes is less than the
atmospheric pressure on the surface of the oil in
the sump. Oil therefore starts to rise in the
aspirator cup. See detail on Fig. 4-8. The pressure
differential also causes air to enter aspirator holes
in the cup, some of it below the level of the oil
standing in the cup. The jets of air through the
aspirator holes are of sufficient velocity to break
oil surface tension and create oil droplets. The
air-oil mixture combines with the air entering the
aspirator holes above the oil level. This provides
sufficient lift to deliver the oil to the area above
the perforated plate. The small oil particles are
carried to filtering pad; the larger drops fall to
the perforated plate and form a film that is
picked up and carried to the filtering pad by the
force of incoming air through the vari-flow valves.

ASPIRATOR CUTOFF

The sump details on Fig. 4-8 show that traction
motor blower pressure is used to influence the
flow of oil to the aspirator cup. This is required
because space restrictions limit the size of the oil
bath filter, and the velocity of intake air at
higher engine speeds would cause oil to be drawn
through the mist eliminator pad and into the
engine. The method used to prevent filter oil
from being drawn into the engine Is to cut off
aspiration when engine speed reaches a specific
throttle position. This is done by taking the
pressure (proportional to engine speed) in the
traction motor blower duct and directing it to
the aspirator assembly. When this pressure be-
comes great enough, oil flow from the sump is
blocked.

After aspirator cutoff, the filter acts as an oil
wetted impingement filter of sufficient capacity
to operate continuously at high throttle for over
a day without plugging the filter. Since a locomo-
tive does not operate continuously at high
throttle for such long periods, filtering media
plugging will not occur. The media will be
cleaned adequately and re-oiled when the engine
is operated at idle or low throttle position for at
least 15 minutes every few hours.

MAINTENANCE

Operation of the engine oil bath filter should be
checked at intervals stipulated in the Scheduled
Maintenance Program. Filter oil should be
changed and the filter cleaned at stated intervals,
or at shorter intervals if operating conditions
warrant. Filter oil must be of the type indicated
on the Service Data page.

OIL LEVEL

A sight glass is located on the side of the oil
sump. The oil level should be checked after the
engine has been idling for at least 5 minutes to
allow the system to balance. The oil level should
be at the center of the sight glass. If oil level is
checked immediately after engine shutdown it
will also be at the center of the glass, but will
rise to the top of the glass in about 20 minutes.

If frequent addition of oil is necessary, an investi-
gation should be made to determine where the oil
is being lost. If no external leak is found, the
aspirator cutoff may be faulty and oil is being
drawn into the engine.

128172



Under normal conditions, there should be no
need to add oil between scheduled oil changes.

CHECKING ASPIRATOR CUTOFF

Aspirator cutoff can be checked by looking with
a flashlight up through the vari-flow valves
toward the filtering pad while the locomotive is
running in various throttle positions. When oil is
being aspirated, tiny droplets can be seen being
carried toward the filtering pad. Aspirator cutoff
should occur at the throttle position listed on the
Service Data page. Close the central air compart-
ment door while making the check.

If the aspirator cutoff is not working, check the
following:

1. The hose connecting the traction motor
blower duct with the filter sump should be
intact and secure.

. Aspirator cutoff orifice plugged.
. Air pressure line leaking inside the sump.

. Additive type oil used instead of recom-
mended oil.

CAUTION: Additive type oils tend to keep dirt
particles in suspension, which in-
creases its tendency to ''mist."

5. While checking aspirator cutoff, check that all

vari-flow valves operate properly and that the
valve retaining clips are in good condition.

PROCEDURE FOR CHECKING
ASPIRATOR CUTOFF
1. With engine at idle:

Check oil level. The oil level should be at
the center of the sight glass.

a.

Check oil level in the aspirator cup with a
dipstick. Oil level should be at a minimum
depth of 1".

2. Increase engine speed to 8th throttle. Within

3 minutes after reaching 8th throttle, the
aspirator cup should be empty.

128172
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3. Reduce throttle to Run 6 and allow the
engine to run at that speed for 3 minutes. If
the aspirator cutoff is operating properly
there will be no oil in the delivery cup.

4. Return engine to idle. Within 3 minutes the
oil level in the delivery cup should be at a
minimum depth of 1".

CHECKING FILTER OIL WASH

A periodic check should be made to verify that
the aspirator is working properly and the filtering
media is being washed with oil. If the filter air
intake area is coated with dry dirt, proper aspira-
tion is not taking place. The following items
should be checked.

1. Check for proper filter oil level.

2. Check that the oil level in the aspirator cup is
at least 1-1/2". A piece of metal can be used
as a dip stick.

3. Verify that the proper type of oil is being
used in the filter.

CLEANING THE FILTER

A drain plug is provided at the bottom of the oil
sump. After the oil is drained, replace the plug
temporarily and use a kerosene spray to clean the
vari-flow valves and the oil drip pan surfaces.
Drain out the kerosene, then with a scraping tool,
clean the sludge from the sump. When the bulk
of the sludge has been removed a further kero-
sene spray may be used to wash down the
remaining sludge. With a brush or some pointed
object, check that the holes in the aspirator cup
are clear. Wipe out the sump with shop towels.

Add the type oil specified on the Service Data
page. Qil level should be at the center of the
sight glass.

The filtering and mist eliminator pads need no
servicing and should not be disturbed unless there
is definite indication of malfunction. Should
some rare condition make it necessary to clean
the filtering and mist eliminator pads, it is first
necessary to remove the inertial filters and roof
hatch from the locomotive, then unbolt and
remove the filter top plate. Lift out the pads and
clean them with kerosene or hot water.
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SERVICE DEPARTMENT

CENTRAL AIR SYSTEM

ROUTINE MAINTENANCE PARTS AND EQUIPMENT

Part No.
Pressure Sensitive Backed Tape-Type Gasket
1/16" x 3/4" Rubber Cork . . . . . . . . . i e e e e 8135382
100 ft. length . . . . . 0 e e e e e e e e e e e 8133198
1/16" x 1-7/8" Rubber Cork . . . . . . . . . . e e 8135383
100 ft. length . . . . . . o o e e e e e e e e e e e e e e 8133199
Rubber Weather Seal . . . . . . . . . . . . . e e e e 8324100
SPECIFICATIONS
Engine Air Filter - Oil Type
No. 10 Weight, Non-Detergent, Low Additive
Mineral Oil (Air Compressor Oil) . . . . . . . . . . .. ... 13-1/2 Gallons
Aspirator Cutoff Point Maximum Position . . . . .. .. ... ... ... ... .... 6th Throttle
Engine Air Filter - Pleated Paper Type (12 Required Per Assembly)
Filter Element (Length 45" — Weight 19.5 Lbs.) . . . . . . . . . . .. . ... .. ... 8377042
or 8468999
Electrical Cabinet Air Filter
Pleated Cotton-Paper Elements (4 per housing) . . . ... . . ... ... ... ... 8345482
FILTER SAFETY DEVICES
Filter Vacuum Switch FVS . . . . . . . . . . . e e 8465021
(14%1/2" H,O Negative Pressure)
Engine Filter Switch EFS . . . . . . . . . . . . 8466230

(24%1/2" HHO Negative Pressure)

FILTER INTERCHANGEABILITY

SD40-2 engine filters are interchangeable with the SD45-2 and SD45T-2. But with no other models.
GP40-2 and SD40-2 engine filters are not interchangeable.

GP38-2 and SD38-2 engine filters are interchangeable with GP40-2 filters.

158372 Service Data 4-11
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SERVICE DEPARTMENT

Minimum Allowable Central Air Compartment Depression

Maximum Allowable Depressions:

Section 4

SERVICE DATA (CONTD)

................ 2 inches H20

Maximum
Depression Pressure Reading Location
Inches Of Water At Run 8, Load Or No Load
Carbody 5 Measure at pressure tap on left side of
Inertial electrical cabinet. See Fig. 4-6.
Filter
Units B
Equipped With Combined 16 Between oil-type filter top front (toward
Oil-Type Oil-Type electrical cabinet) bolt hole and outside of
Engine Air And Inertial filter compartment with door closed.
Filters Filters
Aftercooler 10 At bolts holes (5th from top) across after-
Core cooler core. Apply and disconnect hoses
with engine down or at idle speed. See
sketch at bottom of page.

CAUTION: Do not remove hoses with
engine at high speed. Do not
apply or remove hoses singly.

[ — — — — : i
Maximum
Depression Pressure Reading Location
Inches Of Water At Run 8, Load Or No Load
Carbody 5 Measure at pressure tap on left side of
Inertial electrical cabinet. See Fig. 4-6.
Unit Filter
Equipped With - —
Pleated Paper Combined 14 Measure at pressure tap on left side of
Engine Air Pleated electrical cabinet. See Fig. 4-6.
Filters Paper And
Inertial
Filters
Aftercooler 10 See aftercooler core instruction above.
Core
IE ‘f = ;:T- .-(/'__;._:.:-
v 7 ||
! i |
X AR |
-00- /Cl o o Oo! 1
15794

Reading Differential Pressure On Aftercooler

Service Data 4-12
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SERVICE DEPARTMENT

RECOMMENDATION — INERTIAL FILTER CLEANING

It is recommended that filter compartment depression readings be taken periodically. However, if
readings are taken only yearly, a reading of 3 inches of water indicates that the maximum allowable
depression of 5 inches probably will be reached before the next yearly inspection.

RECOMMENDATION — OIL-TYPE FILTER CLEANING AND OIL CHANGE

Change oil, and clean the sump and valve distribution plate at intervals indicated in the scheduled
maintenance program,

Monitor the combined inertial and oil-type filter depression at annual inspections. Also check the inertial
filter depression independently. These readings will indicate whether the inertial filter alone, or both the
inertial and the oil-type filters should be removed and cleaned.

The oil-type filter should be removed and cleaned when the pressure reading cannot be brought into
tolerance by cleaning the inertial filter alone; or if with a clean inertial filter it is expected that the
pressure limitation will be exceeded before the next annual inspection.

If the maximum depression is not reached, the oil-type filter should be removed and cleaned only at the
filter rebuild interval.

RECOMMENDATION — AFTERCOOLER CORE CLEANING

On units equipped with oil-type engine air filters, the aftercooler cores should be cleaned at intervals
indicated in the scheduled maintenance program.

RECOMMENDATION — PAPER ENGINE AIR FILTER CHANGEOUT

When a tripped engine air filter service indicator is noted, the indicator should be reset with the engine
at idle speed. Speed should then be increased to Run 8 for 1 minute, then returned to idle. If the
indicator is tripped, check the combined paper and inertial filter depression with a manometer, then
check the inertial filter depression independently. These readings may indicate whether inertial filter
cleaning will significantly increase the usable life of the paper filters.

Ideally, to obtain full use of the paper filters, the times of inertial filter cleaning and paper filter
changeout should be staggered.

RECOMMENDATION — PAPER ELECTRICAL CABINET AIR FILTER CHANGEOUT

Electrical cabinet air filters should be renewed at intervals indicated in the scheduled maintenance
program.

If unusually dirty operating conditions exist, the air filters may become plugged in a shorter period of
time. Plugging can be detected by measuring static pressure inside the electrical cabinet with all doors
tightly latched. Electrical cabinet air filters should be renewed when pressure is less than 1.5 inches of
water with a properly sealed electrical cabinet.

128172 Service Data 4-13



Section 4

EDN1 SERVICE DATA (CONT'D)

SERVICE DEPARTMENT

Cabinet pressure can be sensed by means of static pressure tap on the left side of the electrical cabinet.
Low cabinet pressure can indicate one or both of the following:

1. Dirt loaded filter element.

2. Poor cabinet seal. This condition will result in excessive air flow through the electrical cabinet air
filters, causing them to become plugged at a faster than normal rate.

NOTE: To obtain accurate, representative electrical cabinet pressure, the central air compartment door
must be tightly closed, and traction motor inspection covers must be secured in place.

Service Data 4-14 125172



SERVICE DEPARTMENT

EED

SECTION

LOCOMOTIVE S5
SERVICE MANUAL

COMPRESSED AIR SYSTEM

DESCRIPTION

Compressed air is used for operating the loco-
motive air brakes and auxiliary devices such as
sanders, shutter operating cylinders, horn, bell
and windshield wipers. Air is also required for
atomizing the fuel oil supplied to the steam
generator (if so equipped).

AIR COMPRESSOR
DESCRIPTION

Air is compressed by a deep crankcase water
cooled, three cylinder (six cylinder optional), two
stage air compressor, Fig. 5-1. The compressor is
driven through flexible couplings from the front
end of the engine crankshaft.

The compressor has its own oil pump and pres-
sure lubricating system. With the engine running,
the oil level in the compressor crankcase can be
checked on the float type indicator. At idle speed
with the lubricating oil at operating temperature
(140° F.), the oil pressure should be 18 to 25 psi.
A plugged opening in the relief valve block is
provided for an oil pressure gauge.

The compressor has two low pressure and one
high pressure cylinders. The pistons of all three
cylinders are driven by a common crankshaft.
Two low pressure cylinders are set at an angle to
the one vertical high pressure cylinder. Air from
the low pressure cylinders goes to a water cooled
intercooler to be cooled before entering the high
pressure cylinder. The intercooler is provided
with a relief valve and a plugged opening for a
pressure gauge.

The compressor is equipped with either of two
dry type air inlet filters, Fig. 5-2, containing
replaceable elements.

MAINTENANCE

The air compressor should be periodically
checked to see that the lube oil level indicator
needle is in the RUN zone on the sight gauge. If

128172
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Fig. 5-1 — Air Compressor

the gauge shows the oil level to be in the ADD
zone, a sufficient amount of EMD approved lube
oil should be added at the oil fill pipe. The oil
should be changed at intervals stated in the
applicable Scheduled Maintenance Program. The
addition of oil between changes is normally not
necessary due to the high capacity of the deep
crankcase.

When it is necessary to install a pressure gauge to
check intercooler or lube oil pressures, be sure
the gauge is removed and replaced with a plug
and the plug tightened sufficiently to prevent
loosening from vibration.

The air inlet filter element should be changed at
intervals specified in the applicable Scheduled
Maintenance Program. Consult the Service Data
page at the end of this section for the correct
replacement filter element.
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Fig. 5-2 — Compressor Air Filter
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Fig. 5-3 -~ Replacing Compressor Filter Element 15462
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To remove the element from the rectangular
shaped filter, remove the nut, lockwasher, and
retainer hook at the top and bottom of the filter,
Fig. 5-3. The impingement screen can then be
removed and the clement pulled out of the
housing.

To remove the element from the cylindrical
shaped filter, remove the elastic stop nut and the
retainer at the bottom of the filter. The element
is then free to drop out of the filter body.

COMPRESSOR CONTROL SWITCH — CCS

DESCRIPTION

Since the air compressor is directly connected to
the engine, the compressor is in operation (al-
though not always pumping air) whenever the
engine is running. An unloader piston that cuts
out the compressing action when actuated by air
pressure from the compressor control switch, Fig.
5-4, is provided in the head of each high and low
pressure cylinder. The unloader accomplishes this
by blocking open the intake valves in the high
and low pressure cylinders. When the air opera-
ting the unloader is cut off, the unloader releases
the intake valves and the compressor resumes
pumping. Main reservoir air pressure is used to
actuate the unloader valves.

Gauge
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'r =

..I I
Test Connection
\
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Section 5

When the locomotive is furnished with the op-
tional extra compressor synchronization, each
locomotive unit is equipped with an electro-
pneumatic system for compressor governor
control. The electrical arrangement is such that
the compressor in each unit of a consist pumps
air to its own main reservoirs whenever the main
reservoir pressure in any single unit drops to 130
psi, Fig. 5-5. All units will continue to pump
until main reservoir pressure in each and every
unit reaches 140 psi.

Another available option is a dual compressor
control switch which acts to unload the compres-
sor on an individual unit when the main reservoir
pressure for that unit reaches 145 psi. This
prevents individual compressors from working
against the main reservoir safety valve when other
units in the consist have not yet accumulated
sufficient main reservoir pressure to signal un-
loading of the compressors.

MAINTENANCE

The compressor control switch, Fig. 5-6, is man-
ufactured to close tolerances and thercfore in-
spections should be limited to intervals specified
in the applicable Scheduled Maintenance Program.
If air compressor difficulties arise, all other
sources of possible trouble should be investigated
before any attempt is made to disturb the
settings of the compressor control switch.

Manual Override Handle
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I ’ibl—‘@MV -CC

1.
,9.
|
B
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Compressor Control

Air Strainer

|- /

" /

el
&=~ Drain Valve
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Fig. 5-4 - Compressor Control Panel
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Fig. 5-5 — Electro-Pneumatic Compressor Control

During periodic inspections of the compressor
control switch or when faulty operation is sus-
pected, the switch should be removed from the
locomotive and replaced with a qualified switch.
The faulty switch should be taken to a bench for
any further testing or setting.

COMPRESSOR CONTROL MAGNET
VALVE — MV-CC

DESCRIPTION

When the compressor control magnet valve, Fig.
5-4, is de-energized, the air compressor unloader
piston lifts and the compressor begins to pump.
The magnet valve is de-energized when the com-
pressor relay is energized and the compressor
relay responds to the compressor control switch
in the individual unit or to the compressor
control switch in each or any unit of a consist
equipped with synchronization.

A manual means is also provided to keep the air
compressor unloaded. The compressor magnet
valve, MV-CC, can be held open by a manual
override handle, which holds the magnet valve in
energized position.

MAINTENANCE

If faulty operation of the valve is suspected,
check to see that the manual override handle is in
the proper position. With the manual override
handle pulled out and the magnet valve
de-energized, the valve should close causing the

54

Makes At 145 fg psi Increasing Pressure

Breaks At 135 fg psi Decreasing Pressure

13569

compressor to pump. Check the magnet valve and
air line to the compressor unloader valve for
leaks. Also check the electrical connections on
the valve to see that they are tight. If repair is
required, remove the magnet valve and replace it
with a qualified valve.

Range Adjustment Differential Adjustment

17555
Fig. 5-6 - Compressor Control Switch
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COMPRESSED AIR PRESSURE GAUGE
DESCRIPTION

A pressure gauge, Fig. 54, is located on the
compressor control panel next to the AC cabinet.
The gauge is connected to the air system in the
line from the main reservoir to the compressor
control switch and consequently will reflect No.
1 main reservoir pressure.

MAINTENANCE

A test fitting is provided for checking gauge
accuracy and compressor control switch settings.

COMPRESSED AIR FILTERS

DESCRIPTION

The compressed air system has three centrifugal
type filters, the main reservoir and auxiliary main
reservoir filters, Fig. 5-7, and the compressor
control filter, Fig. 54, to prevent moisture and
contaminants from being carried into the air
brake and other air systems. Both the main
reservoir and auxiliary main reservoir filters are
equipped with an automatic electric drain valve
which operates on a signal from the compressor
control switch each time the compressor unloader
valve is actuated. The compressor control filter
drain valve opens each time reservoir pressure
drops below 20 psi.

The main reservoir and auxiliary main reservoir
filters can be equipped with an optional electro-
thermo timer to control the interval between
blowdowns of the automatic drain.

MAINTENANCE

The No. 2 main reservoir centrifugal filter
contains a replaceable type filter element which
should be changed at intervals stated in the
applicable Scheduled Maintenance Program. See
Service Data for correct filter element.

Before removing the sump bowl on the bottom
of the filter be sure the cutout located between
the main reservoir and the filter is shut off. Once
the sump bowl is removed, the element can be
removed by unscrewing the wing nut that holds
the element in place.
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Main Reservoir
Filter

13620

Fig. 5-7 — Compressed Air Filters

The sump bowl on both centrifugal filters may be
cleaned out if necessary by removing the bowl.
The drain valves should be cleaned and inspected
when maintenance is performed on the filters as
stated in the applicable Scheduled Maintenance
Program.

MAIN RESERVOIR DRAIN VALVES
DESCRIPTION

The No. 1 main reservoir is equipped with a
combination automatic/manual drain valve. When
set on automatic, it operates as the compressor
loads or unloads to allow moisture to be drained
from the reservoir before it is carried into the air
system. The No. 2 main reservoir is basically
equipped with a manual drain valve but an auto-
matic/manual valve is optional.

If it is desirable to shut off either the automatic/
manual or the solenoid operated drain valves,
turn the valve knob clockwise as far as possible.
To return the valve to automatic operation turn
the valve knob full counterclockwise. Manual
drain will occur when the valve knob is midway
between the ON and OFF positions.

The electro-thermo timer to control blowdowns
of the automatic drains, mentioned earlier under
Compressed Air Filters, can be supplied as an
option at extra cost.

An additional option which is frequently used
with the electro-thermo timer is the solenoid
operated automatic drain valve which has the
solenoid attached directly to it, Fig. 5-8.
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Manual Drain Valve

Biowdown Occurs
Between Seatings

Solenoid

17541
Solenoid Operated
Automatic Drain Valve

Fig. 5-8 — Main Reservoir Drain

MAINTENANCE

The drain valves should be checked periodically
to see that they are seating properly and no air is
leaking. The seals and piston should be lubricated
at regular intervals with a good grade of air brake
grease.

ELECTRO-THERMO TIMER
DESCRIPTION

The electro-thermo timer, EBT, Fig. 59, used to
control the interval between blowdowns on the
automatic drain valves consists of a thermo
switch containing a bi-metal disc, a heater, and a

5-6

relay which is connected to the coil leads on the
solenoid operated drain valves. When the relay
coil is energized by closing the battery circuit,
the heater in the electro-thermo timer is ener-
gized and heats the bi-metal disc. When the disc
reaches a predetermined temperature, the switch
contacts open, shutting off the heater and closing
the circuit to the solenoid valve. This causes the
drain valve to produce a short blast.

When the bi-metal disc in the thermo switch
cools, it closes the contacts in the thermo switch,
starts the heater, and energizes the relay which in
turn de-energizes the solenoid valves. The drain
operates again, producing a short blast.

MAINTENANCE

If faulty operation of the electro-thermo timer is
suspected, first check to see that all connections
are tight at the timer and at the drain valves. If
this does not produce satisfactory results, replace
the thermo switch by removing the electro-
thermo timer cover and pulling the tape tab on
the switch. Plug in a new switch and replace
cover.

DRAINING THE AIR SYSTEM

The compressed air system air filters and main
reservoir automatic drains should be operated
manually at least once a day to ensure operation
of the automatic feature.

The drain valves are located at the following
locations:

1. Auxiliary main reservoir centrifugal filter

drain valve, Figs. 5-10 and 5-11.

Pull Tape To Remove Switch

Fig. 5-9 - Electro-Thermo Timer
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Manual Override a
o L N T i
E::fi et = 5
ol G
Auxiliary Main | /; 7 jN—
Reservoir Filter (II l " Main Reservoir Filter
& Fiiter Drain | 1 &Filter Drain
Ll =
\_u L // Ny
—1 =\ y % Shutter Linkage Adjustment
T e n— . '8
13570
Fig. 5-10— Main AndAuxiliary Main Fig. 5-12 — Shutter Operating
Reservoir Centrifugal Filters Piston
2. Main reservoir centrifugal filter drain valve, front of the shutter assembly on each side of the
Figs. 5-10 and 5-11. carbody. The cylinder is actuated when the shut-

ter control magnet valves, MV-SH, are energized.

3. Main reservoir drain valves, Fig. 5-11. _
MAINTENANCE

4. Compressor control strainer drain valve, Fig.
5-11. Open the shutters manually by pressing the
button on one of the temperature switches or by
moving the shutter valve mounted on the front of

RADIATOR SHUTTER CONTROL the water tank to the TEST position. Check for
fast, snappy action when opening or closing, and
SHUTTER OPERATING PISTON for interference which might be caused by bent
linkage or shutter blades. If shutters do not open
DESCRIPTION or close to their full extent, the shutter operating

rod may be adjusted by loosening the locknut on
The radiator shutters are opened and closed by the operating rod at the front head of the
the action of an air operated piston, Fig. 5-12, cylinder, Fig. 5-12, and turning the rod until the
which is mounted to the carbody structure at the desired length is obtained.

1. Main Reservoir Centrifugal Filter And Drain

2. Auxiliary Main Reservoir Centrifugal Filter And Drain
3. Main Reservoir Drain Valve Location

4. Compressor Control Strainer Drain Valve Location

Fig. 5-11 — Compressed Air System Drain Valve Locations
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SHUTTER MAGNET VALVE — MV-SH
DESCRIPTION

When cooling fan contactors FC1, FC2, and FC3
are de-energized, their interlocks close to energize
shutter control magnet valves MV-SH, Fig. 54.
This allows compressed air to be admitted to the
shutter operating pistons to force the spring
loaded shutters closed. When the FCI fan con-
tactor is energized, shutter magnet valves are
de-energized, air pressure is released from the
shutter operating pistons and the spring loaded
shutters open.

The MV-SH assembly consists of two magnet
valves connected in tandem by a single manifold.
Both magnet valves must be energized and oper-
ate before air pressure can force the shutters
closed. If either or both valves are de-energized,

i %t@

?

L

13572

air pressure is released from the shutter operating
piston, exhausted through the valve, and the
shutters will open.

MAINTENANCE

If faulty operation of the magnet valve is
suspected, check the magnet valve and air line to
the operating piston for leaks. Check the filter
screens on MV inlet and outlet. Also check the
electrical connections on the magnet valve to see
that they are tight. If repair is required, remove
the magnet valve and replace it with a qualified
valve.

CAUTION: This valve is subject to high ambient
temperatures and should use only
EMD replacement seats and solenoid
coil listed in Service Data.

17606

1. Automatic Air Brake Handle
2. Independent Brake Handle
3. Muitiple Unit Valve

4, Cut-Off Valve

5. Trainline Air Pressure Knob
6. Air Horn Vaive

7. No. 1 Truck Sanding Switch
8. Manual Sanding Lever

9. Bell Ringer

Fig. 5-13 — Air Brake Equipment
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AIR BRAKE EQUIPMENT
DESCRIPTION

Basic locomotives are equipped with type 26L air
brakes. The 26L air brake control equipment
consists of an automatic brake, independent
brake, multiple unit valve (when MU control is
installed), cutoff valve and a trainline air pressure
adjustment device. The dead engine feature, a
part of the 26L equipment, is shown in Fig. 5-16.

AUTOMATIC BRAKE VALVE

The automatic brake valve Handle, which controls
the air to the locomotive train brake systems,
may be placed in operating positions as shown in
Fig. 5-14.

INDEPENDENT AIR BRAKE, Fig. 5-15

The independent air brake handle is located di-
rectly below the automatic brake handle. It has
two positions; namely, RELEASE and FULL
APPLICATION. Between these two positions is
the application zone. Since this is a self-lapping

T L 1o

Valve p h@ ".‘“ '::—#'
| /| [ . ;
R

Regulating [ "'ff'

17085
Fig. 5-14 — Automatic Brake Handle Positions
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brake, it automatically laps off the flow of air
and maintains brake cylinder pressure corre-
sponding to the position of the handle in the
application zone. Depression of the independent
brake valve handle when in the RELEASE
position causes release of any automatic brake
application on the locomotive.

Automatic Application Of
Locomotive Brakes

17084

Fig. 5-15 — Independent Brake Handle Positions
MULTIPLE UNIT VALVE

The wuniversal multiple unit (MU-2A) valve is
located on the left hand side of the control stand
as shown in Fig. 5-13. Its purpose is to pilot the
F1 selector valve which is a device that enables
the air brake equipment of one locomotive unit
to be controlled by that of another unit.

A typical MU-2A valve application has three
positions which are:

1. LEAD or DEAD
2. Trail 6 or 26%*
3. Trail 24

The valve is positioned by pushing in and turning
to the desired setting.
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*Whenever the MU-2A valve is in the TRAIL 6 or
26 position, and if actuating trainline is not used,
then the actuating end connection cutout cock
must be opened to atmosphere. This is necessary
to prevent the inadvertent loss of air brakes due
to possible pressure buildup in the actuating line.

CUTOFF VALVE
The cutoff valve, Fig. 5-13, is located on the
automatic brake valve housing directly beneath
the automatic brake valve handle. This valve has
the following threec positions:

1. CUT-OUT

2. FRT (Freight)

3. PASS (Passenger)
TRAINLINE PRESSURE ADJUSTMENT
The trainline air pressure adjusting knob, Fig.

5-13, is located behind the automatic brake valve
at the upper portion of the brake pedestal.

DEAD ENGINE CUTOUT COCK

A dead engine cutout cock, Fig. 5-16, is provided
as part of the 26L braking equipment. When a
locomotive is to be shipped dead in a train the
cutout cock handle should be in the open position.

PRESSURE REGULATOR
The pressure regulator, Fig. 5-16, is provided to

regulate the air pressure available for breaking a
locomotive being shipped dead in a train.

Pressure Regulator

Basic Dead Engine Cutout
Cock Paositioned For Engine
Operation

Fig. 5-16 — Dead Engine Cutout Cock
And Pressure Regulator

The pressure regulator is pre-set at the value given
in the Service Data. At any time the regulator
must be reset, loosen the locknut and turn the
adjusting handle on top of the regulator until the
desired pressure is registered on the brake cylin-
der gauge when the brake is applied.

The pressure regulator should be cleaned out
periodically by unscrewing the cleanout plug in
the bottom of the regulator and removing and
cleaning the screen.

BRAKE EQUIPMENT POSITIONS

When operating locomotives equipped with 26L
air brakes, the brake equipment should be posi-
tioned according to the information given in Fig.
5-17.

MAINTENANCE

For maintenance information consult the man-
ufacturer of the specific air brake equipment
provided.

SANDING SYSTEM
DESCRIPTION

The basic sanding system for the locomotive is an
electrical system that eliminates the need for
relay valves and trainlined sanding actuating air
pipes. However, if the locomotive is to be used
with older locomotives equipped with only pneu-
matic sanding control, an optional extra pneu-
matic sanding system, Fig. 5-18, is superimposed
upon the electrical sanding system. The two
systems operate in parallel, therefore air actuating
pipes should be connected whenever a consist
contains any units equipped for only pneumatic
sanding control.

Sanding circuits are packaged on a plug-in circuit
module SA, Fig. 5-19. The circuit module con-
tains provisions for optional extra sanding circuits
requested by the railroads, therefore a number of
terminals may be unused. For example, the No. 7
terminal is employed when a manual sanding light
is required.

Also, part of the sanding module are a static
timing device that takes the place of the conven-
tional TDS relay, and a test button and light with
which sanding and timing can be checked.
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The following controls are employed to accom-
plish sanding.

An interlock of the RV transfer switch is open
when the RV switch is in the forward position
and closed when the switch is in the reverse
position. The interlock closes to energize a direc-
tional sanding relay DSR that is located on the
sanding circuit module SA. Contacts of DSR are
closed in the forward sanding direction when
DSR is de-energized, and they are closed in the
reverse sanding direction when DSR is energized.

During primary wheel slip control, power reduc-
tion occurs, but no sand is applied to the rail.
However, if the wheel slip is relatively severe, the
R relay in the WS circuit module operates. A
signal is delivered to the timing circuit that is
part of the SA module. When the wheel slip is
corrected, the transistorized timing circuit con-
tinues the signal to the sanding magnet valves for
a period of 3 to 5 seconds.

Section 5

Time delay sanding can be actuated by pressing
the test button on the SA module or by pressing
the test button on the WS module.

Sanding during an emergency application of the
brakes is provided automatically from all sand
traps through action of an air operated emer-
gency sanding switch. The circuits from the
switch are so arranged that emergency sanding
from all traps will continue even though the
motors are ''plugged" (reverse lever placed to
oppose direction of travel). On the basic loco-
motive, emergency sanding is accomplished elec-
trically. If the locomotive is fitted with the
pneumatic option, relay valves and air actuated
switches ensure proper sanding even with the
motors ''plugged."

MAINTENANCE

Before each trip check operation of the sanders
by placing the reverser handle in the direction to

| Type Of | Automatic | Independent | Cutoff | Dead Engine 26D 26F MU2 | Overspeed Deadman |
| Service | Brake Valve | Brake Valve Valve | Cutout Cock | Control Valve | Control Valve | Valve | Cutout Cock | Cutout (ﬂ:l_(J
SINGLE LOCOMOTIVE EQUIPMENT -
' Passenger Graduated
[ Lead Release Release Freight Closed Direct Lead Open Open
Double Graduated
| Heading Handle Off Release Cutout Closed Direct Lead | Open Open
| Relief Valve
Shipping At Control
Dead In Handle Off Reservoir
Train Release Cutout ~ Open | 73%2 Lbs. Direct | Dead Closed ~ Closed
Radio
Control
Lead Unit Release Release Freight Closed Direct | Lead Open Open
Radio I
Control
Remote ‘ ' !
Unit Release Release Freight Closed Direct Leadi _Closed | Closed
MULTIPLE LOCOMOTIVE EQUIPMENT AND EXTRAS )

] Passenger | T Graduated | |
| Lead | Release Release Freight Closed Direct Lead Open Open |
| *Trail 6 |
‘ Handle Off Graduated or 26

Trail | Position Release | Cutout Closed Direct Trail 24 Open Open
' Relief Valve i B
Shipping | At Control
Dead In Handle Off Reservoir Direct
Train Position Release Cutout |  Open 7312 Lbs. Dead Closed | Closed
- Double | Handle Off Graduated
Heading Position Release Cutout Closed | Direct Lead Open Open
Dual Control:
Operative | Passenger | Graduated
Station | Release Release | Freight Closed Direct Lead Open Open
Non- | ' T _ |
Operative | Handle Off
_ Station ‘ Position Release | Cutout ‘ | |

*Whenever the MU2A valve is in *“Trail 6 or 26" Position and if the actuating train line is not used, then the actuating end connection cutout

cock must be open to atmosphere; so as to prevent the inadvertant loss of air brakes due to possible pressure buildup in the actuating line.
NOTE: By ARR standard all cocks in the brake system except brake pipe end cocks have handles perpendicular to pipe when open.

