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Safety Precautions

Read the Operator's Manual before operating the
generator set. Proper maintenance, operation, and ser-
vice are essential for safe and efficient operation. Many
accidents are caused by failure to follow fundamental
rules and precautions. The following symbols are found
throughout this manual. They alert you to conditions that
are potentially dangerous to the operator, service per-
son or the equipment.

This symbol alerts you to an imme-

A DANGER diate hazard that could cause severe
personal injury or death.

This symbol alerts you to a hazard or

AWARNING unsafe practice that could lead to

severe personal injury or death.

This symbol alerts you to a hazard or
ACAUTION unsafe practice that could lead to
personal injury or damage to the equipment or
property.

FUEL GAS AND GASOLINE ARE HIGHLY
FLAMMABLE AND EXPLOSIVE

® Do not fill the fuel tank while the engine is running,
unless the tank is outside the generator room or
compartment. Hot engine parts can ignite the fuel.

® Do notsmoke or use an open flame near the genera-
tor set or fuel tank.

® Make sure thatfuellines don’tleak and that they are
adequately supported. Fuel connections at the
engine should be made with an approved flexible,
non-conductive fuel line. Do not use copper tubing
as a flexible connection. Copper may crack due to
work hardening.

® |nstall an approved fuel shutoff valve in the supply
line.

EXHAUST GAS IS DEADLY!

® Exhaust gas must be discharged to the out-of-
doors. Make sure that the exhaust system is ade-
quate and does not leak.

® Exhaust gas or heat from the engine must never be
used to heat a room or other enclosed space.

® Never sleep in a vehicle with the generator set run-
ning, unless the vehicle is equipped with a carbon
monoxide detector that is working.

HIGH VOLTAGE IS DEADLY!

® Use extreme caution when working on electrical
equipment.

® Use dry wooden platforms insulated with rubber
mats to cover metal or concrete floors when work-
ing on electrical equipment.

® Make sure your hands and clothes, especially
shoes, are dry when handling electrical equipment.

® Remove jewelry, which is highly conductive, before
handling electrical equipment.

e The installation must meet state and local electrical
codes and be performed by a licensed electrician.

e DO NOT CONNECT THE GENERATOR SET
DIRECTLY TO ANY BUILDING SYSTEM. Electrocu-
tion and damage to the equipment and property
could resultfrom the high voltages that can build up
if the generator set is connected with the utility line.
Connections must be through an approved device.
Before making connections, make sure the main
building service switch is off, and that it is tagged to
prevent it from being turned on accidentally. Con-
sult an electrician regarding emergency power use.

FAN BLADES CAN CAUSE INJURY

® Keep hands away from the engine and generator
cooling fans and keep the guards in place.

THE MUFFLER AND EXHAUST
PIPE GET HOT

® Use caution when making adjustments with the set
running.

GENERAL SAFETY PRECAUTIONS

e Have a fire extinguisher handy. Maintain it properly
and know how to use it. Extinguishers rated ABC by
the NFPA are suitable. Consult the local fire
department about the suitability of other types.

e Do notletgrease, oil and dirtaccumulate on the set.
A dirty engine can run hotand be damaged or cause
a fire.

® Do not use the generator compartment for storage.
Oily rags, gas cans, propane cylinders, wooden
blocks, etc. can ignite or explode or interfere with
cooling and ventilation. Keep the compartment floor
clean and dry.

® Do notsmoke near batteries. When disconnectinga
battery, first disconnect the negative (-) battery
cable atthe setto keep sparks as far away as possi-
ble from the battery. Lead acid batteries emit highly
explosive hydrogen gas that is easily ignited by
smoking or sparks.

e Do not operate or service the set when tired or after

having consumed drugs or alcohol.
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Section 1. Introduction

ABOUT THIS MANUAL .
This manual provides service information for the series . m .

AJ generator sets. This service manual is for the expe- Model and” Spec No.

rienced service person. It covers troubleshooting, dis-

assembly, repair, reassembly and adjustments for the Serial No.

engine and generator. It is recommended that the ser- "Always give above no.'s

vice person be thoroughly familiar with the principles of Imporiant when ordering parts
gasoline engine operation and have a basic knowledge
of electrical fundamentals. Other Onan publications,
such as Electrical/Mechanical Fundamentals (932-
0408), Onan Generator Training Manual (932-0408) and ]Amps

the Operator's Manual (924-0121 or 924-0122), are lAmps
recommended as additional sources of information.

Time Rating

Read all service procedures completely before begin- Ty : ,.
ning any repair work and observe all cautions and warn- oo - For Recreational

. " ’ . Class
ings. The installation must comply with local codes. Amb 40°C Pour Usage Dans

Onan Cor, Les Vehicules
iti ; 1400 73rcFAve NE Recreatifs
The most critical areas of concern include the exhaust Minneapolis. MN Typé Fuei_lz
system, fuel system, electrical wiring and ventilation. 55432 U.S.A. asoline

Faulty installation, maintenance or service can lead to .Made in USA 99-1360 o
severe injury or death or damage to the equipment or
property.

FIGURE 1-1. ONAN NAMEPLATE
MODEL IDENTIFICATION

When contacting an Onan Dealer or Distributor, always
supply the complete Model Number and Serial Number
as shown on the nameplate of the set (Figure 1-1). This
information is necessary to identify the set when order-
ing replacement parts.

Always use genuine Onan replacement parts obtained
from an authorized Onan Dealer or Distributor. Univer-
sal replacement parts (usually intended for automotive
use) often look similar but might not perform to Onan
specifications. Only genuine Onan replacement parts
are designed and tested for this equipment.

Faulty service or replacement of

AWARNING parts can lead to severe injury or

death or damage to the equipment or property. Service
must be done by qualified persons.
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Section 2. Specifications

BASIC CONFIGURATIONS AND APPROXIMATE WEIGHTS

Standard Models

Portable, manual start. ............ .. .. i 140 pounds (64 kg)
Stationary, manual or remote electricstart. ................. ... ....... 180 pounds (82 kg)
Battery Charger, remote electricstart ................................. 180 pounds (82 kg)
Fire Department, electric startatset ............. ... ... ..., 180 pounds (82 kg)

Recreational Vehicle (RV) Models
Remoteelectricstart. ... ... ... ... i 160 pounds (73 kg)

ENGINE DETAILS

Design ........coiiiiiiiiiiiii, 4-stroke gasoline, single cylinder, air cooled, L-head
Displacement .. ... .. e 14.9 inches? (244 cm?3)
Compression Ratio

Gasoline fUBL. . ... .. e 6.25

Gas fUBL . .. e 7.1
Cylinder bore . ... ..o e e 2-3/4 inches (70 mm
Piston stroke . ... .. 2-1/2 inches (64 mm)
Oil Capacity

Portable models . ...... .. ... . e 2.5 pints (1.2 litres)

Stationarymodels ... 3.5 pints (1.7 litres)

RV models . ... 2 quarts (1.9 litres)
Fuel

AlLMOodels ... gasoline

Stationarymodels .......................... may be equiped for LP vapor or Nat. gas fuels
Cooling ................. ... ...... centrifugal blower in pressure or Vacu-flo configurations
Starting Battery Requirements

Stationary models ... 12 V, 105 amp/hr (378 kC)

RV models. ... 12V, 92 amp/hr (331 kC)
Ignition System

Standard models . ... ... magneto

RV mModels . ... battery
Governor ............... ... ..., internal flyball, externally adjustable to +/- 5% of rated speed

2-1



GENERATOR DETAILS

Design
Revolving armature, self excited, inherently regulated to +/- 10% rated voitage at rated speed,
self limiting, single phase, unity power factor, 2-pole {except 1800 RPM modeis, which are
4-pole).

Styles
Standard {(all models except RV) - Manual start models use rectifiers in the excitation current
circuitand electric start models the commutator. The generator is motcrized for starting etectric
start models. A centifugal blower is provided for cooling.

RV - The generator is motorized for starting and the commutator is used in the excitation current
circuit. The generator is cooled by the engine vacu-flo blower.

Ratings
STYLE WATTS AC VOLTS HERTZ/RPM AC WIRES
Standard 1000 120 or 240 60/1800 2
Standard 2000 120 50/3000 2
Standard 2000 120/240 50/3000 3
Standard 2500 120 60/3600 2
Standard 1500 24 DC -/2400 -
Standard 1500 32DC -/2400 -
RV 2500 120 50/3000 2
RvV 2500 120/240 50/3000 3
RV 3000 120 60/3600 2
TUNE UP SPECS
Spark Gap
Gasoline FUBL .. ... i 025 inches (.64 mm)
Gas Fuel and Combination Fuel. ... ... ... . . i i i, 018 inches (.46 mm)
Ignition Timing
1800 RPM MoOdels . ..o e e e 19° BTC
Standard Models . ... .. e e e 25° BTC
RV IMoOdels. ..o e 22° BTC (non-adjustable)
Breaker Point Gap
Magneto Ignition . ... ... .. e 022 inches (.56 mm)
Battery Igniton ... ... . e 022 inches (.56 mm)
Flicker Point Gap
1800 RPM Models Only . ... .o it 020 inches (.51 mm)
Valve Clearance (Engine Cold)
INtAKE . .o e e 011 inches (.28 mm)
EXhaust ... e e 011 inches (.28 mm)



Section 3. Dimensions and Clearances

Standard cylinder bore

(Includes piston clearance) (Maximum .003 inch [0.8
mm] out-of-roundness and .005 inch [.13 mm] taper

allowable)
Standard piston diameter

(0.005, 0.010, 0.020, 0.030 and 0.040 inch oversizes

available)

Piston ring gap in cylinder
(0.010, 0.020, 0.030, and 0.040 inch oversizes
available)

#1 (top) piston ring groove width

#2 piston ring groove width

#3 piston ring groove width

#1 piston ring side clearance

Piston pin diameter

Piston pin to connecting rod clearance
Piston pin to piston clearance
Standard crankshaft main journal

Standard main journal bearing
(0.002, 0.010, 0.020 and 0.030 inch undersizes
available)

Crankshaft end play
Standard crankshaft rod journal

Rod to crank journal clearance
(0.010, 0.020 and 0.030 inch undersize rod bores
available)

Connecting rod side clearance
Camshaft journal

Camshaft journal bearing
Camshaft end play

inches

Millimeters

2.7525-2.7535

2.747-2.748

0.006-0.024

0.0955-0.0965
0.0950-0.0960
0.1565-0.1575
0.002-0.008
0.6250-0.6252
Thumb push fit
Hand push fit
1.6857-1.6865
1.688-1.690

0.008-0.012
1.3742-1.3750
0.0015-0.0025

0.012-0.035
1.3740-1.3745
1.376-1.377
0.003

69.914-69.939

69.77-69.80

0.15-0.61

2.43-2.51
2.41-24
3.98-4.44
0.05-0.20
156.875-15.880

42.817-42.837
42.875-42.926

0.2-0.3
34.905-34.925
0.038-0.064

0.3-09
34.900-34.912
34.95-34.98
0.076



Section 3. Dimensions and Clearances (continued)

Intake valve stem

Exhaust valve stem

Valve guide (intake and exhaust)
Valve face angle (intake and exhaust)
Valve seat angle

Minimum valve edge width

Valve seat width

Standard valve seat bore (exhaust)

Standard vaive seat diameter (exhaust)
(0.002, 0.005, 0.010 and 0.025 inch oversizes

available)

Valve tappet diameter

Valve tappet bore

Approximate valve spring free length
Valve spring length (valve open)

Valve spring tension (valve open)

Inches Millimeters
0.3080-0.3085 7.823-7.836
0.3090-0.3100 7.885-7.874
0.3110-0.3120 7.900-7.925

44
45
1/16 2
1/32-3/64 0.8-1.0
1.063-10.64 27.00-27.03
1.067-1.068

0.7475-0.7480
0.7505-0.7515
1.6
1.31

71-79 pounds

18.987-19.000
19.063-19.088
41
3.33
32-36 kg



Section 4. Torque Specifications

Torque Specifications Foot-Pounds Newton-Meters
Cylinder head (cold) 24-26 33-35
Connecting rod 10-12 14-16
Rear bearing plate (cast iron) 20-25 27-34
Rear bearing plate (aluminumy) 15-20 21-27
Flywheel mounting screw 35-40 48-54
Oil base 25-30 34-40
Gearcase cover 10-15 14-18
Spark plug - 18-20 24-27
Oil plug 7-9 10-12
Fuel pump 7-9 10-12
Rotor through bolt 25-30 34-40
Generator mounting bolts 12-15 16-20
Carburetor mounting nuts 8-12 11-16
Valve cover nut 4-8 6-10
Breaker box mounting screw* 6-8 8-11

* - Use Part No. 513-0347 Sealer.

Note: Use engine oil as a lubricant on all threads EXCEPT for the spark plug, rotor through bolt and breaker
box mounting screw.






Section 5. Preparing to Service

TROUBLESHOOTING

Before starting to service the generator set, follow a
systematic troubleshooting procedure to locate and iso-
late the problem. For servicing, the generator set can be
considered to consist of four systems:

® Engine - Primary Systems
® Control

® Generator

® Engine - Block Assembly

Several troubleshooting guides are included in this
manual to help locate the cause of various malfunctions.
It should be noted that some malfunctions might have
several possible causes. For this reason, you may have
to investigate several likely problem areas in order to
isolate the source of the malfunction. Because of the
complexity of the equipment, a troubleshoocting chart
cannot list every malfunction and its cause. In some
situations you will have to rely on experience and a
knowledge of the product to locate the problem.

REQUIRED TOOLS

The following special tools may be required to service
the generator set. A complete listing is available in the
Onan Tool Catalog (900-0019).

Engine Tools

Torgue wrench, 0-50 ft-1bs.(0-70 N-m)
Feeler gauge

Spark gap gauge

Gear puller

Snap ring pliers

Cylinder ridge reamer

Combination main and cam bearing remover
Combination main and cam bearing driver
Oil seal guide and driver

Piston ring compressor

Piston ring spreader

Cylinder wall flex-hone

Vaive seat cutter

Valve spring compressor

Valve lock replacer

Valve seat driver

Valve guide driver

Piston ring groove cleaner

Outside micrometer set, 0-3 inches (0-76 mm)
Telescoping gauge set, 1/2-3 inches (13-76 mm)
Hole gauge, .300-.400 inches {7.5-10 mm)
Plasti-Gage bearing clearance indicator (green)
Lead or dead-blow hammer

Electrical Test Tools and Meters
VOM muiti-tester

Armature growler

L.oad test panel and leads

SAFETY CONSIDERATIONS

Think through and understarnd the hazards involved in
working on generator sets. Read through the safety
precautions listed on the inside cover and familiarize
yourself with the various hazards shown in Table 5-1.
Approach the job with a safety-conscious attitude. This
is the most effective way to avoid injury to yourselfand to
others. Adopt the following safeguards.

Safeguards Against Hazards

® Use personal protection. Wear safety glasses and
safety shoes. Don’t wear jewelry or loose clothing that
might get caught in moving parts or conduct
electricity.

® Work to reduce the hazard. Keep fan guards in place
and the equipmentin good working order. Store flam-
mable liquids in approved containers, away from
open flame. Keep the work shop clean, we!i lit and
well ventilated. Keep a fire extinguisher handy.



