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1. Hobart Brothers Company (hereinafter called HOBART) warrants that each new and unused Hobart Ground Power
Equipment, (hereinafter called the PRODUCT) is of good workmanship and is free from mechanical defects,
provided that (1) the PRODUCT isinstalled and operated in accordance with the printed instructions of HOBART,
(2) the PRODUCT is used under the normal operating conditions for which it is designed, (3) the PRODUCT is not
subjected to misuse, negligence or accident, and (4) the PRODUCT receives proper care, lubrication, protection,
and maintenance under the supervision of trained personnel.

2. Thiswarranty expires 15 months after shipment by HOBART to thefirst user, or 12 months after installation,
whichever first occurs.

3. Thiswarranty does not apply to: primary and secondary switch contacts, cable connectors, carbon brushes, fuses,
bulbs, and filters unless found to be defective prior to use.

4. Hobart DOESNOT WARRANT THE FOLLOWING COMPONENTS: Engines, engine components; such as:
starters, alternators, regulators, governors, etc., and cable retrieving devices. Many of the foregoing components
are warranted directly by the manufacturer to the first user and serviced by aworldwide network of distributors and
others authorized to handle claims for component manufacturers. A first user’s claim should be presented directly
to such an authorized component service outlet. 1n the event any component manufacturer has warranted its
component to HOBART and will not deal directly with afirst user then HOBART will cooperate with the first user
in the presentation of a claim to such manufacturer. Under NO circumstances does HOBART assume any liability
for any warranty claim against or warranty work done by or in behalf of any manufacturer of the foregoing
components.

5. Thiswarranty is extended by HOBART only to the purchaser of new PRODUCTS from HOBART or one of its
authorized distributors. The PRODUCTS purchased under this warranty are intended for use exclusively by the
buyer and his employees and by no other persons and, therefore, there shall be no third party beneficiary to this
warranty.

6. A claim of defectsin any PRODUCT covered by thiswarranty is subject to HOBART factory inspection and
judgment. HOBART' Sliability islimited to repair of any defects found by HOBART to exist, or at HOBART'S
option the replacement of the defective product, F.O.B. factory, after the defective product has been returned by the
purchaser at its expense to HOBART’ S shipping place. Replacement and exchange parts will be warranted for the
remainder of the original Warranty, or for aperiod of ninety (90) days, whichever is greater.

7. UNDER NO CIRCUMSTANCES whatsoever shall HOBART and its authorized distributors be liable for any
special or consequential damages, whether based on lost goodwill, lost resale profits, work stoppage impairment
of other goods or otherwise, and whether arising out of breach of any express or implied warranty, breach of
contract, negligence or otherwise, except only in the case of personal injury as may be required by applicable law.

8. Continued use of the PRODUCT (S) after discovery of adefect VOIDS ALL WARRANTIES.

9. Except asauthorized in writing, this warranty does not cover any equipment that has been altered by any party
other than HOBART.

10. THERE ARE NO WARRANTIES WHICH EXTEND BEYOND THE DESCRIPTION ON THE FACE HERE
OF. HOBART MAKES NO WARRANTIES, EXPRESSED OR IMPLIED, OF MERCHANTABILITY OR
FITNESSFORA PARTICULAR PURPOSE.

11. HOBART neither assumes nor authorizes any person to assume for HOBART any liability in connection with the
PRODUCTS sold, and there are no oral agreements or warranties collateral to or affecting thiswritten Warranty.
Thiswarranty and all undertakings of HOBART thereunder shall be governed by the laws of the State of Ohio,
United States of America.

WARNING
AT ALL TIMES, SAFETY MUST BE CONSIDERED AN IMPORTANT FACTOR IN THE INSTALLATION,
SERVICING AND OPERATION OF THE PRODUCT, AND SKILLED, TECHNICALLY QUALIFIED
PERSONNEL SHOULD ALWAYS BE EMPLOYED FOR SUCH TASKS.
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Safety Warnings and Cautions

WARNING ELECTRIC SHOCK can KILL. Do not touch live electrical parts.

ELECTRIC ARC FLASH can injure eyes, burn skin, cause equipment damage, and
ignite combustible material. DO NOT use power cables to break load and prevent tools
from causing short circuits.

IMPROPER PHASE CONNECTION, PARALLELING, OR USE can damage this and
attached equipment.

IMPORTANT

Protect all operating personnel. Read, understand, and follow all instructions in the
Operating/Instruction Manual before installing, operating, or servicing the equipment.
Keep the manual available for future use by all operators.

CALIFORNIA PROPOSITION 65 - DIESEL ENGINES. Diesel engine exhaust and
some of its constituents are known to the State of California to cause cancer, birth
defects and other reproductive harm.

1) General

Equipment that supplies electrical power can cause serious injury or death, or damage to other equipment or
property. The operator must strictly observe all safety rules and take precautionary actions. Safe practices
have been developed from past experience in the use of power source equipment. While certain practices
below apply only to electrically-powered equipment, other practices apply to engine-driven equipment, and
some practices to both.

2) Shock Prevention

Bare conductors, terminals in the output circuit, or ungrounded, electrically live equipment can fatally shock a
person. Have a certified electrician verify that the equipment is adequately grounded and learn what
terminals and parts are electrically HOT. Avoid hot spots on machine. Use proper safety clothing, procedures,
and test equipment.

The electrical resistance of the body is decreased when wet, permitting dangerous currents to flow through it.
When inspecting or servicing equipment, do not work in damp areas. Stand on a dry rubber mat or dry wood,
and use insulating gloves when dampness or sweat cannot be avoided. Keep clothing dry, and never work
alone.

a) Installation and Grounding of Electrically Powered Equipment

Equipment driven by electric motors (rather than by diesel or gasoline engines) must be installed and
maintained in accordance with the National Electrical Code, ANSI/NFPA 70, or other applicable
codes. A power disconnect switch or circuit breaker must be located at the equipment. Check the
nameplate for voltage, frequency, and phase requirements. If only 3-phase power is available,
connect any single-phase rated equipment to only two wires of the 3-phase line. DO NOT CONNECT
the equipment grounding conductor (lead) to the third live wire of the 3-phase line, as this makes the
equipment frame electrically HOT, which can cause a fatal shock.

April 01, 2005 Safety Warnings
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b)

Always connect the grounding lead, if supplied in a power line cable, to the grounded switch box or
building ground. If not provided, use a separate grounding lead. Ensure that the current (amperage)
capacity of the grounding lead will be adequate for the worst fault current situation. Refer to the
National Electrical Code ANSI/NFPA 70 for details. Do not remove plug ground prongs. Use correctly
mating receptacles.

Output Cables and Terminals
Inspect cables frequently for damage to the insulation and the connectors. Replace or repair cracked

or worn cables immediately. Do not overload cables. Do not touch output terminal while equipment is
energized.

3) Service and Maintenance

This equipment must be maintained in good electrical condition to avoid hazards stemming from
disrepair. Report any equipment defect or safety hazard to the supervisor and discontinue use of the
equipment until its safety has been assured. Repairs should be made by qualified personnel only. Before
inspecting or servicing this equipment, take the following precautions:

a)

b)

c)
d)

Shut off all power at the disconnecting switch, or line breaker, or by disconnecting battery, before
inspecting or servicing the equipment.

Lock switch OPEN (or remove line fuses) so that power cannot be turned on accidentally.
Disconnect power to equipment if it is out of service.

If troubleshooting must be done with the unit energized, have another person present who is trained
in turning off the equipment and providing or calling for first aid.

4) Fire And Explosion Prevention

Fire and explosion are caused by electrical short circuits, combustible material near engine exhaust
pipes, misuse of batteries and fuel, or unsafe operating or fueling conditions.

a)

b)

c)

Electrical Short Circuits and Overloads

Overloaded or shorted equipment can become hot enough to cause fires by self-destruction or by
causing nearby combustibles to ignite. For electrically powered equipment, provide primary input
protection to remove short circuited or heavily overloaded equipment from the line.

Batteries

Batteries may explode and/or give off flammable hydrogen gas. Acid and arcing from a ruptured
battery can cause fires and additional failures. When servicing, do not smoke, cause sparking, or use
open flame near the battery.

Engine Fuel

Use only approved fuel container or fueling system. Fires and explosions can occur if the fuel tank is

not grounded prior to or during fuel transfer. Shut unit DOWN before opening fuel tank cap. DO NOT
completely fill tank, because heat from the equipment may cause fuel expansion overflow. Remove

April 01, 2005 Safety Warnings
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5)

6)

7)

all spilled fuel IMMEDIATELY, including any that penetrates the unit. After clean-up, open equipment
doors and blow fumes away with compressed air.

Toxic Fume Prevention

Carbon monoxide - Engine exhaust fumes can kill and cause health problems. Pipe or vent the exhaust
fumes to a suitable exhaust duct or outdoors. Never locate engine exhausts near intake ducts of air
conditioners.

Bodily Injury Prevention

Serious injury can result from contact with fans or hot spots inside some equipment. Shut DOWN such
equipment for inspection and routine maintenance. When equipment is in operation, use extreme care in
doing necessary trouble-shooting and adjustment. Do not remove guards while equipment is operating.
Medical and First Aid Treatment

First aid facilities and a qualified first aid person should be available for each shift for immediate treatment

of all injury victims. Electric shock victims should be checked by a physician and taken to a hospital
immediately if any abnormal signs are observed.

EMERGENCY
FIRST AID Call physician immediately. Seek additional assistance. Use First Aid techniques

recommended by American Red Cross until medical help arrives.

IF BREATHING IS DIFFICULT, give oxygen, if available, and have victim lie down.
FOR ELECTRICAL SHOCK, turn off power. Remove victim; if not breathing, begin
artificial respiration, preferably mouth-to-mouth. If no detectable pulse, begin external
heart massage. CALL EMERGENCY RESCUE SQUAD IMMEDIATELY.

8)

Equipment Precautionary Labels

Inspect all precautionary labels on the equipment monthly. Order and replace all labels that cannot be
easily read.

April 01, 2005 Safety Warnings
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Introduction

This manual contains operation and maintenance information for a 60CU24, 400 Hz Generator Set
manufactured by ITW GSE Group, Hobart Ground Power, Troy, Ohio 45373.

This manual is not intended to be a textbook on electricity or electronics. Its primary purpose is to provide
information and instructions to experienced operators, electricians, and mechanics who have never operated
this equipment. It is the intent of this manual to guide and assist operators and maintenance people in the
proper use and care of the equipment.

Use of the manual should not be put off until a trouble or need for help develops. Read the instructions
before starting the unit. Learn to use the manual and to locate information contained in it. Its style and
arrangement are very similar to commercial aircraft manuals.

The manual is divided into five chapters plus an appendix. Each chapter is divided into as many sections as
required. Each new section starts with page 1. Each page is identified by chapter, section and page number,
which are located in the lower, outside corner. When information located in another portion of the manual is
referred to, its location is identified by a chapter, section, and paragraph or figure number.

For example: “(see Section 2-3, Paragraph 1.a.)" refers to information located in Chapter 2, Section 3,
Paragraph 1.a. If a chapter and section are not indicated in a reference, the referenced material is located in
the same section as the reference, for example: “(see Paragraph 1.a.).”

In addition to operation and maintenance instructions, the manual contains an illustrated parts list in Chapter
4, and a collection of manufacturer’s literature and supplemental information in Chapter 5.

The Appendix is the last section. Its contains a list of available options that may be purchased with that unit.
Items on the list with check marks next to them, have been added to the standard unit per the customers
order. Literature for each option follows. The Appendix will help control the information in the manual:
making it unique to the unit purchased.

Contents of the manual is arranged as follows:

Chapter 1. Description/Operation

Chapter 2. Servicing/Troubleshooting

Chapter 3. Overhaul/Major Repair

Chapter 4. lllustrated Parts List

Chapter 5. Manufacturer’s Literature

Appendix A Options

April 01, 2005 Introduction
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If you have any questions concerning your Hobart Ground Power equipment, immediately contact our Service
Department by mail, telephone, FAX, or E-Mail.

Write: ITW GSE Group
Hobart Ground Power
Service Department
1177 Trade Road East
Troy, Ohio 45373

U.S.A.
Call Inside U.S.A.: (800) 422-4166 (Parts)
(800) 422-4177 (Service)
Call From Foreign Countries: (937) 332-5050 (Parts)
(937) 332-5060 (Service)
FAX Inside U.S.A. (800) 367-4945
FAX From Foreign Countries: (937) 332-5121
E-Mail : service@itwgsegroup.com
Web Page : www.itwgsegroup.com
April 01, 2005 Introduction
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Chapter 1 Description/Operation

Section 1

Description

1)

General

Hobart Ground Power part of the ITW GSE Group in Troy, Ohio, manufactures the basic generator set
covered in this manual. Is rated at 60 kVA and designed to produce and deliver 115/200-volt, 400 Hz, 3-
phase AC, or 28.5V DC power to a parked aircraft or to Hobart approved test banks only.

The number 500060C identifies the “model or series” of the GPU. The part number is followed by a
different dash number that separates the basic units available. Figure 1 uses the part number to identify
the variations covered in this manual.

Part & Dash Number

Model Description

500060C-001

Single Output, Trailer Mounted (Stainless Steel Fuel Tank)

500060C-002

Dual Output, Trailer Mounted (Stainless Steel Fuel Tank)

500060C-003

Single Output, Fixed/Truck Mounted (Stainless Steel Fuel Tank)

500060C-004

Dual Output, Fixed/Truck Mounted (Stainless Steel Fuel Tank)

500060C-005

Single Output, Trailer Mounted, 28.5V DC TR (Stainless Steel Fuel Tank)

500060C-006

Single Output, Fixed/Truck Mounted, 28.5V DC TR (Stainless Steel Fuel Tank)

500060C-007

Single Output, Fixed Mounted, 28.5V DC TR (Special) (Stainless Steel Fuel Tank)

500060C-008

Single Output, Trailer Mounted, Digital AC Meters (Stainless Steel Fuel Tank)

500060C-009

Single Output, Fixed/Truck Mounted, Digital AC Meters (SS Fuel Tank)

500060C-010

Single Output, Trailer Mounted, 28.5V DC TR, Digital AC/DC Meters(SS Tank)

500060C-011

Single Output, Fixed/Truck Mounted, 28.5V DC TR, Digital AC/DC Meters (SS Tank)

500060C-101

Single Output, Trailer Mounted (Composite Fuel Tank)

500060C-102

Dual Output, Trailer Mounted (Composite Fuel Tank)

500060C-103

Single Output, Fixed/Truck Mounted (Composite Fuel Tank)

500060C-104

Dual Output, Fixed/Truck Mounted (Composite Fuel Tank)

500060C-105

Single Output, Trailer Mounted, 28.5V DC TR (Composite Fuel Tank)

500060C-106

Single Output, Fixed/Truck Mounted, 28.5V DC TR (Composite Fuel Tank)

500060C-107

Single Output, Fixed Mounted, 28.5V DC TR (Special) (Composite Fuel Tank)

500060C-108

Single Output, Trailer Mounted, Digital AC Meters (Composite Fuel Tank)

500060C-109

Single Output, Fixed/Truck Mounted, Digital AC Meters (Composite Fuel Tank)

500060C-110

Single Output, Trailer Mounted, 28.5V DC TR, Digital AC/DC Meters (C Tank)

500060C-111

Single Output, Fixed/Truck Mounted, 28.5V DC TR, Digital AC/DC Meters (C Tank)

2)

Orientation

Series 500060C Generator Set Part Number Descriptions
Figure 1

For purpose of orientation, the radiator is considered to be at the FRONT of the unit. The generator and
controls are at the REAR. LEFT and RIGHT are determined by standing at the REAR end facing the

control box.

November 16, 2007
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3)

4)

5)

Optional Equipment - Appendix A
Chapters 1 through 5 of this Operation and Maintenance Manual identifies only the “strip down” version of
the 60CU24 generator set. A list of optional equipment which make this manual unique to the generator

set that you have purchased, appears in Appendix A. A few items included in Appendix A are cable trays,
trailers, 28-volt DC power transformer-rectifiers, etc.

Special Features
The generator set has special features that are described more fully under the assemblies in which they
appear. Three features: protective monitor, voltage regulator and electric governor are mentioned here
and described briefly.
Protective Monitoring
The protective monitoring system receives signals from the fault sensing units in the generator output
circuit and functions to cause the load to be disconnected from the generator if an abnormal condition
of voltage, frequency, or load develops.

a) Voltage Regulator

A microprocessor-type, adjustable voltage regulator provides automatic voltage regulation at the
aircraft. The regulator is also adjustable for a variety of output cable sizes and lengths.

b) Engine Electronic Control Module

The engine is equipped with an electronic control module that monitors, records, and controls engine
performance.

Canopy

A sheet metal enclosure, identified as a canopy, provides protection for the engine, generator and
electrical controls. The canopy is designed to reduce the operational noise level in the immediate area of
the machine.

November 16, 2007 Chapter 1-1
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Physical Basic Unit (Fixed Mount) Trailer Mounted Unit
Length 68 in. (172.7 mm) 94.5 in. (240 mm)
Width 37in. (94 mm) 67 in. (170.1 mm)
Height 46 in. (116.8 mm) 62 in. (157.5 mm)
Weight (Single AC output only) 2595 |b. (1107 kg.) 3070 Ib. (1393 kg.)
Weight (Dual AC output only) 2700 Ib. (1225 kg.) 3175 Ib. (1440 kg.)
Weight (AC & DC outputs) 2875 Ib. (1304 kg.) 3350 Ib. (1519.5 kg.)

AC GENERATOR

Output power rating 60 kVA 48 kW
Output voltage 115/200 VAC

Rated load capacity 174 Amps

Frequency 400 Hz.

Power factor 0.8

Duty Cycle 100%

Operating speed 2400 RPM

Overload capacity, both outputs 217.5 Amps

125% rated load

Output cable size 2/0

Specifications and Capabilities
Figure 2 (Sheet 1 of 2)
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GENERATOR PROTECTIVE SYSTEM

Over voltage Trips at 126 volts after a 1 second time delay.
Trips at 140 volts in 160 milliseconds.
Trips at 180 volts in 50 milliseconds.

Under voltage Trips at any voltage below 100 volts after 7 seconds.

Over frequency Trips at any value between 420 Hz and 480 Hz after a 5 second time
delay. Trips immediately at any frequency exceeding 480 Hz.

Under frequency Trips at 380 Hz. or less after a 7 second time delay.

Overload time delay Trips in approximately 5 minutes at 125% load of 90 kVA on either

output or 125% of 120 kVA on both outputs combined.

DC OUTPUT (OPTIONAL, SEE APPENDIX A)

Output Voltage 28.5 VDC
Amps (Continuous) 600 A
Amps (Peak/Starting/Overload) 2700 A for 2 seconds
2000 A for 10 seconds
1500 A for 30 seconds
1200 A 90 seconds
750 A 600 seconds
ENGINE
Manufacturer Cummins Engine Company
Model No. QSB4.5
Type In-Line 4 cylinder, 4 cycle diesel, electronic controlled
Bore and Stroke 4.02in. x5.42 in. (102 mm x 138 mm)
Displacement 275in° (4.5L)
Horsepower 110 hp (82 kW)
Idle speed 1000 + 50 rpm
High speed limiting 2750 £ 75 rpm
Normal governed speed 2400 rpm
Firing Order 1-3-4-2
Electrical system 12 VDC
Ground Negative
Lubricating oil capacity (w/ filter) 10 quarts (9.5 liters)
Coolant capacity system 38 quarts (36 liters)

Specifications and Capabilities
Figure 2 (Sheet 2 of 2)

6) Engine and Generator

The engine and generator comprise the principal components of the generator set. They are mounted on
the welded steel frame of the chassis. The engine coolant radiator is also mounted on the frame just
forward of the engine-generator combination. Figures 4 and 5 are illustrations showing the location of all
major components and sub-assemblies.

November 16, 2007 Chapter 1-1
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a) Basic Engine
The basic diesel engine is a in-line 4-cylinder, electronically controlled engine rated at 110
horsepower. See Figure 2 for specifications and capabilities.
b) Engine Manufacturer’'s Equipment
As received from the engine manufacturer, the engine includes the following equipment, which is
more fully described in the engine manufacturer’s operation manual.
(1) Electrical System
The 12 VDC electrical generating and starting system include an alternator, voltage regulator,
and starter with solenoid switch.
(2) Fuel Filter
The fuel filter is a spin-on disposable, vacuum type connected between the fuel lift pump and
injector pump.
CAUTION — ; :
The use of low lubricity fuels can shorten life and/or damage the engine’s fuel pump.
Only diesel fuel is recommended by the engine manufacturer.
(3) Oil Filter
The engine oail filter is a spin-on, full-flow type, located on the left side of the engine near the front.
(4) Pre-programmed Electronic Control Module (ECM)
The ECM is a pre-programmed engine control module, mounted directly to the engine block.
¢) Engine-cooling fan
The engine fan is designed to blow air outward through the radiator, rather than pulling the air inward
as a conventional fan does.
d) Hobart Installed Equipment
This generator set is modified at Hobart Brothers by the addition of the following equipment:
(1) Shut Down/Reset device
In addition to the other devices provided by the engine manufacturer, the factory also added an
engine shutdown/reset feature.
a EMERGENCY SHUTDOWN/RESET SWITCH (S28)
The emergency shutdown switch has two purposes. One is to reset the starting circuit
following a failed starting sequence. The other is to provide instant manual shut off of the
generator set by disconnecting power to the ECM through the control box. It is located on the
left side of the generator set near the control box (See Figure 3)
November 16, 2007 Chapter 1-1
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To operate the EMERGENCY SHUTDOWN/RESET SWITCH:

e Push button in until engine stops or until button travel stops
e Pull the button back out to reset

b Coolant high temperature shutdown system

The coolant temperature shutdown system consists of a factory supplied temperature switch.
This switch is monitored by the microprocessor on the EIB (“Engine Interface Board”) PC
Board, which will stop the engine if the temperature reaches 230° F (110° C).

¢ Oil pressure shutdown system

The oil pressure shutdown system consists of a factory supplied oil pressures switch. This
switch is monitored by the microprocessor on the EIB (“Engine Interface Board”) PC Board,
which will stop the engine if the oil pressure is under 12 PSI (82.7 kPA).

(2) Air cleaner (Figure 6)

The diesel engine air cleaner is so constructed that air enters through its cylindrical body, and
then is filtered in the process before being passed onto the engine turbo-charger assembly. An
air cleaner service indicator device is mounted on the air cleaner assembly to monitor the airflow
into the air cleaner. As the air cleaner becomes filled with dust, dirt, and carbon, the intake
system airflow becomes increasingly restricted. This restriction causes a diaphragm inside the
indicator to move toward an electrical contact. When the maximum allowable restriction level is
reached, the circuit closes and the air cleaner indicator fault appears on the control panel fault
display to warn the operator that the air cleaner must be changed. The electrical indicator
automatically resets when the restriction level drops sufficiently.

e) Engine faults

The following is a table listing faults, which may occasionally occur. Column two of the table explains
what happens in the engine’s circuitry when the fault occurs, and column three tells how to return the
generator set to service once the problem is solved. Refer to Chapter 2 for more details on all other
faults.

f) Generator

The 400 Hz generator is a brushless, revolving field, three-phase, alternating current type. The
generator set covered by this manual is a dual-bearing type. The front end of the rotor shaft extends
forward beyond the front bearing and is attached to the engine flywheel by a flexible coupling
assembly. The rear end of the rotor shaft extends rearward beyond the rear bearing and into the
exciter stator housing. The exciter rotor is mounted on this shaft extension with a key and is secured
by a washer and 1/2-13 thread cap screw. A rectifier with six diodes is mounted on the exciter rotor
and converts exciter AC output to DC for excitation of the generator revolving fields. The exciter DC
output to the generator fields, and consequently the generator output, is controlled voltage regulator
PC board (REG). A centrifugal, radial-blade fan, which is part of the flexible coupling assembly,
draws cooling air over all internal windings. Air enters at the exciter end and is discharged at the
drive end. The complete generator assembly is bolted to the engine flywheel housing.
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ENGINE FAULTS

Engine Fault Condition

What Occurs

How To Reset

Over temperature or low oil
pressure

Shuts down the engine, and will be
indicated will appropriate fault
code.

a) Press the engine stop button to
reset the fault code and reset the
protective system.

b) Or use E-STOP button for
immediate reset.

Low fuel warning and shutdown

Turns on the low fuel indication on
the fault code meter. The GPU is
programmed at the factory to warn
at /, tank and to shutdown at “/g
tank.

a) The low fuel fault indicating
function must be reset by
pressing the engine stop button
Fuel must be added prior to
attempting another engine start.
b) Or use E-STOP button for
immediate reset.

Clogged air cleaner or other
restriction in the combustion air
inlet.

Turns on the air cleaner restriction
indicating fault code.

a) Press the engine stop button.
The restriction must be removed
prior to attempting another engine
start.

b) Or use E-STOP button for
immediate reset.

Engine Faults
Figure 3
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a kbR

Control Panel 6. Emergency Stop Switch (S28)
Operator’s Push-Button Panel 7. Exhaust Outlet

Output Cable Location 8. Canopy

Front Axle Assembly 9. Radiator End

Rear Axle Assembly 10. Generator End

General Assembly of Generator Set
Figure 4
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1. Radiator 4. Control Box
2. Cummins QSB Engine 5. Fuel Tank
3. Air Cleaner 6. Generator

Main Components of Generator Set
Figure 5
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Service Indicator

Air Cleaner and Service Indicator
Figure 6

7) Control Box Assembly

The control box is a sheet metal enclosure that houses and provides mounting facilities for engine and
generator controls and monitoring equipment.

a) Control Panel (Figure 7 and 8)
The control system is divided into two sections. On the left side of the control panel, as one faces it,
are engine meters. On the right side of the control panel are generator meters. Below the control
panel are push-button switches for operating the engine and generator.

(1) Panel lights and panel light push-button switch (S74)

Meters are lighted from inside the control panel. The “LAMPS” push-button switch controls the
lights.

(2) Engine hour meter (M4)
The hour meter is electrically driven from the 12 VDC battery system. The hour meter measures
and records the engine’s running time and will record up to 9999.9 hours on five revolving drums.
It is only functional when the engine is running.

(3) Engine oil pressure gage (M24)

The oil pressure gage is an electrical type that is connected by a wire to an oil pressure sensor
installed in the engine lubricating system. The range is 0 to 125 PSI (0 to 862 kPA).

(4) Engine ON indicating light (DS58)
When the engine is running at idle speed, a green indicating light, within the “ENGINE START”

push button switch, flashes at a rate of 1 second on, 1 second off. When the engine is running at
rated speed, the light will stay on continuously.
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Fuel Gage (M13)

Front Panel

Engine Coolant Temperature Gauge (M24)
Running Time Meter (M4)

Oil Pressure Gage (M25)

Battery Voltmeter (M5)

Frequency Meter (M3)

Control Panel Label

Fault Code Meter (M6)

CoNoA~WNE

10.
11.
12.
13.
14.
15.
16.
17.

Strip Lights (DS60-DS62) (3) [Not Shown]

AC Generator Ammeter (M1)

AC Voltmeter (M2)

Adjustable Grip Latch

Control Panel Door Hinge [Not Shown]

DC Voltmeter [Optional with TR]

DC Ammeter [Optional with TR]

Front LED PC Board (A5) [Shown Opposite Side]

Control Panel Door

Figure 7
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of o] ©l o

LAKMPS ENGIME HEATER  ENGIME START DUTPUT NO. 1 DUTPUT NO. 2 OC QUTPUT  STARTING CURRENT ENGINE STOP TEST/RESET METER SELECT
~ o = A= DELAYED SHUTDOWN

o
1. Meter Selector Switch (S3) 6. AC Output No. 2 (S275) [if applicable]
2. Test/Reset Switch (S77) 7. AC Output No. 1 (S75)

3. Engine Stop Switch (S76) 8. Engine Start Switch (S24)

4. DC Starting Current Switch (S431) [Optional with TR] 9. Air Intake Heater Switch (S79)

5. DC Output Contactor Switch (S430) [Optional with TR] ~ 10. Panel Light Switch (S74)

Control Push-Button Switch Panel
Figure 8
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Engine Specific PC Board [ESB] (A1)

Engine Interface PC Board [EIB] (A2)

Digital Control PC Board [CTL] (A3)

Voltage Regulator PC Board [REG] (A4)
Transformer-Rectifier PC Board [TRB] (A404) {Optional}

+5, -12 VDC Power Supply (PS1)

Circuit Breaker Support Bracket

Marker Lights Circuit Breaker, 10 A (CB1)
Engine Circuit Breaker, 10 A (CB4)

0 Controls Circuit Breaker, 5 A (CB7)

agrONE
'—‘“390.\‘.@

Control Box Interior Components
Figure 9
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(5)

(6)

(7)

(8)

(9)

Engine coolant temperature gage

The temperature gage is an electrical type that is connected by a wire to a water temperature
sensor installed in the engine cooling system. The gage indicates engine coolant temperature in
the range of 100-280 ° F (38-138° C).

“ENGINE START” push-button switch (S24)

The “ENGINE START” push-button switch, when pressed, connects 12 VDC power to the starter
solenoid coil, which actuates the solenoid switch to connect power to the engine starting motor.
The 12 VDC power is supplied directly to the engine ECM and the oil pressure shutdown switch is
bypassed (This bypass is necessary for engine starting because the low oil pressure switch is
CLOSED until the engine is running normally). The green indicator light with blink.

When pressed a second time, this push-button switch provides a signal to the ECM to adjust the
engine speed to 2400 RPM. The green indicator light will glow continuously. At the same time, a
ground signal is provided to the regulator, enabling the generator to build up voltage for 400-Hz
generator output. Pressing the push-button switch once more removes these signals and the
engine reverts to idle speed and a blinking green indicator light.

“ENGINE HEATER” push-button switch (S79)

The “ENGINE HEATER” push-button switch activates the standard cold starting aid (manifold air
intake heater), which is totally controlled by the engine’s ECM. Once the heater is activated, the
engine’s ECM will control the operation. The heater typically stays on for a period of
approximately 30 seconds, which is indicated by the light on the push-button. When the light
goes out, the engine is ready to start. Starting a cold engine without first warming the engine will
lead to excessive white smoke exhaust and the engine may be hard to start.

“ENGINE STOP” push-button switch (S76)

When the “ENGINE STOP” push-button switch is pressed, the red indicator will glow. Thena 3 -
5 minute delay will occur to permit the turbo and other engine components to cool evenly. After
the delay, power is disconnected from the engine ECM causing the engine to shut down.

Engine voltmeter (M5)

The ammeter indicates the direction and value of current flow from or to the 12 VDC battery. Its
graduated 10 Vto 16 V.

(10)Engine fuel gage (M13)

An electric fuel gauge receives its controlling signal from a sending unit in the fuel tank. 12 VDC
operating power is supplied to the fuel gauge when the “ENGINE START” push-button switch is
pressed. The fuel level can also be checked when the unit isn’t running by pressing the panel
light “LAMPS” push-button switch.
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(11) Fault Code meter and “TEST/RESET” push-button switch (M6, S77)

The function of the fault code meter is to indicate to the operator, that an abnormal condition of
over voltage, under frequency, etc. occurred, which caused the protective monitoring system to
function. When one of the circuits are activated, it shows the code on the fault code meter. The
fault will remain on for a short period of time or until the “TEST/RESET” push-button switch is
pressed. Pressing the “TEST/RESET” push-button switch can also test the fault code meter
operation. A meter test should be performed only when disconnected from a load, as the
contactor(s) will open during the test cycle.

(12) Engine systems fault codes

Fault codes will be shown to warn the operator of abnormal engine operations that must be
corrected. These indicators are over temperature, air cleaner restriction, low oil pressure, and
low fuel indication.

(13) AC Generator output monitors (meters)

Three instruments, a frequency meter, a voltmeter, and an ammeter monitor the generator output.
The frequency meter is an analog type and indicates the frequency of the generator output
alternating current in the range of 360 to 440 Hz (cycles per second). The voltmeter indicates the
generator output voltage in each phase-to-neutral (A-N, B-N and C-N) or phase-to-phase (A-B, B-
C and C-A) as selected by the “METER SELECT” switch. The voltmeter has a scale of 0 to 300
V. The ammeter has a scale of 0 to 500 A. The amperage value in each of the three phases
may be read on the ammeter by selecting the desired phase with “METER SELECT” switch. The
ammeter current transformers, located in the output power module circuit, lower the output load
current to a lesser value, of definite ratio, which is sent to the Voltage Regulator PC Board (REG).
The ammeter dial scale is numbered so that the pointer will indicate the true load current value.

(14) Load contactor indicating lights [Yellow # 1 and Orange # 2] (S75, S275)

Indicating lights within the respective contactor control push-button switches (*OUTPUT NO. 1"
and or “OUTPUT NO. 27, if applicable) glow when the circuit is energized, indicating that power
is available at the plug. When the load contactor opens for any reason, the light is turned OFF.

(15) Front LED Display (A5)

The front LED display signifies to the operator which voltage (A-N, A-B, etc...) and amperage are
shown on the meters, as well as, when “EF BY-PASS” is present or bypassed. This “EF BY-
PASS” indicator serves to warn the operator that if the plug interlock system was by-passed any
exposed cable may be live.

(16)DC Generator output monitors (meters) [Optional with TR, Reference Appendix A]

Two instruments, a voltmeter and an ammeter, monitor and display the transformer-rectifier’'s
output. The voltmeter and ammeter meters are both analog type and indicate the output voltage
from 0 to 50 VDC and the amperage from 0 to 2500 A.

(17) “STARTING CURRENT” Switch (S431) [Optional with TR, Reference Appendix A]

Each time the “STARTING CURRENT” push-button switch is pressed, the BLUE indicator will
glow. The present current limiting amperage setting will be displayed on the fault code meter for
a short time delay, before incrementing, at 100 A increments, up to 2500 A. Once 2500 A has
been reached, the incrementing will start over from the beginning.
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(18)“DC OUTPUT” Contactor Switch (S430) [Optional with TR, Reference Appendix A]

Each time the “DC OUTPUT” push-button switch is pressed, the BLUE indicator will glow when
the circuit is energized, indicating that power is available at the plug. When the load contactor
opens for any reason, the light is turned OFF.

b) Control Box Interior Components (Figure 9)

1)

(@)

3)

(4)

(5)

EF Bypass switches (located on CTL)

For each load contactor circuit, a single-pole, single-throw “EF1 BYPASS” for “OUTPUT 1” (or
“EF2 BYPASS" for “OUTPUT 2", if applicable) provides a means of bypassing the 28 VDC
interlock circuit for the contactor when supplying power to a load bank or to an aircraft not
equipped with a plug interlock system.

Regulated-diagnostic switch (located on the REG)

When the “REGULATED/DIAGNOSTIC” switch is in the “REGULATED” (down) position, the
generator output voltage is regulated by the PC board for 115/200 VAC output to an aircraft.
When this switch is placed in the “DIAGNOSTIC” (up) position, 12 VDC is applied to the
generator exciter with the engine running at rated RPM, in order to check the operation of the
generator. This is done to determine if a particular power output malfunction is caused by a
defective generator or by a defective voltage regulator. When this switch is in the
MAINTENANCE position, no current is supplied to the generator exciter. In this condition, a low-
level, unregulated voltage of approximately 30 VAC will be produced at the generator output
terminals due to the residual magnetism of the exciter.

Circuit breakers (CB1, CB4, CB7)

A 10-ampere “ENGINE” circuit breaker, protects the 12 VDC engine electrical and fault circuits,
and another 10-ampere “MARKER LIGHTS" circuit breaker protects the 12 VDC lighting system.
A 5-ampere “CONTROL” circuit breaker protects the 12 VDC control system.

Digital Control PC Board [CTL] (A3)

The digital control PC board (see Figure 10) is the center for all communications throughout the
entire control system. All push-button panel commands run through the digital control PC board
and communicates the commands to the appropriate area (i.e. other PC boards) in the control
system. The digital control PC board also controls the real time clock, monitors the over/under
voltage and overload protection, push-button panel indicator lights, generator output meters, EF
bypass switches, and communicates with the optional service tool.

Engine Interface PC Board [EIB] (A2)

The EIB (see figure 11) is common between all engine models and monitors coolant temperature,
oil pressure, battery voltage, and fuel tank level monitoring. The EIB is also responsible for the
monitoring the warning switches for high coolant temperature, low oil pressure, high air
restriction, and low coolant level (optional). The warning switches signal the EIB when a fault
occurs, which then the EIB relays this information to the CTL. The CTL will issue the command
to the system that fits the fault event.

The EIB also controls the power distribution in the control system, hour meter, lights, and the
engine starter operation.
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Digital Control PC Board

Figure 10

(6) Engine Specific PC Board [ESB] (A1)

The ESB (see figure 12) is unique only to the engine model used in the GPU purchased. The
ESB is the primary interface between the control system and the engine’s electronic control
module. When the CTL senses the engine start button has been pressed it signals to the ESB,
which then communicates to the engine control module what mode of operation is required (idle

or rated speed).

The ESB controls the “FREQUENCY ADJUST” switch that is used to enable the “FREQUENCY
ADJUST ENABLE/DISABLE" potentiometer to test the over/under frequency fault limits of the
generator set system. The ESB also controls the “DATA REQUEST” button and diagnostic
indicator light to read the engine’s ECM diagnostic error codes.
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(7) Voltage regulator PC board [REG] (A4)

This voltage regulator PC board (see Figure 13) is designed to provide voltage regulation for a
three-phase, four-wire, 115/200-volt, 400-Hz brushless alternator. This regulator provides field
excitation power as required to meet varying alternator load conditions to hold the alternator
voltage constant. In addition, the voltage regulator PC board circuitry provides line drop
compensation. Any deviation of the alternator voltage from its set, regulated level is sensed at
the voltage regulator PC board. The sensing signal is compared to a reference signal, and, with
associated circuitry, varies the field power supplied to the rotary exciter.

a When the machine is started, and the engine is at rated speed, the rotary exciter is excited
from alternator residual magnetism through the half-wave rectifier-bridge, located on the
voltage regulator PC board assembly. As the rotary exciter voltage increases, alternator
excitation increases and the alternator voltage builds up. The sensing circuit of the voltage
regulator PC board then compares the input voltage to a reference voltage and adjusts the
field power of the rotary exciter to bring the voltage into regulation limits.
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(8)

b  When the alternator is loaded, its terminal voltage decreases, lowering the rectified three-
phase voltage of the voltage sensing circuit. The sensing voltage is low in respect to its
reference voltage, causing the voltage regulator PC circuitry to increase the power to the field
of the rotary exciter. The alternator voltage increases until the voltage returns to its regulated
value.

¢ When aload is removed from the alternator, the alternator voltage rises. The rectified three-
phase voltage-sensing signal increases, causing this signal to be higher than the reference
signal. The associated voltage regulator circuitry causes the field power of the rotary exciter
to decrease, lowering the alternator voltage until the voltage returns to regulated value. The
line drop voltage compensation circuit consists of a current transformer on each phase of the
load circuit, and fixed resistance in parallel with each current transformer. The current
transformers detects the magnitude of current flowing through the power cables from the
alternator to its load and feeds a signal into the voltage regulator PC board. The PC board
processes this signal to change the output voltage proportional to the current draw. The
regulator output increases slightly so that the alternator output voltage is equal to the
regulated voltage plus the voltage drop in the lines. The line drop compensation
potentiometer may be adjusted to match exactly the voltage drop of the power cables
carrying the load current.

The under/over frequency protection, EF signal, and lost neutral detection are also monitored by
the REG and will signal the CTL when a fault has occurred. The CTL issues the appropriate
command that corresponds to the fault.