17548

Fig. 5-17 -- Air Brake Equipment Positions
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Fig. 5-18 - Sanding Circuit And Air Schematic
Including Pneumatic Sanding Option
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Fig. 5-19 - Sanding Circuit Module

be sanded. Close the throttle and move the
manual sanding switch to the sand position.
Check the sanding nozzles at the rail to make
sure they are aligned correctly and that the sand
is being delivered to the rail.

Extreme care should be taken that the proper
grade of clean dry sand is used. Damp or dirty
sand or sand with foreign material in it is likely
to clog the traps.

SANDING CCNTROL VALVE
DESCRIPTION

Two sanding control valves in each end of the
locomotive,. Fig. 5-20, one for forward and one
for reverse sanding, provide metered main reser-
voir air to their respective forward and reverse
sand traps. When an electrical signal is received,
the magnet valve section is energized to open an
air valve which allows the main reservoir air to be
admitted to the sand traps. The electrical signal
can be initiated by the manual sanding switch, a
wheel slip or an emergency brake application.

125172
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Clean-out Jets

17566

Fig. 5-20 — Sanding Control Valves
MAINTENANCE

If faulty operation is suspected, inspect the elec-
trical connections for tightness and inspect the air
connections for leaks. The control valve is
equipped with automatic cleanout jets to clean
out the orifice. To operate the cleanout jets push
in the plungers on each side of the valve, Fig.
5-21. The plunger will automatically reset at the
beginning of the next sanding cycle from the high
pressure cleanout blast of air.

~— Air Line - Sand Shutoff

13588

Quick Disconnect Handle

13573

Fig. 5-21 - Sand Trap
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If further repair is required on the valve, remove
it from the locomotive and replace with a qual-
ified mechanism.

SAND TRAP
DESCRIPTION

Sand is fed to the trap, Fig.5-22, by gravity
through an inlet at the top of the trap. Actuating
air enters the trap through the air nozzle. The
nozzle is always covered by sand and thercfore
the air moves the sand that lies ahead of the
discharge end of the nozzle. Sand entering at the
trap inlet replaces the sand in front of the nozzle,
thus a uniform flow of sand is delivered to the
rail through the trap outlet.

A sand shutoff assembly is mounted to the top
of the trap at the sand inlet. The valve is in the
open position when the hand lever on the side is
set at OPEN or is parallel to the sand inlet line.
The shutoff can be used when it is desirable to
have a particular sanding line inoperative or if
work is to be performed on the sand trap.

MAINTENANCE

Before any work is performed on a sand trap, the
shutoff valve mounted to the top of the trap
should be closed by turning the shutoff valve
handle to a horizontal position.

Due to condensation there is always the possi-
bility of getting moisture in the sand trap. To
clean out the trap remove the pipe plug at the
bottom of the trap. On special order a trap
equipped with a quick disconnect delivery tube
can be furnished.

The sand trap is set at the time of installation to
deliver approximately 20 to 24 oz. of sand per
minute. To change the rate of delivery, screw the
adjusting nut, Fig. 522, in or out depending on
whether more or less sand is desired. On the
quick disconnect type sand trap use a 7/32" allen
wrench to turn the sand control paddle to in-
crease or decrease the rate of delivery.

AIR SYSTEM ACCESSORY
EQUIPMENT

WINDSHIELD WIPER ASSEMBLY
DESCRIPTION

A separate wiper assembly is provided for cach
window in front and behind the engineer's and

5-14

Sand I[nlet

Adjusting Nut

Sand
Qutlet

Air Connection

I
LL-— Cleanout Plug

13988

Fig. 5-22 — Sand Trap, Cross-Section

rider's side of the locomotive cab and for the
center windshield on the low nose cabs. The air
motor, Fig. 5-23, used for the center windshield
is identical to the other motors but is set for a
longer degree of sweep.

Each air motor is controlled by its own hand
operated air valve which is located just above the
side windows on each side of the cab. Each
motor is equipped with a hand operated lever
which can be used to operate the wipers in an
emergency.

MAINTENANCE

If a windshield wiper air motor is not operating
correctly, check to see that the air connections at
the motor and the manual control valve are tight
and free from leaks. With the air turned on,
operate the air motor with the hand lever at-
tached to the air motor shaft. If this fails, turn

Exhaust Fitting

Manual
Operating
Handle

15468

Fig. 5-23 — Windshield Wiper Air Motor
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the air off and again try to operate the motor by
hand. In most cases this will clean the valve seat
of any foreign particles that may have been
forced in through the air line.

Remove exhaust fitting, Fig. 5-23, and check for
dirty filter or plugged hole. Remove reverser ball
housing and check for broken or jammed ball
spring.

Check the internal air flow by removing the
cylinder end caps and blowing out the holes in
the valve chamber. Also blow into the exhaust
outlet to make sure the hole is not plugged.

If the air motor still does not operate properly, it
will have to be replaced with a qualified motor
and taken to the bench to be repaired.

If the wiper connecting arm must be removed
from the air motor shaft, remove the acorn nut
on the end of the shaft and pull the connecting
arm off the splined shaft. When replacing the
connecting arm on the shaft, be careful not to
overtighten the acorn nut. The wiper motor and
wiper mechanism are designed to operate at a
maximum speed of 60 - 65 cycles per minute.

The speed of the wiper motor is adjusted by a set
screw, Fig. 5-23, located in the exhaust restrictor.
The following procedure should be used in
making the adjustment:

1. Place a piece of paper between the wiper
blade and the glass to simulate a wet glass
condition which reduces frictional drag on the
blades.

2. Make sure main reservoir air pressure is 130
to 140 psi. Turn operating valve in cab to the
fully open position.

3. Turn the adjusting screw in the exhaust re-
strictor until the wiper motor is running at 60
- 65 cycles (120 - 130 strokes) per minute.

AIR HORN
DESCRIPTION

The basic air horn is a three chime, low profile
type, Fig. 5-24. The air horn actuating lever is
located on the brake stand at the locomotive
control station. When the operating lever is pulled
down, compressed air is supplied to the horn.

125172
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Fig. 5-24 — Air Horn

Other types of air horns are available on special
order including five chime horns.

A valve, located in the air brake stand, provides a
means for shutting off the air supply to the horn
operating lever.

MAINTENANCE

To inspect and clean the air horn diaphragm,
remove back cover bolts and back cover. The
diaphragm ring and diaphragm can be removed by
taking out the diaphragm ring screws.

Whenever a back cover is removed, it is good
practice to blow out the air lines by opening the
air horn operating valve wide with full reservoir
pressure on the line. This will also clean out the
orifice dowel pin.

BELL
DESCRIPTION

The basic locomotive bell is located under the
underframe on the left side of the locomotive. A
positive action air valve, which activates the bell,
is located on the air brake stand at the operator's
control station. When the valve is opened, com-
pressed air forces the plunger in the bell ringer
assembly down, which causes the clapper to
strike the side of the bell.

When the plunger reaches the extended position,
the compressed air then returns the plunger to its
original position.

To shut off the air supply to the bell operating
valve at the control stand, remove the upper
panel on the back of the air brake stand and
close the valve in the bell ringer air line.
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MAINTENANCE

If the bell does not operate when the bell ringer
operating valve at the control stand is opened,
check to see that the clapper is free to swing and
that no air leaks are present in the air lines.

If a new bell ringer cartridge, Fig. 5-25, is
needed, remove the old cartridge by loosening the
locknut on the side of the bell ringer assembly
and backing out the set screw three or four turns.
Using the clapper as a lever, unscrew the clevis
from the assembly and pull the cartridge out with
a pair of pliers. Before installing the new car-
tridge, actuate the bell ringer operating valve a
few times to blow out any dirt or scale which
may have accumulated. After installing the new
bell ringer cartridge, be sure the "'O'" rings are in
place before applying the clevis. Once the clevis is
applied, tighten the set screw and locknut.

5-16

Bell Ringer
Cartridge —__|

Locknut

17543

Fig. 5-25 — Bell Ringer, Cross-Section
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SERVICE DEPARTMENT

COMPRESSED AIR SYSTEM

REFERENCES
Air Compressor Maintenance . . . . . . . . . .. . ... ... ..., MI. 1110 & 1144
Sanding Equipment Maintenance . . . . . . . . . . . . . ... .. e e M.1. 1926
Air Horn Maintenance . . . . . . . . . . . L .. e e e e e e M.I. 2926
Magnet Valve Maintenance . . . . . . . . . . . . ... ... M.I. 4707
ROUTINE MAINTENANCE PARTS AND EQUIPMENT
FILTERS
Inlet Compressor Air Filter Element
(Rectangular Filter) . . . . . . . . . . . . . . e e e 8347199
(Cylindrical Filter) . . . . . . . . . . o e e e 8402068
Main Reservoir Air Filter Element . . . . . . .. . . ... ... ... ........ 8363343

AIR COMPRESSORS

Lube Oil Pressure Gauge . . . . . . . . . . . o i i e 8127030
Intercooler Air Pressure Gauge . . . . . . . . . .. . e e e e 8337561
SHUTTER MAGNET VALVE
Replacement Seats . . . . . . . . L L L e e e e e e 8251091
Replacement Coil . . . . . . . . . . . . 8468748
SPECIFICATIONS
AIR COMPRESSOR
TYDe . e e e e e e 2 Stage
Number Of Cylinders (Basic) . . . . . . . . . . o 3
Number Of Cylinders (Optional) . . . . . . . . . . . . e e 6
Displacement At 900 RPM (3 cylinder) . . . . . . . . ... ... ... .. 254 Cu. Ft./Min.
Displacement At 900 RPM (6 cylinder) . . . ... .. ... ... . ..... 401 Cu. Ft./Min.
Lube Oil Capacity (3 cylinder) . . . . . . . . . . . . . e 10-1/2 Gal.
Lube Oil Capacity (6 cylinder) . . . . . . . . . . . . . . i i e e 18 Gal.
Cooling . . . . . . e e e, Water
Lube Oil

Compressor lube oil must be SAE 10 weight turbine type oil containing anti-rust, anti-oxidation
and anti-foam inhibitors and should contain the following properties:

Viscosity-Saybolt Universal (ASTM D88 or D2161)

@ 100°F.seconds . . . v v v vt i e e e 130 to 180
@210°F.seconds . . . . . .. i e e e, 42 to 45
Pour Point (ASTM D97 Degrees F. -- minimum) . . . . .. . . .. . . .. ... ..... 0
Rust-Distilled Water (ASTM D665) . . . . . . . .« . o v it e e e s No Rust

DEAD ENGINE PRESSURE REGULATOR SETTING

SD -- Single Brake (Composition Shoe) . . . . . . . . .. . .. . ... . .... 25 £ 1-1/2 psi
GP - Single Brake (Composition Shoe) . . . . .. ... .. ... ... ..... 25 + 1-1/2 psi
GP & SD - Clasp Brake (Iron Shoe) . . . . .. . . . . . .. . ... .. 25 + 1-1/2 psi
GP & SD - Clasp Brake (Composition Shoe) . . . . . ... ... ... ... ... 13 = 1-1/2 psi
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SERVICE DEPARTMENT

EI:

SECTION

LOCOMOTIVE 6
SERVICE MANUAL

ELECTRICAL EQUIPMENT

INTRODUCTION

The locomotive electrical circuits are designed so
that no adjustment need be made on the unit. All
circuits are bench tested and adjusted before
being applied to the locomotive. To facilitate this
arrangement, as well as to simplify maintenance
procedure and reduce locomotive down time,
most control circuits and devices are packaged on
plug-in circuit modules. All modules bearing the
same identification are interchangeable.

This section of the manual provides a brief
description of the circuit module function, along
with brief descriptions of other electrical devices
and components. For a thorough analysis of the
control circuits contained on the modules refer to
Section 7 of the Locomotive Service Manual.

ELECTRIC ROTATING EQUIPMENT
MAIN GENERATOR, Fig. 6-1

The main generator is a three-phase alternator
equipped with two independent and interwoven
sets of stator windings and a rotating field
common to the windings. The dual output from
the generator stator is supplied to two air cooled
rectifier assemblies in an airbox that is an integral
part of the main generator. The rectifier assem-
blies consist of high current, high voltage silicon
diodes in three-phase, full wave rectifier circuits.
The circuits are provided with delta connected
resistors and capacitors for suppression of com-
mutation transients, and are provided with fuses
for automatic removal of failed diodes. Each fuse
is equipped with a spring loaded indicator that
protrudes when a diode failure causes the fuse to
blow. Windows for fuse inspection are located in
the airbox.

Three current transformers are also mounted in
the airbox. The transformers sense output at each

125172

of three phases, and provide a proportional signal
to circuits that control excitation.

17073

Fig 6-1 -- AR10 Main Generator

D14 AUXILIARY ALTERNATOR, Fig. 6-2

The D14 alternator is physically connected to but
electrically independent of the traction alternator.
The D14 rotor (field) is excited by low voltage
current which it receives from the DC auxiliary
generator through a pair of slip rings adjacent to
the slip rings for the main generator.

With the exception of a protective fuse, there are
no controls in the D14 excitation circuit, thus
the alternator will be excited and developing
power whenever the diesel engine is running.
Output voltage will vary with speed of rotation,
alternator temperature, and load. Nominally D14
output is 215 volts at 120 cycles per second with
the engine running at full speed of 900 RPM.
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Fig. 6-2 -- D14 Auxiliary Alternator
TRACTION MOTORS, Fig. 6-3

Electrical power from the main generator is dis-
tributed to traction motors mounted in the
trucks. Each motor is geared to a pair of wheels,
with the gear ratio selected for the type of
service intended. The motors are cooled by means
of an external blower located in the locomotive
unit and mechanically driven from the engine.

The motor fields and armatures are connected in
series to provide the high starting torque required
for locomotive service.

Motor rotation is reversed by reversing the flow
of current through the field windings. This is
accomplished by switchgear in the locomotive
electrical cabinet. Similar switchgear is also used
to convert the traction motors to electrical gener-
ators for dynamic braking. During braking, the
motor fields are connected in series with the
main generator output and the motor armatures
are connected to heat dissipating resistor grids
and fans.

The brush holder assembly is formed with a
heavy cross section to minimize flexing and
fatigue damage and to enable the assembly to
withstand severe flashover. Brush holder cabling is
arranged and clamped for increased mechanical
strength.

AUXILIARY GENERATOR, Fig. 6-4

All low voltage direct current electricity required
during locomotive operation comes from the aux-
iliary generator. This current is used for battery
charging and for excitation of the D14 alternator
as well as for energizing control circuits and

_,-.. s S U 4
[/ )
| I!!IIA-_@,
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Fig. 6-3 -- Traction Motor
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actuating electrical switchgear. The auxiliary gen-
erator is a self-excited machine that uses residual
magnetism for initial excitation. To hold voltage
at a constant 74 volts, a static type voltage
regulator is used in the field excitation circuit.
The regulator is packaged as a plug-in circuit
module VR, and is provided with a voltage
adjustment for battery charging purposes.

The locomotive is equipped basically with the 10
KW auxiliary generator, but the power demands
of special equipment may require the use of an
auxiliary generator of higher capacity. In such
case an 18 KW or 24 KW generator is used.

18 Or 24 KW Generator

Fig. 6-4 - Auxiliary Generator

RADIATOR COOLING FAN MOTORS,
Fig. 6-5

These motors are inverted squirrel cage induction
type and are an integral part of the cooling fan
assembly. The term "inverted' indicates that they
differ from the conventional squirrel cage motor
in that the rotor is located outside of the stator.

148272
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Motor and fan rotating speed are directly propor- |
tional to the AC frequency of the D14 alternator
which in turn is dependent upon engine speed.

15860

Fig. 6-5 — Cooling Fan Assembly

DYNAMIC BRAKE GRID BLOWER
ASSEMBLY, Fig. 6-6

The dynamic brake grid cooling blower assembly
consists of a fan powered by a series wound
direct current motor. During dynamic braking the
locomotive traction motors operate as generators,
and the electrical power generated is converted to
heat at the braking resistor grids. A portion of
the electrical current from the traction motors is
shunted around one of the resistor grids and used
to power the grid blower motor. Air driven by
the grid blower drives grid heat to atmosphere.

15861

Fig. 6-6 - Dynamic Brake Grid Blower Assembly
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TURBO LUBE PUMP MOTOR

This is a 1/4 HP 1200 RPM 64-74 volt DC motor
coupled directly to a lubricating oil pump and
mounted on the crankcase. At engine start the
pump provides lubrication for the turbocharger
bearings and at shutdown a time delay relay
continues pump operation to carry away residual
heat from the turbocharger bearings.

FUEL PUMP MOTOR

This is a 1/4 HP 1200 RPM 64-74 volt DC motor
coupled directly to a fuel pump and mounted on
the equipment rack. During engine operation the
pump supplies fuel oil for combustion and injec-
tor cooling. A bypass valve at the primary fuel
filter protects the motor against overloading due
to filter plugging.

STARTING MOTOR AND SOLENOID,
Fig. 6-7

The starting motor solenoid mounted on the
starting motor housing contains concentrically
wound coils PU and HOLD.

When energized, the low resistance PU coil drives
the starter motor pinion into place. The starting
contactor then shorts out the PU coil and the
high resistance HOLD coil has sufficient energy
to hold the pinion engaged. When cranking signal
., is removed, the starting contactors drop out and
reverse polarity current flows through the PU coil
to disengage the pinion.

14024

Fig. 6-7 -- Engine Cranking Motor

The diesel engine is equipped with dual motors
for cranking. Power circuits to the motors are
interlocked so that the pinions of both cranking
motors must be engaged with the engine ring gear
before cranking power can be applied.

LOCOMOTIVE CONTROL STAND,
Fig. 6-8 And 6-9

The locomotive control stand contains operating
handles, switches, and gauges used by the oper-
ator of the locomotive. The control panel shown
has the operating handles positioned for dynamic
braking.

SELECTOR HANDLE

This handle has three positions; left for dynamic
braking, centered for off, and right for power. A
large illuminated window directly above the oper-
ating handle provides indication of handle posi-
tion; '"B" (dynamic braking), OFF, and PWR.

THROTTLE HANDLE

When the selector handle is positioned for power
operation, the throttle handle has an idle position
and eight operating notches 1 thru 8. The handle
can be pulled out from the panel and moved to
the right of idle position to stop all engines in a
multiple unit consist.

REVERSER HANDLE

This handle has three positions; left, centered,
and right. When the handle is moved to the right
toward the short hood end of the locomotive,
circuits are set up for the locomotive to move in
that direction. When the handle is moved to the
left toward the long hood end of the locomotive,
circuits are set up for movement in that direc-
tion. With the reverser handle centered, operation
of the throttle handle will not apply power to
the traction motors, but a load test may be made
when the proper circuit setup is made.

The reverser handle is centered and removed from
the panel to lock the throttle handle in IDLE and
the selector handle in OFF.

AMM. TM. LOAD CURRENT
INDICATING METER

This meter indicates current through the No. 2
traction motor. Since all motors will carry
approximately equal current, main generator cur-
rent will be three times the meter indication
during series-parallel operation, and six times the

158372



Fig. 6-9 -- Locomotive Controler With Handles
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Fig. 6-8 — Locomotive Control Stand

Positioned For Dynamic Braking

Section 6
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indication during full parallel. The meter indicates
from zero to 1500 amperes during power opera-
tion, with a red zone indicating maximum allow-
able continuous motor current, beginning at 1050
amperes.

On units equipped with dynamic brakes, the meter
has a dial with the zero point located at top center.
During power operation-the meter needle moves
clockwise from zero to indicate increasing motor
current. During dynamic braking the meter needle
moves counterclockwise from zero to indicate
increasing dynamic braking current.

AIR SYSTEM GAUGES

Duplex gauges provide indication of various air
brake system pressures.

INDICATING LIGHTS

PCS OPEN light comes on to- indicate a safety
control or emergency air brake application.
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WHEEL SLIP light indicates severe wheel slip,
locked-sliding wheels, or circuit difficulty.

BRAKE WARNING light indicates excessive
dynamic braking current.

SAND light indicates that the SANDING No. 1
TRUCK switch is closed.

OPERATING SWITCHES

The ENGINE RUN, GENERATOR FIELD, and
CONTROL AND FUEL PUMP switches are lo-
cated at the right side of the control stand. They
must be placed ON in the controlling unit of a
multiple unit consist and OFF in trailing units.

Other switches at this location control various
lights and are placed ON as needed.

HEADLIGHT DIMMING SWITCH

Provides for dim or medium brightness of either
front or rear headlights.

GROUND RESET AND ATTENDANT
CALL PUSHBUTTONS

These pushbuttons are located at the lower por-
tion of the control stand.

SAND No. 1 TRUCK SWITCH

This switch provides continuous sanding at the
leading wheels of the locomotive.

BRAKE VALVE HANDLES

The upper handle controls the automatic or train
brakes. The lower handle controls the indepen-
dent or locomotive brakes.

ELECTRICAL CABINETS

HIGH VOLTAGE CABINET,
Figs. 6-10 And 6-11

The high voltage cabinet houses the majority of
the locomotive electrical switchgear and static
devices. The front of the cabinet forms the rear
wall of the locomotive cab, and the rear of the
cabinet forms one wall of the central air compart-
ment of the locomotive.

The lower front portion of the electrical cabinet
houses heavy duty switchgear used to connect the
main generator to the traction motors. Devices
that sense current and voltage are generally lo-
cated in this portion of the cabinet.

ENGINE CONTROL PANEL, Fig. 6-12

The engine control panel contains various
switches and warning lights. Brief descriptions of
the switch and light functions follow, while des-
criptions of much of the circuitry involved in
engine confrol is described in other sections of
this manual.

LOAD TEST LIGHT

This light comes on when circuits are set up for
load testing. On units equipped for automatic
loading on the locomotive dynamic braking resistor
grids, circuit setup is automatic when the reverser
handle is centered and a rotary test switch located
on a test panel in the module compartment is
properly positioned.

HIGH VOLTAGE GROUND/FAULT LIGHT

Indicates that an electrical path to ground has
occurred, or that a group of five diodes in the
main generator has failed. The light is held on
until a reset button is pressed or an automatic
reset is made on locomotives so equipped.

TURBO AUX PUMP LIGHT

Indicates that current is flowing through the
turbo lube pump motor. This normally occurs for
a timed period after engine start and after engine
shutdown. It indicates that the turbocharger is
being pre-lubricated during engine starting and
oil-cooled after engine shutdown. If the light is
not on or fails to come on when a starting
attempt is made, interlocking prevents engine
cranking.

NO BATT CHARGE
NO POWER LIGHT

Indicates that no AC power is being delivered
from the auxiliary alternator to a voltage sensing
relay. This may be due to a tripped generator
field circuit breaker, engine shutdown, alternator
failure, or failure of the DC auxiliary generator
which excites the alternator. If the light is on for
reasons other than engine shutdown, engine speed
and power are reduced to idle conditions.

HOT ENGINE LIGHT

Indicates that engine coolant temperature is ex-
cessive. Engine speed and power are automatically
reduced to a lower level until proper temperature
is restored.
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GOVERNOR SHUTDOWN LIGHT

Accompanied by engine shutdown for one of the
following reasons:

1. Excessively hot lube oil.

This type of shutdown will normally be pre-
ceded by a hot engine light indication. No
other indication is given except an extremely
hot condition of the engine and cooling sys-
tem. Do not attempt to restart the engine
until it has been allowed to cool down and an
engine inspection has been made by qualified
personnel.

2. Low engine oil pressure.

A plugged turbocharger oil filter, low oil
level, or failure of the lube oil pump may
bring about this type of shutdown. The low
oil plunger on the engine governor will pro-
trude, with no other fault indication given.

3. Low water level or low pressure at the water
pumps.

A detector at the engine accessory drive gear
housing senses low water pressure and actu-
ates the low oil shutdown mechanism. The
low water detector reset button will protrude
along with the governor low oil pressure
plunger.

4. Crankcase (oil pan) overpressure due to an
engine fault.

Pressure in the crankcase (oil pan) will trip
the crankcase overpressure detector and bring
about a low oil pressure shutdown. The reset
button will protrude along with the governor
low oil pressure plunger. Overpressure may be
caused by a crankcase explosion, or by a fault
allowing cylinder or airbox pressure into the
oil pan.

WARNING: When a crankcase overpressure trip
indication is observed, leave the
engineroom area. Allow a 2 hour
cooldown period before making fur-
ther inspections or taking corrective
action.

HEADLIGHT CONTROL SWITCH

Power for both the front and rear headlights is
delivered by the lead unit in a locomotive consist.
This switch sets up the circuits for control of

both the front and rear lights from the lead unit
and through any intermediate units. The switch
must be properly positioned in all units of a
consist.

ISOLATION SWITCH

This switch allows any unit in a locomotive
consist to be ''taken off the line" regardless of
the control signals from the controlling unit. The
switch has two positions.

1. START/STOP/ISOLATE Position

Must be in this position before the engine can
be started, but the unit will not develop
power. However, if a controlling unit of a
multiple unit consist is isolated, all trailing
units will still respond to the controls of the
controlling unit.

It is recommended that the isolation switch
be placed in this position before stopping the
engine, but the switch in no way negates any
engine stopping switch or device.

2. RUN Position.

When the switch is in this position, the unit
will respond to controls and will develop
power. If the engine is shut down with the
switch in this position, the alarm bell will
sound.

EMERGENCY FUEL CUTOFF
AND ENGINE STOP SWITCH

Momentary pressure on this pushbutton de-
energizes governor speed setting solenoids and
independently energizes the governor shutdown
solenoid. The governor brings the fuel injector
racks to no fuel position and the engine shuts
down immediately from lack of fuel. Two other
switches, each with identical function, are located
at the locomotive underframe near each fuel filler
opening.

On units equipped with steam generators the
Emergency Fuel Cutoff switch will stop the
steam generator as well as the engine. On such
units a second switch labeled only ENGINE
STOP is provided to shut down only the engine.

DYNAMIC BRAKE CUTOUT SWITCH
In the cutout position this switch prevents the
individual unit from going into dynamic braking,

yet allows the unit to operate under power.. The
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switch is used to limit the amount of braking
effort available in a multiple unit consist or to
cut out a faulty dynamic braking system while
allowing operation under power.

LIGHT SWITCHES

Switches are provided for various lights employed
on the locomotive.

TRACTION MOTOR CUTOUT SWITCH

When the locomotive unit is isolated, an unlock
solenoid is energized when the cutout switch
handle is pressed in. This also causes the reversing
switchgear motor to operate and repeatedly drive
the switchgear from one position to another until
the handle is released. While the handle is pressed
in and turned to a position to cut out a sus-
pected faulty motor, the appropriate switches
move to center and become locked in neutral
position. Appropriate power contactors are also
dropped out. Control circuits are rearranged for
safe operation at a lower power level.

CIRCUIT BREAKER PANEL, Fig. 6-13

The following circuit breakers must be closed for
locomotive operation.

TURBO

Two-pole breaker protects the turbo lube pump
motor and STA contactor circuits. Must remain
on after engine shutdown to ensure delivery of
cooling oil to the turbocharger bearings.

FUEL PUMP

Three-pole breaker protects the fuel pump motor
and contactor circuits. Engine will shut down
from lack of fuel if this breaker trips.

CONTROL

Two-pole breaker protects circuits supplying low
voltage trainlined control power to all units in a
consist.

LOCAL CONTROL

Two-pole breaker protects circuits supplying low
voltage control power to the individual loco-
motive unit.

AUX. GEN. FIELD

Single pole breaker protects the field circuit to
the auxiliary generator.
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MODULE CONTROL

Two-pole breaker protects low voltage DC circuits
to control modules.

REV CONTROL

Two-pole breaker protects motor operated switch-
gear motor circuit.

AC CONTROL

Two-pole breaker protects circuit supplying D14
AC power to control modules, various trans-
ductors, and the no voltage relay NVR.

BRAKE TRANS. CONTROL

Two-pole breaker protects motor operated switch-
gear motor circuit.

GENERATOR FIELD

Two-pole breaker protects circuit supplying D14
AC power to the main generator controlled
rectifier SCR.

AUXILIARY GENERATOR

On special order this single pole breaker is used
in place of the auxiliary generator fuse.

ALTERNATOR FIELD

On special order this single pole breaker is used
in place of the alternator field fuse.

FILTER BLOWER MOTOR

Two-pole breaker protects the inertial filter ex-
haust blower motor circuit.

The following circuit breakers are placed on as
required.

CAB HTR.

Two pole breaker protects cab heater fan motor
circuit.

LIGHTS

Two-pole breaker protects the various light
circuits.

HDLTS.

Two-pole breaker protects the headlight circuits.
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RADIO AT.C.
Two-pole breaker for radio circuits. Two-pole breaker protects automatic train control
circuits.

AUTO WATER DRAIN
UTILITIES
On special order the cooling system will drain
automatically when coolant temperature in the Protects miscellaneous special equipment.
area of the cab heaters approaches freezing. This
two-pole breaker protects the circuits.
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Fig. 6-13 -- Switch And Fuse Panel And Circuit Breaker Panel
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SWITCH AND FUSE PANEL, Fig. 6-13
D14 ALTERNATOR FIELD FUSE

The D14 alternator receives its excitation through
a pair of slip rings connected to the low voltage
DC auxiliary generator output. This fuse protects
the field windings. If the fuse is blown, the no
power alarm will be given and engine speed and
power will be reduced to idle condition.

FUSE TEST EQUIPMENT

A fuse test block and test lamp are provided,
with a switch to test the lamp. Always test fuses
before installing them.

GROUND RELAY CUTOUT SWITCH

The purpose of the ground relay cutout switch is
to eliminate the ground protective relay from
locomotive circuits during certain shop mainte-
nance inspections. The switch is a three-pole
device, with one pole performing the cutout
function. The other poles prevent locomotive
operation with the ground relay cut out.

AUXILIARY GENERATOR FUSE

A 150 ampere fuse is installed to protect the
basic auxiliary generator. A 250 ampere fuse is
used for the heavy duty auxiliary generator.

CAUTION: The 250 ampere fuse is the same
physical size as the higher rated start-
ing fuse. Do not interchange the
fuses.
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STARTING FUSE

A 400 ampere fuse is installed to protect the
starting motors. The fuse is in use only during
engine cranking.

CAUTION: On some locomotives the cranking
motors are connected in parallel and
require an 800 ampere starting fuse.
Do not install an 800 ampere fuse in
locomotives with cranking motors
connected in series.

MAIN BATTERY KNIFE SWITCH

This switch connects the battery to the loco-
motive low voltage system. The switch must
always be closed during locomotive operation. It
may be opened during shop inspections and loco-
motive layover.

CIRCUIT MODULES, Fig. 6-14

Each circuit module contains components and
wiring for one or more locomotive control func-
tions. The components are mounted on one or
more circuit boards. All circuit boards are of the
same size, and terminals on the boards are placed
on a common grid pattern. The boards are fitted
with receptacle strips arranged in a vertical plane,
and as the board is inserted into guideways and
fully seated, the receptacles mate with pins that
are connected to terminal strips. Cabinet wiring
completes the circuit connection.

Face plates and handles are attached to the
circuit boards, and test poirts are located on the
face plates. In addition to the test points the face
plates may contain test buttons and lights.
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AN CIRCUIT MODULE, Fig. 6-15
Fault Annunciator

The annunciator records, by means of latching
relays and lights, faults or abnormal operating
conditions that occur during locomotive oper-
ation. Once lit, the annunciator lights will stay on
until a guarded reset switch is operated by a
qualified maintenance man. Correction of a fault
or resetting of protective devices does not reset
the annunciator.

The basic annunciator provides the following
indications.

1. Hot Engine

2. Engine Air Filter Plugged.
3. Ground Relay Operated.
4. Excitation Limit Operated.

Units with dynamic brakes provide additional
indications.

5. Grid Overcurrent.

6. Motor Overexcitation.

G AR FILT, &
CROUND RELRY £
N1
1D OVERCURED
MOTOR EXCI1. (B
caip oPEN B

oD BLowER )

17614
Fig. 6-15 - Typical Annunciator Module
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7. Grid Open Circuit. (Operative only on units
with extended range brakes.)

On special order the following indication may be
applied.

8. Grid Blower Failure.

DE CIRCUIT MODULE -
Extended Range Brake Control

During dynamic braking a signal from the brake
control rheostat is compared at the SB module
with the main generator feedback signal from the
PF module. Main generator excitation is regulated
as a result of this comparison and main generator
regulation results in motor field and braking
current regulation. During extended range dyna-
mic braking the feedback signal from the PF
module is compared also with a signal from brake
current transductor BCT, and when the BCT
signal falls below the PF feedback signal (indi-
cating less dynamic braking grid current than
called for by braking lever position) the DE
circuits operate to energize a grid shorting con-
tactor. The grid shorting contactor decreases total
dynamic braking grid resistance, and more current
flows in the grids.

The DE circuit module also compares the BCT
signal with the brake rheostat signal during ex-
tended range braking. When the BCT signal
exceeds the level called for by the brake rheostat,
a DE circuit activates the brake regulator circuit
in the DR module and holds dynamic braking
current at a maximum established by braking
handle position.

