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Safety Precautions

1t is recommended that you read your engine manuatl and
become thorpughly acguainted with your equipment be-
fore you start the engine.

This symbol Is used throughout this

manual to warn of possible serious
parsonal injury.

P, P

"CAUTION | Thissymboirefers to possible equip-
MAdrranssts MG demage.

Fuels, electrical equipment, batteries, exhaust gases and
moving parts present potential hazards that coutd resultin

serious, personal injury. Take care in following these .

recommended procedures.

Satety Codes
& Al local, state and federal codes should be consulted
and compiied with.

¢ This engine is not designed or intended for use in
aircraft. Any such use is at the owner's sole risk.

General

s Provide appropriate fire extinguishers and instail them
in convenient iocations. Use an extinguisher rated ABC
by NFPA,

& Make sure that all fastenars on the engine are secure
and accurately torqued. Keep guards in position over
tans, driving beits, etc.

¢ Ifitis necessary to make adjustments while the engine s
running, use extreme caution when close to hot ex-
hausts, moving parts, etc.

Protect Against Moving Parts

» Do not wear loose clothing in the vicinity of moving
parts, such as PTO shafts, flywhesls, blowers, coup-
fings, fans, beils, etc.

» Keap your hands away from moving parts.

Batteries

= Before starting work on the engine, disconnect batter-
les to prevent inadvertent starting of the engins.

s DO NOT SMOKE while servicing batteries. Lead acid
batteries give off a highly explosive hydrogen gas which
can beignited by flame, electrical arcing or by smoking.

* Verify battery polarity before connecting battery cables.
Connect negative cable last.

Fuel System
* DO NOT fili fuet tanks while engine is running.

+ DO NOT smoke or uge an open flame in the vicinity of
the engine or fuel fank. internal combustion engine
tusls are highly flammable.

+ Fuel lines must be of steel piping, adequately secured,
and free from leaks. Piping at the engine shouid be
approved flexible line. Do not use copper piping for
flaxible lines as copper will work harden and become
brittle enough to break.

* Be sure all fuel supplies have a positive shutoff valve.

Exhaust System

+ Exhaust products of any internal combustion engine
are toxic and-can cause injury, or death if inhaled. All
engine applications, especially those within a confined
arsa, should be equipped with an exhaust system to
discharge gasas to the oulside atmosphere.

s Do not use exhaust gases to heat a compartment,

¢ Make sure that your exhaust system is free of leaks.
Ensure that exhaust manifolds are secure and are not
warped by bolts unavenly torqued.

Exhaust Gas is Deadiyl

Exhaust gases contain carbon monoxide, a poisonous gas
that might cause unconsciousness and death. it is an
odorless and coloriess gas formed during combustion of
hydrocarbon fuels. Symptoms of carbon monoxide poi-
soning are;

¢ Dizziness

¢ Headache

* Waskness and Slespiness

. 'Vomiting
+ Muscauiar Twitching
« Throbbing in Temples

i  you experience any of these symptoms, getoutinto fresh
air immediately, shut down the umt and do not use until it
has been inspected.

The best protection against carbon monoxids inhalation is
propar instaltation and regular, frequent inspactions of the
complete exhaust system. If you notice 2 change in the
sound or eppearance of exhaust system, shut the unit down
immediately and haveitinspected and repaired atonce bya
competent mechanic.

‘Cooling System

¢ Coolants under pressure have a higher boiling point
than water, DO NOT open a radiator pressurs cap when
coolant temperature is above 212°F (100°C) or while
engine is running.

Keep the Unit and Surrounding Area Clesn

¢ Make sure that oily rags are not ieft on or near the
engine.

¢ Remave all unnecessary grease and ol from the unit.
Accumulated grease and oil can cause overheating and
subsequent engine damage and present a potential fire
hazard.
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General Information

INTRODUCTION

This manua! deals with speciiic mechanical and elec-
trical information needed by engine mechanics for
troubleshooting, servicing, repairing, or overhauling
the engine.

Uise the tabie of contents for a quick reference to the
separate engine system sections.

The troubleshooting guide is provided as a quick
reference for locating and correcting engine trouble,

The iflustrations and procedures presented in each
section apply to the engines listed on the cover. The
flywheel end of the engine is the front end so right
and left sides are determined by viewing the engine
from the front.

The disassembly section contains major overhaul
procedures for step by step removal, disassembly,
inspection, repair and assembly of the engine
components.

If a major repair or an overhaul is necessary, a compe-~
tent mechanic should either do the job or supervise
and chack the work of the mechanic assigned to do
the job to ensure that all dimensions, ¢learances and
torque values are within the specified tolerances.

A parts catalog (available at the dealer level) contains
detailed exploded views of each assembly and the
individual piece part numbers and their proper names
for ordering replacement parts.

Use only Genuine Onan replacement parts to ensure
quality and the best possibie repair and overhaul
resuits. When ordering parts, always use the com-
plete Model and Spec number as well as the Serial
number shown on the namepiate.

ENGINE MODEL REFERENCE

{dentify your model by referring to the MODEL and
SPEC (specification) NO. as shown on the unit
nameplate, Always use this number and the engine
serial number when making reference to your engine.

How to interpret MODEL and SPEC NO. on generator
set engines.

50 CCK -3C R/

TT T

6

. Indicates kilowatt rating.

. Series identification.

. Voltage code of the generator.

. Method of starting: A-automatic, R-remote elect-
ric starting, and E-electric starting.

5. Factory code fordesignating optional equipment,

if any.
6. Specification letier which advances when the fac-
tory makes production modifications.

B N e

How to interpret MODE!L and SPEC NO. onindustrial
8ngines.

CCK MS / 3198 A
1 2 3

1. Faclory code for general identification purposes.
2. Specific Type:
MS-ELECTRIC starting with stub shaft, starter
and generator.
3. Factory code for optionat equipment supplied.
4. Specification {Spec Letter) advances with factory
production modification.

Redistribution or publication of this document
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Specifications

This manual contains S1 metric equivalents that foliow immediately inn parentheses
atter the U.S. customary units of measure,

UNIT OF SERIES
SPECIFICATION MEASURE CCK CCKA CCKB
Number of Cylinders 2 2 2
Bore in 3.250 3.250 3.2580
(ram) {82.55) {82.55) {82.55}
Stroke in 3.000 3.000 3.000
. {rmm) (76.2) {76.2) {76.2)
Displacement cuin 49.8 49.8 49.8
{cm?) {818) {816) {816)
Compression Ratio 55101 7.0t01 70t01
Rated Speed {(Maximum) RPM 2700 3600 3900
Power at BHP 129 18.5 20.0
Rated Speed {kW) (8.6} {12.3) {14.9}
Qi Fifter Full Flow Full Flow Full Flow
Oil Capacity Without ot 3.0 a.o 35
Fifter {litre} (2.8)% (28)® 3.3}
(il Capacity With Qt 3.5 3.5 4.0
Filter Change {litre} {3.3}® {3.3)@ {3.8)
Crankshaft Rotation
{viewed from flywheel) Clockwise Clockwise Clockwise
Governor Mechanical Mechanical Mechanical
Valve Clearance {(Cold)
intake in 0.007 0.007 0.007
{rmm) {0.18} (0.18} {0.18)
Exhaust in 0.016 0.016 0.016
{mm) {0.41) {0.41) {0.41)
Spark Plug Gap (Gas) in 0.018 0.018 0.018
{mm) {0.457) {0.457) {0.457)
Spark Plug Gap (Gasoline) in 0.025 0.025 0.025
{mm) {0.64) {0.64) {0.64)
Breaker Point Gap - Static in 0.020 0.020 0.020
{Full Separation and Engine Cold) {mm) {0.51) {0.51) {0.51)
Ignition Timing _
All Models BTC 19
Gaseous Fusel BTC o
Gasoline Fuel BTC 2,;@ @ 254: ®
Gasoline Fue! (Static) . ATG 120 126
Gasoline Fuel {Static or Running) BTC 20°@ 20°0
Gasoline Fuel Running BTC DA4° BE 243

@ - Add 0.5 quart {0.47 litre) for electric start models.
& - Magneto lgnition

@ -~ With Spark Advance

@ - Battery Ignition .

® - Magneto Ignition with Spark Advance

Redistribution or publication of this document
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Dimensions and Clearances

All clearances given at room temperature of 70°F (21°C). All dimensions int inches {(approximate millimetre dimensions in

parentheses) uniess otherwise specified

DESCRIPTION MINIMUM MAXIMUM
Inches  {mm) Inches  {mm)

CYLINDER BLOCK

Cylinder Bore Honed Diameter . ... ooeoeiii i iiciie e crvanns 32490 (B2.525) 32500 ({82.550)

Maximum Allowable

E L 1= ST PO 0.005 (0.127)

Out-of-RoUNd .. e e e, 0002  (D.051)
Main Bearing Inside Diameter (Withoutbearing) ........c.ccoaeeniueen. 2187 {55.55) 2,188 {55.58)
Main Bearing inside Diameter CCK {Installed) ...............ccoonn.en.. 20020  (50.85) 20030 (50.88)
Main Bearing inside Diameter COCKA/CCKSB (Installed) ................. 20015  (50.84) 20040  (50.90)
Camshaft Bearing Bore (Bearing installed) . ........ooooiiiiiian ol 13760  (34.95) 13770 (34.98)
CRANKSHAFY
Main Bearing Journal Diameter. ... i e 19992  {50.78) 20000  (50.80)
Main Bearing Clearanoe . .. ... oii i ccriiaecceerirrvvnn e erran 00025 (0.064) 00038  {0D.097)
Connecting Rod Journal Diameter. ....ooiiiiiiiiiviininninsavisnninan. 16252  (41.28) 16260 (41.30)
Crankshaft End Play .......oooiiiii e e reeaiens 0.006 {0.152) 0012 (0.305)
CONNECTING ROD
Large Bore Diameter {(Without bearing installed

and rod bolts properfy torqued) .. .o i e 17505  (44.46) 17510 (44.48)
Connecting Rod Side Clearante. ..oovveiionriiiiinmmnaacaae e eans 00020 {0.051) 0.0160  {0.406)
Piston Pin Bushing Bore (Withoutbearing) ............covviiiiiii il 08115 (2061} 08125 (2084)
Piston: Pin Bushing Bore with Bearing, :

(Finished bore) ....ooveni e 0.7504  (19.05) 0.7508  (19.07)
Bearing to Crankshaft Clearance

Nodular fron Rod .. ..o i cerrt it ea e enes 0.0005  (0.013) 0.0023  (0.058)

Aluminum Bod ... i ittt e 00020  {0051) 00033  {0.088)
CANMSHAFT
Bearing Joumnal Diameter .......cvviiniiiiiriiiiiinsanrariiiiinianna. 13740 {34.90) 13745 {34.91)
Beanng Clearance . ....ovvvueiiieiiiiarsinrnaiiiravnsrnsaasasranronons 00015 (0.038) 00030  {0.076)
[0 R T U ve... 00030 (0.076) 0.0120 (D.305)
Camshafl Lift ......ovviviimiiiniiiiiiiaissaniiisirresasssnsssrarans 0300 (7.62)

PISTON
Clearance in Cylinder

Measure 90° to pin 010 inch below olfring ... ... ool 00025  (0.084) 00045 {0.114)
Clearance in Cylinder (CCKB with 112-0073 piston)

Measure 30° to pin 010 inch belowoil fing ... ccoe v ieniiiiinnnanee 00060 (0.150) 00080 {0.200)
PISton P BOr ...t reirirnriiirerrr st e raeaes 07502  (19.055) 0.7506  (19.065)
Ring Groove Width

Top1 Compression RN ....oooor it i aiicamceeaas 009680 (2438} £.0870  (2.464)

No. 2 Compression RiNG .....ceevieairicreriaacaeensnncrannsoeanns 00955  (2.426) 000685  (2451)

NO. 3O CONrol FING vvveeriei it iisiiiaanacersnretnaanancascenronns 0.188 (4.775) 0.189 {4.801)

Redistribution or publication of this document
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DESCRIPTION MINIMUM MAXIMUM
inches  (mm) Inches  (mm)

PISTON PIN h
Clearance N PIston .. oo i i et iercaas e reatannrs Thumb Push Fit
Clearancein Connecting Rod . ..o i v iveinie i iice i caae s 00002  (0.005) 00007 {0.018)
B 117 - o AR 07500  (19.05) 07502  (19.06)
PISTON RINGS
Clearance

TOD GIOOVE . ..ottt it iiaeciciaataresncaanncaaaransaaranacnanns 0.002 {0.051) 0.008 (0.203)
RingEnd GapinCylinder ... .o oo 0.010 {0.254) 0020  {0508)
INTAKE VALVE
ST 1721111 ) R 0.3425 (8.70) 0.3430 (8.71)
Clearance (StemtoGuide) ...t 00010 {0.025) 00025 (0064)
ValveFace Angle ... ..ot iir i iicecncicaciacaesarannnnnns 44°
INTAKE VALVE SEAT
Valve Seat Width ...t irie e eac e et ranan 0.031 (0.787) 0.047 (1.194)
Valve Seat Angle ..o ittt aan s 45°
EXHAUST VALVE
Stem Diameter ...l e ieriiaceiiesasarccinaiaans 0.3410  (8.661) 03415  (8674)
Clearance (Stemto GUIAE} ... .. oo iiirriancrernmavrercanarrrrenns 0.0025  (0.064) 0.004 {0.102)
Valve Face ANgle .. ... cii et r i ieeisaacccasenssnrnansanans 44°
EXHAUST VALVE SEAT
Seat Cylinder Head Bore Diameter, .. .cvcviinnvarsanrecnes Cvreeraen 11890 {30.20) 11906 {30.23)
Seat Outside Diameter ... .. i i i iiiiiiiaa i 11920  (30.28) 11830  {30.30)
Valve Seat Width . ...oiueiii it ivireanavesinsnanas 0.031 {0.787) 0047  (1.194)
Valve Seat Angle .. ..o ierirecinevrec e ciaiaaas 45°
VALVE GUIDE
Inside Diameter ... oiiir i ittt 0.344 {(8.74) 0.345 {8.79)
TAPPET :
Body Diameter ... ..o e 07475  (18.99) 07480  (19.00)
Bore DIameter .vvrreiia ittt iataeacaaraaaaaas 07505  (19.06) 07515  {18.09)
CIearaN R N BOME .. ittt ittrerirsarmersasammastnsveransosnnaens 00015 (0.038) 0.003 {0.078)
VALVE SPRINGS INTAKE AND EXHAUST
Valve Spring Free Length (ApproX.) .. oo ivecnncinrrecanssnnccnsarnnns 1.662 {42.21)
Vaive Spring Length .

Valve Open . .. it e 1.125° (28.58)

Valve Closed .. oviini i ienatiaiuasrn s rasasirattrararsneaiiins 1375 (34.93)
Spring Load @ 1.375inch (Valve Closed) . ..o oovviinaiiai it 3Bb {17 kg) 42Hh. {19kg)
Spring Lead @ 1125 inch (Valve Open) .. ..ol iiiraninn., 711b (32 kg) 791b {36 ka)
GEAR BACKLASH
NG GBar ..o e iiiinrriannn s iacianesananrccnsoeacsannrascansrns 0.002 (0.051) 0.003 (0.076)
Ol PUIMID GBS .o oo e iitee e it ie ettt e it tcsocabaa e taeaaeans 0.002 {0.051) 0.005 {0.127)
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Assembly Torques

The torque values given in Tabie 1 have been deter-
mined for the specific applications. Standard torque
values must not be used where thoselisted in Table 1
apply. The engine assembly torques given here will
assure proper tightness without danger of stripping
threads. All threads mustbe clean and lubricated with
new engine oil before torquing.

Check all studs, nuts, and capscrews, and tighten as
required to keep them from working loose. Refer to
the PARTS MANUAL for the location of washers and
CapsSCrews.