TABLE 5-1
HAZARDS AND THEIR SOURCE

Fire and Explosions

—Leaking or spilled fuel

—Hydrogen gas from battery

—OQily rags improperly stored
—Flammable liquids improperly stored

Burns

—Hot exhaust pipes

—Hot engine and generator surfaces
—Electrical short in DC wiring system

Poisonous Gases

—Carbon monoxide from faulty exhaust
pipes, joints, or hangers

—Operating generator set where
exhaust gases can accumulate

Electrical Shock (AC)

—Ilmproper generator set ioad connections
—Faulty RV wiring

—Faulty electrical appliance

—Faulty generator set wiring

—Working in damp conditions

—Jewelry touching electrical components

Rotating Machinery
—Jewelry or loose clothing catching
in moving parts

Slippery Surfaces
—Leaking or spilled oil

Heavy Objects
—Removing generator set from RV

e Develop safe work habits. Unsafe work habits have
been identified as the cause of mostaccidents involv-
ing the use of tools and machines. Be familiar with the
equipment and know how to use it safely. Use the
correct tool for the job and check its condition before
use. Observe the warnings and cautions in this man-
ual. Be extremely cautious when working on electri-
cal equipment. If possible, do not work alone. Don’t
take risks. Always work safely.

Be prepared to respond to an emergency. The Red
Cross, police and fire departments and other agen-
cies offer courses in first aid, mouth-to-mouth resus-
citation and fire control. Take advantage of these
opportunities so that you will be ready to respond if
necessary.

REMOVAL OF THE SET

Stationary and RV sets will have to be removed from the
installation to perform some service operations. Remo-
val will involve disconnection of the high voltage wiring
and conduit, remote control wiring, battery cables, fuel
line, exhaust pipe and flexible air duct connector {Vacu-
flo models).

When disconnecting the battery, first disconnect the
negative (-) cable at the set to keep sparks as far from
the battery as possible. Close the manual fuel shutoft
valve in the fuel supply line before disconnecting the set.

If the set utilizes gas fuel, cap or plug the end of the fuel
supply line to prevent leakage in case the shutoff valve
is inadvertently left open while the set is away for ser-
vice. Plug or cap the end of the gasoline supply line or
drain the tank to the level where spillage cannotoccur if
the valve is inadvertently opened while the set is away

for service.
Gas and gasoline fuel are highly
AWARNING flammable and explosive. If ignited,
they can cause severe burns, death and explosion or
fire. Make sure that fuel cannot leak while the set is
away for service by plugging or capping the fuel supply
line in addition to shutting off the valve, or by draining
the gasoline supply tank.

Unbolt the set from the foundation or floor of the RV
coach compartment. Remove the set carefully to avoid
personal injury or damage to the set. Have someone
help lift the set, or use a doily or fork lift.



Section 6. Engine - Primary Systems

INTRODUCTION ® Governor

Th ine pri t as follows: o Fuel
© engine primary systems are as loflows e Recoil Starter (Manual Start Models)

® Exhaust . . .
L] Coolil;g The engine primary systems can often be serviced with-
e Ignition out removal or major disassembly of the set. Use the

following troubleshooting guide to help locate problems

® Crankcase Ventilation ! )
related to the engine primary systems.

VYT Many troubleshooting procedures present hazards which can result in severe personal injury cr
D}_W ARNING death. Only qualified service personnel with knowledge of fuels, electricity, and machinery hazards

should perform service procedures. Review safety precautions on inside cover page.

TROUBLESHOOTING ENGINE PRIMARY SYSTEMS

TROUBLE POSSIBLE CAUSE CORRECTIVE ACTION
Engine 1. Faulty ignition due to:
Misfires a. worn or fouled spark plugs, 1a. Replace spark plugs.
b. worn ignition points, 1b. Replace points.
¢. incorrect ignition timing, 1c. Adjust timing by servicing
: d. faulty magneto (standard) the magneto (standard) or
‘ ignition coil (RV). breaker points (RV).
e. fauity plug wires. 1d. Test magneto or coil and
replace if necessary.
1e. Test spark plug wires and
replace if faulty.
2. Lean fuel mixture due to: 2a. Adjust carburetor main
a. incorrectly adjusted and idle adjustment screws.
fuel mixture screws, 2b. Adjust carburetor fioat level.
b. incorrect float levei, 2c. Disassemble carburetor and clean
c. dirtin carburetor, or all internal passaages.
d. vacuum leak 2d. Locate leak and correct as required.
3. Contaminated fuel. 3. Drain fuel tank and refill with
fresh fuel.
Engine 1. Faulty ignition due to: 1a. Adjust timing.
Backfires a. incorrect ignition timing or 1b. Reset spark plug gap.
b. incorrect spark plug gap.
2. Lean fuel mixture due to: 2a. Adjust carburetor main and idle
a. incorrectly adjusted fuel adjustment screws.
mixture screws, 2b. Adjust carburetor float level.
b. incorrect float level, or 2c. Disassemble carburetor and
¢. dirtin carburetor. clean all internal passages.
3. Mechanical damage to engine. 3. See Engine Block Assembly section.




(AWARN;N(ﬂ Many troubleshooting procedures present hazards which can result in severe personal injury or
(RTINS death. Only qualified service personnel with knowledge of fuels, electricity, and machinery hazards
should perform service procedures. Review safety precautions on inside cover page.

TROUBLESHOOTING ENGINE PRIMARY SYSTEMS (Continued)

TROUBLE POSSIBLE CAUSE CORRECTIVE ACTION
Engine 1. Faulty ignition due to: 1a. Adjust timing.
Lacks Power a. incorrect ignition timing or 1b. Reset spark piug gap.
b. incorrect spark plug gap.
2. Restricted fuel flow due to: 2a. Clean fuel filter.
a. plugged fuel filter or 2b. Test fuel pump and repair
b. faulty fuei pump. or replace if faulty.
3. Incorrect fuel mixture due to: 3a. Adjust carburetor main and
a. incorrectly adjusted and idle adjustment screws.
fuel mixture screws. 3b. Adjust carburetor fioat level.
b. incorrect float level, or
c¢. dirtin carburetor. 3c. Disassemble carburetor and clean

all internal passages.

4, Exhaust system blocked or 4. Locate and remove cause of
restricted. of blockage.
5. Incorrect valve tappet clearance. 5. Adjust valve tappets (see Engine
Block Assembly section).
6. Excessive engine wear or damage 6. See Engine Block Assembly section.
to engine.
Engine 1. Restricted air flow due to dirt and 1. Clean with brush and compressed air.
Overheats debris blocking fins or blower blades.
2. Incorrect ignition timing. 2. Adjust timing.
3. Lean fuel mixture due to: 3a. Adjust carburetor main and idle
a. incorrectly adjusted adjustment screws.
fuel mixture screws, 3b. Adjust carburetor float level.
b. incorrect float level, or 3c. Disassemble carburetor and clean
c. dirtin carburetor. all internal passages.
4. Engine compartment ventilation 4. Remove restrictions.

openings restricted.

Black Exhaust 1. Rich fuel mixture due to: 1a. Clean choke and choke linkage.
a. choke sticking, 1b. Adjust carburetor idle and main
b. incorrectly adjusted fuel mixture adjustment screws.
c. dirtin carburetor. 1c. Disassemble carburetor and clean

all internal passages.




[AWA?HGIN?S Many troubleshooting procedures present hazards which can result in severe personal iniury or
! Rl death. Only qualified service personnel with knowledge of fuels, electricity, and machinery hazards
should perform service procedures. Review safety precautions on inside cover page.

TROUBLESHOOTING ENGINE PRIMARY SYSTEMS (Continued)

TROUBLE POSSIBLE CAUSE CORRECTIVE ACTION
Engine ﬁ1. Sticking or binding governor linkage. 1a. Clean and lubricate governor linkage.
Hunts or Surges
2. Incorrect governor adjustment. 2. Adjust governor speed and sensitivity.
3. Faulty governor spring. 3. Replace governor spring.
4. Incorrect fuel mixture due to: 4a. Adjust carburetor main and idle
a. incorrectly adjusted fuel adjustment screws.
mixture screws, 4b. Adjust carburetor float level.
b. incorrect float level or 4c. Disassemble carburetor and clean
c. dirtin carburetor. all internal passages.
5. Governor mechanism worn 5. See Engine Block Assembly section.
excessively.
High Oil | 1. Oil viscosity too light or 1. Drain oil and refill with correct
Consumption oil is diluted. viscosity oil.
(Note: New 2. Crankcase breather valve is dirty 2. Clean crankcase breather and
engines sometimes or defective. replace if defective.
have high oil
consumption 3. Oil leaks. 3. Locate source of leak and
during break-in} repair as required.
4. Excessive engine wear. 4. See Engine Block Assembly section.
5. Light loading. 5. Do not run set at no load for
long periods of time.
Low Oil i 1. Oil viscosity too light or oil 1. Drain oil and refill with correct
Pressure is diluted. viscosity oil.
2. Low oil level. 2. Add oil as required.
3. Low oil pressure switch 3. Replace oil pressure switch
defective. (see Engine Block Assembly section).
4. Faulty oil bypass valve. 4. Inspect oil bypass valve and

clean or replace as required
(see Engine Block Assembly section).

5. Excessive engine wear or 5. See Engine Block Assembly Section
defective oil pump.




EXHAUST SYSTEM

Standard Configuration

The muffleris secured to the generator set. The outletis
threaded for connection of 1 inch pipe. Generator sets
installed indoors must have the exhaust piped to the
out-of-doors.

Exhaustgas is deadly! Make sure the
{A‘WARN'NG exhaust system is adequate to
remove all exhaust gas and that it does not leak. If a
leak is detected, shut off the set immediately and repair
it.
The following provisions are essential for an exhaust

system:

® Use a flexible connector to isolate engine vibration
from the exhaust piping.

Use 1 inch or larger Schedule 40 black iron pipe.

Route the pipe atleast 12in. from combustible con-
struction and fuel lines. Use an approved thimble to

maintain the clearance through walls.
Exhaust piping is hot and can

BW@NlNG cause a fire if clearances are not

maintained. Check for compliance with local build-
ing codes.

® Ifthe piping terminates vertically, provide arain cap.

Provide a condensate drip leg where piping turnsto
rise vertically.

Slope horizontal pipe to drain to a drip leg or to the
outside.

Use sweeping bends to minimize exhaust back
pressure.

Do not terminate the exhaust pipe near a window,
door or building air intake opening. Check for com-
pliance with local building codes.

Support exhaust piping with non-combustible
hangers. The muffler must not bear any of the
weight of the piping.

Check for exhaust leaks or corroded muffler and
piping. Do not operate the generator set until the
exhaust system has been repaired and is free of
leaks.

Refer to the Operator's Manual for further details con-
cerning the exhaust system.

6-4

RV Configuration

The condition of the exhaust system is critical on RV
generator sets because of the possibility of exhaust
gases entering the vehicle.

The exhaust system consists of the muffler, exhaust
pipe, clamps and hangers needed for installation. Fig-
ure 6-1 shows a typical exhaust system for a compart-
ment mounted generator set.

The generator set must be shut down and the exhaust
system serviced immediately if inspection reveals leaks,
loose fasteners, or corroded or damaged components.

Always replace faulty components with original equip-
ment replacement parts. Do not attempt to repair a
broken exhaust pipe or manifold by weiding. The muffler
is of the spark arrester type Approved by the Forest
Service. Failure to provide and maintain a spark arrester
muffler can be a violation of the law. Contact an Onan
distributor for approved repiacement exhaust parts.

A wanoaisr~ | Exhaust gas is deadly! Modifying the
!AW'&RMNG exhaust system can allow poisonous
exhaust gases to enter the coach. Use only original
equipment replacement parts when servicing the
exhaust system. Unauthorized modifications will also
void the warranty and cancel the UL Listing or CSA
Certification. Liability for injury or damages due to
unauthorized modifications become the responsibility
of the person making the change.
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CiLAMP / HANGER
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(SPARK ARRESTER)
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FIGURE 6-1. TYPICAL RV EXHAUST SYSTEM
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Do notterminate the exhaust tailpipe under the fuel tank
fill spout. The hot tailpipe could ignite spilled fuel. Do not
terminate the exhaust tailpipe under any door or win-
dow that can be opened.

Nc part of the exhaust system shall intrude into the
departure angle or approach angle unless it is ade-
quately protected by a skid bar or other protective
device. See Figure 6-2. Use a sufficient number of
hangers to prevent damage or dislocation of the system.

In Exhaust gases are deadly! Do not
{AWABI\‘ ING terminate the failpipe under the vehi-
cle. Direct exhaust gases away from any vent, windsw,
door, or any opening which can be opened and is not
permanently sealed from the vehicle living space. Do
not mount any portion of the exhaust system into the
departure angle or approach angle unless it is ade-
quately protected. Use a sufficient number of hangers
to prevent damage o: dislocation of the exhaust
system.

Excessive exhaust back pressure

ACAUTION can cause engine damage. If a tail-

pipe deflector is used, make sure itis large enough not
to cause back pressure.

[} (S
L — 3 "
L taLripe
SKID BARS TAIL Z AXLE
DEPARTURE ANGLE CLEARANCE APPROACH
TAILPIPE LINE ANGLE
(REAR VIEW;

M-1689-4

FIGURE 6-2. TAILPIPE INSTALLATION

wwARNING|

EXHAUST GAS IS DEADLY!

Exhaust gases contain carbon monoxide, an odorless and coloriess gas. Carbon
monoxide is poisonous and can cause unconsciousness and death. Symptoms of
carbon monoxide poisoning can include:

® Throbbing in Temples

® Muscular Twitching

® Vomiting

® [nability to Think Coherently

® Dizziness

® Nausea

® Headache

® Weakness and Sleepiness

IF YOU OR ANYONE ELSE EXPERIENCE ANY OF THESE SYMPTOMS, GET OUT
INTO THE FRESH AIR IMMEDIATELY. It symptoms persist, seek medical atten-
tion. Shut down the unit and do not operate until it has been inspected and
repaired.

Never sleep in vehicle with the generator set running unless the vehicle intericr is
equipped with an operating carbon monoxide detector. Protection against carbon
monoxide inhalation also includes proper exhaust system installation and visual
and audible inspection of the complete exhaust system at the stari of each
generator set operation.

1-RV
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COOLING SYSTEM

Generator sets produce considerable heat that must be
removed from the setin order to maintain a normal operat-
ing temperature. These generator sets have air cooled
engines. The cooling system consists of a centrifugal
blower driven by the crankshaft, cylinder and head cool-
ing fins and sheetmetal shrouds to direct the air flow
across the cooling fins. Pressure cooled models push the
air through the cooling fins and Vacu-flo and RV models
pull the air through in the reverse direction.

Ventilation of the room or compartment enclosing a
generator set is necessary to remove the hot air dis-
charged from the set.

For pressure cooled sets, an inlet opening of at least 1
square foot (.1 square metre) and an outlet opening of at
least 2 square feet (2 square metres) are required for
ventilation. The iniet opening should be opposite the
biower inlet and the outlet opening above the set and
towards the opposite end of the room from the inlet
opening.

For Vacu-flo cooled sets, an inlet opening of at least 41
square inches (.025 square metres) and a flexible air duct
between the outlet of the blower and the out-of-doors are
required.

For RV sets, an inlet opening of at least 50 square inches
(.03 square metres) is required. The air should be dis-
charged directly to the outside through an opening in the
compartment floor that matches the outlet of the blower.