Transformer-Rectifier PC Board [TRB] (A404) {Optional with TR, Reference Appendix A}

The TRB PC Board (see Figure 15) is only used when the optional 28.5 VDC transformer-rectifier

assembly is installed. The TR monitors the output voltage, output current, controls the input and

output contactors, and monitors all fault events associated with the DC output. When a fault event

does occur the TRB relays this information to the CTL. The CTL will issue the command to the
system that fits the fault event.

(9) +5,-12 VDC Power Source (PS1)

Supplies the internal power distribution of +5 VDC and —12 VDC into the control system.
(@] ©

N/C T & R 6| | —12v

—Vin 2 & 7| | +12v

Vin 3 < sl | coum Control Sys_tem Power Source

| f 9 & Figure 14

CASE 4 & ) 9f |+5v

ENABLE | [[5 (53] JI10 | | TRIM
e} o}
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Figure 15

8) Power Module Panel Assembly (Figure 16)

The power module panel assembly sometimes referred to as the contactor panel, is located at the left
front of the machine under the control box. The panel assembly provides a means of connecting and
disconnecting generator output to and from the load (aircraft).

a) Load contactor(s)

The load contactor(s) each contain a magnetic operating coil and four sets of contacts. The three
larger contacts conduct three-phase AC generator output. A small contact set is connected to the
Digital Control PC Board (CTL) to activate the protective monitor circuit. Three-phase, 400-Hz
generator output power is conducted to the load contactors by 2/0 cables that pass through current
transformers.

b) Current transformers (CT1-CT3 or CT6 if 2" output installed)

On each individual output a set of current transformers are used to monitor and control the line-drop
compensation, ammeter, and overload circuit.
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(1) Line-Drop Compensation

The current transformers detects the magnitude and power factor of current flowing from
generator to load. They feed a signal to the voltage regulator that interprets the signal and alters
the exciter field current as required to maintain a constant predetermined voltage at the load.

(2) Ammeter

The current transformers convert a current signal to a voltage signal, which is sent to the Voltage
Regulator PC Board (REG). The ammeter is really a voltmeter graduated and numbered in
amperes to show current proportional to the voltage signal received.

When there is overload on the output for more than 5 minutes (load exceeding 326 amperes per
output or 125% of rated load), the main overload sensing circuit sends signals the load the
contactor(s) circuit to open both load contactors.

(3) Overload, No 1 and/or No. 2 output (if applicable)

On each individual output the current transformers converts a current signal to a voltage signal.
The voltage signal is sent to the ammeter and to the overload monitoring circuit for that output.
The overload monitoring circuit will open the contactors when the output current reaches 125% of
the normal rated output current. The monitoring circuit moniters each individual output, as well
as, the overall current for a dual output machines.

The following is a list of overload module characteristics:

e At 125% load the module will function in 5 minutes.
At 150% load the module will function in 30 seconds.
e AT 200% load the module will function in 10 seconds.

NOTE: The overload protective system will function when any phase carries 123% to 127% of
rated load. All times are plus or minus 25% and are non-adjustable.

9) Cold Weather Starting System

CAUTION

Drain the engine coolant system before working on the block heater. Afterwards, refill

the cooling system and bleed at highest point to remove any air locks.

The block heater kit is installed inside the enclosure of the engine/generator set, and is connected to the
cooling system of the diesel engine. Its purpose is to keep the coolant warm when the engine is shut
down for extended periods of time in cold weather, and thus permit the engine to start more quickly.

The block heater unit is mounted to the engine/generator frame with a bracket and attaching hardware.
Hoses, clamps, and fittings connect the block heater to the engine’s cooling system.

Mounted low in the system, a head pressure is maintained at the heater’s intake and a simple one-way
valve in the heater unit ensures the direction of coolant flow.
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1. Output #1 Contactor (S75)
2. Wire Harness
3. Output #2 Contactor (S275) (If Applicable)

Output Power Module Components
Figure 16
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Section 2 Preparation for Use, Storage, or Shipping

1) Preparation for Use

a) Inspection/Check

Inspect the unit thoroughly prior to operation.

(1) Remove blocking, banding, ties, and other securing material.

GROUND POWER

(2) Inspect exterior for shipping damage such as broken lights, damaged sheet metal, etc.

(3) Open all canopy doors and inspect interior for foreign material such as rags, tools, shipping

papers, etc.

(4) Check fuel, coolant, oil hoses and connections for visible leaks. Visually inspect the compartment
floor and ground surface under the unit for signs of leakage. If leaks are found, correct by
tightening hose clamps, tube fitting, etc., as required.

(5) Check security of generator set retaining components.

(6) Check the following for sufficient quantity:

a Fuel

Press “LAMPS” push-button button to energize fuel gage when engine is stopped. Fuel is
supplied from a customer-furnished source.

NOTE: For recommended fuel specifications refer to the Engine Manufacturers Operation and
Maintenance Manual provided with this manual.

b Engine coolant

Remove radiator cap to check coolant level. Coolant level should be at the bottom of the filler

neck.

CAUTION

BE SURE the cooling system antifreeze solution is adequate to protect below the

lowest temperature expected.

NOTE: For antifreeze protection, use a solution of 50% permanent antifreeze (Ethylene glycol) and

50% clean water.

ENGINE OIL AND COOLANT CAPACITIES

Lubricating oil capacity (w/ filter)

10 quarts (9.5 liters)

Coolant capacity system

38 quarts (36 liters)

Figure 1
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¢ Engine lubricating oil level
The oil gage rod has “H” high mark and “L” low level marks to indicate the operating

lubrication oil supply. Oil level should be kept as near the high mark as possible, without
going over it. See Figure 1 for capacity.

CAUTION

NEVER operate the engine with oil level below the “L” level mark or above the "H”

level mark.

NOTE: See the Engine Manufacturer’s Operation Maintenance Manual for oil recommendations.

Oil Fill and Oil Level Check Locations
Figure 2

(@] vel Check

w4

d Check Batteries

Inspect the batteries for proper connection of the terminals and also check the electrolyte
level (if possible). Service or replace if necessary.

b) Installing Three-Phase AC Output Cables

The generator set may be shipped without aircraft cables. The load contactors, to which cables must
be connected, are located on the power module assembly (left side of the unit beneath the engine
control panel).

The conductor size recommended for AC output cables is 2/0 AWG. Use No. 12 size for control (E
and F) terminals. Large cables (A, B, C, and N) should be equipped with terminals having at least a
3/8-inch diameter, mounting holes. Mounting holes in the small leads (E and F) should be at least
1/4-inch diameter.
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To install AC output cables proceed as follows:

(1) Open control box door of the generator set and remove the lower panel.

(2) Remove Plexiglas cover in front of the power module assembly.

(3) Remove the cover panel on the cable tray covering the cable clamps.

(4) Loosen screws on cable clamps.

(5) Route cables through cable clamps, and up to the load side of the load contactor(s).

(6) Connect the phase cable terminal lugs to the appropriate terminal studs on the contactor(s): cable
lug “A” to terminal stud “A”, “B” to “B”, and “C" to “C".

(7) Connect the cable’s neutral terminal lug securely to the neutral (ground) stud on the power
module assembly.

(8) Connectthe “E” and “F” cables to the “E” and “F” studs on the power module assembly.
(9) Tighten clamp screws securely, but avoid damage to cable insulation.

(10) Replace Plexiglas cover panel, lower panel, and close canopy door.

2) Tips on Cold Weather Starting

3)

a)

b)

c)

Battery and Cables

To start in cold weather, a diesel engine must crank at a fairly high speed. A worn out battery,
partially discharged battery, and poor or loose cable connections will reduce cranking speed. Battery,
cables and connections should be cleaned and tightened regularly.

Fuel

For an engine to start and continue running, fuel must flow through the injection system. Unblended
#2 diesel fuel “clouds”, forming filter —clogging waste at temperature around +15° F (-10° C) making
starting and running impossible. Most engine manufactures recommend that fuel have a cloud point
at least 10° F (5° C) below the coldest anticipated temperature.

Lube Qil
Engine lubricating oil gets thicker at lower temperatures. Many oils that flow freely at 70° F (21° C)

are extremely thick at 0° F (-18° C). Follow your engine manufacturer’'s recommendations regarding
oil viscosity for the coldest temperatures you expect your engine to encounter.

Preparation for Storage

When a generator set is to be stored or removed from operation, special precautions should be taken to
protect the internal and external parts from rust, corrosion, and gumming in the engine fuel system.
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a) General

Pull all circuit breakers and/or disconnect battery negative terminal.

(1) The unit should be prepared for storage as soon as possible after being removed from service.

(2) The unit should be stored in a building which is dry and which may be heated during winter
months.

(3) Moisture absorbing chemicals (Factory Part No. 76A1354-001) are available for use where
excessive dampness is a problem; however, the unit must be completely packaged and sealed if
moisture absorbing chemicals are to be effective.

b) Temporary Storage

When storing the unit for 30 days or less, prepare as follows:

(1) Lubricate the unit completely in accordance with instructions in Section 2-2. This will include
changing engine oil, and all filter elements.

(2) Start the engine and operate for about two minutes so that all internal engine components will be
coated with new oil.

NOTE: Do not drain the fuel system or crankcase after this run.

(3) Make certain the cooling system antifreeze solution is adequate to protect below the lowest
temperatures expected during the storage period. Be sure the solution is thoroughly mixed.

(4) Clean the exterior of the engine. Dry with clean rags and compressed air.

(5) Seal all engine openings. Use a waterproof, vapor proof material that is strong enough to resist
puncture damage from air pressures.

c) Long Time Storage (Over 30 Days)

To protect the generator and other electrical components, the complete unit should be packaged

using moisture proof packaging material and sealing material. Place containers of moisture

absorbing chemicals (Factory Part No. 76A-1354-001) in the unit before packaging. The unit may be
stored for long periods with no special preparation if it is possible to operate the engine once each
week. When starting once a week proceed as follows:

(1) Make certain the cooling system is adequately protected.

ENSURE adequate ventilation before starting the engine.

(2) Start the engine and operate under full load until coolant temperature has reached at least 176°F
(80°C).
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(3) While the engine is running, ensure that normal operating controls are in good working condition

before shutdown and storage. If weekly operation is not possible, contact the nearest engine
manufacturer distributor for instructions.

4) Preparation for Shipment
a) Disconnect battery negative terminal before shipping.

b) During long shipments, vibration, jolting, etc may loosen the generator set retaining hardware.

CAUTION

When shipping the unit, provide sufficient retaining materials to ensure the generator

set cannot roll out or off the vehicle in which it is being transported.

NOTE: It is suggested that strong banding be used to secure the generator set, or a strong steel bar
be either welded or bolted across the front of the generator set frame.

April 01, 2005 Chapter 1-2
Page 5



OM-2098C / Operation and Maintenance Manual CGROUND POWER
60CU24 / Series 500060C / 400 Hz. Generator Set

This page intentionally left blank.

April 01, 2005 Chapter 1-2
Page 6



OM-2098C / Operation and Maintenance Manual CGROUND POWER
60CU24 / Series 500060C / 400 Hz. Generator Set

Section 3 Operation

1) G

eneral

This section contains information and instructions for the safe and efficient operation of the equipment.
Operating instructions are presented in step-by-step sequence of procedures to be followed in supplying
400-Hz power or 28.5V DC power.

NOTE: Read ALL of the operating instructions before attempting to operate the equipment.

Ear protection equipment may be necessary when working close to this equipment.

2) 400 Hz. Operating Procedure

a) Pre-start inspection

(1) Be sure the fuel shutoff valve on the unit is open.

(2) Ensure 12 VDC power is available to the engine starting system.

(3) Check the engine and generator compartments to make certain they are free of rags or other
foreign materials.

(4) Make certain there is sufficient lubricating oil and coolant in the engine.

(5) Check that all circuit breakers are reset.

(6) Make certain the “STARTER ENABLE/DISABLE" switch is enabled, and the “FREQUENCY
ADJUST” switch is disabled.

b) Normal Engine Starting Procedures
Engine starting procedures are outlined below. The engine’s operating controls and monitoring
instruments are illustrated in Figure 1 and 2.
CAUTION — ; - : ,
Refer to operating instructions in the engine manufacturer’s operation manual, when
starting engine for the first time.

NOTE: The engine manufacturer’s operation manual is provided with this manual.

(1) If illumination is required, press “LAMPS” push-button switch one time. Pressing this button
switch also activates the fuel gage.

(2) On days when the ambient temperatures are below 60° F, press the “ENGINE HEATER” push-
button to engage the air intake heater prior to starting the engine. The light in the button will
illuminate when the intake heater is engaged (if the light does not illuminate, the engine is ready
to start) and will go off when the intake heater is disengaged, thus signifying the engine is ready
to start.
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Fuel Gage (M13)

Front Panel

Engine Coolant Temperature Gauge (M24)
Running Time Meter (M4)

Oil Pressure Gage (M25)

Battery Voltmeter (M5)

Frequency Meter (M3)

Control Panel Label

Fault Code Meter (M6)

10.
11.
12.
13.
14.
15.
16.
17.

Strip Lights (DS60-DS62) [Not Shown]

AC Generator Ammeter (M1)

AC Voltmeter (M2)

Adjustable Grip Latch

Control Panel Door Hinge [Not Shown]

DC Voltmeter [Optional with TR]

DC Ammeter [Optional with TR]

Front LED PC Board (A5) [Shown Opposite Side]

Control Panel Door
Figure 1
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8] & e & &
LAWMPS ENGIME HEATER  ENGIME START DUTPUT NO. 1 DUTPUT NO. 2 OC QUTPUT  STARTING CURRENT EMGINE STOP TEST/F!ESET METER SELECT
o Y — P DELAYED SHUTDOWN

o
1. Meter Selector Switch (S3) 6. AC Output No. 2 (S275) [if applicable]
2. Test/Reset Switch (S77) 7. AC Output No. 1 (S75)

3. Engine Stop Switch (S76) 8. Engine Start Switch (S24)

4. DC Starting Current Switch (S431) [Optional with TR] 9. Air Intake Heater Switch (S79)

5. DC Output Contactor Switch (S430) [Optional with TR] 10. Panel Light Switch (S74)

Control Push-Button Switch Panel
Figure 2
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CAUTION

Never use an ether start system in conjunction with the air intake heater.

(3) Pressthe green “ENGINE START” push-button switch and hold until engine starts. The engine
will start at idle speed, and the green light in the “ENGINE START” push-button switch will flash
to indicate that power is available to the engine’s ECM circuit.

CAUTION - .
Do not attempt to bring to rated speed for at least 5 seconds after engine starts.
Damage to the starter and flywheel will result.

CAUTION : : — : :
If the engine fails to start within 5 seconds, the control system will automatically

disable the starting motor and indicate a low oil pressure fault. The emergency stop
switch must be pressed to reset the control system and allow another starting attempt.
If the engine fails to start after four attempts, an inspection should be made to
determine the cause.

If the engine fires sufficiently to disengage the starter gear, but does not start, allow
the starting motor to come to a complete stop before attempting to engage the starter
again, then press the start push button switch.

(4) Check oil pressure to make certain that it is normal, and observe all other engine instruments for
normal operation.

(5) Allow engine to idle and warm for 3 - 5 minutes before bringing it up to rated speed.

CAUTION

To eliminate the possibility of wet stacking (See Appendix A), DO NOT allow the

engine to idle for long periods of time.

¢) Failed Starting Procedure

In the event that the engine fails to start, the circuitry must be reset before the next attempt. To do
this:

(1) Push the red “EMERGENCY STOP/RESET BUTTON" on the control box door to the right of the
control panel.

(2) Pull the red “EMERGENCY STOP/RESET BUTTON” back out before the next attempt to start
the generator set.

d) AC Power Delivery

(1) Press “ENGINE START” push button switch a second time to bring engine from idle speed to
rated speed. The ECM will immediately increase engine speed to 2400 RPM and maintain it.
The voltage build-up will occur automatically. Also the green indicating light in the “ENGINE
START" push-button switch will glow continuously.
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(@)

3)

(4)

Observe generator instruments. The frequency meter should indicate exactly 400 Hz. With the
“METER SELECT"” push button switch set to read any line-to-neutral position, (A-N, B-N, or C-
N), the voltmeter should read 115 volts. With the “METER SELECT” push button switch set to
any line-to-line position, (A-B, B-C, or C-A), the voltmeter should read 200 volts.

The final step in delivering power is closing one or both of the load contactors. When the
instruments indicate satisfactory frequency and voltage values, close either load contactor (or
both load contactors) by momentarily pressing the load contactor(s) (“OUTPUT NO. 1” or
“OUTPUT NO. 27, if applicable) push button switch. The yellow or orange indicating light of the
push button switch that is pressed will glow continuously, indicating that the load contactor is
closed and power is available at the aircraft.

Early in the power delivery run it is recommended that the operator check output voltage and
current in each of the three phases. Use the “METER SELECT” push button switch to select the
either the line-to-line or line-to-neutral voltage. If the load is changing, it is good operating
practice to observe the instruments until load conditions stabilize.

CAUTION
NEVER press the test/reset push button switch while power is being delivered.
The contactors will open and power to the aircraft will be suddenly interrupted.
(5) A condition of over-voltage, under-voltage, under-frequency, over-frequency, or overload in the

output circuit will automatically open the load contactor and display a fault code to signal the
operator which of the above faults caused the protective monitor system to operate. After the
fault has been corrected, press the “TEST/RESET” push-button switch to reset the protective
relay system. Proceed with power delivery by operating the load contactor push button switch.

NEVER disconnect the output cable while power is being delivered. Output
contactors must be open prior to removal of the cable from the aircraft.

CAUTION

The generator set must be shut down so that the failed power delivery problems can

be diagnosed. Only licensed technicians should work on this generator set.

e) Failed AC Power Delivery

If the contactor indicating light should go out as soon as the push button switch is released, and a
fault code is displayed indicating that 28.5 VDC interlock signal is not being supplied from the aircraft
to the plug interlock relay, correct the condition and again press the load contactor(s) (“OUTPUT NO.
1” or “OUTPUT NO. 27, if applicable) push button switch.

The “REGULATED/DIAGNOSTIC” switch (located on the VR1) must be set to “NORMAL” for power
delivery.

The “OUTPUT NO. 1" (or “OUTPUT NO. 2", if applicable) “EF BY-PASS ON/OFF”" switch (located
on the CTL) must be set to “ON” position.

See section 2-4 for other No. 1 (or No. 2, if applicable) Load Contactor Operating Circuit for additional
troubleshooting procedures.
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f) Discontinue Power Delivery with Unit Shutdown
(1) Normal conditions

a Push the load contactor(s) (“OUTPUT NO. 1” or “OUTPUT NO. 2", if applicable) push
button switch to open the contactor. The indicating light (yellow or orange depending on the
contactor used) on that switch will go OFF immediately to indicate that the load contactor has
opened and power is no longer being delivered to the aircraft. The engine will remain at
rated speed.

b Push the red “ENGINE STOP” push-button switch once to bring the engine down to idle
speed. This will begin the automatic shutdown sequence to shut off the engine, gauges,
lights, etc., after approximately 3 - 5 minutes.

¢ Disconnect output cable from aircraft after engine is at idle speed only.

(2) Emergency conditions
a Depress the "EMERGENCY STOP BUTTON?" located on the control box door to the right of

the control panel. When pushed this button instantly shuts the generator set off and must be
pulled back out to reset itself for restarting the generator set.

CAUTION

Do not use the “EMERGENCY STOP BUTTON?" button as a normal shutdown device.

Damage to the engine turbo charger may result without proper cooling time. Use the
“ENGINE STOP” push-button for all normal engine shutdowns.

3) DC Operating Procedure (Optional, See Appendix A)

The 28.5 VDC transformer-rectifier is an optional add-on to the GPU. See Appendix A for more details on
the operation of the transformer-rectifier.
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Chapter 2 Service and Troubleshootin

Section 1 Maintenance Inspection/Check

1) General

To make certain the generator set is always ready for operation, it must be inspected and maintained
regularly and systematically so that defects may be discovered and corrected before they result in serious
damage to components, or failure of the equipment.

STOP operations at once if a serious or possibly dangerous fault is discovered.

2) Maintenance Schedule

a) General
A periodic maintenance schedule should be established and maintained. A suggested schedule is
provided in Figure 1 on the following pages. It may be modified, as required to meet varying
operating and environmental conditions. It is suggested that generator set and vehicle inspections be
coordinated as much as possible.

b) Maintenance Schedule Check Sheet
It is strongly recommended that the customer use a maintenance schedule check sheet such as the
one in engine manufacture’s operation manual. The check sheet will provide a record and serve as a
guide for establishment of a schedule to meet the customer’s maintenance requirements for his
specific operation.

c) Time Intervals
The schedule is based on both hours of operation and calendar intervals. These two intervals are not
necessarily the same. For example, in normal operation the oil change period, based on hours of
operation, will be reached long before the three months calendar period. The calendar period is
included to make certain services are performed regularly when the equipment is stored, or being
operated infrequently. Lubricating oil standing in engines that are stored, or used very little, may tend
to oxidize and may require changing although it is not dirty. Perform all services on whichever-comes-
first basis.

d) Identification of Interval Periods
Each interval period is identified by a letter A, B, C, etc. For example, services under B schedule
should be performed at the end of each 250 hours of operation, or every three months, BR service is
performed during the BREAK IN period (first 50-150 hours) and AR service is performed AS
REQUIRED.
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Hourly Interval

AR

50-150

10

250

500

1000

1500

2000

Calendar Interval

Once

Daily

3 Mo.

6 Mo.

1Yr.

1.5Yr.

2Yr.

Symbol

AR

BR

Engine

Change Air Cleaner Cartridge

Check Coolant Hose and Clamps

Check Crankcase Oil Level

Drain Fuel PreFilter Elements

Check Coolant Level

Check for Leaks and Correct

Check Air Cleaner Indicator

Check Exhaust System

XX [ X[ X|X|X

Change Lubricity Fuel Filter Element

Change Fuel Pre-Filter Element

Check Fuel Pump

Check Radiator Core and Hoses

Check Oil Pressure and Record

Change Crankcase Qil

Change Qil Filter Element

XXX |X|X|X]|X

Check Engine and Generator Mounts

Check Coolant, Additive-Concentration

X | X[ XX

Check Fan Hub and Drive Pulley

Check Hose Clamps on Air Intake Side

Check Belts Conditions and Tensioner

Check and/or Adjust Valve Clearance

Check Water Pump

XX [ X[ X|X

Steam Clean Engine

Clean Fuel System

Check Alternator

Check Cranking Motor

X | X[ XX

Check Vibration Damper

Check Cooling system

Maintenance Schedule
Figure 1 (Sheet 1 of 2)
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Hourly Interval AR |50-150 | 10 | 250 | 500 | 1000 | 1500 | 2000
Calendar Interval Once | Daily | 3Mo. | 6Mo. | 1Yr. | 1.5Yr. | 2Yr.
Symbol AR | BR A B c D E F
Engine (continued)

Flush and Change Coolant X
Check Fan Mounting Spring & Fall

Clean Cooling System Spring & Fall

Check Hoses Spring & Fall

Clean Electrical Connections Spring & Fall

Check Thermostats and Seals Fall

Electrical (12 VDC System)

Check All Lights X

Check Alternator Charging Rate X

Check Battery and Fluid Level X

Clean Battery Terminals X X

Check Wiring and Connections X

Check All Engine Meters X

Electrical (400-Hz System)

Check E-F By-Pass Operation X

Check Output Cable and Connectors X

Check Volt, Amp & Frequency Meters X

Check and/or Adjust Output Voltage X X

Inspect Wiring and Connectors X

Clean and Inspect Generally X

Maintenance Schedule
Figure 1 (Sheet 2 of 2)

3) Inspection/Check
a) General

Inspections, checks, and maintenance are described in general and more specific and detailed
information can be found in Section 2-2 and 2-3, when applicable.
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b) “AR” Checks and Operations (As Required)
(1) Engine

a Change Air Cleaner
A definite time schedule for changing the air cleaner cannot be established. This filter should
not be washed more then six times or retained for more than one year of service, which ever
comes first.

b Check and tighten, as required, all coolant hose clamps, air intake hose clamps and exhaust
clamps. Check all coolant hoses, air intake hoses and exhaust pipes for leaks.

(2) Electrical System (12 VDC)

a Check Battery Terminals
Anytime the compartment doors are opened for any reason, visually check battery cable
connectors and battery posts. If corrosion is observed, disconnect cables and clean battery
posts and connectors with a wire brush or special battery post-cleaning tool. Coat posts and
connectors with a light film of petroleum lubricant before reconnecting cables.

(3) Electrical (400 Hz System)
a Check the output voltage and be sure it is set for 115 VAC £ 1 V. Adjustment can be made
using the fine adjustment located on the Voltage Regulator PC Board (REG).
c) “BR” Checks and Operations (Break-In Period, Once After 50-150 hrs.)
The following procedures are precautionary measures taken on most new engines. If a problem
occurs with any of the following issues be sure to recheck it after the next 50-150 hours.
(1) Engine

a Check for leaks and correct. This involves an overall inspection of the engine and may
require some maintenance if leaks are found. Refer to the engine manufacturer's operations
manual for assistance.

b Change all fuel filter elements. Metal shavings from the new fuel tank can clog the filter.

¢ Change crankcase oil. New engines often release metal shavings more frequently. Therefore
the crankcase oil must be changed as a precautionary measure.

d Change oil filter element. The oil filter should be changed with the oil.

e Check engine and generator mounts to ensure they are properly installed and they have not
worked loose. (Torque is set at 122 N-m or 90 ft-lb. for generator and 136 N-m or 100 ft-lb.
for engine).

f  Check coolant additive concentration. Refer to the engine manufacturer’s operations manual
for assistance.
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Steam clean the engine to free it of oil and dirt to prevent uneven engine cooling “hot spots”.
The oil and dirt can also fall into the engine and fuel system when covers are removed during
repair work.

Inspect the water pump weep hole for indication of a steady leak. If a steady flow of coolant
or oil is observed, replace the water pump with a new or rebuilt unit. Refer to the engine
manufacturer’s operations manual for assistance.

d) “A” Checks and Operations (10 Hours or Daily)

(1) Engine
a Check Crankcase Oil Level
CAUTION - - —
DO NOT overfil. DO NOT operate the engine with oil level below the lower bar or
above the upper bar on the dipstick.
() Check oil level daily with oil gage dipstick.
(i) Oil level should not be checked until 3 to 5 minutes after engine shutdown. Keep oil
level as near the upper bar as possible.
b Drain Fuel Pre-Filter Element

The life of the fuel pump and injectors can be extended if the operator drains about a cup of
fuel from the fuel pre-filter element to remove water and sediment before starting the engine
each day.

CAUTION
BE SURE to prime and bleed the fuel system after draining the filters, replacing filter
element, or if the fuel tank has run empty. Failure to do so can cause engine starting
problems.
0] Provide a container for catching drained fuel.
(i) Open the drain valve on the fuel/water filter by turning it counterclockwise.
(iii) Drain the filter until clear fuel is visible.

(iv) Tighten the drain valve.

(v) Safely dispose of drained fuel.
(vi) Purge air from fuel system if necessary.
¢ Check Coolant Level
Check coolant level daily or at each fuel fill interval. Investigate for cause of any coolant loss.
Cooling system is pressurized. To avoid personal injury, DO NOT remove radiator
cap when engine is hot.
April 01, 2005 Chapter 2-1
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d Check for Leaks and Correct
At each daily start-up, check for coolant, fuel, and oil leaks. Coolant leaks may be more

noticeable when components are cold. Observe pumps, hoses, fittings, gasket connections,
etc., for signs of leakage. Correct as required.

Fuel Filter and Drain

Fuel Drain Figure 2

e Check Air Cleaner Indicator

At each daily start-up, observe the air cleaner indicator light. If this light comes ON, it
indicates that the air cleaner should be changed.

f  Check Exhaust System

Visually inspect muffler and exhaust pipes for rust and signs of approaching failure. Listen for
any gasket or joint leaks.

A leaking and defective exhaust system could be a fire hazard.

(2) Electrical System (12 VDC)
a Check All Lights
Check all indicating lights to be sure they will operate when they should. If any light fails to

operate, check both the lamp and its protective circuit breaker. Figure 5 lists all lamps with
their location and part number. Figure 6 lists all circuit breakers.
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e)

b

Cc

Check Alternator Charging Rate

Observe the 12 VDC ammeter each time the engine is started. A zero amperage reading or
extremely high reading for any length of time indicates trouble in the alternator, regulator,
battery, or interconnecting wiring.

Check the operation of all the engine meters.

(3) Electrical (400 Hz System)

b

Check Output Cables and Connector

Check the output cable plug connection for damaged insulation and contacts each time the
connector is detached from the aircraft.

Monitoring Instruments

Check operation of voltmeter, ammeter and frequency meter each time the unit is started.

“B” Check and Operations (250 Hours or 3 Months)

(1) Engine

a

Charge-Air-Cooler and Piping

Inspect the charge-air-cooler for dirt and debris blocking the fins. Check for cracks, holes, or
other damage.

Inspect the pipes and hoses for leaks, holes, cracks, or loose connections. Tighten the hose
clamps if necessary.

Change oil and oil filters

Check and record oil pressure

After each oil change, check and record oil pressure at idle speed after oil has warmed to
approximately 140° F. Record oil pressure under identical conditions at each oil change
interval. A comparison of pressure at idle speed with previous readings will give an indication
of progressive wear of oil pump, bearings, shafts, etc. Investigate any abnormal change in
pressure readings.

Change all fuel filters.

Check Radiator Core and Hoses

Inspect the radiator core for dirt and debris blocking the fins. Clean as necessary. Check for
cracks, holes, or other damage.

Check Fuel Pump

Inspect the fuel injection pump mounting nuts for loose are damaged hardware.
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(2) Electrical (12 VDC system)
NOTE: The battery furnished with this generator set is MAINTENANCE FREE.
a Battery Electrolyte Level (if applicable)

Battery electrolyte level must be maintained above top of plates. Add distilled water as
required.

CAUTION

DO NOT overfill.

b Check Battery

If battery requires water frequently, or is low in charge, the reason for the condition must be
found and corrected.

¢ Check battery terminals and clean, if necessary.
(3) Electrical (400 Hz System)
a Check the operation of the E-F bypass system.
f) “C” Checks and Operations (500 Hours or 6 Months)
(1) Engine

a Check Engine and Generator Mounts

CAUTION

An unstable or loosely mounted engine can create hazardous environment and may

also damage equipment.

0] Engine mount bolts must be torqued to 136 N-m (100 ft-Ib.).
(i) Generator mount bolts must be torqued to 122 N-m (90 ft-1b.).

b Check Coolant Additive Concentration
The cooling system protective liquid (nitrite-, amine- and phosphate free) provides effective
protection against corrosion, cavitation, and freezing. See engine manufacturer’s operation
manual for ordering and mixture details.

(2) Electrical (12 VDC system)
a Wiring

Inspect all cables and leads for worn or damaged insulation.
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b

Connections

Inspect connectors for damaged or corroded condition.

(3) Electrical (400 Hz System)

a

c

Protective Monitoring Circuits

Check operation of all protective monitoring circuits to make certain they will function if a fault
should occurs in the output circuit. Procedures for testing these circuits are contained in the
Adjustment/Test section of this manual.

Inspect Wiring and Connections

Check all cables, leads, and wiring for broken, worn and damaged insulation. Check all
connections for tightness.

Clean and inspect generally

g) “D” Checks and Operations (1000 Hours or 1 Year)

(1) Engine

a

Check Fan Hub and Drive Pulley

Inspect for loose bolts or worn features. Tighten bolts and replace parts if necessary. Refer
to the engine manufacturer’s operations and maintenance manual for assistance and the
most update to date information.

Check Hose Clamps on Air Intake Side

Be sure that all clamps are properly secured to prevent leaks and all hose are in good
condition.

Check Belt Condition and Tensioner

Refer to the engine manufacturer’s operations and maintenance manual for assistance and
the most update to date information.

Check and/or Adjust Valve Clearance

Refer to the engine manufacturer’'s operations and maintenance manual for assistance and
the most update to date information.

Check Water Pump
Inspect the water pump weep hole for indication of a steady leak. If a steady flow of coolant

or oil is observed, replace the water pump with a new or rebuilt unit. Refer to the engine
manufacturer’s operations manual for assistance.
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h) “E” Checks and Operations (1500 Hours or 1.5 Year)

(1) Engine

a

Steam Clean Engine

There are several reasons why the engine exterior should be kept clean. Dirt on the outside
will enter fuel and oil filter cases and rocker housings when covers are removed, unless dirt is
removed first. A clean engine will run cooler and develop fewer hot-spots. Steam cleaning is
one of the most satisfactory methods of cleaning and engine; however, there are some
CAUTIONS to be observed:

Exercise care to avoid injury and damage to eyes and skin.

CAUTION

1. If a cleaning compound is used, select one that is free from acid and will not

remove paint.

2. Protect (or remove) all electrical accessories, such as voltage regulator, alternator,
and electrical wiring.

3. Seal all openings. DO NOT use a flammable solvent.

4. DO NOT use mineral spirits or solvents on a hot engine.

5. Remove or protect bottom panel of unit (belly pan) to protect insulation.

Clean Fuel System
See engine manufacturer’s operation manual for instructions.
Check Alternator and Cranking Motor.

The alternator and cranking motor on this particular engine require no periodic lubrication.

i) “F” Checks and Operations (2000 Hours or 2 Years)

(1) Engine

a Check Vibration Damper.
Check vibration damper for looseness, wobble, chunking and streaking. Also verify the hub
bolts are tightened to the engine manufacturer’s specifications.
Refer to the engine manufacturer’'s operations and maintenance manual for assistance and
the most update to date information.

b Check Charge-Air-Cooler and Radiator Systems
® Check for damaged hoses and loose or damaged hose clamps.
(i) Check the radiator for leaks, damage, and build up of dirt in the fins. Clean or

replace as necessary.
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¢ Flush cooling system and change coolant.
j) Seasonal Maintenance Checks Spring/Fall (Engine)
(1) Check Fan Mounting
a Check fan to be sure it is securely mounted.
b  Check for fan wobble and/or broken/cracked blades.

¢ Check fan hub and crankshaft pulley for secure mounting.

GROUND POWER

1. Fan Pulley 3. Alternator
2. Vibration Damper 4. Belt Tensioner

Engine Accessories
Figure 3

(2) Check cooling system each spring and fall. Clean if necessary.

(3) Check All Hoses.
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GROUND POWER

In addition to daily checks of hoses for leaks, inspect hoses thoroughly each time the cooling
system is cleaned and serviced.

Inspect for signs of deterioration and collapse. Inspect for cracks and cuts. Inspect for cutting
and deformation caused by hose clamps. Replace hoses as required.

(4) Check thermostat and seals each fall when cooling system is serviced.

k) Lamps Circuit breakers, and Fuses
(1) Check all lamps daily
(2) Check circuit breakers and fuses as required.
(3) The lamp chart lists all lamps with their location and identifying trade number in table below.
(4) The circuit breaker chart lists all circuit breakers with their location, size, and type.
(5) The fuse chart lists all fuses with their location, size, and type.
Item Protected Location Quantity Size
Engine Air Intake Heater Top of Inside Bulkhead 1 100 A
Load Contactor Circuit Voltage Regulator PCB 1 1A
Voltage Regulator PCB Voltage Regulator PCB 1 1A
Field Voltage Circuit Voltage Regulator PCB 1 5A
Transformer-Rectifier [Optional] Transformer-Rectifier PCB 1 1A
Fuse Identification Chart
Figure 4
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Lamp (Bulb) as per Lamp
Light Identification Location Industry Trade Number or
Description
Instrument Panel Lights Switch Panel 67
Engine Start Indicator Switch Panel 1815
Engine Stop Indicator Switch Panel 1815
No. 1 Load Contactor Indicator Switch Panel 1815
No. 2 Load Contactor Indicator Switch Panel 1815
Test/Reset Indicator Switch Panel 1815
Pre-heater Indicator Switch Panel 1815
Clearance Lights (optional) Canopy Top 57
Engine Gauge Lights Inside Each Gauge 53

Lamp Identification Chart

Figure 5
Item Protected Location Quantity Size
Engine Circuit and Instrument Panel Inside Control Box 1 10A
Controls Inside Control Box 1 5A
Marker Lights Inside Control Box 1 10A

Circuit Breaker Identification Chart
Figure 6
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Section 2 Maintenance Procedures

1) General

A suggested maintenance schedule was provided in Section 1 of this Servicing Chapter. Each step of the
schedule was also covered in general in Section 1. This Section covers maintenance in more detail,
where necessary.

STOP operations at once if a serious or possibly dangerous fault is discovered.

2) Lubrication
a) General
Proper lubrication is one of the most important steps in good maintenance procedure. Proper
lubrication means the use of correct lubricants and adherence to a proper time schedule. Lubrication
points, frequency of lubrication, and recommended lubricants are indicated in Figures 1 and 2.
b) AC Generator
The 400 Hz generator requires NO lubrication.
c) Generator Controls
Generator controls and instruments require no periodic lubrication.
d) Engine
Although the engine and its accessories require no more attention than any other similar installation,
they still inherently require a major portion of the generator set lubrication and maintenance.
Recommendations regarding engine lubrication have been taken from the engine manufacturer’s
“Operation and Maintenance Manual” and incorporated here to make them more readily available to
operators and maintenance personnel.
(1) Lubrication schedule
Time schedules indicated on the Lubrication Chart, Figure 1, are approximate. They are based
on average operating conditions. It may be necessary to lubricate more frequently under severe
operating conditions such as: low engine temperatures, high oil temperatures, or intermittent
operation. However, time intervals should not exceed those indicated in the chart without careful
evaluation.
(2) Oil specification
Engine lubricating oil, recommended by the engine manufacturer, is identified by an API
(American Petroleum Institute) classification designation. The manufacturer does not

recommend any specific brand of lubricating oil.

The use of quality lubricating oil, combined with appropriate lubricating oil drain and filter change
intervals, are important factors in extending engine life.

April 01, 2005 Chapter 2-2
Page 1



OM-2098C / Operation and Maintenance Manual CGROUND POWER
60CU24 / Series 500060C / 400 Hz. Generator Set
Oil recommended for the diesel engines in this application is API Class CCMC.
Lubricating oil is discussed in detail in the engine manufacturer’s operation manual.
(3) Oil viscosity

A temperature and oil viscosity index chart is shown below. For operation at temperatures
consistently below -13°F (-25°C), refer to the engine manufacturer’s operation manual.

(4) Changing engine oil
Oil should be changed once after the first 50 - 150 hrs. of use, then every 250 hrs of engine
operation thereafter. The generator set is equipped with an hour meter to record actual engine
operating time. The ideal time to change engine oil is soon after a power delivery run, when the
engine is at operating temperature.

Change the oil filter element each time the oil is changed.

NOTE: If lubricating oil is drained immediately after the unit has been run for some time, most of the
sediment will be in suspension and will drain readily.

CAUTION

High ash oils may produce harmful deposits on valves that can cause valve burning.

CAUTION

Do not use solvents as flushing oils in running engines.

Change oil as follows:

a Provide an open container for catching the old oil below the oil drain plug. Container capacity
must be greater than 20 quarts (19 liters).

b The oil drain tube can be attained though a hole in the access panel underneath the
generator set.

¢ Open drain plug located in oil pan.

d While oil is draining, change the oil filter element. See instructions below.
0] Provide a container for catching spilled oil from the filter.
(i) Remove the oil filter by twisting counter-clockwise and inspect it.

NOTE: The gasket can stick to the filter head. Make sure it is removed before installing a new filter.