Special Tools

TABLE 1.
. TORQUE
DESCRIPTION SPECIFICATION
Ft.-Lb. Nm
Cylinder Head Capscrews .... 29-31 {39-42)
Rear Bearing Plate........... 20-25  {27-34)
Connecting Rod Bolt
ronRod ....coivuennn. .. 27-28  {37-39)
AluminumRod ............ 24-26  {33-35)
Flywheel Capscrew .......... 35-40  (48-54)
Starter Mounting Bracket to
CitBase Screws ........... 25-35  {34-47)
GearCaseCover ............ 1013 {14-18)
18113 271157 J P 79  (10-12)
intake Manifold ............. 15-20  (20-27)
Exhaust Manifold............. 14-17  {19-23)
OIBase, .oovvieieinnranans. 43-48  {58-65)

The following special tools are available from Onan.
Far further information see TOOL CATALOG

YW-00Te

Valve Seat Driver

Valve Guide Driver

Cil Guide and Driver

Cambination Bearing Remover {Main and Cam)
Combination Bearing Driver {Main and Cam)

Fiywheet Pulter

Redistribution or publication of this document
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Engine Troubleshooting

~ GUIDE,
CAUSE

GASQLINE ENGINE
=, TROUBLESHOOTING

toose or Corroded Banery Connection

Low or Discharged Battery

Faulry Starter

Faulty Start Soleno:d

1GNITION SYSTEM

Ignition Tuming Wrong

Yrong Spark Plug Gap

Worn Points or improper Gap Seumg

Bad Iznition Cail o1 Condenser

Faulty Spark Plug Wires

FUEL SYSTEM

Dut of Fual - Check

Lean Fuel Mixrure - Readjust

L ]
LAl

Rich Fuel Mixture or Choke Swek

Engine Ficeded

Poor Quality Fual

Dirty Carbureter

eeinisle

| Dirty Air Cieaner

Oircy Fuel Filter

Defective Fuel Pump

L INTERNAL ERGINE:

Weonpg Valve Clearance

o Broken Valve Spring

Valve or Valve Seal Leaking

B ¥ S®

Piston Rings Worn or Broken

WL L

Wrong Beating Clearance

COOLING SYSTEM (AIR COOLED) .

Poor Ay Circulation

Dirty or Qily Conling Fins

Blawn Head Gasket

insufficient Coolant

Faulty Themosmat

Worn Water Pump or Pump Seal

/COOLING SYSTEM (WATER COOLED). '

Yater Passages Restrictad

Defective Gaskets

Blown Head Ga;ke:

Defecuwe Oil G-auge

Relief Valve Stuck

Faulty Dil Pump

- Dirty Qil or Filter

0il Too Light or Diluted

*|Sine

oefeje

Qi) Level Low

Qil Too Heavy

Dirty Crankease Br;arher Yalve
HROTTLE AND GOVERNOR

ik s "

Linkage Out of Adjustment

Linkage Wom or Discennecied

Governgr Spring Sensitivity Teo Great

ool ale]

i:inkage Binding
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Starting

PRE-STARTING

Preparations for the initial and each additional star-
ting operation should include careful checks of the
oil, fuel, cooling, and electrical systems. The cylinder

air housing door should be closed with ali air shrouds
in place.

Crankcase Qil: Be sure the crankcase has been filied
with oil to the “FULL” mark on the oil level indicator,
Figure 1. Use oil with the APl (American Petroleum
Institute) designation SE or SE/CC. Do not use an oil
with the designation CD unless it is also designated
SE and the oil manufacturer certifies it will perform
satisfactorily in gasoline engines.

For gaseous operation, use an ashless or low-ash
detergent oil specifically made for gaseous-fueled
engines,

OiL CAPACITIES
Electric Start

3-1/2 gts. (3.31 fitre)

4 gts. (3.8 litre with filter)
Manual Start

3 ats. (2.8 litre)

3-1/2 gts. (3.3 litre with filter)

Engine oil shouid always be drained when the engine
is warm. Remove pipe plug to drain engine oil,

Recommended Fuel: Use clean, fresh, regular grade,
automotive gasoline. Do not use highly-leaded
premium types.

For new engines, the most satisfactory resuits are
obtained by using nonleaded gasoline. For oider
engines that have previously used leaded gasoline,
heads mustbe taken off and ali lead deposits removed
from engine before switching to nonleaded gasoline.
if lead deposits are not removed
from engine before switching from

{eaded to nonfeaded gasoline, pre-ignition could
occur causing severe damage to the engine.

i WARNING ' Spilled fuel might ignite and cause

serious personal injury or death.
Never fill the fuel iank when the engine is running.

Open the fuel line valve (when used) and operate
primer to assure fuel supply after filling an empty
tarik.

CAP AND OIL
LEVEL INDICATOR

KEEP OIL
AT THIS LEVEL .

FuLL

NEVER OPERATE
ENGINE WITH OIL
BELOW THIS LEVEL.... LOow

ALWAYS REPLACE
CAP TIGHTLY, OR
Axi4 | } OIL LEAKAGE MAY
OCCUR.

FIGURE 1. Oil LEVEL INDICATOR

WARNING ' Crankcase pressure could biow ouf

hot oil and cause serious burns. Do
NOT check oif while the engine is operating.

STARTING
Electric Start
1. Move the ignition switch to ON.
2. Push the START button to crank the engine.

Manual Start

1. Engine priming before starting is shown in Figure
5 (manual start only).
2. Pull the choke control about 3/4 of the way ¢losed

Or as necessary according fo temperature con-
ditions.

3. Pull the start rope with a fast, steady pull to crank
the engine. Do not jerk or let rope snap back
under its own power.

4. As the engine warms up, adjust the choke
gradually to its {ully open position.

APPLYING LOAD

Apply load to a new or reconditioned engine gradual-
iy in about four steps; not less than 30 minutes
running time for each step. Start with 1/4 lozd, then
1/2, 3/4 and full-load.

STOPPING THE ENGINE

When possible, disconnect ali load before stopping
the engine. Engines equipped with battery ignition
are stopped by setling the ignition switch 1o the off
position.

Engines equipped with magneto ignition are stopped
by pushing the srop bution (focated on the blower
housing). Hold in until engine completely stops.

Redistribution or publication of this document
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Installation Guidelines

VENTILATION

The engine must be provided with a supply of fresh air
for cooling and for combustion. Figure 2.

Pres;ure Cooled Engine: Position the air inlet open-
ing directly in front of the engine and as close to the
engine blower wheel as possible. The area oftheinlet
should be not less than 65 square inches (412 em?). If
fouvers or grill work are used, increase the area o
compensate for the reduced air flow. Provide extra
ventilation if the driven load generates heat during
operation.

The heated air outlet must allow the heated air to
gscape freely and prevent recirculatton with the
cocling air. A duct between the compartment air inlet
and the engine blower housing may be necessary.
Locate the air putiet opposite the intake or at leastata
90 degree angle. The area of the outlet should be at
least 15 percent larger than that of the inlet. Allow
sufficient room on all sides fo permit access for
servicing.

Open Air Installation: For installations where the
engme is operated outside, ventilation will be no
problem. However, in protecting the engine from the
elements. see that nothing obstructs the flow of air
around the engine.

Vacu-Flo Cooled Engine: The Vacu-Flo equipped
engine uses separate flywheel and a blower wheel to
pull cool air into the engine shroud and over the
cooling fins and surfaces of the engine, Figure 2.The
heated air is directed through an air tight scroll which
encases the biower. The scroll may be positioned to
discharge heated air in the 12 o’clock or 3 o'clock
direction, (Figure 3). The scroli outiet has a mesh-

type screen for safety.
| CAUTION ! The ouflet of the VACU-FLO scrolf

must not be resiricted or overheat-
ing will result. Engine overheating can cause troubles

ranging from vapor lock o scored pistons and
cylinders.

The area of the air infet must be at least 140 square
inches (903 m2}. if a filter, grille, or louvers are used,
the inlet opening must be increased accordingly. The
air outlet opening should be ocated as close o the
engine as possibie.

VACU-FLO CCOLED

FIGURE 2. AIRFLOW THROUGH ENGINES

if the duct length exceeds & feet (127 m), increase
duct size 30 percent. Use no more than two 90 degree
radius-type {not square-type) elbows if it is necessary
to change air flow direction. When a duct is used
between the scroll discharge and the outlet vent, its
unobstructed airflow area must be at least as large as
the scroll discharge. The cross-sectional area of the
duct must be increased if air flow is restricted by
bends, long runs, screens or the exhaust pipe.
Exhaust pipes running inside Vacu-Flo ducts should
be covered with asbestos tape.

Redistribution or publication of this document
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CAUTION ‘l‘he_sufety screen; used to covervents must be

1/4-inch {6.35 mm) mesh or larger to permit
sulticient air flow. Alt screens and guards must comply with
industriaf satety standards that apply to hazardous moving partsto
avold personal infury.

Provide a short canvas section between the engine air outiet and
the external duct or opening, o absorb vibration. If operation in
cold weather is kikely, installing a shutier in the air outlet is
advisable. Cold weather can cause overconling if air fiow is not
requlated.

SCROLL
s402 : :

FIGURE 3. VACU-FLO SCROLL POSITIONS

Shouid a vacu-flo engine chronically overheat, the
most likely sources of the problem are: |

1. Airinlet is obstructed or too small to allow proper
ventilation.

2. Air discharge opening is partially biocked by
external ducts or exhaust systems,

3. Recirculation of heated air into fresh air infet.

EXHAUST SYSTEM

Inspect the exhaust system regularly. Locate leaks in
mufiler and piping while the engine is operating.
Repair all leaks immediately after they are detected

for personnel safety.

WARNING . inhafation of exhaust gases might

result in serious personal injury or

death. Be sure deadly exhaust gas is piped oulside

and away from windows, doors or other inlefs to
building.

Use a length of flexible tubing between the engine
exhaust outlet and any rigid piping to absorb engine

vibration. Shield the line if it passes through a
combustible wall or partition. If turns are necessary,
use sweeping type {long radius) eibows. Increase one
pipe size (from manifold outlet size) for each ad-
ditional ten feet in length. Locate the outietaway from
the air intake.

CARBURETOR AIR INTAKE

Proper engine efficiency depends upon a supply of
{resh air to the carburetor. Under special conditions,
it may be necessary to move the air cleaner off the
engine, using a fonger connection hose as necessary.
For extremely dusty or dirty conditions, install a
special heavy duty air cleaner.

MOUNTING

There are several acceptable methods of rmounting
the engine. Among factors to be considered are:
location, method of coupling the engine to the load,
type of foundation or support, etc. The engine should
be mounted on a level surface if possible. Maximum
operation angle is 15 degrees sideways, 30 degrees
front to rear tilt. If the engine is 1o operate atan angle,
be sure to re-mark the cil level indicator {o compen-
sate for the tilt.

The type of instalfation can affect the life of the
engine, the cost of operation and the frequency of
necessary service. Plan the instaliation careiutiy to
ensure the best performance.

Because of the great variety of uses, and the many
variations of the engine, these instaliation instruc-
tions are typical or general in nature. Use the
installation recommendations given as a general -
guide.

CHECKING FOR FUEL AT CARBURETOR
Do not permit any flame, cigareite,
orofher‘;;nﬂemear!hefuelsysten‘:.

Gasoline is highly flammable and potentially explo-
sive in confined spaces.

b

. Look for one or more shutoff devices.
Disconnect fuel line at carburetor.

3. H fuel is present at carburetor, check ignition
system or other engine malfunctions.

4. Reconnect fuel line.

hy

CONNECTING TO THE LOAD

The dimensions of various powertakeoff shaftsareas
foltows.

-
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DIAMETER | LENGTH | xev size

SHAFT
STD 1172 2-3/4 38
{38.1 mim} {68.8 mm) {9.5 mrn}
Reckford Cluteh 1-7/16 3-1/2 3/8
{36.57 mrm} (88.9 mm) {8.5 mm)
Gear Reduction 1-1/4 2-3/4 1/4
(31.75 mm) {62.95 mm} (6.35 mm)

Belt Drive: V-beits are preferable to fiat belts. Consuft
8 reliable belting supplier for recommendations
regarding size of pulleys, number of bells, eic
required. A typical belt drive instaliation is shown mn
Figure 4.

KEEP SHAFTS OF ENGINE
A!:lD Loap PARALLEL,

1 v e
TTEATATYL  mbn e e — W]

o —— =

v 1 N - rr
[KEEP PULLEYS ALIGNED—L

WiETH EACH OTHER
BELT IN TIGHTENED IDLER PULLEY
POSITION —~ PULLING
LOAD

LOAD
PULLEY

ENGINE
PULLEY

BELT IN LOOSENED
POSITION — NOT
PULLING LOAD

FIGURE 4. DRIVE BELT INSTALLATION

BRACKET TO KEEP
BELT OFF ENGINE
PULLEY

Comply with the following instaliation requirernents

1. The shaits of the engine and the load must be
parallel with each other.

2. The pulleys of the engine and the load must be in
alignment.

3. Mount the engine pulieys as close to the engine as
passible.

4 1f the installation permits, beits should run
horizontally.

5. Some method of disconnecting the Ioad for
starting is recommended. If a clutch 1s notused. a
belt-tightener idler arrangement can be used.

Flexinle Coupling: If a fiexible coupling engine-to-
load drive is used, the load shaft must be in line and
centered with the engine shaft (Figure 5).

Reduction Gear Drive: Reduction gear drives are
mounted at the factory {(when ordered}. The method
of connecting the foad is the same as when connec-
ting directly to the engine shaft.

ENGINE POWER

FLEXIBLE
COUPLING

FIGURE 5. FLEXIBLE COUPLING

Drain the gear box after the first 100 hours of
operation and refill with fresh iubricant of the
recommended grade. Repeat this procedure every six
months thereafter, or every 100 hours,

Use only SAE 50 motor oil or SAE 80 mineral gearoil,
Do not use lubricants commonly known as extreme
pressure lubricants, hypoid lubricants, etc.

Masntam the proper oil level between changes. Dver-
tithng will cause foaming, which can iead to an oil leak
due to overheating. Remove the filler plug on top of
the case and the oil level plug from the face of the gear
case. Fill the case until the oil just begins to flow from
the il level plug hole. Gear box holds 1/2 pint U.S.
measure (.24 litre). Replace both plugs,

Ciutch Installation: A Rockiord Clutch can be in-
Statted at the factory or in the field. Instal the clutch
accerding to the lollowing instructions and Figure 6.

Provmide room for the clutch adapter casting by
piugging the wetholes with a 3/8-16x 1/2-inch slotted
headiess set screw. Apply sealing compound to the
threads and instail screw flush with the cylinder
block

Dntl & 13/64-inch {5.16 mm) hole (or filed slot) in the
crankshaft for the cluteh set screw. L acate center of
hole 11/32-inch (8.73 mm) from the end and directly
Opposite the keyway in the crankshaft

Install the clutch adapter, with drain slot downward,
using two cap screws 3/8-16 x 2-inches on the lower
and one cap screw 3/8-16 x 1-3/4-inch on the upper#2
cylinder side (cylinder nearer clutch). Instal} the 3/8 x
3-7/8 or 4-inch stud through the adapter into the
engine block upper remaining hole. Use a ilock
washer on each assembly screw. Use a flat washer
and a lock washer under the stud nut.

fustall the crankshaft key. Remove the clufch set
screw. install the clutch assembly {less housing) to
the crankshaft, driving it on carefuily with a soft-faced
hammer until set screw hole is aligned. Install set
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DISCARD
REPLACE WITH
3/8-16 x /2" SLOTYED
HEADLESS SCREW

[l

-‘ - / k11737
DRILL 13/64” (5.16 wwm) HOLE 32

$787(3.17 wen) DEEP {8.73 mem)
CRANKSHAET STUS SHAFT

crutcH CLUTCH
ASSEMBLY HOUSING 4

D)

TAKE-OFF
SHAFT

SET SCREY

ADAPTER

FIGURE €. CLUTCH INSTALLATION

screw to bottom in crankshaft hole, then back it out
one full tum. Tighten clutch retaining screws until
clutch is clamped securely to crankshaft. Lock the
screws and tighten the set screw.