DG CIRCUIT MODULE - Grid Blower Protection

Excessive current, as with a stalled grid blower
motor; or lack of motor current, as with an open
motor or cable will be dectected by the dynamic
grid current transductor. The transductor signal
will trigger a latching circuit in the DG module.
The braking power contactor "B' is dropped out
to prevent dynamic brake operation. A reset
button on the DG module allows resetting of the
circuit after inspection and correction has been
made. A test button is provided on the DG
module to test the DG circuit function. The
button provides a DC signal to test windings on
the transductor in order to simulate a current
unbalance at the transductor.
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DP CIRCUIT MODULE-
Brake Warning
Motor Field Protection

The dynamic brake protective module provides
backup protection should normal regulating
devices fail. Should the dynamic brake regulator
fail, the brake warning circuit of the DP module
will provide rough backup regulation and an
annunciator signal. Should motor fields become
too hot, the motor field protection circuit of the
DP module will protect the motors, provide
rough ©backup regulation, and provide an
annunciator signal.

DR CIRCUIT MODULE - Brake Regulator

The DR circuit senses voltage across a dynamic
braking resistor grid. When that voltage reaches a
value indicative of the maximum allowable
amperes in the grids, a transistor in the DR
circuit acts to shunt the input to the rate control
capacitor of the RC module directly to negative.
The rate control capacitor then discharges
through a fixed resistance in the RC module.
Main generator excitation is thereby controlled to
maintain traction motor field excitation for maxi-
mum braking current.

A further modification of braking current regula-
tion is in effect during extended range dynamic
braking. The turn on point of the DR transistor
is controlled not by maximum allowable current
in the grids, but by braking handle position. In
other words, maximum braking current at lower
braking handle positions is low, regardless of train
speed. This type of regulation is required to snub
braking current surges that occur when grid short-
ing contactors pickup or drop out.

On special order, control of maximum grid cur-
rent by braking handle position is available for
the entire speed range of the locomotive with or
without the extended range dynamic brake extra.
When applied, this type of control is trainlined
and will be effective on all units so equipped in a
consist.

EL CIRCUIT MODULE - Excitation Limit

The excitation limit transductor senses main gen-
erator field current, and provides a signal to the
EL module. When an overcurrent condition
occurs, the EL module causes dropout of the
generator field contactor. In this manner the EL
module provides backup protection in case of GX
module failure, and allows rough regulation of

generator current to allow the locomotive to
operate under power to reach a maintenance
point. '

The test button on the EL module is used to
energize a test winding on the ELT transductor
and simulate an overcurrent condition.

GV CIRCUIT MODULE - Voltage Regulation

The normal condition of the GV circuit module
during locomotive operation is full on. There is
very slight voltage drop across the 8 and 4
terminals. When the GV module regulates there is
a large drop across the terminals. Regulation
occurs when a signal from generator potential
transformer GPT is great enough to bias the GV
transistor off. The function of GV is to maintain
main generator voltage at a safe level.

GX CIRCUIT MODULE - Excitation Regulation

The normal condition of the GX circuit module
during locomotive operation is full on. There is a
very slight voltage drop across the 8 and 4
terminals. When the GX module regulates there is
a large voltage drop across the terminals. Regula-
tion occurs when a signal from excitation limit
transductor FCT is great enough to bias the GX
transistor Off. FCT senses generator field
excitation current.

PF CIRCUIT MODULE - Performance Control

Current transformers within the main generator
apply a signal to PF proportional to main gener-
ator current. Potential transformers in the electri-
cal cabinet apply a signal proportional to main
generator voltage. These AC signals are rectified
and loaded on precisely determined values of
resistance within the PF module. DC voltages
across the resistors are combined, added, and
applied to the SB module for comparison with
the reference signal from the load regulator.

The ohmic values of the PF resistors are selected
to obtain performance control characteristics
desired for locomotive response to throttle posi-
tion during train starting, and to obtain a suitable
balance point for the load regulator during
normal operating service.

RC CIRCUIT MODULE - Rate Control

The response of the main generator and the main
generator control system is so fast that sudden
changes in the level of reference voltage would
result in rough train handling. The RC module
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makes use of an RC (resistance-capacitance) cir-
cuit to smooth out power changes even though
an abrupt change in reference signal occurs.

SA CIRCUIT MODULE - Sanding

The sanding circuit module is designed to accom-
modate a variety of sanding circuits selected by
the railroads. A timing circuit is part of the
module. It provides for time delay sanding when
a wheel slip is signaled. The test button on the
module is used to check time delay sanding.

SB CIRCUIT MODULE -
Sensor Bypass (Feedback -
Comparison)

Reference

The primary SB circuit compares the current-
plus-voltage feedback signal from the main gener-
ator with the reference voltage signal from the
load regulator. The SB uses the comparison to
control current in the control winding of the SE
circuit module.

SE CIRCUIT MODULE - Sensor

This magnetic amplifier provides shaped signal
pulses to turn on the silicon controlled rectifier
assembly that provides excitation current to the
main generator. Small amounts of current in the
control windings of the magnetic amplifier con-
trol large amounts of current in the main gener-
ator field. The ability to use signals to control
large currents simplifies the construction of pro-
tective and regulating devices related to main
generator excitation, and allows rapid and precise
control.

TH CIRCUIT MODULE -
Throttle Response -
Reference Voltage Regulator

The voltage reference regulator section of the TH
circuit module provides extremely stable refer-
ence voltage for the excitation control system.

The throttle response section of the TH module
provides rteference voltage directly related to
throttle position. This reference voltage is im-
pressed upon power control circuits and loco-
motive power is precisely controlled by throttle
position.

A test button on the TH module is provided to
energize the ORS solenoid in the engine governor.
This is merely to provide test control of the load
regulator.
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TR CIRCUIT MODULE -
Transition

Transition is required in order to stay within
current limitations of the main generator at low
track speeds and within voltage limitations at
high track speed. This is accomplished by using 3
parallel motor paths each with two motors in
series at low speeds and 6 parallel single motor
paths at high speeds.

The TR module is essentially two E-1 type relay
circuits mounted on a single circuit board. The
relay circuits are energized by main generator
voltage signals from a generator potential trans-
former GPT and are restrained (reverse biased) by
main generator current signals derived from gener-
ator current transformers and the PF module.
The voltage and current signals are compared at
transistors in the TR circuits. When the voltage
signals as calibrated by circuit components exceed
the current signals, the transistors are turned on
to pick up FTR and BTR pilot relays. FTR
pickup at a higher value than BTR pickup
initiates forward transition. BTR dropout at a
lower value than FTR dropout initiates backward
transition.

VR CIRCUIT MODULE - Voltage Regulator

The locomotive low voltage system and equip-
ment are designed for operation on-74 volt DC
power supplied by the auxiliary generator. This
voltage must be kept constant regardless of
changes in engine (and generator) speed.

The voltage regulator is used in the auxiliary
generator field excitation circuit and functions to
vary excitation as needed to hold output voltage
constant despite speed changes. This device func-
tions entirely automatically and should never be
disturbed during operation. The regulator utilizes
solid state electronic components to regulate
auxiliary generator voltage. The regulator does
this by rapidly turning the generator field circuit
on and off. Time "on" in relation to time'off"
establishes auxiliary generator voltage. The regu-
lator is called a static voltage regulator because
with the exception of a starting relay it uses no
moving parts.

The face of the VR module is provided with a
slotted-shaft rheostat to adjust generator voltage
between 72 and 76 V DC. This adjustment is
provided for battery charging purposes only.
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NOTE: The VR circuit module does not provide
stable reference voltage for the excitation
system. The stable reference voltage is
provided by a regulating circuit located
on the TH module.

CAUTION: The diesel engine must be completely
stopped before the VR module is
removed or inserted.

WS CIRCUIT MODULE - IDAC

The IDAC wheel slip control circuits are housed
in the WS module. The components are smaller
than earlier IDAC configurations, but the func-
tions are essentially the same. Wheel slip cor-
rection is based upon acceleration of slipping
wheels in the first and second stages. The first
stage being immediate power reduction and
immediate return to power in small increments.
The second stage involves essentially a first stage
reduction of power followed by a slower return
to power. The third stage of correction is based
upon a level value of wheel slip signal rather than
a rate of change.

The WS module is provided with a test button
that is operative with the unit isolated or with
the throttle in idle. When the test switch is
operated a green light on the face of the module
indicates with a high degree of probability that
the wheel slip system is functioning properly. A
red test lamp indicates that the WS module is
faulty.

TEST PANEL, Fig. 6-16

The test panel located in the module compart-
ment contains terminals and receptacles that
provide an easy place to read significant test
voltages during operation or test. The test
selector switch has the following positions.

1. NORMAL for locomotive operation.

2. CIRCUIT CHECK, which allows control cir-
cuits to function when the generator field
circuit breaker is opened.

3. LOAD TEST, which allows control and exci-
tation circuits to operate when the reverser is
centered, but prevents delivery of power to
the traction motors.

CAUTION: The CIRCUIT CHECK position does
not prevent excitation of the main
generator.

The LOAD TEST position open-
circuits the main generator unless an
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Fig. 6-16 -- Test Panel

external grid load is connected or the
unit is equipped for automatic self
loading.

Do not operate above throttle Run 1
with main generator open circuited.

Never return test switch to NORMAL
while operating under load.

ELECTRICAL DEVICES

The following devices are listed alphabetically for
ease of reference. For the most part the devices are
located within the main electrical cabinet.

B; BRAKING POWER CONTACTOR, Fig. 6-17

During dynamic braking this contactor is con-
nected in series with traction motor fields and
the main generator. It has high current inter-
rupting capability, and must always open before
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transfer switchgear operates. Interlocks prevent
operation of transfer switches while the '"B'"
contactor is closed.

176438
Fig. 6-17 — Braking Power Contactor

BCT; BRAKING CURRENT TRANSDUCTOR

On locomotives equipped for grid current train-
line control and those equipped for extended
range dynamic brakes, this transductor is used to
provide a signal proportional to current in the
dynamic brake resistor grids. The transductor
consists of coils wound on iron cores. A cable
that carries braking current passes through the
cores.

The transductor coils are connected in series with
a transformer T4 and across the D14 alternator.
The strength of dynamic braking current controls
the impedance of the BCT coils, and the output
transformer T4 provides a signal that is propor-
tional to braking current. This signal is applied to
dynamic brake control circuits in the DR and DE
modules.

The DR and DE modules use the signal to regulate
maximum braking grid current according to
braking handle position. The DE module uses the
signal to bring about pickup of grid shorting
contactors at given values of braking current.

BR1, BR2; BRAKE RELAYS

These relays are energized when the selector
handle is indexed to the brake position. BR relay

168372
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contacts set up dynamic braking circuits and
nullify power circuits. BR1 contacts are made of
gold alloy material and are located in control
circuits that carry small amounts of current. BR2
contacts are located in circuits carrying greater
amounts of current.

When transfer from power to brake is made, a
time delay interlock in the feed to the BR coils
ensures the decay of generator residual before
circuit transfer is initiated by pickup of the BR
relays.

CA; CAPACITORS

CA30

Connected around the operating coil of the GFD
contactor to suppress arcing at circuit inter-
rupting interlocks.

CA3l1

Connected in series with a resistor around the
operating coil of contactor delay relay CDR to
delay dropout of the relay.

CA32

When the controlled rectifier SCR is turned on,
this capacitor in conjunction with RE32 sup-
presses the voltage spike that occurs when the
"free-wheeling'' diode around the generator field
is turned off.

CA33

Suppresses arcing at CDR contacts which operate
to drop out power contactors.

CA34

When dynamic braking current is rapidly rising to
the regulated value, charging current in CA34
anticipates the approach of full current and
triggers the DR transistors. This anticipation
effect results in stable DR function with little or
no overshoot.

CA37

Acts to suppress a transient generated upon GFC
contactor dropout.

CCR, CRL; COMPRESSOR RELAYS

On units equipped with synchronization of all
compressors in a consist, the compressor relays in
all units of the consist are energized when the
main air reservoir pressure in any unit falls below
a preset level. The compressor relays in the
individual units will remain energized until all
reservoir pressures build up to the normal level.
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CCS; COMPRESSOR CONTROL SWITCH

The compressor control switch senses main reser-
voir pressure. It trips to energize the compressor
control magnet valve when main reservoir falls
below the desired pressure.

On special order a second sensing device can be
included in the compressor control switch. This
device will de-energize the compressor relay in
any individual unit if main reservoir pressure in
that unit approaches the safety valve setting of
that unit.

An additional function of the compressor control
switch is the pickup (through compressor relay
CR contacts) of magnet valves at main and
auxiliary strainer drains. The strainer drains will
blow free for a moment whenever the magnet
valves are energized or de-energized.

CDR; CONTACTOR DELAY RELAY

Contacts of CDR are connected in the feed to
power contactor operating coils. A resistor-
capacitor combination connected around the
operating coil of CDR delays dropout and pre-
vents interruption of the feed to power contactor
operating coils. CDR dropout is initiated by
direction transfer, motor-brake transfer, isolation,
or intermittent trainline feed. CDR delay prevents
the power contactors from interrupting high volt-
age and current, with resulting increase in con-
tactor life and elimination of high voltage tran-
sients that can damage main generator diodes.

One set of CDR contacts latches the CDR relay
in against dropout of the MR relay when the
throttle is placed in idle position. This prevents
unnecessary operation of power contactors and
requires return of the throttle to idle position
before power contactors will pick up after a
circuit change is made.

COR; MOTOR CUTOUT RELAY

On units equipped for motor cutout the contacts
of this relay perform a variety of functions to
ensure proper operation with two traction motors
cut out. This involves disabling the "'S" power
contactors and certain wheel slip control circuits,
changing the slope and position of power control
lines and transition operating points, and picking
up '"P'" power contactors and providing circuits
around the interlocks that are not positioned
because the related motors are cut out.

CR; RECTIFIERS

CR17

This rectifier is connected as a discharge rectifier
around the D14 field to stabilize D14 output.

6-20

The ''free-wheeling'' characteristic smooths out
fluctuations resulting from variations in field
current.

CR30

Blocks backfeed from the turbo lube pump relay
coil power supply.

CR31 THRU CR33 AND CR38 THRU CR40

Perform blocking functions in circuits to governor
and throttle response coils.

CR34

Blocks backfeed from the alarm circuit to the ER
relay coil.

CR35

Delays dropout of fuel pump control relay FPCR
to ensure against engine shutdown due to tran-
sient circuit interruption.

CR36

Suppresses voltage spikes to transistorized TR
module circuits connected in parallel with the
TDR relay coil.

CR37
Blocks backfeed from the SA module test circuit
to the governor overriding solenoid ORS.

CR41

Blocks rate control capacitor discharge through
the TH module.

CR45
Blocks backfeed from ORS circuit.
CR49

Blocks feedback through the hot engine (THL)
and plugged engine air filter (EFL) protective
circuits.

CR60

Acts to suppress a transient generated upon ORS
dropout.

CR-BC, BATTERY CHARGING
RECTIFIER, Fig. 6-18

The battery charging rectifier consists of a pair of
heat sink mounted silicon diodes in parallel with
a selenium suppression rectifier that protects the
silicon diodes from high voltage spikes. The recti-
fier prevents battery current from flowing
through the windings of the auxiliary generator
and D14 alternator when the diesel engine is
stopped.

1558372



Fig. 6-18 -- Battery Charging Rectifier

CR-GR; GROUND RELAY RECTIFIER

It is the function of the ground relay to detect
high voltage DC and AC grounds and AC phase
unbalance at the main generator. The fast acting
relay uses an operating coil of high impedance,
consequently the relay will not respond properly
to alternating current. The ground relay rectifier
changes AC signals to DC at the ground relay
operating coil, thus ensuring rapid operation of
the relay.

CT; CURRENT TRANSFORMERS

Current transformers are located within the main
generator airbox. Three cables, one from each
phase of the three-phase AC output, pass through
the CT's before connecting to the main generator
rectifier assembly. The cable from phase A passes
through CTA, from phase B through CTB, and
from phase C through CTC. The signals from the
CT's are proportional to main generator DC
output. They are applied to the performance
control module PF from which a feedback signal
is derived and used for locomotive control.

DC1, 2, 3; DYNAMIC BRAKE GRID SHORTING
CONTACTORS, Fig. 6-19

On locomotives equipped with extended range
dynamic brakes, the DC power contactors close
in sequence to each short out approximately
one-fourth dynamic braking grid resistance. This
reduction of braking grid resistance allows current
flow through the remaining grids to continue at a
high level as locomotive speed decreases.

The contactors are rated to carry more than 2000

amperes continuously, and are equipped with arc
chutes that contain, expand, and extinguish arcs
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Fig. 6-19 - Dynamic Brake Grid Shorting Contactor

by action of a permanent magnet blowout struc-
ture. The contactor is rated to open in parallel
with dynamic braking grids on volts up to 350
and currents up to 2400. Contactor operation is
controlled by the DE module and pilot relays.

DGT; DYNAMIC GRID TRANSDUCTOR

This transductor is constructed of the same basic
parts as the wheel slip transductors, but in addi-
tion is equipped with a spool to accept and
firmly hold several turns of a cables leading to
braking grid fan motors. In the event of a stalled
fan or motor, or an open in the motor circuit,
currents at the transductor create an unbalance.
The unbalance is sensed at the DG circuit mod-
ule, and the braking power contactor is locked
out. A reset button on the DG circuit module
will reset the lockout after the fault has been
corrected.

DPl1, 2, 3; DYNAMIC BRAKE PILOT RELAYS

These relays are controlled by the extended range
dynamic brake control circuit module DE. They
pilot the extended range dynamic brake power
contactors DC1, 2, and 3.

DP1A; AUXILIARY PILOT RELAY

Establishes grid current control during extended
range dynamic braking. Units with extended
range dynamic brakes and no DPlA relay are
equipped for full range grid current control.
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EBT, ELECTRO-THERMAL BLOWDOWN
TIMER

This device is applied on special order to time the
operation of the automatic drain valves in the
compressed air system of the locomotive. With
the system, automatic drain valve blowdown
occurs at approximately 3 minute intervals re-
gardless of locomotive circumstances (operation,
standby, or shutdown) as long as the control
circuits are energized.

EFL; ENGINE FILTER LATCHING RELAY

If the engine air filter becomes plugged, a filter
vacuum switch trips to energize the EFL relay.
Relay contacts operate to restrict engine speed and
power and to provide an annunciator signal.

ELT; EXCITATION LIMIT
TRANSDUCTOR

If generator field current exceeds a safe level, ELT
actuates the EL circuit module. The equipment
protective relay is dropped out, which in turn
drops out the generator field contactor GFC until
current falls to a safe level. The action protects
equipment, yet allows rough regulation to get the
locomotive over the road to a maintenance point.

EQP; EQUIPMENT PROTECTIVE RELAY

It is the function of the EQP relay to drop out
the generator field contactor GFC when pro-
tective devices operate to back up faulty regu-
lating devices. EQP dropout can occur through
operation of the following:

1. DP circuit module brake warning and motor
field protective relays.

2. Through pickup of the excitation limit relay
of the EL circuit module.

3. Through pickup of the FTR relay after for-
ward transition has been made.

4. Through dropout of the generator field decay
relay that is piloted by the ground relay.

All of the above accomplish rough regulation to
enable the locomotive to get over the road to a
maintenance point. On the basic locomotive none
of the devices lock in after pickup. However, on
special order the ground relay can be made to
latch after a specific number or a specific rate of
GR operations.

ER; ENGINE RUN RELAY

The function of the engine run relay is to set up
control circuits to the governor speed setting
solenoids. Therefore, if the engine run relay is
de-energized by placing the engine run switch in
the OFF position or by operation of safety
devices, the diesel engine will not run above idle
speed. Throttle response relays in the TH module
will, however, still respond to throttle position.

On the basic locomotive the engine run switch on
the locomotive control stand must be in the on
position before the engine run relay can be
energized. On special order the engine run switch
may be eliminated. On such units, operator's
control of the engine run relay is provided by the
isolation switch and the ground relay cutout
switch only.

ETS; ENGINE TEMPERATURE SWITCH

This switch is located in a water manifold on the
equipment rack. It senses engine water tempet-
ature and picks up to indicate excessive tempera-
ture. Upon pickup it turns on the HOT ENGINE
light and energizes the TH relay which operates to
reduce engine speed and power. Contacts of ETS
also protect against failure of other temperature
sensing switches by providing a backup feed to a
cooling fan contactor.

FCT; FIELD CURRENT TRANSDUCTOR

This transductor consists of two toroidal iron
cores, each with a 1000 turn test winding is also
common to both cores. The cores and windings
are completely enclosed and hermetically sealed.
D14 AC is impressed upon the windings, and a
hole in the molded enclosure admits a cable
carrying current through the transductor and to
the generator ficld. When field current reaches a
specific level, output from the transductor causes
the GX module to go into a blocking state.
Control current ceases to flow in the SE module
(sensor) control windings and generator excitation
is reduced.

FCl1, 2, 3; COOLING FAN CONTACTORS,
Fig. 6-20

The cooling fan contactors operate to supply D14
AC power to the radiator cooling fan motors.
They are controlled by temperature switches
mounted in a water manifold on the equipment
rack.
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FOR; DIRECTIONAL RELAY, FORWARD

This relay along with RER controls the direction
in which the locomotive will move. The designa-
tion FOR is related to the short hood end of the
unit. The relay is energized by trainlined control
current when the reversing lever on the controller
is placed in the appropriate position. Contacts of
the relay make or break circuits using local
control current to actuate heavy duty motor
driven transfer switches. The transfer switches
establish the direction of high voltage main gener-
ator current flow through traction motor ficlds.

Crossover wires at each of the jumper cable
receptacles between units of a consist are so
arranged that whatever the makeup of the con-
sist, the appropriate relays in trailing units will be
energized.

FPC; FUEL PUMP CONTACTOR

Use of this contactor relieves the fuel prime-
engine start switch of fuel pump motor current
load. Pickup and dropout of the fuel pump
contactor are piloted by the fuel pump control
relay FPCR.

FPCR; FUEL PUMP CONTROL RELAY

When the fuel prime engine start switch FP/ES is
placed in the START position, the FPCR is
energized. FPCR contacts pick up to provide a
holding circuit for FPCR and to establish a
circuit between the FPC coil and the auxiliary
generator side of the battery charging rectifier
when the FP/ES switch is released. FPCR con-
tacts also enable the circuit to the engine run
relay ER and set up the engine shutdown circuit
to the governor ''D"' solenoid.

FPR; FUEL PUMP RELAY

The primary purpose of the fuel pump relay is to
provide the locomotive operator with the means
of shutting off the fuel pump from a switch on
the control stand. Before the engine is running,
the relay performs no function, but it must be
picked up to set up the fuel pump contactor
circuit.

CAUTION: The control and fuel pump switch
must always remain in the ON posi-
tion while the engine is running. If an
engine shuts down from lack of fuel,
damage to the engine injectors is
possible.
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FTX; FORWARD TRANSITION AUXILIARY
RELAY

This relay is piloted by the FTR relay in the TR
module. Tts contacts operate to initiate the tran-
sition sequence and also initiate corrective action
when FTR signals a wheel overspeed by pickup
during parallel operation.

FUSE, RADIATOR FAN MOTOR, Fig. 6-20

These 200 ampere bolted lug type fuses protect
the radiator fan motors. The lugs are affixed to
tubular insulating bodies made of reinforced
melamine. Fast acting fusible links within the
tube connect the fuse lugs. The links are sur-
rounded with silicon sand that acts to absorb arc
energy. A small indicating fuse is affixed to the
main fuse body, and is connected in parallel with
the main fuse elements. When the main elements
open, the indicator link also burns open, and a
spring loaded indicator pin protrudes to indicate
a blown fuse.

If an inspection reveals a single blown fuse,
remove and discard both fuses used to protect
the motor. This is done because the second fuse,
while not indicated as blown, will in all proba-
bility be degraded and will blow open the next
time the fan is called upon to start.

CAUTION: If for some reason a single fuse is to
be removed, always remove the other
fuse to completely isolate the motor.

GFA; GENERATOR FIELD AUXILIARY
CONTACTOR

This contactor is energized during dynamic brak-
ing. Its purpose is to accomplish more precise
control of low level main generator excitation
required during dynamic braking. [t does this by
inserting resistance in series with the main gener-
ator field and by limiting input to the main
generator excitation SCR to a single phase from
the D14 alternator.

GFC; GENERATOR FIELD CONTACTOR

The main contacts of this device are located in
the AC supply from the D14 alternator to the
main generator excitation rectifier SCR. The con-
tactor will pick up to close the main contacts
when circuits are complete for power operation,
dynamic braking, or load testing. A GFC inter-
lock pilots an auxiliary relay GFX whose contacts
perform interlocking functions associated with
GFC operation.
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GFD; GENERATOR FIELD
DECAY CONTACTOR

During ground relay action, GFD operates to
drop out equipment protective relay EQP which
in turn drops out generator field contactor GFC.
GFD main contacts open to insert resistance in
series with generator field discharge circuit, and
thereby increase the field decay rate by limiting
the duration of circulating current.

GFX; GENERATOR FIELD
AUXILIARY RELAY

This relay is piloted by operation of the GFC
contactor. Its primary function is to complete the
throttle reference voltage circuit from the throttle
response function of the TH circuit module to
the rate control function of the RC circuit
module. Secondary functions nullify various

module test circuits during power or braking
operation.

GPT; GENERATOR POTENTIAL
TRANSFORMER(S)

Voltage from the AC side of the main generator
rectifier assembly is applied to the primary wind-
ings of GPT. An output signal proportional to
main generator voltage is applied from GPT to
the generator voltage regulating module GV, to
performance control module PF, and to transition
module TR.

GR; GROUND RELAY

The ground relay detects AC and DC high voltage
grounds or the loss of five paralleled main gener-
ator diodes in a group. It does not detect low
voltage grounds. When the relay is tripped, the
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H.V. GRD/FAULT light comes on. This light is
located on the engine control panel and on the
annunciator module within the electrical cabinet.
The engine control panel light goes out when the
ground relay is reset, but the annunciator light
remains on until the annunciator is reset.

The ground relay is held in its tripped position
by a mechanical latch in the relay. It is reset by
either manually pressing the ground relay reset
button on the control stand or by an automatic
reset device on locomotives so equipped. The
automatic resetting devices also provide a reset
lockout that prevents further resetting after a
specific number of resets or after a specific
number of resets within a specific time period.

IPS; INDEPENDENT PRESSURE SWITCH

Application of the locomotive air brake during
extended range dynamic braking will actuate this
switch and will nullify extended range dynamic
braking. This is done to prevent the possibility of
sliding wheels.

LR; LOAD REGULATOR, Fig. 6-21

The load regulator is a plate type rheostat driven
by a hydraulically operated vane motor. A pilot
valve in the engine governor controls a flow of
engine oil under pressure to drive the vane motor
clockwise or counterclockwise through a maxi-
mum arc of about 300 degrees, thereby posi-
tioning the rheostat brush arm and regulating the
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output of the main generator by varying a signal
to a system that controls excitation of the gener-
ator field. Control of generator field excitation
results in control of the load on the engine. Load
control of the engine by the governor permits the
governor to maintain engine speed with regulation
of power at the correct level for a given speed.

LTT; LOAD TEST TRANSFER
SWITCHES, Fig. 6-22

When the test panel switch is rotated to the
LOAD TEST position, these switches operate to
connect the main generator to the dynamic brak-
ing resistor grids. They are located toward the
back of the electrical cabinet and are applied on
special order when automatic load ‘testing is
desired.

13795

Fig. 6-22 -- Load Test Transfer Switch

MB; MOTOR BRAKE TRANSFER
SWITCH, Fig. 6-23

This switchgear is used to transfer circuits from
the power mode of operation to the dynamic
braking mode on locomotives so equipped. The
device is made up of motor driven gang operated
switches rated at 1200 amperes and 1500 volts.
There can be from two to six double-pole
double-throw switches per device. Being ‘motor
driven, once the switch is positioned, it will not
drop out. A positive feed is required to move the
contacts. When they do move, all poles operate
together, and a single interlock suffices to indi-
cate the position of all switches. This increases
interlock  availability and allows complete
protective interlocking.
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Fig. 6-23 - Typical Motor Operated Transfer Switch

MCOX; MOTOR CUTOUT AUXILIARY RELAY

MCOX operates in conjunction with relay RVF
to drive the motor operated transfer switches RV
from one position to another when the rotary
cutout switch in the cab is operated. This allows
MCO relays to lock transfer switch contacts at an
open centered position and cut out the power
circuits to the appropriate traction motor(s).

MCO_; MOTOR CUTOUT MAGNET
COIL AND LIMIT SWITCH

On units equipped for traction motor cutout, an
MCO magnet coil is mounted on each RV trans-
fer switch. Two MCO coils are energized when-
ever the rotary cutout switch in the cab is
operated to cut out a faulty motor and its
electrically related motor. When the rotary switch
is operated, the motor operated transfer switch
assembly will cycle between forward and reverse
positions. As the switches to be cut out pass
through centered position, the MCO locks the
contact operator in the centered or neutral posi-
tion, and the MCO armature operates a limit
switch assembly to pick up the COR relay which
functions to set up control circuits for operation
with motors cut out. The limit switch contacts
also hold the appropriate "P" power contactors
dropped out.

MR; MOTORING RELAY

This relay performs functions formerly assigned
to the relay identified as GFR. It is energized
when the throttle is opened for power. It is
dropped out during dynamic braking. Contacts of
the MR relay perform functions associated with
excitation of the main generator field.

6-26

MV-CC; MAGNET VALVE,
COMPRESSOR CONTROL

When the compressor control magnet valve is
de-energized, the air compressor unloader valve
opens and the compressor begins to pump. The
magnet valve is de-energized on the basic system
by action of the compressor control switch CCS.
On units equipped for synchronization of all
compressors in a consist, the magnet valve is
de-energized when the compressor relay responds
to the compressor control switch in the individual
unit or to the compressor control switch in each
or any unit of a consist.

MV-SH; MAGNET VALVES,
SHUTTER CONTROL, Fig. 6-24

When cooling fan contactors FC1, FC2, and FC3
are de-energized, their related fans are not
powered. Interlocks of FCI, FC2, and FC3 close
to energize shutter control magnet valves MV-SH.
Compressed air is admitted to the shutter
operating pistons to work against shutter spring
pressure and drive the shutters closed. When the
FC1 fan contactor picks up shutter magnet valves
are de-energized, air pressure is released from the
shutter operating pistons and the spring pressure
drives the shutters open.

The two magnet valve assemblies are connected in
tandem at a single manifold. Both magnet valves
must be energized and operate before air pressure
can drive the shutters closed. If either or both
valves are de-energized, air pressure is released
from the shutter operating piston, exhausted
through the valve, and the shutters open. Refer
to the air flow sketch in Fig. 6-25.

MV-818; FILTER BLOWDOWN VALVE

When this magnet valve is energized and again
when it is de-energized an operating spool briefly
releases air and accumulated water from the
auxiliary main reservoir centrifugal filter. On the
basic locomotive blowdown occurs when the air
compressor loads or unloads. If the locomotive is
equipped with electric blowdown timer EBT,
blowdown occurs approximately every three
minutes.
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Fig. 6-25 — Shutter Magnet Valve Air Flow
MV-824; FILTER BLOWDOWN VALVE

When this magnet valve is energized and again
when it is de-energized an operating spool briefly
releases air and accumulated water from the main
reservoir centrifugal filter. It operates in the same
manner as the MV-818.

MV-880; MAIN RESERVOIR
BLOWDOWN VALVE

When this magnet valve is energized and again
when it is de-energized an operating spool briefly
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releases air and accumulated water from the main
and auxiliary main reservoir tanks. On the basic
electrical blowdown system this occurs whenever
the compressor loads or unloads. If the loco-
motive is equipped with electric blowdown timer
EBT, blowdown occurs approximately every three
minutes.

NVR; NO VOLTAGE RELAY

This relay is energized by AC current from the
D14 alternator when the engine is running. In the
event that auxiliary AC power is somehow lost,
NVR drops out. This sets up circuits to sound an
alarm, restrict the diesel engine to idle speed and
start the turbocharger auxiliary lube oil pump.
The turbocharger auxiliary pump light and the no
power light will come on.

Loss of AC to NVR can be caused by the engine
stopping, by tripped main generator field or AC
control circuit breakers, by trip of the auxiliary
generator field circuit breaker, or by failure of
the D14 alternator or the auxiliary generator
fuses.
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OCP; OPEN CIRCUIT PROTECTIVE RELAY

On units equipped with extended range dynamic
brakes, this latching relay is bridge connected
between motor armatures and dynamic braking
resistor grids during dynamic braking. If an open
occurs in the grids or cables, the relay picks up and
latches in. It can not be reset by the locomotive
operator, and should only be reset by maintenance
personnel after a thorough examination of the
dynamic braking grids and cables. The reset button
is located within the electrical cabinet.

CAUTION: Do not reset the OCP wuntil a
thorough inspection has been made to
ensure that dynamic braking grids and
cables are in satisfactory condition.

ORS; OVERRIDING SOLENOID

This solenoid is located within the engine gov-
ernor. When energized it operates the load regu-
lator pilot valve, and causes governor oil pressure
to drive the load regulator to minimum field
position.

ORS is energized when protective devices operate,
and during transition on units that require tran-
sition. A test button on the TH module provides
the means for checking governor control of the
load regulator by energizing ORS.

PCR; PNEUMATIC CONTROL RELAY

The function of the pneumatic control relay is to
reduce engine speed and power to idle when an
emergency or penalty application of the brakes
occurs.