April 01, 2005 Chapter 2-2
Page 2



OM-2098C / Operation and Maintenance Manual CGROUND POWER
60CU24 / Series 500060C / 400 Hz. Generator Set

Item

Maintenance Required

Lube OiIl

Capacity

Oil Filter Replacement

Check oil level daily or after every 10 hours of use. Change oil and the oil filter
after the first 50 to 150 hours of use, then at 250 hour or 3 month intervals
thereafter. Use oil specification APl CF-4, HT/HS Viscosity 3.7cP minimum.

10 quarts (9.5 liters)

Oil Filter Replacement-Equipment Manufacturer No. 286897-028
Oill Filter Replacement-Engine Manufacturer No. LF 3805

Lube Oil Viscosity
Required as per
Ambient Temperatures

VISCOSITY AMBIENT TEMPERATURE CONDITIONS
SAE 15W40 (Preferred) 0°F (-18°C) and above for most climates

SAE 10W30 -10°F to +50°F (-23°C to +10°C) Winter conditions
SAE 5W30 -20°F to +50°F (-29°C to +10°C) Artic Conditions
SAE 0W30 -20°F and below to +50°F (-29°C and Below to +10°C)

Synthetic Oils

See the engine manufacturer’s operations manual for usable synthetic oils and
instructions.

Fuel Water Separator and
Lubricity Additive Filter

Drain filters daily. Change filter elements every 250 hours or after 3 months of
use, whichever comes first.

Coolant

Check coolant level daily. Service and maintain coolant system according to
Section 2-2, paragraph 6. Engine coolant capacity (system): 38 quarts (36 liters)

Coolant hoses and

Check coolant hoses and connections daily for leaks.

connections
: Change air cleaner filter as required when air cleaner indicator (on engine control
Air Cleaner )
panel) shows that it should be changed.
Fan Belt Check fan belt condition and tension every 500 hours or 6 months of use.

AC Generator

AC generator bearings are sealed and require no periodic lubrication.

Alternator Alternator bearings are sealed and require no periodic lubrication.
Starter Starter motor bearings are sealed and require no periodic lubrication.
Water Pump The water pump is packed at assembly and requires no periodic lubrication.
Fan Hub The fan hub is lubricated at assembly and requires no periodic lubrication.
Lubrication and Maintenance Chart
Figure 1
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Symbol Name Specification Notes
1 Grease, General Purpose MIL-G-3545 Excludes those of sodium or soda
soap thickness.
2 Qil, Engine, Heavy Duty API Class CC Must contain as but not more than
1.85%
3 Dry Graphite Lubricant (for MIL-T-5544, or Use on brake cables. DO NOT use
trailer brake cables) equivalent general purpose grease.

Lubricants Chart
Figure 2

CAUTION

If bearing metal particles are found on the element or in the shell, the source should

be determined before a failure.

CAUTION

Determine source of moisture, internal leaks, defective seals, gaskets, etc.

(i) Fill the new filter with clean lubricating oil before installation.

0] Apply a light coating of lubricating oil to the gasket sealing surface and install the
filter. DO NOT over tighten the filter.

Oil Fill

[

Lubrication System
Figure 2

Oil Level Check

e Clean the drain plug and install when engine oil has completely drained. Torque the drain
plug to 44 foot-pound (60 Nm).
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f  Use the oil refill tube to refill the crankcase with new, clean oil that meets engine
manufacturer’'s recommendations.

NOTE: Using a funnel to fill the oil crankcase will help prevent spills.

Lubricating oil capacity (w/ filter) 10 quarts (9.5 liters)
Coolant capacity system 38 quarts (36 liters)

CAUTION

1. Always use clean containers, funnels, etc.

2. Don't forget to close the drain plug valve, and install the new oil, before starting the
engine.

g Start engine and check oil pressure at once. Allow engine to idle for 5 minutes, check for
leaks, than stop the engine.

h  After the engine has been stopped for about 5 minutes, recheck the oil level. Add oil, if
required, to bring the level up to the high bar on the oil dipstick.

e) Engine Accessories Lubrication
(1) Alternator

Most alternators contain sealed bearings and require no periodic lubrication, however, check to
make certain there are no lubrication points on your particular alternator.

(2) Starter

Most starting motors are lubricated at assembly and should be re-lubricated only when the starter
is removed and disassembled, however, inspect the starter to make certain it has no lubrication
points.

(3) Water Pump

The water pump is packed at assembly and requires no periodic lubrication. Replace pump if
signs of lubricant leakage are found.

(4) Fan Pulley

The fan hub is also lubricated at assembly and requires no periodic lubrication. Replace hub if
lubricant is leaking.

3) Servicing the Air Cleaner

This air cleaner is a disposable type which, when dirty may be discarded. A definite time schedule for
cleaning or changing the air cleaner cannot be determined because of varying operating conditions. This
air cleaner filter can be removed from the air cleaner housing and replaced by unfastening the three metal
clamps on the end of the air cleaner housing. It may be inspected either at prescribed service intervals or
at any time deemed necessary.
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Air Cleaner Assembly
Figure 3

Service
Indicator

Air Cleaner

re

a) Inspecting the Air Cleaner

(1) Make periodic checks of air cleaner inlet screen for obstructions. If any obstructions are present,
remove them.

(2) Check outlet connection for proper seal.
b) Changing the Air Filter
(1) Unfasten the three metal clamps on the end of the air cleaner housing.
(2) Remove end cover of housing
(3) Pull out air filter element and replace.
(4) Replace end cover on housing, making certain that the filter is centered in the housing.
(5) Refasten the three metal clamps on the end of housing.
c) Disposal
Normal trash pick-up is should be acceptable. NEVER burn the air filter for disposal.
4) Engine Fuel
a) How to select Fuel—Quality

The quality of fuel oil used in the diesel engine is a major factor in engine performance and life. Fuel
oil must be clean, completely distilled, stable and non-corrosive.
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CAUTION
Due to the precise tolerances of diesel injection systems, it is extremely important that
the fuel be kept clean and free of dirt or water. Dirt or water in the system can cause
severe damage to both the injection pump and the injection nozzles.

- The use of low lubricity fuels can shorten life and/or damage the engine’s fuel pump.
The engine manufacturer recommends only diesel fuel.

b)

Use commercially available diesel fuel with less than 0.5% sulfur content. If the sulfur content is
higher than 0.5%, oil change intervals should be reduced (See engine manufacturer’s operation
manual).

In general, fuels meeting the properties of ASTM designation D 975 (grades 1-D and 2-D) have
provided satisfactory performance. For more information regarding the selection of fuel to use, refer
to publication “Engine Requirements—Lubricating Oil, Fuel, and Filters” available from authorized
engine manufacturer’s service outlets.

Cold Weather Operation

In cold weather, diesel fuel will form wax crystals, which can restrict flow and clog filters. Fuel all
suppliers approach this problem several ways. Some provide a specially refined product, while
others may use flow-improving additives or winter blends. Winter blended fuel will likely contain
kerosene or 1-D fuel, which provide good cloud point temperatures, but result in a lighter fuel with a
lower heat content. These fuels may be used, but they may result in reduced engine power and/or
fuel consumption.

In most cases, adequate resistance to cold can be obtained by adding an additive. For further
assistance contact the nearest engine manufacturer’s service representative.

5) Engine Fuel System

The fuel system consists of five primary components: Fuel tank, Fuel Water Separator (Pre-Filter), Fuel
Lift Pump, Lubricity Additive Fuel Filter, and the Fuel Return Line. The following are maintenance
procedures for each of these items.

a) Fuel Tank
Be sure that no foreign objects are permitted in the fuel tank. The fuel tank must be removed and
flushed out if objects are found in the Fuel Water Separator

b) Fuel Water Separator
The equipment manufacturer has mounted a fuel water separator on the inner wall of the canopy. Its
function is to remove foreign material and extract water from the fuel before it enters the fuel lift
pump. Daily draining of the filter water separator bowl is required.
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(1) Draining the fuel water separator bowl.
a Open drain valve
b Drain accumulated water and contaminants.
¢ Close drain valve.
(2) Priming fuel water separator (when applicable).
a Loosen the vent plug.
b Pump until fuel purges at the vent plug.
¢ Close the vent plug, start the engine and check for leaks,
d Correct as necessary with the engine off.
(3) Changing the fuel water/separator element (when applicable).
a The filter element replacement part number:

e Equipment Manufacturer Part No. 287639
e Racor Part No. R60P

b Drain off some fuel by loosening the vent plug and opening the drain valve.

c Spin the element and bowl off together. Remove the bowl and clean the O-ring gland.

d Apply a coating of clean fuel or motor oil to the new O-ring and element seal. Spin the bowl
onto the new element and the spin them both onto the filter head snugly by hand only. DO

NOT USE TOOLS TO TIGHTEN!

e With the vent plug still loosened, pump knob until fuel purges at the vent plug. Close the vent
plug, start the engine and check for leaks, correct as necessary with the engine off.

NOTE: The priming pump in the filter assembly is in tended for priming fuel into the Racor filter only
and not the entire fuel system.

c) Fuel Pump
The fuel pump supplies pressure to the fuel system so the diesel fuel can circulate freely. A
consistent check of the fuel pressure is necessary. Loss in fuel pressure in the fuel line may indicate
a faulty fuel pump.

d) Engine Lubricity Additive Fuel Filter
The forth item in the fuel line system is the factory installed lubricity additive fuel filter. The filter's
function is to remove foreign material from the fuel and add a lubricity additive into the fuel before it
enters the engine’s fuel pump. The filament element is a throwaway type in which the case and
element are made as one disposable part.
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Fuel/Water Separator

Filter Drain

Fuel/Water Separator and Lubricity Fuel Filter
Figure 4

(1) Changing the lubricity fuel filter

a Replacement fuel filter part number:
e Equipment Manufacturer Part No. 286897-026
e Engine Manufacturer Part No. 3966659
b  The fuel filter must be change after every 250 hours of operation in order for the fuel filter to
continue adding the proper amounts of the lubricity additive into the fuel system.
c Shut off fuel valve.
d Place a pan underneath the fuel filter to catch spilled fuel.
e Undo fuel filter with commercial tool and spin off.
f  Catch any fuel.
g Clean any dirt from the filter carrier rim
h  Apply a light film of oil or diesel on the rubber seal on the new filter.
CAUTION - ; - - , .
When installing new element, do not over tighten it; mechanical tools may distort or
crack filter head.
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i Fill new filter with diesel fuel

Screw in the new fuel filter “snug”. Check that the cartridge is seated correctly against the
gasket and tighten with a final half turn.

j  Open fuel valve.

e) Fuel Return

The fuel return is a fuel line (tube) that takes unused fuel from the engine, and delivers it to the fuel
tank. No maintenance is required.

f) Priming Fuel System (when applicable)
If this generator set has been run out of fuel, the fuel system must be manually primed with diesel fuel
up to the fuel water separator before the generator set can be started again. See Paragraph 5 for
instructions for priming the fuel water separator system. Once the fuel has reached the fuel water
separator, close all open valves (i.e. filter vent plug) and cranked the engine until the fuel reaches the
injectors and the engine starts.
CAUTION , -
Make sure that all rags, or absorbent sheets, are clear of moving engine parts and
cannot be drawn in to the radiator fan.
CAUTION , -
Do not crank the engine for more then 15 seconds continuously. Allow the starter to
cool for 15 seconds between attempts.

6) Engine Cooling System

a) General

Cooling system service requires more than maintaining the proper coolant level in the radiator and
protecting the system against freezing. Water should by clean and free of any corrosive chemicals
such as chloride, sulfate, and acids. It should be kept slightly alkaline with a pH value in the range of
8.0t0 9.5. Any water, which is suitable for drinking, can be used in the engine when properly treated
as described in engine manufacturer’s operation manual. The engine manufacturer’s representative
should be consulted regarding the selection of satisfactory brand, permanent-type antifreeze for use
in the cooling system.

b) Radiator Cap

(1) General

A pressure relief valve is built into the radiator cap. It is designed to open at a pressure of
approximately 10 psi (68.9 Kpa).

When removing cap from a very hot radiator, do not turn cap past safety stop until the
pressure or steam has escaped.
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(2) Removal

To remove, turn the cap to the left (counterclockwise) to the safety stop. When all pressure is
released, press down on the cap and continue to turn until the cap is free to be removed.

CAUTION
Allow engine to cool before adding coolant.

CAUTION - - ; , ; -
Do not attempt to repair the valve in a radiator cap in case of failure. Replace with a
new cap.

(3) Installation

When installing the cap, be sure it is turned clockwise as far as it will go so that the pressure
retaining valve will be functional.

¢) Coolant

The preparation and maintenance of the coolant solution is important to engine life and is completely
covered in the engine manufacturer’s operation manual. For information regarding coolant
specifications, testing equipment, antifreeze, etc., refer to engine manufacturer’'s operation manual
that accompanies the equipment manufacturer's manual or consult the local engine manufacturer’s
representative.

CAUTION

Never use soluble oil in the cooling system.

(1) General

A permanent type antifreeze is recommended for use in the cooling system.

CAUTION

1. DO NOT use methanol or alcohol as antifreeze.

2. DO NOT mix brands or type of antifreeze. A solution containing two or more types
of antifreeze is impossible to test accurately.

(2) Selecting antifreeze

a Select a permanent type antifreeze known to be satisfactory for use with chromate corrosion
resistor.

b  When itis not known if the antifreeze is satisfactory for use with chromate resistor, check with
local engine manufacturer’s representative for a list of compatible antifreezes.

(3) Checking antifreeze solution

Check the solution with a reliable tester when in doubt about antifreeze protection.

April 01, 2005 Chapter 2-2
Page 11



OM-2098C / Operation and Maintenance Manual CGROUND POWER
60CU24 / Series 500060C / 400 Hz. Generator Set

d) Draining the Cooling System
To completely empty the cooling system requires draining the engine block (if furnished) and the
radiator assembly. Both of the drain valves (radiator and block drain), can be opened/closed at the
same time but they do not need to be.
To drain the cooling system, proceed as follows:
(1) Remove radiator cap.
(2) Place a drain pan with at least a 40 quarts (28.4 liters) capacity under radiator to catch coolant.
(3) Place the radiator drain hose that comes off the two radiator drain valves, into the drain pans.
(4) Open the radiator drain valves.
(5) Allow the system to drain completely.
NOTE: Be sure the drain valves do not clog during draining.
(6) When the system is completely drained, close the drain valves and replace engine drain plug.

e) Flushing the Cooling System

Flushing the cooling system should be a yearly maintenance procedure. By flushing the system,
clean water is forced through the engine block to remove expired coolant and other contaminants.

f) Cleaning the Radiator Core
Blow out accumulated dirt from the radiator core air passages, using water. Bent or clogged radiator
fins often cause engine overheating. When straightening bent fins, be careful not to damage the

tubes or to break the bond between fins and tubes.

NOTE: Direct the water in a reverse direction to normal air flow. Normal flow on this installation is
from the engine compartment out ward.

g) Filling the Cooling System
The preparation and monitoring of coolant in liquid-cooled engines is especially important because
corrosion, cavitation, and freezing can lead to engine damage. For coolant system protection details
see the engine manufacturer’s operations manual.
(1) Install coolant
a Remove radiator cap. Be sure that both radiator drain valves are closed.
b  Pour coolant into radiator very slowly until it reaches the bottom of fill neck. Allow time for
trapped air to escape from the system then continue filling until the coolant level remains at

the bottom of the fill neck.

¢ Start the engine and bring up to rated speed and allow the thermostat to open. Add coolant
as trapped air escapes from the system and the coolant level falls.
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h)

d Continue to check coolant level until all trapped air escapes. Add coolant if needed to fill to
the bottom of fill neck. Install radiator cap.

(2) Inspection/Check
a Check system for evidence of leaks.
b Inspect all hoses. Install new hoses as necessary. Tighten hose clamps as required.
¢ Check the condition of fan and water pump belts. Replace belts if necessary.

NOTE: Itis good practice to attach a card, indicating the cooling system contents and date serviced,
to the radiator filler neck.

Thermostat

The thermostat should be checked each fall, or as required. Refer to engine manufacturer’s
operations manual for recommended instructions.

7) Generator Maintenance

The 400 Hz generator requires no maintenance or service other than periodic cleaning. The unit is
brushless and has bearings that are permanently lubricated and sealed.

a)

Cleaning

The generator may be cleaned by careful use of compressed air and/or a good, SAFE commercial
cleaner. Steam cleaning of the generator is not recommended because the use of steam and harsh
chemical compounds may result in damage to insulation and other generator components.

CAUTION

Do not use a flammable solvent. Be sure the unit is completely dry before operating.

b) Adjustment

The generator itself requires no adjustment. Adjustment procedures for generator controls are
covered in Section 2-3.

8) Drive Belt

a)

General

The engine cooling fan, alternator, and water pumps are driven by one serpentine belt, which must be
replaced if worn or damaged.

b) Preparation for Belt Check and Adjustment

All driven assemblies must be securely mounted in operating position before checking belt tension.
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c) Checking Belt Tension

CAUTION

Checking the tension and changing the serpentine belt should only be performed with

the engine off.

Check belt tension every 1000 hours, or once year, whichever comes first. A belt that is too tight is
destructive to bearings of the driven part. A loose belt will slip and cause inefficient operation of the
part being driven as well as wear to the belt.

CAUTION

Inspect and replace the belt if it has unacceptable cracks, is frayed, or has pieces of

material missing.

Belt tension may be checked by hand. To do so, manually depress the belt with an index finger to
determine the amount of belt deflection obtained. When a force is applied at a point halfway between
pulleys on the longest span of a belt, there should be no more than 1/2 inch of deflection attained.

Refer to the engine manufacturer’'s operation manual for checking belt tension and changing worn
belts.
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Section 3 Adjustment/Test

1) General

These adjustments and test procedures are applicable to testing and adjusting the generator set after
major repair, major parts replacements, or overhaul.

IMPORTANT

In order to perform most of the following test, a load bank with an EF interlock circuit

is required. But if no EF interlock is available on a load bank, see special procedure
in the EF Bypass section for testing the EF circuit.

2) Testing the 400 Hz. Generator Set
a) Pre-operational Test Procedures

(1) Connect cables from the generator output terminals to a load bank. Use cables of the same size
and length as those to be used in service. Be sure the generator output N cable is grounded.

(2) Check engine oil level. Qil should be at high bar on the dipstick.

(3) Check radiator coolant level (See 2-2, Paragraph 6).

(4) Check tension of drive belt (See 2-2, Paragraph 8).

(5) Inspect for oil, fuel and coolant leaks.

(6) If the setting of the output voltage coarse adjustment potentiometer (Figure 8) on the voltage
regulator has been disturbed, set it at center position (halfway between full clockwise position and

full counterclockwise position).

(7) Check control panel lights circuit breaker (Figure 2) by pressing panel “LAMPS” push button
switch (Figure 2). If panel lights operate, the circuit breaker, switch, and lamps are good.

(8) Check fault indication lights by pressing “TEST/RESET” push button switch (Figure 2). If fault
code display lights up, the control circuit breaker (Figure 3) is good.

(9) Make a general inspection of all wiring, and terminals. Inspect the equipment to be certain no
damage will result from starting the engine.

b) Operational Test Procedures
(1) Start the engine in accordance with instructions in Section 1-3, Paragraph 2.

(2) Check operation of engine instruments; ammeter, coolant temperature indicator, oil pressure
gage and hour meter (all shown in Figure 1).

(3) Check engine idle speed. Should be 1000 +/- 25 RPM.
NOTE: A stroboscope may be required for this check.

(4) Again check for oil, fuel, and coolant leaks and correct any leaking condition.
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Figure 1
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o
1. Meter Selector Switch (S3) 6. AC Output No. 2 (S275) [if applicable]
2. Test/Reset Switch (S77) 7. AC Output No. 1 (S75)

3. Engine Stop Switch (S76) 8. Engine Start Switch (S24)

4. DC Starting Current Switch (S431) [Optional with TR] 9. Air Intake Heater Switch (S79)

5. DC Output Contactor Switch (S430) [Optional with TR]  10. Panel Light Switch (S74)

Control Push-Button Switch Panel
Figure 2
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Figure 3
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c)

(5)

(6)

(7)

(8)

(9)

Position switches and controls for automatic voltage regulation and power delivery as follows:
a Place regulated-diagnostic switch (Figure 8) in “REGULATED” position.
b Place EF Bypass switches (Figure 4) in “BYPASS / OFF” position.

c If the output voltage coarse adjustment potentiometer (Figure 8) on the voltage regulator has
been disturbed, place the knob at mid-range position.

Bring the engine up to rated speed, which also energize the generator, by pressing the “ENGINE

START” push button switch (Figure 2) a second time. If the engine comes up to rated speed and
a 115 V voltage value appears on the voltmeter (Figure 1), the engine ECM and excitation circuits
are functioning.

After generator overhaul or repair, the Regulated/Diagnostic switch (Figure 8) must be placed in
the “DIAGNOSTIC” position for 3 to 5 seconds to re-magnetize the exciter. Then return the switch
to the “REGULATED" position after voltage has built-up.

Observe frequency meter (Figure 1). If engine speed is properly set, frequency should read 400
Hz.

Observe voltmeter (Figure 1). Use output fine voltage coarse adjustment potentiometer (Figure 8)
to adjust voltage to 115 V AC.

(10) Check adjustable voltage range.

a Observe voltmeter (Figure 1) and turn output voltage coarse adjustment potentiometer
(Figure 8) to full clockwise position. Maximum voltage should be 134 volts or higher.

NOTE: If voltage should decrease when regulator potentiometer is turned clockwise, it indicates that
internal wiring in the voltage regulator is incorrect. Replace complete voltage regulator assembly.

b Observe voltmeter and turn regulator potentiometer knob to full counterclockwise position.
The minimum voltage should be 95 volts or lower.

(11) Position load bank switches, etc., to apply a light load to the generator.

Testing the No. 1 Output Circuit

1)

)

Place EF Bypass switch (Figure 4) in “BYPASS / OFF” position turn the EF signal “ON” on the
load bank. Then press the yellow No. 1 load contactor push button switch (Figure 2) to close
contactor, which is indicated when its internal indicating light glows.

Place EF switch on the load bank in the off position. The No. 1 load contactor should open
immediately, and the indicating light within the push button switch should go off. The fault code
display should also read “EF 1", indicating an EF warning. This is because the interlock circuit of
the control PC board is not receiving 28.5 VDC signal from an outside source. It indicates that
the No. 1 interlock circuit is OPEN, as it should be when the interlock circuit is not receiving a 28
VDC signal. Reset the fault by pressing the “TEST/RESET” push button (Figure 2).
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3)

(4)

(5)

(6)

Digital Control PC Board
Figure 4

Verify that when the EF Bypass switch (Figure 4) is in the “BYPASS / ON” position or the
“BYPASS / OFF” position, that the appropriate LED indication on the control panel display (Figure
5) is correct.

Place EF bypass switch (Figure 4) in “BYPASS / ON” position. Press the No. 1 load contactor
push button switch. The No. 1 contactor power indicating light within the push button switch
should glow and remain on when the push button switch is released. This indicates that EF
bypass switch is functioning correctly. The corresponding LED (Figure 5) should also indicate the
bypass mode.

Place the No. 1 EF bypass switch to “BYPASS / OFF” position. The No. 1 load contactor should
open at once and the yellow indicating light within the No. 1 load contactor push button switch
should go off and the fault code display should also read “EF 17, indicating a EF warning. The
corresponding LED (Figure 5) should also indicate the EF present mode. Reset the fault by
pressing the “TEST/RESET” push button (Figure 2).

Proceed to step 12.
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(Steps 7 - 11 are only required if EF interlock system is not available on aload bank.)

(7) Connect a source of 24 V-DC power (two twelve-volt batteries connected in series) to terminals
N, F (or E) at the output terminal panel. Connection polarity is important. Connect plus (+) to
terminals E or F, and minus (-) to terminal N.

(8) Verify that when the EF Bypass switch (Figure 4) is in the “BYPASS / ON” position or the
“BYPASS / OFF” position, that the appropriate LED indication on the control panel display
(Figure 5) is correct during the following steps 9 and 10.

(9) Place the No. 1 EF bypass switch to “BYPASS / OFF” position. Press the No. 1 contactor
operating push button switch (Figure 2). The No. 1 contactor power on indicating light, within the
push button switch, should glow and remain on when the push button switch is released. This
indicates that the load contactor is closed and the plug interlock circuit is functioning properly.

(10)Disconnect the 24 V-DC power source and the No. 1 load contactor should open immediately,
and the indicating light within the push button switch should go OFF. The fault code display
should also read “EF 1”, indicating an EF warning. This is because the interlock circuit of the
control PC board is not receiving 28.5 VDC signal from an outside source. It indicates that the
No. 1 interlock circuit is OPEN, as it should be when the interlock circuit is not receiving a 28 VDC
signal. Reset the fault by pressing the “TEST/RESET"” push button (Figure 2).

@ AL — @ AL
~ Vv ' A
\\\\\HH;,!// \\\'I I,/
~ ' = -
".A.C.VOLTS “AC. AMPERES
_ O _ SN EF Bypass Indication
& | . & & [ & _ & Figure 5
A B CAG BYPASS A B CAG
EF Status
EF Bypass Indication

(11)In EF bypass mode, apply 1/3 to 1/2 load at the load bank and allow the unit to run for 15 to 30
minutes. Observe operation of all monitoring instruments.

(12)Increase load at the load bank to full load.

(13)Check operation of the engine ECM by observing the frequency meter (Figure 1) when generator
is switched from no load to full load, and vice versa. Use the No. 1 contactor control push button
switch to apply and remove load several times. Steady-state frequency droop should be no more
than 1 Hz.

(14)Follow instructions in Paragraph 3 to set voltage regulator line drop compensation for the length
and size of cable being used.
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(15)Check voltage regulator, at intervals, from no load to full load. Observe and note voltage at
various loads. Steady-state voltages should vary no more than +/- 1% from normal output
voltage.

(16)Operate the No. 1 output circuit of the unit no less than 10 minutes under full load. The overload
protection MUST NOT trip.

(17)Operate the No. 1 output circuit of the unit at 125% load (325 amperes) for 5 minutes immediately
following the full load run. The overload device MUST trip within 5 minutes, and the fault code
display should read “70.18” indicating an overload condition in “OUTPUT NO 1" (Reference fault
chart in Section 2-4).

(18)Reset the fault by pressing “TEST/RESET” push button (Figure 2).

d) Testing the No. 2 output circuit (if applicable)

(1) Repeat steps (1) through (18) in the previous section “Testing the No. 1 Output Circuit” for
testing the No. 2 output circuit.

e) Testing and checking meters, switches, protective monitoring circuits, and fault code display
(1) Check accuracy of AC voltmeter
a Open door of control box and connect a master voltmeter of known accuracy to terminals of
the AC voltmeter (Figure 1).
b Compare the unit's voltmeter reading with master meter. Error must not exceed 2% of full
scale.
(2) Check accuracy of AC ammeter
a Connect a master ammeter of known accuracy to the AC ammeter (Figure 1).
b Compare the unit's ammeter reading with master meter under various loads. Error must not
exceed 4% of full scale.
(3) Check operation of the “METER SELECT” switch (Figure 2).
a Inany LINE-TO-NEUTRAL position, the voltmeter reading should be 115 volts when the LED
under the voltmeter indicates one of the 3 phase being check (Figure 5).
b In any LINE-TO-LINE position, voltmeter reading should be 200 volts when the LED under
the voltmeter indicates two of the phases being checked (Figure 5).
(4) Check accuracy of frequency meter
a Connect a master frequency meter of known accuracy to the terminals of the frequency meter
(Figure 1).
b Compare meter readings. Error must not exceed 1% of full scale.
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NOTE: Make all protective system tests with the unit operating under a load for the following steps.
Reference Chapter 2, Section 4, for all fault codes.

(5) Check operation of over-voltage circuit and fault code display.

a

With the unit running at a normal load, adjust the coarse adjustment potentiometer (Figure 8)
on the voltage regulator clockwise to increase voltage until the over-voltage sensing circuit
actuates the protective monitor. After the protective monitor is activated, the load contactor
will open and the fault code display will display fault “70.16". At 125 volts, the circuit will trip
after a 1-second time delay. At higher values of voltage, time delays for over voltage trips are
as follow:

e At 140 volts, the circuit will trip within 160 milliseconds.

e At 180 volts, the circuit will trip within 50 milliseconds.

If the load contactor does not open under the conditions described in step (a), refer to the
Troubleshooting Chart in Section 2-4.

Return unit to normal operating conditions by adjusting coarse adjustment potentiometer
(turning it counterclockwise) and pressing “TEST/RESET” button switch to clear the fault
code (Figure 2).

(6) Check operation of under-voltage circuit and fault code display.

(7)

With the unit running at a normal load, adjust the coarse adjustment potentiometer (Figure 8) on
the voltage regulator counterclockwise to decrease voltage until the under-voltage sensing circuit
actuates the protective monitor. After the protective monitor is activated, the load contactor will
open and the fault code display will display fault “70.17”. Follow the following steps below to
activate the under-voltage protective monitor. A stopwatch is required for this check.

a

With the unit running at normal load, use the output voltage coarse adjustment potentiometer
on the voltage regulator to reduce the voltage to 104 volts. The load contactor should NOT
open.

Reduce voltage in increments of 1 volt, with a time delay of 7 seconds between steps. At a
setting of 100 volts, the load contactor will open and the under voltage light will glow after a 7-
second time delay.

If the load contactor does not open under the conditions described, refer to the
Troubleshooting Chart in Section 2-4.

If the under voltage circuit performs satisfactorily, return unit to normal operation by adjusting
output voltage coarse adjustment potentiometer for normal output voltage, pressing the
“TEST/REST” push button switch to clear the fault code.

Check under-frequency circuit and fault code display.

At some frequency value 380 Hz or less, after 7 seconds, the frequency condition should signal
the under-frequency circuit protective monitor to OPEN the load contactor and display “70.23” on
fault code display. To check the under-frequency protective components, proceed as follows:
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a While the unit is operating normally under load, set the frequency adjust switch (Figure 6) to

“TEST". Use the frequency adjust potentiometer (Figure 6) to adjust frequency to 400 HZ.

b Reduce frequency in steps of 1 Hz, with a time delay of 7 seconds between steps.

c If the protective circuit opens the load contactor and displays fault “70.23” on the fault code
display after 7 seconds, at 380 Hz or less, all components of the system are functioning
properly.

d If the load contactor is not opened at 380 Hz or less after 7 seconds, refer to Troubleshooting
Chart in Chapter 2, Section 4.

e Return unit to normal operating condition by setting the frequency adjust switch to
“NORMAL" and pressing “TEST/RESET” button switch (Figure 2) to clear fault code.

Engine Codes
g /— Frequency Adjustment Switch  PC Board Software
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1

N [eeres)
Check Engine  Engine Stop \— Frequency Adjust Potentiometer

Engine Specific PC Board
Figure 6
(8) Check over-frequency circuit and fault code display.
At some frequency value 420 Hz to 440 Hz, after 5 seconds, the over frequency sensing circuit
should signal the over-frequency circuit protective monitor to OPEN the load contactor and

display “70.22" on fault code display.

At any frequency value exceeding 440 Hz, the over-frequency circuit should immediately signal
the protective monitor to OPEN the load contactor and display “70.22” on fault code display..

To check the under frequency protective components, proceed as follows:

a While the unit is operating normally under load, set the frequency adjust switch (Figure 6) to
“TEST". Use the frequency adjust potentiometer (Figure 6) to adjust frequency to 400 HZ.

b Increase frequency in steps of 1 Hz, with a time delay of 5-7 seconds between steps.
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c If the protective circuit opens the load contactor and displays fault “70.22" on the fault code
after 5 seconds at 426 Hz, all components of the system are functioning properly.

d If the load contactor is not opened at 426 Hz after 5 seconds, refer to Troubleshooting Chart
in Chapter 2, Section 4.

e Return unit to normal operating condition by setting the frequency adjust switch to
“NORMAL” and pressing “TEST/RESET" button switch (Figure 2) to clear fault code.

NOTE: If the generator is operating under load at this point, open the contactors. There will be no
further need for the load bank in the following checks.

f) Testing for engine ECM faults

(1) Set the starter enable/disable switch (Figure 7) to “DISABLE”. “DISABLE" will prevent the
engine from starting, but will still supplying 12 VDC to the control system, while checking the ECM
faults.

(2) Press the green “ENGINE START” push button switch (Figure 2). Although the engine is not
running, the green light in the “ENGINE START” switch (Figure 2) will flash to indicate that power
is available to the engine ECM.
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Engine Interface PC Board
Figure 7
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(3) If no active codes are recorded, both the “Engine Stop” (Figure 6) and “Check Engine” (Figure 6)
lamps will come on and stay on.

If active codes are recorded, both lamps will come on momentarily, then begin to flash one code
of the recorded faults.

(4) The fault code will flash in the following sequence:

First, a “Check Engine” (yellow) lamp will flash. There will be a short 1- or 2-second pause after
which the number of the recorded fault code will flash in the “Engine Stop” (red) lamp. There will
be a 1- or 2-second pause between each number. When the number has finished flashing in the
red lamp, the yellow lamp will appear again. The fault code will repeat in the same sequence.

The lamps flash each fault code 3 times before advancing to the next code. To skip to the next
fault code, move the Engine Codes Switch (Figure 6) momentarily to the UP position. You can go
back to the previous fault code by momentarily moving the Engine Codes Switch to the DOWN
position. If only one fault is recorded, the QSB control system will continuously display the same
fault code when the Engine Codes Switch is moved to either the UP or DOWN position.

(5) See engine manufacture’s manual for code meanings.
g) Re-checking the entire unit after testing

(1) With the engine running at normal rated speed, check the entire unit for vibration and for any
parts that may have become loosened during the above checks. Tighten any loose hardware as
required.

(2) Check engine oil pressure at rated speed (2000 RPM). The oil pressure gage should indicate at
least 44.9 psi (3.1 bar) when engine is hot. Also at rated speed, check the engine coolant
temperature. The temperature gage should indicate in the range of 180° to 190° F (82° to 88° C),
depending upon operating conditions.

If a metal sounding rod is used to detect bearing noises, exercise extreme care to
avoid injury from moving components.

(3) Check 400 Hz generator bearings. Use a stethoscope or metal sounding rod to listen for unusual
noises. If using a metal rod, place on end on the generator housing and hold the other end near
the ear. Hold the rod with three fingers and use the index finger and thumb to form a sounding
chamber between the rod and the ear. Do NOT allow the rod to touch the ear. Listen for grinding
or pounding sounds, which would indicate a defective bearing. An engine noise may be
telegraphed to the generator and misinterpreted as a generator noise. Contact the equipment
manufacturer if in doubt of bearing serviceability.

3) Generator Set Adjustment
a) Generator Adjustment

The 400 Hz generator is a brushless type requiring no adjustments of any kind.
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b) Adjust 400 Hz voltage regulator.
When a voltage regulator is first put into service, or when output (generator-to-aircraft) cables are
changed, the regulator may require adjustments of output voltage value and line-drop compensation.
For making these adjustments, the voltage regulator has three potentiometers:
e A coarse output voltage potentiometer (Figure 8).
e A fine output voltage potentiometer (Figure 8)

e Aline-drop compensation potentiometer (Figure 8).

For the following adjustment, the generator set must be running at rated speed (2000 RPM), under
no-load conditions. Adjust the regulator as follows:

Regulated/Diagnostic 7 PC Board Software
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(1) Output Voltage Adjustment
a Adjust Voltage Control

The output voltage, at which the generator is regulated, is adjustable by the fine voltage
adjustment potentiometer (Figure 8). Turn the potentiometer adjustment clockwise to
increase generator output voltage, and counterclockwise to decrease voltage.

Observe the output voltage as indicated by the voltmeter, located on the control panel of the
generator set. Set output voltage at 115-V AC line-to-neutral (200-V AC line-to-line).

b  Adjust Line Drop Compensation

Adjustment of line drop compensation is made with the line drop compensation potentiometer
(Figure 8). Turning the potentiometer knob clockwise increases the magnitude of the
compensation, and turning the potentiometer knob counterclockwise decreases the
magnitude (A graduated nameplate for specified cable lengths is included for quick
reference.). To adjust the line drop compensation, proceed as follows:

e Connect the generator set output cables to a load. Load the generator set with the
largest available three-phase load of rated power factor not exceeding the maximum
rating of the generator set.

e Measure output voltage at the load end of the cables. If the load voltage rises or drops
more than 1% at the load end of the cables, decrease or increase the line drop
compensation until the regulation is flat (115-V AC line-to-neutral and 200-V AC line-to-
line).

o |If the line drop compensation adjustments have affected the no-load voltage output,
adjust the fine output voltage control potentiometer to the desired value.

(2) Test the Voltage Regulator

After necessary adjustments have been completed, re-test the voltage regulator as follows:

a Connect a voltmeter at the load end of the generator output cables.
b Operate the generator set at no-load and observe voltage reading.
c Operate the generator set under load and observe voltage reading.
d Voltage under load and no load should vary no more than 1% at the load end of the cables.
c) Basic Engine Adjustments
Adjustment procedures applicable to the diesel engine are included in the engine manufacturer’s
operation manual, which is referenced in Chapter 5. Specific information for these engines is listed in
Figure 2. Refer to the engine operation manual for detailed information on the following engine
adjustments.
(1) Exhaust valve adjustment
(2) Fuel injector timing adjustment
(3) Engine idle speed adjustment
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Engine idle speed is programmed at the factory. If adjustment is required, contact the local
engine distributor. The recommended idle speed is 1000 RPM, +/- 25 RPM.

NOTE: A stroboscope is required for engine idle speed checks.
(4) Engine speed limiting adjustment

The speed limiting adjustment is also set and sealed at the factory. Speed should be limited to
approximately 2750 RPM. If adjustment is required, contact your local engine distributor.

d) Engine Accessories Adjustment
(1) Alternator and fan belt adjustment

Refer to Section 2-1 and engine manufacturer's manual.

ENGINE
Manufacturer Cummins Engine Company
Model No. QSB4.5
Type In-Line 4 cylinder, 4 cycle diesel, electronic controlled
Horsepower 110 hp (82 kW)
Idle speed 1000 + 50 rpm
High speed limiting 2750 £ 75 rpm
Normal governed speed 2400 rpm
Lubricating oil capacity (w/ filter) 10 quarts (9.5 liters)
Coolant capacity system 38 quarts (36 liters)

Specifications and Capabilities
Figure 9

4) Generator and Exciter Test
The generator fields and exciter stator may be tested with a Kelvin bridge. This is a double-bridge type
instrument required for the very low resistance’s encountered in this test. It is understood that zero (0)
resistance indicates a SHORT CIRCUITED condition. An infinite resistance reading indicates an OPEN
CIRCUITED condition. See Figure 10 for resistance values.
a) Disconnect generator stator leads at the output module panel.

b) Disconnect the two black exciter field leads from terminal block mounted on output module panel.

c) Check resistance and compare to values given in Figure 5.
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5)

6)

Test Connection Resistance (Ohms)
Generator Stator Phase Ato N (G1)* 0.00235

Generator Stator Phase B to N (G1)* 0.00235

Generator Stator Phase C to N (G1)* 0.00235

Exciter Stator Field (L2) 26.5

A -B, B-C, C - A Exciter Armature (G2) 0.1

Generator Revolving Field (L1) 2.1

*NOTE: The two leads of a phase must be connected when test is made. Take readings when unit
is cold and in an ambient temperature of 70 °F (21°C.).

Generator and Exciter Test Readings
Figure 10

Diode Test

Test values for diodes are not given here because they could be misleading. Test values may vary even
between diodes of the same part number, rating, and manufacturer. General instructions for testing
diodes are as follows:

a) Disconnect exciter windings from diode lead(s).

b) Use a good quality ohmmeter. An instrument, which indicates 50 ohms at the center of the scale, is
preferable.