Apply grease 1o splined power takeoff shaft. Position
the clutch throw-out to align the grease fitting with
the hole in the housing (#1cylinder side, horizontal).
Pull the throw-out coilar outward to remove tension.

install the clutch housing so that the clutch throw-out
fork engages the throw-out collar. Be sure the
serrated shaft is properly meshed with the clutch
piate. Use two cap screws 7/16-14 x 2-inches on the
lower and one cap screw 7/16-14 x 1-3/4~inch on the
upper #2 cylinder side. Install the stud washer and
nut. Lubricate the two grease fittings just untit grease

appears.

BATTERY CONNECTIONS (Engines with

Automotive Type Separate Starter)

Connect the 12 volt battery positive cable to the
engine start switch terminal. Connect the battery
negative cable to the ground point on the engine oil
base (Figure 7).

12

- STARTING MOTOR

STARTING
MOTOR
SOLENOID

§ BATTERY
NEGATIVE

BATTERY
POSITIVE

FIGURE 7. BATTERY CONNECTIONS

PROTECTION FOR EXTENDED OUT-OF-
SERVICE PERIOD

Protect an engine that will be out-of-service for more
than 30 days &s follows:

1. Run engine until thoroughiy warmed up.

2. Turn off fuel supply and run until engine stops
from lack of fuel.,

3. Drain oil from oil base while still warm. Attach a
warning tag to refill before operation.

4. Remove each spark plug. Pour one ounce {two
tablespoons) of rust inhibitor (or SAE#50) oil into
cylinder. Crank engine over a few times to
distribute oil film on cylinder walls and rings.
Reinstall each spark plug.

5. Service air cleaner per maintenance schedule,

6. Lubricate governor linkage. Protect against dust,
etc. by wrapping with a clean cloth.

7. Plug exhaust outiet to prevent entrance of bugs,
moisture, or dirt,

8. Wipe entire unit clean. Coat parts fikely to rust
with a ight film of grease or oil.

&. Provide a suitable cover for entire unit.
Disconnect battery and follow standard battery

storage procedure.
Discharged batieries are subject o

savere damage if exposed fo freez-

ing temperatures. Siore all batteries ina fully charged
condition and malntain charge during storage.
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RETURNING THE SET TO OPERATION

1

2.

CHECK SERVICE IDENTIFICATION TAGS to
properly service the engine.

Uncover and remove all storage seals from
enging. Remove any dust, dirt, or foreign matter.

. CHECK fuei supply tanks. CHECK lubricating oil

for moisture or contamination (drain if
necessary). CHECK fuel line connections, all
wiring connections, and exhaust line connec-
tions,

4, Service air cleaner per mainienance schedule.

5. Check tag on cil base and verify that oil viscosity

is still correct for existing ambient tempetature.

. Clean and check battery. Measure specific gravity

{1.260 at 25° C [77°F]) and verify level to be at

gplit ring. If specific gravity is low, charge until
correct vaiue is obtained. If level is low, add
distilled water and charge until specific gravity is
correct.DO NOT OVERCHARGE.,

WARNING

Ignition of explosive baltery
gases might cause severe per-
sonal injury. Do not smoke while servicing
batlteries.

: 7. Check engineforfuel oroil ieaks. Correctleakage

as required.

8. install fully charged batteries.

9. Start engine and check while running for leaks,
battery charge rate, and proper cooling.

After engine has started, excessive biue smoke will be exhausted
and the engine will run rough uniil the rust inhibitor or il has
burned away.

EXHAUST GAS IS DEADLY!

Exhaust gases comlain carbon monoxide, a poisonous gas that might cause
unconsciousness and death. It is an odorless and colorless gas lormed during
combustion of hydrocarbon fuels. Symptoms of carbon moncoxide poisoning

are:

o Dizziness
+ Headache
* Weakness and Sleepiness

s Vomiling
& Muscular Twitching
s Throbbing in Temples

It your experience any of these symploms, get ouf into fresh air immediately,
shut down the unit and do not use undil it hhas been inspected.

The best protection against carbon monoxide Inhalation is proper installation
and reguiar, frequent inspections of the complete exhaust system. If you notice
& change in the sound or appearance of exhaust system, shut the unit down
immediately and have It Inspected and repaired al once by a compelent

mechanic.
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Oil System

PRESSURE LUBRICATION

These engines use an oil pump to lubricate engine
parts (Figure 8}. If oil pressure is low, the pump
should be checked.

FIGURE 8. OIL SYSTEM

OIL PUMP

The oil purap {Figure 9) is mounted on the frontofthe
crankcase behind the gear cover and is driven by the
crankshaft gear.

CRANKCASE TURNEE’ —
ON LEFT SIDE e

UNSCREW OIL PUMP ASSEMBLY
FROM INTAKE CUP AT THIS POINT
{To reassemble reverse :h? procedure}

Fd : _

< 3 .

. 2T

OiL PUMP ASSEMBLY ™™ L

L33

FIGURE 9. OIL PUMP ASSEMBLY

The inlet pipe and screen assembly is attached
directly to the pump body. Adischarge passageinthe
cover of the pump registers with a drilled passage in
the crankcase. Paraliel passages distribute oil to the
front main bearing, rear main bearing and pressure
control bypass valve,

_Circumferential grooves in the main bearings supply
ail to the connecting rod bearings through drilled
passages fraom each main journal.

A drilied passage connects the front main bearing ¢il
supply to the front camshaft bearing. The fiyball
govemnor is lubricated by a drilied passagein the front
camshaft journal.

The oil overilow from the bypass valve furnishes
lubncation to the camshaft drive gears.

Normal oil pressure should be 30 psi or higher when
the engine is at operating normal temperature. {f
pressure drops below 30 psi at governed speed,
inspect the oil system for faulty components.

Check the oil pump thoroughly for worn paris. Qilthe
pump to prime it before reinstalling. Except for
gaskets and suction cup, the component parts ofthe
pump are not available individually. Instali a new
pump assembly if required.

tt new oil pump gaskets are instalied, they should be
the same thickness as those removed. A gasksat kit
with various thickness gaskets is available.

OIL BY-PASS VALVE

The by-pass vaive (located 1o the right and behind
gear cover, Figure 10), controls oil pressure by
aliowing excess oil to flow directly back to the
crankcase. Normally the valve begins to open about
30 pss,

The valve is non-adjustable and normally needs no
mantenance. To determine if abnormal thigh orlow)
oif pressure is caused by a sticky plunger inspect as
follows:

1. Remove 3/8" - 24 x 3/4 inch cap screw jocated
behind gear cover and under governor arm.

2. Remove spring and plunger with a magnet tool.
Cilean plunger and spring with a suitabie solvent
and reinstall.

Removal

To remove the valve, unscrew the recessed plug in the
rear bearing plate and lift out the spring and plunger
assembly. Determine proper vaive operation by
checking the spring and plunger according to the
following measurements.

Plunger Diameter__............. 3365 to .3380"
{8.55 to 8.59 mm)

Spring
Freelength............... 2-5/16" (568.74 mm)

2.225 (1.0kg) .11 Ib. (49.9 g) at 1-3/16" (30.16 mm)
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BREATHER
TUBE

SCREEN

Ciean or replace crankcase breather hatfle perivdically. Be sure
batflz material doesn't come apart and work inlo the sanilold,

BY.PASS VALVE

OiL FILTER

FIGURE 10. DIL SYSTEM COMPONENTS

CRANKCASE BREATHER

The crankcase breather maintains a partial vacuum in
the crankcase during operation to control oil foss and
ventilate the crankcase, Figure 10.

To disassemble, remove the rubber cap from the
crankcase tube and pry the valve cutofthe cap. Wash
the vaive in fuel at regular intervals and, if defective,
replace it. Also, pull the baffie out of the breathertube
and clean it. Install the valve with the perforated disk
toward the engine.

18

OIL FILTER (OPTIONAL)

The fuli-flow filter (Figure 10) is mounted on the fifter
piate at the left front cornerof the crankcase. Replace
normally after every 200 hours of operation. Remove
the filter by tumning counterclockwise. Lubricale the
gasket on the new filter with engine oil. instal! the
filter until the gasket touches the base and tighten 1/2
turn; do not oveartighten.
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Governor System

CONSTANT SPEED GOVERNOR

The standard governor is a constant speed governor,
Figure 11. A variable speed governor is shown in
Figure 12. If the following checks do not remedy
erratic governor operation, instail a new governor
spring. Check the governor arm, linkage, throttle
shaft and lever for binding or excessive wear at con-
necting points. A binding condition at any point will
cause the governor o act stowly and regulation will
be poor. Excessive looseness will cause a huniing
condition and reguiation will be erratic. Work the arm
back and forth several times by hand whilethe engine
is shut ofi. Replace parts as neaded.

CARBURETOR
THROTTLE PLATE

- &

BALL JOINT

THIS ISTANCE
DETERMINES

GOVERNOR ARM
SENSITIVITY

 —
! MORE I
| SENSITIVE
B s o |
: LEss | BALL JOINT
SENSITIVE ]
i | GOVERNOR SPRING
5o5D BRACKET
GOVERNOR
SPRING o
'y O .‘-‘."""
& O SOVERNOR
ARM
o - BOVERNOR SHAET
<pjR<n
wu fwY
ru ﬂ:a’
ot ot
z a

SPEED ADJUSTING RUT

y

FIGURE 11. GOVERNOR ADJUSTMENT LINKAGE

GOVERNOR ADJUSTMENTS

Where engine speed is govemor controlled, the
governor is set at the factory to allow a nominal
engine speed of 2400 rpm at no-load operation
(unless anather speed is specified when the engineis
ordered}. Proper governor adjustment is one of the
most important factors in maintaining the power and
speed desired from the engine, Figure 11.

16

CARBURETDR

T

[

SOVERNOR ARM

% Eamid ':,
i GOVERNOR

INKAGE,

[

GOVERNOR SHEFT\

FIGURE 12. VARIABLE SPEED GOVERNOR

ﬁw,

Before making governor adjustment, run the engine
about 10 minutes {o reach normal operating
temperature. Be sure carburetor main load and idle
needles are properly adjusted before checking or
adjusting governor system. For an accurate governor
adjustment, & reliable instrument, tachometer for
example, is required.

 the following checks don’t semedy erratic opera-
tion, install a new governor spring. Springs become
fatigued with age.

Linkage

Check the governor arm, linkage, throttle shaft and
lever for a binding condition or excessive slack and
wear at connecling points, Figure 11. A binding
condition at any peint will cause the governor to act
slowly and reguiation will be poor. Excessive
looseness will cause a hunting condition and regula-
tion will be erratic. Work the arm back and forth
several times by hand whilethe engingisidle. Replace
paris as neaded.

The engine starls at wide open throttle. The length of
the linkage connecting the governor arm to the
throttle arm is adjusted by rotating the ball joint.
Adjust length so with the engine stopped and tension
on the governor spring, the carburetorthrottie lever is
wide open. This seiting aliows immediate conirol by
the governor after starting and synchronizes travel of
the governor arm and the throttie shaft,

The adjustable govemors use the same procedure for sensitivity
adjustment, but the speed adjustment for the varable speed
governor (Figure 13} is different. If engine has variable speed
governor as shown, proceed to Variable Speed Governor Adjust-
ment.
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The linkage must be able to move freely through its
entire travel. Beginning Spec J, clean and jubricate
steel ball joints using a drop of light oil or graphite.
Earlier models used plastic ball joints which require
no lubrication. See Figure 12a.

CLEAN JOINT

Do not tubricate plastic ball
joints. They only require
cleaning. If sieel however,
lubricate with graphite.

FIGURE 125. GOVERNOR LINKAGE

Sensitivity Adjustment

The engine speed drop from no-load to full-load must
be within 100 rpm. Cheek the engine speed with no
load connected and again after connecting a full-
rated load.

The sensitivity of the governor depends upon the
position of the arm end of the governor spring. A
series of holes in the governor arm provides for
adjustment. To increase sensitivity, move the gover-
nor spring toward the governor shaft. To decrease
sensitivity, move the governor spring toward the link-
age end of the governor arm.

A too-sensitive setting will result in 2 surging speed (hunting)
conditicn, an alternate increase and decrease in engine speed. An
opposile setting will result in too much speed variation between
no-load and full-icad conditions,

Always recheck the speed adjustment after asensitiv-
ity adjustment. Increasing sensitivity will cause a
slight decrease in speed and will require a slight
increase in the governor spring tension.

Constant Speed Governor Adjustment

The speed at which the engine operates is deter-
mined by the tension applied to the governor spring.
Increasing spring tension increases engine speed.
Decreasing spring tension decreases engine speed.
The no-ioad speed of the engine shouid be slightly
higherthan the speed requirements of the connected
toad. For example, if the connected ioad is to turn at
2310 rpm, set the no-load speed of the engine at
about 2400 rpm. Check speed with afachometer. If a
speed adjustment is needed, turn the speed adjusting
nut in to increase the speed or out to decrease the
speed {Figures 11 and 12).
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Variable Speed Governor
Adjustment

These governors are adapted for use where a wide
range of speed settings is desired. Engine speed is
controlied at any given point between minimum and
maximum by simply shifting the speed control lever
until the desired speed is reached.

The adjustable governors use the same procedure for sensitivity

adjustment, but the speed adjustrent for the variable speed gov-
emor (Figure 13) is different.

The design of the variable speed governor gives an
automatic decrease in sensitivity when the speed is
increased and the result is good stability at all speeds.

Adjust the governor as follows:

1. Make sure carburetor is adjusted correctly {see
FUEL SYSTEM section).

2. Adjustthethrottie stop screw on the carburetorto
& minimum idling speed of 1,450 rpm so the gov-
grnor spring can hold the engine at 1,500 rpm. {A
lower minimum does not assure smooth opera-
tion under load.)

3. Adjust governor spring tension for minimum
speed. Shift the lever to the minimum {slow) posi-
tion and with no-load connected, adjust the
spring tension for about 1,500 rpm.

4. Adjust the sensitivity while operating at minimum
speed to attain the smoothest no-load to fuil-ioad
operation as follows:

To decrease sensitivity {allow more speed drop
from no-load to full-load operation): Move the
governor spring outwards into a different groove
orhole in the extension (oron earlier models, turn
the sensitivity screw outwards) so that the point
of pull by the spring is moved slightly farther from
the governor shaft.

To increase sensitivity (closer regulation by the
governor which permits less speed drop from no-
load to full-load operation): Move the governor
spring inward into a different groove or hole in the
extension {or on earlier modeis, turn the sensitiv-
ity screw inward) so that the point of pulf by
spring is moved slightly closer to the governor
shaft.

5. Apply afull-load and shifi the speed control lever
until the engine speed reaches the desired maxi-
mum speed. Set the screw in the bracket slot to
stop lever travel at the desired maximum full~load
speed position. A full-load speed of 3600 rpm is
the recommended maximum for continuous
operation. The speed must agree with the load
requirements.
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FIGURE 13. VARIABLE SPEED GOVERNOR

Two-Speed Governor (Electric Solenoid Type)

Low speed is controlled by the fow-speed governor
spring. High speed is controlled by both governor
springs {low-speed and high-speed spring).

To adjust the two-speed governor, follow the steps as
outlined below, and refer to Figure 13a.

1.

2.

Run the engine and make necessary carburetor
adjustment.

Adjust low-speed tension for the desired low
speed (recommended minimum idling speed of
1,500 rpm for engines operating under foad atidie
speed). Decreasing spring tension decreases
engine speed. Increasing spring tension increases
engine speed.

. Adjust high-speed tension by turning the plunger

on the adjusting stud (with locking nut loosened)
s0 when the plunger is pulled ali the way into the
solenoid it gives the desired high speed. Approx-
imately 3,000 rpm is the recornmended maximum
full load speed for continuous operation.

[ CAUT:lD: N: Z Extreme lension on the high

spaod governor spring will cause
damage to the solenold coil. Tenslon must be
{oose enough so that the plunger will pull afi the
way into solenoid when operating at high speed,
Failure to do so will not open the contact points
within the solenold, which will cause the coll lo
overheat.

. Adjust the sensitivity for high-speed operationto

attain the smoothest no-load operation.