See the Operator’'s Manual for details about windbreaks,
louvers, acoustic baffles, etc. that may be needed for the
ventilation openings.

If there is an accumulation of dust and debris on the set,
use a brush and compressed air (30 psi (200 kPa) maxi-
mum pressure) to clean the cooling fins and blades of the
blower. The blower housing and shrouds are easily
removable.

The engine will overheat and be dam-

ACAUTION aged if operated without the blower

housing and shrouds in place. Replace as soon as clean-
ing has been done.

Accidental starting of the generator

AWARNING set with the blower housing off can
cause severe injury or death. Prevent accidental starting
by turning the control panel switch OFF and disconnect-

ing the battery.

Always disconnect a battery by removing the cable from
the negative (-) postfirst. This will preventarcing ifa tool is
accidentally touched between the positive (+) post of the
battery and the frame or other grounded metal parts.

; Y Exhaust gases are deadly! Cooling air
MARN‘NG discharged from the blower may

include exhaust gases. Never heatan RV coach or other
enclosed space with cooling air discharged from the
blower.

IGNITION SYSTEM

Maintenance and adjustments of the ignition system
must be done on a regular basis as specified in the
Owner’'s Manual if the generator set is to perform as
expected. Several problems can be traced to a faulty
ignition system. For example, a fouled spark plug can
cause misfiring. Retarded ignition timing can cause
hard starting and loss of power. Advanced ignition tim-
ing can cause loss of power and overheating.

Standard models use a magneto ignition system and RV
models a battery ignition system. Refer to Section 7.
Control, for wiring schematics of the ignition systems.

Magneto Ignition System

The magneto ignition system consists of flywheel
mounted magnets, magneto pole shoe, primary and
secondary magneto windings, breaker points, capaci-
tor, spark plug, high tension spark plug lead, and shutoff
switch. The magneto assembly and breaker points are
mounted on the gear case and are accessible by remov-
ing the flywheel. Figure 6-3 illustrates the magneto igni-
tion system.

STOP LEAD BREAKER POINT SET

HIGH TENSION

LEAD COIL LEAD

LOOSEN THIS SCREV\
TO SHIFT POINT SET FOR

020" - 022" GAP AT FULL
SEPARATION. RETIGHTEN

A TING SCREW
SCREW SECURELY. TIMING ADJUSTING

CONDENSER FS-1739-1

FIGURE 6-3. MAGNETO IGNITION SYSTEM

Principle of Operation: The flywheel magnets pass
across the top of the magneto pole shoe on each rota-
tion of the crankshaft. As a result, induced current flows
through the primary windings of the magneto, building
up a magnetic field. The breaker points abruptly cut off
the the induced current as the crankshaft reaches the
position before piston top center (TC) determined by
ignition timing. As a result, the magnetic field of the
magneto rapidly collapses, inducing more than 20,000
volts in the secondary windings. The voltage is encugh
to jump the spark plug gap to ignite the fuel (which is
present every other rotation). The capacitor is con-
nected across the breaker points {o reduce sparking
and conseguent pitting when they open to break the
current in the primary winding of the magnetc.
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Breaker Point Maintenance and Ignition Timing
Procedure:

1. Onremaote controlled sets, disconnect the battery to
prevent accidental starting while working.

Accidental starting of the
[AWAR,NLNG generator set with the blower

housing off can cause severe injury or death. Pre-
vent accidental starting by turning the control
panel switch OFF and disconnecting the battery.

Always disconnect a battery by removing the cable
from the negative (-) post first. This will prevent
arcing if a tool is accidentally touched between the
positive (+) post of the battery and the frame or
other grounded metal parts.

2. Remove the blower housing.

3. Remove the flywheel. After loosening the flywheel
bolt, give the hub a sharp rap with a lead hammer to
free the taper fit on the crankshaft.

4. Remove the spark plug to make turning the engine
easier.

. Remove the breaker point cover and examine the
points. Replace burned or pitted points and the
capacitor. Filing points is not recommended.

6. Rotate the crankshaft until the highest point on the
cam is under the breaker pointrubbing block. Mea-
sure the point gap and adjust to specifications.

7. Connectan ohmmeter across the points to indicate
when they open. Place the flywheel back on the
shaft, with the key in place, and rotate until the mark
on the flywheel lines up with the specified mark on
the gear case (see Specifications). The breaker
points should open just as the marks line up. Loosen
the magneto back piate mounting screws and rotate
the plate clockwise if the points separate too soon
and counterclockwise if they separate too late.

8. Reassemble the parts in the reverse order.

(&}

Tests of a Faulty Ignition System: if the ignition system
is suspected of being faulty, disconnect the high tension
fead from the spark plug, hold the terminal connector
{(with a pair of insulating pliers) about3/16 inch from the
cylinder head and crank the engine. There should be a
good spark. If not, service as follows:

1. Disconnect the high tension lead from the spark
plug and measure the resistance between the ter-
minal and ground with an ohmmeter. The resistance
should be approximately 10,000 ohms. If it is
areater, either the high tension lead or the secon-
dary winding of the magneto is open or has a high
resistance. If the resistance is low, the winding is
probably shorted. Replace the high tensior lead or
magneto coil as necessary.

2. Pemove the flywheel and service theignition points
and capacitor as described above.

3. Check for a short between the primary and secon-
dary windings of the magneto with an ohmmeter. A
low resistance between the leads of the separate
windings indicates a defective coil that shouid he
replaced.

4. Theflywheel magnets should notlose strength or be
affected by dropping the flywheel. If magnetism is
lost, return the flywheel o the factory for re-
magnetism.

Battery Ignition System

The battery ignition system consists of an ignition coil,
breaker points, capacitor, spark plug, high tension
spark plug lead and shutcff switch. ignition energy is
supplied by a 12 volt battery. The breaker points assem-
bly is mounted on the service side of the engine. The
points are opened by a plunger driven by the camshaft.
Figure 6-4 illustrates the components of the system.

Principle of Operation: Current flows from the battery
through the primary winding of the ignition coil, building
up a magnetic field in the coil. The plunger driven by the
camshaft abruptly opens the breaker points at the cor-
rect time before the piston reaches top center (TC).
(Ignition timing is not adjustable except as point gap
affects timing.) As a result, the magnetic field in the coil
rapidly collapses, inducing more than 20,000 volts in the
secondary winding of the ignition coil, which is enough
to jump the gap in the spark plug and ignite the fuel. The
capacitor is connected across the breaker points to
reduce sparking and consequent pitting when the
points open.

Breaker Point Maintenance and Ignition
Timing Procedure:

1. Remove the cover from the breaker point box and
examine the points. Burned or pitted points and the
capacitor should be replaced. Filing points is not
recommended.

2. Remove the spark plug to make turning the engine
easier.

3. Turn the engine until the mark “22" (22 degrees
before top center) on the blower is visible through
the peep hole in the side of the blower housing
(Figure 6-5). Watch for the breaker point plunger to
move. If it does not move, turn the crankshaft one full
revolution clockwise. (The breaker points open
every other revolution.) Turn the crankshaft a few
more degrees to ensure full opening of the poinis.
Adjust the point gap according to specifications.

4. Theignition timing should be correctifthe point gap
is within specifications. Timing can be checkad with
a timing light directed at the timing mark o the
blower. There is also a notch in the edge = the
blower whee! visible with a timing light through a
peep hole in the scrall of the housing.
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Tests of a Faulty Ignition System: If the ignition
system is suspected of being fauity, disconnect the
high tension lead from the spark plug, hold the ter-
minal connector(with an insulating pliers) about
3716 inch from the cylinder head and crank the
engine. There should be a good spark. If not, service
as follows:

1. Disconnect the high tension lead from the spark
plug and check the resistance between the terminal
and ground with an ohmmeter. The resistance
should be approximately 10,000 ohms. If it is
greater, the high tension lead or the secondary
winding is open or has a high resistance. if the
resistance is low, the secondary winding is shorted.
Replace a faulty coil or high tension lead.

2. Check the resistance between the leads and termi-
nals of the separate primary and secondary wind-
ings of the ignition coil. Alow resistance indicates a
faulty coil that shouid be replaced.

3. Service the breaker points and replace the capaci-
tor as described in the maintenance procedure
above.

Spark Plug
A fouled or burned spark plug can cause hard starting,
misfiring and loss of power under load.

Remove the spark plug for inspection, cleaning and
regapping (Figure 6-6). Replace a fouled or discolored
spark plug.

ADJUST GAP

ES-1590

FIGURE 6-6. SPARK PLUG GAP

CRANKCASE VENTILATION SYSTEM

The crankcase breather prevents pressure from build-
ing up in the crankcase. It also prevents oil contamina-
tion by removing moisture, gasoline
vapors and other harmful blow-by gases from the
crankcase. These vapors are routed to the carburetor
where they are mixed with incoming air and burned in
the combustion chamber. A sticky
breather valve can cause oil leaks, high oil consump-
tion, rough idle, reduced engine power, rapid formation
of sludge and varnish within the engine, or oil in the
breaker point box.

6-9

At 100-hour intervals, or if the crankcase becomes
pressurized as evidenced by oil leaks at the seals,
remove the breather tube (Figure 6-7) from the valve
cover and examine the breather valve. If there is an
accumulation of sludge and dirt, replace the valve.

BREATHER
TUBE
e
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o
_\A =z
Juve
CARBURETOR
BREATHER VALVE
(KEEP CLEAN) m%

FS-1688

FIGURE 6-7. CRANKCASE BREATHER

GOVERNOR
General

® The governor controls engine speed. Anincreasein
engine speed causes a corresponding increase in
generator voltage and frequency, or battery charg-
ing rate on battery charger models. By maintaining
engine speed under changing load conditions, the
governor holds generator output frequency and volt-
age steady.

® The carburetor fuel mixture screws must be cor-
rectly adjusted before governor adjustments are
made. If the carburetor needs adjusting, refer to Fue!
System in this section before making any adjust-
ments to the governor.

® An accurate voltmeter should be connected across
the generator output connections in order to cor-
rectly adjust the governor. A slight decrease in the
speed adjustment can lead to an objectionable drop
in voltage.

® Before making governor adjustments, run the set
about 10 minutes under one half to three quarters of
the rated load to reach normal operating tempera-
ture. If the governor is completely out of adjustment,
make a preliminary adjustmentat no load to obtaina
safe speed.

® Check the throttie assembly and governor linkage
for smooth movement without binding. If the gover-
nor performs erratically after all governor and car-
buretor adjustments have been made, replace the
governor spring. lf that does not improve operation,
the problem is probably within the governor mech-
anism. Refer to the Governor Cup in Section 9 for
service procedures.



1 The muftfier and exhaust pipes get
ACAUTION hot and can cause burns. Use cau-
tion when making adjustments while the engine is
running.

Governor Adjustment: Standard AC Models

With the set shut down, the length of link A, as shown in
Figure 6-8, must be such that the tang on the throttle
lever just comes short of touching the boss on the car-
buretor. The clearance should not be more than 1/32
inch. Make sure the link is under governor spring ten-
sion while measuring the clearance. Turn the ball joint
on the threaded end of the link to make the adjustment.

CARBURETOR
THROTTLE PLATE

GOVERNOR ARM

DECREASE
SENSITIVITY

INCREASE
SENSITIVITY

DECREASE SPEED A\ 24 INCREASE SPEED
FS-1736

FIGURE 6-8. GOVERNOR ADJUSTMENT: STANDARD MODELS

With the set running at no load, adjust speed nut C foran
output of 126 volts for 120 volt models and 252 volts for
240 volt models. Connect a full rated load and check
output voltage again. The voltage should not fall below
108 volts for 120 volt models or below 216 volts for 240
volt models.

If the voltage drop is too great when the full load is
connected, turn sensitivity screw D clockwise. if the
output voltage is within limits but unsteady (generator
set hunts), turn the sensitivity screw D counterclock-
wise. Any change in sensitivity screw D requires a read-
justment of speed adjustment nut C.

Some sets have an automatic idle device that drops
engine speed to approximately 1800 RPM (Figure 6-9)
when the load drops to less than 100 watts, and restores
normal speed when the load is reconnected. Refer to
Section 7, Control, for description of the idle device
control and associated wiring.

FS-1737

FIGURE 6-9. AUTOMATIC IDLE DEVICE

To adjust the idle device, turn off the control switch and
adjust screw C if necessary so that there is no tension
on spring E. Make sure the carburetor has been
adjusted properly. Disconnect flexible joint A from lever
B. The socket slips off the ball. Adjust the governor for
normal operation by the procedure above, with lock
nuts H loose. Tighten lock nuts H with the link for spring
E as far out on the sensitivity screw as possible. Recon-
nect joint A to link B. Turn stop adjusting screw F down
to allow maximum lever movement.

Turn on the control switch. With no electrical load, the
solenoid should pull up with enough force to overcome
the governor spring and reduce engine speed to
approximately 1800 RPM. Voltage will be approximately
55 volts. If the speed is too high, either link C or D can be
shortened; or lengthened if the speed is too low. The
armature of the solenoid drops when load is connected.
With a full electrical load connected, adjust screw F so
that spring E is firm but not stretched. Tighten all the lock
nuts.

Never operate the set with solenoid
ACAUTION plunger G removed unless the idle

device control switch is off.

Governor Adjustment: Battery Charger Models
Turn speed nut C, as shown in Figure 6-8, to obtain the
desired charge rate. Normal speed as specified on the
nameplate is approximately 2400 RPM. If the charge
rate tends to taper off too soon, turn sensitivity screw D
clockwise. If the charge rate is unsteady, turn screw D
counterclockwise.

Governor Adjustment: RV Models

With the engine shutdown, disconnectlink A, as shown
in Figure 6-10, from the throttle shaft. While holding the
throttle wide open against the stop, adjust the length of
link A so that the center line of the elbow is 1/8 inch
beyond the center of the hole. Make sure the link is
under governor spring tension. Turn the ball jointon the
threaded end cf the lirk in make the adjustment. Re-
engage the link.

6-10
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With the setrunning at no toad, adjust speed nut C for an
output of 126 volts for 120 volt models and 252 volts for
240 volt models. Connect a full rated load and check
output voltage again. The voltage should not fall below
108 volts for 120 volt models or below 216 volts for 240
volt models

If the voltage drop is too great when the full load is
connected, turn sensitivity screw D counterclockwise. If
the output voltage is within limits but unsteady (genera-
tor set hunts), turn the sensitivity screw D clockwise. Any
change in sensitivity screw D requires a readjustment of
speed adjustment nut C.

Lubrication of Governor Linkage

Clean and lubricate the governor linkage joints with
powdered graphite as shown in Figure 6-11.
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FIGURE 6-11. GOVERNOR LINKAGE

FUEL SYSTEM

The fuel system must be in good condition and properly
adjusted for efficient generator set operation. The main
components of the fuel system are the carburetor, fuel
pump, fuel filter and choke. On gas fuel sets, they are the
carburetor and gas demand regulator.



Carburetor Adjustments

The most common cause of poor carburetion is malad-
justment of the idle and/or main mixture adjustment
screws. Significant variation from the correct settings
may result in serious damage to the engine. An overly
rich mixture not only wastes fuel, but can increase
engine wear by washing the lubricant from the cylinder
walls and diluting the crankcase oil. An overly lean
mixture resultsin a loss of power, flat spots in accelera-
tion, and a greater tendency to burn valves and spark

plugs.