NOTE: Make certain the battery is in good condition and the pointer is adjusted to zero when the test
lead points are shorted together.

c) Hold one ohmmeter lead point on the threaded end of the diode. Hold the other lead point on the
wire terminal end. Observe and note the indicated resistance. Now reverse the lead connection on
the diode. Again observe and note the ohmmeter indicated resistance. Generally speaking, if an
infinite or very high resistance was indicated with the leads connected one way and a low, readable
resistance was indicated with the leads connected the opposite way, the diode may be considered
good.

Testing the Transformer-Rectifier (Optional, See Appendix A)

The 28.5 VDC transformer-rectifier is an optional add-on to the GPU. See Appendix A for more details on
the adjustment and test of the transformer-rectifier.
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Section 4 Troubleshooting Procedures

1) General

The Troubleshooting Chart (See Appendix A for the 28.5 VDC Transformer-Rectifier troubleshooting
information.) and Fault Code Chart, located in this section, covers the common faults and malfunctions
that you may find during operation or maintenance of this equipment. The charts may not list all faults
and malfunctions that may occur. If a fault of malfunction is not listed in the chart, start looking for the
cause at the source of power in the affected circuit. Refer to the schematic and connection diagrams in
Chapter 5. Test the circuit, step by step, until the source of the malfunction is isolated.

The Fault Code Chart is arranged under 2 headings: Commands and Faults. Commands display the
operation mode at the time a fault code is triggered.

The Troubleshooting Chart is arranged under 3 headings: Trouble Symptom and Condition, Probable
Cause, and Test Check and/or Remedy. Trouble(s), Symptom(s), and Condition(s) are described and
numbered. Probable Cause(s) are indented to the right and listed in numbered steps below Probable
Cause. Test Check and/or Remedy provides instructions for correcting the malfunction, and is listed
below each Test or Inspection procedure. Tests and inspections called for in the Troubleshooting Chart
are to be performed as described in Chapter 2, Section 1-3, of this manual.

2) Equipment for Troubleshooting

Exercise extreme care to avoid contact with high voltage leads and components.
High voltage can kill!

CAUTION

Maintenance personnel must be very careful when performing terminal-to-terminal
checks to be certain the proper terminals are being used, especially when using
jumper leads. Damage to electrical components may result from the application of
improper voltage and current.

A good quality multi-scale voltmeter is the only instrument required for troubleshooting. At least two
jumper leads with alligator, or similar clips, will be required. The engine electrical system may be
used as a 12 VDC power source.

3) Parts Replacement

To lessen end item down time, and to get a faulty machine back on line as quickly as possible, the black
box concept of parts replacement is reflected in the Troubleshooting and Fault Code Chart. For example,
if a component on a control box PC board is defective, the quickest way to remedy the situation is to
replace the complete PC board and send the old to stock. Some of the assemblies that tend to lend
themselves to this concept are:

Voltage regulator PC Board (REG)

Control PC board (CTL)

Engine Specific PC Board (ESB)

Enigne Interface PC Board (EIB)

28.5 VDC Transformer-Rectifier PC Board (TRB) [Optional, See Appendix A]
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4)

5)

6)

7)

8)

400 Hz. Test Values

Although test values are provided throughout the troubleshooting chart, additional information and values
are given here.

Generator output voltage at maximum voltage regulator potentiometer setting: 134 volts or higher.
Generator output voltage at minimum voltage regulator potentiometer setting: 108 volts or lower.
Over voltage relay Trips at 126 volts after a 1-second time delay.
Trips at 140 volts in 160 milliseconds.
Trips at 180 volts in 50 milliseconds.
Under voltage relay Trips at 100 volts after 7 seconds.

Trips at any value between 426-Hz and 480-Hz
Over frequency relay after a 5-second time delay. Trips immediately at
any frequency exceeding 480-Hz.

Under frequency relay Trips at 375 Hz or less after a 5-second time delay.

Trips in approximately 5 minutes at 125% load of

Overload time delay GPU rating or at 60 kVA on either output.

Frequency at rated speed of 2400 RPM is 400 +/- 2 Hz at no load and rated load.
Engine oil pressure (warm and at rated speed 2400 RPM) 45 to 90 PSI (445 to 621 kPa).
Engine coolant temperature (normal operation) 160 to 200° F (71 to 93° C).
Check Connections and Leads
ALWAYS make a check of connections and leads to a component suspected of being faulty. With the

exception of a few instances, we will assume that connections and wiring have always been checked first
and that power has not been lost as a result of defective wiring or connections.

Engine Troubleshooting

The ability of the engine to start and run properly depends upon a number of things.

a) An adequate supply of 12 VDC power reaching a good starter and starter button

b) An adequate supply of air, compressed to a sufficiently high pressure.

c) The injection of the correct amount of clean fuel at the proper time

NOTE: When trouble shooting the engine, keep these requirements in mind.
lllustrations

lllustrations, Figures 1, 2, 3 and 4, are referred to throughout the Troubleshooting Chart

Connection and Schematic Diagrams

All connection and schematic diagrams for generator, engine, lights, and all controls are located in
Chapter 5.
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9) GPU Control Monitoring

The GPU control system performs complete diagnostic testing and continuous monitoring of all critical
circuits and operating electrical values. If the control system senses a problem with one of the circuits or
if any of the electrical values exceeds its safe operating limit, the control system will shut the GPU down,
or may allow the GPU to continue operation depending on the severity of the condition.

a) Commands

The ongoing operations conducted by the GPU are driven by the list of commands in Table 1. The
control PC board communicates these commands to all of the PC boards in the GPU. The first half of
the fault code identifies the command that was present when the fault occurred.

Commands

01.

39.

Self-Test Mode

40.

Engine Start Mode

50.

Engine Idle Mode

70.

Engine Run Mode

80.

Engine Shutdown Mode

90.

Engine Stop Mode

99.

System Off Mode

(1) Self-Test Mode

Operating Commands
Table 1

When power is first applied to the control circuit, the GPU performs complete self diagnostics of
the internal circuitry. During this self test, the GPU will perform the commands listed in the
enclosed charts. When a fault is detected during the self test, the current “COMMAND” and
detected “FAULT” are displayed on the fault code display.

(2) Engine Start Mode

When the “ENGINE START” push-button is activated, the engine’s starter and the engine’'s ECM

will be energized.
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(3) Engine Idle Mode

When the engine has been started, the engine will begin in the idle mode. The “ENGINE
START” push-button will flash indicating the engine is in the idle mode.

(4) Engine Run Mode
After the engine has been warmed up properly in the Engine Idle Mode, pressing the “ENGINE
START” push-button again will bring the GPU up to rated speed. The “ENGINE START” push-
button light will no longer flash, but instead become continuously illuminated. The GPU is now
ready for aircraft loading.

(5) Engine Shutdown Mode
When shutting the GPU down, pressing the “ENGINE STOP” push-button will start the 3-5
minutes delayed shutdown period. The “ENGINE STOP” push-button will flashed and the engine
will return to idle speed. The shutdown period is required to sufficiently cool the engine’s
turbocharger.

(6) Engine Stop Mode
After the 3-5 minutes delayed shutdown period, the engine will stop running.

(7) System Off Mode

The power will be removed from the GPU’s entire control system.

b) Faults
Faults result when any of the fault limits are exceeded, when an internal problem occurs, or under
certain conditions that would cause injury to personnel or damage to an aircraft or the GPU. Faults
are also stored in memory as event records. The fault limits and conditions are preset at the factory.
Faults
.01
\ Warning (no operation changes)
.09
A0
\ Run Mode (minor fault)
.39
.40
\ Idle Mode (moderate fault)
.59
.60
\ Stop Mode (major fault)
79
.80
\ Special Configuration (reserved)
.99
Fault Codes
Table 2
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c)

(1)

(2)

3)

(4)

()

Warning

Warning faults are faults that occur and have no effect on the operation of the GPU. An example
would be an intake air restriction fault due to a dirty filter. Although the GPU will continue to
operate, the fault will appear on the fault code display. Pressing the “TEST/RESET” push button
or shutting down the GPU will reset the fault.

Run Mode

Run mode faults that occur will remove power form the aircraft but will not change the operating
speed of the engine. An example would be an over voltage fault. Although the contactors will
open and remove power from the aircraft, the engine will remain at rated speed, and the fault will
appear on the fault code display, along with the appropriate command. Pressing the
“TEST/RESET” push button or shutting down the GPU will reset the fault.

Idle Mode

Idle mode faults that occur will remove power form the aircraft and drop the operating speed of
the engine to the idle setting. A possible example (depending on customer configuration) would
be a high temperature fault. The contactors will open and remove power from the aircraft, the
engine will drop to its idle speed, and the fault will appear on the fault code display, along with the
appropriate command. Pressing the “TEST/RESET” push button or shutting down the GPU will
reset the fault.

Stop Mode

Stop mode faults that occur will remove power form the aircraft and shut the engine down. An
example would be a low oil pressure fault. The contactors will open and remove power from the
aircraft, the engine will shut down, and the fault will appear on the fault code display, along with
the appropriate command. Pressing the “TEST/RESET” push button or shutting down the GPU
will reset the fault.

Special Configuration

These fault codes are reserved for special customer configurations. Contact the factory for
information.

Fault Code Display

The numbers that appear in the “FAULT CODE” display are used for troubleshooting the GPU. To
read the four-digit fault code properly, it must be understood that the first two digits represent one half
of the fault code and the last two digits represent the other half.

The first two digits on the left side of the Fault Code represent the Command.
The two digits on the right side of the Fault Code represent the Fault Condition.
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s [
70.67

Fault Codes

Fault Meter Display
Figure 1

d) Operation Monitoring

While applying power to an aircraft, the GPU continually monitors all critical circuits and operating
electrical values.

During 400 Hz AC and 28.5 VDC (if supplied) operation, the GPU continually performs Command
“70” (Engine Run Mode). When a fault is detected during operation, this Command and the detected
Fault are indicated in the “FAULT CODE" display.

By referencing the Command and Fault Code chart, the GPU state and exact fault can be
determined. When the fault is reset, and the GPU restarted, the GPU may often detect the fault again
revealing additional information. This method yields a high degree of troubleshooting accuracy.

Fault meter display example shown above: If the engine shuts down with the above fault code,
“70.67”, the engine ceases operation due to high coolant temperatures in the engine. The “70”
represents the command the GPU was executing at the time of the fault and shutdown (Command
“70” indicates an Engine Run Mode command.). The “67” represents the fault code that indicates the
action taken by the control system upon faulting (Fault “67” indicates a Stop Mode fault which shuts
the GPU down.).

e) Extracting Fault Code Information
In the event the GPU fault code history information is required for troubleshooting, all fault codes
stored in the control system’s memory (i.e. data records) can be extracted and viewed on the Fault
Meter Display (starting with the last fault code and scrolling backward through all previous fault
codes). The following are the procedures for extracting the fault code information:
(1) Pull the “EMERGENCY STOP” button out.
(2) Press the “LAMPS” push button to turn on the control box lights.
(3) Pressthe “TEST/RESET” push button and hold for 2 to 3 seconds until the data record number
appears on the display (See Figure 1A).
April 01, 2005 Chapter 2-4
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Record Designator Record Number

© 1 21

Fault Record Number “121”

Fault Meter Display (Fault Record Number)
Figure 1A

(4) Release the “TEST/RESET” push button and the display will alternate between the fault record
number (See Figure 1A) and the fault code (See Figure 1).

(5) To continue scrolling backward through the previous fault codes, press and release the
“TEST/RESET” push button again and the previous fault record number and fault code will be
displayed as described in Step 4.

(6) Repeat Step 5 to continue scrolling backward. Once the first fault record is reach, the scrolling
will stop. To begin again, press the “LAMPS” push button to turn off the control box lights and

repeat Steps 2 through 5.
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Fuel Gage (M13)

Front Panel

Engine Coolant Temperature Gauge (M24)
Running Time Meter (M4)

Oil Pressure Gage (M25)

Battery Voltmeter (M5)

Frequency Meter (M3)

Control Panel Label

Fault Code Meter (M6)

10.
11.
12.
13.
14.
15.
16.
17.

Strip Lights (DS60-DS62) [Not Shown]

AC Generator Ammeter (M1)

AC Voltmeter (M2)

Adjustable Grip Latch

Control Panel Door Hinge [Not Shown]

DC Voltmeter [Optional with TR]

DC Ammeter [Optional with TR]

Front LED PC Board (A5) [Shown Opposite Side]

Control Panel Door
Figure 2
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8] & e & &
LAWMPS ENGIME HEATER  ENGIME START DUTPUT NO. 1 DUTPUT NO. 2 OC QUTPUT  STARTING CURRENT EMGINE STOP TEST/F!ESET METER SELECT
o Y — P DELAYED SHUTDOWN

o
1. Meter Selector Switch (S3) 6. AC Output No. 2 (S275) [if applicable]
2. Test/Reset Switch (S77) 7. AC Output No. 1 (S75)

3. Engine Stop Switch (S76) 8. Engine Start Switch (S24)

4. DC Starting Current Switch (S431) [Optional with TR] 9. Air Intake Heater Switch (S79)

5. DC Output Contactor Switch (S430) [Optional with TR] ~ 10. Panel Light Switch (S74)

Control Push-Button Switch Panel
Figure 3
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agrwONE

Engine Specific PC Board [ESB] (Al)

Engine Interface PC Board [EIB] (A2)

Digital Control PC Board [CTL] (A3)

Voltage Regulator PC Board [REG] (A4)
Transformer-Rectifier PC Board [TRB] (A404) {Optional}

H©9°NFT’

+5, -12 VDC Power Supply (PS1)

Circuit Breaker Support Bracket

Marker Lights Circuit Breaker, 10 A (CB1)
Engine Circuit Breaker, 10 A (CB4)

0 Controls Circuit Breaker, 5 A (CB7)

Control Box Interior Components

Figure 4
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Trouble, Symptom, Condition Probable Cause

GROUND POWER

Test, Check, and/or Remedy

Engine Controls

1. Engine will not start. Starter a. Battery discharged, or loose
will NOT crank engine. battery or ground connection.

Check voltage across batteries.
Voltage should be approximately
12.8 volts DC. Check all battery
terminals. Be sure 12.8 volts DC
is reaching solenoid input terminal.

b. Electrical defect in starter.

Momentarily connect a large
capacity jumper cable (No. 1/0
minimum) between hot side of
starter solenoid and starter input
terminal. If starter does not crank
engine, proceed to step c. If
starter does crank engine, proceed
to step e.

c. Mechanical defect in starter.

Remove starter motor from engine
and apply 12 VDC to test it. Ifit
doesn’t operate, it is defective.
Replace it. If starter motor does
operate, proceed to step d.

d. Internal seizure.

If battery and starter are good and
starter is unable to crank the
engine, internal seizure is
indicated. Attempt to hand crank
engine with a ¥-inch square drive
on a long flex handle on
crankshaft pulley. If engine cannot
be turned one complete revolution,
internal seizure is indicated.
Remove engine and contact the
engine manufacturer and/or
nearest dealer.

e. Defective starter solenoid.

Momentarily connect a large
capacity jumper cable (No. 1/0
minimum) between the auxiliary
solenoid terminals (one on each
side). If engine does not crank,
replace starter solenoid. If engine
cranks, proceed to step f below.

f. Defective auxiliary starter
solenoid.

Momentarily connect a small lug
jumper on front of auxiliary
solenoid to the battery terminal of
the auxiliary starter If engine does
not crank, replace auxiliary starter
solenoid. If engine cranks,
proceed to step g below.
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Trouble, Symptom, Condition

Probable Cause

GROUND POWER

Test, Check, and/or Remedy

Engine Controls (continued)

1. Engine will not start. Starter

will NOT crank engine (continued).

g. Defective EIB Board.

Replace EIB board.

h. Defective engine start button.

Depress button and check
continuity between button
contacts. If no continuity exists,
replace button. If there is
continuity, replace EIB board.

2. Engine will not start. Cranking
speed low.

a. Low battery output check
battery.

Recharge or replace.

b. Loose starting circuit
connections or faulty cables.

Check all connections and cables.
Tighten or replace as required.

c. Improper lubricating oil
viscosity

Check olil, Section 2-2.
Remove and replace oil as
necessary.

3. Engine cranks, but will not start.

a. No fuel or insufficient fuel level
in tank. Low FUEL indication
appears 3 seconds after cranking
is initiated.

Fill fuel tank if it is empty or if
amount of fuel in it is low. If
necessary, fill each filter with fuel.
If engine will not start after priming
filters, fuel pump trouble is
indicated. If engine starts and
stops after a short time, trouble
between fuel source and suction
side of pump is indicated. Check
and/or remedy as follows.

b. Fuel shutoff valve closed.

Open shutoff valve on fuel tank.

c. Loose connections, damaged
hoses or fuel lines between tank
and fuel pump

Tighten all fittings and
connections. Replace any
damaged hoses or fuel links.

d. Plugged or defective filter.

Do not overlook the possibility of
restricted flow through the fuel
filters. Also check gaskets for
leaking or damaged condition.

e. Defective EIB board.

Replace EIB board.

4. Engine cranks, but will not
start. Over-temperature indication
appears immediately.

a. Defective or incorrectly wired
high temperature switch, located
on the top of the engine block.

Check wiring to high temperature
switch according to connection
diagram in Chapter 5, and see that
wiring is correct. If wiring is
correct, remove wires and check
resistance between terminals C
and N.O. A resistance of less than
10 ohms indicates a defective
switch. Replace switch if
defective.

b. Defective EIB board

Replace EIB board.
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Trouble, Symptom, Condition

Probable Cause

GROUND POWER

Test, Check, and/or Remedy

Engine Controls (continued)

5. Engine is hard to start.
Cranking speed normal, fuel
supply adequate.

a. Low compression, which may
be caused by any one of following:
Sticking or burned exhaust valves,
worn or broken compression rings,
leaking cylinder head gasket, or
improper valve clearance
adjustment.

Check compression in accordance
with instructions in engine
manufacturer’s operation manual.
Overhaul engine to make repairs
as necessary.

6. Engine starts. Stops after a
few seconds by automatic
shutdown.

a. Shutdown circuit may have
functioned normally to stop engine
because of low lubricating oil
pressure or due to a defective oil
pressure switch.

Restart engine, and observe oll
pressure gage. If oil pressure is
12 psi or more, disconnect wire
from oil pressure switch terminal
N.C. Restart engine. If engine
continues to run, oil pressure
switch is defective. Replace oil
pressure switch. If engine stops,
check for following malfunctions:

b. Defective EIB board

Replace EIB board.

7. All panel and clearance lights
are either always ON or always
OFF.

a. Marker light circuit breaker,
(CB1) won't close.

Replace marker lights circuit
breaker (CB1) if defective.

b. Defective CTL board

Replace CTL board.

8. Engine either goes from rated
speed to idle speed, or shuts
down.

a. Low fuel was detected or the
EIB board could be defective.

Add No. 2 diesel fuel.
Replace EIB board.

9. Engine has slow response
time.

a. Engine needs tune-up

Tune-up as required. Refer to
engine manufacturer’s operation
manual.

10. Engine “misses”. Runs
unevenly.

a. Insufficient fuel

Check low fuel level in accordance
with engine manufacturer’s
operation manual. Repair or
replace parts as required.

b. Faulty injector

Check injectors in accordance with
engine manufacturer’s operation
manual. See causes of low
compression listed under ENGINE
CONTROLS.

c. Low compression pressure

Check compression in accordance
with engine manufacturer’s
operation manual. See causes of
low compression listed under
ENGINE CONTROLS.

d. Airin fuel system

Check all fittings to be sure they
are tight and the thread sealant is
still present. Tight the fittings and
add new thread sealant as
required.
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Trouble, Symptom, Condition Probable Cause

GROUND POWER

Test, Check, and/or Remedy

Engine Controls (continued)

11. Engine lacks power a. Improper engine adjustments

and gear train timing

“Tune-up” engine in accordance
with engine manufacturer’s
operation manual.

b. Insufficient fuel

Check low fuel level in accordance
with engine manufacturer’s
operation manual. Repair or
replace parts as required.

c. Insufficient inlet air due to
damaged or dirty air cleaner.

Check air cleaner for “plugging”
and/or damage.

d. Restricted exhaust system

Trouble, Symptom, Condition Probable Cause

Check exhaust pipes for
restrictions. Check muffler for
clogged condition. Replace as
required.

Test, Check, and/or Remedy

Generator Excitation Circuits

1. No (or low) generator output
voltage in all phases. Generator
operating at 400 Hz.

a. Defective generator or
excitation circuit.

On REG place Regulated/
Diagnostic switch in Diagnostic
position. This applies 12 VDC
from battery to exciter field, which
should produce an indicated
output voltage of 100 +/- 20 VAC
line to neutral. If voltage produced
is within this range, the generator
is good, and trouble is in voltage
regulator circuit. Proceed to Step
b

b. Defective voltage regulator
(REG)

Connect a properly working REG
board to regulator wiring
assembly, avoid short circuiting
bottom of properly working REG
board. Then start generator set
and perform tests and adjustments
according to instructions in Section
2-3. If generator set works
properly with a properly working
REG board temporarily connected,
shut off generator set and replace
defective REG board with one that
is properly working (preferably,
same REG board used for this
troubleshooting check).

c. Open fuse on REG.

Check fuses thoroughly. Replace
fuses if defective.
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Trouble, Symptom, Condition Probable Cause

GROUND POWER

Test, Check, and/or Remedy

Generator Excitation Circuits (continued)

1. No (or low) generator output
voltage in all phases. Generator
operating at 400 Hz. (continued).

e. Defective connector at voltage
regulator, or defective wiring from
regulator to exciter field

Trouble, Symptom, Condition Probable Cause

Disconnect exciter wires at
terminal strip. Using jumper leads
with clip terminals, connect 12
VDC to wires. If generator will
produce at least 80 V-AC, replace
or repair connector and wiring
between voltage regulator and
exciter field as required.

Test, Check, and/or Remedy

No. 1 Load Contactor Operating Circuit

1. Load contactor (K1) will not
close when output No. 1 push
button switch is held in close
position. Generator running at
normal voltage. Rectifier circuit

a. Defective circuit breaker (CB2).

Remove terminal leads from circuit
breaker, press circuit breaker
button to close circuit breaker, and
use an ohmmeter. Replace circuit
breaker if defective.

breaker CB2 closed. No fault b.
indicated

In addition to defective wiring
and connections in AC and DC
load contactor actuating circuits,
load contactor may be prevented
from closing for any one of
following reasons:

Check all wiring and connections
in load contactor circuits.

c. Defective REG board.

Replace REG board with a board
known to be operating properly. If
contactor still doesn't close,
proceed to step d.

d. Defective output No. 1 push
button switch (S75).

At rated speed, measure the
voltage across the switch. The
voltage should read approximately
5VDC. Press the switch again
and the voltage should goto 0O V.
If voltage does not go to 0 V, the
switch is defective and needs to
be replaced.

e. Defective voltage regulator
(REG).

After making certain that output
No. 1 push button switch (S75) is
working, measure DC output
voltage at contactor coil. If voltage
measured isn’t approximately 90-V
DC, replace REG.
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Trouble, Symptom, Condition

Probable Cause

GROUND POWER

Test, Check, and/or Remedy

No. 1 Load Contactor Operating Circuit (Continued)

1. Load contactor (K1) will not
close when output No. 1 push
button switch is held in CLOSE
position. Generator running at
normal voltage. Rectifier circuit
breaker (CB2) closed. No fault
indicated. (continued)

f. Defective coil in load contactor
(K1).

Disconnect leads at load contactor
terminals V and W. Check coil
resistance between these
terminals. Resistance should be
approximately 50 ohms. If coil is
defective, replace complete load
contactor.

2. Load contactor (K1) will close
when output No. 1 push button
switch is held in CLOSE position.
Opens immediately when switch is
released.

a. No. 1 plug interlock EF1 circuit
on CTL board could be defective

Place EF Bypass switch, No. 1
output in ON position. If load
contactor remains closed, proceed
to step b.

b. 28.5-V DC is not reaching the
No. 1 plug interlock EF1 circuit
from aircraft for following reasons
d&e:

Proceed as follows to find the
cause of this malfunction.

d. Generator to aircraft cable
connector defective or not plugged
into aircraft receptacle connector.

Inspect cable connector plug
thoroughly for damaged E and F
terminals. Be sure plug is fully
mated with aircraft receptacle
connector and making good
contact.

e. Aircraft rejecting power.

Check aircraft on-board electrical
equipment and controls.

f. Defective contacts in N.O.
auxiliary push button switch
mounted on right side of contactor
(K1).

Connect a jumper lead between
terminals of N.O. auxiliary switch.
If load contactor will now remain
closed, replace N.O. auxiliary
switch or complete load contactor.

3. Load contactor opens during
power delivery. No fault indicated.

a. A fault has developed in load
contactor holding circuit.

If load contactor cannot be closed
by operation of output No. 1 push
button switch (S75), check circuit
in accordance with instructions in
Trouble, Symptom, Condition 1. If
load contactor can be closed, but
opens as soon as power accepted
switch (S75) is released, check for
trouble under Trouble 2, above.

c. Cable accidentally
disconnected from aircratft.

Reconnect cable.
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Trouble, Symptom, Condition

Probable Cause

GROUND POWER

Test, Check, and/or Remedy

No. 2 Load Contactor Operating Circuit (if applicable)

1. Load contactor (K1) will not
close when output No. 1 push
button switch is held in CLOSE
position. Generator running at
normal voltage. Rectifier circuit
breaker CB2 closed. No fault
indicated.

a. Defective circuit breaker (CB2).

Remove terminal leads from circuit
breaker, press circuit breaker
button to close circuit breaker, and
use an ohmmeter. Replace circuit
breaker if defective.

b. In addition to defective wiring
and connections in AC and DC
load contactor actuating circuits,
load contactor may be prevented
from closing for any one of
following reasons:

Check all wiring and connections
in load contactor circuits.

c. Defective REG board.

Replace REG board with a board
known to be operating properly. If
contactor still doesn’t close,
proceed to step d.

d. Defective output No. 1 push
button switch (S75).

At rated speed, measure the
voltage across the switch. The
voltage should read approximately
5 VDC. Press the switch again
and the voltage should goto 0O V.
If voltage does not go to 0 V, the
switch is defective and needs to
be replaced.

e. Defective voltage regulator
(REG).

After making certain that output
No. 1 push button switch (S75) is
working, measure DC output
voltage at contactor coil. If voltage
measured isn’t approximately 90-V
DC, replace REG.

April 01, 2005
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Trouble, Symptom, Condition

Probable Cause

GROUND POWER

Test, Check, and/or Remedy

No. 2 Load Contactor Operating Circuit (if applicable) [continued]

1. Load contactor (K201) will not
close when output No. 1 push
button switch is held in close
position. Generator running at
normal voltage. Rectifier circuit
breaker (CB2) closed. No fault
indicated. (continued)

f. Defective coil in load contactor
(K201).

Disconnect leads at load contactor
terminals V and W. Check coil
resistance between these
terminals. Resistance should be
approximately 50 ohms. If coil is
defective, replace complete load
contactor.

2. Load contactor (K201) will
close when output No. 1 push
button switch is held in CLOSE
position. Opens immediately when
switch is released.

a. No. 2 plug interlock EF2 circuit
on CTL board could be defective

Place EF Bypass switch, No. 1
output in ON position. If load
contactor remains closed, proceed
to step b.

b. 28.5-V DC is not reaching the
No. 1 plug interlock EF2 circuit
from aircraft for following reasons
d&e:

Proceed as follows to find the
cause of this malfunction.

d. Generator to aircraft cable
connector defective or not plugged
into aircraft receptacle connector.

Inspect cable connector plug
thoroughly for damaged E and F
terminals. Be sure plug is fully
mated with aircraft receptacle
connector and making good
contact.

e. Aircraft rejecting power.

Check aircraft on-board electrical
equipment and controls.

f. Defective contacts in N.O.
auxiliary push button switch
mounted on right side of contactor
(K1).

Connect a jumper lead between
terminals of N.O. auxiliary switch.
If load contactor will now remain
closed, replace N.O. auxiliary
switch or complete load contactor.

3. Load contactor opens during
power delivery. No fault indicated.

a. A fault has developed in load
contactor holding circuit.

If load contactor cannot be closed
by operation of output No. 1 push
button switch (S275), check circuit
in accordance with instructions in
Trouble, Symptom, Condition 1. If
load contactor can be closed, but
opens as soon as power accepted
switch (S275) is released, check
for trouble under Trouble 2, above.

c. Cable accidentally
disconnected from aircratft.

Reconnect cable.
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Trouble, Symptom, Condition

Probable Cause

GROUND POWER

Test, Check, and/or Remedy

Protective Circuit

NOTE: Protective monitoring is not completely functional until load contactor is CLOSED. Since it is not
advisable to vary voltages for test purposes while delivering power to an aircraft, the GPU should be
connected to a load bank for trouble shooting protective circuits. To avoid repetition, it will be assumed that
“TEST/RESET” push-button switch has been pressed and the load contactor has been closed before

commencing each test.

1. Load contactor opens during
power delivery. Over voltage fault
indicated.

a. Over voltage condition may
have been result of a sudden drop
in load, or possible tampering with
REG potentiometer, and may have
been a normal action.

Press “TEST/RESET” push-button
switch and resume power delivery.
Observe voltmeter to be certain
voltage is normal 115 V-AC.
Adjust to normal if necessary. If
load contactor is opened again
and the fault code meter indicates
an over-voltage condition, proceed
to step b.

b. Defective CTL board.

Use REG potentiometer to reduce
voltage to 110 V AC. Observe
voltmeter and gradually increase
voltage with potentiometer. If
sensing circuit CTL board
functions to open load contactor at
any value less than 125-VAC, it is
defective. Replace CTL board.

2. Load contactor opens during
power delivery. Under voltage
fault indicated.

a. Under voltage condition may
have been result of a sudden
shock load, or possible tampering
with REG potentiometer, and may
have been a normal action.

Press “TEST/RESET” push-button
switch and resume power delivery.
Observe voltmeter to be certain
voltage is normal 115 V-AC.
Adjust to normal if necessary. If
load contactor is opened again
and the fault code meter indicates
an under-voltage condition,
proceed to step b.

b. Defective CTL board.

Use REG potentiometer to reduce
voltage to 100 V AC. Observe
voltmeter and gradually decrease
voltage with potentiometer. If
sensing circuit CTL board
functions to open load contactor at
any value great than 100-VAC, it is
defective. Replace CTL board.

3. Load contactor opens during
power delivery. Over frequency
fault indicated.

a. Frequency adjust switch is
enabled.

Set frequency adjust switch to
DISABLE

b. Defective REG board.

If over-frequency faults continue
after engine’s ECM is proven to be
good, and an over-frequency
condition does not exist, replace
REG board.
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Trouble, Symptom, Condition

Probable Cause

GROUND POWER

Test, Check, and/or Remedy

Protective Circuit (continued)
NOTE: Protective monitoring is not completely functional until load contactor is CLOSED. Since it is not
advisable to vary voltages for test purposes while delivering power to an aircraft, the GPU should be
connected to a load bank for trouble shooting protective circuits. To avoid repetition, it will be assumed that
“TEST/RESET” push-button switch has been pressed and the load contactor has been closed before

commencing each test.

4. Load contactor opens during
power delivery. Under frequency
fault indicated.

a. Frequency adjust switch is
enabled.

Set frequency adjust switch to
DISABLE

b. Defective REG board.

If under-frequency faults continue
after engine’s ECM is proven to be
good, and an under-frequency
condition does not exist, replace
REG board.

5. Load contactor opens during
power delivery. Overload fault
indicated.

a. There may have been an
overload condition.

Observe ammeter. Check for
abnormal overload condition and
correct. If overload device
functions to open load contactor
when an overload does not exist,
proceed to step B.

b. Defective CTL board.

Replace CTL board.

Trouble, Symptom, Condition

Probable Cause

Test, Check, and/or Remedy

Generator

1. No (or low) voltage output

a. Shorted diode in exciter rectifier
(CR2).

Check diodes in accordance with
Section 2-3. If diodes are good,
proceed to step B.

b. Open or shorted exciter rotor
winding (G2)

Use ohmmeter to check for open
or shorted condition diodes in
accordance with Section 2-3. If
exciter rotor windings are good,
proceed to step C.

c. Open or shorted exciter field
windings (L2)

Check field resistance. See
Section 2-3 for normal values.

d. Open or shorted generator
rotor windings (L1)

Check resistance with ohmmeter
to determine if open or short
circuited diodes in accordance
with Section 2-3

2. Generator operates single
phase.

a. Open or short circuited winding
in generator stator (G1)

Check stator-winding resistances.
See Section 2-3 for normal values.

3. Generator overheats

a. Loose connection causing high
resistance.

Check all output connections.
Look for discoloration caused by
heat. Tighten or replace as
required.

April 01, 2005

Chapter 2-4
Page 20



OM-2098C / Operation and Maintenance Manual
60CU24 / Series 500060C / 400 Hz. Generator Set

Trouble, Symptom, Condition

Probable Cause

GROUND POWER

Test, Check, and/or Remedy

Generator (continued)

3. Generator overheats
(continued)

b. Improper or blocked ventilation.

Check for foreign material (rags,
etc.) blocking air-flow. Provide
adequate ventilation.

c. Generator stator windings short

circuited.

Check stator windings. See
Section 2-3.

4. Unbalanced output

a. Loose connection in output
circuit.

Check all output connections.
Discolored connectors indicate a
loose connection. Tighten or
replace as required.

b. Open or short circuited phase

Check stator windings in
accordance with Section 2-3.
Repair or replace as required.

c. Defective connection in output
circuit.

Check plug and receptacle
connectors at aircraft. Tighten,
repair, or replace as required.

b. Break or cut in output cable

Inspect. Repair or replace as

assembly. required.
c. Unbalanced load Check aircraft 400-Hz
components.
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Troubleshooting Table

GPU Commands

Cmd
code

Name Description

00.

Invalid Command

01.

ENGINE SELF TEST CMD All boards test the communication between each other.

02.

03.

04.

05.

06.

07.

08.

09.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.
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Troubleshooting Table

GPU Commands

Cmd

Name Description
code

31.

32.

33.

34.

35.

36.

37.

38.

39.

40. ENGINE START MODE Engine starter and engine’s ECM is activated.

41.

42.

43.

44,

45,

46.

47.

48.

49,

50. ENGINE IDLE MODE Engine idles at approximately 1000 RPM

51.

52.

53.

54,

55. ENGINE RAMP UP Period when engine goes from idle to rate speed.

56.

57.

58.

59.

60.

61.
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Troubleshooting Table

GPU Commands

Cmd

Name Description
code

62.

63. REG TEST OUTPUT FREQUENCY Check for 400 Hz. output frequency.

64.

65.

66.

67.

68. CTL TEST OUTPUT Checks the CTL communications.

69.

70. ENGINE RUN MODE The engine is at rated speed and ready for aircraft load.

71.

72.

73.

74,

75. ENGINE RAMP DOWN Period when engine goes from rated to idle speed.

76.

77.

78.

79.

80. ENGINE DELAYED SHUTDOWN MODE | Allows the turbocharger to cooling properly.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90. ENGINE STOP MODE Engine is brought to a complete stop.

91.

92.
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Troubleshooting Table

GPU Commands

Cmd

code Name Description

93.

94.

95.

96.

97.

98.

99. System Off Mode All electrical circuits have been turned off.
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GROUND POWER

Troubleshooting Table

Faults
Fault . . .
code Name Possible Cause(s) Corrective Action
_ .00 | Invalid Fault
__0
.02
__.03 | CTL MEMORY FAULT CTL board defective Replace the CTL board.
EF1 voltage signal not present Switch the EF1 switch to "ON”
04 | REG EF1 LOSS FAULT ge signainot p " | Check cable contacts.
- CTL board defective.
Replace the CTL board.
EF2 voltage signal not present Switch the EF2 switch to "ON”
.05 | REG EF2 LOSS FAULT . " | Check cable contacts.
- CTL board defective.
Replace the CTL board.
__.06
__.07
s . Check for obstructions.
.08 | EIB AIR RESTRICTION FAULT | Alrfilter is obstructed or dirty. | oo i filter cartridge or
Bad air restriction indicator : o
air restriction indicator.
_ .09 | EIB LOW FUEL WARNING Fuel tank level is below Y4 tank. | Fill fuel tank.
__.10
_ 1
_ 12
.13
_ .14
__.15
Voltage set too high. Adjust voltage or the LDC on
_ .16 EZIL‘JSI.UTPUT OVER VOLTAGE LDC set too high. the REG board.
CTL board defective. Replace CTL board.
L7 | CTL OUTPUT UNDER Voltage set too low. Qggﬁt voltage on the REG
- VOLTAGE FAULT CTL board defective. :
Replace CTL board.
.18 EZIL‘JSI.UTPUT 1 OVERLOAD Overload on Output 1 Reset and restart GPU.
.19 EZLLJSI.UTPUT 2 OVERLOAD Overload on Output 2 Reset and restart GPU.
.20 ICZ:ZIL‘JM.ACHINE OVERLOAD Total overload on Output 1 & 2. | Reset and restart GPU.
o1 | CTL OUTPUT VOLTAGE Open or broken sense line. gﬁgz‘l'(r lizgs;gga"l";;ec'e and
- IMBALANCE FAULT Load is imbalance. ;
correct as required..
22 REG OUTPUT OVER FREQ Defective engine ECM. Replace engine ECM.
- FAULT Defective REG board. Replace REG board.
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GROUND POWER

Troubleshooting Table

Faults
Fault . . .
code Name Possible Cause(s) Corrective Action
23 REG OUTPUT UNDER FREQ Defective engine ECM. Replace engine ECM.

- FAULT Defective REG board.

Replace REG board.

Defective output contactor.
_ .24 | REG CONTACTOR1 FAULT Defective REG board.

Replace output contactor.
Replace REG board.

Defective output contactor.
.25 | REG CONTACTOR 2 FAULT Defective REG board.

Replace output contactor.
Replace REG board.

CTL DC OVER VOLTAGE

__.26 EAULT Defective CTL board. Replace CTL board.
.27 EZbIE)TC UNDER VOLTAGE Defective CTL board. Replace CTL board.
o8 TRB OUTPUT OVER VOLTAGE | Voltage set too high. Reset and restart GPU.

- FAULT TRB board defective.

Replace TRB board.

29 TRB OUTPUT UNDER Voltage set too low.
- VOLTAGE FAULT

Reset and restart GPU.
Replace TRB board.

TRB board defective.
TRB OUTPUT OVERLOAD .
.30 EAULT DC load over rating of GPU.

Reset and restart GPU.

Defective output contactor.
_ .31 | TRB DC CONTACTOR FAULT Defective TRB board.

Replace output contactor.
Replace TRB board.

EF voltage being sent from
aircraft on output 1 to the GPU
is too high.

Output cable is defective.

32 REG EF1 VOLTAGE TOO HIGH
- FAULT

Reset and restart GPU.
Check output cable.

EF voltage being sent from
aircraft on output 2 to the GPU
is too high.

Output cable is defective.

33 REG EF2 VOLTAGE TOO HIGH
- FAULT

Reset and restart GPU.
Check output cable.

Defective input contactor.
__.34 | TRB AC CONTACTOR FAULT Defective TRB board.

Replace input contactor.
Replace TRB board.

.35

.36

.37

.38

.39

.40 | CTL ID FAULT Defective CTL board.

Replace CTL board.

.41 | TRBID FAULT Defective TRB board.

Replace TRB board.

.42 | ESBID FAULT Defective ESB board.

Replace ESB board.

_.43 | REG ID FAULT Defective REG board.

Replace REG board.