To decrease sensitivity (aliow more speed drop
frorn no~load to full-load operation): Move the
high-speed governor spring eutward into a dif-
ferent hoie in the bracket so that the point of pull
by the spring is moved slightly farther from the
governor shaft.
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To increase sensitivity (closer regulation by the
governor which permits less speed drop from no-~
toad to fuil-foad operation): Move the high-speed
governor spring inward into a different hole of the
bracket so that the point of pull by the spring is
moved slightly closer to the governor shaft.

SOLENOID N THROTTLE THHOTTLREE;&BI‘E SPEED
P ' sTOR ”NCREASE
\ DECREASE_‘
/
: iy
i GOVERNOR
CONTROL
LINKAGE
HIGH SPEED
GOVERNOR SPRING
THIS DISTANCE
DETERMINES SENSITIVITY
‘ GOVERNOR CUP
GOVERNOR AFIM

FIGURE 13a. ELECTRIC GOVERNOR

The low-speed governor Spring normally requires
no sensitivity adjustment and can be moved to
another hole in the bracket to zliow proper
adjustment of the high-speed sensitivity. If sensi-
tivity adjustment is required for low speed, move
the low speed spring in the same manner as
instructed for the high-speed spring.
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CCKA Tractor Governor Adjustment

Low Speed Adjustment: A tachometer {electric or

mechanical) is required to accurately set the gover-
nar speed.

1. Use a screwdriver to accurately adjust the throttle
stop screw (A} to 1000 rpom when carburetor
throtile is held closed {Figure 13b).

2. Readjust the carburetor idie mixture (B) so
engine runs smoothly,

3. Check the adjustment made in Step 1 and read-
just the minimum idle speed i necessary.

High Speed Adjustment:
1. Move the engine speed controi all the way ahead
to the “fast” position.

2. Tum the adjustment nuts {C) clockwise or
counterclockwise as required so engine runs
between 3800 and 3850 rpm.

Engine was not designed o
operate at speed greater than
3950 rpm.

3. Tighten the two nuts against each other so they
will stay in position.

4, Adjust the nuts so the engine will run at 1200 rpm
in the "slow” position. Toincrease speed, turnthe
nuts clockwise; to decrease speed, turm coun-
terclockwise.

5. Turn the two nuts securely against each other so
they will stay in position.

HIGH SPEED
ADJUSTMENT g5

THROTTLE
CONTROL ROD

TWO HEX NUTS
BACK TO BACK

Cieaning: Inspect the governor linkage, springs, etc.
for binding or wear. Clean often in dusty conditions.
Blow dust and dirt from linkage with compressed air.
Use an approved solvent and apply with a soft brush
to remove excessive grease or oil.

CCKB TRACTOR GOVERNOR

If the governor requires readjustment, observe the
following:

Low Speed Adjustment: A tachometer is required to
accurately set the governor speed when thethrottiels
held closed {Figure 13¢).

1. Use a screwdriver to adiust the fow speed stop
screw so the engine runs at 1200 (x 100) rpm
when the throttle is held closed (Figure 13c).

2. Readjust the carburetor idle mixture so the
engine runs smoothly.

3. Check adjustment made in Step 1 and readjust
minimum idie speed if necessary.

High Speed and Cable Adjustment

1. Move engine speed control on tractor to “fast”
position,

2. With speed control in “fast” position, the speed
control gable shouid be hoiding governor swivel
against stop on governor base plate.

3. f speed adjustment is necessary, remove cable
housing 1/8 inch {3.16 mm} from base plate
mounting edge and using a 90° pliers reinstall

cabie clip.
Bending the base plate will

cause misalignment between

swivel plate and the edge of base plate.

IDLING POSITION

FIGURE 13b. TRACTOR GOVERNOR ADJUSTMENT

P 18

Redistribution or publication of this document
by any means, is strictly prohibited.



4. Back off from “fast” position on throttie control 8. With engine running; loosen stqd adjusting nuts
arm until inner cables moves forward about 1/16 and turn toward spring {left) to increase or away
inch {1.58 mm). from spring {right) to decrease the high speed.

5. Hold the swivel plate against the stop edge and Tighten nuts and check speed.
tighten the swivel screw. Recheck to see if control 7. Top speed atnoload should be 3850 (+ 100} rpm.
pulls swivel plate against the base plate. .

CARBURETOR
IDLE MIXTURE

THESE TWO SURFACES SHOULD
TOUCH WHEN THROTTLE IS IN
FULL SPEED POSITION

LOW SPEED
ADJUSTMENT

[ CABLE cLiP
s
Use 90° pliers o avoid ? SWIVEL PLATSERNOR
bending plate when rein- = - G%PRING
stalling cable clip. 0

NOTE: HOLE IN STUD
SHOULD BE HORIZONTAL

ADJUSTING STUD

3
ADJUSTING NUTS
.

\ZD

%/

FIGURE 13c. CCKB TRACTOR GOVERNOR
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Fuel System

Satisfactory engine performance is largely depend-
ent upon correct fuel system adjustments. However,
adjustments cannot fully compensate for low engine
power due to wear, etc. If trouble develops, follow an
orderly procedure to determine the cause before
making any adjustment.

The carburetor idle and main mixture were set for
maximum efficiency at the factory and should nor-
maily not be disturbed. If adjustments seem neces-
sary, first be sure the ignition system is working
properly and governor sensitivity is properly adjusted.

Adjusting the carburetor is a means of obtaining the
correct fuel-to-air mixture for smooth, efficient
operation.

GASOLINE AND GAS-GASOLINE
CARBURETORS

The carburetor has idle fuel and main fuel adjustment
screws (Figure 14}. If engine runs unevenly at half or
full load due to faulty carburetion, the main fuel
adjustment needs adjusting.

If the carburetor is totally out of adjustment, the mix-
ture settings given below should be used as a preli-
minary adjustment. Turn the mixture screws in until
lightly seated, then turn out the specified number of

turns.
Forcing the mixture adjustment

scrow tight will damage the needle

and seal. Turn in only untlf light tension can be felt.

TABLE 1. CARBURETOR ADJUSTMENTS
ENGINE IDLE MAIN
MODEL ADJUSTMENT ADJUSTMENT

CCK/CCKA 110 1-1/4 1-1/4 10 1-1/2

CCKB 1-1/2 2t03

T-handled main adjustmsent screws

are locked in postiion witha packing
nul. This nut must be loosened before adjusiments
aremade and retightened afterward. Failure to tighten
the packing nut may resuit In leaking fuel, creating a
serfous fire hazard.

2t

CHOKE LEVER

CHOKE PLATE

FUEL INLET

MAIN FUEL
ADJUSTMENT

THROTTLE STOP
SCREW
iDLE FUEL
ADJUSTMENT
CCK/CCKA DOWN DRAFT TYPE

IDLE FUEL
ADJUSTMENT

THROTTLE
STOP SCREW

CCKB SIDE DRAFT TYPE
FIGURE 14. GASOLINE CARBURETOR
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IDLE FUEL
ADJUSTMENT
{Gas models only)

I
o

-
P

:
sy B it
4
3
A 4

:

"

| SN
AR

i

GASOLINE

1DLE FUEL
e ADJUSTMENT
i PACKING NUT

MAIN FUEL, GASOLIN
ADJUSTMENT AN mei
{Gas modeis only) ADJUSTMENT
CCK/COKA
GASOLINE IDLE FUEL
ADJUSTMENT
GAS MAIN
FUEL THROTTLE STOP

ADJUSTMENT

GAS IDLEFUEL |
ADJUSTMENT

GAS INLET
CLAMP

GASHOSETD
REGULATOR

KE LOCK
CHOW‘RE GASOLINE
MAIN FUEL
ADJUSTMENT

CCxB

FIGURE 15. GAS-GASOLINE CARBURETORS

2

Gasoline Carburetor Adjustments

Start the engine and allow it fo warm up until the
choke is completely open, then set the adjustment
screws as follows:

1. With no load, turn idle adjustment ouf until
engine speed drops slightly below normal, Figure
14. Then turn needie in until speed returns to
normal.

. Apply a full load 10 engine.

3. Carefully turn main adjustment in until speed
drops slightly below normai. Then turn needle
out urii speed returns to normal.

e

Alternate Method (No load adjustment possible)
1. Start engine and aliow it to warm up.

2. Push in on governor mechanism to slow unit
down to about 400 to 500 rpm.

3. Set idle adjustment screw for even operation so
engine is firing on both cylinders and running
smoothly.

4. Release governor mechanism to allow engine to
accelerate. |f the engine accelerates evenly and
without a lag, the main adjustment is correct. If
not, adjust the needie gutward about 1/2 turn and
apain slow down the engine and release the
mechanism. Continue until the engine accelerates
evenly and without a time lag after releasing the
governor.

Gas-Gasoline Carburetor Adjustments

When operating on gasoline, use the adjustment
procedures described under Gasoline Carburetor
Adjustments. Be sure the choke lock wire (Figure 15)
is removed. These carburetors are factory set for gas
rated approximately 1000 BTU. H fuel rating is
substantially different, a readjustment of the fuel
mixture is required.
1. Turn idle fuel adjusting screw out untit engine
speed drops slightly (Figure 15). Then furn screw
in until speed retums to normal.

2. Apply a full foad to engine.

3. Tum in gas main adjustment screw until engine
speed drops. Then turn out screw untii engine
speed returns to normal.

Alternate Method {No load adjustment possible.)
1. Start engine and allow it io warm up.

2. Push in on governor mechanism to slow engine
down to about 400 to 500 rpm.

3. Set idie fuel adjustment screw for even aperation
so the engine is firing on both cylinders and
running smoothly.

Redistribution or publication of this document
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4.

Release governor mechanism to allow engine to
accelerate. If engine accelerates evenly and
without a lag, the main adjustment is correct. if
not, adjust the screw outward about 1/2 turn and
again slow down the engine and release the
mechanism. Continue untii the engine accetler-
ates evenly and without a time lag after releasing
the governor.

GAS MAIN FUEL
1DLE FUEL ADJUSTMENT
ADJUSTMENT

THROTTLE

FIGURE 16. CCKB GAS CARBURETOR

Gas-Fueled Carburetor

Aliow the engine to warm up if preliminary adjust-
ments are satisfactory for initial startup. If the engine
will not start, set the idie fue! adjustment screw (Fig-
ure 163 two turns off seat and main adjusting screw
approximately three turns (six turns for only 800 BTU
gas). These settings should be adequate for starting.

1.

Turn idie fuel adjustment screw out until engine
speed drops, then turnin until speed increases to

maximum.

. Apply a full load to engine.
. Tum main gas adjusting screw in until engine

toses power. Slowly back out screw until engine
carries full ioad smoothly.

. Check setting with varying loads.

CARBURETOR OVERHAUL

Carburetion problems that are not corrected by mix-
ture adjustments are usually a result of gummed-up
fuel passages or worn internal parts. The most effec-

tive solution is a compiete carburetor overhaul.

[ WARNING I

ather igniter near the fuel system.

Ignition of fuel might cause serious
personal injury or death by fire or
explosion. Do not permit any flame, cigarefte, or

23

BOWL COVER
SCREW CHOKE PLATE

1 @ FLOAT
8
>

MAIN FUEL D
ADJUSTMENT é
[+

(u
IDLE FUEL " D rar
ADJUSTMENT - - OTTLE PLATE |
DOWN DRAFT CARBURETOR

IDLE FUEL
ADJUSTMENT NEEDLE
CHOKE SHAFT g

g ‘q’;'\
Q@ jere
) 0.‘,7 )

THROTTLE PLATE

THAOTTLE SHAFT
AND LEVE‘R

VALVE
FLOAT SPRING

¢j"
T e
X ]

FLOAT ASSEMELY.

FUEL BOWL.

MAIN FURL
ADJUSTMENT

S$IDE PRAFT CARBURETOR
FIGURE 17. TYPICAL CARBURETOR ASSEMBLIES
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in general, overhauling a carburetor consists of com-
plete disassembly, athorough cleaning, and replace-
ment of worn parts. Carburetor repair parts are
available.

General instructions for overhauling a carburetorare
given betow. Carefully note the position of all parts
while removing to assure correct placement when
reassembling. Read through alt the instructions be-
fore beginning for a better understanding of the
procedures involved. Carburetor components are
shown in Figure 17.

Carburetor Disassembly
{Gasoline and Gas-Gasoline Only)

1. If engine is equipped with an automatic choke,
remove two screws that fasten the choke to the
carburetor and remove assembly.

Always periorm carburetor repair under cleanesi conditions
possible.

2. Removethrottie and choke plate retaining screws,
then plates. Pull out throttle and choke shafts,
being careful not to damage the tefion coating
applied to some throttle shafis.

3. Remove main and idle adjustment screw assem-
blies.

4. On downdraft carburetors, remove attaching
screws and separate upper and lower carburetor
sections. On sidedraft models, unscrew the re-
laining screw and remove fuel bowl from the
upper carburetor body.

5. Carefully note position of float assembly parts,
then slide out retaining pin and remove the float
assembly, and springs or clips, and the needle
valve.

8. Unscrew and remove needle valve seat.

Cleaning and Repair

Carburetor maintenance shouid consist of regular
cleaning. Some gasolines have a fendency toward
formation of gum deposits inside the carburetor,

1. Soak all metal components not replaced in car-
buretor cleaner. Do not soak non-metal floats or
other non-metal parts. Foliow the cleaning manu-
facturer's recommendations.

2. CGiean ali carbon from the carburetor bore, esp-
cially where the throttie and choke plates seat. Be
careful not to plug the idle or main fuel ports.

3. Dry out all passages with low pressure air (35
PSI1). Avoid using wire or other objects for clean-
ing that may increase the size of critical passages.

4. Check the condition of adjustment needie; re-
placeif damaged. Replace float if loaded with fuel
or damaged.

5. Check the choke and throttle shafis for excessive
play in their bore and replace if necessary.

6. Replace old components with new parts.

Carburetor repair and gasket kits are available from your nearest
Onan Parts Center.

24 Redistribution or publication of this document
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Carburetor Assembly
{Gasoline and Gas-Gasoline Only)

. Install throttle shaft and plate, using new screws

and lockwashers. Install with bevel mated to the
carburetor body. On plates marked with the letter
C, install with the mark on the side toward the idle
port when viewed from the flange end of the car-
buretor. To center plate, back off stop screw,
close throttle lever and seat plate by tapping it
with a small screwdriver. Then tighten the two
5Crews.

. Install choke shaft and plate. Center plate insame

manner as the throttle plate {Step 1). Use new
screws and lockwashers.

. install fuel iniet valve seat and vaive.

. Install Hoat, float pin and float spring (begin Spec

H). Center pin so float bowl does not ride against
it,

. Check float level with the carburetor casting

inverted. See Figure 18

. Install main and idie mixture screw assemblies.

Turn in screws until lightly seated and then out
the number of turns specified in Table 1.

Forcing the mixture adjustment

screws fight will damage the
needle and seat. Turn in only until light tension is
felt,

. Install choke assembly.

25

THIS DIMENSION SHOULD BE
5718 INCH (7.9 MM} WITH METAL
FLOAT OR 1/4INCH {6.3 MM) WITH
STYROFOAM (PLASTIC) FLOAT.

CCK/CCKA

BEND TAB
TO ADJUST

[
THIS DIMENSION

SHOULLD BE
1/8 - 3416 INCH
apy [32-48MM)  CCKB Begin SpecH

THIS DIMENSION
SHOULD BE

11/64 INCH
(4.7 MM

CCKSB Prior to Spec H

FIGURE 18. CHECKING FLOAT LEVEL
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THERMAL MAGNETIC CHOKE
(Optional}

This choke uses a heating element and a heat sensi-
tive bimetal spring to open the choke plate. The
choke solenoid, actuated during engine cranking
only, cioses the choke plate according to ambient
temperature, During gaseous fuel operation, the
choke plate is locked in the full open position by the
choke lock wire, Figure 15.

It adjustment is required, use the following instruc-
tions. Choke bimeta! spring must be at ambient
temperaiure. Allow engine to cool at least one hour

before setting. Adjust choke by turning the choke
body, which engages a link connected to a bimetal
choke spring. :

Remove air cleaner and adapter to expose the car-
buretor throat. Loosen the screw which secures the
choke body. Rotate choke body clockwise to increase
choke and counterclockwise to decrease choke action
{leaner mixture). Refer to Figure 19 forcorrect choke
setting according to ambient temperature. Use drill
rod or shank of drill bit io measure choke opening.