Make sure that the ignition system works properly and
that timing is correct. Allow the engine to warm-up
before making fuel mixture adjustments. if the carbure-
tor (Figure 6-12) is compietely out of adjustment and the
engine will not run, lightly turn in both adjustment
screws by hand until they bottom. Then back out the idle
screw oneturn (1-1/4 turns for RV Models) and the main
fuel screw 2-1/2 turns (1-1/4 turns for RV Models) so
that the engine will start and run. (On some RV sets the
main fuel mixture is not adjustabie).

Forcing a mixture adjustment screw

ACAUTION to bottem will damage the needle and

seat. Turn the screw lightly by hand until it bottoms on
the seat.

Mixture Adjustments - Standard Models:

1. Connect a full ioad to the set.

2. Turn in the main fuel adjustment screw until the
engine begins to loose speed {voltage drops). Then
turn out the screw just enough so that the engine
can carry the full foad at the minimum allowable
voltage. Check operation under various loads. If
there is a tendency to hunt, turn out the screw until
operation becomes stable, but not more than 1/2
turn past the point of smooth full load operation.

3. Disconnectthe load from the set. On battery charger
models, make adjustments at the lowest possible
charge rate.

4. Turn in the idle fuel adjustment screw until the
engine speed drops slightly. Then turn out the
screw until the speed returns to normal.

5. Continue running the set withoutload. Lightly turnin
the throttle stop screw until it just touches the tang
on the throttle lever, and then back it off one fuli turn.
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FIGURE 6-12. ADJUSTING CARBURETOR

Mixture Adjustments - RV Models:

. Remove the load from the set.

2. Move the governor arm to bring the throttie up

against the stop screw and adjust the stop screw to
obtain 75 to 80 volts output.

3. Continue to hold the throttle up against the stop

screw while turning the idle adjustment screw in
until the voltage drops. Then turn the screw out until
the highest voltage is obtained.

4. Release the governor arm. The engine should

accelerate to governed speed and stabilize.

5. Connect the full rated load.

6. Turn the main fuel adjustment screw to obtain the

highest possible voltage. (On some sets the main
fuel mixture is not adjustable).

7. Remove the load and move the governor arm to

obtain the minimum speed. Release the arm. If surg-
ing occurs, turn the main fuel adjustment screw out
slightly, and repeat the test. If surging continues,
adjust the governor sensitivity.



Carburetor Overhaul

Carburetor problems not corrected by adjustments are
usually a result of gummed-up fuel passages or worn
internal parts. The most effective solution is to overhau!
the carburetor. This consists of complete disassembly,
thorough cleaning and replacement of worn parts. Car-
buretor repair kits are available that supply new gaskets
and replacements for those parts most subject to wear.
Figure 6-13isan exploded view of the carburetor, show-
ing all the parts.

Disassembly Procedure:

1.

7.

Shut off the fuel supply, or drain the set mounted fuel
tank and store the fuel in an approved safety

container.
aronnmi~ | Gasoline is highly flammable.
AWARNING Ignition can cause severe burns
or death or destruction of equipment and property
by fire or explosion. Store gasoline in an approved
container and keep away from flames, cigarettes,
sparks, equipment with pilot flames, electrical arcs
or other ignition sources.

. Disconnect the fuel line, governor linkage, electric

choke wire and linkage and air cleaner and adapter.
L.oosen the mounting nuts or bolts and remove the
carburetor from the manifold.

. Remove the throttle and choke plate retaining

screws. Remove the plates. Pull out the throttle and
choke shafts, being careful notto damage the tefion
coating applied to some throttie shafts.

Remove the main fuel and idle adjustment screws
and springs.

Unscrew the main fuel adjustment retaining nutand
remove the fuel bow! from the carburetor.

Carefully note the position of the float assembly
parts and then slide out the retaining pin and
remove the float assembly and the needie valve.

Unscrew and remove the needle valve seat.

Cleaning and Repair:

1.

Soak all metal components thatareto bereusedina
carburetor cleaning solution. Do not soak the float,
needle valve, valve seat or other non-metal parts.

Clean all carbon from the carburetor bore, espe-
cially where the throttle and choke plates seat. Be
careful not to plug the idle or main fuei parts.

Blow out all pasages with compressed air. Do not
use wire or other objects for cleaning critical
passages.

Check the condition of any needle valve not
included in the repair kit and replace if damaged
(Figure 6-14). Replace the float if it is filled with fuel
or damaged.
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FIGURE 6-13. CARBURETOR COMPONENTS
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FIGURE 6-14. MIXTURE NEEDLE INSPECTION
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5. Check the choke and throttle shafts for excessive

play in their bores, and replace if necessary.

6. Replace old components with new parts included in

the repair kit.

Reassembly and Installation:

1. Install the needle valve and seat, fuel bow! gasket,

and float assembly. Make sure that all clips and
springs are properly placed and thatthe float moves
freely without binding. Check the float level and
adjust as necessary by bending the seat tab (Figure
6-15).

BEND TAB
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/5\
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(3.2 mm} FS-1690

FIGURE 6-15. CARBURETOR FLOAT ADJUSTMENT

. Rejoin the bow! to the carburetor body.

. Slidein the throttle shaftand install the throttle plate.
Before tightening the screws, the plate must be cen-
tered in the bore. To do so, back off the throttle stop
screw as necessary and completely close the throt-
tle lever. Seat the plate by tapping with a small
screwdriver, then tighten the screws. Install the
choke shaft and plate in the same manner.

. Install the main fuel and idle adjustment screws and
springs. Turn in the screws until lightly seated and
then turn out as indicated under Mixture Adjust-
ments above.

ACAUTION Forcing a mixture adjustment

screw to bottom will damage the
needle and seat. Turn the screw lightly by hand
until it bottoms on the seat.
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5. Reinstall the carburetor on the engine and connect
the fuel line, links, and wires.

6. Adjust the carburetor and governor to restore the
set to operation.

Fuel Pump

A diaphragm type fuel pump is used. If fuel does not
reach the carburetor, check the fuel pump. Be sure there
is fuel in the tank. If the fuel line is open and no fuel
comes through, the pump is defective. Failure of the
pump is usually due to a leaking diaphragm valve or
valve gasket, a weak or broken spring, or wear in the
drive linkage. Oil diluted with gasoline may indicate a
faulty diaphragm.

Removal:

1. Shutoffthe fuel supply and remove the fuel inletand
outlet lines from the pump.

Gasoline is highly flammable.

AWARNING Ignition can cause severe burns

or death or destruction of equipment and property

by fire or explosion. Keep away from flames,

cigarettes, sparks, equipment with pilot flames,

electrical arcs and other sources of ignition while
servicing the pump.

1. Remove the two capscrews holding the pump to the
engine.

2. Remove the pump and gasket from the engine and
discard the gasket.

Installation:

1. Remove all gasket material from mounting faces.
Apply oil-resistant sealer to both sides of the gasket
and to the threads of the attaching capscrews.

2. Place the gasket on the mounting face of the pump.
Slide the mounting capscrews through the pump
and gasket to prevent the gasket from slipping out of
place.

3. Lightly place the pump in position on the engine,
making sure the rocker arm is riding on the cam-
shaft lobe. Start both capscrews and check for
proper gasket placement. Alternately torque caps-
crews to specifications.

4. Connect the fuel inlet and outlet lines.
5. Operate the engine and check for leaks.



Repair: Repair kits are available that provide replace-
ment parts for the pump which are most subject to wear.
Use all parts included in the repair kit. Proceed as
follows:

1. Afterthe pump is removed from the engine, scribe a
line on the flanges of the upper and lower pump
bodies to assure correct reassembly.

2. Remove the securing screws and separate the
upper and lower pump bodies.

3. Detachthe valve cage retainer from the pump upper
body. Noting their position, remove the valve and
cage assemblies and their gaskets from the retainer
(Figure 6-16).

UPPER PUMP BODY

VALVE GASKET —- @

VALVE AND CAGE ——"@
VALVE CASE
/ RETAINER
34

DIAPHRAGM ASSEMBLY

MO!INTING GASKET

LOWER SIDE DIAPHRAGM RETURN

DIAPHRAGM GASKET SPRING
ROCKER ARM

RETURN -

SPRING Qll

o8

ROCKER ARM /% /6
ROCKER ARM LINK
LOWER BODY

PRIMING LEVER

A-320

FIGURE 6-16. EXPLODED VIEW OF PUMP

4. Detach the pump diaphragm by pressing its metal
base into the pump body and turning it 1/4 turn
(Figure 6-16).

5. The rocker arm return spring can normally be
removed withoutremoval of the rocker arm from the
pump body. Use a small screwdriver or tweezers to
compress the spring and tip it off the rocker arm
catch. When installing the new spring, make sure it
is properly placed before remounting the pump.

6. Use solventto clean all parts that are to be reused,
and allow them to dry.

7. Install new valves and cage assemblies and their
gaskets in the retainer. Be sure the assemblies are
in proper position and fully seated. Reinstall the
retainer and assemblies in the pump upper body.

8. To install the new pump diaphragm, turn the pump
lower body upside-down and place the diaphragm
and spring in the body. Press the base of the diaph-
ragm up into the body of the pump and turn 1/4 turn.

9. Install a new rocker arm return spring. Check for
proper spring placement.

10. Place the upper and lower bodies of the pump
together, with the scribe marks aligned. Start the
four securing screws, making sure they do not chew
into the diaphragm fabric. Leave the screws 2 or 3
turns loose.

11. Operate the rocker arm several times to flex the new
diaphragm. While holding the rocker arm fully
flexed, tighten the body screws.

Failure to flex the rocker arm
ACAUTION fully while tightening the pump
bodies together will result in excessive pump

pressure and possible engine flooding or pump
diaphragm failure.

Fuel Filter

Standard models have a serviceable, bow! type fuel filter
connected to the inlet of the fuel pump. To service in
accordance with the maintenance schedule in the
Operator's Manual; remove, empty, clean and dry the
sediment bowl (Figure 6-17). Remove the screen and
clean any trapped particles. When replacing the sedi-
ment bowl, be sure the screen and gasket are in place.

FUEL FILTER
BODY

SCREEN

GASKET

SEDIMENT
BOWL

FIGURE 6-17. FUEL FILTER
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RV models have a disposable fuel filter connected to the
inlet of the fuel pump. Replace according to the mainte-
nance schedule in the Operator’'s Manual orifitis caus-
ing poor performance by restricting fuel flow.

Electric Choke

The choke consists of a bi-metal coil and an electric
heating element. The bi-metal coil is connected to the
choke shaft so as to rotate it in response to ambient
temperature and heat from the electric heating element.

As the engine starts, current is supplied to the electric
heating element in the choke cover. Heat from the ele-
ment causes the bi-metal coil to twist. The twisting
action of the coil rotates the choke open. Heat from the
element keeps the choke open while the engine is run-
ning. See Section 7. Contro!, for wiring diagrams of
typical choke heater connections.

Adjustment: The normal choke setting is approximately
1/8 inch from the fully closed position at an ambient
{and engine) temperature of 70° F (21° C). Occasionally,
adjustment may be necessary to provide the best fuel-
to-air mixture for the prevailing ambient temperatures.
Several adjustments may be necessary to arrive at the
best setting. Let the engine cool to ambient air tempera-
ture between each adjustment. Figure 6-18 illustrates
adjustment of the electric choke.

CATCH OUTER END
OF COIL IN SLOT
‘N COVER TAB

BI-MAETAL COIL

INSERT INNER END
OF COIL IN SLOT
IN SHAFT

BODY

' UX? LOOSEN THESE
THIS o SCREWS AND
NAY LEANER ROTATE THE
FOR e URE ENTIRE COVER
QICHER ASSEMBLY
tIXTURE

CHOKE OPENING
(SEE TEXT)

N
e

FIGURE 6-18. CHOKE ADJUSTMENTS

FS-1484-1
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If the engine starts, runs for a few minutes, then stops;
the choke mixture may be too lean. If the engine starts,
but runs rough and is sluggish once it has warmed up;

the choke mixture may be too rich.
The choke cover gets hot during
ACAUTION normal operation and can cause
burns if touched. Do not touch the choke cover while
the engine is operating.

Loosen the two screws and rotate the choke cover until
the correct setting is attained. Check the setting by
starting the engine and observing its operation. Be sure
to retighten the mounting screws after adjustment.

Repair: If the choke fails to operate, check to see that the
heating element is working. If it is, the choke cover
should become hot after a few minutes of engine opera-
tion. If the cover does not get hot, check for currentatthe
cover terminal. Trace down any opens or shorts.

Remove the choke cover to inspect the heating element
and coil. See that the element is not burned out or
broken. The bi-metal coil must not be damaged, bind in
the housing, or have an improperly directed spiral.

Gas Demand Regulator

A gas demand regulator is provided for gas fuel and
combination gas/gasoline fuel generator sets (Figure
6-19).in conjunction with the carburetor, it provides the
correct fuel-to-air ratio over the full range of operation.
The procedure for adjusting the gas carburetor is the
same as for gasoline carburetors.

GAS HOSE
MANOMETER =—pmi &
GAS REGULATOR
—
ADJUSTING !
SCREW RN
P e
s Y
7
1/
3/4" GAS N\
SUPPLY LINE
1/8" PIPE PLUG

FS-1108

FIGURE 6-19. GAS DEMAND REGULATOR
LOCK-OFF ADJUSTMENT

The regulator is factory adjusted to lock-off at an inlet
gas supply pressure of 7 inches water column (WC). A
gas supply pressure of atleast 3.5 inches WC is required
for the regulator to operate. A gas pressure regulator
must be provided if the supply gas pressure exceeds 14
inches WC.



lf the gas supply pressure exceeds 7 inches WC, adjust
the regulator as follows:

1. Connect a manometer that can indicate up to 14
inches WC to the 1/8 inch pipe tap as shown in
Figure 6-19.

2. Turn on the gas shutoff valve in the gas supply line
and disconnect the hose to the carburetor.

3. Alternately coverand uncover the outlet of the regu-
lator with your hand and watch the manometer.

4. The manometer will hold steady if the regulator is
locking-off as required each time your hand is
removed. Turn adjusting screw G just far enough to
obtain a steady reading if the pressure drops when
your hand is removed.

5. Operate the engine to make sure that it starts
reliably.

1 The soap bubble method of test-

A CAUTION ing is not sensitive enough. A

manometer must be used to verify complete lock-
off of the regulator.

RECOIL STARTER

Service of the recoil starter, on models so equipped,
involves disassembly to repiace a broken recoil spring
or rope, adjust pre-tension if the recoil spring is weak or
to clean up gummed-up or broken internal parts. The
starter must be aligned with the engine to engage prop-
erly and prevent breakage of parts. Observe the follow-
ing procedures.

Installation: Follow each step below in sequence, refer-
ring to Figure 6-20.

1. Remove flywheel screw 23. Leave the existing rope
sheave in place. The sheave provides easier emer-
gency cranking than the starter cup.

2. Secure cup 2 by placing lock washer 26 and flat
washer 24 between the cup and cap screw 23.

3. Install the starter assembly on the engine housing,
aligning centering pir 19 with the hole in flywheel
capscrew head 23. Pull the centering pin out farther
with a pair of pliers if it does not engage the hole in
the screw head. Use the set of three washers and
screws 21 and 25 to secure the assembly to the
housing. There must be a clearance of approxi-
mately 1/8 inch between cup 2 and rotor face 17,
and 3/32inch between capscrew 23 and the starter
shaft.