TRB HEATSINK OVERTEMP Obstructed cooling air path.

44

- FAULT

Defective thermal switch

Clear air obstruction.
Replace switch.

45

TRB TRANSFORMER
OVERTEMP FAULT

Obstructed cooling air path.
Defective thermal switch

Clear air obstruction.
Replace switch.
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GROUND POWER

Troubleshooting Table

Faults
Fault . . .
code Name Possible Cause(s) Corrective Action
26 TRB INPUT CONTACTOR Defective input contactor. Replace input contactor.
——' FAULT Defective TRB board. Replace TRB board.
_ a7
The REG board cannot find the gﬂgg’t Ig: L?oiino\?vi:—eB;ﬁ D
__.48 | GENID FAULT generator.
Defective REG board R2 on TBL.
) Replace REG board.
CTL POWER MODULE ID
_ .49 EAULT Call Factory Call Factory
.50 | TRB SELF TEST FAULT TRB board defective. Replace TRB board.
__.5b1
__.b2
__.53
__.b4
__.55 | EIB LOW FUEL FAULT Fuel tank level is below /5 tank. | Fill fuel tank.
__.56
__.b7
__.b8
__.59
__.60 | CTL COMM FAULT Defective CTL board. Replace CTL board.
_ .61 | EIB COMM FAULT Defective EIB board. Replace EIB board.
_ .62 | ESB COMM FAULT Defective ESB board. Replace ESB board.
.63 | REG COMM FAULT Defective REG board. Replace REG board.
__.64 | TRB COMM FAULT Defective TRB board. Replace TRB board.
__.65
EIB LOW ENGINE COOLANT Engine coolant level is too low. Refill radaitor.
.66 S . Check for leaks and replace
FAULT Engine is loosing coolant.
defect components.
Engine is over-heated. Let engine cool then restart.
Coolant level is too low. Check coolant level and add.
_ .67 ELBUE_T_IGINE OVERTEMP Radiator is dirty or obstructed. Clean radiator.
Defective EIB board. Replace EIB board.
Defective temperature switch. Replace switch.
Engine oil level is too low. Check oil level and add.
__.68 EIB LOW OIL PRESSURE Defective EIB board. Replace EIB board.
FAULT : : . -
Defective oil pressure switch. Replace switch.
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GROUND POWER

Troubleshooting Table

Faults

Fault
code

Name

Possible Cause(s)

Corrective Action

.69

.70

71

72

73

74

75

.76

77

.78

79

.80

81

.82

.83

.84

.85

.86

.87

.88

.89

.90

_o1

92

.93

.94

.95

.96

.97

.98

.99
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Chapter 3 Overhaul/Major Repair

Section 1 Exciter Armature

1) General

This section provides information and instructions for removal and installation of the exciter armature
used on this generator set. Through design improvements, the exciter and rear main bearing can be
removed without removing the generator from the generator set. The name exciter armature refers to the
shaft-mounted, revolving three-phase windings of the exciter.

11 10 12 4 7 5
3 \ /
o 8
2 4%
B
1
=z
9
1. Coupling Key 7. Rear Bearing Retainer
2. Flex Coupling Assembly 8. Exciter Armature Assembly
3. Generator Housing & Stator Assembly 9. Exciter Key
4. Armature Assembly 10. Mounting Bracket
5. Exciter Housing & Coils Assembly 11. Front Bearing Retainer
6. Exciter Cover 12. Front Bearing
Generator (Top Half Section)
Figure 1
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1 2 3 4 5
1. Exciter Core Flange 4. Diode Mounting Plate
2. Exciter Core Lamination 5. Silicon Diode

3. Banding Glass Tape

2)

Exciter Armature
Figure 2

The exciter armature covered by the manual is mounted on the rear portion of the main generator
armature shaft which extends rearward, beyond the rear generator bearing, into the exciter housing (See
Figure 1). Because of its location on the shaft, the exciter armature must be removed for rear main
bearing replacement. The exciter armature has two M10-1.5 tapped holes in it's diode mounting plate to
accommodate pulling it off the shaft.

Since the removal and installation of exciter armatures can be rather complicated, this manual has been
prepared to assist mechanics in the operation. It may be necessary to remove the exciter armature
several times for bearing replacement during the life of a generator set.

Exciter Armature

The exciter armature used in this generator set consists of a revolving winding assembly on a laminated
core, a rectifier assembly (diode mounting plate with diodes), and a mounting flange. The flange, core,
and diode mounting plate are bolted together to make the complete exciter armature.
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The exciter armature is mounted on the main generator armature shaft with a 3/8-inch square machine
key and is held in place by a ¥ - 13 hex head cap screw in the center of the diode mounting plate.

3) Exciter Armature Replacement

a) General
As stated earlier, exciter armature removal is often required for rear bearing replacement rather than
for replacement of the exciter armature itself. Other reasons for exciter armature removal are
generator armature replacement, general overhaul, etc.

b) Tools needed for Exciter Armature Removal and Installation
In addition to the standard mechanic’s hand tools such as wrenches, etc., you will need only the
following items for removing the exciter armature:
o A small, lightweight, sling-hammer puller
e Two 3/8 — 16 X 5-inch fully-threaded hex-head bolts
A small, lightweight, sling-hammer puller is shown in Figure 3. This tool is necessary for removing
the threaded machine key, which keeps the exciter armature from spinning on the generator armature
shaft. You may have such a puller in your equipment inventory. If not, Figure 3 also illustrates
components and dimensions for fabricating such a tool. Sling-hammer pullers are also commercially
available. Instructions for using tool are provided in this manual.
Once the threaded machine key is removed, No other special tools are required for removing the
exciter from the generator shaft. This can be done using the two 3/8 — 16 X 5-inch fully-threaded hex-
head bolts. Instructions for doing this are provided in this manual.

¢) Conditions for Exciter Removal
The mechanics performing the work must decide upon the best and most convenient method of
removing the exciter armature. If the exciter armature is being replaced, then the work may be
performed without removing the generator from the machine. In a great majority of cases, exciter
removal will be for the replacement of the rear bearing. This operation can also be accomplished
without removing the generator. Replacement of the front bearing requires removal of the generator
from the unit.
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1
:
=i

Sling Hammer Assembly

421 Drill 1.25 in. Deep; Tap ¥2-13 UNC-2B, 1 in. Deep .578 in. Diameter

= —f—emm — mm — [ == 22222 2222 —|-f—-f-
1 2 3 4 5 6 3
Sling Hammer Components
1. Stud, Y2 - 28 UNF 2A, Grade 5 or 8 ONLY 4. Rod, 1/2" Round, CR Steel
2. Adapter, 3/4" Round CR Steel 5. Hammer, 2" Round, CR Steel
3. Nut, %2 - 13 Hex, Steel (3 required) 6. Washer, Flat, 1/2" Steel

Sling Hammer Puller
Figure 3

d) Preparation for Exciter Armature Removal

(1) Remove exciter cover from end canopy and the exciter armature cover from the end of the
generator.

(2) Place a block bar (pry bar) into the generator fan assembly to keep the generator armature from
rotating.

To prevent personal injury, keep fingers and hands clear of generator assembly until
the armature is block into place to prevent rotation.
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3)

(4)

(5)

Remove exciter housing cover as required. Remove the %2 - 13 cap screw, which holds the
exciter armature and key retainer on the generator shaft.

Refer to Figures 1 and 2. Disconnect the two rectifier-to-generator field leads. One lead, with a
ring type terminal, is attached to the rectifier mounting plate with a screw and the other lead goes
into a splice type connector with three other leads coming from the exciter armature windings. Cut
the leads at the connector for removal of the one field lead. Cut as close as possible to the
connection as to preserve lead length for reconnection later during exciter armature installation.

Take EXERCISE CARE to prevent damage to leads. Remove kinks in the two generator leads
as much as possible before starting removal operation (The exciter armature will be sliding over
these leads.).

e) Exciter Armature Removal

1)

Removing the Threaded Key with Sling-Hammer Puller

Refer to Figure 2 for location of threaded machine key. Attachment of the assembled puller to the
key in one operation is not recommended because the weight and bulk of the assembly make
threading the 1/4 inch stud into the key rather clumsy. This could result in cross-threading and
damage to key and stud. It is safer and easier to attach as follows:

a Thread stud (1, Figure 3) into adapter (2) until it bottoms, then thread this assembly (1) and
(2) into key until stud bottoms in key threads. Tighten securely.

b If hammer (5) and rod (4) are not already assembled, thread one nut (3) onto adapter end of
rod (4). Thread rod into adapter until it bottoms, then tighten nut securely against adapter.
Slide hammer (5) onto rod and install washer (6) and two nuts (3). Thread nuts onto rod until
both nuts are full threaded and locked together.

Be very careful during removal process (slide-hammering) to avoid injury to hands.

CAUTION

Exercise care to prevent breaking or damaging stud.

¢ Position hammer at adapter end of rod.

d Quickly move hammer to outer end of rod with a rapid, slinging motion. HOLD the hammer
through the entire motion. If hammer is allowed to slide free on the rod, the stud could be
DAMAGED or BROKEN.

e Repeat step (c) and (d) as required to loosen key, then remove key and slide-hammer puller.

f  After key is removed, apply penetrating oil in the armature and shaft keyways.

(2) Removing the Exciter Armature

April 01, 2005 Chapter 3-1

Page 5



OM-2098C / Operation and Maintenance Manual

X CGROUND POWER
60CU24 / Series 500060C / 400 Hz. Generator Set

CAUTION

Leads may be damaged if armature is turned too far in either direction.

a Place a block bar (pry bar) into the generator fan assembly to keep the generator armature
from rotating.

To prevent personal injury, keep fingers and hands clear of generator assembly until
the armature is block into place to prevent rotation.

b Attempt to loosen exciter armature on shaft by rotating it slightly back and forth. If armature
cannot be loosened by hand, use two 3/8 — 16 X 5-inch hex-head bolts as shown in Figure 4
to force the exciter armature off the shaft. Turn each of the two screws a few turns at a time
into the threaded holes of the diode mounting plate until the exciter armature is sufficiently
loosened from the shaft to be removed from it by hand. Remove it slowly from the shaft and
at the same time observe the following CAUTION.

CAUTION

Pay close attention to field leads while pulling exciter armature from shaft. Make
CERTAIN that the leads stay in the 1/2" keyway. One mechanic should watch them
constantly while another operates the puller. Make certain that leads do not catch and
be sure that they slide smoothly through the hole (Figure 2). Straighten leads and
remove kinks as required to avoid damage to insulation.

4) Installation Exciter Armature
a) Preparation for Exciter Armature Installation
(1) Clean generator shaft and exciter armature bore. Remove all rust, corrosion, etc.

(2) Make CERTAIN that the leads are tucked into the 1/2" keyway, which is opposite from the 3/8"
keyway in the generator armature shaft.

(3) Route the revolving field leads (step 2 above) through exciter armature hole (Figure 2), which is
opposite the keyway.

(4) Align armature keyway with key in shaft and start armature on shaft.
b) Exciter Armature Installation

(1) If the exciter armature-to-generator shaft fit is such that the exciter armature may be pushed on
by hand, push it on very slowly while another mechanic carefully watches and pulls field leads
through hole in the exciter armature diode mounting plate. Continue installation until the diode
mounting plate contacts the end of the generator shaft. If the exciter armature cannot be pushed
on by hand, use a 2 - 13 X 5-inch hex-head bolt and ¥z - 13 nut as shown in Figure 5 to pull the
exciter armature onto the generator shaft. Put the exciter armature on slowly and at the same
time pull field leads through the hole (Figure 2) in the diode mounting plate. Screw the nut onto
the bolt until it is near the head of the bolt. Insert the bolt through the hole in the center of the
diode mounting plate as far as it will go, and screw it into the end of the armature shaft. Screw the
nut up against the diode mounting plate. Continue turning the nut until the diode mounting plate
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contacts the end of the generator shaft, just as is shown in the lower portion of Figure 5. After
installation, remove the bolt and nut.

Exciter Armature

]

Threaded Hole In Diode Mounting Plate

/

Generator

Armature Shaft

S

"y |I]]I]]]].[[l[[l[[[]I]]]]]]]‘[[l[[l[[[]I]]]]IJ.l[[l[[[[[]]]]]HH.IH[[H[HH]H]IE
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Threaded Hole In Diode Mounting Plate

—— =

Screw the two 3/8 — 16 x 5-inch bolts into the threaded holes of the diode
mounting plate to force the exciter armature off the generator armature shaft.

Exciter Armature Removal
Figure 4

(2) Connect the two generator field leads to the exciter armature as follows:

a

b

c

Connect lead with ring type terminal to the screw provided to the mounting plate (Figure 2).

Connect the other field lead to the three leads coming off of the exciter armature windings.
Use parallel splice connector, crimp and solder for a good connection.

Insulate with sleeving material or wrap with electrical tape.

(3) Install the Machine Key

a Clean the machine key thoroughly. All mounting surfaces must be free of rust, corrosion, oil,
grease, etc.

b Apply LOCQUIC primer, No. 47-56 grade T to SIDES of machine key. Do not over prime. A
thin film is best. Allow to dry three to four minutes.

c Apply a thin coating of LOCTITE, No. 242 adhesive to SIDES of keyways in shaft and
armature. Be certain to remove any excess from mounting surfaces on shaft and bore of
armature.
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NOTE: Application of “Loctite” is to compensate for any looseness in machine key and keyway (up to
0.005 inch). Manufacturers of LOCTITE and other recommended products are listed below.

When exciter armature removal is for the replacement of bearings and no kit is involved, be sure that
LOCTITE is used (No. 242 is recommended), which is a milder adhesive than that recommended in
the manual.

When kits are involved, the correct grade of LOCTITE is included in the Kit.

The application of NEVER-SEEZ to the shaft and armature bore is NOT recommended because there
is a danger that it may mix with and contaminate the LOCTITE. Application of NEVER-SEEZ will be
at the customer’s risk. LOCTITE can lose its adhesive and tightening properties if contaminated by
rust preventatives, oil, or other lubricants and antirust products.

Recommended Products Manufacturers:

e “LOCQUIC” No. 47-56, Primer Grade T

e “LOCTITE"” No. 40-31, Retaining Compound, Manufactured by Loctite Corporation, Newington,
Connecticut 06111

o “NEVER-SEEZ” No. NSBT-8 (8 0z. can), Manufactured by Never-Seez Compound Corporation,
Broadview, lllinois 60153

e “NOCO10" Varnish No. T-211 (clear, air dry), Manufactured by Sterling Division of Reichhold
Chemical Incorporated, Marysville, Pennsylvania 17053

d Apply LOCTITE, No. 242 to SIDES of new type threaded machine key. A thin film 0.005 to
0.010 inch thick is adequate and desirable.

e Ensure keyways in the generator armature shaft and exciter armature are aligned.
f Insert UNTHREADED end of key in keyways, and then tap lightly until threaded end is flush

with end of shatft.
(4) Secure the exciter armature and key retainer on generator shaft with the % - 13 hex head cap

screw.
CAUTION ; ,
Allow at least 6 hours for complete cure and set up of Loctite before operating
machine.
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Exciter Armature
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(Remove the % - 13 x 5-inch bolt and the nut after installing
the exciter armature on the generator armature shaft.)

Exciter Armature Installation
Figure 5
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Section 2 Dual Bearing Flexible Coupling

1) General

This manual provides basic instructions for removal, service and installation of a flexible coupling
assembly, with generator fan, manufactured by Hobart Ground Power as Part Number 281701. This
assembly is illustrated in Figure 1. The primary function of this assembly is to couple a Hobart 2400 RPM
Generator to a Diesel engine. The flexible coupling assembly compensates for slight misalignment

between the engine and the generator, due to manufacturing tolerances. A tapered bushing and hub
secures the coupling to the generator shatft.

1]
I

Coupling Assembly
Figure 1

2) Disassembly

Removal of the flexible coupling is required for servicing the generator armature, generator bearings, or
the coupling itself. To remove the coupling, for any reason, it is necessary to separate the engine and
generator. However, separating the engine and generator while they are installed in the Ground Power
Unit is VERY DIFFICULT because of the limited working space. During removal DO NOT cut any cables
or wires. Disconnect and tag them for re-assembly.

a) Separate Engine and Generator

(1) Refer to Chapter 3, Section 3 for generator assembly removal.
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Access To Coupling Bolts
(for removal or installation)
Figure 2

b) Remove Coupling Assembly

To prevent personal injury, keep fingers and hands clear of generator assembly until
the armature is block into place to prevent rotation.

(1) Referto Figure 3. Using a socket wrench, remove all three of the 3/8-16 bolts that secure the
bushing to the hub.

(2) Using a 3/16-inch Allen wrench, loosen the set-screw in the bushing to release pressure on the
key.

(3) To separate the bushing from the hub, lubricate two of the 3/8-16 bolts and insert them into the
two threaded holes in the bushing flange. With socket wrench, screw these bolts into the bushing
such that the bushing pops loose from the hub, alternating from bolt to bolt.

(4) When the bushing is loose in the hub, use a mallet to GENTLY tap the bushing out of the hub.

(5) Slide the coupling assembly off the shaft and remove the key.

(6) Inspect the coupling assembly components carefully as follows:

a Check for deformed fan blades and damage to the disk.

b Check the rubber exposed at both ends of the bushings for signs of deterioration.

¢ Check hub and bushing for cracks, evidence of galling, and rust pits. Light rust is permissible
on the bushing and the tapered bore of the hub.
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d Check the shaft for any damage or deformation where the coupling was mounted on it.

e Check rubber bushing alignment to make sure that the dimension illustrated in Figure 4 is
maintained.

1. Bolt, 3/8-16 UNC (3) 5. Key

2. Taper Lock Bushing 6. Set Screw

3. Taper Lock Hub 7. Fan/Coupling Disk
4. Tapped holes (2) 8. Armature Shaft

Hub and Bushing
Figure 3
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3) Coupling Service

When ordering coupling kits or other parts from your ITW GSE Group Distributor, be sure to include all
pertinent information from the unit’s identification plate: Specification No., Model No., and unit rating.

If you have any questions concerning your ITW GSE Group equipment, immediately contact our Service
Department by mail, telephone, e-mail, or FAX.

Write: ITW GSE Group
Hobart Ground Power
Service Department
1177 Trade Road East
Troy, Ohio 45373

U.S.A
Call Inside U.S.A.: (800) 422-4166 (Parts)
(800) 422-4177 (Service)
Call From Foreign Countries: (937) 332-5050 (Parts)
(937) 332-5060 (Service)
FAX Inside U.S.A. (800) 367-4945
FAX From Foreign Countries: (937) 332-5121
E-Mail : service@itwgsegroup.com
Web Page : www.itwgsegroup.com

a) Replacement Coupling Kit

A replacement coupling kit is available from your ITW GSE Group Distributor. This kit provides a
replacement coupling assembly with attaching hardware and installation instructions.

b) Bushing Kit
A bushing kit is available from the ITW GSE Group for replacing the rubber bushing only in the
coupling assembly. However, it should be noted that the finished coupling assembly must be
balanced to 1/2 inch-ounce (360 mg-m) minimum, which may be a problem in the field. If bushing
replacement only is required, the kit part number is 480290. Each kit contains the required number of
bushings, a container of lubrication, and installation instructions.

¢) Bushing Replacement
To replace bushings only, proceed as follows:

(1) Press out ALL old bushings.

(2) Refer to Figure 4. Clean each bushing socket thoroughly, removing all traces of old rubber. DO
NOT scratch or deform the bore of the bushing socket.
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(3) Shake the container of lubricant (supplied with kit) vigorously and poor it into a small shallow dish.

(4) Roll a bushing in the lubricant to coat it thoroughly. Press it into a socket (from the chamfered
end) to the dimension shown in Figure 4.

(5) Repeat step 4 until all new bushings are installed.
(6) Balance the complete coupling assembly to 1/2 inch-ounce (360 mg-m) minimum.

4) Coupling Installation

To prevent personal injury, keep fingers and hands clear of generator assembly until
the armature is block into place to prevent rotation.

CAUTION

Improper installation of the coupling assembly can result in serious damage to the

equipment. Follow these installation instructions exactly.

a) Cleaning

Refer to Figure 5. It is VERY IMPORTANT that the shaft, the bore and the outside of the split
bushing, and the tapered inside of the hub be thoroughly CLEANED FREE OF DIRT AND GRIT.

CAUTION : N -
Do not lubricate any of the surfaces listed above. Lubrication of these surfaces can
cause the coupling to fail and damage the generator set. Slight traces of rust are
permissible on the surfaces.

b) Assembly

(1) If an adapter ring must be replaced, remove the bolts that secure it to the flywheel. Discard the
old adapter ring and bolts. Install the new adapter ring (see Chapter 4) using the new socket head
bolts.

Torque all bolts to 45 ft-Ibs (61 N-m).

The new adapter ring and bolts are included in the kit, when required.

(2) Refer to Figure 3. Assemble the bushing into the hub.

CAUTION

Make certain that only the bolts are lubricated, and that no lubricant is permitted to get

inside the bushing where the armature shaft will enter the bushing.

(3) Lubricate the three 3/8-16 bolts SPARINGLY and start them into the three (unthreaded) holes
finger-tight.

(4) Slide the generator armature as far as it will go toward the fan housing. Block the armature to
maintain this forward position throughout the installation procedure. Block the armature with a
wooden block or wedge, being careful not to damage any components of the armature or exciter.
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CAUTION

Do not rotate the armature while this block is installed.

(5) Install the key in the shaft keyway.

(6) Place the bushing in the hub over the installed key, and install the coupling assembly on the
shaft, with the bushing approximately flush with the end of the shaft.

(7) Using a 3/16-inch Allen wrench, tighten the set screw in the bushing to apply pressure on the key.

(8) Refer to Figure 7. Place a straightedge across the two adjacent bushings and measure the
distance from the bushings to the mounting face of the generator fan housing. Slide the coupling
assembly on the shaft until this dimension is 1/16-inch (1.6 mm) LESS than the dimension

recorded in Figure 6 above. The tapered hub will be pulled onto the split bushing 1/16-inch (1.6

mm) when the 3/8-16 bolts are completely tightened.

(9) Tighten the 3/8-16 bolts alternately and evenly as follows:

a Setatorque wrench to 30 foot-pounds (41 N-m) and tighten all three 3/8-16 bolts to that
value. Block the coupling against clockwise rotation with a bar, as illustrated in Figure 2.
Observe the CAUTION above when it is necessary to rotate the shatft.

b Repeat step (a) above until 3/8-16 bolts can no longer be tightened.

¢ Recheck the dimension in Figure 7 to be sure it is the same as the dimension in Figure 6.

5) Reassemble Engine and Generator

CAUTION

Use of the proper coupling bolts is very important. Failure to use the proper bolts, as

outlined below, can result in coupling failure and damage to the generator set.

a) Insert the new coupling bolts (see Chapter 4) with lock washers through the bushings from the FAN
side of the coupling.

b) Using a hoist, align the generator fan housing flange with the flange on the engine flywheel housing
and insert two of the attaching bolts, one on each side of the flange. Start the bolts into the tapped
holes in the flywheel housing just enough to ensure thread engagement. DO NOT TIGHTEN.

c) Block rotation of generator and turn all of the coupling bolts into the tapped holes in the flywheel until
finger tight. DO NOT tighten with a wrench.

d) Insert all remaining attaching bolts (two installed in Step B, above) through the generator flange,
engaging the tapped holes in the flywheel housing, and tighten them all securely.

e) Torque all coupling bolts to 85 ft-lbs (115 N-m).

CAUTION

Remove all armature blocks, otherwise, damage to the armature could result.
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6) Run-in and Periodic Check
a) Mount the engine-generator assembly in a suitable test area and operate it for a 2-hour run-in.

b) Shut down the engine after 2 hours and re-torque all coupling bolts to 85 foot-pounds (115 N-m) to
compensate for normal torque relaxation.

¢) Return the unit to normal service.

d) After 200 hours of operation, check all coupling bolts with a torque wrench set at 85 foot-pounds (115
N-m).

e) Return the unit to normal service.

f) After each additional 2,000 hours of operation (or every year) recheck all coupling bolts to maintain
the same torque value.
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Assembly Procedure
Figure 5

Measure from mounting face to adapter ring.
Figure 6
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Measuring From Mounting Face To Bushing
Figure 7
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Section 3 Generator Assembly

1) General
This section provides information and instructions for removal and installation of the generator set.
2) Generator Assembly Removal

a) Procedure for Gaining Access to the Generator

Before starting removal of the generator assembly, position the front section of the
generator set under a hoist, which is capable of lifting at least 940 pounds (426 kg),
which is the weight of the generator assembly.

When removing generator assembly, refer to the Connection Diagram in Chapter 5 and proceed as
follows:

(1) Disconnect battery leads from the generator set.
(2) If a transformer-rectifier (T-R) assembly is mounted on the generator set, remove T-R assembly.
(3) Disconnect clearance light wires from the top canopy (if installed).
(4) Remove top canopy panel.
(5) Remove all four doors, and panels below door.
(6) Remove the control box.
(7) Remove the air cleaner and the pipe/hoses connecting it to the engine.
Note: Cover the turbo inlet while the air cleaner is removed.
(8) Disconnect generator leads from contactor and CT wires from power module.
(9) Remove the power module.
(10)Remove (if applicable) the DC components and the tray supporting them.
(11)Remove generator housing cover.
b) Removing the generator Assembly

(1) Remove the four 5/8 - 11 x 4-1/2 bolts that mount the generator assembly to the frame of the
generator set.

(2) Support the engine at the flywheel housing with wooden blocks, or second hoist if available.

(3) Using the hoist, support the generator assembly. For lifting convenience, a ¥z - 13 threaded hole
is drilled in the top of the generator housing. Insert a % - 13 lifting eye in the hole and attach the
hoist chain to the eyebolt as shown in Figure 1.
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(4) Remove the 5/8 - 11 x 4-1/2 bolts generator-to-flywheel coupling bolts.

(5) Detach the generator housing from the engine. Do this by removing the six M10 - 1.5 x 35 metric
bolts.

(6) Carefully lift and separate the generator from the engine.

Hoist

Generator

Generator Lifting Arrangement
Figure 1
3) Generator Assembly Installation
Installation of a generator assembly is essentially a reversal of the procedure for removal of the generator
assembly: the re-mounting of the generator assembly to the frame of the generator set, and the
remounting of the assemblies that were removed to gain access to the generator assembly. To install the
generator assembly, refer to Connection Diagram, and proceed as follows:
a) Remounting the Generator Assembly

(1) Support engine at flywheel housing with wooden blocks, or second hoist if available.

(2) Using the hoist, support the generator assembly and lower it carefully and slowly into position for
attachment to the engine.
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(3) While still supporting the generator assembly with the hoist, attach the generator housing to the
engine, using the six M10 - 1.5 x 35 metric bolts. Torque bolts to 25 ft-Ib (30 N-m).

(4) Attach the generator to the flywheel coupling, using the eight M12-1.75 bolts. Torque bolts to 85
ft-lb (115 N-m).

(5) Mount the generator housing to the frame of the generator set, using the four 5/8 - 11 x 4-1/2
bolts.

(6) Install the generator wrapper on the generator assembly, using 1/4 - 20 x 1/2 tap-tite screws.

b) Remounting the previously removed assemblies

(1) Remount the remaining pieces of the unit in reverse order of disassembly procedure.
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Chapter 4 lllustrated Parts List

Section 1 Introduction

1)

2)

3)

4)

General

The lllustrated Parts List identifies, describes, and illustrates main assemblies, subassemblies, and detail
parts of an Engine-Generator Set manufactured by ITW GSE Group, Hobart Ground Power.

Purpose
The purpose of this list is to provide parts identification and descriptive information to maintenance and

provisioning personnel for use in provisioning, requisitioning, purchasing, storing, and issuing of spare
parts.

Arrangement

Chapter 4 is arranged as follows:
Section 1 - Introduction
Section 2 - Manufacturer's Codes

Section 3 - Parts List
Section 4 - Numerical index

Explanation of Parts List
a) Contents

The parts list contains a breakdown of the equipment into assemblies, subassemblies, and detall
parts. All parts of the equipment are listed except:

(1) Standard hardware items (attaching parts) such as nuts, screws, washers, etc., which are
available commercially.

(2) Bulk items such as wire, cable, sleeving, tubing, etc., which are also commercially available.

(3) Permanently attached parts, which lose their identity by being welded, soldered, riveted, etc., to
other parts, weldments, or assemblies.

b) Parts List Form

This form is divided into six columns. Beginning at the left side of the form and proceeding to the
right, columns are identified as follows:

(1) FIGURE-ITEM NO. Column

This column lists the figure number of the illustration applicable to a particular parts list and also
identifies each part in the list by an item number. These item numbers also appear on the
illustration. Each item number on an illustration is connected to the part to which it pertains by a
leader line. Thus the figure and item numbering system ties the parts lists to the illustrations and
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vice-versa. The figure and index numbers are also used in the numerical index to assist the user
in finding the illustration of a part when the part number is known.

(2) FACTORY PART NUMBER Column

All part numbers appearing in this column are Hobart numbers. In all instances where the part is
a purchased item, the vendor’s identifying five-digit code and his part number will appear in the
“NOMENCLATURE” column. Vendor parts, which are modified by Hobart, will be identified as
such in the “NOMENCLATURE” column. In case Hobart does not have an identifying part
number for a purchased part, the “FACTORY PART NUMBER” column will reflect “No Number”
and the vendor’'s number will be shown in the “NOMENCLATURE” column. Parts manufactured
by Hobart will reflect no vendor or part number in the “NOMENCLATURE” column.

(3) NOMENCLATURE Column

The item-identifying name appears in this column. The indenture method is used to indicate item
relationship. Thus, components of an assembly are listed directly below the assembly and
indented one space. Vendor codes and part numbers for purchased parts are also listed in this
column when applicable. Hobart modification to vendor items is also noted in this column.

(4) EFF (Effective) Column

This column is used to indicate the applicability of parts to different models of equipment. When
more than one model of equipment is covered by a parts list, there are some parts that are used
on only one model. This column is used for insertion of a code letter A, B, etc., to indicate these
parts and to identify the particular model they are used on. Since this manual covers more than
one generator set specification, this column is used as follows:

Parts coded “A” are usable on Part Number 500060C-001 only.
Parts coded “B” are usable on Part Number 500060C-002 only.
Parts coded “C” are usable on Part Number 500060C-003 only.
Parts coded “D” are usable on Part Number 500060C-004 only.
Parts coded “E” are usable on Part Number 500060C-005 only.
Parts coded “F” are usable on Part Number 500060C-006 only.

Parts coded “G” are usable on Part Number 500060C-007 only.
Parts coded “H” are usable on Part Number 500060C-008 only.
Parts coded “J” are usable on Part Number 500060C-009 only.

Parts coded “K” are usable on Part Number 500060C-010 only.
Parts coded “L” are usable on Part Number 500060C-011 only.

Parts coded “M” are usable on Part Number 500060C-101 only.
Parts coded “N” are usable on Part Number 500060C-102 only.
Parts coded “O” are usable on Part Number 500060C-103 only.
Parts coded “P” are usable on Part Number 500060C-104 only.
Parts coded “Q” are usable on Part Number 500060C-105 only.
Parts coded “R” are usable on Part Number 500060C-106 only.
Parts coded “S” are usable on Part Number 500060C-107 only.
Parts coded “T” are usable on Part Number 500060C-108 only.

Parts coded “U” are usable on Part Number 500060C-109 only.
Parts coded “V” are usable on Part Number 500060C-110 only.
Parts coded “W” are usable on Part Number 500060C-111 only.
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(5) UNITS PER ASSEMBLY Column

This column indicates the quantity of parts required for an assembly or subassembly in which the
part appears. This column does not necessarily reflect the total used in the complete end item.
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Section 2 Manufacturer's Codes

1) Explanation of Manufacturer’s (Vendor) Code List

The following list is a compilation of vendor codes with hames and addresses for suppliers of purchased
parts listed in this publication. The codes are in accordance with the Federal Supply Codes for
Manufacturer's Cataloging Handbook H4-1, (CAGE CODES) and are arranged in numerical order.
Vendor codes are inserted in the nomenclature column of the parts list directly following the item name
and description. In case a manufacturer does not have a code, the full name of the manufacturer will be
listed in the nomenclature column.

Code Vendor’'s Name and Address Code Vendor’'s Name and Address
00779 Amp Inc. O5HB5 Magnecomp Inc
2800 Fulling Mill Rd. 161 Eagles Nest Dr
P.O. Box 3608 Pickens Sc 29671-7808
Harrisburg, PA 17105-3608
01XD4 Contact Industries Inc 05YB3 Acon Inc.
25 Lex-Industrial Dr 22 Bristol Dr.
P.O. Box 3086 South Easton, MA 02375
Mansfield OH 44904-3086
01428 Tuthill Corp. 0E8JO Emka Inc.
Superior Linkage Div. 1961 Fulling Mill Rd.
2110 Summit St. Middletown, PA 17057-3125
New Haven, IN 46774-9524
016T7 Amaton Inc. OHZP9 Diesel Radiator Co.
446 Blake St. 1985 Janice Ave.
New Haven, CT 06515 Melrose Park, IL 60160
01989 Dana Corp OH8RO Magnetics
Weatherhead Div 200 10TH st.
U.S. 24 E. P.O. Box 391
Antwerp, OH 45813 Butler, PA 16003-0391
02660 Amphenol Corp. OMR72 Power Devices Inc.
720 Sherman Ave 26941 Cablot Rd
Hamden, CT 06514-1146 Suite 124
Laguna Hills, CA 92653-7006
02768 lllinois Tool Works Inc. 0ZwW45 KHD Deutz Of America Corp
Fastex Division 3883 Steve Reynolds Blvd
19 S. Algonguin Rd. Norcross Ga 30093
Des Plaines, IL 60016
05277 Westinghouse Electric Company 1AA44 Collmer Semiconductor Inc.
Semiconductor Division C/O NA-NA Co.
Hill Street 14368 Protopn Rd.
Youngwood, PA 15697 Dallas, TX 75244-3511
054wW1 Talema Electronic Inc. 1DG36 E. M. Products Inc.
3 Industrial Park Dr. 220 W. 90th St.
P.O. Box 306 Minneapolis, MN 55420
Saint James, MO 65559
April 01, 2005 Chapter 4-2
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Code Vendor’s Name and Address Code Vendor’s Name and Address
1E045 Austin Hardware and Supply Co. 14552 Microsemi Corp
10220 E. 65TH St. 2830 S. Fairview St.
P.O. Box 9550 Santa Ana, CA 92704-5948
Kansas City, MO 64133-5205
1E222 Furnas Electric Co. 14799 Square D Co.
Richmond, VA 23200 Chicago Assembly Plant
9522 W. Winona
Schiller Park, IL 60176-1025
1FQ83 Newark Electronics Div 14604 Elmwood Sensors, Inc.
3033 Kettering Blvd Subsidary Fasco Ind.
Dayton OH 45439 1655 Elmwood Avenue
Cranston, Rl 02907
1PAMO DAVCO Manfacturing 14892 Bendix Corp.
1600 Woodland Dr. The Brake And Steering Div.
Saline MI 48176 401 N Bendix Dr
South Bend IN 46634
1SPJ9 Hobart Ground Power 16238 Lord Mfg. Co. Inc.
1177 Trade Road East Sterling Road
Troy, OH 45373 South Lancaster, Mass 01561
1W134 Eaton Corp. 16476 Datcon Instrument Co.
4201 N. 27TH Ave. P.O. Box 128
Milwaukee, Wl 53216-1807 East Petersburg, PA 17520
1Y498 F B Wright 17284 Mercury Metal Company
100 E Wilson Bridge Rd 1201 S. Mercury Dr.
Columbus Oh 43085-2334 Schaumburg, IL 60193
12662 Peterson Mfg Co. 18265 Donaldson Co. Inc.
4200 E 135th St 1400 W. 94th St.
Grandview MO 64030-2821 P.O. Box 1299
Minneaplis, MN 55440-1299
12687 Trilectron Industries 2B664 All-Phase Electric Supply Co
11001 U.S. Hwy. 41 North 1620 W Main St
Palmetto, Florida 34221 P.O. Box 149
Springfield OH 45501-0149
13445 Cole-Herse 2B928 Barber Colman Co.
20 Old Colony Ave. Pasadena, TX 77501
Boston, MA 02127
13902 Smith Valve Corp. 2N562 Power Transmission Sales Inc.
1 Apple HL Suite 316 351 Washington
Natick, MA 01760-2072 P.O. Box 229
Chagrin Falls, OH 44022-4446
April 01, 2005 Chapter 4-2
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Code Vendor’s Name and Address Code Vendor’s Name and Address
23803 N T N Bearing Corp of America 30327 Imperial Eastman Corporation
650 Pennsylvania Dr 6300 W. Howard Street
Exton PA 19341 Chicago, IL 60648
23826 Furnas Electric Company 30430 Marathon Electric Mfg. Corp.
1004 McKee Street 398 Beach Rd.
Batavia, IL 60510 Burlingame, CA 94010-2004
24161 Gates Rubber Co 38151 Marathon Electric Mfg. Co.
900 S Broadway 100 E. Randolph St.
Denver CO 80217-5887 P.O. Box 8003
Wausau, WI 54401-2568
24446 General Electric Co. 40121 Peterson Mfg. Co. Inc.
3135 Easton Tpke. 700 W. 143rd St.
Fairfield, CT 06431 P.O. Box 8
Plainfield, IL 60544-9733
25710 Deka Plastics Inc. 44655 Heico Ohmite LLC
914 Westfield Ave. 3601 W. Howard St.
Elizabeth, NJ 07208-1222 Skokie, IL 60076-4014
26794 Connectron Inc. 46922 Crawford Electric Co
12 Industrial Dr. 445 E 32 Mile Rd
South Amboy, NJ 08879 Romeo MI 48065-0120
27410 Harris Corp. 49234 Protectoseal Company
1025 Nasa Blvd. 1920 S. Western
Melbourne, FL 32919 Chicago, lllinois 60608
28520 Heyco Molded Products Inc. 5E599 NVF Company
1800 Industrial Way N. Primary Products Div
P.O. Box 517 Yorklyn Rd
Toms River, NJ 08755 Yorklyn, DE 19736
3A054 McMaster Carr Supply Co. 5P059 Tech Products Corp.
9630 Norwalk Blvd. 2348 Sandridge Dr.
Santa Fe Springs, CA 90670-2932 Dayton, OH 45439
3Y208 Taylor And Summerville Battery Co 5U553 Wes-Garde Components Group Inc
3485 Successful Way 300 Enterprise Dr
Dayton Oh 45414-4319 Westerville OH 43081-8840
30104 Automotive Controls Corp. 50508 Magnetic Components Inc.
1300 W. Oak St. 9520 Ainslie St.
P.O. Box 788 Schiller Park, IL 60176-1116
Independence, KS 67301-2347
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Code Vendor’s Name and Address Code Vendor’s Name and Address

52793 Saginaw Products Corp. 60038 Timken Corp

68 Williamson St. 1835 Dueber Ave Sw

Saginaw, Ml 48601-3246 Canton, OH 44706-2798
55752 Parker Hannifin Corp. 61706 EAO Switch Corp.

Racor Div. 198 Pepes Farm Rd.

3400 Finch Rd. P.O.Box 552 M O

Modesto, CA 95353-3208 Milford, CT 06460-3670
56289 Sprague Electric Company 66180 Automatic Timing and Controls

87 Marshall St. 3312 Bloomingdale

North Adams, MA, 01247 Melrose Park, IL 60160-1030
57347 Wall Industries Inc. 66844 Powerex Inc.

5 Watson Brook Rd. E. Hillis St.

Exeter, NH 03833 Youngwood, PA 15697-1176
57448 Stephens & Adamson Mfg. Company | 62292 EBM Industries Inc.