Ambient Temperature (°F) &0 65 70 75 80 85 a0 100

Chaoke Opening (inches) 1/8 /64 5/32 11/64 3/16 13/64 7/32 1/4

Ambient Temperature {*C) 16 18 21 24 27 29 32 38

Choke Opening (mm) 3.18 3.57 3.97 4.37 4,76 5.16 5.56 6.35
CHOKE (PENING

WA ¢ ce=To

g/

LOOSEN THIS
SCREW AND
ROTATE THE

ENTIRE COVER
ASSEMBLY

FAIGURE 13. THERMAL MAGNETIC CHOKE SETTINGS
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CHOKE PLATE INSULATOR WASHER

COVER

" -

ARMATURE
ASSEMBLY
RETAINING RING

BIMETAL AND

HEATER ASSY SOLENCID CORE

GROUND LEAD

THERMO-MAGNETIC
CHOKE

WASHER (F7/64 1D, x 58 0.0 x 1/#6")

-
- M

fr

F PALNUT _ .7
K b /ﬂ
L} - /

—

LIMIT LEVER

CHOKE SPRING CHOKE BCDY

CHOKE
MOUNTING

-
—

“ SHAKEPRODF WASHER

B WASHE R {24764 1.D. x 9716 0.D. x 17167}

NUT (5/16- 1875

FIGURE 20. THERMAL MAGMNETIC CHOKE ASSEMBLY

Disassembly and Repair

if the choke will not operate or will not retain an
adjustment, disassemble it for repair. For dis-
assembly, refer ta Figure 20.

it the choke wili not close, check for binding,
incorrect adjustment, or incorrect assembly of the
bimetal and heater assembly. if the choke wiil not
open after the engine starts, check for heating. The
choke bimetal should be warm to the touch within a
minute or two after starting.

fthe heater assembly will not heat properly, check for
broken heater wire, high resistance connections or

21

broken lead wires to the bimetal and heater assembly.
With the element al room temperature, check the
heater resistance with an chmmeter. The resistance
should be about 37.8 to 46.2 chms for & 12-voit
system if the heater is defective, replace. There must
pe siackin the iead wires between the choke body and
the bimetal and heater assembly. When the start
button 15 engaged, the solenoid should cause the
spring loaded lever to contact the solenoid core. If
this does not occur, check for broken lead wires ora
defective solenoid core.

The solenoid coil should have a resistance of 2.03 to
2.31 ohms in a 12-volt system.
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Assembly (Figure 20) .

When replacing the cover on the thermostat and
heater assembly, be certain that the choke heater
lead wires have been correctly installed in the choke
housing. Improper replacement of the lead wires can
cause the choke assembly to malfunction.

The wires enter the choke assembly through a smal
notch that is cut in the edge of the housing. A cover
holds the wires in place and prevents movement
when tightened. When properly installed, the lead
wires will hang freely under the bimetal coit when the
choke is in either the open or closed position. The
end of the heater wire sleeve should be located from
1/8 inch inside the choke housing to flush with the
inside wall.

When assembling the thermo-magnetic choke, the
bimetal and heater assembly is connected as follows:

1. Lead tagged G goes to ground terminal on coil
solenoid.

2. Lead tagged H goes to either H' terminal on
solenoid core.

FUEL PUMP

A diaphragm-type fuel pump is usad. If fuel does not
reach the carburetor, check the fue! pump beforé
dismantling it.

The pump can be checked by disconnecting the fuel
line at the carburetor, cranking the engine slowly by
hand, and observing whether fuel comes from theline
at the carburetor. |f there is enough fuel in the tank,
and the line between the tank and the pump is open
but the pump fails, repair or replace it. Faiiure of the
pump is usually due to a leaking diaphragm, vaive or
valve gasket, a weak or broken spring, or wear in the
drive linkage. If the operator chooses ic repair the
pump rather than install a new one, the use of a
complete repair kit is recommended. Gasoline diluted
oi} may indicate a faulty fuel pump.

WARNING ' Use care when reassembling and

reinstalling the pump. Improper

parts alignment or misconnected fuel lines may result
in leaking fuel, creating a serious Fire hazard.

Fuel Pump Reconditioning (Figure 21):

1. Remove fuel lines and mounting screws hoiding
pump to engine.

2. Make an indicating mark with a file across a point
at the union of the fuel pump bolt and cover. This
mark will assure proper reassembly. Remove
assembly screws and remove upper pump body.

3. Tum pump body over and remove valve plate
screw and washer. Remove valve retainer, valves,
valve springs and valve gasket, noting their posi-
tion. Discard valve springs, valves and valve
retainer gasket.

4, Clean pump body thoroughly with solvent and a
fine wire brush.

5. Holding the pump cover with the diaphragm
surface up, place the new valve gasket into the
cavity. Assemble the valve spring and valvesinthe
cavily. Reassembie the vaive refainer. Lock in
position by inserting and tightening fuel pump
valve retainer screw.

6. Place pump body assembly in a clean place and
rebuild the lower diaphragm section.

. Holding mounting bracket, press down on the
diaphragm to compress spring under it, then turn
bracket 90 degrees to unhook diaphragmso it can
be removed.

8. Clean mounting bracket with a solvent and a fine
wire brush.

9. Replace the diaphragm fuel pump rod spring,
diaphragm gasket, stand new spring in casting,
position diaphragm, compress spring and tum 90
degrees to reconnect diaphragm.

10. Hold bracket, then piace the pump cover on it
{(make sure that indicating marks are in line) and
insert the four screws. DO NOT TIGHTEN. With
the hand on the mounting bracket only, push the
pump tever to the limit of its travel and hold in this
position while tightening the four screws. This is
important to prevent stretching the diaphragm.

11. Mount the fuel pump on engine, using new
mounting gaskets. Connect the fuel lines.

-]

UPPER PUMP BODY
(NOT SERVICEABLE)

*VALVE GASKET-LD
*TVALVE AND c.AGE-@ g

S VALVE CAGE
RETAINER
N7
1
é—-FusL PUMP
ROD SPRING

*DIAPHRAGH ASSEMBLY

SMOUNTING GASKET
%  *LOWER SDE
ﬁ DIAPHRAGM GASKET
(=]

*ROCKER ARM, o
Yy _ SPRING
ROCKER AfM )

ROCKER ARM LINK

A0 Rev

* PARTS INCLUDED N REPAIR KIT.

FIGURE 21. FUEL PUMP ASSEMBLY
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PULSATING DIAPHRAGM GASOLINE
FUEL PUMP

Puisating diaphragm fuel pumps use a combination
crankcase and spring pressure to work a diaphragm
thus pumping fuel, This pump may be mountediothe
side of the carburetoror, in sometractor applications,
on the upper right hand corner of the blower housing.

On the downstroke of the engine piston, when the
crankcase pressure is greatest, the pump diaphragm
is forced back against the diaphragm spring com-
pressing it and drawing fuel into the pump intake
chamber. The fuel then passes through the intake
reed valve into the output chamber side of the pump.
Onthe compression stroke, when crankcase pressure
is the lowest, the diaphragm spring forces the
diaphragm out pushing fue! through the pump output
reed valve into the output chamber and into the fuel
line.

Servicing Fuel Pump

1. Hemove vacuum and fuel lines. Inspect lines for
wear, cracking, etc.

PLUMP COVER GASKET

=]

2. Scribe two lines {one each on opposite ends of
pump) across pump parts. This will ensure cor-
rect alignment of pump parts with each other and
carburetor when pumg is reassembled.

3. Remove fuel pump attaching screws.

4. Holding pump, carefully pull sections of the pump
apart. The diaphragm, plunger, return spring and
plate, pump body and gaskets will now be lcose.

5. Check parts for wear and damage. Replace with
new parts where necessary.

6. The air bleed holein pump base must be unclogg-
ed to allow unrestricted movement of diaphragm.

A clogged diaphragm air bleed hole
can cause diaphragm wear and seal
damage while inhibiting pump operation.

7. Replace gaskets and reassembie pump as shown
in Figure.

B. install pump and replacelines. Makesure fusiline

clamps are replaced on fuel line.
"WARNING _I Use care when reassembling and
reinstalling the pump. Improper

parisalignment or misconnected fuel lines may resuii
in leaking fuel, creating a serious fire hazard,

GASKET DIAPHRAGM

PUMP PLATE

PUMP
BASE

SPRING

PULSATING DIAPHRAGM FUEL PUMP
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SISSON CHOKE Asoap bubblepiacedovert?:’;e?u;
i i i fator ocutlet will not accura es
This choke should not require any seasonal readjust for regulator closing. The resistance of the 50ap bub-

ment. If adjustment becomes necessary, pull choke ble, when multiplied by the greaterarea of the regula-

lever up and insert a 1/16-inch {1.59mm}) diameterrod . s !
i for diaphragm, is enough to shut off this very sensi-
through shaft hole (opposite end from lever) and tive demand type regulator.

engage rod in nofch of mounting flange, to lock shaft
in place.

ADJUSTING THE GAS PRESSURE

Loosen the choke lever clamp screw. With air inlet REGULATOR

removed, adjust choke lever so carburetor choke i . ] ]
plate is completely closed, ornot more than 5/16-inch The maximum allowable inlet 95955%9 is 3 ounr;es,
(7.94 mem) open. Tighten choke lever clamp screw and (3.45 kPa) minimum 2 ounces {0.86 kPa). It gas line

pressure is greater than 8 ounces, install a primary
regulatorto reduce the pressure. The regulatorhas an
adjustment to control the maximum pressure at which
the reguilator shuts off when there is no demand. To
SWIVEL CARBURETOR obtain maximum reguiator sensitivity, adjust it to just
CHOKE LEVER shut off at your line pressure when there is no
demand. Adjust the regulator for shut off when there
is no demand to prevent gas leaks. The factory
adjusted shutoff is between 2 and 4 ounces {0.86 and
1.72 kPa) If gas line pressure is between 4 and 8
ounces (1.72 and 3.45 kPa), readjust the screw

Figure 23.

remove locking rod from shaft. See Figure 22.

Lﬁ SiSSON

CHOKE s 1. Use a2 manometer which reads up to 14 inches

{355.6 mm} water column.

(MAKE ADJUSTMENTS One ounce .
per square inch equals 1.73 inches (13.94 mm)
ON GHOKE SHAFT) water column. Likewise, one inch water column equals 0.58
ounce per square inch. .
2. Shut off gas supply. Temporarily remove the 1/8-
CHOKE LEVER inch pipe plug at reguiator inlet for testing
CLAMP SCREW pressure.

P 3. Connect manometer to read gas supply iine
pressure,

4. Dpen gas supply line valve. Without delay, alter-

FIGURE 22. SISSON CHOKE nately cover and uncover the regulator cutlet with
the paim of your hand. At the same time watch the
manometer. If the requiator closes completely, as
desired, the manometer wili hold a steady
reading.

5. i the manometer reading drops slightiy each time
you remove your hand, the reguiator is leaking.
Tum the adjusting screw inward just far enough
5o that the manometer reading remains constant
when you repeatedly cover and uncover the
regulator outiet with your hand.

SCREW : . 6. Close the gas supply line valve. Remove -
» . manometer. Bleed air from gas supply line. Install

=, test-hole plug in reguiator. Open gas supply line

SUPPLY LaNE ¥ . valve. ’

7. See that vent fitting is installed in the reguiator
175" PIPE PLUG hole.

8. With a clamp on each end, secure the hose
between the reguiator outlet nipple and the
carburetor inlet.

) 9. Operate the engine 1o assure quick starting
FIGURE 23. TESTING GAS REGULATOR results.
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LPG VAPORIZER

The vaporizer-regulator consists of a high pressure
reguiator and a vaporizer in a singte unit (Figure 24).
Regulator portion of the vaporizer-regulator reduces
LPG tank pressure to a uniform outlet pressure of 7
psi {48.3 kPa). The vaporizer section installed in the
path of the engine cooling air system furnishes the
heat required to offset the cooling effect produced as
the LPG fuel is expanded and becomes gas.

The vaporizer reduces high pressure liquid fuel to Jow
pressure gaseous fuel. Liquid fuel is admitted into the
Inlet part and passes through the fuel inlet orifice.
With the engine running, the pressure to the right of
the valve seat and retainer drops to open the valve, a
mixture of partially vaporized fuel enters the center
tube {(first stage cold chamber) of the vaporizer. The
droplets of fuel are sprayed out of the end plug holes
into the staggered portions of the cast heat ex-
changer. The swirling action of the fuel ensures
complete vaporization. Dry gas leaves the exchanger
through the outlet port of 3 psi {20.7 kPa).

Vaporizer Adjustments: Adjust the vaporizer to a
working pressure of 7 psi whenever the pressure
adjusting screw is moved or the unit is pverhauled.

1. Place the vaporizer in a vise or other suitable
clamp. Attach an air hose from an air supply of
approximately 75 psi (517.5 kPa) to the inlet,
Figure 25,

2. Attach a pressure gauge capableof reading over7
psi (48.3 kPa) to the outlet.

3. Back off the adjusting screw until only one ortwo
threads are engaged. Apply air pressure {o the
unit,

PRESSURE
ADJUSTING
SCREW

i

li’

f

1!

8167 INLET PORT/ t

4. Turnthe pressure adjusting screw in slowly until a
reading of 7 psi shows on the gauge.

To obtain an accurate gauge reading, it may be necessary to
unscrew the gauge partially to bleed off some of the air. Then
retighten the gauge and readjust for 7 psi (48.3 kPa). If the
pressure reading remains steady, the valve isniotleaking. Ifthe
pressute teading increases siowly, it indicates aleaking valve.
Chack the components of the vaporizer for correct assembly
pracedures. Replace deleclive parts.

5. Tighten the lock nut on the pressure adjusting

screw. Turn off the air pressure and remove the
gauge and air line,

PRESSURE
ADJUSTING

FIGURE 25. VAPORIZER ADJUSTMENT

IM ) 'lll 1|1|

LIQUID
PARTIALLY VAPORIZED

DRY GAS

FIGURE 24. LPG VAPORIZER
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MAIN POWER
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VACUM TOLE e MANIFOLD
LINE / SCREW ENGINE

FIGURE 26. VAPOR WITHDRAWAL FUEL SYSTEM, BLOCK DIAGRAM

LPG VAPOR WITHDRAWAL SYSTEM

A typical vapor withdrawal LP gas fuel system
consists of a vacuum fuelock and filter, a fuel
regulator, and a gas carburetor connected by flexible
hoses, Figure 26. A puise balance line is needed for
one and two cylinder engines between the carburetor
and regulator. A vacuum line is needed between the
intake manifold and the fuelock and filter. Some
systems have & vacuum or solenoid operated fuel
cutoff valve or both; the solenoid operated valve may
be tied in with the ignition system.

FUEL

The engine and carburetor operate on propane
(Liquified Petroleum Gas-LPG). This discussion
covers only systems and components used with

propane vapor withdrawal applications.

FUELOCK AND FILTER

The IMPCO vacuum operated fuelock and filter is
combined in one unit, Figure 27. It should be trouble-
free and maintenance-free for extended penods.
Normally, no adjustments or filter replacements are FIGURE 27. FUELOCK AND FILTER
needed on a periodic basis, but repair kits and
replacement fillers are available lor complete
overhaul if a malfunction ogcurs. Each kit includes
defailed and iliustrated instaliation procedures and

new replacement parts. .
The fuel inlet and outlet take 1/4-inch NPT fittings. The fuelock and filter unit replaces-a separate line
_ The vacuum connection takes a 1/8-inch NPT fitting fitter, an electr_rc solenoid fockoff valve and a vacuum
for a 7/32-inch 1.D. hose. The fuelock opens with 2-  controlled switch required on earfier gas engine
inches water column at normal tank pressure. applications.
32
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REGULATOR

The IMPCO pressure reguiator is a two-stagé
regulator (LP Gas Converter) with a hand primer,
Figure 28. It should be trouble and maintenance free
for extended periods of operation. Repair kils are
available for a complete overhaul if a matfunction
occurs. The kit includes detailed and #llustrated
instaliation instructions. The secondary regulator
lever assembly is subject to wear under heavy duty
operation and may require replacement during an
overhaul. The low pressure spring {blue) for vacuum
control gives a negative 1-1/2-inch water column
measurement on @ manometer. The two vapor outlet
ports and the LPG inlet have 1/2-inch pipethread. The
balance line connection is 1/8-inch pipe thread.