Incorrect alignment can damage
AEM.ON the starter assembly.

4. Startthe engine with the starter to check the installa-
tion. When using the starter, it is recommended that
six inches of cord be pulied out siowly before giving
a fast steady pull to startthe engine. The slack could
prevent cord breakage if the engine backfires.
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Starter Dissembly:

1.

4.

5.
6.

Hold down washer 7 by hand and remove retainer
ring 6. Let up on washer 7 carefully so that spring 8
does not fly off. Remove brake spring 8, washeis 9
and 10 and friction shoe assembly parts 11, 12,13
and 14.

. Hold the cord and cover as shown in window 0 of

Figure 6-20 and remove the screws holding mount-
ing ring 3 and flange 5. Allow cord rewind spririg 18
to unwind slowly.

. To prevent the recoil spring from escaping wildly,

pry rotor 17 about 1/4 inch away from cover 20 and
detach recoil spring 18 from the rotor. Then remove
the rotor.

ACAUTION The recoil spring can cause

injury it allowed to escape

wildly. Wear safety glasses and follow disassembly
instructions carefully.

Unwind the recoil spring from the housing one coil
at a time.

Cut out a broken or frayed cord from the rotor.
Clean all the parts thoroughly.

Starter Assembly:

1.

Rewind recoil spring 18 in housing 20. Make sure
that the hook on the outside of the spring engages
the pinin the housing, and thatthe springis coiled in
the right direction (Window G, Figure 6-20). Lubri-
cate the spring and shaft with a few drops of SAE 20
or 30 oil. For extremely dusty service use powdered
graphite. Avoid getting lubricant on brake washers
9 and 10.

. Tie a single knot in one end of starter cord 16 (win-

dow F, Figure 6-20).

. Thread the other end through the hole in the side of

rotor 17 and out into the cord groove.

. Wind the cord onto the rotor, thread on handie 15

and tie two knots.

. Place the rotor onto the shaft of cover 20 and

engage recoil spring 18 with a slender screwdriver
or other tool. Keep a slight tension orn the spring by
turning the rotor to prevent disengagemerit whiie
completing the assembly.

Replace washers 9 and 10, friction shoe assembly
parts 11,12, 13 and 14, spring 8, large washer 7 and
retainer ring 6.

With the cord wound on the rotor in the proper
direction (Window F, Figure 6-20), turn the rotor and
cord two turns for cord pre-tension. Additional turns
may be necessary if the spring is weak.

Holding the rotor in place, install flange 5 and
mounting ring 3 with the mounting screws.



FIGURE 6-20. SERVICING THE RECOIL STARTER
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Section 7. Control

MANUAL START AC MODELS

Manual start models are equipped with a stop button on
the blower housing and a manual choke. Low oil pressure
and momentary contact ignition cutout switch are
optional. The AC output is connected directly to two or
four nower receptacles in a junction box mounted on the
set {(Figure 7-1).

1800 rpm models

1800 RPM models are equipped with anti-flicker
breaker points mounted on the service side of the
engine and operated by the camshaft. The points are
connected across a resistor which is in series with the
field shunt winding of the generator. The points are
open during the power stroke and closed during the rest
of the engine cycle. Field current is higher when the
points are closed, bypassing the resistor. As aresulit, the
generator field is stronger between power strokes while
the generator is slowing down, and weaker during the
power stroke when itis speeding up. Fluctuation of the
output voltage, noticeable as light flicker, because of
slow-down between power strokes, is thereby reduced
(Figures 7-2 and 7-3). A capacitor is connected across
the points to reduce sparking and consequent pitting of
the points.

Inspect and adjust the points to Specilications. Badly
pitted points are an ndication of a defective capaczitor,
which should be replaced. if lights flicker after the pcinis
have been serviced, the resistor is probably defective and
shouid be replaczd,

MODELS WITH THE AUTOMATIC
IDLE DEVICE

Refer to Governor Adjustments: Standard AC Models, in
Section 6, for a description of the automatic idle device.
The device is controlled by a transformer and relay in the
power outlet junction box (Figures 7-4 and 7-5). The
power output of the generator passes through the primary
windings of the transformer. The idle control relay is
energized by the secondary windings of the transformer.
When the output drops below 100 watts, the idle control
relay drops out, energizing the solenoid in the idle device,
which overrides the governor to reduce engine speed to
about 1800 RPM. The idle control switch on the side of the
junction box allows the operator to disconnect the idle
solenoid from the relay so that it will not function.

7-1

STANDARD REMOTE START
AC MODELS

These models are equipped with a control box mounted
on top of the generaior (Figure 7-6). The control box
inciudes a start/stop switch, starter solenoid, start dis-
connect relay, battery charging resistor, terminals for
remote control wiring connections, connections for the
automatic choke electric heater and the AC output pig-
tails. A low oil pressure ignition cutout switch, a momen-
tary contact ignition shutoff switch and a high tempera-
ture ignition cutout switch are available as options
(Figures 7-7 and 7-8). Figure 7-7 is representative of 120
or 240 V two wire models, and Figure 7-8 of 120/240 V
three wire models.

When the start/stop or remote controf switch is turned on,
the starter solenoid is energized by the battery. Current
flows through the generaior which causes it to turn like a
motor to start the engine. When generator outputreaches
a certain value, the start disconnect relay drops out the
starter solencid and connects the series fieid winding
through the resistor to recharge the battery. The genera-
tor set will continue to run until the start/stop or remoie
control switch is turned off.

The electric choke heateris energized while the engineis
running. The low oil pressure and high temperature
cutoutswitches ground the primary coil of the magneto to
shutoff the erngine when oil pressure drops or tempera-
ture rises to the calibrated value of the switch.

BATTERY CHARGER MODELS

These models are equipped with a control box mounted
on top of the generator (Figure 7-6). The control box
includes a start/stop switch, starter solenoid, battery
charging diode and heat sink assembly, battery charging
ammeter, terminals for remote control wiring connec-
tions, connections for the automatic choke electric heater
and terminals for the battery cables (Figure 7-9). A high
temperature cutout switch is optional.

When the start/stop or remote control switch is turned on,
the starter solenoid is energized. Current flows through
the generator from the battery or bank of batteries being
charged, causingit to turn like a motor to start the engine.
The starter solenoid is kept energized during operaticri to
maintain the connection between the battery and genera-
tor. As the generator reaches operating speed, generator
voltage builds up to the point where it exceeds battery
voltage, causing the current to reverse. The reverse cur-
rent recharges the battery. The ammeter indicates the
level of the charging current. The diode assembly pre-
vents the battery from being discharged through the
generator when the set is not running.
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RV MODELS

RV models are equipped with a control box and a separ-
a‘e junction box with circuit breaker for the AC output
pigtails (Figures 7-10and 7-11). The control box includes
start/stop switch S1, controf fuses F1 and F2, starter
solenoid K1, relays K2, K3 and K4, resistor B1 and the
internal wiring harness which includes diode CR1 and a
receptacte for remote control connections. The battery
charging resistor R2 is mounted in the engine beil hous-
ing. The control box is connected by wiring to automatic
choke, ignition coil, fuel shutoff solenoid, low oil pressure
ignition cutoff switch and generator start windings.

These models operate as follows:

1. When start switch S1 is pressed to ON, starter sole-
noid K1 and ignition crank relay K2 are energized.

K1 connects the generator and electric choke to the
battery for starting.

. K2 connects the ignition coil and fuel solenoid to the
battery so thatignition spark and fuel are available as
the engine starts to turn.

. The engine should start and run up to normal operat-
ing speed in a matter of seconds.

The low oil pressure ignition cutout switch should
close after afew revolutions of the engine, energizing
relays K3 and K4.

Reiay K3 opens the circuit to relay K1, which drops
out, disconnecting the generator starter windings
from the battery.

. When start switch S1 is released, the switch opens,
causing relay K2 to drop out, disconnecting the igni-
tion crank circuit.

. The engine wilt continue to run when the start switch
is released if relay K3 has closed (engine oil pressure
is normal). -

2.

7-11

9. Relays K3 and K4 are energized by the 12 vuit battery
during cranking and by the output of the gererator
field series winding (approximately 30 voits) whils the
setisrunning. Relays K3 and K4 have 12 vo't operat-
ing coils. When relay K4 is energized, he bypass
around terminals 2 and 3 of rasistor R is opened.
The added resistance in the circuit reduces veoltage
across the relay coils from 30 to 12 volis.

The battery is recharged through resistor R2 and
dicde CR1. The diode prevents the battery from being
discharged through the generator when the setis not
operating.

The set is stopped by pressing stop switch S1to OFF.
The stop switch grounds the series field winding,
de-energizing relay K3, which opens the ignition and
fuel circuits.

10.

11.
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[AWARNING|

TROUBLESHOOTING THE CONTROL

Many troubleshooting procedures present hazards which can result in severe personal injury or
| death. Only qualitied service personnel with knowledge of fuels, electricity, and machinery hazards
should perform service procedures. Review safety precautions on inside cover page.

TROUBLE

POSSIBLE CAUSE

CORRECTIVE ACTION

Engine Starts
But Stops
When Start
Switch is
Released

Engine Starts
And Runs; Then
Stops. Set
Restarts

" Immediately or
- Set Restarts
- After Cooling

Low Béﬁery

Down

. Low oil pressure switch not closing

due to:

a. low oil level,

b. open circuit between switch and
control,

c. defective low oil pressure switch, or

d. low oil pressure.

Output voltage from generator not

being supplied to control due to:

a. open circuit in wiring between
generator and control

b. no output voltage from generator.

1a.
1b.

1c.
1d.

2a.

2b.

Check oil level and add oil if low.
Check for continuity and correct if
circuit is open.

Replace low oil pressure switch.
Refer to Lubrication system section
for test and service procedures.

Check for continuity and correct if
circuit is open.

Refer to Generator section for test
and service procedures.

. Fuel level is below generator set fuel

pickup tube or oil level is low.

Faulty choke operation due to
sticking choke linkage, incorrect
choke adjustment, open circuit
in wiring between choke heater
and generator, or defective
choke heater.

. Vapor lock due to:

a. high ambient air temperatures or
b. faulty fuel pump

¢. faulty fuel solenoid.

Breaker points sticking.

Contaminated fuel.

: Weak or discharged battéf;/. o

. Load connected to battery

while set is turned off.

. Open in charge circuit due to:

a. open charging diode (CR1).
_b. open charge resistor (R2)

3a.

3b.

Connect a separate battery

Check fuel and oil levels and refill
as necessary.

Refer to Fuel System section
for testing and service procedures.

Refer to Cooling System section.

Refer to Fuel System section for
test and service procedures.

Replace breaker points.

Refill tank with fresh fuel.

charger to bring battery up to
full charge or replace.

Turn off load.

3a. Replace CR1.
3b. Replace (R2)
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~1 Many troubleshooting procedures present hazards which can result in severe personal injury or
death. Only qualitied service personnel with knowledge of fuels, electricity, and machinery haza:ds

should perform service procedures. Review safety precautions on inside cover page.

TROUBLESHOOTING THE CONTROL (Continued)

TROUBLE : POSSIBLE CAUSE CORRECTIVE ACTION
Engine J 1. If engine cranks at set but not at 1a. Check for continuity and correct if
Does Not : remote control panel, fault is due to: circuit is open.
Crank a. open circuit in remote control 1b. Replace remote start control switch.
wiring or
b. remote start switch faulty.
2. If engine cranks at remote control 2. Replace S1 switch.
panel but not at set, fault
is due to faulty S1 switch.
3. Insufficient voltage for cranking 3a. Check condition of battery and
due to: recharge or replace.
a. battery not charged or 3b. Clean and tighten all connections
b. terminal connections loose or dirty. at battery and K1 start solenoid.
(A Short circuiting the bat-
‘ L‘}YX@NJEQi tery cables can result
" in severe personal injury. Disconnect
the negative battery (-) cable at the bai-
tery terminal before servicing.
i .
4. Control fuse (F2) is open. 4. Replace fuse (5 ampere). :
| |
; 5. Connect a voitmeter across the 5a. Replace K1. |
i coil of the start solenoid. Check for
voltage when S1 is placed in Start 5b. Refer to Generator section for
; position. If voltage is present, test and service procedures.
| fault is due to:
‘ a. defective K1 relay or
i b. defective generator.
] 6. If voltage is not present as described 6a. Check for continuity and correct if
in step 5 test, fault is probably due to: circuit is open.
a. open circuit between K1 relay 6b. Replace start switch.
and start switch or
b. defective start switch.
Engine 1. Faulty ignition due to worn or 1. Refer to Ignition System section
Cranks But fouled spark plugs, magneto for test and service procedures.
Does Not Start maifunction, worn ignition points,
incorrect ignition timing, or faulty
plug wires.
2. Faulty fuel system due to sticking 2. Refer to Fuel System section

choke, faulty fuel pump,
or carburetor mixture screws
incorrectly adjusted.

for test and service procedures.
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Section 8. Generator

GENERAL

These are revolving armature, self-excited, inherently
regulated, self-limiting, single phase, unity power factor,
2-pole generators (except 1800 RPM models, which are
4-pole). The armature rotor is driven directly by the
engine through a taper fit with the crankshaft. There are
two styles: Standard and RV. Figures 8-1 and 8-2 illus-
trate the two styles.

BASIC OPERATION

The engine governor holds the rated speed (frequency)
by adjusting the throttle as the load changes (as lights,
motors, etc. are turned on and off). The output voitage is
inherently regulated by the design of the generator. This
isaccomplished by running with theiron core of the field
magnetically saturated. As a result, increasing the field
current above a certain level does not increase the
strength of the magnetic field, effectively limiting the
output voltage. A voltage regulatoris therefore not used.
The generator is also seif-limiting by design, since out-
put voltage falis off if too much load is connected
(including a dead short across the output), effectively
protecting the generator windings from overheating.

Manual Start Models

The armature windings are connected to the AC load
through a set of slip rings and brushes (Figure 7-1)
Thefield s energized by a shuntwinding (connected in
parallel with the load). A diode converts the fielu cur-
rentto haif wave DT (The generator would not other-
wise wark since the field polarity would keep changing
each cycle). The generator is self-exciting because of
riesidual magnetism in thie field poles. As scon as ihe
armature starts turning. the windings cross the resid-
valfield, inducing current flow in the windings. Current
shunted to the fie!ld windings builds up the field, which
makes possible a higher output voltage. In a matter of
seconds, engine speed and generator voltage stabilize
at their pre-adjusted (rated) values.

Electric Start Models

Basic construction and operation are the same as for
manual start models exceptthat the armature includes
a separate exciter/starter winding and commutator
and the field series as well as shunt winding (Figures
7-7 and 7-8). To start the engine, a 12 volt battery (or
two 6 volt batteries in series) is connected to the series
winding of the generator field by means of a starter
solenoid. Current flows through both field windings

and the starter/exciter winding on the armature, moto-
rizing the generator to turn the engine. After the engine
starts and the battery has been disconnected, the star-
ter/exciter winding and commutator provide full wave
DC to energize the field. The main armature windings
are connected to the AC load through a set of slip rings
and brushes.