PCS: PNEUMATIC CONTROL SWITCH

Contacts of the pneumatic control switch are
normally closed in the circuit to the magnet coil
of the pneumatic control relay. When a penalty
or emergency application of the air brakes occurs
the PCS switch operates to interrupt the circuit
to PCR. Engine speed and power go to idle.
When control of the air brakes is recovered, PCS
drops out, and PCR will pick up if the throttle is
at idle position.

PR; PARALLEL RELAY

The contacts of PR operate in the transition
sequence circuits to ensure proper transition from
series-parallel to parallel and back. They also
control generator excitation during transition and
they recalibrate performance control char-
acteristics.

PRA; PARALLEL RELAY AUXILIARY

This relay is used to set up the wheel overspeed
detection and correction circuits.

P_; POWER CONTACTORS, Fig. 6-26

Power contactors are rated at 1200 amperes 1500
volts continuous, and can successfully interrupt
current at this value repeatedly without damage;
however, during normal operation current and
voltage values are far less when the power con-
tactor opens. The contactors are equipped with
continuous duty series electro-magnetic blowout
and arc chutes that accomplish arc blowout with-
out arcing to ground. The arc chutes are positive
latching. They cannot be misapplied, and power
contactor interlocks will not function if the arc
chute is removed. Contact tips are trifurcated
(the movable tip is made up of three movable
fingers) for greater contact surface and are made
of alloy material with good conductivity that
resists oxidation and erosion and maintains a low
operating temperature.

These contactors are energized and closed to
connect all of the traction motors in full parallel
with the main generator. Auxiliary contacts per-
form various functions in control circuits.

17502

Fig. 6-26 - Power Contactor
RE-BC; BATTERY CHARGING RESISTOR
This limiting resistor is installed to protect the
auxiliary generator and battery charging circuit
against high currents in the event that the battery
has a very low charge.
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RE-DB; DYNAMIC BRAKING RESISTORS

The faceplate type dynamic braking rheostat
RH50 employs this resistor assembly to extend
the capability of the rheostat.

RE; RESISTORS
REI

Provides limiting resistance between the SCR
assembly and the AR10 field during dynamic
braking. This is done to obtain improved control
of the low field current required during dynamic
braking.

RE2

This resistance is inserted in series with the main
generator field to increase the rate of field decay
when ground relay action occurs.

RE3A - B

Provide limiting resistance in the circuits for the
ground relay.

RE4A - B

Wheel slip relay WSR bridge circuit resistors.

RE5A - B

Tapped resistances to control headlight intensity
are inserted in circuit by means of switch on the
control stand.

RE6
Provides the load for the output from the wheel
slip transductors. The voltage drop across this

resistor is the wheel slip signal to the WS circuit
module.

REI10A - B; RE20A - B

These adjustable resistors provide proper voltage
for the headlights.

RE31

With CA31 establishes the time delay dropout of
contactor delay relay CDR.

RE32

With CA32 acts to suppress voltage spikes at the
SCR.

125472
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RE33

With CA33 acts to suppress arcing at CDR relay
contacts.

RE34

Protects against accidental pickup of S14 in case
of transient fault condition.

RE39

Used to modify SE operating characteristics
during dynamic braking.

RE41

With CA37 acts to suppress a transient generated
upon GFC contactor dropout.

RER; DIRECTIONAL RELAY, REVERSE

This relay along with FOR controls the direction
in which the locomotive will move. The designa-
tion RER is related to the long hood end of the
unit. The relay is energized by trainlined control
current when the reversing lever on the controller
is placed in the appropriate position. Contacts of
the relay make or break circuits using local
control current to actuate heavy duty motor
driven transfer switches. The transfer switches
establish the direction of high voltage main gener-
ator current flow through traction motor fields.

Crossover wires at each of the jumper cable
receptacles between units of a consist are so
arranged that whatever the make up of the
consist, the appropriate relays in trailing units
will be energized.

RH50; DYNAMIC BRAKE RHEOSTAT

During dynamic braking this rheostat is operated
by the throttle lever. It consists of a plate type
potted assembly. Its resistance is used in combi-
nation with RE-DB.

RVF; TRANSFER SWITCH FORWARD RELAY

On units equipped for traction motor cutout, this
relay operates in conjunction with motor cutout
auxiliary relay MCOX to drive the motor oper-
ated transfer switches RV from one position to
another to allow the motor cutout relays to lock
transfer switch contacts at an open centered
position and cut out the power circuits to the
appropriate traction motor(s).

6-29
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RV_; DIRECTIONAL TRANSFER SWITCH

This switch is used to change the direction of
current flow through the traction motor fields.
The device is made up of motor driven gang
operated switches rated at 1200 amperes and
1500 volts. There are from two to six double-
pole double-throw switches per device. Being
motor driven, once the switch is positioned, it
will not drop out. A positive feed is required to
move the contacts. When they do move, all poles
operate together, and a single interlock suffices to
indicate the position of all switches. This increases
interlock  availability and allows complete
protective interlocking.

SCR; SILICON CONTROLLED RECTIFIER

AC power from the D14 alternator is rectified
and applied to the main generator in controlled
amounts by this rectifier assembly. A triggering
device in the power control system signals the
amount of power that SCR sends to the gener-
ator field.

ST; STARTING CONTACTOR

The cranking motor assemblies are equipped with
heavy duty contact tips that make contact when
the starting solenoid has operated to engage the
cranking motor pinion with the starting gear.
Such contacts are normally used to carry current
to the cranking motors; however, to ensure reli-
ability of the cranking devices, the locomotive
uses the solenoid operated contacts to pilot a still
heavier duty contactor ST. Use of this starting
contactor also ensures engagement of each of the
paired cranking motor pinions before power is
applied to the cranking motors.

STA; STARTING AUXILIARY CONTACTOR

When the fuel prime-engine start switch is placed
in the ENGINE START position, the STA con-
tactor closes to apply battery power to starting
solenoids that are part of the cranking motor
assembly. The solenoids drive the cranking motor
pinions in to mesh with the starting ring gear.
When the pinions are meshed, solenoid, operated
contacts close to energize cranking contactor ST,
which applies battery power to the cranking
motors.

S_; SERIES POWER CONTACTORS

These electro-magnetic contactors are energized
and closed to connect the traction motors in
series-parallel with the main generator during

operation under power. During dynamic braking
these contactors close to connect traction motor
armatures to braking resistor grids. Auxiliary con-
tacts of these contactors perform various func-
tions in the control circuits.

TA, TB, TC; TEMPERATURE SWITCHES

These switches are located in a manifold on the
equipment rack. They sense engine water temper-
ature and operate to activate cooling fan
contactors.

TDR; TRANSITION DELAY RELAY

During transition from series-parallel to parallel,
the TDR operating coil is energized while power
contactors are sequencing. When the transition
sequence is completed, the TDR coil is de-
energized, but dropout of TDR contacts is
delayed by an air dashpot. These time delay
contacts pilot a relay in the TR module which
acts to hold BTR in against transient low voltage
and to prevent inadvertent FTR pickup. TDR
times out after system voltage has stabilized.

THL; THROTTLE LIMIT RELAY

When for any reason a hot engine occurs, the
engine temperature switch ETS contacts close to
sound the alarm bell, turn on the hot engine light
on the engine control panel, and energize the
THL relay coil. THL contacts turn on the hot
engine light on the annunciator, and act to
reduce engine speed and power to accomplish
engine cooling if the hot engine was caused by a
transient condition. If the hot engine was due to
an engine or system fault, the hot engine con-
dition may persist until engine shutdown is
brought about by engine protective devices.

TLPR; TURBO LUBE PUMP RELAY

The function of TLPR is to energize the turbine
auxiliary lube oil pump at engine start and shut-
down, and to prevent engine start until it (TLPR)
is picked up.

TLTD; TURBINE LUBE TIME DELAY RELAY

The TLTD is energized whenever the main bat-
tery switch is moved from open to closed posi-
tion and the turbocharger auxiliary lube pump
motor circuit breaker is closed. TLTD contacts
close for a period of approximately 35 minutes
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to energize the turbocharger auxiliary lube oil
pump contactor TLPC, which in turn controls the
turbocharger auxiliary lube oil pump. TLTD is
recycled if the circuit is interrupted by the engine
start or stop switch or if an engine shutdown
causes NVR interlocks to close.

TSR; TRANSFER SWITCH RELAY

The transfer switch relay is energized only when
all power contactors have dropped out. Its inter-
locks prevent operation of the transfer switches
until all power contactors are dropped out. The
transfer switches will therefore not open while
they are carrying current.

T4; BRAKING CURRENT
SIGNAL TRANSFORMER

This transformer provides a signal of usable value
from braking current transductor BCT that is
proportional to current in the dynamic braking
grids. On units equipped for extended range
dynamic braking, the signal is applied to the DE
module to bring about pickup of dynamic brake
grid shorting contactors. On units equipped for
trainlined control of dynamic brake grid current,
the signal is applied to bring about regulation of
braking effort according to braking handle
position.

WL; WHEEL SLIP LIGHT RELAY

This relay is energized by pickup of either the
WSR or "L' relays in the WS circuit module or
by pickup of the FTX relay after transition to
parallel motor connection has been made. "L"
relay pickup indicates a large steady current
differential at the traction motors, such as would
occur with a locked sliding wheel. WSR relay
pickup can indicate simultaneous slip of wheels
on one truck. FTX pickup during parallel motor
connection indicates wheel overspeed such as
during six-axle simultaneous slip.

In the event of a locked-sliding wheel set, pickup
of WL contacts opens the wheel slip circuit feed
to the governor ORS coil. This is to prevent
driving the load regulator near minimum field
position where it would be held by wheel slip
rate circuits, thus preventing the required WL
pickup and wheel slip light indications.

WST; WHEEL SLIP TRANSDUCTORS
The transductor consists of two coils wound on

independent iron cores. The coils are in series

125472
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across an alternating current source - the D14
alternator. Cables carrying traction motor current
pass within the frame of the iron cores. The
current in the cables is normally of equal value
and in opposite direction. When wheel slip occurs
the currents are unbalanced, causing a change in
magnetic fluxes in the cores. This results in a
decrease in the impedance of the coils and the
impedance change is seen as a wheel slip signal at
the WS module.

PNEUMATIC DEVICES IN
THE ELECTRICAL CABINET

EFS: ENGINE FILTER SWITCH

This switch senses the pressure drop across the
inertial plus the pleated paper engine air filters.
When the pressure drop across the combined
filters reaches 24 inches of water, the switch
operates to energize latching relay EFL. EFL
contacts act to limit engine speed and power, and
provide a backup signal to the AN module.

FVS: FILTER VACUUM SWITCH

This switch senses the pressure drop across the
inertial plus the pleated paper engine air filters.
When the pressure drop across the combined
filters reaches 14 inches of water, the switch
operates to provide a signal to the AN module.

HOSE STEMS FOR
MANOMETER CONNECTION

Three hose stems are provided at the front of the
electrical cabinet.

Air Filters - Engine Plus Inertials

This opening is piped to the turbocharger inlet
side of the engine air filter. It is used to measure
the pressure drop across the carbody mounted
inertial filters plus the engine air filter.

Electrical Cabinet

This hose stem opens directly to the inside of the
electrical cabinet. It is used to measure the
pressure drop across the electrical cabinet filters.

Inertial Filters
This opening is piped to the central air compart-

ment. It is used to measure the pressure drop
across the carbody inertial filters.
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GUIDE TO THE EXCITATION

AND POWER CONTROL SYSTEM

CAUTION

The data appearing in this section is intended only as a guide in explaining
the locomotive excitation and power control system. The circuits shown in
this section represent typical components and do not necessarily agree with
the wiring diagrams of specific locomotives. Consult the applicable locomo-
tive wiring diagrams and the troubleshooting section of this manual when
performing troubleshooting on the excitation and power control system.

INTRODUCTION

The purpose of this section is to describe the
locomotive excitation and power control system.
A block diagram of the excitation and power
control system is provided in Fig. 7-1.

The excitation and power control system is de-
signed for high reliability, high performance, and
minimum down time. Minimum down time is
assured by using top quality components
mounted on plug-in modules. The modules are
centrally located in the electrical cabinet on the
cab side. Each module contains components that
are functionally related. For example, the wheel
slip module contains components that initiate
correction for a wheel slip condition and the
sanding module contains components that initiate
application of sand to the rails.

The modules are provided with test jacks for
making voltage measurements when performing
troubleshooting. Some of the modules are
equipped with press-to-test pushbuttons for per-
forming functional checks on the modules. The
modules are designed to be adjusted on the test
bench in the shop. Therefore, when a module is
changed out it is not necessary to adjust the
module while installed on the locomotive. This
feature greatly reduces locomotive down time.

Some of the other significant characteristics of
the excitation and power control system includes:

1. Use of the AR10 alternating current generator
with integral solid-state rectifier assembly to
provide DC power to the traction motors.

1258172

2. Use of solid-state components to match the
reference signal from the load regulator with
feedback signals from the AR10 main
generator.

3. Use of a silicon controlled rectifier assembly
to apply power from the D14 alternator to
the field of the AR10 main generator.

4. Use of throttle controlled variable resistance
during locomotive starting to reduce reference
voltage signals from the load regulator, which
rests in maximum output position at the time
of locomotive start. Locomotive response to
throttle change is thereby rapid but smooth,
and power is held at a low level during low
throttle position.

GENERAL

When the diesel engine starts to turn, the DC
auxiliary generator is initially self excited by
residual magnetism. As engine speed increases,
generated voltage builds up and part of the
auxiliary generator output is fed back through
the static voltage regulator. Output from the
voltage regulator is used to control excitation to
the auxiliary generator and maintain constant
voltage.

Part of the auxiliary generator output is used to
excite the field of the D14 alternator. When the
diesel engine is running, the D14 field excitation
is maintained at a nominally constant level.



Section 7

€GSLT

SI0JO|
o

sng
ada

sJauilolsues)
wa.Lng

wredgei(y yoolg Wa)sAS uoneyoxy — [-£ ‘814

101eUIB1Y OLYY
J01euiB)Y 1.0

AR

auibu3 69
T Jouanon)
Ajquiassy .\hoﬁtwcww auibuj
13141309y
1amog a xny 34 j01e|nBay peo |= = TR
S 1=
A — | empowHL 7T
= 1d9 sl al _— 1 |
- d 5
Jopeiuog {1 I I gnpon oY
249 Joienbay | I
abeyjop ..mw 1]
104
m *
. IR, &, === =_ —— o<
| .“ { ..“ 1 \f”_u
“ ,“ le ﬂ 3 ;mwm POt
anpoy | 49141108y
| _ob:o_\o,_ ' lY“ ~A=~  Pajjosniuon
| souewlsopley fe—o>l | 3
! I ! <
] | | w]
ke = J L o
T i einPoW 35 I“
! D |
| ! i
: 1 “
i { "
) | 1
o e = d
I 8inpoN 8 )
1 -
1 L
1 u
I _ﬂ4 Jore|nfey peon
I ( wo.4 sbeljoA soualajey
I
; I
u

R

128172

7-2



Three phase alternating current is taken from the
D14 alternator and fed through a silicon con-
trolled rectifier assembly to excite the field of
the AR10 main generator. The output from the
silicon controlled rectifier assembly is determined
by a magnetic amplifier type SENSOR and solid-
state components that respond to signals related
to AR10 main generator output, throttle posi-
tion, or load regulator position.

Three phase alternating current from the stator of
the AR10 main generator is applied to a power
rectifier assembly located within the AR10 main
generator housing. DC power from the rectifier
assembly is applied to the fraction motors.

CONTENTS
This section is divided into the following parts:
Part A - Generators and Voltage Regulator

Description of the auxiliary generator,
voltage regulator, AR10 main generator,
and the D14 alternator.

The contents of Section 7 Part A are presented in
the following order:

1. AG - Auxiliary Generator

2. AR10 - AR10 Main Generator
3.D14 - D14 Alternator

4. VR - Voltage Regulator Module

Part B - Excitation and Power Control System

General description of the excitation
and power control system and a detailed
description of each module or assembly
used in the excitation and power con-
trol system.

The contents of Section 7 Part B are presented in
the following order:

1. EL - Excitation Limit Backup Protection
System (EL Module)

2. GV - Generator Voltage Regulator Module
3. GX - Generator Excitation Regulator Module
4. LR - Load Regulator Assembly

5. PF - Performance Control Module

125472
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. RC - Rate Control Module
. SB - Sensor Bypass Module
. SE - Sensor Module

O 00 a3 O

.SCR - Silicon Controlled Rectifier Assembly

10. TH - Throttle Response And Voltage Refer-

ence Regulator Module

11. TR - Transition Module

Part C — Wheel Slip Detection and Correction
System

General description of the wheel slip
detection and correction system and de-
tailed description of each module or
assembly used in the wheel slip detec-
tion and correction system.

The contents of Section 7 Part C are presented in
the following order:

1. SA - Sanding Module

2. WSBC - Wheel Slip Bridge Circuit
3. WS - Wheel Slip Module

4, WST - Wheel Slip Transductor

Part D - Dynamic Braking System, Excitation
and Control

General description of the dynamic
braking system excitation and control.
Includes a detailed description of each
module or assembly used in the dy-
namic braking system.

The contents of Section 7 Part D are presented in
the following order:

1. DE - Extended Range Dynamic Brake Module
2. DG - Dynamic Brake Grid Protection Module
3. DP - Dynamic Brake Protection Module
4. DR - Dynamic Brake Regulator Module

Part E - Indicating Lights and Devices

Description of the use and location of
indicating lights and devices such as
indicating lights on the engine control
panel, the load indicating meter, and the
annunciator module.
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GENERATORS AND VOLTAGE REGULATOR

Part A of Section 7 provides a general description of the
auxiliary generator, auxiliary generator voltage regulator, D14
alternator, and AR10 main generator assembly.

The auxiliary generator provides a nominal output voltage of 74
volts for excitation of the D14 alternator field and other low
voltage DC circuits.

The auxiliary generator voltage regulator is a solid-state voltage
regulator that maintains a constant output of approximately 74
volts from the auxiliary generator.

The D14 alternator provides three-phase AC power for the
radiator blower motors, the filter blower motor, various control
circuits, and the silicon controlled rectifier assembly. The recti-
fied output of the silicon controlled rectifier is applied to the
field of the AR10 main generator for excitation.

The AR10 main generator assembly provides DC power for the
traction motors.

CONTENTS

The contents of Section 7 Part A are arranged in the following
order:

1. Auxiliary Generator
2. AR10 Main Generator
3. D14 Alternator

4, Voltage Regulator Module

7A-1
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AUXILIARY GENERATOR

The auxiliary generator is a variable speed, self
excited, shunt wound, direct current generator
with an output of 10 kilowatts, Fig. AG-1. An 18
kilowatt auxiliary generator, Fig. AG-2, is avail-
able on special order. A solid state voltage regu-
lator is used to regulate the output voltage at 74
volts nominal at generator speeds of 825 to 3,000
RPM.

17763

Fig. AG-1 -- 10KW Auxiliary Generator

155372

The auxiliary generator is driven by the diesel
engine through a flexible coupling and provides
direct current power for lighting circuits, control
circuits, excitation for the D14 alternator,
charging storage batterics, and other miscella-
neous low voltage direct current requirements.
The auxiliary generator rotates at a speed approx-
imately three times as fast as the diesel engine.

6115

Fig. AG-2 - 18KW Auxiliary Generator

7A-AG1
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In the diesel electric locomotive, mechanical
power developed by the diesel engine is converted
to electrical power by a rotating -electrical
machine. The construction of rotating electrical
generators is such that alternating current is pro-
duced, but since alternating current will not
efficiently power variable speed motors, the alter-
nating current is converted to direct current
before being applied to the traction motors. In
conventional direct current generators, commu-
tator bars and brushes are used to convert the
alternating current to direct current. This method
of converting alternating current to direct current
has mechanical and electrical limitations that be-

AR10 MAIN GENERATOR

come more pronounced as the amount of usable
electrical power is increased. The conventional
direct current generator has been replaced by the
ARI10 main generator that uses silicon diodes to
convert the alternating current to direct current.

The AR10 main generator assembly consists of
two mechanically coupled, but electrically inde-
pendent, air cooled, three phase generators — the
D14 alternator and the AR10 main generator.
The D14 alternator is described in Part A — D14
of this section. The three major components of
the AR10 main generator are shown in Figs.
ARI10-1, AR10-2, and AR10-3.

17533 13235 17307
Fig. AR10-1 - AR10 Rotor Fig. AR10-2 -- AR10 Stator Fig. AR10-3 -- AR10 Rectifier
Assembly Assembly Bank Assembly
125172 7A-AR10-1
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The main generator consists of 10 field poles and
the required stator windings for generating three
phase AC power. The AC power is rectified by
two banks of air cooled silicon diodes that are an
integral part of the AR10 main generator assem-
bly. The resulting DC power is applied to the
traction motors.

The operating principle of the AR10 main gener-
ator is illustrated in Fig. AR104. Direct current
from the silicon controlled rectifier assembly is
applied to the rotating field through a pair of slip
rings. The magnetic lines of force developed by

DC Power

the rotating field induce a voltage in the sta-
tionary armature windings as the rotor turns.

One three phase group of armature windings and
a three phase waveform are shown in Fig.
AR104. There are ten groups of these "wye"
connected armature windings distributed about
the circumference of the stator. Five of the
groups are connected to the left bank of rectifiers
and the other five groups are connected to the
right bank of rectifiers. A separate positive and
negative bus is provided for each bank of recti-
fiers. A simplified schematic diagram of the stator
windings, bridge rectifiers, and DC buses is pro-
vided in Fig. AR10-5.

DC Field Supply From
Controlled Rectifier

Conuiaiion =2 =
Spike S P
Stator Winding Symbol pike Suppressors { Re:‘:i’f?;r
Magnetic Flux
C
B
1 - b, :
360 Electrical I
Degrees —
A\
360 Electrical '
Degrees Slip Rings
3¢ AC Waveform I L
N N

Stator Winding Group ‘:_’ — = =

Repeated 10 Times

Around The Stator .

Rotor Contains
10 Field Poles
gc @B \PA B
15654

Fig. AR10-4 -- Main Generator Pictorial Diagram

7A-AR10-2
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Fig. AR10-6 illustrates rotor pole position at an
instant called the ''V." Pole position is in respect
to a single stator winding group. By applying the
right-hand rule for generators, current flow in the
stator windings can be determined, and the con-
ditions existing at a given point of time
determined.

Note that the phase A winding is centered over
the poles (point of greatest flux density) and is at
negative potential. Note also that the potential at
phase C is decreasing while the potential at phase

Rotation w==»

B is increasing. At the moment depicted, the
potentials at C and B are equal and positive.
Therefore, current at equal potential flows to the
rectifier bridge, and two diodes at the positive
side of the bridge conduct. Total current then
flows through the load and from there through a
single diode back to the phase A winding, which
is at negative potential.

Generator potential can be observed at the wave-
form in Fig. AR10-6.

Figures AR10-6 through AR10-10 cover
120 electrical degrees of alternator
rotor movement as indicated by the

shaded area.
A BC

Potential (,
At Point |
Of Time
1
Condition At A Given
A c Point Of Time
Instant V A
IBdL
'- A N
Y L
1 Right Hand =
1
l These two diodes conduct
C N simultaneously only at the
instant that the phase
C & B waves intersect.
- Bus + Bus
Load
* * 17310
Fig. AR10-6 — Current Flow In Stator Windings
And Rectifier Bridge - Instant ""V"
TA-AR104 125172



In Fig. AR10-7, instant ""W," the alternator rotor
has turned nominally 20 electrical degrees. Phase
A is still negative, but of decreasing potential.
Phase B is now more positive than phase C. The
change in potential has turned off the phase C

Section 7A - AR10

diode, and no current flows in the phase C
winding. Total current at potential slightly greater
than that at instant V' now flows out of phase
B winding, through the load, and back to the
phase A winding which is still negative.

Rotation -—)
C B A
. % A BC
Potential (
At Point ( C B
Of Time ( 4
—g
&
: )
Condition At A Given - 5
A C Point Of Time I
/ Instant W A
T ) B
Pt 4
[ »——D: Hl

-Bus Load +Bus

13240

Fig. AR10-7 -- Current Flow In Stator Windings
And Rectifier Bridge - Instant ""W"
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At instant "X'" in Fig. AR10-8, the alternator
rotor has turned about 60 electrical degrees.
Phase C and Phase A are at equal negative
potential, and phase B is at positive potential.
The direction of current flow in the C winding
has reversed, and since potentials at the negative

Rotation w=p

Potential |
At Point

side of the rectifier bridge are equal, both the
phase A and phase C diodes conduct. Total
winding current at potential equal to that at
instant ""V'"' now flows out of phase B winding
through the load and back through two diodes at
the negative side of the rectifier bridge.

Of Time (

IR

Condition At A Given

Point Of Time
In.tant X
These two diodes conduct A C
simultanecusly only at
the instant that the
phase A and C waves
intersect. T
B
3 —4
[ »ﬁ
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-

B
A
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Fig. AR10-8 —- Current Flow In Stator Windings
And Rectifier Bridge - Instant ""X"
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At instant "Y," Fig. AR10-9, the alternator rotor
has turned about 100 electrical degrees. Phase C
is now more negative than phase A. The change
in potential has turned off the phase A diode at
the negative side of the bridge, and no current

Rotation w=jp-
C B A
Potential (
At Point /[ c B
Of Time (
—

Condition At A Given

A g ¢ Point Of Time
/ Instant Y
B
D b
!
—Di P
o >—4
-Bus Load +Bus

Section 7A -- AR10

flows in the phase A winding. Total current at
potential slightly greater than that at instant "'V"
now flows out of phase B winding, through the
load, and back to phase C winding which is
negative.

15683

Fig. AR10-9 - Current Flow In Stator Windings
And Rectifier Bridge - Instant ""Y"'
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Section 7A - AR10

In Fig. AR10-10, the alternator rotor has turned
120 degrees. Phases A and B are at equal positive
potential, and phase C is negative. Since poten-
tials at the positive side of the rectifier bridge are
equal, both the phase A and B diodes conduct.

Rotation w=3p»

C B A

Total winding current at potential equal to that
at instant "V'' now flows out of the phase A and
B windings, through the load, and back through
the phase C diode at the negative side of the
bridge.

oo O O

Potential | C B
At Point
Of Time (
C
\ .
A C Condition At A Given #ﬁ/
/ Point Of Time
Instant Z A
| \ 8 |} <
P — These two diodes canduct
— simultaneously only at
the moment that the phase
A and B waves intersect.
) ! —_—
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| g +—4
-Bus Load +Bus
~— alf—
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Fig. AR10-10 - Current Flow In Stator Windings
And Rectifier Bridge - Instant "'Z"'
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AR10 COMMUTATION TRANSIENT
VOLTAGE SUPPRESSION

During commutation voltage transients are pro-
duced. The action of diodes switching from a
conducting to a blocking state in the ARI10
generator is called commutation. During commu-
tation high reverse current flows in the diodes for
a few microseconds, after which time the value of
reverse current flow in the diode suddenly drops
to almost zero. The rate at which current flow
changes from a high value to almost zero, multi-
plied by circuit inductance determines the magni-
tude of the transient voltage spike. If this tran-

m‘ Points Of Commutation

Points Of
Commutation

Paralleling
Bar

Section 7A - AR10

sient voltage exceeds the reverse rating of the
diode, the diode will immediately fail.

The ARI10 generator is provided with a system
for capacitive storage of energy from circuit
inductance during commutation. The system is
called the commutation transient voltage suppres-
sion system. It utilizes a total of six 2 microfarad
capacitors and six 5 ohm resistors. The resistors
and capacitors are connected in delta fashion,
Fig. AR10-11, between the "A," "B," and "C"
phase paralleling bars on both the left and right
banks of the generator.

AR 10 Positive Bus

Delta Connected
Suppression Circuit

/

5N

a'a'a '8_7@

7

-L 2mfd

Each Of Five Separate
Stator Winding Legs
Connected

Negative Bus

17311

Fig. AR10-11 -- Delta Connected Suppression
Circuit - Simplified Diagram
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The D14 alternator, Fig. D14-1, is a variable
frequency, variable voltage, rotating field, sta-
tionary armature, three phase, wye connected AC
generator with a rating of 100 KVA at 0.8 power
factor. Nominal output of the D14 alternator is
215 volts at 120 cycles per second when the
diesel engine is rotating at a speed of 900 RPM.
The D14 alternator is physically connected to,
but electrically independent of the main gener-
ator. The D14 alternator and main generator
rotating assembly is directly coupled to the
crankshaft of the diescl engine.

The D14 alternator provides power for the filter
blower motor, radiator blower motors, excitation
for the main generator, and for various control

D14 ALTERNATOR

circuits. The maximum output of the D14 alter-
nator is approximately 15 amperes for each am-
pere of field excitation. The auxiliary generator
provides approximately 30 amperes of field exci-
tation current to the D14 alternator when the
field is hot. The 30 amperes of field excitation
current is determined by dividing the nominal
output voltage of the auxiliary generator (74
volts) by the nominal hot resistance of the D14
alternator field (2.46 ohms). The D14 alternator
can provide an output of approximately 450
amperes with the 30 amperes of field excitation.
With the exception of a protective fuse there are
no controls in the DI14 alternator excitation
circuit. Therefore, the D14 alternator will be
excited and developing power whenever the diesel
engine is running.

13996

Fig. D14-1 — D14 Alternator
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PART A-VR

INTRODUCTION

The voltage regulator module VR is a solid-state
voltage regulator designed to maintain output
voltage of the auxiliary generator to within +1
volt of the 'set point." The VR module is
usually adjusted for a nominal output voltage of
74 volts from the auxiliary generator, but can be
adjusted for any output between 71 and 77 volts.
The VR module will maintain the output to
within *1 volt of the ''set point'' at auxiliary
generator rotating speeds between 825 and 3,000
RPM, at any load between no load and full rated
load and within a temperature range of 40° C. to
+80° C.

The VR module contains a starting circuit, a
detector circuit, a power circuit, and an oscillator

VOLTAGE REGULATOR MODULE, VR

circuit. A simplified schematic diagram of a typ-
ical VR module, Fig. VR-1, should be used for
reference only. The locomotive wiring diagram
should be used when performing troubleshooting
or maintenance.

The output voltage of the auxiliary generator is
regulated by opening and closing the power cir-
cuit to the generator field. This is accomplished
by controlling conduction of the silicon con-
trolled rectifier SCR1. Conduction of SCRI1 is
controlled by the detector circuit and the oscil-
lator circuit. SCR1 is gated on by the detector
circuit if the output voltage of the generator is
below the ''set point." After being turned on
SCR1 will continue to conduct until a positive
pulse is applied to its cathode. The oscillator
circuit provides a positive pulse to the cathode of
SCR1 once during each cycle of oscillation. SCR1
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Fig. VR-1 - Voltage Regulator Module, Simplified Schematic Diagram
125172 7A-VR1



Section 7A - VR

will remain off if the output voltage of the
generator is above the ''set point'' when the
positive pulse is received from the oscillator. If
the output is below the ''set point' SCR1 will be
turned on by the detector circuit as soon as the
positive pulse from the oscillator is removed.

The positive pulses from the oscillator circuit
occur often enough to prevent any noticeable
difference in field strength between pulses. When
SCR1 is turned off, generator field tends to
collapse, however, the current generated by the
decaying field flows through diode D3 causing a
gradual decay instead of a sudden collapse. The
gradual decay of the field, frequency of oscil-
lations from the oscillator, and the response of
the detector and power circuits result in a stable
output from the auxiliary generator.

STARTING CIRCUIT, Fig. VR-2

The starting circuit consists of a starting relay SR
with two sets of normally closed contacts. The
SR coil is connected to the output of the aux-
iliary generator. The SR contacts, in series with
the auxiliary generator field, is also connected to
the output of the auxiliary generator.

During normal operation, excitation current to
the ficld is supplicd through a silicon controlled
rectifier SCR1. However, during start up gener-
ator excitation is provided by residual magnetism
and the output is not large enough to cause turn
on of SCRI1. Therefore, the normally closed
contacts of SR are connected so that SCRI is
bypassed during voltage build up. The SR relay is
designed to pick up after the generator output
voltage is large enough to turn on SCRI1. After
pickup of SR the bypass circuit is open and
excitation to the field is supplied through SCRI1.

DETECTOR CIRCUIT, Fig. VR-3

The detector circuit consists of a silicon controlled
switch SCS1 and a voltage divider consisting of
resistor RE7, rheostat RHI1, and a zener diode
bridge circuit with temperature compensating
resistors.

The silicon controlled switch SCS1 remains off
until forward bias is applied between the anode
and cathode and a negative potential is applied to
the anode gate in respect to the anode. After
conduction starts the anode gate loses control
and conduction will continue as long as the
anode is positive in respect to the cathode.

O
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Fig. VR-2 - Voltage Regulator Starting Circuit, Simplified Schematic Diagram
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Fig. VR-3 - Voltage Regulator Detector Circuit, Simplified Schematic Diagram

The gating signal, potential between anode "A"
and anode gate "GA' is provided by the zener
bridge. The zener bridge is balanced, potential at
"X'" is equal to the potential at "Y," when
output voltage of the generator is at the ''set
point." When the bridge is balanced, potential at
the anode is equal to the potential at the anode
gate and no gating signal is applied to SCS1.