FIGURE 28. GAS REGULATOR

GAS CARBURETOR

The IMPCO carburetor or mixer employs a unique,
moving venturi {air valve, metering valve and venturi
combined) to measure airflow, to meter gas flow, and
to mix the intake air and gas, Figure 29. The throttle
controls engine speed and power in the same way as
the carburetors on other gas or gasoline engines, An
wdle jet, a man jet {power mixture adjustment) and a
throttie stop scraw provide carburetor adjustments
tor maximum engine power and efficiency with fow
exhaust emissions.

CARBURETOR OPERATION

In operation, the moving venturi/air valve or air valve
assembly opens in direct proportion to the breathing
requirements of the engine to give optimum mixtures
and good air/fuel distribution, Figure 30.

3

FIGURE 29. GAS CARBURETOR

The air valve assembly operates in an up-and-down,
piston-like motion inside the cylindrical cavity of the
throttie body assembly. When the engine is stopped,
the air valve assembly is held in a closed positionbya
metering spring, Figure 30A. The gas passage in the
throttle body is completely closed off by means of a
synthetic rubber seat on the metering valve. Whenthe
engine is started, the air valve assembly moves
downward off the gas passage inlet, allowing entry of
gas into the veniuri throat where it mixes with high-
velocity intake air, Figure 308. The higher the l0ad
demand, the greater the air and gas opening up to
maximum throttle.

Carburetor vacuum provides a sufficiently strong
metering signal {or melering force) to the fuel
regulator. The better the signal, the less imporiant
precise pressure regulation of the fuel becomes.

Under heavy pulsing conditions with two-cylinder
engines, oscillations of the air valve are reduced by a
breather hole with a check valve in the plate that
supports the air valve and spring. The check valve
vents air allowing the air valve movement and relieves
any pressure surges caused by backfire, without
closing the air valve,

A constant depression spring positioned betweenthe
check valve and the air valve assembly provides
constant tension against the air vaive to keep the
vacuum curve flat. This spring limits the vacuum
signal transmitted from the intake manifold, holding it
between 0.5-and 1.5-inches of mercury. The constant
tension on the air valve assembly amplifies the signal
at idle and limits it at full throttle. The air valve
provides good breathing at top speed, eliminates flat
spots at low speeds, and prevents lag in the pulse
signal to the regulator. Therefore, throttle responseis
good with fast acceleration,
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FIGURE 30. GAS CARBURETOR OPERATION

The idle adjustment/bypass system consists of an
adjustable port for air through the air/fuel passage
wall which bypasses the venturi to the throtile. Atidle,
the flow of air is past the idie adjustment screw into a
port in the mixer body, pastan idle cutofipistoninthe
throttle body where it enters the air/fuel passage. The
idle cutoff piston is normally heid in a closed position
by a spring effectively blocking the passage of air
through the idle port at less than 5 inches of vacuum.
At idle, the piston is retracted allowing air to be
metered by the idle adjustment screw. But during
cranking and under heavy loads, the piston blocks the
idle port enriching the fuel/air mixture forquick starts
and acceleration. The idle mixture adjustment screw
is tapped into the air bypass port in the throttle body.
Turring the screw in or cut meters the amount of air
entering the port accordingly. Normally, only a very
smali opening past the screw is needed.

P A | \
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CARBURETOR ADJUSTMENTS

(Gas engines with LPG carburetors maintain low
exhaust emissions (Carbon Monoxide CO, Hydro
Carbons HC, and Carbon Dioxide CO2) as long as:
the carburetor is adjusted properly, the engine
remains in good service condition, and high
temperature, low ash crankcase oil is used.

INITIAL START ADJUSTMENTS (At factory
or after service or maladjustment)
1. Set main power mixture o position shown in

Figure 31
2. Turn idle screw in fully clockwise.

3. Turn idle screw out 2-1/2 to 3-1/2 turns coun~-
terclockwise.
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4. Connect or turn on fuel supply to regulator.
5. Check {smell} for propane leaks.

6. Start engine—it should start within 20 seconds if
fuel is available to carburetor.

.‘.a\
—
\/
e/
<
FIGURE 31. INITIAL START ADJUSTMENT

CHECKING FOR FUEL AT CARBURETOR

[ WARNING l Do not permit any Hame, cigarette,

or other igniler near the fuelsystem.

Propane gas is highly flammable and polentially

axplasive in confined spaces.

1. Disconnect fue! tine at carburetor.

2. Momentarily, press primer bution; you should
smell gas at end of fuel line. 1fnot, check fuel lines
back to supply tank.

With experience, you should be able o feel gas pressure on
the reguiztor diaphragim when you press the primer bution.

3. Look for one or more shutoff devices.

4. On vacuum operated shufoff valve systems, close
throttle (fully) to aid engine starting with better
vacuum.

5 if fuel 15 present at carburetor, check ignition
system or other engine malfunctions.

CARBURETOR ADJUSTMENTS WITHOUT
EXHAUST ANALYZER

1. Run new engine at least ten hours at normal
service load. Avoid high loads before proper
adjustments are made,

2. Run engine at maximum throitle and normal load
for ten minutes, or set main power mixture near
mark between L and R as shown in Figure 31,

J Set main power mixture as lean as possible
without noficeable loss in power output. If frost
develops and remains on reguiator for more than
tive minutes, check for propane leaks and ensure
that vaporizer ¢oil wraps tightly around exhaust
pipe.

4, i engine functions properly but frost remains on
reguiator, the carburetor power mixture is 100
rich. Adjust for maximum efficiency.

5. Recheck head bolt torque and valve Jash after
carburetor is adjusted.

IDLE SCREW AND IDLE STOP

1. Run engine at idie speed {1200 rpm) for ten

3

minutes.

2. Adjust idie screw for maximum speed; maximum
speed shouid be attained when idle screw is
turned fully clockwise into carburetor.

3. Set idle stop screw speed at 1350 rpm. ,

4. Turn idle screw out until engine speed slows to
1200 rpm.

CARBURETOR ADJUSTMENTS WITH EX-
HAUST ANALYZER

Exhaust analyzers (with at least £3 percent accuracy} should be
infra-red equipment, but flame ionization can be used for measur-
ing hydrocarbon emissions which are n-hexane equivaient, Alldata
is hased on dry measurements which are obtained after removing
atl water vapor from the exhaust samples, A wet measurement will
be about 15 percent fess than for a dry measurement, if none of the
water vapor is removed from the samples.

Main Power Adjustment:

1. Run engine at open throttie for normal maximum
rpm for ten minutes or set main power mixture at
mark between L and R as shown in Figure 31.

2. Adjust main jet for 1.0-plus 0.5-percent CO
emission.

3. If frost develops and remains on regulator for
more than five minutes, check for ieaks and he
sure vaporization coil wraps tightly around ex-
haust pipe.

When the fuel system funclions properly, the reguiator shouid
be frost free after about five minutes unning time.

ldle Screw Adjustment;
1. Run engine at 1200 rpm for ten minutes.

2. Using idle stop screw and idle mixture screw, set
engine exhaust emissions for. 2.1 percent CO at
1200 rpm on richest mixture possible.

If this condition is met, the CO emission willexcead .5 percent
when idle screw is turned one half tum counterciockwise from
setting attained in step 2.

3. Return to 0.2 = 0.1 percent CO idie screw setting.

At proper idle adjustment. the HC emissicn should be under
1060 ppm and COz emission will be 8 to 10 percent.

THROTTLE STOP ADJUSTMENT

1. Adjust throttle stop clamp for maximum service
load; throttle should be 20 degrees from vertical
position at wide open throttie. Throttle travel from
open to closed position should be 50 degrees.

Do not change the throttle stop

to increase the throfile open-
ing. increasing the throttle opening beyond #his
point does not increase the power outputi of the
gngine because the carburefor is designed for
even larger engines. If may, however, adversely
affect governor operation.

2. Check throtile linkage for freedom of movement.
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SAFETY PRECAUTIONS WHEN WORKING ﬁITH LPG

1. Always close the LPG tank shut-off vaive when ’
the engine is left unattended hetween use,

2. Be sure LPG tank shut-off valve is closed before
disconnecting fank from system. .

3. Ignition switch must be in OFF position prior to
disconnecting any electrical wires.
4. Check fuel system regularly forieaks. Use soapto

locate leaks and recheck with soap after repairing
leaks.

§. Keep afire extinguisher handy forimmediate use.
A dry powder or carbon dioxide (CO2) type is
recommended.

6. Never use LPG for cleaning parts.

7. Do not use LPG near open flame. Work in a well
ventilated area.

LPG Is heavier than air and seities in low places.
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Ignition System

GENERAL

These engines use either a magneto ignition system
ot a battery ignition system. Each system and the
spark advance mechanism are described in this sec-
tien. Correctignition timing is stamped on the crank-
case near the breaker box (timing procedure given
later). Spark advance is identified by a raised cup-
shaped cover on the upper rear of the crankcase
below the breaker box. Engines without spark ad-
vance use a flat cover which is flush with the crank-
case. Figure 32 shows magneto ignition while Figure
34 shows the battery ignition system.

MAGNETO

The magneto coil 2ssembly is mounted ontheengine
gear cover. The flywheel must be removed 10 expose
it. The magneto coil assembly has only one set of
mcunting holes. Connect the smaller (ground) cotl
wid to the magneto coil assembly mounting screw.
Yigures 32 and 33, Connect the larger magneto coil
assembly [ead to the breaker box insulated terminat
Eigure 32. The magneto coil used on engines with
spark advange mechanism includes both the primary
and secondary windings.

HIGH TENSION
LEAD.,

MAGNETO
COlL AssY. BREAKER

MECH ANISM

sTop
BUTTON

SPARK
PLUG
HIGH TENSION
LEAD —
FIGURE 32. MAGNETO IGNITION SYSTEM
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POLE?DE
L

IF FLYWHEEL RUBS ON POLE SHOE LODSEN RPOLE
SHOE MOUNTING SCREWS, TAP POLE SHOE, AND
RETIOHTEN MOUNTING SCREWS.

L staTor cown

FIGURE 33. MAGNETO STATOR ASSEMBLY

BREAKER POINTS

To maintain maximum efficiency from the engine,
change the breaker points every 200 hours of opera-
tion Proceed as follows:

1 Remove the two screws and the cover on the
breaker box.

2 Remove the two spark plugs so engine can be
easily rotated by hand. If plugs have not been
changed within the last 100 hours, replace them
with new ones after setting the breaker points.

3 Remove the two mounting screws (Aj and pullthe
points out of the box just far enough so screw {B)
can be removed. See Figure 35. Replace points
with a new set but do not completely tighten
mounting screws {A).

4. Rotate the engine clockwise {facing fiywheel} by
hand untii points are fully open. Turn screw (C)
until point gap measures .020inch (0L57 mm) with
a fiat thickness gauge.

. Tighten mounting screws and recheck gap.

6. Proceed to [gnition Timing.

w

Each time new breaker points are instatied, place a drop of oil
on the point's pivot point (Figure 35).

IGNITION TIMING

tgnition Timing — Engine Running: Always check
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FIGURE 34. BATTERY IGNITION SYSTEM (12 VOLT)
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WHENEVER NEW FOINTS ARE
INSTALLED.
L

REFERENCE MARK /  “LOOSEN SCREWS
F —AND SHIFT BOX—

OR
APPROXIMATE TIMING TO ADVANCE OR RETARD

FLYWHEEL

FIGURE 35. IGNITION TIMING

timing after replacing ignition points or if noticing
poor engine perfomance. Proceed as follows:

1. To accurately check the ignition timing, use a
timing light when engine is ninning. Connectthe
timing light according to its manufacturer's
instructions. Either spark plug can be used as
they fire simultaneously.

2. Place a white chatk or paint mark on the timing
mark. )

3. Start the engine and check the timing.

4. If timing needs adjustment, ioosen the mounting
screws on breaker box and move it left to advance
or right to retard the timing.

5. Tighten the screws on the breaker box and
recheck fiming.

6. Replace breaker box cover and any other
hardware removed.

Ignition Timing — Engine Not Running

1. Connect a continuity test lamp set across the
ignition breaker points. Touch one test prod to
the breaker box terminat to which the ¢oil lead is
connected and touch the other test prod to a good
ground on the engine.

2. Turn crankshaft against rotation
{counterclockwise)} uniil the points close. Then
slowly tum the crankshaft with rotation
(clockwise}.

3. The lamp should go out just as the points break.

4. lf timing needs adjustment, loosen the mounting
screws on breaker box and move it left to advance
or right to retard the timing.

Spark Advance Mechanism (Figure 36} 'The spark
advance mechanism is located on the rear of the
camshaft and is standard on magneto models. it is
operated by centrifugal force. As the engine speeds
up, the weights rotate the cam and advance the spark.
The cam returns fo the retarded position as the engine
speed is decreased. If the mechanism should become
dirty or gummy, it would remain closed {retarded),
causing the engine to lose power. If the mechanism
remains open {advanced), the engine would possibly
kick back on cranking. The cam advance must
operate freely. Some units are snap acting. Should
the engine fail to pick up speed or tend to alternately
increase and decrease speed, the mechanism may
require cleaning.

The spark advance mechanism can be reached for
cleaning by either removing the cup shaped cover in
the crankcase rear camshaft opening 1o expose the
mechanism or by removing the camshaft from the
engine. Do not indent the cup shaped cover as it will
interfere with the weight mechanism.

38
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CAMSHAFT

% 0
Q

WEIGHTS

f,GURE J6. SPARK ADVANCE MECHANISM

Checking Advance Mechantism

1.

o

The timing marks will be visible through the
flywheel.

. Connect timing light to spark plug.
. Start engine and run at 1500 rpm or over.
. View the fiming marks using a timing light. The

fiywhee!l mark should align with mark on gear
cover.

. While watching the timing marks with the timing

light, siow the engine down to as slow as possible
{800 rpmy). If the timing marks are not aligned but
realign when the engineisbrought back tospeed,
the machanism is operating properly.

. If the ignition advance mechanism DOES NOT

REACT as described in step 5, remove, clean
and/or replace as hecessary.

Replace the cover.

3

TIMING
CONTROL COVER
SPRING

\
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IGNITION COIL

To test pritnary and secondary windings within the
ignition coil proceed as follows:

1. Use a Simpson 260 VOM or equivalent.

2. Place black lead on ground (-) terminal of coil and
red lead to positive (+) terminal. Primary
resistance shouid read 3.87 - 4.73 ohms.

3. Change resistance setting on ohmmeter. Place
ohmmeter leads inside of spark plug cable holes,
Figure 37. Secondary resistance shouid read
12,600 ~ 15,400 ohms.

SPARK PLUGS

The only service of spark plugs is gapping or repiac-
ing. See the Periodic Maintenance section. FIGURE 37. TESTING IGNITION COIL
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Battery Charging System

BATTERY CHARGING, FLYWHEEL

ALTERNATORS

The flywheel alternator is a permanent magnet alter-
nator and uses a solid~state voltage regulator-rectifier
far controlling output, Figure 38.

Weak ignition spark or a discharged battery indicate
trouble in the charging system. But before testing the
engine's charging system, always check the battery
for serviceability.

Check battery cells o make sure they are fitled to
appropriate level adding distilled water as required.
Check specific gravity in each cell. Specific gravity

should be 1.265 at 80°F; if not, recharge battery to
bring it up to this level.

Poor condact al the battery cable conneclions is often & source of
trouble. Make sure battery cables are in good condition and that
contacting surfaces are clean and tighlly connected. Do not
reverse battery leads, Use recommended battery tools when
disconnecting leads to avoid mechanical batlery damage.

Keep the battery case clean and dry. An accumuiation
of moisture will lead to a more rapid discharge and
battery failure.