275 Ridgeway Avenue 110 Hyde Rd.

Aurora, lllinois 60507 P.O. Box 4009

Farmington, CT 06034-4009

57733 Stewart-Warner Corporation 67529 All-Phase Electric Supply Co.

1826 Diversey Parkway 875 Riverview Dr.

Chicago, lllinois 60614 P.O. Box 67

Benton Harbor, Ml 49022-0067

59993 International Rectifier Corp 7M613 Wright F.B. Co. of Cincinnati

233 Kansas St. 4689 Ashley Dr.

El Segundo, CA 90245 Hamilton, Oh 45011-9706

6H359 Hobbs Div., of Stewart Warner Corp. 71382 Seal Master Bearings
Highway 6 1901 Bilter Rd.
Spring Valley, IL 61362 Aurora, IL 60504-9620

6S553 Wes-Garde Components Group Inc 71400 Bussman Manufacturing

300 Enterprise Dr Division of McGraw-Edison Company
Westerville, OH 43081-8840 114 Old State Road
St. Louis, MO 63178

6Y440 Micron Technologies Inc. 71774 General Electric Corp. Lamp Division
8000 S. Federal Way 4433 N. Ravenswood Ave.
Boise, ID 83707 Chicago, IL 60640

6Y481 Hamilton Avnet Electronics Corp 72582 Detroit Diesel Corp
777 Brooksedge Blvd 13400 W. Outer Dr.
Westerville, OH 43081-2821 Redford, Ml 48239-4001
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Code Vendor’s Name and Address Code Vendor’s Name and Address
72619 Amperex Electronic Corp. 8A334 Cummins Interstate Power Inc
Dialight Division 4000 Lyman Dr
203 Harrison Place Hilliard OH 43026
Brooklyn, NY 11237
74829 llsco Corp. 8T246 Whitesell RO & Associates, Inc.
4730 Madison Rd. 4133 S. Dixie Ave.
Cincinnati, OH 45227-1426 Dayton, OH 45439
77166 Pass and Seymour 81074 Holub Industries, Inc.
P.O. Box 4822 413 DeKalb Avenue
Syracuse, NY 13221 Sycamore, lllinois 60178
74542 Hoyt Electrical Instruments 81703 Mulberry Metal Products Inc.
P.O. Box 8798 2199 Stanley Terrace
Penacook, NH 03303 Union , NJ 07083
74545 Hubbell Harvey Inc. 82866 Research Products Corp.
584 Derby Milford Rd. 1015 E. Washington Ave.
Orange, CT 06477 Madison, WI 53701
75418 Kysor Industrial Corporation 83330 Dialight Corp.
1100 W. Wright Street 1913 Atlantic Ave.
Cadillac, Michigan 49601 Manasquan, NJ 08736-1005
74559 Electrical Enclosures 86797 Rogan Corp
Div Of Hoover Systems 3455 Woodhead Dr.
12118 Corporate Dr Northbrook, IL 60062-1812
Dallas TX 75228
77342 Potter and Brumfield Inc 90201 Embhart Ind., Inc.
200 S. Richland Creek Dr. Mallory Capacitor Co.
Princeton, IN 47671-0001 4760 Kentucky Ave.
Indianapolis, IN 46206
78377 Superior Carbon Products Inc 91637 Dale Electronics Inc.
Cleveland OH 44100 1122 23RD St.
Columbas, NE 68601-3647
78388 Synchro-Start Products Inc 91929 Honeywell Inc.
Sub of Knowles Electronics Inc Microswitch Div.
6250 W Howard St 11 W. Spring St.
Niles, Il 60714 Freeport, IL 61032
79497 Western Rubber Co. 94222 Southco Inc.
620 E. Douglas 210 N. Brinton Lake Rd.
Goshen, IN 46526-4035 Concordville, PA 19331
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Code

97520

D0024

E0615

S7023

Vendor’'s Name and Address

Basler Electric Company
Route 143

P.O. Box 269

Highland, IL 62249

Semikron International
Sigmundstrasse 200

P.O. Box 820251
Nuerengerg, Germany 90253

Kraus and Naimer

42 Miramar Avenue

P.O. Box 15-009
Wellington, New Zealand

Bossard LTD Fasteners
Steinhauserstrasse 70
Zug

Switzerland, CH-6300

Code

GROUND POWER

Vendor’'s Name and Address
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Section 3 lllustrated Parts List

1) Explanation of Parts List Arrangement
The parts list is arranged so that the illustration will appear on a left-hand page and the applicable parts

list will appear on the opposite right-hand page. Unless the list is unusually long, the user will be able to
look at the illustration and read the parts list without turning a page.

2) Symbols and Abbreviations

The following is a list of symbols and abbreviations used in the parts list:

* - Item not illustrated

A, or AMP - Ampere

AC - Alternating current

AR - As required

DC - Direct current

Fig. - Figure

hd. - Head

hex - Hexagon

Hz - Hertz (cycles-per-second)
I.D. - Inside diameter

IN or “ - Inch

KVA - Kilovolt-ampere

uF - Microfarad

No. - Number

NHA - Next higher assembly
PRV - Peak reverse voltage

PSI - Pounds per square inch
Ref - Reference (the item has been listed previously)
RH - Right Hand

LH - Left Hand

™ - Technical Manual

T-R - Transformer-rectifier

\% - Volt or used as a prefix indicating vendor code

NOTE: An item which does not reflect an index number is an assembly which is not illustrated in it's
assembled state, or it is similar (right-hand, left-hand, top, etc.) to an item which is illustrated.
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Fixed Mount Bracket

General Assembly
Figure 1
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36 288164-002
37  283714-004
* 38 400435

FIGURE FACTORY UNIT PER
ITEM NO. PART NO. MCLIIENEH IR EFF ASSY.
1-
* 1 No Number  Frame Assembly Components (Figure 2) Ref.
2 No Number  Canopy Assembly (Figure 3) Ref.
* 3 No Number  Generator Set Interior Components (Figure 4) Ref.
4 285125 Guard, Mushroom Button 1
5 288300 Emergency Stop Label 1
* 6 77A1157 Switch, Maintained, Push-Pull 1
7 288060-001 Exhaust, Rain Cap 1
* 8 288021 Control Cover 1
9 288023 Wing Knob Latch 2
* 10 288020 Bracket Latch 2
* 11 288022 Hinge, Control Cover 1
* 12 287460 High Voltage Label 2
* 13 287461 Fuel Label 1
* 14  403091-008 Hole Plug 1
15 488640 Output Cable Bracket, DC E,F,.GK.LQ,R,S VW 1
288120 Output Cable Bracket, AC ACEFGHJIKLM, 1
0,Q,R,S,T,.UV,W
288120 Output Cable Bracket, AC B,D,N,P 2
16 7J422-0 Cable Clamp A,CM,0 2
7J422-0 Cable Clamp E,F.GHJKLQRST, 3
[SAYAY]
7J422-0 Cable Clamp B,D,N,P 4
17  287698-001 Output Cable Covers A,C,H,J,M,0,T,U 1
18 289127 Terminal Block Label 1
19 402987 Hobart Label 2
* 20 78A-1000 I.D. Label 1
* 21 287459 General Label 1
* 22 79A-1110 Option Label 1
23 76B-1148 Diesel Fuel Label 1
* 24 43077-002 Handing Label 1
* 25 287462 Radiator Label 1
* 26 287463 Hot Muffler Label 1
* 27 287464 Moving Parts Label 2
* 28 282658 Warning Clearance Label 1
* 29 288866 Support Center Label 1
* 30 288862 Engine Speed “Caution” Label 1
* 31 408665-001 Red Reflector C,D,F,G,KL,0,PRSV 4
* 408665-001 Red Reflector A,B,EH,J,M,N,Q,T,U 8
* 32 408665-002 Amber Reflector C,D,F,GK.L,0,P,RSV 12
* 408665-002 Amber Reflector A,B,E,H,JMN,Q,T,U 24
* 33 287696 Hearing Protection Label 1
* 34 287465 Warning Drawbar Label A,B,E,H,K,M,N,Q,T,V 1
* 35 287565 Tire Pressure Label AB,E,HKMN,Q,T,V 4
* 2
2
1

TR Unit Label
KVA Rating Label
28 Volts Nameplate

E,F,GK,.L,QR,S,V,W
A,B,C,D,H,J,M,N,O,P, T
AB,E.HKMN,QT,V

July 3, 2008
Revision 9

Chapter 4-3
Page 3




OM-2098C / Operation and Maintenance Manual GROUND POWER
60CU24 / Series 500060C / 400 Hz. Generator Set

Fixed Mount Bracket

General Assembly
Figure 1
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GROUND POWER

FIGURE FACTORY UNIT PER
ITEM NO. PART NO. NMOIENEHAITIRE EFF ASSY.
1-
* 39 407366 Caution Label 1
* 40 283691-001 Allen Wrench 1
* 41 288872 Fault and Command Label 1
* 42 287467 Glow Plug Label 2
* 43 488904 Frame Spacer Bracket, Assembly G,S 4
* 44 489690 Domestic Shipping Crate G,S 1
* 45 288727 Kit, Stationary Mounting C,D,F,J,L,0,P,R,UW Ref.
46 488904 ...Bracket, Spacer, Frame, Ay. C,D,F,J,L,0,P,R,UW 4
* 47 DWP-982 ...Bracket, Cable C,D,F,J,L,OP,R,UW 2
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6
7
Frame Assembly
(Stationary Frame Shown)
Figure 2
July 3, 2008 Chapter 4-3

Revision 9 Page 6




OM-2098C / Operation and Maintenance Manual
60CU24 / Series 500060C / 400 Hz. Generator Set

GROUND POWER

FIGURE FACTORYP UNIT PER
ITEM NO. ART NO. NMOIENEHAITIRE EFF ASSY.
2 -
1 289080 Control Panel Support, Left 1
2 288082 Fuel Tank Support 1
3 287972 Door Support Panel 2
* 288064-004 Door Support Panel Insulation 2
4 288373 Engine Support 1
5 287984 Battery Tray 1
6 287998 Front Panel Bracket 2
7 287950 Stationary Mounting Frame CDF.GJLOPRSUW 1
* 288340 Trailer / Frame Assembly ABEHKMNQTV 1
8 289081 Control Panel Support, Right 1
9 287957 Generator Support 1
10 287986 Control Panel Support 1
11 286862 Fuel Tank, Assembly 1
12 486719-013 Fuel Tank, Sending Unit 1
13 282562 Fuel Cap, Green 1
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Canopy Assembly
(Stationary Frame Shown)
Figure 3
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GROUND POWER

FIGURE FACTORYP UNIT PER
ITEM NO. ART NO. e HEE A TIRE 237 ASSY.
3- 1 287981 Top Canopy 1
* 288064-003 Top Canopy Insulation 1
288064-005 Top Canopy Insulation 1
2 287999 Radiator Cap Access Door 1
3 288352 Front Panel 1
* 287998 ...Bracket, Front Panel 2
4 287542-001 Door Latch, Hex Access 4
5 287526-002 Door Latch, Pull Tab 4
6 287978 Access Door 4
* 288064-001 Door Noise Insulation 3
* 288064-007 Door Noise Insulation, 1” 1
7 283824 Access Door Hinge (Right Hand Side) 4
8 283597 Access Door Hinge (Left Hand Side) 4
9 287977 Side Panel AB.CDEFHJIKLM, 3
N,0,P,Q,R,T,UV,W
287977 Side Panel G,S 4
* 288064-002 Side Panel Insulation AB.CDEFHJIKLM, 3
N,O,P,Q,R,T,UV,W
288064-002 Side Panel Insulation G,S 4
287785 Access Panel Fastener 16
10 289086 Lower Rear Panel 1
11 289094 Side Panel, w/ Fuel Opening AB,C,D,EFHJKLM, 1
N,O,P,Q,R,T,UV,W
* 288064-006 Side Panel Insulation AB.CDEFHJIKLM, 1
N,0,P,Q,R,T,U,V,W
* 12  403091-002 Plastic Hole Plug 1
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Internal Components
Figure 4
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GROUND POWER

FIGURE FACTORY UNIT PER
ITEM NO. PART NO. NMOIENEHAITIRE EFF ASSY.
4-
1 NoNumber 12 VDC Battery Components (See Figure 12) Ref.
2 No Number Engine Exhaust Components (See Figure 15) Ref.
289097-001 400 Hz. Power Module Components, Single AC ACHIMOT.U 1
Output (See Figure 9)
400 Hz. Power Module Components, Dual AC
289097-002 Output (See Figure 9) B.D,N,P 1
) 400 Hz. Power Module Components, Single AC E.F.GKLQR, 1
289097-005 & DC Outputs (See Figure 9) SV.W
4 No Number DC Output Components (See Appendix A) E,F.g.syb\,’Q,R, Ref.
5 No Number Engine Components (See Figure 14) - Ref.
6 No Number Cooling System Components (See Figure 10) Ref.
7 No Number Fuel System Components (See Figure 11) Ref.
8 No Number Governor Controller Components (See Engine Ref.
Manual)
9  287060-003 Generator Assembly (See Figure 16) Ref.
10 No Number Air Cleaner Components (See Figure 13) Ref.
11 289141-001 C_ontrol Box Assembly (Single AC Output) (See ACMO 1
Figures 5, 6 and 7)
) Control Box Assembly (Single AC Output with
289141-002 DC Output) (See Figures 5, 6 and 7) EFGQRS 1
) Control Box Assembly (Single AC Output with 1
289141-003 DC Output) (See Figures 5, 6 and 7) H..TU
) Control Box Assembly (Single AC Output with 1
289141-004 DC Output) (See Figures 5, 6 and 7) LYW
289141-005 C_ontrol Box Assembly (Dual AC Output) (See B.DN.P 1
Figures 5, 6 and 7)
* 12 288847-1 ...Mount, Rubber (V5P059 #51225) 4
* 13 No Number  Trailer Components (See Figure 17) A,B%HT,@M,N, Ref.
* 14 288727 Stationary Mounting Kit CDFGJILOP, 1
R,S,U,W
* 15 288236 Harness, Option 1
* 16 401911-020 Terminal Block, Options 1
17 288935 Engine, Cummins, QSB-110C 1
* 482496-002 ...Clamp, Universal 2
* 289103 ...Bracket, Engine Support (Left) 1
* 288347-002 ...Bracket, Engine Support (Right) 1
* 287967 ...Adaptor, Flywheel, Housing 1
* 287968 ...Ring, Spacer, Flexible Coupling 1
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13,16 17 13,15 12
Control Box Door Panel Assembly
Figure 5
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FIGURE FACTORY UNIT PER
ITEM NO. PART NO. NMOIENEHAITIRE EFF ASSY.
5- Door, Control Panel, Assembly, AC Output(s),

289018-006 Digital Meters [No T-R] . TU !
Door, Control Panel, Assembly, Single AC
289018-008 Output, Digital Meters [With T-R] LW 1
289018-011 Door, Control Panel, Assembly, AC Output(s), 1
Analog Meters [No T-R] ABCDMNOP
289018-012 Door, Control Panel, Assembly, Single AC EFGORS 1
Output, Analog Meters [With T-R] e
1 494134-001 Gauge, Fuel Level (V16476 #06339-01) 1
2 288995 Panel, Door, Control Box 1
3 287908 Gauge, Water Temperature (V16476 #06347-01) 1
4 181358 Meter, Running Time (6H359 #85101) 1
5 78A-1117-2 Gauge, Oil Pressure (V16476 # 06395-01) 1
6 286699-1 Gauge, Voltmeter 1
7 283167 Meter, Frequency (V74542 #D-1255119311) A’%%%%F,iGS'M' 1
288858-002 Meter, Frequency (Digital Meter) H,J.K,LT,UV,W 1
8 289017 Label, Control Box 1
9 288858-004 Meter, Fault, Digital 1
10 288814-003  Ammeter, AC (V74542 #D-1500122163) A’ﬁ%%%FF&Gs'M' 1
288858-001 Ammeter, AC (Digital Meter) H,J,K,LT,UV,W 1
11  WB8105A-009 Voltmeter, AC (V74542 #D-1497222103) A,ﬁ%%%FéGS,M, 1
288858-003 Voltmeter, AC (Digital Meter) H,J.K,LT,UV,W 1
12 288999-001 Latch, Control Box (V94222 #62-20-25) 1
* 13 285172 Light, Strip AB,C,.DH.JMN, 3
O,P,T,U
* 285172 Light, Strip E,F,G,SYWQ,R,S, 5
14  288836-002 Hinge, Offset, Bottom (V94222 # 96-142 Type B) 1
288836-001 Hinge, Offset Top (V94222 # 96-141Type A) 1
15 400641-015 Ammeter, DC, Analog Meter [See TR Manual] E,F,G.QR,S 1
288858-005 Ammeter, DC, Digital Meter [See TR Manual] K,L,V,W 1
16  400642-008 Voltmeter, DC, Analog Meter [See TR Manual] E,F,G.QR,S 1
288858-006 Voltmeter, DC, Digital Meter[See TR Manual] K,LV,W 1
17 288806 Board, P.C., Front Panel, Led 1
288820 ...Gasket, LED PC Board 1
* 18 289078 Spacer, Hinge 2
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Control Box Interior Components
Figure 6
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FIGURE FACTORYP UNIT PER
ITEM NO. ART NO. MOENELAUTINE EFF ASSY.
6 -
289141-001 60 CU, Control Box, Assembly [Single AC ACMO 1
Output], Analog Meters B
289141-002 60 CU, Control Box, Assembly [Single AC & EFGORS 1
Single DC OQutputs], Analog Meters e
289141-003 60 CU, Control Box, Assembly [Single AC HITU 1
Output], Digital Meters Y
289141-004 60 CU, Control Box, Assembly [Single AC & KLVW 1
Single DC Outputs], Digital Meters o
289141-005 60 CU, Control Box, Assembly [Dual AC BDNP 1
Output], Analog Meters T
289077 Control Box Enclosure 1
289090 Control Box Panel, MTG. 1
288020 Support Bracket Cover 2
1 288745 Engine Specific PC Board, ESB 1
* 288813 ...Label, ESB [Engine Control] 1
2 288937 Engine Interface PC Board, EIB 1
* 288791 ...Label, EIB [Starter Control] 1
3 289026 Digital Controls PC Board 1
* 288875 ...Label, Control [EF Bypass Control] 1
4 288940 Regulator PC Board
* 288876 ...Label, Regulator [Generator Control] 1
* 288896 ...Label, Regulator [LDC & Voltage Control] 1
* W11166-009 ...Fuse, 1 A, 250 V (V2B664) 2
* W11166-002 ...Fuse, 5 A, 250V (V2B664) 1
5 288914 Transformer-Rectifier PC Board EF,G,\'?\';\,/QR,S, 1
* W11166-009 ...Fuse, 1 A, 250V (V2B664) E,F,G,G,WQR,S, 1
6  288818-001 Power Supply (VO5YB3 # M30T1205-12TS) 1
288605 ...Support, Power Supply 1
7 289122 Circuit Breaker Support Bracket 1
* 289060 ...Circuit Breaker Label 1
8  283978-002 Circuit Breaker, 10A (Marker Lights Circuit 1
Breaker)
9  283978-002 Circuit Breaker, 10A (Engine Circuit Breaker) 1
10 283978-001 Circuit Breaker, 5A (Controls Circuit Breaker) 1
11 289073 Harness, Wire 1
12 289072 Harness, Wire, DC [See TR Manual] E,F,G,sﬁb\)QR,Sv 1
* 13 286611 Label, Blank AB,C.D,H,JMN, 2
O,P,T,U
* 286611 Label, Blank E,F,G,SYWQYR,S, 1
14  286485-001 Gasket, Sealing (Top & Sides) 7 ft.
15 286388-001 Mount, Ring & Bushing 4
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Control Switch Panel Components
Figure 7
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GROUND POWER

FIGURE UNIT PER
ITEM NO. PART NO. NOMENCLATURE EFF ASSY.
7 -
1 285030-002 Lamps Pushbutton, Yellow (See Figure 8) 1
2 285030-004 Pre-Heater Pushbutton, Orange (See Figure 8) 1
3 285030-003 Engine Start Pushbutton, Green (See Figure 8) 1
4 285030-002 Output # 1 Pushbutton, Yellow (See Figure 8) 1
5 285030-004 Output # 2 Pushbutton, Orange (See Figure 8) B,D,N,P 1
287038-001 Plug, Hole (when output # 2 is not used) ACEFGHJKLM, 1
0,Q,R,S,T.U,V,W

6 285030-005 DC Output Pushbutton, Blue [See T-R Manual] E.F,GKLQR,SV,W 1
287038-001 Plug, Hole (when TR in not used) A,BYC,D,FTLJQM,N,O,PY 1
7 285030-005 fﬂt:rr]ttljr;glg] Current Pushbutton, Blue [See T-R EF.GKLORSV.W 1
287038-001 Plug, Hole (when TR in not used) A,B,C,DJJTLfJ.MiN,O,P, 1
8 285030-001 Engine Stop Pushbutton, Red (See Figure 8) 1
9 285030-001 Test/Reset Pushbutton, Red (See Figure 8) 1
10  285030-003 Meter Select Pushbutton, Green (See Figure 8) 1
11 289004 Switch Panel 1
12 289014 Switch Panel Label 1
* 13 289015 Harness, Wire 1
July 3, 2008 Chapter 4-3
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Switch Panel

Test/Reset Push-Button

Control Panel

Engine Start Only
Output # 2 & Pre-Heater Push-Button Engine Start & Meter Select Push-Button

Push-Buttons Details
Figure 8
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GROUND POWER

FIGURE UNIT PER
ITEM NO. PART NO. NOMENCLATURE EFF ASSY.
8 -

Switch Panel Push Buttons Ref.
1 285029-001 Frame, Bezel (V61706 #704-701.0) A,CH,JM,0,T,U 7
285029-001 Frame, Bezel (V61706 #704-701.0) B,D,N,P 8
285029-001 Frame, Bezel (V61706 #704-701.0) E,F,.G,K,L,Q,R,S,V.W 9
2 285030-002 Lens, Yellow (V61706 #704-702.4) 2
3 285030-001 Lens, Red (V61706 #704-702.2) 2
4  285030-004 Lens, Orange (V61706 #704-702.3) A.CEF.GHJIKLM, 1
0,Q,R,S,T,.U,V,W
285030-004 Lens, Orange [Pre-Heater] (V61706 #704- BDNP 2
702.3) Y
5 285030-003 Lens, Green (V61706 #704-702.5) 2
6 285031-001 Holder, Lens (V61706 #704-709.7) A,C,H,JM,0,T,U 7
285031-001 Holder, Lens (V61706 #704-709.7) B,D,N,P 8
285031-001 Holder, Lens (V61706 #704-709.7) E,F,.G,K,L,Q,R,S,V.W 9
7 285032-001 Actuator, Sleeve (V61706 #704-731.0) A,CH,JIM,0,T,U 7
285032-001  Actuator, Sleeve (V61706 #704-731.0) B,D,N,P 8
285032-001 Actuator, Sleeve (V61706 #704-731.0) E,F,GKLQ,R,SV,W 9
8 285033 Flange, Mounting (V61706 #704-950.5) A,CH,JM,0,T,U 7
285033 Flange, Mounting (V61706 #704-950.5) B,D,N,P 8
285033 Flange, Mounting (V61706 #704-950.5) E,F,GKLQ,R,SV,W 9
9 284475-001 Block, Contact, N.O. (V61706 #704-900.3) A,CH,JM,0,T,U 7
284475-001 Block, Contact, N.O. (V61706 #704-900.3) B,D,N,P 8
284475-001  Block, Contact, N.O. (V61706 #704-900.3) E,F.GKLQRSVW 9
10 400613-004 Bulb, Type 1815 (V1FQ83) A,C,H,JM,OTU 5
400613-004  Bulb, Type 1815 (V1FQ83) B,DYE,E%\I?,\I;\,/N,P,Q, 6
11 285034-001 Lamp Holder (V61706 #704-950.0) A,CH,JM,0,T,U 5
285034-001 Lamp Holder (V61706 #704-950.0) B'D’E'E’(s;'\K/\b\'/N'P'Q' 6
* 12 285030-005 Lens, Blue E.,F.GKLQRSV.W 2
[See TR Manual for DC operator
pushbuttons.]
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400 Hz. Power Module Assembly
Figure 9
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GROUND POWER

FIGURE UNIT PER
ITEM NO. PART NO. NOMENCLATURE EFF ASSY.
9- 289097-001 Power Module Panel Assembly (Single AC Output)  A,CHJM,O,TU Ref.

289097-002 Power Module Panel Assembly (Dual AC Output) B,D,N,P Ref.
289097-005 Power Module Panel Assembly (Single AC & DC E.F.GK,L,QR,S)YV, Ref.
Output) w
1 289093 Power Module Panel 1
2 AWG626 Bushing, Insulating [A-B-C-N] (V1Y498) 4
A25 ...Washer, Insulating 8
3 AWG626 Bushing, Insulating [N] (V1Y498) B,D,N,P 1
A25 ...Washer, Insulating B,D,N,P 2
4  282130-001 Contactor, Line, 3-Pole A,CEF.GHJIKL, 1
M,0,Q,R,ST,U,V,W
282130-001 Contactor, Line, 3-Pole B,D,N,P 2
5 286266 Standoff, Short [E-F] 2
286266 Standoff, Short [E-F] B,D,N,P 4
6 See Harness Block, Terminal Ref.
7 289319 Harness, Wire A,CE,F,GHJKL, 1
M,0,Q,R,ST,U,V,W
* ...Cable, Power, Ay. Ref.
* ...(No. 101) “A” Stator Terminal to “K1”, # 1 Output 1
* ...(No. 102) “B” Stator Terminal to “K1”, # 1 Output 1
* ...(No. 103) “C” Stator Terminal to “K1”, # 1 Output 1
* ...(No. 110) “N” Stator Terminal to “N”, Neutral 1
* ...Current, Transformer (VO5HB5 # 20130) 3
* 8 289318 Harness, Wire, 2nd Output B,D,N,P 1
* ...Cable, Power, Ay. Ref.
* ...(No. 104) “A” Stator Terminal to “K201", # 2 Output 1
* ...(No. 105) “B” Stator Terminal to “K201", # 2 Output 1
* ...(No. 106) “C” Stator Terminal to “K201", # 2 Output 1
* ...Current, Transformer (VO5HB5 # 20130) 3
9 282089-011 Diode, Flyback, Assembly 1
10 288892-001 Resistor, ID, Power Module 1
11 288892-009 Resistor, ID, 60 KVA 1
12 488640 Output Cable Bracket E,F,G,K,WQ,R,S,V, 1
13  7J422-0 Output Cable Clamp E,F,G,K,\LA,/Q,R,S,V, 1
* 14 288895 Support, Options, Terminal Block 1
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Cooling System Components
Figure 10
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GROUND POWER

FIGURE UNIT PER
ITEM NO. PART NO. NOMENCLATURE EFF ASSY.
10- 1 287888 Radiator 1

2 De-Aeration Components Ref.
W7814-000 ...Bushing, ¥4" — 1/8” 1
402927-003 ...Connector, Male 2
056534 ...Hose, Low Press, %" 1.D. 23"
W10869-014 ...Hose Clamp, SS 2

3 288063 Upper Radiator Hose 1
W10869-003 ...Hose Clamp 2

4 289042 Guard, Alternator 1

5 288002 Wire Spiraled Fan Guard 1

6 287982 Top Fan Shroud 1

7 288000 Bottom Fan Shroud 1

8 288001 Cooling Fan 1

9 289043 Lower Radiator Hose 1
W10869-005 ...Hose Clamp 2

10 287333-001 Radiator Cap 10 LB. 1

* 11 283873 Radiator Drain 1

* 056535 ...3/8” Drain Hose 12"

* W10869-014 ...Hose Clamp, SS (7/32" — 5/8") 1

* W10051-007 ...Hose Clamp Mtg. 1

* 12 403782-002 Switch, Water Temperature 1

W7814-004 ...Adapter, /5" x 15" NPT 1
* 13 287909 Sender, Water Temperature 1
W7814-004 ...Adapter, /5" x 5" NPT 1
14 W7814-004 Bushing, Pipe, 3/8" X 1" 1
15 80A1117 Clamp, MTG., Flex Hose 1
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Fuel System Components
Figure 11
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GROUND POWER

FIGURE UNIT PER
ITEM NO. PART NO. NOMENCLATURE EFF ASSY.
11 -

1 286862 Fuel Tank Assembly (Stainless) Athru L Ref.
2 288104 Fuel Line (Tank to Filter) 1
* 3 289157 Fuel Line (Filter to Engine) 1
* 4 288082 Fuel Tank Support A,B,C,D,H,J 1
Fuel Tank Support E,F,GK.L See TR. AY.

* 5 Fuel Return Line Ref.

* 288301 ...Elbow, 90 Degree 1

* W10869-014 ...Clamp, Hose, Drain 2

* 056544 ...Hose, 5/16” I.D. 33"

* 289940 Valve, Check 1

6 287639 Filter, Fuel/Water Separator 1
* 7 288115 Bracket, Fuel Filter 1
8  486719-013 Sender, Gauge, Fuel, 12V 1
9 282562 Cap, Fuel Neck (V49234 #1275G/12T) 1
10 290269 Kit, Composite, Fuel Tank M thru W Ref.
11 289895 Belly Pan, Fuel, Tank M thru W 1
12 290268 Tank, Fuel, Composite M thru W 1
13 486719-013 Sender. Gauge, Fuel, 12V M thru W 1
14 289899 Strap, Fuel, Tank M thru W 2
15 290267 Rubber, Strap, Fuel Tank M thru W 2
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12 VDC Battery System
Figure 12
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GROUND POWER

FIGURE UNIT PER
ITEM NO. PART NO. NOMENCLATURE EFF ASSY.
12 -

1 281881-001 Battery, 12 V (V25710 #1231-PMF) 1
2 288047 Cable, Battery, Negative, Ay. 1
3 288046 Cable, Battery, Positive, Ay. 1
76A1132 ...Tubing, Z-Flex, %" I.D. 36"
4 287984 Tray, Battery 1
5 287796 Hold Down, Battery (V3Y208) 1
6 494295 Bolt, Hold Down, Battery (V3Y208) 2
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GROUND POWER

FIGURE UNIT PER
ITEM NO. PART NO. NOMENCLATURE EFF ASSY.
13- 1 288057-001  Air Cleaner Tube 1

2 280732-004  T-Bolt Clamp 3
3 288056-001 Straight Rubber Fitting w/ Hump 1
4 282918 Electric Restriction Indicator 1
282919 Indicator Adapter 1
5  288059-001 Air Cleaner Clamp 1
6  288048-001 Air Cleaner Replacement Ref.
7 288049 Air Cleaner Support AB,C,D,H,J 1
Air Cleaner Support E,F,GK,L See TRAY.
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Engine Components
Figure 14
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GROUND POWER

FIGURE UNIT PER
ITEM NO. PART NO. NOMENCLATURE EFF ASSY.
14 - 1 286850 Starter Solenoid (V13445 # 24059) 1

285200 ...Diode, Flyback 1

2  403809-002 Switch, Oil Pressure (V75419 #1042-08210-20) 1

3 78B1118-002 Sender, Oil Pressure (V16476 #16476) 1
287419 ...Adapter, M10-1.0 x 1/8 NPTF 1
W10910-000 ...Fitting, Tee 1
W10750-001  ...Nipple, Pipe, /g" 1

* 4 W9407-446 Cable, Ground, Engine Ground Plate to Frame 2
W9360-289 ...Cable, Ground, Plate to Power Module 1

* 5 287735 Plate, Ground 1

* 6 405548 Label, Ground 2

* 7 289137 Harness, Wire, Engine, Ay. 1

* 8 289037 Bracket, Fuel Filter 1

* 9 289136 Panel, “E” Engine, Parts 1

* 10 287145-002 Fuse Holder 1

* 11 287144-002 Fuse, Fast Acting 2

* 12 283154-001 Insulator, Standoff 2

* 12 288331 Relay, Grid Heater, Power 2

* 14 Fuse, Mounting Hardware Ref.

* 15 288825 Harness, Wire, Engine, Electronic 1

July 3, 2008 Chapter 4-3
Revision 9 Page 31




OM-2098C / Operation and Maintenance Manual GROUND POWER
60CU24 / Series 500060C / 400 Hz. Generator Set

Muffler and Exhaust Components
Figure 15
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GROUND POWER

FIGURE UNIT PER
ITEM NO. PART NO. NOMENCLATURE EFF ASSY.
15 - Kit, Exhaust Ref.

1 288374 Exhaust Elbow 1
042471 ...Insulation 3 SF.
404154-013 ...3" Full Circle Clamp 1
W10869-006 ...Hose Clamp 2

2 289044 Flexible Exhaust 1
042471 ...Insulation 3.5 SF.
W10869-006 ...Hose Clamp 2

3 288376 Muffler Assembly 1
042471 ...Insulation 1.4 SF.
288059-001 ...Hose Clamp 3

4 213401 Tape, Aluminum, 2" 5 ft.

5 046212 Tape, Fiberglass, ESA, 3" X .25” 50 ft.

6  288052-002 Clamp, Accuseal, 3" 2
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Generator Assembly
Figure 16
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GROUND POWER

FIGURE UNIT PER
ITEM NO. PART NO. NOMENCLATURE EFF ASSY.
16 -

287060-003 Generator, 2400RPM, 60KVA, Dual Bearing 1

Generator, 60 KVA, (Replacement Only) Ref.
1 281698 Exciter Cover 1
2 282132 Exciter Armature Assembly 1
3 180696-002 Exciter Key 1
4 282128 Bearing Retainer 1
5 285121 Exciter Housing 1
6  287821-002 Housing and Stator Generator Assembly 1
7 W10072-068 Generator Bearing 1
8 287820-001 Armature Assembly 1
9 W10072-068 Generator Bearing 1
10 287729 Front Bearing Support 1
11 282128 Bearing Retainer 1
12 281701 Flexible Coupling Kit 1
13 85C-1004-1 ...Split Taper Bushing (Part of Item 12) 1
14  85B-1039 Coupling Key 1
15 287968 Flex Coupling Ring Spacer 1
16 483756 Bushing Replacement Kit (6 Bushings) Ref.
17 287886 Generator Cover 1
18 284372-001 Generator Shock Mount (Yellow) 1
19 287958 Generator Support Bracket 1
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Trailer Components (Only with Trailer Mounted Units)
Figure 17

July 3, 2008 Chapter 4-3
Revision 9 Page 36



OM-2098C / Operation and Maintenance Manual
60CU24 / Series 500060C / 400 Hz. Generator Set

GROUND POWER

FIGURE
ITEM NO.

PART NO.

NOMENCLATURE

EFF

UNIT PER
ASSY.

17 -

288340

Frame/Trailer Assembly

A.B.EHKMN,QTV

N -

288389
287587
285917
285911
286205

Rear Axle Weldment (V52793 #05-053285)

Hub and Brake Assembly (V52793 #05-046894)
...Lug Nut (V52793 #05-007805)

Dust Shield (V52793 #317968)

Hub Bolt (V52793 #05-006440)

A,B,E.H,K,M,N,Q,T,V
A,B,E.H,K,M,N,Q,T,V
A,B,E.H,K,M,N,Q, T,V
A,B,E.H,K,M,N,Q, T,V
A,B,E.H,K,M,N,Q, T,V

287627
287626
287626-001
287626-002
287626-003

Brake Drum (V52793 #05-006712-21)
Hub Assembly (V52793 #05-046879-1AL)
Grease Seal (V52793 #16743 CR)

Inner Bearing Cone (V60038 #67048)
Inner Bearing Cup (V60038 #67010)

AB.E,HKM,N,Q,TV
AB.E,HKM,N,Q,TV
AB.E,HKM,N,Q,TV
A,B,E,HKMN,Q,TV
A,B,E,HKMN,Q,TV

287628
287626-004
287626-005
287626-006
288390

Hub (V52793 #03-044880-AL)

Outer Bearing Cup (V60038 #11910)

Outer Bearing Cone (V60038 #11949)
Wheel Hub Cap (V52793 #1517)

Front Axle Weldment (V52793 #05-053308)

A,B,E,HKMN,Q,TV
A,B,E,HKMN,Q,TV
A,B,E.H,K,M,N,Q,T,V
A,B,E.H,K,M,N,Q,T,V
A,B,E.H,K,M,N,Q,T,V

288392
285851
285850
286735
285917

Hub Assembly (V52793 #2-1206-01-01)
Latch Pedal (V52793 #05-051009)
Compression Spring (V52793 #LC-063F-7)
Hub Assembly (V52793 #03-044876-1AL)
...Lug Nut (V52793 #05-007805)

A,B,E.H,K,M,N,Q, T,V
A,B,E.H,K,M,N,Q, T,V
A,B,E.H,K,M,N,Q, T,V
A,B,E.H,K,M,N,Q, T,V
AB.E,HKM,N,Q,TV

286735-001
286735-002
286735-003
286205
286734

Grease Seal (V52793 #16743 CR)
Inner Bearing Cone (V60038 #67048)
Inner Bearing Cup (V60038 #67010)
Hub Bolt (V52793 #03-006440)
Wheel Hub (52793 #03-044875-AL)

AB.E,HKM,N,Q,TV
AB.E,HKM,N,Q,TV
AB.E,HKM,N,Q,TV
A,B,E,HKMN,Q,TV
A,B,E,HKMN,Q,TV

287626-004
287626-005
287626-006
285844
288393

Outer Bearing Cup (V60038 #11910)

Outer Bearing Cone (V60038 #11949)

Wheel Hub Cap (V52793 #1517)

Drawbar Pin Assembly (V52793 #05-046787-A)
Drawbar Weldment (V52793 05-053590)

A,B,E,HKMN,Q,TV
A,B,E,HK.MN,Q,TV
A,B,E.H,K,M,N,Q,T,V
A,B,E.H,K,M,N,Q,T,V
A,B,E.H,K,M,N,Q,T,V

286978
286982
288394
288395
288398

Brake Level Assembly (V52793 #05-031110)
Clevis (V52793 #2708-4A)

Brake Handle Rod (V52793 #05-053305)
Brake Level Rod (V52793 #05-053304)

Shaft Lever

A,B,E.H,K,M,N,Q,T,V
A,B,E.H,K,M,N,Q, T,V
A,B,E.H,K,M,N,Q, T,V
AB.E,HKM,N,Q,TV
AB.E,HKM,N,Q,TV

34
35
36

286985
286984
286981
288396
288397

Collar, Set Screw (V52793 #SC-075)
Roll Pin (V52793 #LL 5/16 X 1-1/4RP)
Shaft Bearing (V52793 #05-046646)
Brake Cross Bar (V52793 #05-053306)
Spacer Block (V52793 #05-053414)

AB.E,HKM,N,Q,TV
AB.E,HKM,N,Q,TV
A,B,E,HK.MN,Q,TV
A,B,E,HKMN,Q,TV
A,B,E,HKMN,Q,TV

37
38
39
40
41

288391
287996
287994
287993
282720

Rear Frame Plate (V52793 #05-053276)

Fender

Fender Mounting Bracket
Fender Mounting Bracket
Wheel and Tire Assembly

A,B,E.H,K,M,N,Q,T,V
A,B,E.H,K,M,N,Q,T,V
A,B,E.H,K,M,N,Q,T,V
A,B,E.H,K,M,N,Q,T,V
A,B,E.H,K,M,N,Q, T,V

286201

Brake Assembly

AB.EHKMNQTYV
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Section 4 Numerical Index

1) Explanation of Numerical Index

The purpose of this index is to assist the user in finding the illustration and description of a part when the
part number is known. Part numbers are arranged in alphanumerical sequence. Thus, any part number
beginning with the letter “A” would be located at or near the top of the index list. Likewise, a part number
“9” would be listed near the end of the list and far below a part number “1000”. The figure number and
item number location of the part is directly opposite the part. If the part is used in more than one place,
each location is listed commencing with the first location the part is listed.