If generator output voltage decreases, the bridge
will become unbalanced. The potential at "Y"
decreases and the potential at "X'" will remain
almost constant. The decrease in potential at ""Y"
with respect to ''X'' places a negative potential
on the anode gate in respect to the anode. This
causes SCS1 to conduct. Conduction of SCS1
places a positive potential on the gate of SCRI1
causing SCR1 to conduct.

Conduction of SCR1 causes the potential on its
cathode to rise to a value which is almost equal
to the positive potential of the generator. This
positive potential places reverse bias on SCSI
causing SCS1 to turn off. SCR1 continues to
conduct until the oscillator circuit places reverse

128172

bias on SCRI1. Reverse bias from the oscillator
circuit results in turn off of SCR1, but SCS1 will
apply a gating signal to SCR1 causing turn on if
the anode gate of SCSI1 is still negative with
respect to the anode of SCS1. This process
continues until output voltage of the generator
rises to the 'set point.'" The bridge is balanced
when generator output voltage reaches the ''set
point'' and no gating signal is applied to SCS1 or
to SCR1. Therefore, the detector circuit tends to
maintain generator output voltage at the ''set
point."

Negative temperature coefficient resistors, RTI
and RT2, are used in the bridge circuit to provide
thermal compensation, The resistance of RT1 and
RT2 decreases as temperature increases, whereas
resistance of R2, R3, R4, R7, and RHI increases
as temperature increases. Therefore, the decrease
in resistance of RT1 and RT2 compensates for
increase in resistance R2, R3, R4, R5, R7, and
RH1 as temperature increases and the increase in
resistance of RT1 and RT2 compensates for a
decrease in resistance as temperature decreases.

7A-VR3
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GENERATOR FIELD EXCITATION
POWER CIRCUIT, Fig. VR-4

Excitation current for the auxiliary generator
field is supplied through the silicon controlled
rectifier SCR1. SCR1 is turned on by conduction
of SCS1 in the detector circuit when the output
voltage of the generator falls below the ''set
point'' of the voltage regulator. After turn on,
SCR1 continues to conduct until a positive pulse
from the oscillator circuit applies reverse bias to
SCRI1.

This positive pulse from the oscillator circuit
results in turn off of SCR1. However, SCS1 in
the detector circuit will apply a gating pulse to
SCR1 causing turn on, as soon as the positive

pulse is removed, if generator output voltage is
below the ''set point.'" When output voltage is
equal to or greater than the "set point," SCS1
will not conduct and no gating pulse is applied to
SCR1 until the output voltage falls below the
"set point."

The generator field tends to collapse when SCR1
is turned off. However, self inductance of the
field induces a voltage into the field windings
which causes current flow through diode D3 and
results in a gradual decay of the field instead of a
sudden collapse. The gradual decay of the field,
frequency of oscillations from the oscillator, and
the response of the detector and power circuits
result in a stable output from the auxiliary
generator.
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Fig. VR-4 -- Voltage Regulator Power Circuit, Simplified Schematic Diagram
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OSCILLATOR CIRCUIT, Fig. VR-5

After SCR1 starts conducting it continues to
conduct until the cathode becomes positive with
respect to the anode. If SCR1 remained on, the
output voltage of the generator would increase to
the saturation level. The oscillator circuit con-
sisting of silicon controlled rectifier SCR2, diode
D2, zener diode Z3, capacitor CA2, and resistor
R6 provides a positive pulse to the cathode of
SCR1 once during each oscillation. These positive
pulses from the oscillator apply reverse bias at
intervals of three milliseconds or less causing
SCR1 to turn off. SCR1 will be turned on again
by a pulse from SCS1 in the detector circuit if
the output voltage of the generator is below the
"set point'' when the positive pulse is removed
from the cathode of SCR1. If the output voltage
of the generator is equal to or greater than the
"set point,'' SCS1 in the detector circuit remains
off and no gating pulse is applied to turn on
SCR1.

Section 7A — VR

Assume that SCR1 is conducting and capacitor
CA2 has a positive charge of 74 volts on plate 1
in respect to plate 2. Zener diode Z3 fires and
applies a positive pulse to the gate of SCR2. This
positive pulse causes SCR2 to turn on. Turn on
of SCR2 causes the voltage on the cathode of
SCR2 and on plate 2 of CA2 to rise to approxi-
mately 74 volts. This forces Z3 to cut off and
removes the gating signal, but SCR2 will continue
to conduct as long as the anode is positive with
respect to the cathode.

The sudden increase in voltage on plate 2 of CA2
causes a corresponding momentary increase in the
voltage on plate 1 and on the cathode of SCRI.
The reason for the momentary increase in voltage
on plate 1 of CA2 is that the difference in the
voltage across the plates cannot change instanta-
neously. Therefore, the voltage on plate 1 and on
the cathode of SCRI1 increases to a value higher
than the output voltage of the generator. This
results in turn off of SCR1 and permits capacitor
CA2 to charge up so that plate 2 is positive with
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Fig. VR-5 — Voltage Regulator Oscillator Circuit, Simplified Schematic Diagram
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Section 7A - VR

respect to plate 1. SCR1 will turn on again as
soon as the cathode is negative with respect to
the anode provided SCS1 applies a gating signal
to the gate of SCR1.

The average nominal output voltage of the gener-
ator is 74 volts, but the actual output contains
commutation ripples that rise above and fall
below the 74 volt value. With SCR2 turned on
CA2 will charge up to a value near the peak of

7A-VR6

the commutation ripple. SCR2 will be reversed
biased causing turn off when the generator out-
put falls below the value of the charge on CA2.
Capacitor CA?2 discharges through R6 when SCR2
is turned off.

Zener diode Z3 turns on when the charge on
CA2 falls below 39 volts. Turn on of Z3 results
in a repeat of the cycle. The cycle is repeated at
intervals of 3 milliseconds or less.
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PART B
INTRODUCTION

This section provides a general description of the
excitation and power control system. Description
of the system is followed by a detailed des-
cription of typical modules and assemblies used
in the system. Simplified schematic diagrams of
the modules are provided for convenient refer-
ence. The locomotive wiring diagram should be
used when performing troubleshooting or
maintenance.

GENERAL DESCRIPTION

A flow diagram of the excitation and power
control system is provided in Fig. 7B-1. Electrical
power and electrical control signals are repre-
sented in the flow diagram by solid inter-
connecting lines. Mechanical and hydraulic signals
are represented by broken interconnecting lines.

The voltage reference regulator VRR, located in
the TH module, and the throttle switches receive
74 volts DC input from the auxiliary generator.
The 74 volts applied to the throttle switches is
used to energize the speed setting solenoids in the
engine speed governor and to energize the
throttle response relays located in the throttle
response circuit of the TH module.

The speed setting solenoids in the engine speed
governor are energized individually or in combina-
tion depending upon throttle position. The speed
setting solenoids change the speed characteristics
of the engine speed governor so that the governor
will maintain a different engine speed for each
throttle position. The nominal engine speed for
each throttle position is given in Fig. 7B-1.

The throttle response relays, located in the
throttle response circuit of the TH module, are
energized individually or in combination depend-
ing upon throttle position. The throttle response
relays control the magnitude of the reference
signal output from the throttle response circuit.
This is accomplished by shorting out resistance in
the throttle response circuit.

128172

EXCITATION AND POWER CONTROL SYSTEM

The voltage reference regulator VRR provides a
very stable 68 volts DC output to the throttle
response circuit and to the sensor bypass module
SB.

The throttle response circuit of the TH module
provides an oufput reference signal related to
throttle position. The nominal value of the
throttle response circuit output reference signal
for each throttle position is given in Fig. 7B-1.

The reference signal from the throttle response
circuit is applied to the load regulator assembly
LR, through the rate control module RC. The
rate control module limits the rate of change in
the reference signal. Limiting the rate of change
results in a fast, but smooth, increase or decrease
in the reference signal as the throttle position is
changed. The reference signal is also decreased as
it passes through the rate control module. An
input reference signal of 68 volts DC to the rate
control module, in throttle 8 position, provides
an output reference signal of 50 volts to the load
regulator. The nominal value of the rate control
reference signal from the RC module for each
throttle position is given in Fig. 7B-1.

The reference signal from LR is applied to the
sensor bypass module SB as an input to the
excitation and power control servo loop consist-
ing of the sensor bypass module SB, the genera-
tor excitation current regulator module GX, the
generator voltage regulator module GV, sensor
module SE, silicon controlled rectifier SCR, main
generator, current transformer CT, generator
potential transformer GPT, and the performance
control module PF. Excitation to the main gener-
ator is determined by the reference signal from
the load regulator LR. The LR wiper arm posi-
tion is controlled by the engine speed governor so
that the load on the diesel erngine as well as
engine RPM is determined by throttle position.
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The SB module compares the input reference
signal with feedback signals which are propor-
tional to main generator output. Main generator
output is sensed by a current transformer CT and
generator potential transformer GPT1. Current
transformer CT provides a feedback signal to the
performance control module PF, proportional to
main generator output current. The generator
potential transformer GPT1 provides a feedback
signal to the performance control module PF,
proportional to main generator output voltage.
Some locomotives are equipped with a second
potential transformer GPT2. The current feed-
back signal and the voltage feedback signal from
GPT1 are combined by the PF module to provide
a power control feedback signal. When applicable,
a performance control feedback signal is obtained
by combining the voltage feedback signal from
GPT2 with the current feedback signal. Both the
power control feedback signal and the perform-
ance control feedback signal are proportional to
main generator voltage and main generator
current. However, the power control feedback
signal is smaller than the performance control
feedback signal during low current, high voltage
operation. The performance control feedback
signal is smaller than the power control feedback
signal during low voltage high current operation.
The two signals are applied to the sensor bypass
module SB.

The SB module compares the reference signal
from the load regulator with the feedback signals
from the PF module. The load regulator reference
signal is relatively constant for a given throttle
position, provided operating conditions such as
track, terrain, altitude, temperature, and fuel are
constant. However, the feedback signals contain
ripples having peaks and valleys. Transistor Q1 of
the SB module, Fig. 7B-1, is forward biased
whenever instantaneous value of the reference
signal is larger than the instantaneous value of
either of the feedback signals. Therefore, Q1 will
be forward biased at intervals even when the
average value of the reference signal is smaller
than the average value of the feedback signals.

With forward bias on Ql, a control signal is
applied to the sensor module SE, through the
generator excitation current regulator module GX
and the generator voltage regulator module GV.
The GX and GV modules pass the control signal
as long as the main gencrator output voltage and
excitation current remains below the maximum
safe value. The GX module blocks the control
signal if generator excitation current rises above a
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safe value. The GV module blocks the control
signal if generator output voltage rises above a
safe value.

The control signal applied to the SE module
causes the SE module to apply gating pulses to
the silicon controlled rectifier assembly SCR. The
SCR is forward biased during each positive alter-
nation of output voltage from the D14 alternator,
however, the SCR will not conduct until gating
pulses are applied to the gate of the SCR. When
the SCR is forward biased and a pulse of the
proper magnitude is applied to the SCR gate,
conduction occurs as in a regular diode. After
conduction starts, the pulse loses control and
conduction continues as long as the SCR is
forward biased. When forward bias is removed,
the SCR is cut off until the next pulse is applied
to the SCR gate along with forward bias between
anode and cathode.

Excitation to the main generator field, from the
D14 alternator, is controlled by the gating pulses.
When the gating pulses are applied to SCR,
excitation and main generator output increase
until the instantaneous difference between the
reference signal and the feedback signal is just
large enough to maintain the control signal from
SB to SE.

When the locomotive is operating with a constant
quality of fuel and at a constant load, speed, and
temperature, the reference signal will stabilize at
some value. The feedback signal will also stabi-
lize, so that a constant control signal will be
applied to SE and constant excitation will be
applied to the main generator field. However, the
track, terrain, temperature, and fuel quality are
variables. Therefore, the reference signal varies to
compensate for the changing conditions and the
feedback signal also varies in attempting to match
the reference signal.

When operating in throttle 8 position, the refer-
ence signal from the load regulator LR has a
maximum value of 50 volts with LR in maximum
field position. However, during normal operation
the actual value of the reference signal is usually
less than 50 volts. The maximum value of the
reference signal decreases as the throttle position
is decreased. Assume that the locomotive is oper-
ating in throttle 8 position, the consist is moving
at high speed, main generator output current is
low, main generator output voltage is high and
the load regulator is below maximum field posi-
tion. This condition may be represented by point
"A" on the constant horsepower curve of Fig.
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7B-2. Note that the feedback signal at point "A"
on the constant horsepower curve of Fig. 7B-2 is
approximately 40 volts. This value was selected
for descriptive purposes only and does not neces-
sarily indicate the actual value of the feedback
signal under the stated conditions.

If the locomotive now starts climbing a grade, the
load on the traction motors increases. The in-
creased load causes a decrease in traction motor
speed. The decrease in traction motor speed
results in an increase in traction motor current
due to less counter-clectromotive force. An in-
_crease in traction motor current results in a
‘decrease in voltage applied to the traction
motors. This decrease in voltage is partly due to
the increased I°?R and IZ losses in the main
generator. If the reference signal did not change,
the horsepower output of the main generator
would decrease by following the 40 volt signal
line from point YA" to point "B'' in Fig. 7B-2.

A decrease in horsepower tends to cause an
increase in speed of the diesel engine. This in-
crease in speed is sensed by the engine speed
governor. The governor reacts to temporarily de-
crease the amount of fuel injected into the diesel
engine and thereby maintains a constant engine
speed. At the same time the fuel is decreased, a
pilot valve in the engine speed governor directs
hydraulic pressure into the load regulator vane
motor which causes the load regulator to move
toward maximum field position.

Movement of the load regulator toward maximum
field position results in an increase in the refer-
ence signal. Increasing the reference signal results
in an increase of excitation to the main generator
field and an increase in main generator horse-
power output. This increased horsepower tends to
decrease diesel engine speed, however, the gov-
ernor again reacts to maintain a constant engine
speed. The pilot valve in the governor also causes
a slight adjustment in load regulator position so
that the main generator output moves along the
constant horsepower curve of Fig. 7B-2 from
point "A" to point "C" instead of moving from
point "A" to point '"B." The response of the
engine speed governor and the load regulator is
fast enough to prevent any noticeable difference
in diesel engine speed or main generator output
during the corrective action. This corrective

action continues until the locomotive is operating
at point "D on the constant horsepower curve
of Fig. 7B-2.

At point "D" the load regulator is in maximum
field position and providing a 50 volt reference
signal. A further increase in main generator out-
put current causes the horsepower output to
follow the 50 volt signal line from point "D"
toward point "E." As the operating point moves
toward point "E," the horsepower output of the
diesel engine decreases. This decrease in horse-
power tends to increase engine speed, but the
governor reacts to decrease fuel in order to
maintain a constant engine speed. At the same
time that fuel is decreased, the pilot valve in the
governor opens and applies a hydraulic pressure
to the load regulator vane motor. The vane motor
tries to drive the load regulator to increase the
reference signal, but the load regulator is already
in maximum field position and cannot move.
Therefore, the locomotive will operate along the
50 volt signal line from point "D to point "E."

At point "E'' the main generator current is at the
maximum continuous operating value for the
traction motors. This value may be exceeded, but
only for a short period of time. If the system is
not equipped with a performance control feed-
back signal, the locomotive will operate along the
line from point "E" toward point "G." If
equipped with a performance control feedback
signal, the 50 volt performance control feedback
signal line crosses the S50 volt power control
feedback signal line at point "E." At this point
locomotive operation will shift to the perform-
ance control feedback signal line and operate
from point "E" toward point "F'" instead of
operating from point "E" toward point "G." This
shift permits operation at a higher horsepower
output during the short time current rating of the
traction motors.

When operating in a throttle position lower than
throttle 8, the feedback signals, reference signal,
and constant horsepower curve will have lower
values than in throttle 8. However, the general
operating description is the same for all throttle
positions.

Refer to description of individual modules and
components for a more detailed description of
components used in the excitation and power
control system.
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CONTENTS 5. Performance Control Module

6. Rate Control Module
The contents of Section 7 Part B are presented in
the following order: 7. Sensor Bypass Module

8. Sensor Module
1. Excitation Limit Backup Protection System
9. Silicon Controlled Rectifier Assembly
2. Generator Current Regulator Module
10. Throttle Response and Voltage Reference
3. Generator Voltage Regulator Module Regulator Module

4. Load Regulator Assembly 11. Transition Module
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SECTION

LOCOMOTIVE /
SERVICE MANUAL

PART B — EL11

INTRODUCTION

The excitation limit backup protection system
consists of an excitation limit module EL11 and
an excitation limit transductor ELT. The ELT
provides an input signal to the EL module which
is proportional to main generator field current.
The EL module provides protection against exces-
sively high excitation current to the main gener-
ator field by dropping the feed to the equipment
protection relay EQP in case a fault in the GV or
GX module allows excitation current to rise
above a safe value. A simplified schematic dia-
gram of the excitation limit backup protection
system, Fig. EL-1, is provided for reference only.
The applicable locomotive wiring diagram should
be used when performing troubleshooting or
maintenance on the excitation limit backup
protection system.

EXCITATION LIMIT
TRANSDUCTOR, ELT

The excitation limit transductor ELT consists of
two laminated iron cores, two AC windings, a
field current bias winding, and a test winding.
The two cores are magnetically isolated from
each other by an air gap and each core contains
an AC winding. The bias winding and the test
winding are common to both cores. A simplified
schematic diagram of the ELT is provided in Fig.
EL-1.

The two AC windings are connected series oppos-
ing so that the magnetic lines of force (flux lines)
in the two cores travel in opposite directions. The
AC windings, in series with the primary of trans-
former T1 on the EL module, are energized by
current from the D14 alternator.

The reactance of the AC windings is much larger
than the reactance of T1, when no current is
flowing in the main generator field. Therefore,
with no main generator field current practically
all of the input AC voltage is developed across
the AC windings and very little voltage appears
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across T1. Transformer T1 provides an input
signal to the EL module. Consequently, the input
signal to the EL module is very small when no
current is flowing in the main generator field.

The field current bias winding consists of a single
conductor passing through both cores and is
connected in series with the main generator field
windings. The flux lines set up by the bias
winding aids the flux lines set up by the AC
winding in one of the cores and opposes the flux
lines set up by the AC windings in the other
core. The core in which the flux lines aid moves
toward magnetic saturation which reduces the
reactance of the AC winding on this core. The
core in which the flux lines oppose moves away
from saturation, but the reactance of the AC
winding on this core is affected by only a very
small amount. Therefore, the combined reactance
of the two AC windings decreases as current
increases through the field current bias winding.
The current through the field current bias wind-
ing controls the current in the AC winding
according to the ampere-turns ratio between the
bias winding and the AC winding. Therefore, an
increase of current in the bias winding results in
an increase of current through the AC windings
and through transformer T1, located on the EL
module. The increase in current through T1
causes an increase in the signal applied to the EL
module. If the field current in the main generator
rises above a safe value, the signal from T1 is
sufficient to cause the EL module to operate.
Operation of the EL module results in drop out
of EQP, which opens the feed to the GFC
contactor coil. Dropout of GFC results in dis-
connecting the D14 alternator from the main
generator field.

The test winding on ELT provides a means for
testing the excitation limit backup protection
system. Closing the test switch on the EL module
allows current to flow through the test winding.
Current flow through the test winding causes one
of the cores of ELT to move toward saturation
and results in an increase of current through T1.

7B-EL1
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This increase in current through T1 causes the EL
module to operate, thereby testing ELT and the
EL module. The excitation limit light on the
annunciator module should light and stay on
until the annunciator module is reset.

EXCITATION LIMIT MODULE, EL
Fig. EL-1

An input signal, which is proportional to the
main generator field current is applied to trans-
former T1. The rectified output of T1 is applied
to a voltage divider consisting of resistors R3, R4,
R6, R7, and rheostat RH1. Capacitor C2 which is
connected to the base of transistor Q1 prevents
turn on of Q1 due to transient voltage output
from T1. Transistor Q1 is forward biased when
the output of T1 is large enough to charge C2 to
a value in excess of 6.2 volts. This forward bias
causes Q1 to turn on and results in a current
flow from terminal 1 of the EL module, through
ELR and ELRA relays, from collector to emitter
of Q1, then to negative. This results in pickup of
ELR and ELRA.

Pickup of ELRA provides a feed to the excitation
limit light on the annunciator module AN. Pickup
of ELR drops the feed to EQP by opening the
ELR contacts between terminals 5 and 6 on the
EL module. Pickup of ELR also recalibrates the
voltage divider biasing circuit by inserting resistor
R4 in series with R3, R6, R7, and RH1. Recali-
brating the voltage divider biasing circuit increases
forward bias on Q1. Increasing forward bias on
Q1 prevents dropout of ELR and ELRA until
field current decreases several amperes below the
safe value. Dropout of EQP removes the feed
from generator field contactor GFC which results
in disconnecting the D14 alternator from the
main generator field. Disconnecting the D14 alter-
nator from the main generator field causes field
current to decrease. The decrease in field current
reduces the signal to transformer T1 causing QI
to turn off. Turn off of Q1 results in dropout of
ELR and ELRA. Dropout of ELR re-establishes
feed to EQP which in turn re-establishes feed to
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GFC and results in reconnecting the D14 alter-
nator to the main generator field. The locomotive
will now operate in a normal manner, provided
the condition that caused over excitation has
cleared up. However, if the condition still exists,
excessive current will flow through the field and
again cause the EL module to operate. This
cycling will continue as long as the over excita-
tion condition exists. The cycling results in very
rough regulation of power and also causes un-
desirable wear on the generator field contactor
GFC. Therefore, the condition should be cor-
rected as soon as practicable.

Refer to shaded area near terminal 6 on Fig.
EL-1. The shaded area between the EQP relay
and terminal 6 of the EL module is applicable to
GP model locomotives. The non-shaded area be-
tween EQP relay and terminal 6 is applicable to
SD model locomotives.

On SD model locomotives, the EL module pro-
vides backup protection at 114 amperes field
current at all track speeds. Refer to the following
paragraph for backup protection on GP model
locomotives.

GP MODEL LOCOMOTIVES

During low speed operation resistor R6 is shorted
out by closed RB relay contacts on the WO
module. Refer to shaded area near terminals 3
and 9 on Fig. EL-1. The EL module provides
backup protection at 155 amperes field current
when R6 is shorted out. The RB relay picks up
when track speed increases. Pickup of RB recali-
brates the EL module by removing the short
circuit from R6. The EL module provides backup
protection at 114 amperes field current while RB
is energized. The shaded areca near terminals 3
and 9 is not applicable to SD model locomotives.
Therefore, the EL module provides backup pro-
tection at 114 amperes field current at all speeds
for SD model locomotives.

7B-EL3
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GENERATOR VOLTAGE

REGULATOR MODULE, GV

INTRODUCTION

The generator voltage regulator module GV11 or
GV12 limits the maximum output voltage of the
main generator to a safe value. This regulation is
provided by modulating the control signal to the
sensor module SE in the event that main gener-
ator output voltage tends to rise above a safe
value. Decreasing the control signal to the SE
module results in a decrease of excitation to the
main generator field and a corresponding decrease
in main generator output voltage.

A simplified schematic diagram of the GV
module, Fig. GV-1, is included for reference only.
The applicable locomotive wiring diagram should
be used when performing troubleshooting or
maintenance. The GVI1 and GV12 modules
differ only in the ohmic value of resistors RE6
and RE7. Refer to the shaded area of Fig. GV-1
for values of RE6 and RE7.

GENERAL DESCRIPTION

During normal operation, transistor Q1 on the
GV module is forward biased. With forward bias
applied to QI, the control signal passes through
the GV module from terminal 8 to terminal 4
then to the SE module. The control signal
applied to the SE module causes gating pulses to
be applied to the silicon controlled rectifier SCR.
The gating pulses turn on the SCR so that
excitation is applied to the main generator field.
The amount of excitation applied to the main
generator field is proportional to the magnitude
of the control signal applied to the SE module. If
main generator output voltage tends to rise above
a safe value, the GV module modulates the
control signal to the SE module as necessary to
limit the main generator voltage to a safe value.

Output of the D14 alternator is applied to trans-
former T3 on the GV module. The rectified
output of T3 is applied to resistor RES and
capacitor CAl in series causing a voltage to be
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developed across CAl. The voltage developed
across CAl is applied to the base of transistor
Q1. The series combination of capacitors CA2
and CA3 is connected in parallel with CAl. The
emitter is connected to the junction of CA2 and
CA3, therefore the voltage applied to the emitter
of Q1 is less than the voltage applied to the base
and Q1 is forward biased. With forward bias on
Q1, the control signal passes through the GV
module from terminal 8, through Q1 from col-
lector to emitter, to terminal 4, then to the SE
module. The control signal applied to the SE
module results in gating pulses to the silicon
controlled rectifier SCR and excitation to the
main generator field. This excitation causes build
up of main generator voltage.

An input signal, which is proportional to main
generator output voltage, is applied to trans-
formers T1 and T2. The rectified output of T1
and T2 is applied to the series combination of
resistor RE4, diode D2, and capacitor CAl. The
voltage developed across CAl is applied to the
base of Q1. The rectified output of Tl and T2 is
also applied to a voltage divider consisting of
resistor RE1, rheostat RHI1, resistors RE2, RE6
and RE7. The wiper arm of RH1 is connected to
the emitter of Q1. During normal operation, an
increase in main generator voltage results in a
proportional increase in voltage at the base and at
the emitter of Q1.

As the main generator output voltage increases,
the voltage applied to T1 and T2 increases and
the voltage developed across CAl increases until
the breakdown voltage of zener diode Z1 is
reached. After breakdown of Z1 the voltage
applied to the base of Q1 assumes a constant
value which is equal to the breakdown voltage of
Z1. A further increase in main generator output
voltage results in an increase of voltage applied to
the emitter of Q1l, but the voltage on the base
remains constant at the breakdown value of Z1.

7B-GV1
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If the main generator voltage tends to rise above
a safe value, the voltage at the emitter of QI
increases causing a decrease in forward bias on
Q1. The decrease in forward bias, or a reverse
bias, causes a decrease in the control signal to the
SE module and consequently a decrease in excita-
tion to the main generator field and a decrease in
output voltage of the main generator. Therefore,
the output voltage of the main generator is
limited to a safe value by applying a signal to the
GV module that is proportional to the output
voltage of the main generator.

REGULATION FOR DIFFERENT
VALUES OF MAIN GENERATOR
OUTPUT VOLTAGE

The maximum output voltage of the main gener-
ator may be regulated, by the GV11 module, to
any one of three different values. The specific
value is determined by the external connections
applied to terminals 5, 7, and 9 of the GVI1
module. Refer to Fig. GV-1. The GV11 module
will limit main generator output voltage to 1300
volts when no external connections are applied to
terminals 5, 7, and 9. Main generator voltage will
be limited to 1350 volts when terminal 5 is
connected to terminal 7 and terminal 9 is left
open. Main generator voltage will be limited to
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1400 volts when terminal 5 is connected to
terminal 9. The GP40-2 locomotive is equipped
with the GV11 module with terminals 5, 7, and 9
open. This provides for a maximum output volt-
age of 1300 volts.

The maximum output voltage of the main gener-
ator may be regulated, by the GV12 module, to
any one of three different values. The specific
value is determined by the external connections
applied to terminals 5, 7, and 9 of the GV12
module. Refer to Fig. GV-1. The GV12 module
will limit main generator output voltage to 1050
volts when no external connections are applied to
terminals 5, 7, and 9. Main generator voltage will
be limited to 1200 volts when terminal 7 is
connected to terminal 9 and terminal 5 is left
open. Main generator will be limited to 1250
volts when terminal 5 is connected to terminal 9.
The GP38-2 and SD38-2 model locomotives are
equipped with the GV12 module with terminal 5
connected to terminal 9 and terminal 7 is left
open. This provides for a maximum output volt-
age of 1250 volts for GP38-2 and SD38-2 model
locomotives. The SD40-2 and SD45-2 model loco-
motives are equipped with the GV12 module
with terminal 5 connected to terminal 9. This
provides for a maximum output voltage of 1250
volts for SD40-2 and SD45-2 model locomotives.

7B-GV3






HI:

SECTION

LOCOMOTIVE 4

PART B — GX2
service DEPARTMENT| SERVICE MANUAL
GENERATOR EXCITATION REGULATING SYSTEM
INTRODUCTION The field current bias winding consists of a single

The generator excitation regulating system con-
sists of the generator excitation regulating module
GX2 and a field current transductor FCT. The
FCT provides an input signal to the GX module
proportional to main generator field current. The
GX module provides protection against exces-
sively high excitation current to the main gener-
ator field by modulating the control signal to the
sensor module SE in the event that excitation to
the main generator field tends to rise above a safe
value. A simplified schematic diagram of a typical
generator excitation regulating system, Fig. GX-1,
is included for reference only. The applicable
locomotive wiring diagram should be used when
performing troubleshooting or maintenance.

FIELD CURRENT
TRANSDUCTOR, FCT

The field current transductor FCT consists of two
laminated iron cores, two AC windings, and a
field current bias winding. The two cores are
magnetically isolated from each other by an air
gap and each core contains an AC winding. The
bias winding is common to both cores. Fig. GX-1
contains a simplified schematic diagram of FCT.

The two AC windings are connected series oppos-
ing so that the magnetic lines of force (flux lines)
in the two cores travel in opposite directions. The
AC windings, in series with the primary of trans-
former T1 on the GX module, are cnergized by
current from the D14 alternator.

The reactance of the AC windings is much larger
than the reactance of T1!, when no current is
flowing in the main generator field. Therefore,
with no main generator ficld current, practically
all of the input AC voltage is developed across
the AC windings and very little voltage appears
across T1. Transformer T1 provides an input
signal to the GX module. Consequently, the input
signal to the GX module is very small when no
current is flowing in the main generator field.
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conductor passing through both cores and is
connected in series with the main generator field
windings. The flux lines set up by the bias
winding aids the flux lines set up by the AC
winding in one core and opposes the flux lines
set up by the AC winding in the other core. The
core, in which the flux lines aid, moves toward
magnetic saturation which reduces the reactance
of the AC winding on this core. The core in
which the flux lines oppose, moves away from
saturation, but the reactance of the AC winding
on this core is affected only by a very small
amount. Therefore, the combined reactance of
the two AC windings decrease as the field current
increases. The decrease in reactance results in an
increase in current through the AC windings and
through transformer T1, located on the GX
module. If the main generator field current rises
above a safe value, the signal from T1 is suffi-
cient to cause transistor Q1, on the GX module,
to modulate the control signal to the SE module.
Modulating the control signal to the SE module
results in decreasing the main generator field
current.

GENERATOR EXCITATION
REGULATING MODEL GX

Fig. GX-1 contains a simplified schematic diagram
of GX2.

During normal operation, transistor Q1 on the
GX module is forward biased. With forward bias
applied to QI1, the control signal is passed
through the GX module from terminal 8 to
terminal 4. This control signal is applied through
the GV module, to terminal 13 of the SE
module. The control signal applied to the SE
module causes gating pulses to be applied to the
silicon controlled rectifier SCR. The gating pulses
turn on the SCR and excitation current flows
through the SCR to the main generator field. The
amount of excitation applied to the main gener-
ator field is proportional to the magnitude of the
control signal applied to SE. If the main gener-

7B-GX1
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ator field current tends to rise above a safe value,
the GX module modulates the control signal to
the SE module as necessary to limit the main
generator field current to a safe value.

Output voltage of the D14 alternator is applied to
transformer T2 on the GX module. The rectified
output of T2 is applied to resistor RE4 and capac-
itor CA1l in series, causing a voltage to be devel-
oped across CAl. The voltage developed across
CAl is applied to the base of transistor Q1. The
series combination of capacitors CA2 and CA3 is
connected in parallel with CA1. The emitter is con-
nected to the junction of CA2 and CA3, therefore
the voltage applied to the emitter is less than the
voltage applied to the base. This places forward
bias on Ql. With forward bias on Q1, the control
signal passes through the GX module from terminal
8, through Q1 from collector to emitter, to termi-
nal 4, then through the GV module to the SE
module. The control signal applied to SE results in
gating pulses to the silicon controlled rectifier SCR
and excitation to the main generator field. This
excitation causes build up of main generator
voltage.

An input signal, which is proportional to main gen-
erator field current, is applied to transformer T1.
The rectified output of T1 is applied to the series
combination of resistor RE3, diode D2, and capac-
itor CA1l. The voltage developed across CAl is
applied to the base of Q1. The rectified output of
T1 is also applied to a voltage divider consisting of
theostat RH1, resistor RE1, RE2, and RES. The
wiper arm of RH1 is connected to the emitter of
Q1. During normal operation, an increase in main
generator field current results in a proportional in-
crease in voltage at the base and at the emitter of
Q1 which maintains forward bias on Q1.

As the main generator field current increases, the
voltage applied to T1 increases and the voltage de-
veloped across CA1l increases until the breakdown
voltage of zener diode Z1 is reached. After break-
down of Z1, the voltage applied to the base of Q1
assumes a constant value which is equal to the
breakdown voltage of Z1. A further increase in
main generator field current results in an increase
of voltage to T1 which results in an increase in
voltage applied to the emitter of Q1, but the volt-
age on the base remains constant at the breakdown
value of Z1.

If the main generator field current tends to rise
above a safe value, the voltage at the emitter of Q1
increases, and this causes a decrease in forward bias
on Q1. The voltage at the emitter of Q1 may in-
crease to a value that results in reverse bias on Q1.

7B-GX2

The decrease in forward bias, or reverse bias, causes
a decrease in the control signal to SE and conse-
quently a decrease in main generator field current.
Therefore, the field current of the main generator
is limited to a safe value by applying a signal to the
GX module that is proportional to the main gen-
erator field current.