Battery Charger Models

Basic construction and operation are the same as for
electric start models except that the armature does not
include AC windings and slip rings (Figure 7-9). The
battery or bank of batteries being charged is used to
energize the generator to start the engine.

RV Models

RV models operate the same way as electric start
models, although different in construction (Figure
7-11).

1800 RPM Models

These models have a 4-pole field and anti-flicker
breaker points and resistor. The anti-flicker breaker
points are mounted on the service side of the engine
and operated by the camshaft. The points are con-
nected across a resistor which is in series with the field
shunt winding of the generator. The points are open
during the power stroke and ¢losed during the rest of
the engine cycle. Field current is higher when the
points are closed, bypassing the resistor. As a result,
the generator fieid is stronger between power strokes
while the generator is slowing down, and weaker dur-
ing the power stroke when it is speeding up. Fluctua-
tion of the output voltage, noticeable as light flicker,
because of slow-down between power strokes, is
thereby reducead (Figures 7-1 and 7-2). A capacitor is
connected across the points to reduce sparking and
consequent pitting of the points.

GENERATOR TROUBLESHOOTING

Use the following guide to help locate problems
related to the generator.
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[IIWARNIN G Many troubleshooting procedures present hazards which can result in severe personal injury or

death. Only qualified service personnel with knowledge of fuels, electricity, and machinery hazards

should perform service procedures. Review safety precautions on inside cover page.

TROUBLESHOOTING THE GENERATOR

. Brushes worn or not making good

contact with slip rings or
commutator.

. Defective capacitor.
. Defective diode.

. Open, grounded, or short circuit

in rotor or stator.

TROUBLE POSSIBLE CAUSE CORRECTIVE ACTION
No AC . Open circuit breaker. . Locate cause of overload and correct
Voltage as required. Reset breaker.
. Brushes stuck in holder or not making . Release brushes if jammed
good contact with slip rings. in holder. Clean slip ring if dirty.
. Shorted capacitor. . Check and replace if it is defective.
. Open, grounded, or short circuited . Test each component for open,
rotor or stator. grounded, or shorted windings
and replace if it is defective.
AC Output . Engine governor incorrected adjusted. . Refer to Governor section.
Voltage Too Low
or Too High . Defective CR1 bridge rectifier. . Test rectifier and replace if it is

defective.

. Check length of brushes and replace

if worn excessively - clean slip rings
if dirty.

. Check and replace if it is defective.
. Check and replace if it is defective.

. Test each component for open,

grounded, or shorted windings
and replace if defective.

MN_oisy Generator

. Loose brush guide.
. Worn generator end bearing.

. Rotor and stator rubbing together

due to varnish lumps.

. Tighten brush guide.
. Replace end bearing.

. Check for varnish lumps between

rotor and stator and remove as
required.

Generator
Overheats

. Generator overloaded due to

defective circuit breaker.

. Airflow restricted due to obstructed

vent openings in stator housing.

. Stator windings covered with oil or

dirt.

. Open, grounded, or short circuited

rotor or stator.

. Ambient temperature too high.

. Remove part of load and replace

circuit breaker.

. Clear away all obstructions.

. Clean stator windings.

. Test each component for open,

grounded, or shorted windings and
replace if defective.

. Remove obstructions in room

ventilation openings.
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GENERATOR SERVICE

Generator Disassembly

1.

o

On sets with mounted fuel tanks, disconnect the fuel
line at the fuel pump and drain the fuel out of the
tank.

Gasoline is highly flammable.
AWARNING Ignition can cause severe burns
or death or destruction of equipment and property
by ftire or explosion. Store the gasoline in an
approved container and keep flames, cigarettes,
sparks, equipment with pilot flames, electrical arcs
or other ignition sources away.

. Disconnect all external electrical {oad, control and

battery connections. The cable on the negative ter-
minal of the battery should be removed from the
battery to prevent accidentally shorting the battery
while the set is being serviced.

Disconnect the low oil pressure cutout, fuel sole-
noid, electric choke and ignition wires from their
respective terminals.

Remove the end cover of the generator.
Remove all commutator and slip ring brushes.

Remove the two generator frame mounting nuts or
bolts and carefully pull the generator frame straight
back from the engine. The rotor shaft and bearing
will remain attached to the engine.

Remove the rotor from the engine. The recom-
mended procedure is as follows:

® Remove the rotor through stud. Unless there are
threads in the bore of the rotor shaft, use a
1/2-13 NC tap to cut threads for a length of at
least 1 inch (25 mmy} in the bore.

® Insert a steel rod of not more than 1/4 inch (6
mm) diameter into the shaft until it bottoms. Mark
theinsertion length and cutthe rod off about 3/4
inch (18 mm) short, or just shortenough so thata
bolt can engage at least 4 threads with the rod
inserted in the bore.

® Insert the rod again.

® Thread a 1/2-13 NC bolt into the bore threads
until it bottoms on the rod. Hold the rotor to
prevent turning and then turn the bolt with a
wrench until the taper fit breaks loose. Pull the
rotor away.

. The field windings are removable from the genera-

tor housing by removing the pole shoes, which are
each secured by two bolts.

. Mark the location of the rotor bearing with a sharp

scribe and remove it with a suitable gear puller.

The commutator could be dam-
ACAUTION aged if the jaws of the puller
become wedged between the commutator and the

bearing. Grind the jaws to provide clearance if
necessary.

Generator Assembly

Assembly is the reverse of disassembly. The following
procedures should be noted:

1. New field windings should be heated in an oven to
about300° F (150° C) before assembly between the
frame and pole shoes. Heating softens the coils so
thatthey can conform to the shape of the pole shoes
and frame.

[ Unless the field windings are
ACAUTION softened by heating, the pole
shoes will not seat properly. Excessive torque will
strip the pole shoe bolts.

2. Toinstalla new rotor shaftbearing, use a press and
ashortlength of 1 inch pipe to apply pressure to the
inner race of the bearing. Press the new bearing up
to the scribe mark.

The bearing could be damaged if
ACAUTION pressure is applied to the outer
race.

3. Lightly grease the bearing bore in the generator
frame and line up the groove in the bearing race
with the tang in the bore when installing the genera-
tor frame.

Rotor

These tests can be done without taking the generator
apart, except for the armature short circuit test. Remove
the brushes to isolate the armature during these tests.

Tests for ground: Use the R x 10K scale of an ohmmeter.

® Measure the resistance between any commutator
bar and the rotor shaft and between any slip ring
and the rotor shaft (Figures 8-3 and 8-4).

® A reading of less than one megonm indicates
breakdown of the insulation for that winding.
Replace the rotor if either reading is low.

ONE TEST PROD ON COMMUTATOR.
ONE TEST PROD ON ARMATURE SHAFT.

M-1471-3

FIGURE 8-3. ARMATURE DC GROUND TEST



ONE TEST PROD ON SLIP RING
ONE TEST PROD ON ARMATURE SHAFT.

M-1471-4

FIGURE 8-4. ARMATURE AC GROUND TEST

Tests for Open Windings: Use the R x 1 scale of the
chmmeter.

® Measure the resistance between the slip rings. If
there are three slip rings, measure the resistance
between the middle one and the one to each side of
it, and between the two on each side (Figure 8-5).

¢ Measure the resistance between one ofthe commu-
tator bars and each of the other bars in turn, all the
way around (Figure 8-6).

8 A high reading (off scale) indicates an open wind-
ing. Replace the rotor if any winding is open.

TEST PRODS CN
TWO SLIP RINGS

M-1471-1

FIGURE 8-5. ARMATURE AC OPEN TEST

8-5

TEST PRODS ON
TWO COMMUTATOR BARS

M-1471-5

FIGURE 8-6. ARMATURE DC OPEN TEST

Tests for Short Circuits Between AC and DC Windings:
Use the R x 10K scale of the ohmmeter. Measure the
resistance between any commutator bar and any slip
ring (Figure 8-7). A reading of less than one megohm
indicates a breakdown of insulation between windings.
Replace the rotor if the reading is low.

ONE TEST PROD ON COMMUTATOR.
ONE TEST PROD ON SLIP RINGS.

M-1471-2

FIGURE 8-7. AC TO DC SHORT CIRCUIT TEST



Tests tor Short Circuits: Place the armature in an arma-
ture growler (Figure 8-8). Turn on the growler and hold a
steel blade parallel to and about 1/2 inch (12 mm) away
from the laminated core of the armature. Move the blade
around from one pole of the growler to the other. If the
biade vibrates at any point, the winding is short circu-
ited. Turn the growler off and rotate the armature one
slot over and keep repeating the test until a complete
revolution of the armature has been made. Replace a
short circuited armature.

HACKSAW

M-1472-1

FIGURE 8-8. ARMATURE SHORT CIRCUIT TEST
WITH GROWLER

WOODEN HANDLE

HACK SAW BLADE

REMOVE

HIGH MICA

AT72 -

FIGURE 8-9.

Commutator and Slip Ring Service:lf the commutator or
slip rings are worn, grooved, pitted or out-of-round,
re-finish by turning in a lathe. Remove as little metal as
possible. Use number 240 sandpaper to remove tool
marks or slight roughness that would not warrant turn-
ing. Do not use emery paper. Emery grit is conductive
and can cause shorts.

If the commutator is worn, or has had to be turned in a
lathe to the point that the mica insulation between the
bars would touch the brushes, it will be necessary to
undercut the mica (Figure 8-9). The figure shows a

typical tool for this purpose.
Be careful not to damage the slip
ACAUTION rings by accidentally drawing the

mica cutting tool across the slip rings.

Cut the mica down in each slot to approximately 1/32
inch (.8 mm) below the top of the bars. Carefully remove
burrs in the commutator bars with number 240 sand-
paper. Brush off all mica dust and metal particles.

o
RIGHT WRONG
TEETH POINT MICA 'ﬂ WAY TO WAY TO
TOWARD HANDLE GRIND GRIND
TEETH TEETH
GRIND TEETH TO
WIDTH OF MICA
BRUSH
COMMUTATOR
BARS
COMMUTATOR BARS
WORN BELOW LEVEL
OF MICA SEPARATORS
CAUSE SPARKING,
JUMPING, NOISY BRUSHES
M-1468-1

8-6

UNDERCUTTING MICA INSULATION



Field Windings
Tests for Open Windings: Use the R x 1 scale of the
ohmmeter. This test can be done without taking the
generator apart.

e On standard generators with electric start, isolate
the field windings by disconnecting the leads from
the terminals on the DC brush holders.

On manual start generators, isolate the field wind-
ings by disconnecting the lead from the diode ter-
minal on one side and the AC brush holder on the
other side.

On RV generators, isolate the windings by removing
the DC brushes.

On manual start generators, measure the resistance
between the two leads.

On electric start and RV generators measure the
resistance between terminal S-1 on the starter
solenoid and each of the other two leads.

A high reading (off scale) indicates an open winding
. Replace an open winding.

Tests for Grounded Windings: Use the R x 10K scale of
the ohmmeter.

® On standard manual or electric start generators,
measure the resistance between each lead and the
frame of the generator, including the lead con-
nected to terminal S1 of the starter solencid. Aread-
ing of less than one megohm indicates insulation
breakdown. Replace the windings if the reading is
low.

On RV generators, the generator frame has to be
removed from the engine to perform this test. With
the generator frame removed from the engine, dis-
connect the field winding lead connected at the
grounding terminal between the field pole shoes.
Measure the resistance between each lead and the
generator frame, including the lead connected to
terminal S-1 of the starter solenoid. Areading of less
than one megohm indicates insulation breakdown.
Replace the windings if the reading is low.

Brushes

Replace the brushes if they are worn to a length of less
than 5/8 inches (18 mm) or are grooved. Replacemeant
brushes are shaped to fit the curvature of the commuta-
tor or slip ring. If sparking does occur, run the set under
light loads until the brushes wear in. Work the brushes
up and down in the brush holder to make sure there is
no sticking or binding. Clean out the brush holder witha
bristle brush if there is sticking or binding.

Diodes

Use the R x 1 scale of the onmmeter to test the diodes on
manual start generator sets (Figure 8-10). Disconnect
the field lead from the diode terminal and the diode lead
from the brush terminal to isolate the two diodes for the
test. Measure the resistance across each diode in each
direction by switching the test probes from one side to
the other. If the diodes are working properly, the resist-
ance in ocne direction wiil be much less than in the other.
if there is a high resistance in both directions or a low
resistance in both directiors, repiace the diode. Make
sure the brass jumper strip between diode terminais is
reassembled if the diodes are removed.

Capacitors

On standard AC generator sets, a capacitor is con-
nected between each ungrounded brush assembly and
ground to reduce “noise” in the electrical output. Test
for shorted capacitors with an chmmeter, using thie R x
10K scale. Isolate the capacitor for testing by discon-
necting the lead from the brush terminai (Figure 8-10}.
Replace a capacitor with a low resistance reading or if
there is “noise” in the electrical output.
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Section 9. Engine - Block Assembly

INTRODUCTION

The engine block assembly includes the cylinder block,
cylinder head, piston and connecting rod assembly, crank-
shaft, camshatft, valves, valve springs and tappets, lubrica-
tion system, timing gears, governor mechanism and
bearings.

in order to perform most of the procedures in this section it
will be necessary to remove the set from the installation and
to remove the generator and the engine primary systems
from the block assembly. Refer to the previous sections.

CYLINDER HEAD

Remove the cylinder head for cleaning when poor engine
performance is noticed. Proceed as follows:

1. Useasocket wrench to remove the cylinder head bolts
and then lift off the head.

| AACAUTION |

The head may warp if it is
removed when the engine is hot.
Let the engine cool before removing the head.

2. After removing the head, clean all carbon deposits
from the head, piston and cylinder. Be careful not to
gouge the surfaces that seal against the gasket.

3. Install a new head gasket

4. Place the head in position and follow the tightening
sequence shown in Figure 9-1. Tighten all head bolts
to 5 ft-Ibs (7 Nem), then to 10 ft-lbs (14 Nem), etc., until
they are tightened to 24 -26 ft-lbs (33 to 35 Nem).

5. Torque the head bolts again after the set has run 25
hours.

M-1791

FIGURE 9-1. CYLINDER HEAD TORQUE SEQUENCE

VALVE SYSTEM

The valve system must work properly ifthe engine is to
perform as expected. Remove the cylinder head and
valve cover for access to the valves, valve springs,
valve guides and tappets. A vaive spring compressor
must be used to remove valves from the cylinder block.

— INTAKE VALVE

— VALVE GUIDE

GASKET (INTAKE VALVE ONLY)

VALVE SPRING

VALVE SPRING
RETAINER WASHER

VALVE SPRING
RETAINER LOCK

VALVE ADJUSTING
SCREW

TAPPET

VALVE ROTATOR
(EXHAUST VALVE ONLY)

VT-1047
FIGURE 9-2. VALVE SYSTEM

Inspection
Valve Face: Check the valve face for burning, pitting,
warpage, and carbon deposits.

Burning and pitting occur when the valve does not seat
tightly. This is often the result of hard carbon deposits
on the seat. It may also be due to weak valve springs,
insufficient tappet (lifter) clearance, warpage, and mis-
alignment. Warpage occurs chiefly in the upper stem
due to exposure to intense heat. Misalignment of the
valve and valve seat could be the result of not having
ground the valve seat concentric with the valve guide.
If a valve face is burned or warped, or the stem worn,
install a new valve and grind the valve seat.