FIGURE ITEM NO. HOBART PART NO. FIGURE ITEM NO. HOBART PART NO.

9-2 A25 16-1 281698

9-3 A25 16-12 281701

9-2 AWG626 12-1 281881-001

9-3 AWG626 9-9 282089-011
1-47 DWP-982 16-4 282128
10-11 W10051-007 16-11 282128
16-7 W10072-068 9-4 282130-001
16-9 W10072-068 9-4 282130-001
14-3 W10750-001 16-2 282132
10-3 W10869-003 2-13 282562
10-9 W10869-005 11-9 282562
15-1 W10869-006 1-28 282658
15-2 W10869-006 17-41 282720
10-2 W10869-014 13-4 282918
10-11 W10869-014 13-4 282919
11-5 W10869-014 14-12 283154-001
14-3 W10910-000 5-7 283167

6-4 W11166-002 3-8 283597

6-4 W11166-009 1-40 283691-001

6-5 W11166-009 1-37 283714-004
10-2 W7814-000 3-7 283824
10-12 W7814-004 10-11 283873
10-13 W7814-004 6-10 283978-001
10-14 W7814-004 6-8 283978-002
5-11 W8105A-009 6-9 283978-002
14-4 W9360-289 16-18 284372-001
14-4 W9407-446 8-9 284475-001
15-1 042471 8-9 284475-001
15-2 042471 8-9 284475-001
15-3 042471 8-1 285029-001
1-24 043077-002 8-1 285029-001
15-5 046212 8-1 285029-001
10-2 056534 7-8 285030-001
10-11 056535 7-9 285030-001
11-5 056544 8-3 285030-001
16-3 180696-002 7-1 285030-002

5-4 181358 7-4 285030-002
15-4 213401 8-2 285030-002
13-2 280732-004 7-3 285030-003
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FIGURE ITEM NO. HOBART PART NO. FIGURE ITEM NO. HOBART PART NO.
7-10 285030-003 17-30 286982
8-5 285030-003 17-33 286984
7-2 285030-004 17-33 286985
7-5 285030-004 7-5 287038-001
8-4 285030-004 7-6 287038-001
8-4 285030-004 7-7 287038-001
7-6 285030-005 4-9 287060-003
7-7 285030-005 14-11 287144-002
8-12 285030-005 14-10 287145-002
8-6 285031-001 10-10 287333-001
8-6 285031-001 14-3 287419
8-6 285031-001 1-21 287459
8-7 285032-001 1-12 287460
8-7 285032-001 1-13 287461
8-7 285032-001 1-25 287462
8-8 285033 1-26 287463
8-8 285033 1-27 287464
8-8 285033 1-34 287465
8-11 285034-001 1-42 287467
8-11 285034-001 3-5 287526-002
16-5 285121 3-4 287542-001
1-4 285125 1-35 287565
5-13 285172 17-2 287587
5-13 285172 17-7 287626-001
14-1 285200 17-8 287626-002
17-27 285844 17-9 287626-003
17-17 285850 17-11 287626-004
17-16 285851 17-24 287626-004
17-3 285911 17-12 287626-005
285917 17-25 287626-005
17-18 285917 17-13 287626-006
17-42 286201 17-26 287626-006
17-4 286205 17-6 287626
17-22 286205 17-5 287627
9-5 286266 17-10 287628
9-5 286266 11-6 287639
6-15 286388-001 1-33 287696
6-14 286485-001 1-17 287698-001
6-13 286611 16-10 287729
6-13 286611 14-5 287735
5-6 286699-1 3-9 287785
17-20 286735-002 12-5 287796
17-21 286735-003 16-8 287820-001
17-23 286734 16-6 287821-002
17-19 286735-001 16-17 287886
17-18 286735 10-1 287888
14-1 286850 5-3 287908
2-11 286862 10-13 287909
11-1 286862 2-7 287950
17-29 286978 2-9 287957
17-34 286981 16-19 287958
July 3, 2008 Chapter 4-4

Revision 9 Page 2



OM-2098C / Operation and Maintenance Manual

X CGROUND POWER
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FIGURE ITEM NO. HOBART PART NO. FIGURE ITEM NO. HOBART PART NO.

4-17 287967 1-36 288164-002
4-17 287968 4-15 288236
16-15 287968 1-5 288300

2-3 287972 11-5 288301

3-9 287977 14-12 288331

3-9 287977 2-7 288340

3-6 287978 4-17 288347-002

3-1 287981 3-3 288352
10-6 287982 2-4 288373

2-5 287984 15-1 288374
12-4 287984 15-3 288376
2-10 287986 17-1 288389
17-40 287993 17-14 288390
17-39 287994 17-37 288391
17-38 287996 17-15 288392

2-6 287998 17-28 288393

3-3 287998 17-31 288394

3-2 287999 17-32 288395
10-7 288000 17-35 288396
10-8 288001 17-36 288397
10-5 288002 17-33 288398
1-10 288020 6-6 288605

6-0 288020 1-45 288727

1-8 288021 4-14 288727
1-11 288022 6-1 288745

1-9 288023 6-2 288791
12-3 288046 5-17 288806
12-2 288047 5-10 288814-003
13-6 288048-001 6-1 288813
13-7 288049 6-6 288818-001
15-6 288052-002 5-17 288820
13-3 288056-001 14-15 288825
13-1 288057-001 5-14 288836-001
13-5 288059-001 5-14 288836-002
15-3 288059-001 4-12 288847-1

1-7 288060-001 5-10 288858-001
10-3 288063 5-7 288858-002

3-6 288064-001 5-11 288858-003

3-9 288064-002 5-9 288858-004

3-9 288064-002 5-15 288858-005

3-1 288064-003 5-16 288858-006

2-3 288064-004 1-30 288862

3-1 288064-005 1-29 288866
3-11 288064-006 1-41 288872

3-6 288064-007 6-3 288875

2-2 288082 6-4 288876
11-4 288082 9-10 288892-001
11-2 288104 9-11 288892-009
11-7 288115 9-14 288895
1-15 288120 6-4 288896
1-15 288120 6-5 288914
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FIGURE ITEM NO. HOBART PART NO. FIGURE ITEM NO. HOBART PART NO.
4-17 288935 5-15 400641-015
6-2 288937 5-16 400642-008
6-4 288940 4-16 401911-020
5-2 288995 10-2 402927-003
5-12 288999-001 1-19 402987
7-11 289004 1-14 403091-008
7-12 289014 3-12 403091-002
7-13 289015 10-12 403782-002
5-8 289017 14-2 403809-002
6-3 289026 15-1 404154-013
14-8 289037 14-6 405548
10-4 289042 1-39 407366
10-9 289043 1-32 408665-002
15-2 289044 1-32 408665-002
6-7 289060 1-31 408665-001
6-12 289072 1-31 408665-001
6-11 289073 4-17 482496-002
6-0 289077 16-16 483756
5-18 289078 2-12 486719-013
2-1 289080 11-8 486719-013
2-8 289081 11-13 486719-013
3-10 289086 1-15 488640
6-0 289090 9-12 488640
9-1 289093 1-43 488904
3-11 289094 1-46 488904
4-3 289097-001 1-44 489690
4-3 289097-002 5-1 494134-001
4-3 289097-005 12-6 494295
4-17 289103 1-16 7J422-0
6-7 289122 1-16 7J422-0
1-18 289127 1-16 7J422-0
14-9 289136 9-13 7J422-0
14-7 289137 12-3 76A1132
4-11 289141-001 1-23 76B-1148
4-11 289141-002 1-6 77A1157
4-11 289141-003 1-20 78A-1000
4-11 289141-004 5-5 78A-1117-2
4-11 289141-005 14-3 78B1118-002
11-3 289157 1-22 79A-1110
9-8 289318 10-15 80A1117
9-7 289319 16-13 85C-1004-1
11-11 289895
11-14 289899
11-5 289940
11-15 290267
11-12 290268
11-10 290269
1-38 400435
8-10 400613-004
8-10 400613-004
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Chapter 5 Manufacturer’s Literature

Vendor Literature

Type Diagram Description

Engine Operation and Maintenance Manual (Cummins Bulletin # 3666397)

Parts Catalog (Not Included. Purchased separately from Cummins.)
Cummins Bulletin # 4056478

Diagram Number Diagram Description

289154, Rev. 2 Diagram, Schematic & Connection (Analog Generator Gauges)
289022, Rev. 2 Diagram, Connection, Control Box

289102, Rev. 3 Diagram, Connection, Power Module

289013, Rev. 3 Diagram, Connection, Switch Box

289155 (Appendix A) Diagram, Connection, Transformer-Rectifier

Contact Hobart Ground Power if either copy of these drawings or manuals are not with this manual (unless
otherwise noted above). Refer to Appendix A for specific information on 60CU24, 400 Hz. Generator Set,
optional equipment.

November 1, 2007 Chapter 5-1
Revision 7 Page 1



HOBART
OM-2098C / Operation and Maintenance Manual CROUND FPOWER
60CU24 / Series 500060C / 400 Hz. Generator Set

This page intentionally left blank.

November 1, 2007 Chapter 5-1
Revision 7 Page 2



L | [4 | ¢ | ¥ G 9 4 L 8 | 6 | 0l Ll

PSLEBT (0] wnciouso | LMnmmaedsn e S T
o0t imus ovwe|ms| ML | S el s it e s ———r=<=—
90/ /L iy oo Buprvay B mul ERam g g
S N7 W e e DT LR e <<
IvE aw N wwa'os 0 o' ¥ 00
TION OOWNY HEN009 | saom | scaerwmeso < <
NOUOINNQD ® JUVAEHOS ‘Wwhowia | £+ sw TR w w
S & @ W
: e | ot et e {a3)
2 ™ WAL N %ﬂ““ N_. ZN z < oV l_d||V|_ () 1]
ST AQ SIIVWY AU FTL ™ T3 M_l | I\ | ] ¢_l
ANCN 'IBI6BZ d3d 3000 HSINW RO IINVHD I—lﬂW T L
_..-s..e__.i.«.“nﬂﬂn vd mr 5 m m - Al_l
Sl @ =11
(O] [Tyt
o 7/ U e Eapa
1]
¥z nTl Ve L
° T
£5 o_. o/80 | _
£z |El Otz
|
¥z %l tee>>h
s °F usa o]
2 T Ot
£z [0 o x _mN _
vz n_v_ Eisgl
as f cgsa ||
[+
2 (o ROz

e [T T T T

o
cres b4 |eszsa ||
2 Jo waO_.x|_|_NWV._|

_ _ _
DOI|||||< A 2 e .VN .v_. _Nﬂv_l
&t
T 1l e _ 5/S 6SS0 | _
a0- N._.I1IT4IN|_ H _ _ _ .EH— X X gl Vn_l
VO-—— — = v v = — _ _ L]
1 1 | | | + _ _ _ ¢_IAUM_N: 7% -
NO= ———————— TR T TE | by e [o TR o)
STVNINNAL _ I b L | | _ _ gcsa | _
indino ot T e 3> S S S CosT] 28 b+ e
_ | — _ L Il 4@t
_ _ "| _I||||MA [ 1 _ | et 1 o _ _
||||| K] X - ¥e, '
| - —————= e t—+——— _R,M 12 w1 | Eeal
IIIIIII EST T o< ° e T
|| | 6.5 | | vesa M
_ ! _ He<h e |5 O _mmw |
_ _ >
—— K [ o]
T WDAN vis | _ _
— [DieT] wn_ _ _
T 1 D >~
— << NOLLIINNCT L2
_ || _ < AMILLLOIN—INNOASNV AL vGd 18"
1 _ | HM
e = © B[
’ RN T i | |
L _ | £6d £gr | _ _
90 €1 2 1 o | 1 y ¢ _ _
g0 . 9 L é |
v v _ hd | -
[ A 719 | | -
Vo TRARgT Ny !
No 4 +
STVNINNEL
indina 1
y NOLVIS L T 1
HOLVIINGD Zya

L z 3 ¥ g 9 1 / B _ 6 _ 0l L _







! | z | £ | ¥ | S 3 4 L B 6 0l Ll zZ1

YSIBBZ [ anciaaso | piaise ety oo desas 5 papon
o o | 2 AASS I - rer o Ko g T TR
u..BN._I...vmoz\whN\h . ) 1B bupnmu) 'Susnp BuL STVNG LNGD \|
AN it EERE
TN SOWNY H2N909 | aon | icsecvmesm m Gs3vw
o] LT s .58 [
NOLL2INNQD # JUVWNIHDS 'Wwaovia e
S WK “RT-ALINVG “lli“ﬂ! -E.Eg »E*.n = F mm
s INON ﬁﬂ«wﬂ. M3d uaqﬂE-__.:m_z: S SNE
| UBA |UNS 4 B m + |
2z )
cooo s Mo <H > o]
ﬂ _ c Al_l H L _
NG I =T e |
T T aNT ~ vo1
AN _ _ 1183 VoL
Lt Nl _
td & _ N_ INA — avo1
> < - vea v
57 5
H S | | G M |_I|Vw|m N — n_<o.__
= S vw T
Z 1 =
LSS <
L] L]
w id Sd Sr P_P\
(—av e < == s
S g 1d ¢ _l M_
\ 1 3
iHE HM_: _NM Ud e =<7t vezs<mazs °1° &8s
el ro—loa >+ Hz<<h | BZS -1
_Hm|_ E \_|_ LA |mﬂ _nn_ " __,|=,_M|_Imﬁ c|_A_TP_P\ N — 118
_ _ "IHJ v anis [ —_
| wa / OLld L l| pall TENVd 10YLNGD +||
|_”_| S g
| YOI (+)av o<l HieGA NN DM 5
_ _ _.v ¢_l I_W [y _ | [N ¢_l 5 .mo 61
£ o<t vH_.GIwa _|wA (+yav
_ 18 _ _Ew_. (93y) s [TT] hﬁ\
5 v o o 017
_mvm_ | < g —tg<ch £—zdl +v-zAl G-zAl PIA Tva
_ _ ol T2 T T 2eT]
|28 <Y ANTERSN o g 6140
Fooiny WHEM T TS, ‘"
_ﬁ_ | | L > 6950 S1S@ Sk ces
_mMM " “m__..¢_l ﬁl_W_._.Uul_w _.Nn_ mn__. m_l N@”mﬁ_ »150 ol ¥650/5850
«4 for~t] £Y U D g-74l
_ﬁ | LSl ._._MVH_|_HAVW|_|_|WAN|_._| E|lgso|g | sLsa : 20 |
609 < G [ =
(- _NMJ. (853) TN SO 0 Sm“_J_Umw o SV z-zaL
v et =|ogsa|™ | zisa
_I>I_ aNioN3 _ _ T Y —®— O ovs| &Y ﬁo 1—zgL
“ B m _ _ oo s a0 +—n_“ VA 2 |_ —m_n__ﬂw oe =18\ e 14 P LS T EZY 6Ty LI a
H N 51 A 5<<h w__ el | ] S (R _
| 5 2! I
135 Z I Dav L NN T3]
s | > Ha<<H (a3
| g <l e sonvsot || |__|ﬂv¢_n_ v v osF M||Fh Al
lod mwrm_ (+)us | | —>>= << |<_||<_ 7id
| & <—<o1"> (+)av . > Ha<<H A
< Zoia > Ll A [ET R o
L T R FEH
3 ﬂwﬂ T+ ] =T 2 w
LA \d_¢|nA > <<t g9s /
I8 4] Ufezsst Tt ] 2T cp TS aNNoYD
LY<T¥ v _PnLA| 7 N TNV INOY4
SO zor zod [T [T

_
N
)
<+
0
7
>
N~
©
o

0l Ll Z1







! | z | ¢ | ¥ S 9 4 L B 6 0! | Ll |

+G168¢C aNORSas0 | i eme 104 g n own STIGS I Eetee s
9 0 ¢ LTINS oM um_. ML | o el _.M sm.hm,usﬂﬂsi_ﬂwivum__.ﬁ ALvid dNNGY9 bd9
vo/ LT/ L . 4 1 bupnou) 'Susop Byl STWING DLNGD
AN it ) ‘A ZL "INIBNI "HOLYNYILW ¥9
TN TN ST | men | somrmem SNOILG N30T1d TYNINHIL [4:18 HOLVHANTD FUNLYNMY “d31I0X3 29
NOLDINNOQD # AUVAIHIS .§<w_u<_nu_-= L= ﬂ..ll”.ﬂ!.lu..!ﬁ JTNAAON ¥3IMAd XH30718 TIYNINY3L LEL HOLVIS “MOIVHINIS 19
e s i S
o o wrasne L aivenn | CHEE A0 ETM T/ o T (QIHSINYNA NIHM) Z "ON LINdLNd ‘NOLINBHSNH "HOLIMS 6/2S ‘A 0SZ "V ¢ ‘00INT0S MALNVIS ‘ISnd zZL 14
sz 8 v oy | wome | mwng [POGRCWEU (QIHSINMNA NIHM) “LNVIO0O MOT ‘HOLIMS ¢8S MALVIH—-3dd ‘ISN4 LLid'oLLd
Ty 1887 Ad W07 HENM T FINVHD MALVIH—3¥d 'NOLLNBHSNd ‘HOLIMS 6.5 VOl '3NION3 3, ‘ISNd LOLd '901L4
[ | xonzwe 13534/1S3L 'NOLINBHSNd ‘HOLIMS LLS VS 'INI9NT 3. ‘3SN4 GOL4—E0 44
13534 17nv4 INIONT % dOLS INIINT ‘NOLINBHSNd ‘HOLIMS 9.8 VG '3INIONT 3. ‘3ISNd ZoL4
L "ON INdLNG ‘NOLINBHSNA ‘HOLIMS S/S
= ] MOIHD TANA ANV SNV 'NOLLNAHSN ‘HOLIMS  7AS FINAON TOMINOD OSINONLOTTA “MOLDINNOCD CWO3
3NIONI “IMNLVAILWAL HOIH “HOLIMS 6%S IINAON TOEINOD DINOM1DT1A ‘HOLDINNOD ZWO3
INIONT 3YNSS3Yd 110 3N ‘HOLIMS 9¥S IINQON TOYINOD DINOY1DT1I “YOLDINNOD HNO3
HOLOINNOI FIVAI4 ‘dOLS AONIDYINI ‘HOLIMS €87s
JOLOINNGD FTVN ‘dOLS AINIOHINT ‘HOLIMS vges
dOLS AON3ON¥3INI 'NOLLNBHSNA ‘HOLIMS gzs (Q3aHSINYNA NIHM) (JONVHQ) Z 'ON 1NdlNO ‘NOLLNGHSNd “ONI 65250
1MVIS 3NIONI ‘HOLIMS ¥ZS (Q3y) L3S3¥/1S3L ‘NOLLNGHSNA “¥DLVDIANI 4450
Y0L0313S ¥3LAN ‘HOLIMS ¢S X08 HOLIMS ‘dIdLS 'LHOM 0,50
YILEN LINV4 “dIYLS ‘LHAN 6950
(IONVHQ) A3LVIH-IHd NOLLNGHSNd “HOLVOIONI 950
30NV 13N JIYLOTI3 ‘MIAN3S oo (Q3y) NMOOLNHS 3INIONI QaAVTIA ‘NOLLNGHSNd “¥OLVOIONI £9s0
‘0’1 IINAON ¥IMO “HOLSIS3N Y MIALINLTIOA ‘dI¥LS 'LHOIT zg9sa
‘01 'VAN/HQLYHINTD HOLSIS3Y PAY JIITINAY ‘dIMLS 'LHAN 1950
® %1 'MP/L ML "0 3NIDNT “HOLSIS3Y 1Y YALIN AININBD3YS dI¥LS ‘LHAN 0950
(43GAV) L 'ON LNdINO *NOLLNGHSNd “4OLVOIANI 6550
(N33Y0) LHv1S 3NIONI “NOLLNEHSNd “¥OLVOIONI 860
AlddNs ¥3amod 1sd (3LHM) 3BNva 13Nd LHAN GLsa
@LHM 32NVD FYNLVYIJWAL 'LHAN 10
(ILHM) Fonva FINSSIAd 110 'LHAN £1Sa
a¥vog T0¥LNOD ‘ONnld ¥5d (ILHM) AY3LLYE “¥ILINLIOA ‘LHAN zlsa
IINAON H¥3IMO4 OL 83d HOLVIN93IM ‘ONd £6d
Quvosg DI4I03dS 3NIONT ‘anid zed
Q¥v0E 3JV4Y3IINI INIONI *ON1d 1Sd (Q3HSINYNA NIHM) INdLNO Z# "LNFYHND “YINYOISNVL 9L0—¥13
JdImod ‘ond 0Sd INdLnO L# “INIAAND “YINHOASNWAL ¢10—113
(Q3IHSINYNA NIHM) LNdLNO aNZ ‘onid ¥¥d
QIONTTIOS YALMVIS AWVITIXNY ‘MOVEATS ‘33010 6LM0
HALDX3 MIvEX1d ‘3doia QL9
FUNSSI™d N0 "3ONVD ST @134 ONIATOATY HOLVYANID “d314IL03Y A
FUNLYHIMNIL ¥ALVM “3ONVD YN
AIHLOFIT “13ANd “FONVID eLA
3000 11nv4 ‘Fonve an 'V OL ‘SLHOIM MIMHVA 'M3IMVING 1INJ¥ID LLBD
AMALLVE “Y3IIALI0A CI 'V G 'LINDYID TTOMINDGD 'M3IMVINE 1NJNID £89
HOLVYANII-INIINT ‘HILIN FNIL ININNNY 44 'V 0L "VORILD313 3INIONT '¥3MvIyg LNddId 82
H313A AON3NDIYA eI
HOLVHINIS OV HILIWLIOA Al
HOLYHANIO OV ‘MILINAV LW N ZL “AM3LLVE 118
AAVITIXNY "HALUVIS 'AIONIT0S 0l1 dILVAH a9 \HE
Y3LAVLIS 'dIONTT0S 81
MOLVHANID “¥3L0X3 ‘0134 21
JOLIVYINI9 'ONIATOAIY 'a13I4 K1 A ZL '3NIONT ‘Y3LVIS z8
(Q3IHSINYNA NIHM) INdINO '3V Z# ‘HOLOVLINQD 10ZM IVNINYIL A¥3LLVE 3AILISOd XNV M+Wm<
Z# MALVAH 'INVING MY AV SOLM TYNINYAL AM3LIVE 3AILVOIAN XNV —-)av
b M3LWVEH INVINE HIV AVIRY YOIA
INdIN0 "V L# ‘HOLOVLINGD [
JOIAY3S HANVATO MV “HOSNIS By
JHNSSI™ 110 "HOSN3S BV
(T410) BDd TOMINDD 'I1DVLI4IDIN <l FUNLYHIANIL ¥ALVM “YOSNIS Lv
(034) 80d ¥OLVINOIY 'I1OVLIJIOIY eGr (031) oyvoB 031 "0'd 'ayved av
(8S3) 82d 214193dS 3INIONT 'ITOVLdIIIY zsr (934) Q¥vOE d0LVIND3Y "D'd 'Qyvod v
(813) FoVANIINI INIBNI 'I10VLI43a3N Lse (T4L0) auvod T0HINCT “0'd 'advoed eV
Y3IMOL '3TOVL43I3N osr (213) Q¥VOB FOVANILNI INIANI "O'd 'Ouvol zv
1NdLNO ONZ ‘FINAON H3MOd 'I1DVLdID3Y 144 (Bs3) Q¥vog 2141934S 3NIONI "O'd 'QuvO8 LV
N394
! z 3 ¥ C 9 f 8 6 0l Ll Zl







! | z | £ | ¥ S 3 4 L B 6 0l Ll zZ1

PSLBBT Q| ancuoass | uumeenewye s TG HERE S
90 bimns wvow|a| MU LMED R IERATITL D VL pE Cnie
vo/LT/L 4 1 bupnou) 'Susop Byl STWING DLNGD nv Z D m_..V
| Al my | SINRICHY LIP3 |, - —
Ty %h rad hedd — |G 08l %G T o r-LOVEM vl NO
LN SOWNY VEN200 | mam | icwmam anis au9
NOLUOINNQD % JUVAZHOS ‘Wwalowia | £+ sw T8 e} o) O :
e 3 %ﬂ”@” LVOBBZ BRZ-0ATE-M _
THE PAILMA Egygﬁgs —\ Q @ _
=0 ™I AL ‘o envn | GISHE JENLEHIC BETIND a2 [Wodse (2 (O VT L0V =M ayo—ZH
N S I b Beepll v IINAON ¥3MOd 40 LINOMS ONIOVA -
ANON [HBHEBZ M3d 3002 HSINL G FINVHO \Mv+ —0¢ T P ©° T
THVL NDILMALSR . ~
T W0~ 57— o1 ‘
2 it miL ol RS O e B sz 8 v I —————— )
= - X X ¥ [ N PR Y44 Nd 6CC
w_w 3 e mm L Bwblva Y8 _Z0Z g ote o o - = Yy — —
iy NY 95 8 rez - @
T ol ER A 00178 TYNINY3IL NOILHO & g EEEL oo
— &K 40 LNO¥4 9NIOVH 3L g o1
+ 7R 3 Z o
LA %0 3M08Y —g——val a _ 5 (8 & g [ |
| do100 IM— ) o
VNN ”._w_§|\ S
_ < |=< [r1] o | _
(J4M 40 aN3) N 8¢¢ L = E i (g
UD1VNIISIA Lavd m m @(
e 22 00000 0000000D0(jeaL
a | R}
] o oz 8L gL L dl B £ 49 & ¥ £ z L
414 : - T
£8s
— oV _m £—2BL
T-875 A l — A | —0Gd L me_ _
1828 o e ] zrggopte-ro v = _
| —av Dao
mwNm <®Nm "IN—BYS €6 0600 &
N _\ _\||_ ¢ 0O D0 ODOUJ gz
jloa 0 0oQ o0 D0t O-8¥5 ﬂ_.DGQUOODOOUO DN
Zi-Lsd [ Zi1d Id5 i %
| _ ¥a sot dooags Z—zBL £ 9 0D 0o
b-aazs na s¥2 °T® ay ¥¥e coames R |-zalL ,0a 00
\-VBZS _
ng 4z
TS o _
EIINAS
&-LWD3 CTLY Om ﬂ_
aIN3 W33 LV 44Q 1ND
oF- W23
&z-LNo3
0z- N3
V-£N03
AN EAD3 LY 440 LnD < 3 _
B—END3 mounaoaoun 8z
iy AR |
ht r— N 2t unaoanunaoanum_
LE—LWD3 Eaa 9oa amE
EREEH £ a0,
82D na /82 ——
i i & &2 |
Z—G0LN
I-LNe3 |
2 DL—LaN3
61 X0d 104INOD 40 dVdd ONIOVA
LVB—DI1 )
wnu,wmm_m 07 110-a 1
1o 'SSANMVH OINI YOML ONV BLZ MM NO TWNIAYAL dviM ‘T PT
Y8 202 ) ]
CEHSINYNY UM & L [SIGRT
)
. a8 22 ..
'SALON e VE-led

L [4 ¢ ¥ G 9 1 L 8 _ 6 0l Ll Z1







! | z | g | ¥ S 9 4 L | 8 6 | 0l | q | !
: AT CeTia Saasbal
YSLBBT (| anowoaso | Miabeee smtys aen urseds g
o 0 & 1mis oo | ML »E.ﬁ%dﬁﬂhﬂ«n@rhmﬁm MZ_DZM O_ZOW_PUMI_M 3NIONT 4C XIS L4371 NG Q3avdel
oy _ - S R ¢ J1NAOW TOJINQD JINOHLOT 14
S SOWNY P00
o ] ELTNE 4 (XHIHJIIHSM] T PINIE] vE_
NAQLLDANNQD & JUVNIHI2S §<w_u<_nu_-= il - 1477 40 NCaY paLl XIS d) MNval a FONVNQ YO,
— | M i o e Wi QLVISLvas |
= =l ta e Ao 2w — 0
— ED WK “RT-ALINVIR N i ﬂﬁ mﬂt%mnm_ﬂz._ %Sﬁmg Z Huw__; 1 n_zuv Dm
XV AB QXN ALY Ao snd b LT ETT £ <<_"_n+.n...,_.u L HO1VNOFXD 1dvd Y]
INON '1BH68Z ¥3d ITOD HEINW YR
e CROT JINVHT NAILYNV1dX3 NYHAVIQ
| L0 mEne
AN |
1531 Ex

| HE

ANKNZ 40 30IS 1431 NQ @Lvoal

¢ J1NAON
104LINOO JINOH1O314

1NN 40 3AIS L4371 NC 03207

NAOE 1ANVd dSN4d JOLOVINQGD
SA_+ UEH_Q NO _\ ||_

ON3 SIHL _
JT3HS 68BZ 1410 LNJ ‘310N

0£-28d 5 557 8¢—25d

8 C 4 G 16T

v82

56z

SO L4

3NIDNT 40 3AIS L4371 NO Q3IVA0T mEUﬂz_._ml".__Mm__ m_vm
|l A1NJON 10H4INOD OINOH10414 — —
3 28 33 z 3 e6e ez 701 4 5-2No3
LoLLoTI T &
o o N T m N N
5 bl bR I x
| < lklz K 2 = | SO | G
| | O O T cols (o
50|00 O[O0 O000a _
“*oW 0_0—0 000 sez| 37 ¢ mu\ B e
sHE EEsessdess
LZ2-2%d g
ho 00 00| do0 000, £62
\/ \ ¥
_ _\_\/_QM_ m m _ 4 R V—ZNo3
_ _ ._NO _.V_ O1gg—pz Wv— 03 NO _\In_ 1-Z8d
3 O O,
33 3 3 LEOT | o
Y r YN
NN o m r{>4







! | z | ¢ | ¥ < 3 4 L B | 6 | 0l | Ll | z1
BN uomsLusd LeRM Ssache
G LBRC Q| anouoase nﬁn,lﬁ%j._....wﬁ.hﬂnuuﬁu_. Jpind "$1-C0Z3 WTR QL J¥M LDINNDD
9 40 0 LTINS ' wm | zme MLl Iyl jap st s awaspia Ay 3, vsaia phybpaa F2Vid SLI NI TVNINMZL JVJS MAN JARD  '3MIM 440 TYNIWEL 1ND "IHOM 3HL 0 3SVA 3HL NI ¥IHSVd 3HL 3AV3T  "¥3IHIII0L
70/ L7/ L P By Sunse Su TWIGLND “L-ZHEL NO¥4 NMOME |E€Z M ONILSIX3 1D3NNCDSIA W3HL 19INNOD ANV ‘1HIM 3HL 40 3SvE 3HL NI Q3LvI0T dIHSVL
mL | _shem | o s R JHL WOMS STHIM FHL LOINNCOSIT :NOISHIA ONIHSVIA—NGN ¥4 :3LON
| e we e | gen uimes 09 o0t = 0 XQ8 T0HINGD MOTIE
Vot i |——uon | tcw-ecm 130daNs_X08 10MINOG NO CIRINNOW 1HOSTT NOOV3IE ONILVHIHO LINN,
NOLUDANNOD % OLVAGHOS Avdovia | £ F smw| T4 TNVd NOLCC INIMIIA
=2 e A ol ci — ——
e s e S X08 10HINO 40
S0 WK “NTEALNVID N TRILN ﬁﬁnmwzﬂﬂdz._ o TWomse 1z ﬂ Nova NI DL—LSd Ol
%Mm“n WLV (] 2
SPVKEN AS SOVION AUALDY 32V0 W W I
INGN 1921016 2Ed 3002 HENE T e XCE TI0NINGD MVIN QIHNINE SNUAIIA m SNOILHD S07E WNIWNAL  zalL
THVL NDILMIMLER
I 5K JENE q [© _H QUVeE "0'd ISVEINI INISNT “9NTd 16d
__ 845 obino o[o[o]o | AMVITXNY “¥ALNVIS "UONTIOS 011
0y 0za | [o]o[olo olo[o[o |2 |
I— v ool - ey ez __u (QIHSINYNA NFHM) LHOM NGOVAE ,TaN4 MOT, "AV1aM 802X
= = | LOZHT < GOIMA OO D : G zdl _ 1HAIT NQDVAE ONLVAEJO LNN, *AV13d 02
O _\I_ \G $5T1 4O A OST Y 0L DOV 'IsSnd 102
TR JONUVHIO LINM, “NODV3E “IHOM  L21SA
30010 LOZMD
HD ¥8 918
0d Dz\ a4 b19 aNISIT
_, ONH_ dOl AdONVD NO GALNNCW
®
¥g si8 Yidls ° IRAN
na Lle M3NAS ONLNAOW
0L UM 'auD
“$1—802) AYTEM OL 3¥IM 1J3NNOJ . .
F0vid SLI NI WNIAMEL XIvdS MIN dARID  'JHIM 440 TWNIARGL 1N LHON JHL 4O GISVE JHL NI MIHSYI] JHL W1 43HLID0L
AL oW JONYNO 807, THIM BN | LINNGISID WIHL LO3NNCD ONV ‘IHIIT 3HL 40 35ve 3HL NI 0AvIOT dEHSVL
IHL WONS S3AM IHL 1JINNDISID NOISHIA INIHSVIS-NON 304 t3LON
X08 TONINOD MOTE LHOIT NOOV3Ig .'1dNd MO,
130ddNS XOH TOHINOG NO CEINNCW
TENVd NCLdG SNIMIIA
X8 TOMINGD 4Q
Y0 BDC VOO 13d /ﬁ YovE NI LL—1Sd Ol
2
XOH TOMINGD MVAN OVIHNTINE ONMIA @
¥C BDd m SNDILAD '¥J078 TWNIWNHAL  zel
@ D) ¥a coR S )
R\ N Q¥VeE "D'd IOVAMAINI INISNI "9Md 15d
e opLno _ w_w_w_w o _ RMIXY NILVIS ‘0ONTIAS 011
— | reet 0z B v g _wur | (03HSINYNA NIHW) LHOM NOAYIE ,TANd M1, “AV13Y 90T
Ol [402= 1008 g 90CH _OD M W 00 G O_ Al IHBIT NODVAE SNLVAEH0 LINM, “AV13d 50T
ﬂﬂwn_Hu_ﬂ \ SST1 ¥O A 05T v QL '09v '3Snd 10ZT4
Lo [o[o[ d0 0% LONUWN3JO LNM, ‘NQDVEE ‘LHan /zZlsa
ofo]ofo
N\EH¢ T 010 LOZAO
m— I I aNFsT
NONH_ dOl AJONY2 NO O3LNNOW
@ HO 2a8 g+ @ SINASE
X8 08 MIUDS SNLNNOW
0L JIM ‘I
X08 IOMINGD MOTIE
NMOQLNHS £Z4 ANV BS0 HUM TIHSINNNA M + 140ddNS XOd TOULNCGD NO JAINACA
INVIO0O MO T L2571t
LHOITLOJS, (p00000DO| z8L
QNCYHS HOIVIOVN
JHL NO J3INNOW
X8 TOUINGCD 40 Mv3ad NI
a0 ) S— [ SOVIE 318 dovig L1 o
65d @lo/o SV NAGIE 518 WWoRE S Svie © O oviEs NVOYE C18
XOH TOMINGD £
JAQEY AINYQD INOYHA
L1 NI AJDONYD 40
dOL NO {TALNMOW
3SN4 NI 3DMdS ANV NMOME S 18 112 FLON
L c ¢ ¥ _ s 9 A L 8 6 0l Ll Zl







| | 4 ¢ | ¥ | g | 9 ¥ L 8 6 ol Ll zl

220682 Q | ooy VR0 dour | un wsore w1 1 opoun 1 e o gocomey (CEERE)IRIN SINId__[oid
_RIVEIOH | arese motnr i maer o || 2300 hoay (X438d) Yva] a ]| _FONVH0 _[H0
VSN ‘CLESK OO 40 Auodwo) l.hl:dEm HDQoH o .Vm._n
e T o oncmya, . Suphou B whl LGNS e MOTTEA [ A|[(ALVISIAVED [AD
| seurw | sowoos | owossaw | owaw  Tyuucz0r 000|otor 7 0oof 40100 3IdM / JLIHM 1M NEEER] B
i [eoszi/a [ Ha Hdd | “wugor 00| g0 00 xumzﬂz ENT | 13TOM[ LA Nmodg __[ug
3dIM 40 aN3 NV.L NL anig ng
i oo 3usmoen ¥OLVYNOISIA 18Vd a3y Gl vovig e B & B 5 B &
XO8 TIOHINOD "NOLJINNOD "Wwhovid NOLLVNVIdX3 WVa0VIQ 3000 40100 S A A R S )
— T % § & ® @
Q3LI03dS 3SIMNEHLO SSTINN ? ¢ T |_— T b
S0 O-ALbD e Iszzosaz [10Z0L/<0|wiseE (2] o n cn on o o
- o [+0/9/+ |wezze (1 & g 2B g B 2
e 40 TV 3va "N 03
- 3NON :9Z10L6 ¥3d 3000 HSINW Q¥0J03Y JIONVHD m m u m m w
WIS IAWSLNO
X0g TOYINOD 40 JAISNT ONIOVA RTTS BTT9 BTTY
§ % 8 F § ¢
59 66 1190 /80 +40
X2
el
~=[ /¢ o oM | oL o5 [ceg £LreY Lbdik oo
—Jp=7¢ — N — a z
L=Lr~2Y —g Tl 8 |_z+o orleaenlen »2XZ ° £33
M - oy CHTTE oo ASSS TIT] 8==_-Ic =
—‘mnu_ - Lo o=pz=T n”_ N
° 3% K+ ofqw e ¢LM TEgzle YT SHPIRCARELS
\hﬂl/«.ﬂ/ omEwa |l 3 v o SZSE( Lods Bonnlm_nFol
\ ce O 0O mN/ %) lonjonjonjon u/_u/_u/_uuu_uu
©00O0O0 —— I el R IS{B=t N] i it P S
[z 0o00000 ez M M X5 98¢ MHM“HM "NOLLOFIO SIHL ONIOVA 38 1SN T38v1 FlON il HHE®)
. ,Nuooooooom:_ olo A ¢ u O 3223 SR R e
QW_m Joml_lzoo go0o0000 s|ls[—N8 wnm [-vus ]0ld [mpws LI [-vuroovmog=p|bld
\"o00000.% v |y |—a £85 a—zh—cv 0o rurafolr [zrouroflp Eruro[zip Enur[gif [crourvovweazgyir
o000,/ gle|NO cBS X5 988 @
Al_W_._.Ov NI L z|z 20 188 LT EV A cec 5|4 cld
op 4| 578 5—gr-cv-9 ¥85 |
eV ¥anr Zrled y-or—cv- 28y |y
1 AT
°1°ng w¥e ¢mer—5v-a9 osg ]’ |? =
s|s—o—¢¥s b2V yg g L] %00 dD
44 =N N”“ 6d| 6r / anoooo@N/
¢le 2
40 1¥S g1 \muoooooonu/
z|z 2 8
Ll mM mmu L ,Nuoooooooi
Left] S -
[Fhursvovevadzmasaald [porun=]If [oswus]pr £M|Ed Dm\%m_n_l_‘.__mmw “,.M mwm MM /mpooooooooooo oy
BN e EEETE| IEET S| o] avol-.,89—= v|v . 6 []
% ' Yo 12 INN-Lad A L8 e e dd8 JOVAddINI INIONA \poo0o, /
N [ s 3 ls Io el LI
gBolz<z 250z | . 008 e (a13)
m O m _ _ 8d| 8r —\m?
= = u_v i u_v anls SISSYHO N<
L L >
1P R (AL @lz1d
>> > > N NS N}
GaoaE Ton T & VIS @lld
_W_W_W_WW [oorwun=]llf [oaran ]I [ooarun=]Sl [oorun=]|Cl [oorun]Pl [oarun=]ll [Goovoarun]ll
C..VEZI_. [ | [ooswn - [oo»wn EEETE JQHQ.VEZ.:_U_ [Bew~voasrun- g
22 golale Tellaldlele  Tadadde  NESNRR Teidslele
2222 e kol BB FRRERR ASE BERESE  RATen  BOSRE  Sadudt
X sulalolalalalalalc
pRRRa  ohes  EQTUMENAGRERERR L)1)V SEFFEE Sod3  |ZgeoEs  |Hgnsds  lEoeEE  2oRsEl
NN ] e Rl B () E=ev v ool BN o] o LANWAOO vUpU >>>>P>p >>>> > >>>> P>
[ [ I = e > an|onfenfon|on| ol enan]enfen
GIIGAG PP T A TN lodolorlevlenln efea  TrIrTY O TITITT  GoResE 355588 SIS SN
ohbdbl bl ool g e GGGEEE SEFFEE gqggggd TTTTTR o D D
gaadalale  lololol g R EEEREE TIFT  ewsani  eosand  IITITL TYTTIE T
SJfo|o| <& IS 3 3823 - LY ENAINEN
wlo|<|ollm _M_O_H_E v [F2R3 L1L] =
20|20 I I
z2 2 ITPH mﬂ\l/v '<iiD) LErswroalle
E._._ &1 Lrnureod
EEEXT SIS _I._~..£Zl®ﬁ_lZc..vc_sl.BSNuﬂﬂﬂmm_*ﬁ [orun ] [+ wn~ ]l _| |_ _NSB/_QQ.VQZL__‘n_
[corumw=]|d[ruv=[od [2vurvovmwz2Raias|td (vrun=]cd o un =[zg _ _|—__.|_I —— e — — — T @ ~Nuswol[Z|P deoNaarun||p
— | (ML) e e x Fefn 2 11q
L)L IA Teg  6-0S¥r _ . vly [ _ N9 €99 N
—_ 1M +99
¢4 [£] s|st w8 zgg— L0SH" _ dygq oa—1 _lm_l_ s Ammm_v
ﬂ — w_ ﬂ I w_ Zr ¢d olr .
¢|eh g gg— £-0s¥" _ 140h7Av _ - ddd 2O14103dS dANIONA
- Cmm— gl i ;
L L—0Svr
‘Q¥g YOLYINO3Y N ¥ il W | 2l i : v
/ ©000. "\ Lr _ PSS [£g] g-olr-gv £ T e
6200000 | ," 000 \ _HH_ N_.HwﬂﬂHM« m o 00 &
AOMW_V \nuoooooonu/ € _ / o000 /_ s|s = /60000 dE \
z 00000
Py 1 ooooooooooooo«i ¢ _ _/ AR mﬁ_Mn_ Lr [scoo00000 -
oL -~ — ., 000 7/ - Looo0O0OO
/n00000m / sr =8P —pV = —— 17|71 ~__-" _ 4 oooooo«i
ocooo / c—op—py A 099 ¢ ¢ £ oL st/
Ny r “or—py d07669] 2| | _ 4 \';00000
¢ > Z-9r—+Y zlz LO¥I L ¢ °
_— —op—py Q8G9 - \N,0000 /
b=9M=¥Y yarge | Y _ oer ¢ v
~ e
ear o, or ] _ [4°]