REGULATION FOR DIFFERENT
TYPES OF LOCOMOTIVES

The GX2 module is designed so that main gener-
ator field current may be regulated at a maximum
limit of any one of three different values. Refer to
Fig. GX-1. The GX2 module will limit field current
to 103 amperes when no external connections are
applied to terminals 5, 6, and 7. Field current will
be limited to 108 amperes when terminal 5 is con-
nected to terminal 6 and terminal 7 is left open.
Field current will be limited to 144 amperes when
terminals 5, 6, and 7 are connected together.

GP MODEL LOCOMOTIVES

On GP model locomotives, resistor RE2 is shorted
out by external connection between terminals 5
and 6. During low speed operation resistor RES is
shorted out by closed RB relay contacts on the WO
module. Refer to shaded area of Fig. GX-1. Field
current is limited to a maximum of 144 amperes
when RE2 and RES are shorted out. The RB relay
picks up when track speed increases. Pickup of RB
recalibrates the GX module by removing the short
circuit from RES. Field current is limited to 108
amperes after recalibration.

SD MODEL LOCOMOTIVES

On SD model locomotives, resistor RE2 is shorted
out by external connection between terminals 5
and 6 and terminal 7 is left open. Under these
conditions field current is limited to 108 amperes.
Recalibration of the GX module is not applicable
to SD locomotives. Therefore, field current is
limited to 108 amperes regardless of track speed.

FCT TEST WINDING

A test winding on FCT provides a means for testing
GX module operation. The winding is connected in
series with a test winding on excitation limit trans-
ductor ELT, Fig. EL-1. When the locomotive
throttle is at idle with the engine running, closing
the test switch on the EL module allows current to
flow through both the ELT and FCT test windings,
causing one FCT core to move toward saturation.
This results in an increase of current through T1 of
GX. The increased current causes the GX module
to regulate, and voltage can be seen across GX-TP8
to GX-TP4.
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PART B — LR

service DEPARTMENT | SERVICE MANUAL
LOAD REGULATOR ASSEMBLY

The load regulator assembly LR consisting of a position, and with rate control capacitors fully
1500 ohm tapered plate-type rheostat and a charged, the input voltage applied to the load
hydraulically operated vane motor, receives an regulator is 50 volts. The input voltage applied to
input voltage from the rate control module RC the load regulator decreases as the throttle posi-
and provides a reference voltage to the sensor tion is decreased.
bypass (feedback comparison) module SB. The
wiper arm of the load regulator, which may be The output voltage available at the load regulator
moved through an arc of 300 degrees, is attached wiper arm depends upon the input voltage
to the vane motor., A pilot valve, located in the applied to the load regulator and the position of
engine speed governor, controls the flow of the wiper arm. At locomotive standstill and dur-
engine oil under pressure to drive the vane motor ing initial startup, the load regulator is in maxi-
clockwise or counterclockwise to position the mum field position. Qutput voltage of the load
wiper arm. Refer to Fig. LR-1. regulator when in maximum field position is

approximately equal to input voltage.
The input voltage applied to the load regulator

depends upon the throttle setting and the state of During normal operation, with the throttle in a

charge on the rate control capacitors on the rate fixed position, the output voltage from the load

control module. When operating in throttle 8 regulator is determined by the input voltage to
,__—_—h,

L2 Rack length adjustment
to obtain specific -

Gov. Rack
Position

power levels at | . I 4

specific engine \rEg : Indicator Ry

speeds L] } Speed '
~Y

Setting Piston
= Governor
= Terminal R
= Power Piston Shaft \ o
= Vi
d > Governor || =5 >
Flyweights | Pressure Qil ‘ ‘
== . Increase Fuel
f H Load Regulator
- —— _ _Speed Control Vaive Filot Valve

!
Reference Voltage Output To
Terminal 12 Of WS Module

Fuel Injector

Reference Voltage From

| : ,
Terminal 13 Of RC Module Small opening for Engine

Rheostat maximum field start. Pressure Oil

To Negative

!
1
i
l
LOAD REGULATOR _:

— e e e G G — e emm G G—

t
T
= Vane Motor
L
17323
Fig. LR-1 -- Load Regulator, Simplified Diagram

128172 7B-LR1



Section 7B - LR

the load regulator and main generator current.
Assume that the locomotive is operating in
throttle 8 position with a 40 volt reference signal
from LR as shown in Fig. LR-2. If load is
increased, such as when starting up a grade, the
speed of the traction motors will decrease due to
the increased load.

With decrease in traction motor speed, the load
current increases due to a decrease in counter
electromotive force. An increase in traction
motor current results in a decrease in voltage.
This decrease in voltage is partly due to the
increased IR and IZ losses in the main
generator.

If the reference signal from LR remains at 40
volts, the horsepower applied to the traction
motors would follow the 40 volt reference line
from point ""A" toward point "B'" in Fig. LR-2.
However, to follow the 40 volt reference line the
operating point would fall below the constant
horsepower curve and less horsepower would be
applied to the traction motors.

The decrease in horsepower tends to cause an
increase in diesel engine speed. This increase in
speed is sensed by the engine speed governor. The
governor reacts to temporarily decrease the
amount of fuel injected into the engine and
thereby maintains a constant engine speed. At the
same time that the fuel is decreased a pilot valve
in the engine speed governor directs hydraulic
pressure to the load regulator vane motor which

8th
. Tth
.Q@F
"\
QO
2
v‘o\\
&, A 4th
il
b 3rd
= 2nd
S
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g
(14
w
4
w
o

causes the load regulator to move toward maxi-
mum field position. This action can be followed
by referring to Fig. LR-1. The increase in speed
causes the governor fly weights to pivot outward
which results in raising the speed control valve
plunger. This allows some of the oil under the
power piston to escape below the lower land on
the speed control valve plunger causing the power
piston to move downward. The escaped oil re-
turns to the oil sump in the governor. Downward
movement of the power piston causes a down-
ward movement of the load regulator pilot valve
plunger and also moves the governor rack to
decrease the fuel to the engine. Downward move-
ment of the load regulator pilot valve plunger
directs engine oil, under pressure, to the increase
port of the load regulator vane motor. This
causes the vane motor to drive the wiper arm of
the load regulator rheostat toward maximum field
position.

Movement of the load regulator toward maximum
field position results in an increase in the refer-
ence signal from LR. Increasing the reference
signal results in an increase of excitation to the
main generator ficld and an increase in main
generator horsepower output. This increased
horsepower tends to decrease diesel engine speed,
however, the governor again reacts to maintain a
constant engine speed. The pilot valve in the
governor also causes a slight adjustment in load
regulator position so that the main generator
output moves along the constant horsepower
curve from point "A' to point "C'" instead of

40 Volt Reference Signal From LR

/50 volt Reference Signal From LR

Constant Horsepower Curves
Resulting From Load Regulator
Control Of Main Generator
Field Excitation

GENERATOR AMPERES -LOAD CURRENT

15814

Fig. LR-2 — Constant Kilowatt (Horsepower) Curves - Nominal

7B-LR2
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from point "A" to point "B" in Fig. LR-2. Refer
to Fig. LR-1. The decrease in engine speed causes
the governor fly weights to move inward which
results in lowering the speed control valve
plunger. This allows the governor oil, under pres-
sure, to be forced under the power piston causing
the power piston to move upward. Upward move-
ment of the power piston causes an upward
movement of the load regulator pilot valve
plunger and also moves the governor rack to
increase the fuel to the engine. Upward move-
ment of the load regulator pilot valve plunger
allows the oil from the increase port to drain into
the engine oil sump and also opens the decrease
port to engine oil pressure. Oil pressure at the
decrease port causes the vane motor to drive the
load regulator wiper arm toward minimum field
position. Therefore, the engine speed governor
maintains a constant engine speed and the load
regulator maintains a constant horsepower output
within the normal operating range of the loco-
motive. The response of the engine speed gov-
ernor and the load regulator is fast enough to
prevent any noticeable difference in diesel engine
speed or main generator output.

Assume that the locomotive is operating in
throttle position 8 with a 50 volt reference signal
from LR as shown at point "'C" of Fig. LR-2. If
load is decreased, such as when starting down a
grade, the speed of the traction motors will
increase due to the decreased load.

With an increase in traction motor speed, the
load current decreases due to an increase in
counter electromotive force. A decrease in trac-
tion motor current results in an increase in
voltage. If the reference signal from LR remained
at 50 volts with a decrease in current, the
horsepower applied to the traction motors would
follow the 50 volt reference line from point "C"
toward point 'D'" in Fig. LR-2. However, to
follow the 50 volt reference line, the operating
point would rise above the constant horsepower
curve and more horsecpower would be applied to
the traction motors.

The increase in horsepower tends to decrease
diesel engine speed. This decrease in speed is
sensed by the engine speed governor. The gov-
ernor reacts to temporarily increase the amount
of fuel injected into the engine and thereby

128172
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maintains a constant engine speed. At the time
that the fuel is increased, a pilot valve in the
engine speed governor directs hydraulic pressure
to the load regulator vane motor which causes
the load regulator to move toward minimum field
position. Refer to Fig. LR-1. The decrease in
speed causes the governor fly weights to move
inward which results in lowering the speed con-
trol valve plunger. This allows the governor oil,
under pressure, to be forced under the power
piston causing the power piston to move upward.
Upward movement of the power piston causes an
upward movement of the load regulator pilot
valve plunger and also moves the governor rack to
increase the fuel to the engine. Upward move-
ment of the load regulator pilot valve plunger
allows the oil from the increase port to drain into
the engine oil sump and also opens the decrease
port to engine oil pressure. Qil pressure at the
decrease port causes the vane motor to drive the
load regulator wiper arm toward minimum field
position.

Movement of the load regulator toward minimum
field position results in a decrease in the refer-
ence signal from LR. Decreasing the reference
signal results in a decrease of excitation to the
main generator field and a decrease in main
generator output. This decreased horsepower
tends to increase diesel engine speed, however,
the governor again reacts to maintain a constant
engine speed. The pilot valve in the engine speed
governor also causes a slight adjustment in load
regulator position so that the main generator
output moves along the constant horsepower
curve from point ""C" to point "A" instead of
moving from point "C'" to point '"'D" in Fig.
LR-2.

The load regulator operation described above
tends to cause the locomotive to operate along
the horsepower curves shown in Fig. LR-2.
Notice that a different horsepower curve is pro-
vided for each throttle position. The horsepower
curves shown in Fig. LR-2 are general horsepower
curves and do not indicate specific values of main
generator current or voltage. When the loco-
motive is operating in the lower speed range, the
operation will not follow the horsepower curves
shown in Fig. LR-2, but will be modified by the
action of the performance control module PF. A
description of the performance control module
PF is provided later in this section.

7B-LR3
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INTRODUCTION

The performance control module PF17 consists
of two rectifier assemblies connected to loading
resistors. One of the rectifier assemblies is con-
nected to generator potential transformer GPT1
so that the feedback signal developed across its
loading resistor is proportional to main generator
output voltage. The other rectifier assembly is
connected to current transformers CTA, CTB,
and CTC so that the feedback signal developed
across its loading resistors is proportional to main
generator output current.

The current feedback signal and the voltage feed-
back signal is combined to provide a feedback
signal to the sensor bypass module SB. The
feedback signal applied to the SB module is
proportional to main generator output voltage
and output current. The SB module compares the
reference signal from the load regulator with the
feedback signal from the PF module. Excitation
is applied to the main generator field when the
reference signal from LR is larger than the instan-
taneous value of the feedback signal from the PF
module. Excitation is removed from the main
generator field when the reference signal from LR
is smaller than the instantaneous value of the
feedback signal from the PF module. The maxi-
mum value of the reference signal from LR is
approximately 50 volts.

A simplified schematic diagram of the PF module
is provided later in this section for convenient
reference. The applicable locomotive wiring dia-
gram should be used when performing trouble-
shooting or maintenance.

MAIN GENERATOR VOLTAGE
FEEDBACK SIGNAL

The rectifier assembly consisting of diodes D13
through D18 is connected to generator potential
transformer GPT1. The rectified output of this
assembly is applied to resistors R5A, R5B, R5C,
and R6A connected in series. The resistance
values are selected so that an output voltage of
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approximately 1950 volts from the main gener-
ator would result in a feedback signal of 50 volts
across R6A. The main generator voltage is limited
to much less than 1950 volts, however, the 1950
volts is used in calculating the desired slope of
the 50 volt voltage feedback signal line and to
establish the desired relationship between the
voltage feedback signal and main generator out-
put voltage within the operating range of the
main generator. This relationship is shown in Fig.
PF-1.

MAIN GENERATOR CURRENT
FEEDBACK SIGNAL

The rectifier assembly consisting of diodes D7
through D12 is connected to current transformers
CTA, CTB, and CTC. The rectified output of this
assembly is applied to resistors R4A, R4B, R4C,
and R8 connected in series. Resistor R8 is
shorted out by BRI contacts during power
operation.

The resistance values of R4A, R4B, and R4C are
selected so that:

1. An output current of approximately 5700
amperes from the main generator would result
in a 50 volt feedback signal across R4A, R4B,
and R4C during series-parallel operation.

2. An output current of approximately 6100
amperes from the main generator would result
in a 50 volt feedback signal across R4C plus
R4A and R4B in parallel with R10 during
parallel operation.

The normal output current is limited to less than
5700 amperes, however, the 5700 and 6100
values are used in calculating the desired slope of
the 50 volt current feedback signal line and to
establish the desired relationship between the
current feedback signal and main generator out-
put current within the operating range of the
main generator. The relationship of main gener-
ator output current and the feedback signal is
shown in Fig. PF-2.

7B-PF1
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During dynamic brake operation, resistor R8 is
placed in the circuit to obtain the desired rela-
tionship between the dynamic braking lever posi-
tion and the current feedback signal developed
across R4A, R4B, R4C, and R8.

POWER CONTROL
FEEDBACK SIGNAL

The power control feedback signal is obtained by
combining the main generator voltage feedback
signal developed across R6A with the main gener-
ator current feedback signal developed across
R4A, R4B, and R4C. The relationship between
main generator output voltage and current and
the 50 volt power control feedback signal is
shown in Fig. PF-3. The 3000 horsepower curve,
108 ampere maximum excitation limit line as
established by the GX module, and the 1250 volt
maximum voltage line as established by the GV
module are also shown in Fig. PF-3.

POWER CONTROL OPERATION

The power control feedback signal is applied to
transistor Q1 in the SB module where it is
compared with the reference signal from the load
regulator LR. Forward bias is applied to Q1 if
the reference signal is larger than the feedback
signal.

In throttle 8 position and at low track speeds,
the reference signal from LR has a maximum
value of 50 volts. This condition is represented
by point B on the constant horsepower curve in
Fig. PF-3. The reference signal is less than 50
volts when operating at higher track speeds. This
condition occurs between points A and B on the
constant horsepower curve. The reference signal
from LR decreases as the throttle is reduced.

When operating in throttle 8 position, the engine
speed governor and load regulator tends to cause
the locomotive to operate along the constant
horsepower curve from point A to point C as
locomotive speed decreases. However, the instan-
taneous value of the reference signal from LR
must be slightly larger than the instantaneous
value of the feedback signal in order to provide
excitation to the main generator. The power
control feedback signal increases as it moves to
the right. Therefore, operation on the constant
horsepower curve between points B and C cannot
occur as the reference signal has a maximum

7B-PF4

value of 50 volts and the power control feedback
signal would be above 50 volts between B and C
on the constant horsepower curve.

A decrease in speed from point B causes the
operating point to move below the 3000 horse-
power curve. The operating point tends to move
along the 50 volt power control line toward point
D. However, main generator excitation current is
limited to 108 amperes by the generator excita-
tion regulation module GX. Therefore, the oper-
ating point actually moves along the 108 ampere
excitation line toward point E.

When operating at point A, an increase in track
speed causes the operating point to move toward
point F. However, main generator voltage is
limited to approximately 1250 volts by the gener-
ator voltage regulator module GV. This prevents
the operating point from moving above point G.
If the GV module fails to limit operation to
point G, the GX module provides backup protec-
tion to limit operation to point H.

When operating in a throttle position lower than
throttle 8, the feedback signals, the reference
signal, and constant horsepower curve will have
lower values than when operating in throttle 8
position. However, the general description is the
same for all throttle positions.

Refer to Fig. PF4 for simplified schematic dia-
gram of the performance control module.

When operating with a pair of traction motors
cut out, resistor R12 on the PF module is
inserted between the TH module and the RC
module. This reduces horsepower output of the
locomotive by reducing the maximum reference
signal from the load regulator LR.

Main generator output voltage is very low during
dynamic brake operation and the voltage feed-
back signal is not combined with the current
feedback signal. However, resistor R8 is inserted
in series with R4A, R4B, and R4C to increase the
current feedback signal. Therefore, during dy-
namic brake operation, the power control signal
consists entirely of the current feedback signal.
This power control signal is applied to the SB
module for comparison with the reference signal
from the load regulator LR.
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SECTION

LOCOMOTIVE 7

PART B —PF18
service DEPARTMENT| SERVICE MANUAL
PERFORMANCE CONTROL MODULE, PF18
(SPECIAL ORDER)
INTRODUCTION transformer GPT2. The rectified output of this

This special order performance control module is
designed to provide optimum power within adhe-
sion considerations at low speed and to operate
in consists with less powerful locomotives. Per-
formance control module PF18 consists of three
rectifier assemblies connected to loading resistors.
Two of the rectifier assemblies are connected to
generator potential transformers, GPT1 and
GPT2, so that the feedback signals developed
across their loading resistors are proportional to
main generator output voltage. The other rectifier
assembly is connected to current transformers
CTA, CTB, and CTC so that the feedback signal
developed across its loading resistors is propor-
tional to main generator output current.

The current feedback signal and the two voltage
feedback signals are combined to provide two
separate feedback signals to the sensor bypass
module SB. The feedback signals applied to the
SB module are proportional to main generator
output voltage and output current. The SB
module compares the reference signal from the
load regulator with the feedback signals from the
PF module. Excitation is applied to the main
generator field when the reference signal from LR
is larger than the instantaneous value of either of
the feedback signals from the PF module. Excita-
tion is removed from the main generator field
when the reference signal from LR is smaller than
the instantaneous value of both feedback signals
from the PF module.

A simplified schematic diagram of the PF module
is provided later in this section for convenient
reference. The applicable locomotive wiring dia-
gram should be used when performing trouble-
shooting or maintenance.

MAIN GENERATOR VOLTAGE
FEEDBACK SIGNALS DURING
SERIES-PARALLEL OPERATION

The rectifier assembly consisting of diodes D1
through D6 is connected to generator potential

128172

assembly is applied to resistors R1A, R1B, RIC,
and R2 connected in series. The resistance values
are selected so that an output voltage of approxi-
mately 2800 volts from the main generator would
result in a feedback signal of 50 volts across R2.
The main generator voltage is limited to much
less than 2800 volts, however, the 2800 volts is
used in calculating the desired slope of the 50
volt feedback signal line and to establish the
desired relationship between the feedback signal
and main generator output voltage within the
operating range of the main generator. This rela-
tionship is shown in Fig. PF-1.

The rectifier assembly consisting of diodes D13
through D18 is connected to generator potential
transformer GPT1. The rectifier assembly output
is applied to resistors R7, R5A, R5B, R6A, and
R11 connected in series. The resistance values are
selected so that an output voltage of approxi-
mately 850 volts from the main generator would
result in a feedback signal of 50 volts across R6A
and RI11. The relationship between main gener-
ator output voltage and the feedback signal
developed across R6A and R11 is shown in Fig.
PF-1.

MAIN GENERATOR CURRENT
FEEDBACK SIGNALS DURING
SERIES-PARALLEL OPERATION

The rectifier assembly consisting of diodes D7
through D12 is connected to current transformers
CTA, CTB, and CTC. The rectifier assembly
output is applied to resistors R3A, R3B, R3C,
R4A, R4B, R4C, and R8. Resistor R8 is shorted
out by BR1 contacts during power operation.

The resistor values are selected so that:

1. An output current of approximately 6800
amperes from the main generator would result
in a 50 volt feedback signal across R4C +
(R4A and R4B in parallel with R3A, R3B,
R3C, and R10).

7B-PF1
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2. An output current of approximately 3800
amperes from the main generator would result
in a 50 volt feedback signal across R4C +
(R3A, R3B, R3C, R4A, and R4B in parallel
with R10).

The normal output current is limited to less than
6800 amperes, however, the 6800 and 3800
values are used in calculating the desired slope of
the 50 volt feedback signal line and to establish
the desired relationship between the feedback
signal and main generator output current within
the operating range of the main generator. The
relationship of main generator output current and
the feedback signals are shown in Fig. PF-2.

During dynamic brake operation, resistor R8 is
placed in the circuit to obtain the desired rela-
tionship between the dynamic braking lever posi-
tion and the feedback signal.

POWER CONTROL
FEEDBACK SIGNALS DURING
SERIES-PARALLEL OPERATION

The power control feedback signal is obtained by
combining the main generator voltage feedback
signal developed across R2 with the main gener-
ator current feedback signal developed across
R3A, R3B, R3C, R4A, R4B, and R4C. The
relationship between main generator output and
the 50 volt power control feedback signal is
shown in Fig. PF-3.

Any combination of main generator current and
voltage that intersects at a point above or to the
right of the 50 volt power control feedback signal
line will provide a feedback signal greater than 50
volts. Any combination of current and voltage
that intersects at a point below or to the left of
the 50 volt power control feedback signal line
will provide a feedback signal less than 50 volts.
Power control lines of 40, 42, 44, 46, 48, and 50
volts are shown in Fig. PF-3.

PERFORMANCE CONTROL
FEEDBACK SIGNAL DURING
SERIES-PARALLEL OPERATION

The performance control feedback signal is ob-
tained by combining the main generator voltage
feedback signal developed across R6A and R11
with the main generator current feedback signal
developed across R4A, R4B, and R4C. The rela-
tionship between main generator output and the
performance control feedback signal is shown in
Fig. PF-3.
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Any combination of main generator current and
voltage that intersects at a point above or to the
right of the 50 volt performance control feedback
signal line will provide a performance control
feedback signal greater than 50 volts. Any combi-
nation of voltage and current that intersects at a
point below or to the left of the 50 volt perform-
ance control feedback signal line will provide a
performance control feedback signal less than 50
volts.

POWER CONTROL AND
PERFORMANCE CONTROL
OPERATION DURING
SERIES-PARALLEL OPERATION

The power control and performance control feed-
back signals are applied to transistor Q1 in the
SB module where they are compared with the
reference signal from the load regulator LR.
Forward bias is applied to Q1 when the instan-
taneous value of the reference signal is larger than
the instantaneous value of either the power con-
trol feedback signal or the performance control
feedback signal.

In throttle 8 position, the reference signal from
LR has a maximum value of 50 volts. This
condition is represented by point B on the con-
stant horsepower curve in Fig. PF-3. The refer-
ence signal is less than 50 volts when operating at
higher track speeds. This condition occurs be-
tween points A and B on the constant horse-
power curve. The reference signal from LR
decreases as the throttle is reduced.

When operating in throttle 8 position, the engine
speed governor and load regulator tend to cause
the locomotive to operate along the constant
horsepower curve from point A to point C as
locomotive speed decreases. However, the refer-
ence signal from LR must be slightly higher than
the feedback signal in order to maintain excita-
tion to the main generator. The power control
feedback signal increases as it moves to the right.
Therefore, operation on the constant horsepower
curve between points B and C cannot occur as
the reference signal has a maximum value of 50
volts and the power control feedback signal
would be above 50 volts between B and C on the
constant horsepower curve.

A decrease in speed from point B causes the
operating point to move toward point D and
results in a decrease in horsepower output from
the locomotive. A further decrease in speed from
point D causes the operating point to move

7B-PF3
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toward point E instead of toward point F. Move-
ment of the oOperating point toward point E
provides for a larger horsepower output than
movement toward point F, but any increase in
current from point D should be for a short time
only. The purpose of the performance control
line is to provide optimum power within adhesion
considerations at low speed and to operate in
consists with less powerful locomotives.

MAIN GENERATOR VOLTAGE
FEEDBACK SIGNALS DURING
PARALLEL OPERATION

The rectifier assembly consisting of diodes D1
through D6 is connected to generator potential
transformer GPT?2. This rectifier assembly output
is applied to resistors R1A, R1B, RIC, and R2
connected in series. The resistance values are
selected so that an output voltage of approxi-
mately 2800 volts from the main generator would
result in a feedback signal of 50 volts across R2.
The main generator voltage is limited to much
less than 2800 volts, however, the 2800 volts is
used in calculating the desired slope of the 50
volt feedback signal line and to establish the
desired relationship between the feedback signal
and main generator output voltage within the
operating range of the main generator. This rela-
tionship is shown in Fig. PF4,

The rectifier assembly consisting of diodes D13
through D18 is connected to generator potential
transformer GPT1. The rectifier assembly output
is applied to resistors R7, R5A, R5B, R6A, and
R11 connected in series. The values of these
resistors are selected so that an output voltage of
approximately 1750 volts from the main gener-
ator would result in a feedback signal of 50 volts
across R6A. The main generator voltage is limited
to much less than 1750 volts, however, the 1750
volts is used in calculating the desired slope of
the 50 volt feedback signal line and to establish
the desired relationship between the feedback
signal and main generator output voltage within
the operating range of the main generator. This
relationship is shown in Fig. PF4.

MAIN GENERATOR CURRENT
FEEDBACK SIGNALS DURING
PARALLEL OPERATION

The rectifier assembly consisting of diodes D7
through D12 is connected to current transformers
CTA, CTB, and CTC. The rectifier assembly
output is applied to resistors R3A, R3B, R3C,

7B-PF6

R4A, R4B, R4C, and RS in series. Resistor R8 is
shorted out by BR1 contacts during power
operation.

The resistance values are selected so that:

1. An output current of approximately 6000
amperes from the main generator would result
in a 50 volt feedback signal across the series
combination of R4A, R4B, and R4C.

2. An output current of approximately 2200 to
2700 amperes from the main generator would
result in a 50 volt feedback signal across the
series combination of R3A, R3B, R3C, R4A,
R4B, and R4C.

The normal output current is limited to much
less than 6000 amperes, however, the 6000 and
2200 to 2700 values are used in calculating the
desired slope of the 50 volt feedback signal line
and to establish the desired relationship between
the feedback signal and main generator output
current within the operating range of the main
generator. The relationship of main generator
output current and the feedback signals are
shown in Fig. PF-5.

During dynamic brake operation, resistor R8 is
placed in the circuit to obtain the desired rela-
tionship between the dynamic braking lever posi-
tion and the feedback signal.

POWER CONTROL FEEDBACK
SIGNALS DURING
PARALLEL OPERATION

The power control feedback signal is obtained by
combining the main generator voltage feedback
signal developed across R2 with the main gener-
ator current feedback signal developed across the
series combination of R3A, R3B, R3C, R4A,
R4B, and. R4C. The relationship between main
generator output and the 50 volt power control
feedback signal line is shown in Fig. PF-6.

Any combination of main generator current and
voltage that intersects at a point above or to the
right of the 50 volt power control feedback signal
line will provide a feedback signal greater than 50
volts. Any combination of current and voltage
that intersects at a point below or to the left of
the 50 volt power control feedback signal line
will provide a feedback signal less than 50 volts.
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Fig. PF-4 - Relationship Between Feedback Signal And Main Generator
Voltage (Parallel Operation)
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Fig. PF-5 — Relationship Between Feedback Signal And Main Generator
Current (Parallel Operation)
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PERFORMANCE CONTROL

FEEDBACK SIGNAL DURING
PARALLEL OPERATION

The performance control feedback signal is ob-
tained by combining the main generator voltage
feedback signal developed across R6A with the
main generator current feedback signal developed
across the series combination of R4A, R4B, and
R4C. The relationship between main generator
output and the performance control feedback
signal is shown in Fig. PF-6.

Any combination of main generator current and
voltage that intersects at a point above or to the
right of the 50 volt performance control feedback
signal line will provide a performance control
feedback signal greater than 50 volts. Any combi-
nation of voltage and current that intersects at a
point below or to the left of the 50 volt perform-
ance control feedback signal line will provide a
performance control feedback signal less than 50
volts.

POWER CONTROL AND
PERFORMANCE CONTROL
OPERATION DURING
PARALLEL OPERATION

The power control and performance control feed-
back signals are applied to transistor Q1 in the
SB module where they are compared with the
reference signal from the load regulator LR.
Forward bias is applied to Q1 when the instan-
taneous value of the reference signal is larger than
the instantaneous value of either the power con-
trol feedback signal or the performance control
feedback signal.

7B-PF10

In throttle 8 position, the reference signal from
LR has a maximum value of 50 volts. This
condition is represented by point B on the con-
stant horsepower curve in Fig. PF-6. The refer-
ence signal is less than 50 volts when operating at
higher track speeds. This condition occurs
between points A and B on the constant horse-
power curve. The reference signal from LR
decreases as the throttle is reduced.

When operating in throttle 8 position, the engine
speed governor and load regulator tend to cause
the locomotive to operate along the constant
horsepower curve from point A to point C as
locomotive speed decrecases. However, the refer-
ence signal from LR must be slightly higher than
the feedback signal in order to maintain excita-
tion to the main gencrator. The feedback signal
increases as it moves to the right. Therefore,
operation on the constant horsepower curve
between points B and C cannot occur as the
reference signal has a maximum value of 50 volts
and the feedback signal would be above 50 volts
between B and C on the constant horsepower
curve.

A decrease in speed from point B causes the
operating point to move toward point D and
results in a decrease in horsepower output from
the locomotive. A further decrease in speed from
point D causes the operating point to move
toward point E instead of toward point F. Opera-
tion between point D and point E is the result of
excitation limit by the GX module. Notice that
locomotive operation is controlled by the con-
stant horsepower curve and the performance
control feedback signal line. The power control
feedback signal line lies to the left of the horse-
power line and performs no function during
parallel operation.
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SECTION

LOCOMOTIVE /

PART B — RC11

service DEPARTMENT | SERVICE MANUAL
RATE CONTROL MODULE, RC11
INTRODUCTION OPERATION OF RATE CONTROL

The main generator excitation system has a very
fast response. Therefore, an increase in throttle
position tends to cause a sudden increase in
power. The rate control module RCI11 provides
for a fast, but smooth, increase in power instead
of a sudden increase. This response is accom-
plished by limiting the rate of increase in power
by modifying the reference signal, between the
throttle response circuit and the load regulator,
during changes in throttle position. The rate of
change is limited by controlling the bias at the
base of transistor Q1 on the RC module, through
a resistor-capacitor timing circuit. Operation of
the RC module during power and during dynamic
braking is described in the following paragraphs.
A simplified schematic diagram of the RC
module, Fig. RC-1, is provided for reference only.
The applicable locomotive wiring diagram should
be used when performing troubleshooting or
maintenance on the system.

OPERATION OF RATE CONTROL
MODULE WITH THROTTLE IN
IDLE POSITION

With the throttle in IDLE, there is no reference
signal input to the RC module. However, a
potential of 74 volts is applied between terminals
1 and 14. This 74 volts provides a current flow
from terminal 1 through resistor R1 and diode
D3 to capacitor C1 and resistors R5 and R8. The
resistance ratio of R1 to R8 permits a very small
charge on Cl. This very small charge provides an
initial forward bias for Q1 and results in a very
small current flow through resistors R1, R2, and
R3, from collector to emitter of Q1 and then
through the load regulator LR to negative. There-
fore, the 74 volts applied between terminals 1
and 14 provides an initial forward bias for Q1
and maintains a very small amount of conduction
through Q1. This initial conduction is not suffi-
cient to provide excitation to the main generator
field, but it decreases turn on time of Q1.

128172

MODULE DURING POWER
APPLICATION

The MR relay picks up when the throttle is
advanced to Run 1 position. Pickup of MR
provides a feed of approximately 9 volts to
terminal 3 of the RC module. Pickup of MR also
provides a small potential (approximately 4 to 6
volts) from terminal 12 of the TH module to
terminals 9, 11, and 12 on the RC module. This
4 to 6 volts provides an immediate charge on
capacitors Cl, C2, and C3 and immediate power
response. Otherwise, there would be a short time
delay in power response while charging Cl, C2,
and C3 through R7 from terminal 3. The initial
charge on Cl, C2, and C3 from terminal 12 of
the TH module is less than the potential applied
to terminal 3. Therefore, capacitors Cl, C2, and
C3 will continue to charge through R7, D5, and
D3 until the full charge for Run 1 position is
attained.

It should be noted that the voltage across the
load regulator LR increases at the same rate as
the increase in forward bias applied to the base
of Q1. There is an immediate low level response
when the throttle is advanced to Run 1 position,
due to the initial charge on C2 and C3. After this
initial response, the rate of increase in forward
bias is determined by the resistance of R7 and
the capacitance of Cl, C2, and C3. The values of
R7, C1, and C3 are selected to provide a fast and
smooth response instead of a sudden increase.

Advancing the throttle results in an increase in
reference voltage applied to terminal 3 from the
TH module, an increase in bias, an increase in
current flow through Ql, and an increase in
voltage developed across the load regulator LR.
With the throttle in Run 8 position, the voltage
applied to terminal 3 is 68 volts and the voltage
across LR and the bias applied to the base of Q1
is approximately 50 volts. The ratio of applied
reference voltage to the LR voltage is approxi-
mately 1.36 to 1 for all throttle positions. The

7B-RC1
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relationship between throttle position, input volt-
age from TH modules, and output from the RC
module is shown in Fig. RC-1.