Stems and Guides: Check vaive stems and guides for
wear as shown in Figure 9-3. Use a hole gauge to
measure the valve guide bore. When clearance
exceeds the specified limits, replace either the valve,
the guide, or both, as necessary. Always regrind the
seat to make it concentric with the newly installed
guide.

Too much clearance between the intake valve and its
guide allows air and oil to be drawn into the cylinder,
upsetting carburetion, increasing oil consumption and
causing heavy carbon deposits. Carbon deposits
reduce heat flow, resulting in higher combustion
temperatures that could cause valves to warp. Depos-
its of hard carbon with sharp points become white hot
and can cause pre-ignition. Unburned carbon residue
gums valve stems and can cause them to stick in their
guides.

g

VT-1020

FIGURE 9-3. VALVE STEM & VALVE GUIDE INSPECTION

Springs: Check the valve springs for cracks, worn ends,
straightness and tension. If spring ends are worn, check
the valve spring retainer for wear. Check spring height
and straightness by placing the spring on a flat surface
next to a square and rotating it against the square.
Check spring tension at the open valve height using an
accurate valve spring tester. Replace any valve spring
that is weak, cracked, worn or bent.

Reconditioning Valves and Valve Seats

The valve face angle is 44 degrees. The valve seatangie
is 45 degrees. The difference in angle results in a sharp
seat between the valve and valve seat (Figure 9-4). Hand
lapping is not recommended since it breaks down the
sharp seat.
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FIGURE 9-4. VALVE INTERFERENCE ANGLE

SEAT
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A valve must have a minimum of 1/16-inch (1.6 mm)
margin (Figure 9-5). Replace a vaive with less margin
since it will heat up excessively. As a result, the valve
could warp or burn and start leaking or the edge could
get hot enough to cause pre-ignition.

—-1 rq-— 1/16 INCH (1.6 mm) MINIMUM
[

REFER TO SPECIFICATIONS
FOR CORRECT DIAMETER

R

CHECK FOR BENT STEM

/44°
NN §

VT-1022

FIGURE 9-5. VALVE MARGIN

Not all valves can be reconditioned. A badly warped or
deeply pitted valve must be replaced because the
excessive grinding required to make it seat correctly
removes the margin. To make a valve gas-tight, every
trace of pitting must be removed from the valve face and
seat.

Valve seats should be ground with a 45-degree stone.
The seat band should be 1/32 to 3/64inch (0.79t0 1.2
mm) wide. Grind only enough to ensure proper seating.
Narrow the seat width if necessary with a 30 or 60-
degree stone.

Check each valve for a tight seat. Make several marks at
regular intervals across the valve face using machinist's
biueing. Insert the valve and rotate it one quarter turn
againstthe seat. The valve seat should contact the valve
face evenly at all points as indicated by the blueing that
rubs off. The line of contact should be atthe center of the
valve face.



Valve Guide Replacement

Worn valve stem guides are accessible by removing the
valve cover. The tappets are also accessible after the
valve assembly has been removed.

Removal: Before removing the valve guides, use an
electric drill with a wire brush to remove carbon and
other foreign material from the top surface of the guides.
Failure to perform this operation may result in damage
to the guide bores. Drive the guides out with a hammer
and valve guide driver.

PV Driving out old guides can damage
{ACA_@E the tappet bores. Be careful not to
strike the bores with the driver.

Installation: Run a small polishing rod with crocus cloth
through the valve guide bores to clean out carbon and
other foreign materials. Place a new gasket on the
intake valve guide and coat the outer edge of each new
guide with oil. Insert the new guides and pull them up
until the shoulders bottom. A suggested method is
shown in Figure 9-6.

ROD

NUT

WASHER
N VALVE GUIDE

WASHER

5/16-18 HEX NUT
(2 REQUIRED)

5/16 FLAT WASHER
(2 REQUIRED)

5/16-18 THREADED ROD

5/8" VT-1023-1

FIGURE 9-6. VALVE GUIDE INSTALLATION

Valve Seat Inserts
Remove the valve seat insert if it is lcose, crackesd or
pitted beyond repair.

Replacement: After the old seat has been removed,
clean out any carbon or metal burrs from the seat insert
bore. If the seat bore has been damaged by extracting
the old seat, use a valve seat cutting tool to bore tc the
next oversize.

Use avalve seatinsertdriver and a hammer to install the
insert. Insert the pilot of the tool into the valve guide.
Drive the valve seat insert evenly to the bottom of the
recess in the cylinder block. Make certain that the valve
seat insert rests solidly on the bottom of the recess all
the way around its circumference (Figure 9-7). Installa-
tion is easier if the the insert is cooled in dry ice for
one-half hour.

’ A Dry ice can injure the skin. Handle
_A}EI_XL_JTION with gloves.
VALVE SEAT
INSERT DRIVER
(USE PROPER TOOL)
VALVE SEAT CHECK THIS SURFACE

FOR BURRS BEFORE
INSERTING SEAT

V1-1028

INSERTING NEW VALVE SEAT

FIGURE 9-7.

Tappet Adjustment

The engine is equipped with adjustable valve tappets.
Adjust the valve clearance only when the engine is at
ambient temperature. Proceed as follows:

1. Remove all parts necessary to gain access to the
valve tappets.

2. Remove the spark plug to make turning the engine
easier.



3. Place a socket wrench on the flywheel capscrew
and rotate the crankshaft in a clockwise direction
until the intake valve (the one nearest the carbure-
tor) opens and closes. Continue turning the crank-
shaft until the mark on the flywheel is lined up with
the TC mark on the gear cover. Alternatively, for RV
models, if the fan and housing are stiil in place, the
TC mark on the fan is visible through a peep hole in
the fan housing when the piston is at TC. Verify that
the intake and exhaust valves are closed. There
should be clearance between the valve and tappet.

. Measure the valve clearance as shown in Figure
9-8. Clearance specifications are listed in Section 3.

. To adjust the valve clearance, turn the adjusting
screw as needed to obtain the specified clearance.
The screw is self-locking.

VT-1026-1

FIGURE 9-8. MEASURING VALVE CLEARANCE

GEAR COVER

Remove the flywheel, flywheel key and cover
mounting screws. Tap the gear cover gently, using a
soft-faced hammer to loosen it.

When removing the gear cover, it is not necessary to
remove the magneto assembly from the cover. Just dis-
connect the spark plug lead at the spark plug. When
installing the gear cover, make sure the pin in the gear
cover engages the hole in the governor cup that has the
nylon bushing (Figure 8-9). Turn the governor cup so
that the hole is in an upward (12 o'clock) position. Turn
the governorarm and shaft clockwise as far as possible
and hold in this position until the gear cover is installed
flush against the crankcase. Be careful not to damage
the gear cover oil seal. Keep the oil seal driver on to
keep the seal expanded whiie the crankshaft slips
through. Refer to Oit Seals below for details about oil
seal installation.
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FIGURE 9-9. GEAR COVER ASSEMBLY

GOVERNOR CUP

With the gear cover removed, the governor cup can be
taken off after removing the snap ring from the camshatft
center pin. Catch the flyballs while sliding the cup off.

Replace any flyball that is grooved or has a flat spot. If
the arms of the ball spacer are worn or otherwise dam-
aged, replace the whole gear/spacer assembly. The
governor cup must spin freely on the camshaft center
pin without excessive looseness or wobbile. If the race
surface of the cup is grooved or rough, replace it with a
new one.

le 3/4IN. s
WHEN GOVERNOR (19 mm) [
IS PROPERLY
ASSEMBLED THE

CAMSHAFT

DIMENSION SHOWN GEAR

ON DRAWING WILL
BE AS INDICATED

CENTER PIN

SNAP RING

VT 1028

FIGURE 9-10. GOVERNOR CUP



if a new governor cup is being installed, the distance
from the small lock ring on the center pin to the face of
the governor cup must be exactly 7/32 inch (6.5 mm)
when the cup is pressed back against the flyballs as far
as possible. If the distance is too small, carefully dress
the face of the cup as required, being sure to remove any
burr from the inside of the cup bore. If the distance is
more than 7/32 inch (5.5 mm), carefully press the pin in
the required amount. Do notdamage the pin. Itis difficult
to replace it in the field. Replacement of governor fly-
balls is easier if the set is tipped backward with the
timing gears upward. Be sure that all flybalis are
replaced and evenly spaced.

TIMING GEARS AND CAMSHAFT

If replacement of either the crankshaft gear or the cam-
shaft gear becomes necessary, both gears should be
replaced.

To remove the crankshaft gear, remove the snap ring
and retainer washer and then attach a gear pulling ring
(Figure 9-11). Tighten the screws alternately until both
are tight. Attach a gear puller to the pulling ring and
remove the gear.

The camshaft and gear are removed as an assembly.
Before removing the camshaft and gear assembly,
remove the valve tappets, fuel pump and ignition or
flicker point assembly and operating plunger.

To reinstall the crankshaft gear, heat it in an oven to
325°F (168°C). Make sure the key is in place, and tap
the gear down to the shoulder on the crankshaft. Attach
the retaining washer and snap ring.

CRANKSHAFT

GEAR
PULLER

A 4 »
< o9
taiqanr

:“ ’5% TIMING GEARS
; m

TIMING GEAR REMOVAL AND INSTALLATION
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FIGURE 9-11.
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Each timing gear is stamped with "O” near the edge. The
gear teeth must mesh so that these marks exactly coin-
cide when the gears are installed in the engine. When
installing the camshaft gear and shaftassembly, be sure
that the thrust washer is properly in place behind the
camshaft gear. Then install the crankshaft gear retain-
ing washer and lock ring.

LUBRICATION SYSTEM

Allow engine to cool before draining oil. Drain the oil
before removing the oil base and always use a new
gasket when replacing the oil base.

An oil pump provides a constant flow of oil to the engine
parts. The oii supply collects in the oil base where it is
picked up by the oil pump pick-up cup. Aby-pass valve
is used to control oil pressure.

The oil pump is mounted on the front of the crankcase
behind the gear cover and is driven by the crankshatft
gear. The inlet pipe and screen assembly is attached
directly to the pump body. A discharge passage in the
cover of the pump registers with a drilled passage in the
crankcase thatleads to the front main bearing. A circum-
ferential groove in the main bearing allows oil to cross
overto a drilled passage that leads to the front camshaft
bearing. The connecting rod journal is lubricated
through a drilled passage from the main journal. A
copper crossover tube carries oil to the rear main bear-
ing. The oil overflow from the bypass valve lubricates
the camshaft drive gears (Figure 9-12).

FRONT /
CAMSHAFT BEARING @ J

=

REAR
CRANKSHAFT
BEARING

FRONT
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2 OIL PRESSURE
OIL PUMP % RELIEF VALVE
=A
Ind hat
e
-
! OIL INTAKE CUP

FIGURE 9-12. OIL SYSTEM L5-1130



Norral oil pressure is 30 psi (207 kPa) or higher when
the engine is at normal operating temperature. lf pres-
sure drops below this value at governed speed, inspect
the oil system for faulty components. If the engine is
equipped with a low oil pressure cutoff switch, the pres-
sure can be measured with a pressure gauge con-
nected at the tapping for the pressure switch.

Qil Pump

Check the oil pump thoroughly for worn parts. Qil the
pump to prime it before reinstalling. Except for the
gaskets and pick-up cup, individual components of the
pump are not available. Instail a new pump assembly if
any parts are worn.

Oil By-pass Valve

The oil by-pass valve controls oil pressure by allowing
excess oil to drain back to the crankcase. The valve
(Figure 9-13) is non-adjustabie and normally needs no
maintenance. If oil pressure is abnormally low or high
inspect the valve as follows:

1. Remove the plug located on the right side of the
engine block (as you face the gear cover).

2. Remove the ball, spring and plunger with a mag-
netic tool.
BYPASS
HOLE PIPE PLUG

BALL BEARING

VALVE SPRING

LS-1188

FIGURE 9-13. OIL BYPASS VALVE

. Check the following dimensions:
Plunger Diameter 0.3105t0 0.3125 in.
(7.89 to 7.94 mm)
Spring Free Length 11in. (25.4 mm)
SpringLoad .......... 24t0 2.8 Ibs (1.1 to 1.2 kg)
when compressed to 1/2 in. (12.7 mm)

Check the valve seatand clean away any accumula-
tion of metal particles that could cause erratic valve
action. Verify that the valve seat is concentric with
the larger diameter valve bore.

Clean the plunger, ball and spring in parts-cleaning
solvent and reinstall.
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Valve Compartment Oil Drain

A drain hole from the valve compartment aliows oil to
enter the crankcase. This hole must be unobstructed to
provide for proper drainage of oil from the valve
compartment.

CYLINDER BLOCK

The cylinder block is the main support for all other basic
engine parts. After removing the piston assembly,
crankshaft, camshaft, oil pump, etc., clean the block and
look for cracks and wear.

Cleaning

1. Scrape all old gasket material from the block.
Remove the oil bypass assembly to allow cleaning
solution to contact the inside of the oil passages.

Remove grease and scale from the cylinder block
by agitating in a bath of commercial cleaning solu-
tion or hot soapy water. Be sure to follow manufac-
turer’s instructions and warnings when using ciean-
ing solution.

Rinse the block in clean hot water to remove the
cleaning solution.

General Inspection

After thorough cleaning and drying inspect the block for
any condition that would make it unfit for further use.

1. Make a thorough check for cracks. Minute cracks
can be detected by coating the suspected area with
a mixture of 25 percent kerosene and 75 percent
light motor oil. Wipe the part dry and immediately
apply a coating of zinc oxide (white lead) dissolved
in wood alcohol. If cracks are present, the white
coating will become discolored at the defective
area. Always replace a cracked cylinder block.

Inspect all machined surfaces and threaded holes.
Carefully remove any nicks or burrs from machined
surfaces. Clean out tapped holes and clean up any
damaged threads.

Check the top of the block for flatness with a straight
edge and a feeler gauge.

Cylinder Bore Inspection

Inspect the cylinder bore for scuffing, scratches, wear,
and scoring. If the cylinder bore is scuffed, scratched,
scored, or worn, it must be machined for the next over-
size piston.



When the appearance of the cylinder bore is good and
there are no scuff marks, check the cylinder bore for
wear or out-of-roundness as foliows:

1. Checkthe cylinder bore for taper, out-of-roundness
and wear with a cylinder bore gauge, telescope
gauge, or inside micrometer. Take four measure-
ments: two at the top of ring travel, parallel and
perpendicular to the crank, and two at the bottom of
ring travel, paralie! and perpendicular to the crank.

Record measurements taken at the top and bottom
of piston travel as follows (Figure 9-14).

A. Measure and record as “A” the cylinder bore
diameter parallel to the crankshaft near the top
of the cylinder bore where the greatest amount
of wear occurs.

B. Measure and record as “B" the cylinder bore
diameter parallel to the crankshaft atthe bottom
of piston travel.

RING
WEAR
PR YN AREA
/ Ta : SR A -
: AN [T
SN S0P I .

BOTTOM OF RING TRAVEL

C-1080

FIGURE 9-14. METHODS OF MEASURING THE
DIAMETER OF A CYLINDER BORE
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Measure and record as “C” the cylinder bore
diameter perpendicular tc the crankshaft near
the top of the cylinder bore where the greatest
amount of wear occurs.

Measure and record as "D” the cylinder bore
diameter perpendicular to the crankshaft at the
bottom of piston travel.