STATOR

FLYWHEEL

VOLTAGE REGULATOR

oeny B

AC B+ AC
== mem emem oo AC = AC

15 AMP 20 AMP

VOLTAGE REGULATOR
CONNECTIONS

(TO STARTER
AND IGNITION) —

Keep the battery terminals clean and tight. After
making connections, coat the terminals with 2 light
apphication of petroleum jelly or grease 1o retard
corrosion.

Keep these points in mind when testing or servicing
the flywheel alternator:

1 Be sure the output control plug (connector) is
inserted properly, The plug must bottom in
receptacie — eliminates any resistance due to a
poor connection. Keep clean and tight.

2. Make sure the alternator stator leads are not
shorted together.

3. Be sure regulator-rectifier output control has a
good ground connection. Mating surface for
mounting must be clean and fasteners tightened’

properly.
4. Never reverse the battery leads.

Charging system tests require & fully charged battery.

MOUNTED ON
CYLINDER COVER

AN

VOLT
AREG
RECT

MOUNTED BEHIND
BLOWER WHEEL

150R 20
AP

>
O

S ki

»

AC
T
Y

TOBATTERY

CAUTION:
REGULATOR MUST BE GROUNDED

THROUGH MOUNTING BOLTS ES-1332

FIGURE 38. 15 AMP SYSTEM
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TESTING PHELON 15 AMP SYSTEM

BASIC TEST PROCEDURE TEST VALUES
1. Battery Battery Voltage - unit not running 12VDC .
2. Begulator Battery Voliage after unit is 13610147 VDC
runining 3 o 5 minutes N
3. Alternator Ohmmeter reading from
Stator and stator autput ~ unit not running. 4110.19 Obhms
Wiring Check at plug.
4. Alternator Measure AC open circuit stator
and Wiring voitage with unit running. Measure 28 VAC Minimum
between two siator leads with 65 VAC Maximum
plug disconnected and unit
running at approximately 3600 pm.
ALTERNATOR STATOR
MOUNTED BEHIND BLOWER WHEEL
20 AMP FLYWHEEL ALTERNATOR \
SYSTEM TO TERMINAL

System Ildentification: Syncro flywheel alternator’
systems use a separate regulator and a scparate
rectifier. There are two black wires and one red wire
coming from the stator assembly. For testing this

system, use a voltmeter~ohmmeter such as a Simpson A
270. Following are various aiternator problems with
individual test procedures. RECTIFIER 4% 4 8| REGULATOR
ASSEMBLY _#laj3 af * ’A/SSEMBLY
AN

CONNECTOR -

1A

STATOR ASSY.
RECTIFIER

SYNCHRO 20 AMP. SYSTEM

12 MAGNETS PRESSED INTO
FLYWHEEL (NOT REMOVABLE).

FIGURE 39. 20 AMP SYSTEM
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TESTING 20 AMP SYNCHRO SYSTEM

DC TEST | VALUE
Battery voltage - unit not 12 Volts DT
running
Battery voitage with unit 14.2-14.8
running at 1800 r/min or VeIt DC
more
Resistance values {Ohms) are as folfows
between wire pairs.
’ BLACK
5-.7.0
1.8-22a BLACK
F.3-1.50
RED
USE SIMPSON 260 FOR AC VOLTAGES
ENGINE RED TO BLACK TO GND. BLACK TO
RPM GND. {Either Lead) BLACK
500 35 8.5 17
1000 60 15 30
20600 115 29 58
3000 160 40 8¢
3607 185 46 g2

No Output - Stator Assembly: Examine leadwires for
loose or broken connections at the reguiator and
rectifier, Use the Rxi scale on the ohmmeter for
detecting opens in the stator. Disconnect the three
wires that come from alternator stator {two biack, one
red). Connect chmmeter test leads to red leadwire
and ground to check continuity. The ohmmeter
reading should be approximately 2.0 ohms. See
Figure 39.

Next, connect meter to black leadwires and ground.
Approximately 0.1 ohm should be read from either
black lead to ground. If no connection exists between
ground and black feads, stator assembiy shouid be
replaced.

Checking Rectifier Assembly: Examine each of the
two diodes for breakdown by connecting chmmeter

{Rx1 scale) from one black lead to white lead. Meter .

shouid read 10 ohms in proper polarity. A shorted
diode would read zero resistance and would cause a
short circuit through the lead winding when in
operation. An open diode would read infinite in both
directions indicating that replacement is necessary.
See Figure 39.

Testing Reguiator Assembly: To check for proper
voltage regulation, attach a DC volimeter to battery
and operate engine at approximately 1800 rpm.
Battery voltage will climb to the preset factory setting
(14.2 to 14.8 volts).

43

Some installations may vary due to voltage drop in the length of
ammeter hamesses. Other variations may stem from a loose
connector in the hamess or loose or ¢orroded baltery leads, Low
voltage readings at the batlery mean poor battery tonnections.

To test regulator, remove connector. Using the
Rx10,000 scale of your chmmeter, connect one meter
lead to red leadwire and other meter lead to reguiator
base. No defiection should be noted on the chmmeter
in either polarity. Next connect meter to black
leadwire and base of regulator. Meterwill deflectfully
in one polarity with no deflection in the other (Figure
39).

Full Charge - Will Not Regulate: Check for broken
leads at connection to regulator plates. To be sure
regulator winding operates properly, connect red
lead to ground and start engine. A maximum of 4
amperes should be noted. This would indicate stator
winding is satisfactory. If so, replace regulator.

No Charge: If alternator does not charge when load is
applied to battery, shut off engineand disconnectone
red leadwire from regulator terminal. Be sure lead is
taped or isolated from conducting engine parts. Once
again, start engine. Alternator should charge to full
output; if it doesn't, replace stator assembly.

EXTERNAL BATTERY CHARGING ALTER-
NATOR (Optional)

This information is presented for field use only. If a
major repair should become necessary, contact your
local authorized deaier.

Brush Assembly Removal: Remove the three screws
which fasten the voltage regulator to the alternator.
Disconnect the regulator leads and remove the
reguiator.

Remove the two screws on the phenolic cover and lift
out the cover and gasket See Figure 40.

Pull the brush assembly straight up and lift out.
Reverse the procedure for assembly.

Brush Assembly Tests: Connect an ohmmeter or test
lamp (12 volts) to thefisld terminal and to the bracket.
The test lamp shouldn't light or resistance reading
shouid be hugh (infinite). [f not. there isa shortand the
assembly must be replaced.

Now move the one ochmmeteriead from the bracketto
the insulated brush. Use an alligator clip directly on
the brush. Be careful notto chip it. Resistance reading
should be zero (continuity).

Connect the chmmeter leads to the grounded brush
and the bracket. Resistance should bezero (continui-
ty).
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Starting System

ELECTRIC STARTING

Engines beginning with Spec J use the solenocid-shift
starter shown in Figure 41. When the starter button is
pushed, battery current energizes the start solenoid.
The solenoid causes an arm to push the starter pinion
into the flywheel ring gear. Simuitaneously, the start
solenoid contacts close and allowthe starter motorio
start turning. The starter remains engaged until the
start button is released. An overrunning clutch
protects the starter from damage before it can be
disengaged from the flywheel.

Prior 10 Spec J, the starter motor on electric start
engines was the gear drive starter shown in Figure 42,

START BUTTON

STARTING

STARTER MOTOR

PINION

RUNNING
CLUTCH

SHIFT ARM

SOLENOID

FIGURE 41. SOLENOID-SHIFT STARTER

The gear drive is mounted on a shaft which extends
from the starter motor. When not running, the drive
pinion gear is retracted so it clears the flywheel ring
gear. When starting, a spiral spring through in-
creasing speed forces the drive pinion to engagethe
fiywheel ring gear. The pinion and flywheel ring gear
teeth have beveled ands that ensure their engaging

properly,

Starter motors are not designed for
continuous opsration. Do not oper-

ate more than 30 seconds per “ON” cycle. Do not

aperate starter more than 10 seconds in a stall condj-

tion iIf engine will not rotate. Serious damage could

result if these time limits are exceeded.

Maintenance: For proper cranking motor operation
with a minimum of trouble, a periodic maintenance
procedure should be followed. Periodic lubrication,
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STARTING MOTOR

TO
BATTERY

START SWITCH

FIGURE 42. GEAR-DRIVE STARTER

and inspection of the brushes and commutator as
described in this section will ensure long cranking
motor tife. Periodic disassembly {see Disassembly) of
the cranking motor for a thorough overhaul is
recommended as a safeguard against accumulations
of dust, grease and parts wear.

Lubricate alt oil-type bearings with 8 1o 10 drops of
light engine oil {SAE 20). All oil-less type bearings
and bushings shouid be given a few drops of light oil.
Lubricate the cranking motor drives with a few drops
of light engine oil.

Never oil the commutator. Ol on the commutator reduces the
cranking ability of the motor.

The commutator can be cleaned by using number 00
sandpaper. Never use emery cloth. If thecommutator
is out of round or has high mica, remove it from the
cranking motor. Turn the commutator down on a
lathe being careful to remove only enough material to
true up the commutator and remove high mica.

tis not necessary to undercut mica on starter motor commutators.

Replace worrn brushes. If brushes wear rapidly, check
for excessive brush spring tension and roughness or
high mica on the commutator.

Solenocid Shift: Periodically inspect solenoid and shift
lever to make sure they are aperating properly. Keep
the solenoid shift lever free of dirt and excess grease.
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The overrunning clutch is packed in a special high
meliling point grease and after its initial assembly,
needs no further fubrication. This clutch prevenis the
engine from turping the starter motor at too high a
speed once it is started. Do not subject the overrun-
ning clutch to grease dissolving or high temperature
gleaning methods. This may cause the clutch to lose
some or al of its grease.

{f the pinion does not turn freely in the clutch in the
overrunning direction, or the cluich tends to slip in
the opposite direction, replace the assembiy. A worn
clutch indicated by excessive looseness of the pinion
reguires replacement.

Never attempt to repair or relubricate a defective clutch.

The clearance between the pinion and the housing
should be approximately 1/16- to 1/8-inch (1.6 -
3.2 mm) when the pinion is in the operating position,
Figure 43.

Drive Pinion: The teeth of the drive pinion are
chamfered on only one side and specially rounded
and polished to make the automatic meshing withthe
flywheel ring gear more efficient. The drive is design-
ed sc if the ends of the pinion teeth meet end to end
with the ring gear teeth {(keeping in mind that thedrive
is freely mounted on the drive shaft), the drive
assembly can mave back shightly against the pressure
of the driving spring. The longitudinal movement
permits the pinion to turn stightly farther and enterthe
flywheel ring gear.

- STARTING MOTOR
PINION GEAR

KA

7y

(rreniliy

ey Ey oy
| IS

Womma SEEL IhE0
!”/ 2. ¥His DISTANCE
‘ﬂ}:\ SHOULD BE
BETWEEN
§/i6 !3.6 )

é%@i AND 18”7 (3 med

C S ELYWHEEL
Yo RING GEAR

it is important the correct length of drive spring be usad when
making replacements. The length of the drive spring controls the
tongitudinal movement of the pinion (meshing and unmeshing of
the pinion and fiywhee! sing gear).

Keep the drive shaft free of rust, burrs orbends sothe
drive can move freely afong #. A damaged pinion
necessitates the replacement of the assembiy.

Onan recommends replacament of faulty gear drive aszsemblies
and provides no further service information concerning thely
repait. For further repair infarmation, contact the manufachsrer of
your starter motor.

Disassembly:

1. Remove all wires o the starting unit. Tag each
wire so it can be reconnected as originally.

2. Remove the solenoid {where applicable).

3. Remove the starter motor thru-bolts and divide
the starter into three main assemblies — the front
bracket, the housing and the rear brackst. On
some model starters, short screws are used to
hold the three starter sections together (Figure
44). The spacers on the solenoid starters are used
for adjustment of the thrust gap of the armature
shaft and are located between the rear bracket
and the commutator shaft.

On the solenoid shift models, the sieel spacing washeris on
the commutiator side.

FEELER GAUGE
(0.07"~012" CLEARANCE.
SEE TEXD

STARTING MOTOR NEED
NOT BE REMOVED FROM
ENGINE TO MAKE THIS
MEASUREMENT

FIGURE 43. PINION CLEARANCES (GEAR DRIVE)
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HOUSING
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BRACKET
ASSEMBLY

IGIJRE 44. SOLENOCID SHIFT STARTEHR (PRIOR TO SPEC J)

4. Solenoid Starter Only: The armature can now be
removed from the front bracket. Be careful notto
miss the small steef washer used in the end of the
armature shaft. Remove the shift lever at the same
time the armature is removed. The spring holder,
lever springs and retainer can be removed pricrto
the lever Figure 45.

. Solenoid Starter Only: Remove the ring after

driving the pinion stopper toward the pinion gear
using a cylindrical tool {Figure|46)..Remove the
overrunning clutch and the pinion stopper at the
same time.

. Giear Drive Starter Only: The entire assembly is

mounted on the armature shaft. When dis- -
assernbling the starter, pay particular attention o
the varipus parts and their positioning in the

starter assembly, Figure 47. i the gears of the
pinion are damaged, replace the entire pinion.
Inspect the screw shaft for rust and burrs.

. Remove the brushes from the brushholder and

inspect them (inspection of brushes and brush
springs discussed later).

. Bemove the pole shoes if necessary by removing

the flathead machine screws which anchor them
to the frame.

SOLENOID-SWITCH

SHIFT
LEVER SPRING

ARMATURE

OVERRUNNING
CLYTCH

FROMT BRACKET
ASSEMBLY

FIGURE 46. TOOL FOR DRIVING PINION STOPPER
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ASSEMBLY

THRU-BO0LTS

. ASSEMBLY
HOUSING  FIELD COIL

ASSEMBLY

SPACERS

FIGURE 45. SODLENO!D SHIFT STARTER (BEGIN SPEC J)

FIELD COILS

COMMUTATOR
HEAD END
ASSEMBLY

FRAME
ARMATURE

DRIVE

INTERMEDIATE
BEARING

- COVER BAND

[ BENDIX

PINION HOUSING

FIGURE 47. GEAR DRIVE STARTER (OPTIONAL)
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ELECTRIC STARTER INSPECTION AND
TROUBLESHOOQTING

Testing the Armature for Shoris: Place the armature
in the growier and hold a thin steel blade paralie] to
the core and just above it, while slowly rotating the
‘armature in the growler, Figure 48. A shorted ar-
‘mature causes the blade to vibrate and move toward
the core. A shorted armature must be repiaced.

Testing the Armalure for Open Circuit: The most
common place for an open circuit to oceur is at the
commutator riser bars, inspect the points where the
conductors are joined to the commutator bars for
loose connections. '

Testing Commutator Runout: Place the comrmutator
in a test bench and check runout with a dial indicator
(Figure 50). When commutator runout exceeds .004
inch, reface the commutator.

FIGURE 48. TEST FOR SHORTED ARMATURE

Testing Armature for Grounds: Touch armature shaft
or core and the end of each commutator bar with a
pair of chmmeter leads, Figure 49. If the ohmmeter
reading is low, it indicates a grounded armature.
Renlace grounded armature,

FIGURE 49. TEST FOR GROUNDED ARMATURE

FIGURE 50. CHECKING COMMUTATOR RUNOQUT

Testing Armature Shaft Runout: The armature shaft
as well as the commutator may be checked. A bent
armature can often be straightened, but if the shaft is

worm, a new armature is required, Figure 51.

FIGURE 51. CHECKING ARMATURE SHAFT RUNQUT

Testing Field Coils for Grounds: Place one test prod
on the connector and the otheron a clean spotonthe
frame after unsoldering shunt field coil wire. If the
ohmmeter indicates continuity, the fields are ground-
ed either at the connector orin the windings, Figure
52.
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ONE PROD ON FIELD CORL
LEAD, ONE PROD ON FRAME.

FIGURE 52. FIELD COIL GROUND TEST

Testing Field Coils for Open Circuit: Place one prod
on the connector and the other on a clean spotonthe
brushholder, Figure 53. If continuity is good, the field
coil is okay. Check ail brushholders in the same
marnner.