Reducing the throttle from Run 8 to Run 7
position results in reducing the applied reference
voltage. This reduction of applied voltage results
in a discharge of capacitors C1, C2, and C3 to a
value proportional to the input reference voltage.
Capacitors C1, C2, and C3 discharge through RS
and from base to emitter of Q1. The MR relay
drops out when the throttle is reduced to IDLE.
Dropout of MR provides a fast discharge path for
C1, C2, and C3 through R8.

Terminal 6 of the RC module is connected to the
WS module. If wheel slip is detected, terminal 6
will be connected to negative through the WS
module. With terminal 6 connected to negative,
C1, C2, and C3 will discharge rapidly through R8
to terminal 6 of the RC module then through the
WS module to negative. Discharging C1, C2, and
C3 results in less excitation to the main generator
and less power is applied to the traction motors.
Capacitors Cl1, C2, and C3 will continue to
discharge until the wheel slip is corrected. For a
more detailed description of wheel slip correction
refer to coverage of the wheel slip control circuit.

OPERATION OF RATE CONTROL
MODULE ON LOCOMOTIVES
EQUIPPED WITH BASIC DYNAMIC
BRAKES

When dynamic brakes are applied, the reference
signal from the dynamic brake rheostat is applied
to terminal 2 of the RC module. The signal
applied to terminal 2 of RC causes a current flow
through R2 and D3 to capacitors Cl1, C2, and C3
and resistor RS5. This current flow results in
voltage build up across capacitors C1, C2, and C3
and consequently forward bias on the base of Ql.
The increased forward bias results in an increase
of current from collector to emitter of Q1 and a
larger voltage is developed across load regulator
LR. This increase in current is supplied from
terminal 2 through R3 and to the collector of

Q1.

The voltage developed across LR as determined
by collector to emitter current does not increase
suddenly as the braking lever is advanced, but
increases at the same rate as the increase in bias
applied to the base of Q1. The rate of increase in
bias is determined by the resistance of R2 and
the capacitance of C1, C2, and C3.

125172
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Advancing the braking lever results in an increase
in the signal applied to terminal 2 of the RC
module. Resistor R3 and load regulator LR form
a voltage divider for the input signal. The voltage
across R3 is approximately equal to the voltage
across LR for all values of signal input voltage up
to 40 volts. This voltage divider action provides
close control of excitation during low braking
effort. Zener diode Z2, connected across R3, has
a breakdown voltage rating of 20 volts. There-
fore, Z2 breaks down when the voltage across R3
reaches 20 volts. After breakdown of Z2, any
further increase in signal input to terminal 2 of
the RC module results in a corresponding increase
in voltage developed across LR and results in a
faster increase in excitation during high braking
effort.

When the braking lever is reduced, the input
signal decreases and capacitors Cl, C2, and C3
slowly discharge through R5 and from base to
emitter of Q1. If the braking lever is rapidly
reduced from high braking effort to low braking
effort, the voltage at the base of Q1 will be much
higher than the voltage at the collector. This
difference in potential tends to cause a reverse
discharge current flow from base to collector
then through the dynamic brake rheostat to
negative. The 200 ohm resistor R10 prevents
excessive current flow through zener diode Z2.
Therefore, the reverse current from collector of
Q1 to the dynamic brake rheostat must flow
through R3 and R10. The resistance of R10
limits the reverse current and thereby protects Q1
from breakdown due to the reverse current.

If the braking lever is positioned to release the
brakes, the BR relay drops out and capacitors C1,
C2, and C3 will rapidly discharge through the 50
ohm resistance of R8 to terminal 6 and then to
negative. Capacitors C1, C2, and C3 will discharge
through R9 to terminal 7 and then to negative if
the EQP relay drops out.

LIMITING BRAKING GRID
CURRENT TO 700 AMPERES

Terminals 4 and 8 of the RC module are con-
nected, through BR2 contacts, to terminal 6 on
the dynamic brake regulator module DR. If the
braking grid current increases above 700 amperes,
terminals 4 and 8 of the RC module will be
connected to negative through the DR module.
With terminal 4 connected to negative, the brake
control input signal is removed from C1, C2, and
C3 allowing rapid discharge through R9 of the
RC module. Discharging of Cl1, C2, and C3
results in less voltage across LR and less braking
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effort. When braking grid current decreases below
700 amperes, terminals 4 and 8 are disconnected
from negative and the brake control signal is
again applied to Cl1, C2, and C3. This regulating
action protects the dynamic braking grids by
limiting braking current to a maximum of 700
amperes. For a more detailed description of the
dynamic brake regulating action refer to coverage
of the dynamic brake regulator module DR.

REGULATING BRAKING GRID
CURRENT PROPORTIONAL TO
BRAKING LEVER POSITIONS ON
LOCOMOTIVES EQUIPPED WITH
BASIC DYNAMIC BRAKES

As an optional extra, the locomotive may be
designed to regulate braking grid current at a value
proportional to braking lever position. The fol-
lowing paragraphs describe the operation of the RC
module when this option is requested by the
customer.

A signal proportional to braking lever signal is
provided from terminal 2 of the RC module to
terminal 7 of the DR module. A signal propor-
tional to braking grid current is applied to termi-
nals 9 and 11 of the DR module. The braking grid
current signal is compared to the braking lever
signal by the DR module. If the braking grid
current signal tends to rise above the braking lever
signal, the DR module operates to rapidly dis-
charge capacitors C1, C2, and C3 through resistor
R9 and terminal 8 on the RC module and through
the DR module to negative. Refer to coverage of
the DR module for detailed description of this
regulating action.

7B-RC4

OPERATION OF THE RC MODULE
ON LOCOMOTIVES EQUIPPED

WITH EXTENDED RANGE DYNAMIC
DYNAMIC BRAKES

On locomotives equipped with extended range
dynamic brakes, terminal 6 of the RC module is
connected to terminal 23 of the DE module and
terminal 2 of the RC module is connected to
terminal 2 of the DE module.

The connection between terminal 2 of RC and
terminal 2 of the DE module applies the braking
lever signal from the dynamic brake rheostat to the
DE module for comparison with the braking grid
current signal from transformer T4. If the braking
grid current signal rises above the braking lever
signal, the DE module operates to provide an input
between terminals 4 and 5 of the DR module. This
signal results in discharging capacitors C1, C2, and
C3 through R9 and terminal 8 on the RC module
then to negative through the DR module. Refer to
coverage of the DR module for detailed description
of this regulating action.

The connection between terminal 6 of the RC
module and terminal 23 of the DE module
provides a fast discharge path for C1, C2, and C3
during the time interval between pickup of the
extended range dynamic brake pilot relay DP and
pickup of the dynamic brake shorting contactor.
Discharging C1, C2, and C3 causes a decrease in
voltage across LR which results in less excitation to
the fields of the traction motors. This reduced
excitation prevents excessive braking current after
pickup of the dynamic brake shorting contactor.
The discharge path for C1, C2, and C3 is through
R8 to terminal 6 on the RC module, then through
the DE module to negative.
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D1

SECTION

LOCOMOTIVE 7
SERVICE MANUAL

PART B — SB11

INTRODUCTION

The sensor bypass module SB11 limits main
generator output to a value proportional to
throttle position. This is accomplished by com-
paring the load regulator reference signal with
main generator feedback signals from the per-
formance control module PF. A simplified
schematic diagram of the SB module, Fig. SB-1,
is included for reference only. The applicable
locomotive wiring diagram should be used when
performing troubleshooting or maintenance.

GENERAL DESCRIPTION

The sensor bypass module, Fig. SB-1, compares
the reference signal from the load regulator LR
with main generator feedback signals from the
performance control module PF. The reference
signal from LR is proportional to throttle posi-
tion and the feedback signals from PF are propor-
tional to main generator output voltage plus main
generator output current.

Some PF modules are designed to provide two
feedback signals, a power control feedback signal
and a performance control feedback signal, to the
emitter of Q1 on the SB module. Other PF
modules provide only the power control feedback
signal. The following description applies to the
SB module as used with PF modules providing
two feedback signals. However, operation of the
SB module is basically the same for one feedback
signal as for two feedback signals. Refer to
description of the PF module for detailed descrip-
tion of the feedback signals.

If the reference signal from LR is smaller than
both of the feedback signals from PF, transistor
Q1 in the sensor bypass module SB is turned off
and no current flows through the magnetic ampli-

128172

SENSOR BYPASS MODULE, SB11

fier control windings on the SE module. With
current through the magnetic amplifier control
winding cut off, gating pulses to the silicon
controlled rectifier SCR are also cut off and no
excitation is applied to the main generator field.

If the reference signal from LR is instantaneously
larger than either of the feedback signals from
PF, transistor Q1 on the SB module is turned on
and allows current flow through the magnetic
amplifier control windings of the SE module.
With current flowing through the magnetic ampli-
fier control windings, gating pulses are applied to
the silicon controlled rectifier SCR. The gating
pulses result in applying excitation to the main
generator field. The amount of excitation applied
to the main generator field is proportional to the
magnitude of current flowing through the mag-
netic amplifier windings. The magnitude of cur-
rent flowing through the magnetic amplifier
control windings and consequently the strength
of the main generator field is proportional to the
value of the reference signal from LR.

The reference signal from LR is applied through
terminal 3 and resistors R1 and R4 to the base of
Q1. The emitter of Q1 is connected to the power
control feedback signal and the performance
control feedback signal through diodes D2 and
D3. The power source that supplies current to
the magnetic amplifier control windings in the SE
module is applied to terminal 1 of the SB
module.

When Q1 is forward biased, current flows from
terminal 1 through R3 to terminal 7, through the
GX module, through the SE module magnetic
amplifier control windings to terminal 2 of the
SB. module, through R2 and Ql, then through
diode D2 or diode D3 to the PF module.

7B-SB1
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SERVICE DEPARTMENT

SECTION

LOCOMOTIVE 7
SERVICE MANUAL

PART B — SCR

Excitation to the main generator field is provided
by the DI4 alternator through the three phase
silicon controlled rectifier assembly SCR. A sim-
plified schematic diagram of the SCR assembly,
Fig. SCR-1, is provided for convenient reference
only, The locomotive wiring diagram should be
used when performing troubleshooting or
maintenance.

One silicon controlled rectifier is connected in
series with each of three phases of the D14
alternator. Therefore, one of the silicon con-
trolled rectifiers is forward biased during each
positive alternation of output voltage from the
D14 alternator. However, the silicon controlled
rectifier will not conduct until the forward bias is
accompanied by a gating signal to the cathode
gate. The gating signal is a voltage, applied to the
cathode gate, which is positive in respect to the
voltage applied to the cathode. Therefore, the
potential on both the anode and cathode gate
must be positive in respect to the cathode in
order to turn on the silicon controlled rectifier.
After conduction starts, the gating signal loses
control and conduction continues as long as the
anode is positive in respect to the cathode. The
silicon controlled rectifier turns off due to reverse
bias between anode and cathode at the comple-
tion of the positive alternation. After turn off,
conduction will not start until forward bias is
accompanied by the gating signal.

Gating pulses are applied to the silicon controlled
rectifiers from the SE module as necessary to
maintain the required excitation current to the
main generator field. The amount of excitation
required is determined by comparing the refer-
ence signal from the load regulator with feedback
signals from the PF module. This comparison is
made in the SB module. If the reference signal is
instantaneously larger than the feedback signal,
the transistor in the SB module is forward biased
causing the transistor to turm on and results in
current flow through the SE module magnetic
amplifier control windings. If the feedback signal
is instantaneously larger than the reference signal,
the transistor in the SB module is reverse biased

128172

SILICON CONTROLLED RECTIFIER
ASSEMBLY, SCR

and no current flows through the magnetic
amplifier windings.

Current flow through the control windings drives
the core of the magnetic amplifier into satura-
tion. Saturating the core causes turn on of the
transistor in the SE module and results in pro-
viding gating signals to the SCR assembly. The
point at which the core becomes saturated is
determined by the amount of current flow
through the control windings. The amount of
current flow through the control windings is
determined by the value of the reference signal
from LR.

If the reference signal is small, a small amount of
current flows through the control windings and
the core is saturated late in the positive half
cycle. Therefore, the gating signal occurs late in
the positive half cycle and excitation current
flows for only a short period of time during the
positive half cycle. If the reference signal in-
creases, the current flow through the control
windings increases and the core is saturated
earlier in the positive half cycle and the gating
signal occurs earlier in the positive half cycle.
This results in flow of excitation current for a
longer period of time and increases the average
amount of excitation to the main generator field.

Excitation current passes through the silicon con-
trolled rectifiers only during a portion of the
positive half cycle. However, the current through
the main generator field is relatively stable. Resis-
tor RE32 and capacitor CA32 are used for spike
suppression. The flux lines from the main genera-
tor field tend to collapse during the negative half
cycles. However, the decaying flux field induces a
voltage into the field windings which causes a
current to flow through the free wheeling diode
FWD and through the main generator field. This
results in a slowly decaying flux field instead of a
sudden collapse and maintains a relatively stable
field strength.

Refer to the description of the SE module for a
more detailed description of the gating signals.

7B-SCR1
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SECTION

LOCOMOTIVE 7
SERVICE MANUAL

PART B — SE10

The sensor module SE provides gating signals to
the silicon controlled rectifiers in the SCR assem-
bly as necessary to maintain proper excitation of
the main generator field. The SE module contains
three identical channels, one for each phase of
output from the D14 alternator. Since all three
channels operate in the same manner, only one
channel will be described in this section. A
simplified schematic diagram of channel B, Fig.
SE-1, is provided for reference only.

A simplified schematic diagram of a typical SE
module, Fig. SE-2, is shown for convenient refer-
ence. The locomotive wiring diagram should be
used when performing troubleshooting or
maintenance.

The main generator field excitation current is
provided by the D14 alternator through silicon
controlled rectifiers SCR1, SCR2, and SCR3 on
the SCR assembly. The silicon controlled recti-
fiers will not conduct until they are forward
biased and a gating signal is applied to the
cathode gate. The gating signal is a voltage,
applied to the cathode gate, which is positive in
respect to the cathode. After conduction starts,
the gating signal loses control and conduction
continues as long as the anode is positive in
respect to the cathode.

Forward bias is applied to SCR1 during each
positive half cycle of phase B voltage from the
D14 alternator. Therefore, the gating signal from
terminal 5 of the SE module must be positive in
respect to terminal 11 at some time during the
positive half cycle of phase B voltage in order to
turn on SCRI1. Terminal 5 is positive in respect
to terminal 11 only when current flows through
R4 and Q1.

When phase B is negative, the top of the second-
ary of transformer T1 is positive and current
flows through diode D1, resistor R1, and the
output winding of magnetic amplifier MA1. This
current flow through the output winding causes
the core of MA1 to reset (magnetic lines of force
reduced to zero). Current also flows through
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diode D2 to charge capacitor C1. Section C of T1
applies reverse bias to transistor Q1 so that Q1
cannot conduct during the half cycle when phase
B is negative. Therefore, the charge remains on
capacitor Cl1 until transistor Q1 turns on. Zener
diode Z1 limits the voltage on the emitter of Q1
to 9.1 volts.

When phase B is positive, the bottom of the
secondary of T1 is positive and current flows
through the output winding of MAI1, then
through D3, R8, and R6. Inductance of the
output winding is very high and practically all of
the output voltage from section C of T1 is
developed across the output winding of MAI
until the core of MA1 is driven into magnetic
saturation. The lines of force from the output
winding are not sufficient to saturate the core
and the forward bias on QI is too small to turn
on Ql.

Transistor Q1 in the sensor bypass module SB is
turned on when the reference signal from the
load regulator is larger than the feedback signal
from the PF module. Turn on of Q1 in the SB
module provides a path for current flow through
control winding No. 1 of MAI in the SE module.
The lines of force set up by current flow through
control winding No. 1 aids the lines of force set
up by the current flow through the output
winding of MA1 during the positive half cycle of
phase B voltage and results in driving the core of
MA1 into magnetic saturation. Driving the core
of MAI1 into saturation causes a decrease in the
voltage developed  across output winding No. 1 of
MA1 and results in an increase of forward bias of
Q1 on the SE module. This increase in forward
bias causes Q1 to turn on and results in discharge
of C1 through R2, R3, R4, and from collector to
emitter of Q1. The voltage developed across R4
provides the gating signal to SCR1 on the SCR
assembly. The gating signal causes SCR1 to turn
on and provide excitation current to the main
generator field during the remainder of the posi-
tive half cycle of phase B voltage.

7B-SE1
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The average amount of excitation current applied
to the main generator is determined by the
instant in the cycle when the core of MAI is
driven into saturation. Excitation is large if satu-
ration occurs early in the positive half cycle and
small if saturation occurs late in the positive half
cycle. The point of saturation is determined by
the amount of current flow through control
winding No. 1. If the reference signal from the
load regulator is smaller than the feedback signal
from the PF module, no current flows through
control winding No. 1 and SCR1 is not gated on.
If the reference signal from the load regulator is
larger than the feedback signal, current will flow
through control winding No. 1. The amount of
this current flow is directly proportional to the
difference between the reference signal and the
feedback signal. Saturation of the MA1 core
occurs early in the positive half cycle, if the
current flow is large. Saturation occurs late in the
positive half cycle, if the current flow is small.

7B-SE2

During dynamic braking, a resistor (not shown in
Fig. SE-2) in series with control winding No. 1 is
shorted out by pick up of BR-1 contacts. This
results in an increase in current flow through
control winding No. 1. Pickup of BR-1 also
connects control winding No. 2 across the main
generator output. The lines of force set up by
control winding No. 2 oppose the lines of force
set up by control winding No. 1. Increasing the
current flow through control winding No. 1 and
energizing control winding No. 2 shifts the opera-
ting point of MA1 to a more stable region during
dynamic braking.

The values of resistors R1, R7, and R8 are

selected as necessary to provide proper operation
of the SE module.
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SECTION

LOCOMOTIVE /7

PART B — TH13/TH14

servIce DEPARTMENT| SERVICE MANUAL

VOLTAGE REFERENCE REGULATOR

AND THROTTLE RESPONSE MODULE
INTRODUCTION Ece of Q4 is controlled by the bias applied to the

The voltage reference regulator and throttle re-
sponse modules TH13 and TH14 contain a volt-
age reference regulator circuit and a throttle
response circuit. Output of the voltage reference
regulator provides a very stable 68 volts DC to
the throttle response circuit and to the sensor
bypass module SB. Output of the throttle re-
sponse circuit, which is proportional to throttle
position, is applied to the rate control module for
controlling locomotive power in accordance with
throttle position.

The same voltage reference regulator circuit is
used on both TH modules. The throttle response
circuit is the same on both TH modules, except
for resistance values of the throttle response
resistors R1 through R7. A simplified schematic
diagram of the TH module, Fig. TH-1, with
resistance values of R1 through R7 for TH13 and
TH14, is provided for reference only.

VOLTAGE REFERENCE
REGULATOR CIRCUIT

The voltage reference regulator VRR provides a
stable 68 volts DC input reference voltage to the
throttle control circuit and to the sensor bypass
(feedback comparison) module SB. Nominal input
voltage to VRR is 74 volts DC from the auxiliary
generator. The output voltage of VRR is equal to
the input voltage minus the collector to emitter
voltage Ece of transistor Q4. VRR is designed so
that Ece of Q4 varies with changes in input
voltage and changes in load to maintain a very
stable 68 volts DC output voltage.

When the input voltage is exactly 74 volts, Ece of
Q4 will be 6 volts and the output voltage of
VRR will be 68 volts. If the input voltage of
VRR increases above 74 volts, Ece of Q4 will
increase to maintain a 68 volt output. If the
input voltage decreases below 74 volts, Ece of Q4
will decrease to maintain a 68 volt output pro-
vided the input voltage remains above 68 volts.

128172

base of Q4. A change in load applied to the
output of VRR tends to change the output
voltage of VRR, but Ece changes to compensate
for variable loads and thus maintains a stable
output voltage with changes in input voltage or
changes in load.

Transistor Q1 with rheostat RH1, reference zener
diode RZ, and resistors R9, R10, and R11 moni-
tor the output voltage of VRR and controls the
operation of transistor Q2. Transistor Q2 and
resistor R8 control operation of transistor Q3 and
transistor Q3 controls operation of Q4.

Reference zener diode RZ is connected to the
emitter of transistor Q1. The voltage across a
zener diode tends to drift slightly as current
through it changes. Resistor R10 provides a stabi-
lizing current to RZ. With the stabilizing current
established, the very small additional emitter cur-
rent Ie of Q1 will have no effect on the voltage
across RZ. Therefore, RZ maintains a constant
positive voltage at the emitter of Q1.

Rheostat RH1 provides a positive voltage at the
base of Q1. This positive voltage increases with
an increase in output voltage of VRR and de-
creases with a decrease in output voltage of VRR.

Resistor R11 places a positive voltage at the base
of Q2 when Q1 is not conducting. Current flows
through resistor R11, diode D1, diode D3, and
from base to emitter of Q3 and Q4. This current
flow results in reverse bias on Q2 and prevents
conduction of Q2 when Q1 is not conducting.

Resistors R9 and R11 are used as voltage dividers
when Ql is conducting. The current flowing
through R11 also flows through R9, Q1, and RZ.
This voltage divider action reduces the positive
voltage at the base of Q2. The reduction in
positive voltage at the base of Q2 is sufficient to
cause the base of Q2 to become negative with
respect to the emitter of Q2, thus placing a
forward bias on Q2. This forward bias causes Q2
to conduct.

7B-TH1
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Transistor Q2 and resistor R8 provide the bias
control for Q3 and Q4. When Q2 is not con-
ducting, a large positive voltage is applied to the
base of Q3 through RS8. This large forward bias
causes Q3 to conduct heavily and apply a large
forward bias to the base of Q4. This high forward
bias on Q4 results from low Ece of Q3 when Q3
is operating with a large forward bias. The large
forward bias on Q4 causes Q4 to go into satura-
tion which results in a small Ege for Q4.

When Q2 is conducting, current flows through R8
and Q2 causing a voltage drop across R8. This
voltage drop reduces the forward bias on Q3
which reduces conduction of Q3 and reduces
forward bias on Q4. The reduced forward bias on
Q4 results in a larger Eqe for Q4.

An increase in the input voltage to VRR or a
decrease in the load applied to VRR tends to
increase the output voltage of VRR. The rise in
output voltage results in increasing the voltage
drop across RH1 which increases the forward bias
on the base of Q1 and causes Ice of Ql to
increase. An increase in Ice of QI results in a
larger voltage drop across R11 and decreases the
positive voltage applied to the base of Q2. The
decrease in positive voltage at the base of Q2
causes Ige of Q2 to increase. This increase in Ige
of Q2 results in a larger voltage drop across R8
causing a decrease in forward bias at the base of
Q3. This decrease in forward bias on Q3 causes
Ece of Q3 to increase. The increase of Ege of Q3
results in decreasing the forward bias on Q4. This
decrease in forward bias on Q4 causes Ece of Q4
to increase. The increase in Ece of Q4 results in a
decrease in the output voltage of VRR (output
voltage equals input voltage minus Ece of Q4).
The sequence of events occurring from the initial
increase in output voltage to the resulting de-
crease in output voltage is instantancous so that
change in the output voltage is very small.

VRR CIRCUIT PROTECTION

Protection of the VRR circuit from excessive
input voltage and excessive overload is provided
by transistors Q5 and Q6, and resistors R13,
R14, R15, and RI16. Normal current flow
through R16 is not sufficient to provide forward
bias for Q5. However, an excessive load or exces-
sive input voltage results in an increase of current
flow through R16. This increased current flow
provides forward bias for Q5. Turmn on of Q5
results in current flow through R13 and R15.
Current flow through R15 provides forward bias
for Q6. Turn on of Q6 provides reverse bias for
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Q3 and Q4. This results in turn off of Q4 so that
output current is limited by R16 and R17.

THROTTLE RESPONSE CIRCUIT

The throttle response circuit contains seven resis-
tors and four relays with suppression diodes. A
simplified schematic diagram of the throttle re-
sponse circuit, Fig. TH-1, is shown for reference
only.

The input voltage to the throttle response resis-
tors at terminal 2 is obtained from the voltage
reference regulator at terminal 10. This input
voltage is modified by the throttle response resis-
tors, as determined by throttle position and is
applied to the rate control module as a reference
for controlling excitation to the main generator
field.

The throttle response relays in the throttle re-
sponse circuit are energized singly or in combina-
tion, depending upon throttle position. The
throttle response resistors are connected to the
contacts of the relays so that the arrangement of
resistors and relays provides an output voltage to
the rate control module RC, which is related to
throttle position. OQOutput voltage to the RC
module increases as the throttle is advanced and
excitation to the main generator field is directly
proportional to the output voltage of the TH
module.

The relationship of throttle position to output
voltage is given in Table TH-1 for the TH13 and
TH14 modules.

Throttle | Relays Approximate Output Voltage
Position | Energized | TH13 Module| TH14 Module

STOP | D

1 NONE 94 9.2

2 A 22.5 21.6

3 C 31.2 28.6

4 AC 43.0 35.7

5 BCD 51.2 , 433

6 ABCD 57.3 51.2

7 BC 63.2 614

8 ABC 68.0 68.0

Table gives nominal values for normal operation
or with SB module removed.

Table TH-1 — Relationship Of Throttle Position
And Output Voltage Of The Throttle
Response Control Circuit

7B-TH3
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SECTION

LOCOMOTIVE 7

PART B — TR11
serviCe DEPARTMENT|  SERVICE MANUAL
TRANSITION MODULE

INTRODUCTION wiper arm of the rheostat is connected through a

SD locomotives are equipped with six traction
motors and utilize one step of transition. Motor
field shunting is not employed. At low track
speeds, the traction motors are connected in
series-parallel across the main generator output.
This series-parallel connection consists of three
parallel groups with two series connected motors
in each group. As track speed increases transition
occurs to connect the six traction motors in
parallel across the main generator output. This
transition sequence is initiated by the transition
module TR11.

This section provides a description of the TR11
module and a step-by-step description of forward
transition, simultaneous wheel overspeed correc-
tion, and backward transition.

GENERAL DESCRIPTION

The TR module consists of a backward transition
BTR section and a forward transition FTR
section. A simplified block diagram, Fig. TR-1, of
the BTR section is provided for convenient refer-
ence only. The BTR and FTR sections are
similar. Each section contains a detector stage
and a power stage. The detector stage is designed
to apply forward bias to the solid state switch in
the power stage as necessary to initiate forward
transition at the proper time, or to turn off the
solid state switch in the power stage as necessary
to initiate backward transition at the proper time.
Each detector stage and each power stage consists
of a biasing circuit, a solid state switch, and an
output circuit.

DETECTOR STAGE OF BTR SECTION

The detector biasing circuit consists of two input
signals and a voltage divider. One of the input
signals is proportional to main generator output
voltage. The other input signal is proportional to
main generator output current. The generator
voltage signal is rectified and applied to the
voltage divider which contains a rheostat. The

diode to the base of the solid state switch.
Therefore, a potential proportional to main gener-
ator output voltage is applied to the base of the
solid state switch. The generator current signal is
applied through a diode to the emitter of the
solid state switch. Forward bias is applied to the
solid state switch when the voltage signal applied
to the base is larger than the current signal
applied to the emitter.

The detector output circuit consists of an input
transformer T3, an output transformer T5, and
four diodes. The output transformer is energized
only when the solid state switch in the detector
stage is forward biased. Output of the detector
output transformer is applied to the bias circuit
of the power stage.

POWER STAGE OF BTR SECTION

The biasing circuit of the power stage consists of
a rectifier, filter, and voltage divider. An input
voltage is applied to the rectifier when the detec-
tor stage is forward biased. The rectified input is
applied to a voltage divider which places forward
bias on the solid state switch in the power stage.
This forward bias turns on the power stage solid
state switch to initiate forward transition. Reverse
bias on the detector stage solid state switch
results in turn off of the power stage solid state
switch to initiate backward transition. Forward
bias on the power stage of the FTR section
initiates forward transition. Reverse bias on the
power stage of the BTR section initiates back-
ward transition.

OPERATION

A signal proportional to main generator output
voltage is applied to transformers T1 and T2 on
the TR module. Refer to Figs. TR-2 and TR-3.
This signal is rectified by diodes D1 through D6
and filtered by capacitors C1 and C2 and resistor
R1. This rectified output is applied to a voltage
divider in the BTR section, Fig. TR-2, and to a
voltage divider in the FTR section, Fig. TR-3.

125172 7B-TR1
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The voltage divider in the BTR section consists of
zener diodes Z7 and Z8, resistors R11, R13, and
R14, and rheostat RH2. The wiper arm of RH2 is
connected, through diode D16, to the base of
Q4. Therefore, a voltage proportional to main
generator output voltage is applied to the base of

Q4.

The voltage divider in the FTR section consists of
zener diodes Z1, Z2, and Z3, resistors R2, R3,
R4, and R3S, and rheostat RH1. The wiper arm of
RHI1 is connected, through diode D8, to the base
of Q1. Therefore, a voltage proportional to main
generator output voltage is applied to the base of

Ql.

A signal, from the PF module, proportional to
main generator output current is applied through
diode D11 to the emitter of Q1 and through
diode D33 to the emitter of Q4. At low track
speeds the current signal applied to the emitter is
larger than the voltage signal applied to the base.
This results in reverse bias on Q1 and Q4.

As track speed increases, the voltage signal in-
creases and the current signal decreases. This
results in a decrease of reverse bias. A further
increase in speed results in forward bias on Q4.
The voltage signal applied to the base of QI is
less than that applied to the base of Q4. There-
fore, a higher track speed must be attained before
forward bias is applied to Q1.

The primary of transformer T3 is energized by

output voltage from the D14 alternator. Turn on
of Q4 permits current flow through secondary
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No. 1 of T3 and through the primary of T5. The
output of TS is rectified by diodes D23 through
D26 and filtered by capacitor C6. The rectified
output is applied to a voltage divider consisting
of R17 and R20. The voltage developed across
R20 provides forward bias for Q6.

Turn on of Q6 provides a feed to BTR. Pickup of
BTR increases forward bias applied to Q4 by
recalibrating the voltage divider connected to the
base of Q4. This ensures against dropout of BTR
until track speed decreases to a lower value than
the pickup value. Pickup of BTR also sets up the
circuit to FTX and sets up a holding circuit for
PR. Refer to applicable Charts and Graphs
Drawing for BTR pickup value.

A further increase in track speed results in for-
ward bias on Q1. Turn on of Q1 permits current
flow through secondary No. 2 of T3 and through
the primary of T4. The output of T4 is rectified
by diodes D28 through D31 and filtered by
capacitor C7. The rectified output is applied to a
voltage divider consisting of resistors R21 and
R22. The voltage developed across R22 provides
forward bias for QS5.

Turn on of Q5 provides a feed to FTR. Pickup of
FTR increases forward bias applied to QI by
recalibrating the voltage divider connected to the
base of Ql. This ensures against dropout of FTR
until forward transition is initiated. Pickup of
FTR also provides a feed to FTX. Refer to
applicable Charts and Graphs Drawing for pickup
value of FTR.

7B-TR5
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Step Procedure Or Condition Result Of Proceduré Or Condition

ACCELERATION AND
FORWARD TRANSITION

1 Advance throttle MR 4.

2 | MRA. CDR 4.

3 | CDRA. s144, 5254, and s36 4.

4 Si4 +, S25 + , and SB6+ . Connects traction motors in series-parallel across

main generator.

Opens feed to TSR to prevent reversal of motor
fields while contactors are closed.

Opens circuit to Pl through P6 to ensure against
pickup of parallel contactors while series contactors
are closed.

Provides feed to GFC to provide excitation to main
generator field.

Activates wheel slip bridge circuit while operating in
series-parallel.

Sets up circuit to B contactor to ensure series-
parallel motor connections during dynamic brake
operation.

NOTE: Main generator is excited and motors are
connected in series-parallel across main gen-
erator. Locomotive starts out from standstill
(high current and low voltage).

5 Locomotive starts out from Main generator output voltage is low and output
Standstill. current is high.

NOTE: A signal from GPT is applied to terminals 2,
3, and 4 of TR module. This signal is
proportional to main generator output volt-
age. A signal from the PF module is applied
to terminal 13 of the TR module. This
signal is proportional to main generator out-
put current.

Fig. TR-4 — Sequence Of Events During Acceleration, Forward Transition,
Wheel Overspeed, And Backward Transition (Sheet 1 of 9)
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ResuI{ Of Procedure 6f_Condition

[ Step Procedure Or Condition
6 Signal proportional to main gen-
erator output voltage is applicd
to terminals 2, 3, and 4 of TR
module.
7 Signal proportional to main gen-
| erator output current is applied
to terminal 13 of the TR
module.
8 Increase in track speed results in
forward bias on Q4.
9 Forward bias on Q6.
10 | BTRA4.
11 A further increase in track
speed results in forward bias on
Q1.
|
[
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This signal is applied to transformer T1 and T2 on
TR module. The output of T1 and T2 is rectified
and filtered. This rectified output is applied to two
voltage dividers. One of the voltage dividers consists
of zener diodes Z7 and Z8, rheostat RH2, and
resistors R11, R13, and R14. The base of Q4 is
connected, through diode D16, to the wiper arm of
RH2. The other voltage divider consists of zener
diodes Z1, Z2, and Z3, resistors R2, R3, R4, and
RS, and rheostat RH1. The base of Q1 is con-
nected, through diode D8, to the wiper arm of
RH1.