90TIVNY 38V SHILIN SN %2 ‘ZN 'LW NIHM AINO 3sSn

L Z ¢ _ ¥ _ S 9 A L _ g8 6 ol Ll zl







| | 4 ¢ ¥ g | 9 ¥ L | 8 6 | ol _ Ll zl

VS “Uoeed VoA i om0 (XII3YLHIM] T YNId__[id
2¢068¢ | e2ssv oo “sou P et oo S o 5, S o] 1437 ¥0 3A0av val (X39d) Y¥Va[a [ 39NVE0 [0
22 35 2= || BIVHOH ST AR RO 7N e e e e
¥0/92/2 uogouuoyul o Buspniour *Buimosp siy) JQLINOQ .
e n.aﬁ_\ o8Iy DO wwgg'oF 00'0[0L0° F 0007 o O|_<Z< m W_< m _\/_ V% N E _\ E H3IGNNN m_m_>>|\ LIT0IA] 1A NMouyd yg
o [eofzi/a [ Had oo | WUEOF 00| £0"F 00 (39M 40 aNZ) NVl [NI g
—— SHd41dN OV NAHM 14dHS SIHL 3SN MOLVNOISA 14V ooy
X08 T0HINOD ‘NOILOINNOD ‘Wvdovid NOLLVNVIdX3 WvaovId 3003 0703
Juu

SR RO “A'O=ALIND “ON_TVREIVA

Q3IHSINYNG S3HIM = "L

" IoN 941016 ¥4 3000 SNl o 310N
2 dISK 308IN0 _ _ - _ _ - _ _ - _ _ - _ _ - _ _ - _ _ - _ _ - _ _ - _ _ - _ _ - _ _
r oo AV ]
OE AN ' d3dd0D T
L O o h A S 1 |
T 93dd00 % 1| SNOILOINNOO % S¥IIIN ¥l \\mw
ERE 2 L 404 WHOVIQ ¥l 335 S L |
e A\ O\
Loy h
| _ _ | _ [~
_ _
_ [
I _
7 _ _ __ ¥3dd0Ox* _
||
_ ¥g ovL ) __ __
_ _
_ NN
I _
_ “ _ “ 8r[vz ¢ vs] [+ z]gr _
_ _
A NISE: 11| NNA_”_JFNn¢ 1 op
_ , _ _ _ _ il 6950 ld
_ _ ~ | | %R%%% Lz ¢ +v s|al
~ _ _ Lzcvs|g
IS Ly =223 4
. BRE BNy SN T De RRRRR BB |
~ 0 C(C (€] (2T %ZQ.VQ N[N
N BN 3 ) ol RRNG olsxow  |[@=
_ w L ~5 Nlxoo|% REBL= =<5
Y |I_ I o|=|=x(o|o
[y WA RNN N _
L lilrd
S | [ WNIvs TITTT _
% _||_|.|| SR O ) )
>
5 N _ _
_ i 3 I} L WV
| ~ W = _
i i L L Sm@mn |
N .ﬂv ~ d3dd00« \ \ g3dd0D% _
™ © o N A’ 93dd00% ¥9dd00%
~ 2 93dd00%
_ anis g9dd00x%
N2 aNNOo¥o
_ l—¥Lr—2V
o]
I 5 _
9 ¥g 62/ |

301dS

Ol—pir—zy QN3 oumOJQ.)//







|

4 ¢

¢Cc068<C

¥ 40 ¢ 133JHS "N "oma

)

v's'n
€LESH OHO ‘AOML

LIVEOH

+0/92/c

3dAL N3 SAY003d

3OV

@3MO3HD

nd
Tvos

+0/<2/c
aiva

Hdy
NMvaia

HdY

d3IN9IS3a

ST104INOD WLI9Ia 0z /06

VIVA 3AUCRIOSIA

uoissiuad uspum ssaidxs

yum jdeoxe ‘upd up JO ejoym Ul ‘SBieLjO O} pesojosip JO
paJeaep Jo peonpoides ‘peidoo 8q 03 jou si Bumoup siy)|
VSN ‘CLEGY OO ‘Aosl jo Aupdwo) sieljoug HOQOH 4O
Apedoud |DijuepyuUOD puD BAISN|OX® By} 5! ‘UOBIBY} PBUIDIUOD
uolpuuiojut ||o buipniou; ‘buimpbip SIYL TIVILNIALINOD

WWwgez0F 00°0[{0L0" F 0007

wwg'o¥ 00| £0° F 00°

QAN HONI-TWWIO3a

X08 TOYINOD ‘NOILOANNOD .§<mo<_mE £ F sTow Fabad
038 MBI | ¥0i Leions e MO, ssoNvTol
‘STO "NNOD W N—=ALLINVND "ON TVRIAIVW Q314103dS 3ISIMYIHLO SSTINN
¥0/01/50| £S220682 mewwmo ﬁwwwm m ANlddNS ¥3Imod 1 Sd
3INON :9/10L6 ¥3d 3000 HSINI4 oummn_oum m_wo_“_s."_u% ®
= zoEﬁ.z.__hz.__.M_nmn_m._bo @
34NSSIYd 110 ‘I9DNVI GZW
IYNLYYIINTL YALVM ‘39NVD ¥ZN
21410313 713n4 ‘39NVH LN
JTET 3002 11Nv4 ‘39NvH 9gn
() Fv AYILLVE “YILANLTOA S
HMOLVYIANIO—INIONIT ‘YFLIN INIL ONINNNY N
¥ILAN AONINDIYA W
YOLVYIANID 'OV “YIALINWLTOA ZN
YOLVYANID OV ‘YILINNY LN
(Q3HSINYNA NIHM) ONISNIS FOVLIOA JLOWIY ‘TF1OVLd3IDIY osvr
(Q3HSINYNA NIHM) Y3IFIL0FIY—YINYOISNVEL ‘T10VLd3I0AY LovP
(1410) TOYINOO ‘I10VLd303Y e
(934) YOLVIN9IY ‘F10VLId30IY alely
(8S3) 014103dS INIONT ‘T10VLd3I0aY zZsr
(813) 3OV4YIINI INIONT ‘T10VLd3I0aY LGr
¥IMOd ‘TF10VLd30aY osr
(Q3HSINYNA NIHM) A 0SZ “V L ‘3SNd +O¥Y NO |4
‘A 0SZ “V L ‘ASN4 ¥V NO ¢4
‘A 0SZ “V L ‘ASN4 ¥V NO 24
‘A 0GZ “V G ‘ASN4 ¥V NO L4
(Q3HSINYNA NIHM) ¥ILINLTIOA 04 ‘dI¥LS ‘LHON Z9+Sda
(Q3HSINYNA NIHM) H3ILINAY 04 ‘dI¥LS ‘LHOM 19¥Sa
M3LAN 1INV ‘dIMLS “IHOIT 6950
YILANLTOA IV ‘dIMLS ‘1HOIT Z9sd
YILINAY OV ‘dIMLS “1HOIT 19Sd
YILAN AONINDIYEL ‘dI¥LS ‘LHOM 095d
(3LHM) 39nVD 13N4 “‘LHOM S1sa
(FLHM) 39NVD FHNLYYIdANIL “LHOM ¥150
(3LHM) 39NVD FYNSSIYd 10 “LHOIT ¢1sa
(FLHM) AYILLYS “YFLINLTOA “LHOIT Z1sd
V0L ‘SLHOM YIMEVN ‘YIMvIEg LINDYID 1189
VG ‘LNDYID TOYINOD ‘¥3MVIYE LINJYID £89
V0L “IVOI¥L0313 INIONT ‘YIMvINEG 1INDHID 82
(Q3HSINYNA NIHM) (ML) ¥3FIILOFY—YINYOASNVYL “O°'d ‘Q¥vodg YOvv
(031) @31 “Oo'd ‘ayvog Gv
(93Y) ¥OLvIN93Y “O'd ‘ayvog v
(T410) TOYINOD “O°'d ‘auvosg eV
(813) 3OV4Y3ILINI INIONI “O°d ‘Qyvosg A
(8S3) 214103dS 3INIONT “O'd ‘ayvosg LY
NERER
! Z ¢ ¥ L) g 9







| | 4 ¢ ¥ g | 9 ¥ L | 8 | 6 | ol _ Ll zl

¢¢068¢ a stssy DG cut iwss.ww_uwavu._ﬂeu._hmhuﬁ.mwrﬁ m_.uw!:v._;ﬂ.umz_n_ﬂ ._..._m_._m_w_m__p> m.__\mom_,q vl CMV_M_W..__W__W__W_V.W_@@_M m m_ozd_“__m_ W__m_
v 40 v 3z onome | om | JRIVEROH | X35 im0 o 2 e, S S 2 . . . Tmo._oo T MOTEA [ W (IVISIAVED [A
T 77 i i Y o%”H.%.q i AVLIOId 39V SN % N LN aarsINen m”._m_@ - mumzﬁmz um§|v\ \ E_.ﬁ_%_oswgw Noyg—|ug
T T SHFLAN OV NAHM 14dHS SIHL JSN Saton NOLYNOISIA L3V
X08 TOHINOD 'NOILOINNOD 'Wvaiovid NOLLVNV1dX3 WVaoVIa

s v JANVA TOHINOOD 40 dV3Id ONIOVA
B tae A=A el /0150 |wWoegee 24 .. - Yttt WmWmWmtt - W W W W mmmtm-_ - W W mmmtmmtmm M = =
SIviam A8 @OV ANV EE |||||||||||||||||||||||||||||||||||||||||||||||||||
3INON 921016 ¥3d 300D HSINL num%uuxuuﬂhu _I_||||||||||||||||||||||||||||||||||||||||||||||_>_B<|*|||_I_
T e ] _ ¥3dd0D « _
N e | ]
Il r—— - - - T T T T T T T T T~ J34d00 = [ SNOILOANNOD % SH3LIN ¥l TW
Amwuuu._m% _ _ _ _ W_mnu_n_oo* \%\ W/ N_Oh_ —>_<N_O<_ﬁ_ W_n_. mmm \“\ W//
B AN
IRR L 222> 4 0
_ _ _ _ = < [ Il 1) _
[y 0 SGGGGG [\ N
oy
] ST\ LHLLES ' 4
_ \rer NN ~ </
/ —_—
_ “ “ _ “ NN I = /) QI S—=
_
_ Il IP[Vz e+ s S—=2 iz SFEEE ¢9rsd |
R 4= K3 _
] | 698 v s 9]/d
N “ | N v S 9|/r
M8 ovL Loy ®
| ____ < srzevs] [izlor _
_ R h [+ z]¢er _
[y
pISES Mg x* | | e L2 ¢+ §
“ “ _ “ R
_
| || || P g U ® <(NININN
L NINSIN
| N SRR el |
__ — I N|x|o[S|4 ~|[[o|Zz|o _
< _ _
! ; ] =2z 4|1
= >>>r>> T
= I W
ks * L LLLLY
| - LhdLd |
0 b ._N_\/_ | | _
_ _ WNIV %
I :
W_ L |W_Mn_m0|0*|/ NNV x
_ Z ® ¥3dd00x \\ 593300
| < = L=y 112V ¥3dd00x ¥3dd00x _
R § Y3dd00x% _
I N g3dd00%
~ <
& *
M ©
_
_ q48 Z¢vL Lz ¢+ s|cr |
YN SRR L2 € v S|zd _
NN NN
HEEYL N3 a3somo 09Sd Y
m_o_n_n_ml/ wi=|lo®
~3olZm
v1Sa Hax 9—v1r—zv N —
- - .- - -nw.es. = e







! _ z _ g _ S _ 9 i L _ B _ 6 0! _ Ll _ ZL
20L68Z [ Q] andumaso | Jtusmemdu n owur S seis o fomon n
Loy s mwalmn] MU LGED SRS RIS S I D J1NAdON dIMOd 40 INOd4d 9INIDOV A i Sava o ova o] | a1 80 o8y ————var
I 172 T L T B+ b AR | B ISVE) AV [22 10 I —
| e am v qor | (W0 09 o E 0o ETU M- poh NN || wzawen 3um v
o) 1T [IA NAOME | HB |
v gy 28R Vo NVL NL 3ME 1 (mum 40 oNg)
TINGON ¥3M0d “NOLLDANNGD “Wvaowid | £ u..-l,.....:_i.,.h.ﬂ " O U] SOV 1E | NOLVYNS9IS3A LHVd
- ﬁﬁeﬂ-ﬂbﬁkﬁ m_ 3002 200D NOLLVNV1dX3 AVHOVId
R ey U 2, LO/DL/%8 ©
== e M- oy | G s m LO/91/KC @ . Q99 JIHSINMMA SIHM  + |
] AS GIOVIN ALY [+0/zL/@ [weice (1 uV- ﬂ _”u_ o
ANON 19/H116 M3d 3009 HGINU T e N N = =
_..-s..e__.i.«.“nﬂﬂn o NN
U0DZ—1 | 1S3I/cerT 2 m M M m o indino 1# d
%H @.m.:nms 1Ndlno 2 _\W_Q M_N s I|_
0007—|_|C3) 3pw revn] Il_
| A JA 6%
9 I'9) '9) | o _ |
d & o4 9 W 29 _ ECASIRES ST r—esd L
o o e O L-¥¥d _ Ll | e _
& © ) o N LS _Y - T Gl—¢Gd
o B | T 8] Ln on ||z NJ Gl
2 5 |2 & ToorT o SE—¢5d
| N = Ng G&f "
; i 8y ¢l _ le—¢od 7
< © 5 9@ 1T
Zlo) o] ol _ m — 95—¢6d _
a1 = 5 ng ot
| _ Rl N O R . e = MS TVYNYIHL HOLVE3IN3D | |
M: | NN o s o o [~ [ e CR U R =N 12l P e _mU 7 4E—98d —
2BelsRlxlkle RisiBlRERER e
TEEANELEI5EE 25359995 ®@dVO -
¢ o o fon e TrT T LT e - ™ zp dnis WN.© a
= < O =z
aS @ NN NN » W o N T o _
o | o o = ° - 5 YE-£5d
ERRISFRE | _ ¢ _ |
e— 9¢—¢4d
X X OXOARAM™ oL ng 9z
88*F8*3n | v F .
Lo | _
= W m <
| LA | ]
o g v
_ N _
|||||||||||||||||||||| ocl Zl OlLl
£1—-¢5d QY I e 7 L
HOLOVINGD 01 7 M el ;
Z—¢6d
@ <« « [
=) | , ou [ 1771 Tl o
)= org! , 0 £ |t 4
TR _ oo ]
/r: W Le-85d TR 77 S o Q71 oL
SN | 1S ML 7/ \_/
f =M ¥ | g B ]
<anLe F|vHd AL | s g1 —
7 | ! €e-0Sd yg—¢r _ A N E |
(¥NOLLIO) | LH | py | < o _
0 “ | \v4 I “ cl1D Th g 2L —£sd m m
gc—¢&d | |
I o 8¢ I L o
R S O ey puspungiendl I —___ _ —©)
S.L0 TV _ | =} e I . e | -
Gl0 NEEEEDE <10 OL-£6d
_ I ™ ec 8-77d e e e e e - - - M Ol _
_l_

Z1







! | 4 ¢ ¥ | g | 9 ¥ L | 8 | 6 | ol | Ll Zl

q “uoiss}
¢£1068¢ Q | etssr 0RO s0m uwsz_.wwﬁvurﬂﬁm.% % (QIHSINYNA NIHM) ‘INIHYNO ONILYVLIS ‘Od ‘NOLLNGHSNd ‘HOLIMS  LEFS ‘1A=L ML YOLSISTY 0O
2 30 4 szans woo | == | JRIVEIOH | 5D sissr oo e io Kot s voaon i Mou_._m_sz zu_._gw ‘INdLNO 00 ‘NOLLNGHSNd ‘HOLIMS 0SS
¥0/11/20 Sotiputioj 1 Butpriou "BuiaDip e TILNIaIINGO Q3IHSINYNA NIHM) ‘LNdLNO T# ‘NOLLNEHSNd ‘HOLIMS SLCS (@3IHSINYNA NIHM) ‘(INTG) ‘LNdLNO 04 ‘NOLLNGHSNd ‘YOLVOIANI 0¢¥Sd
3dAL N3 SCH0I3Y 3AO¥ddY DRI G ¢ ¢ ¢
[ Tind | €0/2L/2v | HdY | HdN | E:.u.cmw”ﬁ ownw o%”H%w. 13S34/1S31L ‘NOLLNEHSNd ‘HOLIMS LLS (@3IHSINYNA NIHM) (FONVHO) LNdLNO Z# ‘NOLLNGHSNd ‘YOLVOIONI  652Sd
s v s o NMOQLNHS d3AVIAA ‘dOLS INIONT ‘NOLLNGHSNd ‘HOLIMS 9/S (03¥) ‘13S3¥/1S3L ‘NOLLNGHSNd ‘YOLVOIANI £/4SA
VIV 3030 1Nnd1lno _.% ‘NOLLNGHSNd ‘HOLIMS G/S Am_wz<w_ov ‘YALVAH—3dd ‘NOLLNGHSNd ‘YOLVOIANI ¥9Sa
X08 HOLMS 'NOILDINNOD "Wvaiovid | MO3HO 13NA % SAAV1 ‘NOLINGHSNd ‘HOLIMS  +/S (a3y) z;ootm_._m ”._z_wz”._ ou»ﬁum ‘NOLLNGHSNd ‘dOLVOIONI €950
18VIS 3ANIONI ‘HOLIMS vZS MOTT13A) LNdINO L# ‘NOLLNGHSNd ‘YOLVOIANI 6GSd
ﬂhdﬁinn_u_:!\_ﬂ!..!nalai.-o 5 wisE—d ¥010313S ¥ALIN ‘HOLIMS ¢S Azum_w_ov 18VIS 3ANIONT ‘NOLLNEGHSNd ‘¥OLVOIANI 8GSd
510NN Wn-AND -on e | G3WI03dS 3ISIMAEHLO SSTINN "ONIENL MNIYHS HLIM
- . s SINdIN0O OV 2 aN3931 T 40 ONI ONUVINSNI ONV“TNIWAIL ONINONaY
Byt ———— o8 IS 5 ST 55 Y314V SSINYVH OINI SIMIM Q3ISNNN ANV 3lL °L
TGVl NOUNSRLSK .
] L L AWd - HJLIMS JU dvdd JNiva :S3ION
o) [ @) @) o o @) ]
v=¥Sd N,wl_H H_u
<D o u O g o o T o o o o 6—4vSd — S 57— — — O o o o o
[ neE N DO OO Tg O a0 ] o ul o o 40 2¢9 o ul o (el (¢4
eI 858 dalkXgQyd 2g * =3 R £ Oov¥d g g ¢ g g
S A A O A A S S LT o = o N o Z 310N 33S N o N & o
2R RIER RRARERZBER s | 15 2 o o N o o N @ M_
olzlo @k kel | gz |s g |z 2 |z z 9 2 |5 9 =
QI RIERF BIRIBI2I2 1S clo 2[=< =~ by o z c < un_
dg 619 dg 619 dg 619 d8 619 dg 829 dg 619 dg 619
ay £09 ay ¢09 ad ¢09 ay 929 ayd £09
_ nN|_|.vN ﬂuﬁnulj.vu /nN|_|.vN /NN|_|.vN nN|_|.vN /nN|_|.vN g
_ n_.|_|+—| |“d\n—|_|o|0+— n—|_|.v_.| n-|_|+—| _nO—|n T.“u—_ jlll_ n—|_|.v_.|
00— o—0 O0— o—0
T v e F—'—- _n~|_|+u_
/IMV—|0 T.Mv_‘ll X ZX X X X (A X ZX _ X Nx_ _M.v_.|o T.Mv— X X
clol8lad Mulwlolo|R |~ L | L J
SRR RERRBRBlII2 T " $9Sd 8G6Sd 6G6Sd 6S5cSd 0¢¥Sd I ¢9Sd £/Sd
B S [ 2 purGi | I (#Y] BN IN N O | | HH_H HH_H
kel ReRlsEES \ / \ / \ / \ / \ / 7 v_J \ /
299988 3223883 VLS 6.5 ¥ZS S/S S/2TS 0SS LEYS 9/S
| | | & O o o © O W
R | | © O
P N | < x | 1
N SD x x _ — _ — _ — _ — _ — _ — _ — _ — _ —
. M 40 (XEISDLHOM] 1 MNId__|Id
40 SAN3 3LVINSNI .mu% auw_ w_m_,n_wm_mmum__._s»_ﬁzm_ww_ﬂ_@ 1437 ¥0 IN0EY ——— g (X1434d) M¥val g JONVYO__ [¥O
A8 SSANMVH WO¥3 OvvY HOISISIH INONIY o To._oo - - wmrz ;ﬂﬂ_@» p._s» n._Hﬁ_m_m”w_mwmo nw
¢ dloN H._m_z_mz um_§|ﬁ\ \ LTI0IA[ LA __Nmoue __[ud
A" 34M 40 aN3 NVL NL 3Inie__[ngd
1INd1LnO OV 1 YOLVNOISIA L¥vd a3y ay NeVAL] h
3000 J0100
X08q HOLIMS 40 dV3id ONIOVA NOUVNVdXS Wvaovid
MHMM@ o) o o o o o o o
a8 €29 *+ (/S( v=8d 45 g1
@D o un [ellvilv] v U o Ug ) o 6—4vSd -5 — — —! ) o ) ) o
R&Gd nwla 982249 3 g < a2 g gz g g 40 9091 Y g g g g g
N N oo oo s QY 3 1 S S 17 ] ] | I | | |
2o Lol Ll lLL &, 3 ¢ A~ 4z & < ¢ 3loN 335 3 g B g g
FTN N N N N N N o I
olojlo |jololo |o|o oo |2 |o 3 S 13 3 13 DS b 2 x 2 @ @ 4
oN (= N = [= LL%LOL_ = K |o o [N —=|[ ) o o ) ~ o0 O_
@R 2EF BRBEREE, [ =2 23 2|2 2 2 z 2 2|
dg 619 dg 619 48 619 48 1£9 dg 619 48 619
ay €09 ad <09 ay 0g9 ay €09
+Cd o N 1 r— 7
O0— o—O N o—O0—+— O—0 o—0 oO— o—0 o—0 o—O Oo—o o—0 oO— o—0
_ T ¥ “ T % /nNI_I...N _nNI_I+N_ _nNI_I+~_ /nNI_I...N /nNI_I+N _
H_.|_|+_.| |\c\n_.|_ho|.“u_. n_.l_|.v_.| _Mv_.|o o|.mu_._ _Mv_.|o o|.“u_._ jlll_ n_.l_|.v_.| n_.|_|.v_.|
| 0— °0—0 0— o0
e e F—'—- F—'—- _n~|_|+u_
~+6—o o—0t+ X zX X X X X _ X Nx_ _ X Nx_ _olo olo_ X X LX X
(41 14" €l k4!
2Rz 2R RRRIEBRRI2 T $9S0 8GS( 6GSd 6GCSAL 4 0gvSda. 2 c T ¢9Sd £/SA
kBB RBsEES \ / \ / \ / \ / v_J ] v_J \ / 7
w un u 9 o O 2 WO g oo
99988 BE2FRR B YRS 6/S ¥ZS S/S /TS 0S¥S LSS 9/S LLS
| | | S O o 00 © O W
N | 1 | © O
S~ A W X + | x x 1 1
[$) = = x % _ — _ — _ — _ — _ — _ — _ — _ — _ — _ —
! T _ 3 ¥ S 9 4 L 8 6 0l Ll zl







L | (4 ¢ | ¥ | S | 9 ¥ L 8 | 6 | 0l Ll zl
g “UOCISE|ULIOd USRUM 591dX9]
¢1068¢ Q0 | eccsy b “our | _un woore susd ui 1 eroun ul 3o oy posomap o ‘ A ]
PessAisp 1o poonpadei ‘perioo og & Jou 1 Bumeup ol (Q3HSINYNA NIHM) ‘INIHHNO ONILMVLS ‘00 ‘NOLLNEHSNd ‘HOLIMS  LEVS
2 1z | UVEOH | .57 sism mo.ion 2 oo woms v Mouxm_z%.._ zuxzw ‘INAIN0 g ‘NOLLNGHSNd ‘HOLIMS  0¥S ‘@1 4=L L HOISISTH  OvhE®
I % ooy | mee (oo Toe Q3HSINYNA NIHM) ‘LNdLNO_Z# ‘NOLLNEHSNd ‘HOLIMS  G/ZS h
Td [ ©0/21/20 [ Hdd | Had ~|wuigor ool 50 7 o0 HALVIHIANA ‘NOLLNEHSNd ‘HOLIMS 6/S (@3HSINYNA NIHM) ‘(@N1E) ‘LNdLNO 20 ‘NOLLNGHSNd ‘¥OLVOIANI os¥sa
13S34/1S31 ‘NOLLNGHSNd ‘HOLIMS £LS  (Q3IHSINYNA NIHM) (IONVH0) LNdLNO Z# ‘NOLLNGHSNd ‘HOLVIIANI 652sa
0T TOINE NOIEENNGD oo s NMOAQLNHS Q3AV1IA ‘dOLS ANIONI ‘NOLLNGHSNd ‘HOLIMS 9/S (03y) ‘13S3¥/1S3L ‘NOLLNAHSNd ‘4OLYOIANI £/5a
Tw 1Nd1NO L# ‘NOLLNEHSNd ‘HOLIMS G/S (39NVHO0) ‘YILVIH—3I¥d ‘NOLLNGHSNd ‘HOLVIIANI +9sa ONIENL ANHS HLM
o MOFHO T3NA % SAAVT ‘NOLLNGHSNd ‘HOLIMS ¥/S (03¥) NMOQLNHS 3ANIONT d3AVIAA ‘NOLLNEHSNd ‘HOLVOIANI £9sa J4IM 40 ONI ONLVINSNI NV AYNIRNAL. SNIAORE
o7/ TT/e0lwisze (d 18VIS 3ANIONI ‘HOLIMS ¥ZS (MOTI3A) LNdLNO L# ‘NOLLNGHSNd ‘HOLVOIIANI 6SSa WALJY SSANAVH OLNI STMIM GISANN ANY 3Ll -1
S AN WN=ALLND “ON_TVRELW Q3U4I03dS 3SIMMEHLO SSTINN ‘ .
Y0/11/60] ZseToese |70/ y_[weees (g YOLOTTIS HILIN ‘HOLIMS €S (N33¥9) 1HVLS 3INIONI ‘NOLLNGHSNd ‘YOLVOIANI 86sa
— 18 conuay Auuow oy | wwane [PO/ZL/EL A (Y — — :S3LON
3NON :9/10L6 ¥3d 3A0D HSINL Eouux uuo,._ﬂw 1NdnNo 0 | % 0V ¢ aN3931
Tavl NOUNERLISK
s 30810 X0d HOLIMS 40 dVid 9NIOVA
Ll S reaTE v MU_+ o o o o) o) o o =]
Cvicess ® Ee 0£5d v=¥Sd g5 ero L w0 zes° VS
o0 0w v O O O v T Y v o ] o o o o O._N._NW_ ) o ] u ) )
0 s 0 neE NOADG OO o a o Ty u S o o o wu (e I3} o u o o o (¢4
REY @88 daRE?y | ¢ T g¢ 1 Tt ToF Tl ) Tl Tl ) )
LR R A N A A N S I = o R~ SN — O N [ N w N N o N o ¢
s s s w m w 99 09 n‘..9 C._9I—9 (o2} /_9I-9 C._g 29 I-g 99 Zg I-g 69 /_9 C._g 89 09 (2]
PRI RE2 2RREB2 g R & sk << M@ @ o o o o = ] I3 e N @ S
G e o O Y o i A <o 2z |5 g9 |5 z |z 3 s < 2 o 2 |5 2 z |
QAR BEE GMHNNM_ Py z clo 2[< = Py o Py = Z c =< M_
¥g 619 ¥g 619 dg 619 49 619 ¥g 619 d8 619 dg 619 49 619 dg 619
ay 09 ad £09 ay 09 ad £09 ad S29 ay £09
4%=! 2 N ||
_ 03] ~ ~ ~ ~ ~ _
L Bllso oo ool Lo ool Lo o ool | oo ool L
€l ¥l ——"T¢1 ol.nu_. <€l 14} <l ¥l <€l ¥l <l 14} (4} ¥l
_ mél_uTm T P T T T T mﬁ_uTm T T mél_uTm _
/lmv_.|o ol.ml X (44 X X _.x X —x X —x X //O|o n|0|| _.x X X [4.4
SIBI2BIR RERIBIBI=2 = T * $93d 8GSd 6GSd @mmmo om¢mo I ¢9Sd £/Sd
BN (o N hura | R [&Y] PN NN [© | | _ _
2@ 3B 2RIEISIEIZS \ / \ / \ / \ N \ / \ / \ / \ N v
mw un n O o O 2 VO O O O
w_ _u w_ 28 BRREERE v/.S 6/S VS G/S G/¢CS 0¢vS L¢YS 9/S LLS
RO g+ xx 7 _ _ _ _ _ _ _ _ _ _
J4M 40 [CEERENTRRII ] MNId__ [)d
1437 80 3A08Y ——— yg (XI434d) XIva| || JONVH0 _ [d0
QL2 MOTI3A TA[(FLVIS)AVED [AD)
OO0 M — ILHM_ [IM NEERR] ND
___ __ YIGANN UM 1370IA] LA ZBOWm dg8
1NdlNo 'O0°a I ® 0OV | (3¥m 40 aN3) NVL NL 3ng ng
HOLYNOISAA L¥vd a3y Q@ _ovig RE]
Xom IO._._>>m I|_O W_<MW_ OZ_O<I|_ NOLLYNV1dX3 WvdOVIa 3000 ¥0100
MWHMM na 29 = o = o o o o) o
@& g9 *+ (0/S( v=5d 5emg 15520565
Y v O oo v T o U Y ) ) o O._N._NW_ ) Y Y Y ) )
mmm mmm mmmmmm m g K mww_y: g g g g g g g g g g M_u
LTS N R A A A SRS | L4 IR SLo L & N & RN NS & &
» s » s s m m m 99 09 29 ggl-g .79 /_9I.9 C._g Zg Zg I.g 69 /_9 C._9 89 09 .79
D |o |[O D |o [O O O | | |O o o O oo |O N|O o - - — N — — - - N
Rl Bl ﬂwmwﬂ%ﬂ_ - (O ol N —[c0 © o w ES © o » N 0 O_
ool |lololx Blolxlelo g =2 o3 |5 D2 2 Q S = 2 2 2 3 <Q 2
QURIR RBE[F GMHNNM_ By P4 clo By = 2 x P4 c M_
98 619 38 619 J8 619 a8 [29 J8 619 J8 619 ¥g8 619 38 619
0y 09 ad £09 ad S29 ay S29 ay <09
_ nN|_|.vN ® nN|_|.vN /nN|_|.vN nN|_|.vN /nN|_|.vN /nN|_|.vN /nN|_|.vN _
— 20— o0 — _olo olo_ - - -
_ nnw|o|_b|.vw n—|_|.v—\ E— n—|_|.v_. n—|_|.v— _Inpll.vpl_ n—|_|.v— MVN|0|_N|.WN n—|_|.v_. n—|_|.v— nmvN|o|_Lo|.v.M _
//Mv_.lo ol.mvpl X (44 X X X X _—x Nx_ X X /IMVFIO ol.mv—|| X X X X ||Mv_.|o ol.mv—||
SIB2BIR REIRIBIBI=e = T " $93d 8GSd 6GSd 6G2SAdL 0¢¥Sd T ¢9Sd £/Sd T
N (o N gl | OO [&Y] BN NN [© | | HH_H
<z EBE 238IsEBS \ / \ / \ / \ / V7 \ / \ / \ / \ / \ /
2493% %22333% VLS 6LS vZS GLS G/TS 0¢¥S LEYS 9LS LLS ¢S
| | | A O o 0w O O W
O | | | © O
~ P W X + | x x | |1
l z _ 3 ¥ ) 9 A L 8 6 ol Ll zl







OM-2098C / Operation and Maintenance Manual CGROUND POWER
60CU24 / Series 500060C / 400 Hz. Generator Set

Appendix A Options / Features

Option/Features Available

. Document In This
Description Part Number Number Section
Kit, Ring, Tie-Down 284706 n/a
*Kit, Low Fuel, Flashing/Non-Flashing Beacon 289065-XXX n/a
*Kit, Low Fuel Strobe Beacon 289065-XXX n/a
Kit, T-Handle Latch 287546-2 n/a
Wheel Chocks 287609 n/a
Kit, Water Heater 287632 n/a
Kit, CE Certification, Trailer Mount 287589-3 n/a
Kit, CE Certification, Fixed Mount 287589-4 n/a
Cable, Aircraft, DC, 4/0, 30 Ft. 402025-3 n/a
Cable, Aircraft, DC, 4/0, 40 Ft. 402025-4 n/a
Kit, Fork Lift Pockets 288405 n/a
Kit, Water Heater 288139-3 n/a
Kit, Cable Tray Roller, 60 CU 288987-2 n/a
Kit, Transformer-Rectifier, 28 VDC Call Factory OM-2144

* — A large number of variations exist under this part number. Call the factory for details.
n/a — Not Available, call the factory for details.

The following is a list of options/features available for the 60CU24, 400 Hz. Generator Set. This chart
contains the description, part number, and document number (if applicable) of the option/feature. There is
also a column to identify which option/feature document is contained in this Appendix.
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OM-2098C / Operation and Maintenance Manual

X CGROUND POWER
60CU24 / Series 500060C / 400 Hz. Generator Set

Wet-Stacking in Generator Set
1) Diesel Engines

All diesel engines operated for extended periods under light load may develop a
condition commonly referred to as wet-stacking. This condition results from the
accumulation of unburned fuel in the exhaust system. It is recognizable by fuel oil
wetness around the exhaust manifold, pipes, and muffler. Liquid fuel, in the form of
droplets, may be spewed from the exhaust outlet.

Wet-stacking is common, and may be expected in diesel engines operated under light
load. Light loads do not allow the engine to reach the most efficient operating
temperature for complete combustion of fuel. The unburned fuel collects in the exhaust
system to create the wet condition known as wet-stacking.

To alleviate wet-stacking in lightly loaded engines, it is recommended that the machine
be connected to a load bank after each 200 hours of use and operated under full rated
load for one hour. This will burn away and evaporate the accumulation of fuel in the
exhaust system. This clean-out procedure should be considered as a regular
maintenance operation for machines operated under light loads. The time schedule of
200 hours may be changed as required to suit each user’s particular needs and
operating conditions.
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OM-2098C / Operation and Maintenance Manual

GROUND POWER

60CU24 / Series 500060C / 400 Hz. Generator Set

Unusual Service Conditions

This information is a general guideline and cannot cover all possible conditions of equipment use. The

specif

ic local environments may be dependent upon conditions beyond the manufacturer’s control. The

manufacturer should be consulted if any unusual conditions of use exist which may affect the physical

condit

ion or operation of the equipment.

Among such conditions are:

1) Exposure to:

a)
b)
c)
d)
e)

f)

9)
h)
i)
j)
2) O
a)
b)
c)
d)
e)
f)
3) O

Combustible, explosive, abrasive or conducting dusts.

Environments where the accumulation of lint or excessive dirt will interfere with normal ventilation.
Chemical fumes, flammable, or explosive gases.

Nuclear radiation.

Steam, salt-laden air, or oil vapor.

Damp or very dry locations, radiant heat, vermin infestation, or atmospheres conducive to fungus
growth.

Abnormal shock, vibration or mechanical loading from external sources during equipment operation.
Abnormal axial or side thrust imposed on rotating equipment shafts.
Low and/or high ambient temperatures.

High electromagnetic fields
peration at:

Voltages above or below rated voltage.

Speeds other than rated speed.

Frequency other than rated frequency.

Standstill with rotating equipment windings energized.
Unbalanced voltages.

Operation at loads greater than rated.

peration where low acoustical noise levels are required.
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4) Operation with:

a) Improper fuel, lubricants or coolant.

b) Parts or elements unauthorized by the manufacturer.

¢) Unauthorized modifications.

5) Operation in poorly ventilated areas.

GROUND POWER
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