Reading “A” subtracted from reading “B” and
reading “C” subtracted from reading “D” indi-
cate cylinder taper. If taper exceeds 0.005 inch
(0.13 mm), machine the cylinder to accommo-
date the next oversize piston.

Reading “A” compared to reading “C” and read-
ing “B"” compared to reading “D” indicate
whether or not cylinder is out-of-round. If out-
of-roundness exceeds 0.003 inch (0.08 mm), the
cylinders must be machined to the next
oversize.

Machining the Cylinder Bore

Oversize pistons and rings will fit with the required
clearance in cylinders machined to the matching cver-
size. Thereis no need to adjust or "fit" pistons and rings.
Pistons and rings should be measured as described
below to confirm the correct sizes. Boring and/or hon-
ing must be accurate and remove just enough metal for
the smallest oversize possible. The finish hone should
leave a fine crosshatch pattern with an angle of approx-
imately 23 degrees (Figure 9-15). The crosshatch helps
to break-in the piston rings quickly.

PRODUCE CROSSHATCH
SCRATCHES FOR FAST
RING SEATING

AVOID THIS FINISH

C-1091

FIGURE 9-15. CROSSHATCHING

Clean the cylinder after machining with hot, soapy water
and clean rags. A clean white rag will not soil when the
cylinder walls are clean. Dry the cylinder and coatit with

oil.

Never use gasoline or commercial
ACAUTION cleaners to clean the cylinder bore
after deglazing or honing. These solvents will not
remove abrasives from the walls. Abrasives nol
removed from the cylinder will rapidly wear rings,
cylinder walis, and bearings.




Deglazing the Cylinder Bore

Deglaze the cylinder bore before installing new rings if
there are no scuff marks and no wear or out-of-
roundness that would warrant machining. Deglazing
provides the crosshatch pattern for fast ring break-in
without increasing the cylinder diameter. The original
piston with new rings can then be used. Proceed as
follows:

1. Wipe the cylinder bore with a clean cloth that has
been dipped in clean, light engine oil.

2. Use a brush type deglazing tool with coated bristle
tips to produce a crosshatch pattern in the cylinder
bore.

3. The deglazing tool should be driven by a slow-
speed drill. Move the deglazing tool up and down in
the cylinder rapidly enough to obtain a crosshatch
pattern as shown in Figure 9-15. Ten to twelve
complete strokes should be sufficient.

4. Clean the cylinder after deglazing with hot, soapy
water and clean rags. A clean white rag will not soil
when the cylinder walls are clean. Dry the cylinder
and coat it with oil.

BEARINGS

Removal of the camshaft or crankshaft bearings
requires complete disassembly of the engine. Use a
press or a suitable plug to remove the bearings. Support
the casting to avoid distorting or damaging the bearing
bore during removal and installation. Remove the
expansion plug for access to the rear camshaft bearing.
Use oil on the bearings to reduce friction when instal-
ling, and lubricate again with oil after installation. A
combination bearing driver is available for installing the
crankshaft and camshaft bearings.

Camshaft Bearings

Coat the bearing with lubricating oil. Position the front
bearing with the lubricating groove at the top (Figure
9-16). Be sure to start the bearing straight. Press the
frontbearing in flush with the edge ofthe bore. Press the
rear bearing in flush with the counterbore (Figure 9-16).
Pound a new expansion plug into the counterbore. Use
Permatex around the edge of the plug.
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FIGURE 9-16. CAMSHAFT BEARINGS

Crankshaft Bearings

When putting in either the front or rear main bearing,
align the oil hole(s) in the bearing bore (Figure 9-17).
The oil passage must be at least half open. The bearing
should require only light taps to position it. Install the
bearing flush with the edge of the bore. For easier instal-
lation, it is recommended that the bearings be cooled
with dry ice for half an hour.

Dry ice can injure the skin. Handle
with dry gloves.

BEARING HOLE IN
CRANKSHAFT BEARING

'ACAUTION |

A-SDZ\\

FIGURE 9-17. CRANKSHAFT BEARINGS



OIL SEALS

The rear bearing plate and gear cover must be removed
to replace their respective oil seals. Use an oil seal
puller to pull out the old seals. New oil seals should be
installed with oil seal drivers. The drivers include a
guide that expands the seal to protect it while the end of
the crankshaft goes through.

Before installing, lubricate the seal lip with oil or grease.
Drive the seals in to the edges of their bores (Figure
9-18).
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FIGURE 9-18. OIL SEALS

CRANKSHAFT

Clean the crankshatft thoroughly and inspect the jour-
nals for scoring, chipping, cracking or signs of overheat-
ing. Measure the main and connecting rod journals at
several places on each journal to check for out-of-
roundness and taper.

The crankshaft must be replaced if it cannot be recondi-
tioned by regrinding the journals. Undersize main bear-
ings and piston rods with undersize bores are available
in several sizes. See Dimensions and Clearances.
Metalizing journals is not recommended.

Inspect and clean out the drilled oil passage in the
crankshaft to ensure lubrication of the connecting rod
journal.
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Oil the front main bearing and the crankshaft journal
and carefully install the crankshaft through the rear
opening in the block. Assembly will be easier if the
block is turned so that the axis of the crankshalt is
vertical. Align the rear bearing plate with the rear
crankshaft journal and carefully push it on so that it
lines up with the mounting bolts. The rear oil seal
should have been installed in the rear bearing piate
before it is installed. Keep the seal guide in place to
protect the seal while the crankshatft is being inserted.
Refer to Oil Seals above for details.

After the rear bearing end plate bolts have been
torqued as specified in Torque Specifications, check
the crankshaft endplay as shown in Figure 9-19. See
Dimensions and Clearances for the specified endplay.
If there is too much endplay, remove the rear bearing
end plate and replace the gasket with a thinner gasket
from the gasket kit. For too little endplay, remove the
rear bearing end plate and replace the gasket with a
thicker one. Torque the bolts and recheck the endplay
of the crankshaft
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j./ REAR BEARING PLATE
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MEASURE ENDPLAY
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FIGURE 9-19. MEASURING CRANKSHAFT ENDPLAY

PISTON ASSEMBLY

The piston assembly consists of the piston, piston
rings, piston pin and connecting rod . After removal
from the engine, all parts must be carefully cleaned and
inspected for damage and wear.



Removal and Disassembly

Remove carbon from the top of the cylinder bore and
check for aridge. Remove the ridge (Figure 9-20) with a
ridge reamer before removing the piston.

CA ~ALITL Be careful not to gouge the cylinder
LACAU.HON wal! with the ridge reamer.

CT-1058

FIGURE 9-20. REMOVING THE WEAR RIDGE

To remove the piston and connecting rod assembly, turn
the crankshatt until the piston is atthe bottom of the stroke.
Remove the cap of the connecting rod and push the rod
and piston out the top of the cylinder with the wood handle
of a hammer.

ACAUTION Forcing the piston from the cylinder

before reaming the ridge can damage
the piston lands and break the rings.

Remove the piston pin retainer from each side and push
the pin out.

The piston is fitted with two compression rings and one oil
control ring. Remove these rings from the piston using a
piston ring spreader.
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Clean the piston ring grooves with a groove cleaner or the
end of a broken ring filed to a sharp point (Figure 9-21).
Thoroughly clean the piston and rod with hot scapy water
or other non-corrosive solvent.

[A CAUTION Most commercial engine cleaning sol-

vents are corrosive to aluminum.
Check compatibility before using to clean pistons and
connecting rods.

Wire brushing removes metal from aluminum pistons and
rods. Use natural or plastic fiber brushes for cleaning.
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FIGURE 9-21. CLEANING RING GROOVES



p -

Piston Inspection

Inspect the piston for fractures at the ring lands, skirts and
pit bosses. Check for wear at the ring lands using a new
ring and feeler gauge as shown in Figure 9-22. Replace the
piston if the side clearance of the top compression ring
exceeds 0.006 inch (0.15mm).
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FIGURE 9-22. CHECKING RING LAND

improper ring width or excessive ring side clearance can
result in ring breakage. New rings in worn ring grooves
have poor cylinder wall contact (Figure 9-23).

PISTON

CYLINDER
WALL

IMPROPER
RING CONTACT
CT-1062

FIGURE 9-23. NEW RING IN WORN RING GROOVE
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Replace the piston if it shows signs of scuffing, scoring,
worn ring lands, fractures or damage from pre-ignition.
Pistons and piston rings are available in standard size and
oversizes. (See Dimensions and Clearances.)

Rod Inspection

Replace connecting rod bolts that have damaged
threads. Replace the connecting rod if it has deep nicks,
stripped threads, signs of fractures, a scored bore, or a bore
out-of-round more than 0.002 inch (0.05mm). Connecting
rods are avaitable with standard and undersize bores. (See
Dimensions and Clearances.)

Use a new piston pin to check the connecting rod for wear.
A push-fit clearance is required. If a new piston pin falls
through a dry rod pin bore as a result of its own weight,
replace the rod.

Piston Pin Inspection

Replace the piston pin if it is cracked, scored, or out-of-
round more than 0.002 inch (0.05mm).

Piston Clearance

The proper piston clearance is obtained when the piston
and cylinder oversizes match. Measure the piston diameter
atthe location shown in Figure 9-24 and compare with the
bore diameter of the cylinder to confirm that the oversizes
match.

U

0 0 O 0 0
MEASURE ‘*X’* DIAMETER HERE -

-HH
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FIGURE 9-24. PISTON CLEARANCE MEASUREMENT



Piston Ring Gap

Before installing new rings on the piston, check the ring
gap by placing each ring squarely in the cylinder (push in
with the piston) at a position corresponding to the bottom of
its travel (Figure 9-25). The gap between the ends of the
ring is given in the Dimensions and Clearances section.
The practice of filing ring ends is notrecommended. Check
again to see that the standard or oversize dimension being
used for rings and cylinder bore match.

PISTON RING IN
CYLINDER BORE
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FIGURE 9-25. CHECKING RING GAP

Piston Assembly instailation

Lubricate all parts with clean oil. Line up the rod and piston
pin bores and push in the piston pin. Snap in the lock ring at
each end to retain the piston pin in the piston.

Install the piston rings. Start with the oil control ring and
work up. Use a piston ring spreader to prevent twisting and
over expansion. Compression rings are marked with a dot
or the word “top” on the side that must face up. Space each
gap one third of the way around from another gap.

Install the piston assembly as follows:

1. Turn the crankshaft until the rod journal is at the bottom
of the stroke.

2. Lubricate the piston and cylinder and compress the
rings with a ring compressor (Figure 9-26).
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INSTALLING PISTON

FIGURE 9-26.

3. Position the piston and rod assembly in the cylinder
block with the oil hole in the rod journal end facing the
camshatft side of the block. (Or, when the rod cap is on,
the bolt heads face away from the camshaft when the
rod is at the bottom of the stroke))

Tap the piston down into the cylinder with the wood
handle of a hammer until the rod seats on the rod
journal.



5. Use Plasti-gage (green code) to check the journal 6. Lubricate the rod journal and attach the cap again

clearance (Figure 9-27), as follows: and torque as specified.
A. Wipe oil oft the rod cap and journal. 7. The rod should move freely from side-to-side
between the shoulders of the rod journai. If it
B. Place a piece of Plasti-gage across the full doesn't, loosen the cap bolts and tap the cap, and try
width of the cap where it will be in line with the again.

rod — not midway between the bolt holes. )
8. Cranktheengine by handto check thatall bearings
C. Attachthe rod cap and torque the boits as speci- are free.

fied under Torque Specs. Note the raised marks

on the rod and cap. These must be on the same

side. Make sure the crankshaftdoes notturn, or

the Plasti-gage will smear.

D. Remove the cap and check the width of the
flattened plasti-gage against the scale on the
envelope.
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FIGURE 9-27. MEASURING BEARING
CLEARANCE WITH PLASTI-GAGE
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Section 10. Service Checklist

AWARNING

EXHAUST GAS IS DEADLY!

Exhaust gases contain carbon monoxide, an odorless and colorless gas. Carbon
monoxide is poisonous and can cause unconsciousness and death. Symptoms of
carbon monoxide poisoning can include:

® Dizziness ® Throbbing in Temples

® Nausea ® Muscular Twitching

® Headache ® Vomiting

® Weakness and Sleepiness ® [nability to Think Coherently

IF YOU OR ANYONE ELSE EXPERIENCE ANY OF THESE SYMPTOMS, GET OUT
INTO THE FRESH AIR IMMEDIATELY. If symptoms persist, seek medical atten-
tion. Shut down the unit and do not operate until it has been inspected and
repaired.

Never sleep in vehicle with the generator set running unless the vehicle interior is
equipped with an operating carbon monoxide detector. Protection against carbon
monoxide inhalation also includes proper exhaust system installation and visual
and audible inspection of the complete exhaust system at the start of each

generator set operation.

GENERAL

After servicing, inspect and test the complete installa-
tion to confirm that the generator set will operate prop-
erly and will pull full rated load. Check each of the
following areas before putting the set into service.

MOUNTING

Examine all mounting bolts and supporting members to
verify that the generator set is properly mounted. All
fasteners should be tightened securely to prevent them
from working loose when subjected to vibration.

LUBRICATION

Ifthe engine oil was drained, fill the crankcase with oil of
the recommended classification and viscosity. Refer to
the appropriate Operator’s manual for the specific
recommendations and procedures.

WIRING

Verify that all wiring connections are tight and hooked
up properly. Check each of the following:

Load Wires
Control Wires
Ground Strap
Batiery Cables

® 0 ¢ 3
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INITIAL START ADJUSTMENTS

Adjust the carburetor idle adjustment screw and main
adjustment screw as specified in the Fuel System sec-
tion to allow starting.

Startthe set and immediately adjust the governor speed
adjustment screw to obtain a safe no-load operating
speed. With no load applied, listen for any unusual
sounds or vibrations. When the choke is completely
open, adjustthe carburetor and governor as specified in
the Fuel System section.

OUTPUT CHECK

Apply a full load to make sure the set will produce its full
rated output. Use a load test panel to apply a progres-
sively greater load until full ioad is reached.

EXHAUST SYSTEM

With the generator set operating, inspect the entire
exhaust system including the muffler and exhaust pipe.
Visually and audibly check for leaks at all connections,
welds, gaskets, and joints and also make sure exhaust
pipes are not heating surrounding areas excessively. If
leaks or corroded areas are detected, shut the genera-
tor set down and correct immediately.

[ inhalation of exhaust gases can
AVYM result in severe personal injury or
death. Inspoct exhaust system audibly and visually for
leaks daily. Repair leaks immediately.




FUEL SYSTEM

With the generator set operating, inspectthe fuel supply
line, filter, and fittings for leaks. Check any flexible sec-
tions for cuts, cracks and abrasions and make sure they
are not rubbing against anything that could cause

breakage.

Leaking fuel will create a fire hazard
AWARNING which can result in severe personal
injury or death if ignited. If leaks are detected, shut
generator set down and correct leak immediately.
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CONTROL

Stop and start the generator set several times at the set
control and remote control (if equipped) to verify the
control functions properly.

MECHANICAL

Stop the generator set and inspect for leaking gaskets,
loose fasteners, damaged components, or interference
problems. Repair as required. Inspect the generator set
compartment and verify there are no breaks or openings
in the vapor-proof wall that separates the compartment
from the coach interior. Seal openings as required.
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