This signal is applied through diode D11 to the
emitter of Q1 and through diode D33 to the
emitter of Q4.

NOTE: Transistors Q1 and Q4 are reverse biased by
the low voltage signal applied to the base
and the high current signal applied to the
emitter. As track speed increases, the voltage
signal increases and the current signal de-
creases. This results in a decrease of reverse
bias. A further increase in ,peed results in
forward bias on Q4.

Q4 turns on allowing current flow through second-
ary No. 1 of T3 and through the primary of T5.
This results in a voltage being induced into second-
ary of T5. Output of TS5 is rectified and filtered
then applied to the base of Q6. This results in
forward bias on Q6.

BTR 4.

Recalibrates the voltage divider that provides for-
ward bias for Q4. This ensures against dropout of
BTR until track spced decreases to a low value.

Sets up circuit to FTX.

Q1 turn on allows current to flow through second-
ary No. 2 of T3 and through the primary of T4.
This results in a voltage being induced into the
secondary of T4. The output of T4 is rectified and
filtered, then applied to the base of Q5. This
forward bias results in turn on of Q5.

Fig. TR-4 -- Sequence Of Events During Acceleration, Forward Transition,
Wheel Overspeed, And Backward Transition (Sheet 2 of 9)
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Step Procedure Or Conditién B Result Of Procedure Or Condition

. - . | - — —— — |
12 Forward bias on Q5. FTR * .
13 | FIRA. FTX 4.

Recalibrates the voltage divider that provides for-
ward bias for Q1. This prevents cycling of FTR by
reducing the dropout level of FTR.

14 | FTX 4. PR 4.
Provides holding feed to S14.

Drops one feed to EQP so that EQP will drop out
when PRA picks up.

1 Sets up simultaneous wheel overspeed circuit to the
WS module. This provides wheel overspeed protec-
tion after transition to parallel motor connections.

15 PR*. Provides feed to the U relay on the WS module.
This increases response of wheel slip correction
circuit at the higher track speeds.

' Provides holding feed to PR until drop out of BTR.

Opens main feed to S14, but S14 is held in by FTX
contacts.

Sets up circuit for pick up of GFC and PRA after
forward transition has been made.

Drops the feed to the generator field contactor
GFC.

Sets up circuit to provide feed to the base of Q7
and for pickup of TDR when PR drops out during
backward transition.

Disables wheel slip correction circuit during forward
i transition. This prevents operation of the WS
module "due to a false differential wheel slip signal
during transition.

16 GFCY . Disconnects D14 alternator from main generator |
field. Main generator output decreases. [
GFX V.

Energizes ORS causing load regulator to move
toward minimum field position during transition.
This provides for smooth reapplication of power
after completion of transition.

NOTE: On some units ORS is not energized until
dropout of FTX (Step 21). Delaying the
pickup signal to ORS decreases the time

L required for the transition process.

Fig. TR-4 — Sequence Of Events During Acceleration, Forward Transition,
Wheel Overspeed, And Backward Transition (Sheet 3 of 9)
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[ _St_ep" | Procedure Or Condition Result Of Procedure Or Condition
17 | GFX V. Disconnects RC module from TH module. This
removes the throttle signal from the RC module.
18 Main generator output decreases Reverse bias is applied to Q1 when voltage on base
(Step 16). of Q1 decreases to a low value.
19 Reverse bias on Q1. Opens the primary circuit of T4 which removes
| forward bias from QS5, and results in drop out of
' FTR.
20 | FTRY. FTX V.
Increases reverse bias on Q1 by recalibrating the
voltage divider circuit at the base of Ql. This
prevents pickup of FTR until after completion of
forward transition.
21 | FTXY. TDRA .
s14 Y.

Provides forward bias to Q7 and Q6. This ensures
against drop out of BTR during forward transition.

NOTE: ORS may be energized by dropout of FTX.
Refer to NOTE in Step 16.

22 TDR+ . Provides feed to TDR relay on TR module. Pickup
of TDR on TR module recalibrates voltage divider
that provides voltage feedback signal to the base of
Q1 and Q4. This increases pickup level of FTR and
decreases dropout level of BTR. This ensures against
| drop out of BTR on low voltage transients during
forward transition.

23 | S14 ¥ (Step 21). P14 and P44 .

Disconnects traction motors 1 and 4 from main
generator.

24 Pl+. Connects traction motor 1 across main generator
output.

s25¥ .
Sets up circuit to P2 and P5.

Ensures against pickup of S14 and S25 when P1 is
picked up.

Sets up circuit to GFC.

25 P4 4 (Step 23). Connects traction motor 4 across main generator
output.

Fig. TR-4 - Sequence Of Events During Acceleration, Forward Transition,
Wheel Overspeed, And Backward Transition (Sheet 4 of 9)
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Step Procedure Or Condition Result Of Procedure Or Condition

26 s25 ¥ (Step 24). Opens feed to wheel slip bridge circuit.

Ensures against pickup of B contactor when motors
are connected in parallel.

P2 + andPS*.

27 P2 4. Connects traction motor 2 across main generator
output.

Ensures against pickup of S25 when P2 is picked
up.

Sets up circuit to P3 and P6.

Sets up circuit to GFC.

28 P5+ (Step 26). Connects traction motor 5 across main generator
output.

Provides holding feed to P2 and PS5.

Drops feed to S36.

29 | s36V. Provides feed to P3 and P6.

30 P34 . |  Connects traction motor 3 across main generator
output.
Ensures against pickup of S36 while P3 is picked |
up. [
Enables wheel slip control circuit.
GFC 4.
PRA 4.

31 PRA 4. Recalibrates feed to base of Q1 to increase pickup

| level of FTR for simultancous wheel overspeed

correction.

Opens main feed to EQP, but EQP is held in by
closed FTX contacts. However, in case of wheel
overspeed during parallel operation FTX picks up to
remove excitation from the main generator.

Fig. TR-4 - Sequence Of Events During Acceleration, Forward Transition,
Wheel Overspeed, And Backward Transition (Sheet 5 of 9)
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Step Procedure Or Condition ' Result Of Procedure Or Condition

32 Ps 4 (Step 29). Connects traction motor 6 across main generator
output.

Provides holding feed to P3 and Pé6.

Drops feed to TDR and removes forward bias from
Q7 and Q6.

33 | GFC4 (Step 30). GFX 4.

Drops feed to ORS to allow load regulator to move
toward maximum field position.

Reconnects D14 alternator to main generator field.

34 GFX 4. | Reconnects RC module to TH module allowing |
excitation to be reapplied to the main generator
field.

NOTE: Traction motors are now connected in par-
allel across main generator output and exci-
tation is applied to the main generator field.

35 TDR* (Step 32). Drops feed to the TDR relay on the TR module,
[ after a short time delay.

36 TR module TDR * . Recalibrates voltage dividers that are connected to
the base of Q! and Q4. This permits BTR to
dropout to initiate backward transition in case track
speed decreases to a low value and also permits
FTR to pick up in case a wheel overspeed condition
is detected.

[ SIMULTANEOUS WHEEL
OVERSPEED
37 A simultaneous wheel overspeed Q1 turn on allows current to flow through sec-
condition resulting from exces- | ondary No. 2 of T3 and through the primary of T4.
sive track speed or from a This results in a voltage being induced into the
simultaneous wheel slip provides secondary to T4. The output of T4 is rectified and
forward bias to Q1. filtered, then applied to the base of Q5. This |
forward bias results in turn on of Q5.
38 Forward bias on Q5. FTR 4.
39 | FTIR4. | FTX 4.
I
40 FTX+ . Drops the feed to EQP.

Provides a feed to the WL relay and to terminal 18
| of the WS module.

Fig. TR-4 - Sequence Of Events During Acceleration, Forward Transition,
Wheel Overspeed, And Backward Transition (Sheet 6 of 9)
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Step_ Procedure Or Condition Result Of Procedure Or Condition
41 EQP*. Provides a discharge path for the RC capacitors on
the RC module and drops the feed to GFC.
42 GFCY . Disconnects the D14 alternator from the main gen-
erator field.
43 Feed provided to terminal 18 of The WS module initiates wheel slip correction and
the WS module. provides a sanding signal to the SA module. The WS

module also provides a feed to the ORS to drive the
load regulator toward minimum field position. This
provides for smooth reapplication of power when
operation is restored.

NOTE: Reduced excitation and sanding corrects for
the wheel overspeed condition. When the
overspeed condition is corrected, FTR drops
out, FTX drops out, EQP picks up and
power is restored. Cycling will continue if
the wheel overspeed condition reoccurs.
Operation may continue, but regulation will
be very coarse. Cause of the wheel over-
speed condition should be determined and
corrected if it reoccurs.

BACKWARD TRANSITION

44 Assume that traction motors are Main generator voltage decreases and current in-
connected in parallel across creases. This provides reverse bias for Q4.

main generator output and track
speed decreases to a low value.

45 Reverse bias on Q4. Removes forward bias from Q6 by opening the
primary of T5.

46 | Forward bias removed from Q6. | BTRY .

47 | BTRY. PRY.
Recalibrates voltage divider connected to base of
Q4.

48 | PRY. TDR4 ,PRAY ,GFCY,P1V,P4Y.

Drops feed to U relay on WS module.
Sets up circuit to S14.
Drops holding feed to PR.

Provides forward bias for Q7 and Q6.

Fig. TR-4 - Sequence Of Events During Acceleration, Forward Transition,
Wheel Overspeed, And Backward Transition (Sheet 7 of 9)
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Resﬁlt O_f Frocedure Or Condition

49

S50

51

52

53

54

55

56

57

58

59
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TDR A .

PRA Y (Step 48).

GFC Y (Step 48).

GFX Y.

Forward bias on Q7 and Q6.

P1 Y (Step 48).

P4 Y (Step 48).

S144 .

P2Y.

P5 ¥ (Step 56).

$25 4 (Step 57).

B

Provides feed to TDR relay on TR module. This
recalibrates the biasing circuit to Q4 and Q1.

Removes feed from PRA relay on TR module. This
recalibrates the biasing circuit to Q1 to prevent
pickup of FTR during backward transition.

Provides feed to ORS to drive the load regulator
toward minimum field. This provides for smooth
reapplication of power after backward transition.

Disconnects D14 alternator from main generator
field.

GFX Y.

Disconnects RC module from TH module. This
removes throttle signal from the TH module.

BTR 4.
Disconnects motor 1 from main generator.
s14 4.
Disconnects motor 4 from main generator. |

Connects motors 1 and 4 in series across main
generator.

Drops feed to P2 and P5.

Sets up circuit to GFC.

Disconnects motor 2 from main generator.
s254.

Disconnects motor 5 from main generator.
Sets up circuit to S36.

Connects motors 2 and 5 in series across main
generator.

Sets up circuit to B contactor.

Drops feed to P3 and P6.

Fig. TR-4 -- Sequence Of Events During Acceleration, Forward Transition,
Wheel Overspeed, And Backward Transition (Sheet 8 of 9)
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Ste_p Procedure Or Conditiz)n . ! Result Of Procedure Or Condition
60 P3* . \ Disconnects motor 3 from main generator.
s36 4.
61 P6 Y (Step 59). [ Disconnects motor 6 from main generator.
‘ TDR 4.
Removes forward bias from Q7 and Q6 on TR
module.
62 s364 . Connects motors 3 and 6 in series across main
generator.

Provides feed to GFC.

63 TDR+ (Step 61). Recalibrates Bias circuit to Q1 and Q4.
64 GFC 4. Connects output of D14 alternator to main gener-
ator field.

Opens feed to ORS allowing load regulator to move
toward maximum field position.

GFx#4 .

65 GFX+ . Connects RC module to TH module so that throttle
signal is applied to the RC module.

NOTE: Locomotive is now operating with series-
parallel motor connections.

Fig. TR-4 -- Sequence Of Events During Acceleration, Forward Transition,
Wheel Overspeed, And Backward Transition (Sheet 9 of 9)
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INTRODUCTION

The wheel slip system helps to maintain wheel
traction under adverse operating conditions and
provides protection for the traction motors by
detecting and correcting wheel slip conditions
before the slip is severe enough to damage the
traction motors.

Two types of wheel slip conditions that may be
encountered are simultaneous wheel slip and dif-
ferential wheel slip. Simultaneous wheel slip is a
condition where wheel slip occurs at the same
rate on all wheels of the locomotive. Differential
wheel slip is a condition where one pair of wheels
slip at a different rate than the other wheels on
the locomotive.

The primary wheel slip detection device for a
differential wheel slip condition is the wheel slip
transductor WST. Six axle locomotives are
equipped with three wheel slip transductors, and
four axle locomotives are equipped with four.
During normal operation the armature current is
approximately equal for all traction motors and a
balanced condition exists. However, during a dif-
ferential wheel slip condition armature current
through the motors is unequal and an unbalanced
condition exists. The WST's are connected so that
any unbalance in traction motor armature current
is detected. This unbalanced condition causes the
WST's to develop a differential wheel slip signal.
This signal is applied to the wheel slip module
WS. The WS module initiates corrective action for
the wheel slip condition. The wheel slip trans-
ductors operate during power application and
during dynamic braking. A detailed description of
the wheel slip transductors is provided later in
this section.
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WHEEL SLIP SYSTEM

The wheel slip transductors operate during dy-
namic braking and during operation under power.
However, they cannot detect a wheel slip condi-
tion where all wheels on the same truck slip at
the same rate. Therefore, a wheel slip bridge
circuit is provided for detecting wheel slip condi-
tions of this nature. The wheel slip bridge circuit
on SD model locomotives operates during dy-
namic braking and during operation under power
when the traction motors are connected in series-
parallel. The wheel slip bridge -circuit on GP
model locomotives operates only during dynamic
braking.

The output from the wheel slip bridge circuit is
applied to the WSR relay on the WS module. The
WSR relay initiates corrective action for the
wheel slip condition. A detailed description of
the wheel slip bridge circuit is provided later in
this section.

The transition module TR detects and initiates
corrective action for wheel overspeed conditions.
The TR module also provides wheel overspeed
information to the WS module. Wheel overspeed
conditions may result from simultaneous wheel
slip or from excessively high track speed. In
either case the main generator voltage increases
and main generator current decreases. The TR
module detects an overspeed condition by com-
paring main generator voltage with main gener-
ator current. The overspeed condition is corrected
by reducing excitation to the main generator field
and applying sand to the rails. A detailed descrip-
tion of the TR module is provided in Section 7
Part B.



Section 7C

The wheel slip module WS initiates corrective CONTENTS
action for a wheel slip condition upon receiving a

wheel slip signal from the wheel slip transductors, The contents of Section 7 Part C are presented in
the wheel slip bridge circuit, or from the TR the following order.

module. A detailed description of the WS module

is provided later in this section. 1. Sanding Module

The sanding module SA, upon receiving a signal 2. Wheel Slip Bridge Circuit

from the WS module, initiates application of sand

to the rails to assist in correcting a wheel slip 3. Wheel Slip Module

condition. A detailed description of the SA

module is provided later in this section. 4. Wheel Slip Transductor
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SANDING MODULE, SA10

INTRODUCTION

The sanding module SA10 controls the applica-
tion of sand to the rails whenever a sanding signal
is applied to the SA module. The sanding signal
may be applied to the SA module by manually
operating the MANUAL SAND lever or auto-
matically from the emergency sanding switch or
from the WS module. Sand may be applied to the
No. 1 truck by manually closing the LEAD
TRUCK SAND switch. In this case, the sanding
signal is applied directly to the MV1 SF magnet
valve without passing through the SA module.

A simplified schematic diagram of a typical SA
module is provided in Fig. SA-1 for convenient
reference. The applicable locomotive wiring dia-
gram should be used when performing trouble-
shooting or maintenance.

AUTOMATIC SANDING

The RA relay on the wheel slip module WS picks
up during the second and third stages of wheel
slip correction and whenever a wheel slip is
detected by the wheel slip bridge circuit. The RA
relay also picks up whenever a simultaneous
wheel overspeed condition is detected. Pickup of
RA applies a signal to terminal 19 of the WS
module and this terminal is connected to terminal
2 of the SA module. Therefore, pickup of RA
provides an automatic sanding signal to terminal
2 of the SA module.

The signal from terminal 2 of the SA module is
applied through diode D4 and resistor R11 to the
base of Q6. This provides forward bias for Q6.
Turn on of Q6 provides forward bias, through
R9, to the base of Q3 causing Q3 to turn on.
The signal from terminal 2 is also applied,
through diode D2 and resistor R7, to the cathode
gate G¢ of silicon controlled rectifier SCR1. This
signal to G¢ causes SCR1 to conduct from term-
inal 1 of SA, through R1, R4, SCR1, RS, and Q3
to negative at terminal 14 of the SA module.

128172

Current flow through R4 results in a poteritial of
approximately 35 volts at the junction of R3 and
R6. This places forward bias on Q2 and Q4. Turn
on of Q4 results in current flow through R12 and
zener diode Z5. Reverse conduction of ZS5 pro-
vides a positive potential of 15 volts at base 2 of
unijunction transistor Q5. Turn on of Q4 also
results in current flow through rheostat RHI,
resistor R15, collector to emitter of Q6, resistor
R9, and base to emitter of Q3. Since Q6 is
turned on, the charge on capacitor C2 is held to
a very low specific voltage. This low voltage is
not sufficient to turn on unijunction transistor

Q5.

Turn on of Q2 results in current flow from
terminal 1 of SA, through resistor R1, diode D7,
emitter to collector of Q2, diode DI, and resistor
R14 to negative. The voltage developed across
R14 places forward bias on Q1. Turn on of Ql
results in current flow from collector to emitter
of Q1, then through diode D6 and resistor R8 to
the base of Q3 and from base to emitter of Q3
to negative. Turn on of QI also results in pro-
viding a signal to D12. This signal passes through
D12 to terminal C2 of DSR.

If the reverser lever is in forward position, the
signal passes from C2 to NC2 of DSR then to
terminals 8 and 10 and magnet sanding valves
MV1-SF and MV2-SF to negative. If the reverser
is in reverse position, the signal passes from C2 to
NO2 of DSR then to terminals 9 and 11 and
magnet sanding valves MVI1-SR and MV2-SR to
negative. This signal to the magnet sanding valves
will be maintained for 3 to 5 seconds after the
signal is removed from terminal 2 of the SA
module.

When the signal is removed from terminal 2, bias
is removed from Q6 and from the cathode gate
G¢ of SCRI1. Removing forward bias from Q6
results in turn off of Q6, but SCR1 will continue
to conduct as long as a path for conduction is
maintained. The path for conduction is main-
tained until Q3 is turned off. Q6 turn off allows

7C-SA1l
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capacitor C2 to charge through R1, Q4, RH1,
R15, R10, R9, and Q3. Unijunction transistor Q5
conducts when the charge on C2 increases to
approximately 6 volts. C2 will be charged to
approximately 6 volts within 3 to 5 seconds after
the signal is removed from ferminal 2 of SA.
Turn on of QS5 allows C2 to discharge through
Q5, D5, R9, and R10. Discharging of C2 places
reverse bias on Q3 causing Q3 to turn off. Q3
turn off opens the cathode circuit of SCR1 and
stops current flow through SCR1. This places
reverse bias on Q4 and Q2. Q2 turn off places
reverse bias on Ql. Q1 turn off removes the
signal from the magnet sanding valves.

MANUAL SANDING

When the MANUAL SAND lever is operated, the
sanding signal will be applied through terminal 3
and diode D9 of the SA module. From D9 the
signal is applied to terminal C2 of the directional
sanding relay DSR and from D9 through D10 to
terminal C1 of DSR. If the reverser lever is set to
forward position, RV contacts G-H are open and
DSR will not be energized and the sanding signal
will be applied from C1 to NC1 of DSR then to
terminal 8 and magnet sanding valve MVI1-SF.
The signal will also be applied from C2 to NC2
of DSR then to terminal 10 and magnet sanding
valve MV2-SF and from NC2 through D14 to

7C-SA2

terminal 8 and magnet sanding valve MV1-SF.
Sanding will continue until the MANUAL SAND
lever is released. If the reverser lever is set to
reverse position, contacts G-H of RV are closed
and DSR will be picked up and the sanding signal
will be applied from Cl to NOI of DSR, then to
terminal 9 and MV1-SR. The signal will also be
applied from C2 to NO2 of DSR, then to termi-
nal 11 and MV2-SR and from NO2 to terminal 9
and magnet sanding valve MVI1-SR. Energizing
MV1-SF and MV2-SF when the reverser lever is
in forward position, or energizing MV1-SR and
MV2-SR when the reverser lever is in reverse
position results in application of sand in front of
the lead axle on each truck of the locomotive.
The signal from terminal 3 will be applied to
terminal 7 through diode D19. The signal from
terminal 7 may be applied to a MANUAL SAND
indicating light. The signal applied to términal 3
of the SA module may be trainlined so that the
sanding signal will be applied to terminal 3 of SA
modules in all other locomotives in the consist.

TEST CIRCUIT

A test switch is provided for performing a check
on the SA module and also on the magnet
sanding valves. Closing the TEST SWITCH pro-
vides an input to terminal 2 of the SA module.
This input performs the same function as the
input from terminal 19 of the WS module.
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PART C — WS10

INTRODUCTION

The wheel slip module WS10 is designed to
provide wheel slip correction when a wheel slip is
detected by the wheel slip transductors or by the
wheel slip bridge circuit. The WS module also
responds to a wheel overspeed signal when
applied to terminal 18. A wheel overspeed signal
may result from excessive track speed or from a
simultaneous wheel slip. At higher track speeds a
recalibration signal is applied to terminal 15 of
WS module. This recalibration provides for faster
discharge of the RC capacitors when a wheel slip
is detected during higher track speed operation.
Three stages of wheel slip correction are provided
when a wheel slip is detected by the wheel slip
transductors. Only one stage of correction is
provided when a signal is received from the wheel
slip bridge circuit. A wheel overspeed signal re-
sults in discharging the rate control capacitors on
the RC module through the WS module. The WS
module is equipped with a test circuit which may
be used to qualify operation of the WS module.

A simplified schematic diagram of the WS module
is provided in Fig. WS-1 for convenient reference.
The applicable locomotive wiring diagram should
be used when performing troubleshooting or
maintenance.

The high sensitivity of the wheel slip transductors
and the instantaneous response of the WS module
reduces the chances of simultaneous wheel slip by
correcting the slip before severe loss of adhesion
occurs. Therefore, the WS module maintains loco-
motive power at the optimum level under condi-
tions of heavy drag and poor adhesion where
repetitive slips are encountered. Train handling is
smooth and power reduction by the operator is
not required.

‘Transistor Q1 is connected across a power supply
consisting of resistor R6, isolation transformer
T2, a bridge rectifier, zener diode Z1, and capaci-
tor C4. Transformer T2 in series with resistor R6
is connected across one phase of the D14 alter-
nator. The output of T2 is rectified by diodes D5
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through D8. Zener diode Z1 regulates the DC
voltage at 50 volts.

Minor differences in wheel diameter cause the
wheel slip transductors to provide a small and
essentially steady signal to the WS module during
normal operation. This signal is applied to trans-
former T1, then rectified and filtered and applied
across rheostat RH1. The wiper arm of RHI is
set at the factory to provide the desired response
of the WS module. The signal is available at the
wiper arm of RHI1 is applied through capacitor
C3 to diodes CR7 and CRS8. This small steady
state signal is not sufficient to cause conduction
of CR7 and CRS8, therefore, transistor Q1 is
turned off during normal operation.

Description of the different stages of wheel slip
correction is provided in the following para-
graphs. The first and second stages of wheel slip
correction operate on the rate of change in wheel
slip instead of on the magnitude of wheel slip.
The third stage of wheel slip correction operates
on the magnitude or level of wheel slip. The
correction brought about by a signal from the
wheel slip bridge circuit also operates on the
magnitude or level of wheel slip.

FIRST STAGE CORRECTION

The first stage of wheel slip correction is designed
to correct minor wheel slip conditions. This is
accomplished by producing a sharp reduction in
the reference signal applied to the base of tran-
sistor Q1 on the sensor bypass module SB. This
reduction is made without discharging the rate
control capacitors in the RC module, or changing
position of the load regulator wiper arm. Re-
ducing this signal results in an immediate decrease
in excitation to the main generator field and a
corresponding decrease in output of the main
generator. Unnecessary power reduction is pre-
vented by reducing the reference signal to the
base of Q1 on the SB module in direct propor-
tion to the acceleration of the slipping wheels
and immediate reapplication of normal power
after a minor wheel slip is corrected.

7C-WS1
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When a wheel slip occurs, the voltage applied to
transformer T1 increases at a rate which is direct-
ly proportional to the acceleration of the slipping
wheels. The signal is rectified and applied to the
upper portion of RH1 and to the lower portion
of RH1 in parallel with C3 and C7. The voltage
across capacitors C3 and C7 increases at a rate
determined by the acceleration of the slipping
wheels and the RC circuit consisting of RH1, C3,
and C7.

The increase in voltage across C7 places forward
bias on transistor Q1. Forward bias on Q1 results
in current flow through resistor R13, diode CR9Y,
to terminal 12 on the WS module, to terminal 3
on the SB module, through R4 on the SB
module, to terminal 14 on the SB module, to
terminal 11 on the WS module, then from col-
lector to emitter of Q1 on the WS module. This
current flow through R4 on the SB module
causes an increase in the voltage developed across
R4 and results in decreasing the voltage applied
to the base of Q1 on the SB module. This
decrease in forward bias on transistor Q1 of the
SB module results in a decrease in excitation to
the main generator ficld.

The decrease in excitation to the main generator
field causes a decrease in power output from the
main generator and improves traction sufficiently
to correct for a minor wheel slip condition.

After the wheel slip is corrected, C3 and C7
discharge through the lower portion of RHI, to
the small steady state value. Discharging of C7
removes forward bias from Q1 which stops the
current flow and allows the voltage applied to the
base of Q1 on the SB module to return to its
normal value.

SECOND STAGE CORRECTION

A second stage of wheel slip correction occurs if
the wheel slip signal from the wheel slip trans-
ductors exceeds a predetermined value. During
the second stage of wheel slip correction sand is
applied to the rails and the rate control capac-
itors on the RC module are discharged at a
controlled high rate.

The wheel slip signal that brings about the second
stage of correction causes a large forward bias to
be applied to transistor Q1. This large forward
bias results in an increase of current flow through
resistor R4 on the SB module. Reverse current
will flow through zener diode Z3 when the
voltage across R4 rises above 10 volts. The cur-
rent through Z3 causes the R relay to pick up.
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Pickup of the R relay provides a feed to the
RAA and RAB relays. Pickup of RAA provides a
fast discharge path for the rate control capacitors
through R9 and R18 to negative. Pickup of RAB
provides a signal to terminal 19 of the WS
module. The signal from terminal 19 is applied to
the SA module and results in application of sand
to the rails.

Discharging the rate control capacitors reduces
generator excitation which results in a decrease of
output power from the main generator. The
decreased power and sanded rails improves trac-
tion which causes a reduction in forward bias on
Q1. The reduced forward bias results in less
current flow through R4 on the SB module.
When the voltage across R4 drops below 10 volts,
7Z3 blocks current flow through the R relay
causing the R relay to drop out. Dropout of the
R relay removes the feed to RAA and RAB.
Dropout of RAA removes the discharge path for
the rate control capacitors and allows the capaci-
tors to charge at their normal rate for smooth
reapplication of power. Dropout of RAB removes
the sanding signal from the SA module. Sanding
continues for a timed interval after the sanding
signal is removed.

THIRD STAGE CORRECTION

The output of the wheel slip detectors is applied
to the wheel slip level detector circuit consisting
of diodes D9 through D12, R10, C8, and the L
relay. The L relay picks up when the magnitude
or level of the wheel slip signal increases above a
predetermined level instead of picking up on the
rate of increase of the wheel slip signal.

Pickup of the L relay provides a feed to the WL
relay, the RAA relay, and the RAB relay. Pickup
of the WL relay provides a feed to the wheel slip
light WS. Pickup of the RAA and RAB relays
provide the same corrective action that takes
place during the second stage of wheel slip cor-
rection. The L relay remains picked up until the
wheel slip is corrected or until power reduction
causes a decrease in the current differential at the
transductors to a level that permits dropout of
the L relay.

Dropout of the L relay removes the feed to WL,
RAA, and RAB. Dropout of WL removes the
feed to the WS light. Dropout of RAA removes
the discharge path for the rate control capacitors
and allows the capacitors to charge at their
normal rate for smooth reapplication of power.
Dropout of RAB removes the sanding signal from
the SA module. Sanding continues for a timed
interval after the sanding signal is removed.
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If the slip persists, the three stages of correction
are repeated. The wheel slip light will blink on
and off as the cycle repeats or it will bum
continuously if the throttle is advanced far
enough to hold the L relay picked up.

WHEEL SLIP CORRECTION BY WSR

When operating under power, a separate path for
current flow is provided for each traction motor
on GP locomotives. A separate path for current
flow is also provided for each traction motor on
SD locomotives when operating under power with
parallel motor connections. However, two motors
are connected in series on the SD locomotive
when operating under power with series-parallel
motor connections and on all locomotives during
dynamic braking.

When two motors are connected in series, the
wheel slip transductors are not unbalanced during
simultaneous wheel slip of all wheels on one
truck. Therefore, the wheel slip bridge circuit is
designed to detect wheel slip conditions of this
nature.

The wheel slip bridge circuit consists of two
resistors and two traction motors with the wheel
slip relay WSR connected across the bridge. The
WSR relay is located on the WS module. The
bridge circuit becomes unbalanced, causing pick-
up of the WSR relay during simultaneous wheel
slip of all wheels on the front truck or on the
rear truck of GP and SD locomotives.

Pickup of WSR provides immediate power re-
duction by inserting a resistor in series with the
load regulator to reduce excitation. Pickup of
WSR also provides a feed to the WL relay, the
RAA relay, and the RAB relay. Pickup of WL
provides a feed to the WS light. Pickup of RAA
provides a fast discharge path for the rate control
capacitors. Pickup of RAB provides a sanding
signal to the SA module.

When the wheel slip is corrected, WSR drops out,
which immediately removes the resistance in
series with the load regulator. The rate control
capacitors are charged at the normal rate. Braking
effort or power is smoothly restored, and sanding
continues for a timed interval after dropout of
RAB.

WS MODULE RECALIBRATION

The WS module is recalibrated at intermediate
and higher track speeds by applying a recali-
bration signal to terminal 15 of the WS module
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to pick up the U relay. Pickup of the U relay
increases the discharge rate of the rate control
capacitors on the RC module when a wheel slip is
detected. This increased discharge rate provides
for faster correction of wheel slips at inter-
mediate and higher track speeds.

On SD model locomotives, the recalibration signal
is provided by pick up of the PR or FSR relays.
On GP locomotives, the recalibration signal is
provided by pickup of the RB relay on the WO
module. Refer to Fig. WS-2.
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Fig. WS-2 - Application Of Recalibration Signal
To WS Module

SIMULTANEOUS WHEEL
OVERSPEED CORRECTION

A signal is applied to terminal 18 of the WS
module in case a wheel overspeed condition
occurs. Wheel overspeed may result from exces-
sive track speed or from a simultancous wheel
slip condition.

Wheel overspeed is detected by the wheel over-
speed module WO on locomotives that are not
equipped for transition from series-parallel to
parallel motor connections. The RA relay in the
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WO module picks up when a wheel overspeed is
detected by the WO module. Pickup of RA
provides a feed to the WL relay and to terminal
18 of the WS module. Pickup of RA also drops
the feed to the equipment protection relay EQP.

Wheel overspeed is detected by the transition
module TR on locomotives equipped for tran-
sition from series-parallel to parallel motor con-
nections. The PRA relay picks up during
transition to parallel motor connections. PRA
remains picked up until track speed decreases and
backward transition occurs. If an overspeed con-
dition occurs, the TR module provides a feed to
the FTX relay. Pickup of FTX provides a feed to
the WL relay and to terminal 18 of the WS
module. Pickup of FTX also drops the feed to
EQP.

Pickup of WL provides a feed to the wheel slip
light WS. The feed to terminal 18 results in
pickup of RAA and RAB. Pickup of RAA pro-
vides a fast discharge path for the RC capacitors
on the RC module. Pickup of RAB provides a
sanding signal to the SA module. Dropout of
EQP removes the feed from the generator field
contactor GFC which results in disconnecting the
D14 alternator from the main generator field.
Therefore, the overspeed condition is corrected
by removing excitation from the main generator
field. The RC capacitors are discharged to provide
for smooth reapplication of power when the
overspeed condition is corrected and power is
reapplied. Refer to Fig. WS-3.

TEST CIRCUIT OPERATION

With the isolation switch in RUN position and
the throttle opened, the GFX relay picks up.
Pickup of GFX prevents pickup of the test relay
T in case the test switch is closed when operating
under power. This prevents the application of
high (Run 8) voltage from the D14 alternator to
transformer T1.
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When the locomotive is isolated or the throttle is
placed in IDLE position, the GFX relay drops
out to allow application of 74 volts DC control
current to the T relay when the test switch is
closed. Pickup of the T relay also connects one
phase from the D14 alternator to transformer T1
and to the wheel slip level detector circuit. The
output of the D14 alternator is approximately 75
volts when the throttle is in IDLE or the isola-
tion switch is placed in the isolated position,

The output from the secondary of T1 provides a
signal to RHI1. This signal places a large forward
bias on Q1 which causes the R relay to pick up.
Pickup of the R relay provides a feed to the
RAA and RAB relays. Pickup of RAB provides a
sanding sign