ONE PROD ON FIELD COIL LEAD
ONE PROD ON BRUSH HOLDER.
SHOULD LIGHT,

FIGURE 53. TEST FOR OPEN FIELD COL

Inspection of Brushes: When brushes are womn more
than 0.3inch (7.6 mim), replace them. Figure 54 shows
the wear limit. See that the brushes move smoothly in
the brushholders.

49

BEGIN SPEC J.

SPECG

FIGURE 54. BRUSH WEAR LIMITS

lnspeciinn for Brush Spring Tension: Measure brush
spring tension with a tension meter, Figure 55, Push
the brush into its holder and take the reading just as
the brush slightly projects from the brushholder. Ona
new brush the spring tension should be 49 10 59
ounces (1.37-1.65 kPa) for engines begin Spec J, and
2910 38 ounces (0.81t0 1.06 kPa)farSpecG engines.

FIGURE 55. MEASURING BRUSH SPRING TENSION

Assembly: Reassembly is much the reverse of-
disassembly procedure. Foliow a few precautions and
procedures: . .

1. Clean all parls carefully with a dry cloth and
compressed air if available.

Do not immerse bearing equip-

ped parts in cleaning fiuid.
Clean with a brush dipped in mineral spirits. Do
not immerse the overrunning cluich in cleaning
solvent.

2. Apply 20 weight oil to armature shaft and splines.
Use grease sparingly for solenoid starter's shift
lever pin, joint of shift lever and plunger, plunger
and spacing washers at end of the shaft.

3. Use spacing washers to adjust armature end play
of .004 to .020 inch (0.102 to 0.508 mm),

-4. When assembling starter to engine oi} base, do
not draw the mounting bolts up tight. The gears
should have .004- to .007-inch {0.103-0.178 mm)
backiash. Tap the starter in or out from the oil
base to adjust. Then tighten bolts securely.
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Manual Starter

READI-PULL STARTER

Refer to Figure 56 showing the Readi-Pull manual
starter disassembled.

“waRninG ) To prevent personal injury, be ex-
NARRNG ) tremely careful when disassembling

and reassembling the starter recoil mechanism. The
recoil spring can uncoil viclently if if is released.

The sheave hub bearing (16} has a recess which was
packed full of grease at the factory. Normally, no
additional lubrication is reguired. However, if the
starter is disassembled for some other reason, add
grease to the bearing and 10 the spring pawls {13)
where they contact the ratchet arm (13}

To install a2 new rope or internal parts, remove the
starter from its mounting ring by removing the four
clamping screws.

To install a new rape, rotate the sheave {10} with
crankshaft rotation direction to fully tighten the
spring (8} back up only as necessary to align the hole
in the sheave with the slot in the cover {9), clamp the
rope to the sheave; then, when released, the rope will
wind on the sheave.

To instali a new recoil spring, remove the sheave from
the cover. Wind the spring, with its rivet heads

outward, forming a coii smaii enoughto beinserted in
the recess of the starier cover. it may be necessary to
tie the spring with a piece of wire 1o preyent its
unwinding during instaliation unless other help is
available. Place the spring in the tover regess in
crankshaft rotation direction. Remove the tying wire,
if used. While holding the spring 1o prevent its
unwinding, instali the inside end of the spring on the
rofl pin {7) in the cover. With the pull rope removed,
install the sheave assembly in the coversothatthe tab
on the sheave enters the outside end loop of the recoil
spring. Be sure the thrust washer (9} is in place. Then
instail the pull rope.

Spring breakage is much less common than spring
fatigue due to long usage. In either case, the spring
shoutd be replaced. Cleaning and lubricating the
pawis, and ralchet arms in the rope sheave will
improve a sluggish acting recoil. To iemporarily
extend the life of a fatigued spring, try rewinding it
inside our {rivet heads inward),

To install a ratchet arm {13) in the sheave, the pawl
{11} must first be removed. The ratchet arm wilt fitin
only the correct position. The spring paw! must be
installed with its flat edge against the ratchetarm. The
anti-back lash cogwheel {(8) is an easy press fit on the
starter cover.

1-ROPE AND GRIP T-ROLL PIN THRATCHET ARM 19-WASHER
2.ROPE ONLY S-RECOU SPRING 14-PIVOTROL PIN  20-MQUNTING RING
3-GRIP ONLY S-THRUST WASHER 15-ROPE CLAMP 21-SPEED GRIP NUT
A-PLUG T0-ROPE SHEAVE 1E-BEARING 2Z2-RATCHEY WHEEL
S-STARTER COVER T1-PAWL T7-SCREW 23-SPECIAL CAPSCREW
6-COG WHEEL T2-PAWL SPRING 13-FLEXLOCK HUT

SA-SPRING WASHER  12A-SPIRAL PIN

FIGURE 56. READI-PULL STARTER
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WASHERS

POSITION OF STARTER
ASSEMBLY MAY BE

LOCK CHANGEDBY LOOSENING g/,
WASHER CLAMP SCREWS .
SPECIAL
SCREW NUT
@ BLOWER
®rLaT HOUSING ) P

LOCK WASHER?

DRILLED /EE ()“‘ A
NJRATCHET
HEAD SCREWS {J. H WHEEL

FLYWHEEL AND
BLOWER HOUSING

RATCHET
WHEEL

A329

INSERT NAILS INTO
SCREWS WHILE POSI-
TIORING STARTER

ALIGNING STARTER ON ENGINE

STARTER o
ASSEMBLY
DRILLED HEAD RATCHET
SCREWS WHEEL
- TENPENNY DRILLED
: NAILS HEAD
_________ ETT SCREWS

FIGURE 57. UNITS PRIOA TO SPECE

INSTALLING THE STARTER

Units Prior fo Spec E: Refer to Figure 57.The blower
housing on the engine must be as rigid as possibie.
Examine the blower housing carefully. I the moun-
ting holes are wom or if the blower housing is
otherwise damaged, replace it with a new one.
Proceed as follows o install the compieie starter kit

1. Refer to the instaflation drawing. Do not change
the flywheel mounting screw. New screws (if
furnished) are needed on other model engines
only. .

2. Install the new ratchet~-wheel (1} to the blower
wheel, using the two special head screws and lock
washers provided. A 3/8-inch 12-point socket or
closed end wrench fits these screws. Tighten
securaly.

3. Four special nuts are supplied for mounting the
starter to the blower housing. If the blower

S5y
ety

housing is not aiready fitted with simiiar moun-
ting nuts, remove the blower housing and install
the nuts in the square holes {2) in the blower
housing. See detail A. Reinstall the blower hous-
ing, tightening securely in place.

. Notethat there are two small holes drifled through

the starter cover. See detait C. Pull slowly outon
the starter rope while sighting through one of
these holes. When the starter is turned, a partial
turn, the open-center roll pins in the starter rope
sheave will align with these fow holes. While
nolding in the aligned position, inserta ten penny
common nail through each of the holes. Push the
nails in up 1o their heads.

. Instail the starter assembly {3) to the blower

housing, making sure that the nail ends enter the
pilot holes in the ratchet wheel mounting screws.
it will probably be necessary to turn the fiywheel a
partial revolution to allow proper alignment.
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FIGURE 58 UNITS BEGINNING SPECE

While hotding in position, mount the starter, using
a hex head screw {4}, lock washer (5},and two flat
washers (8) at each mounting arm as shown in the
detail drawing A. Tighten the mounting screws
securely. Remove the nails.

6. The direction of pull on the starter rope is
adjustable to fit the requirements of the individual
installation. See detail B. To change the direction
oi pull, loosen the four clamp screws (8) and tum
the starter in its mounting ring to the desired
position. Tighten the four clamp screws securely.
Try the starter several times, making sure thatthe
pull rope will not rub against one of the clamp
SCTews.

7. Occasionally check the operation of the starter,
making sure the starter is properly centered (step
5§ above). See that the blower housing mounting
screws are tight. If the blower housing tends to
shift, its mounting holes may have become wom
oversize. If the blower housing tends to weave or
distort during starter operation, installation of a
new housing is recommended.

Units Beginning Spec E: See that the engine blower
housing is in good, condition. If the mounting holes
are womn or if the blower housing is otherwise
damaged, replace it with a new one, Figure 58.

52

1. Install the new ralchet whee} {1} against rope
sheave (11} using lock washer {10} and flywheel
mounting screw (9). Discard the large flat washer
from engines so equipped. Engage drive hole with
flywheel hoss.

2. Four special nuts are supplied for mounting the
starter to the blower housing. [fthehousingis not
already fitted with similar nuts, remove the blower
housing and install the nuts as shown in detail A,
Reinstali the biower housing, tightening securely
in place.

3. Instaill centering pin {12} in starter center screw
{14} allowing 3/8-inch to protrude. For
reinstallations, adjust pin depth.

4. Center the starter assembly over the ratchet
whee! with the centering pin engaging the center
hole of the fiywheel mounting screw. While
holding in position, mount the starter, usingahex
head screw, lock washer, and two flat washers at
each mounting arm as shown in detail A. Tighten
the mounting screws securely.

5. The direction of pull on the starter rope is
adjustable to fit the requirements of the individual
instailation. See detail B. To change the direction
of pull, loosen the four clamp screws (8) and turn
the starter in its mounting ring to the desired
position. Tighten the four clamp screws securely.
Try the starter several times, making sure thatthe
rope will not rub against one of clamping screws.
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Engine Disassembly

i engine disassembly is necessary, first remove all
the complete assemblies {e.g., manifold with car-
buretor and cariridge air cleaner). individual
assemblies, as the carburetor, can be removed and
serviced later, if necessary. Any special assembly
instructions for & particular group are included in the
applicable section. When reassembling, check each
section for these special assembly instructions or
procedures.

Keep ali parts in their respective order . . . valve assemblies, rod
caps for respective rod and piston assembfies, etc.. Anatyze
raasons for parts failures. Use new gaskels for assembly.

FLYWHEEL

To remove the flywheel, turn the fiywheel mounting
screw cutward about two turns and use Onan puller
A120-0100 to pull the fiywhesl, Figure 59.

FIGURE 53. ONAN FLYWHEEL PULLER

GOVERNOR CUP

ROLL PIN

ROTATE
GOVERNOR CUP
S0 THAT ROLL PIN
FITS INTO THE
METAL LINED
HOLE IN THE CUP

- CAUTION 1

Do not use a screwdriver or similar
tool or pry behind the flywheel
against the gearcase. The gearcase cover is die-cast
material and will break if undue pressure is applied in
this manner.
Do not drop the fiywheel. A broken fin will destroy the
batance. Always use a steel key for mounting the
Hiywheel,

A magneto flywheel which has lost ifs magnetism can
be remagnetized. The spark should jump a 3/16-inch
gap with ease, as tested by holding the spark plug
wire away from a clean metal part of the engine while
cranking.

GEAR COVER

After removing the llywheel key and mounting
screws, tap the gear cover gently with a soft-faced
hammer to loosen it

When installing the gear cover, make
sure that the pin in the gear cover
engages the governor cup correcily, Figure 50,

Turn the governor cup 50 that the metal lined holeis at
the three o'clock position. The smooth side of the
govemor yoke rmust ride against the governor cup.
Tum the governor arm and shatt clockwise as far as
possible and hold in this position until the gear cover
is instalied flush against the crankcase. Be careful not
to damage the gear cover oli seal. Adjust the roll
{stop} pin to protrude to a point 3/4 inch from the
cover mounting surface. See Figure 60,

'/ GOVERNQR
i SHAFT

OVERNDR ARM

GOVERNOR SHAFT

GOVERNOR
SHAFT YOKE
{Smooth Side
Toward Cup)

iF FEELER WILL
ENTER HOLE /2
BALL HAS
FALLEN QUT

FIGURE 60, GEAR COVER ASSEMBLY
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GOVERNOR CUP

With the gear cover removed, the governor cup can be
faken off after removing the snap ring from the
camshaft center pin. Catch the flyballs while sliding
the cup off, Figure 61.

WHEN GOVERNOR
1S PROPERLY
ASSEMBLED THE
DIMENSION SHOWN
ON DRAWING WILL
B8E AS INDICATED

CENTER PIN

ENAF RING

CAMSHAFT
GOVERNOR CUP

GOVERNOR FLYDALL

FIGURE 61. GOVERNOR CUP

Heplace any fiyball that is grooved or has a flat spot. If
the arms of the ball spacer are worn or otherwise
damaged, replace the entire timing gear set. The
governor cup must spin freely on the camshaft center
pin without excessive looseness or wohble, if the race
surface of the cup is grooved or rough, replace it with
a new one.

When installing the governor cup, tilt the engine so
the gear is up, put the flyballs in place and instali the
Cup and snap ring on the center pin. Figure 61.

The camshatt center pin extends out3/4 inch (19 mm)
from the end of the camshaft. This distance provides
anin-and-out travel distance of 7/32 inch (5.6 mm) for
the governor cup, as illustrated. Hold the cup against
the flyballs when measuring. The camshaft center pin
cannot be pulled outward or removed without dam-
age. Hf the center pin exiends out too far, the cup will
not held the tlybalis properly. if the distance is less
than 7/32 inch (5.6 mm), (the engine will race, espe-
cially at no icad) remove the center pinand pressina
new pin.

TIMING GEARS

it replacement of either the crankshaft gear or the
camshaft gear becomes necessary, install both gears

L

new, never one only. Use a gear pulling ring {number
420-0248) to remove the crankshaft gear. Be sure to
remove the snap ring first.

The camshaft gear is pressed on and keyed io the
camshaft. The camshaftand gear must be removed as
an assembly after first removing the crankshaft gear
lock ring and washer. Before removing the camshatt
and gear assembly, remove the cylinder head and
vaive assemblies. Remove the operating piunger for
the breaker points. Remove the fuel pump and
tappets.

The camshaft may be pressed cutofthe gear by useof
& holiow tool or pipe which will fit over the camshaft
center pin. Donot press on the center pin ordamageit
i any way. The govemnor ball spacer is a press fit to
the camshaft gear.

When pressing a camshaft gearonto the camshaft, be
sure the gear is started straight and that the key is
propetly in place. When replacing the cam gear on
units having automatic spark advance mechanisms,
remove the spark advance mechanism and put blocks
beside the pins 1o avoid damage when pressing on
Cam gear. Install the governor cup assembly before
installing the camshaft and gear in the engine.

THESE MARKS MUST
ALTGN WHEN INSTALL-

ING TIMING GEARS.

FIGURE 62. TIMING GEAR REMOVAL
AND INSTALLATION
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Each timing gear is stamped with an 0 mark near the
edge. The.gear teeth must mesh so that these marks
coincide exactly when the gears are instalied in the
engine, Figure 62,  Be sure, when installing the
camshaft gear and shaft assembly, that the thrust
washer is properly in place behind the camshattgear.
Replace the camshaft retaining washer and lock ring
to the crankshaft.

CYLINDER HEADS

The cylinder head should be tightened in the order

designated per Figure 63to aforque of 5foot-pounds,

then 10 foot-pounds, etc., until all aretorqued to 2910

31 foot-pounds (7 then 14, 21, to 39-42 Nem).

Do not remove heads when they are
hot. Warpage may occuyr.

NO.1 CYLINDER

HO.2 CYLINDER

FIGURE £3. HEAD BOLY TIGHTENING
SEQUENCE

NOTE USE ASTANDARD AUTOMOTIVETYPE
WRENCH TO ADJUST THE TAPPETS,

kﬁi VALVE RETAINER
VALVE SEAT
INSERT &, %

a ™  VALVE GUIDE
Lol i

N ol

VALVE CLEARANCE

VALVE SPRING_ ]
- - g iy

UNTAKE VALVE
) ONLY)

VALVES

Properly seated valves are essential to good engine
performance. The cylinder head is removable for
valve servicing. Do notuse a pry to ioosen the cylinder
head. Rap sharply on the edge with a soft-faced
hammer, taking care not to break any cooling fins. A
conventional type valve spring lifter may be used
when removing the valve spring locks, which are of
the split type. Clean all carbon deposiis from the
cylinder head, piston top, valves, guides, etc. if avalve
face is burned or warped, or the stem worm, install 2
new valve.

" Anoptionai valve stem seal is used on the intake valve

guides of some engines. This seal must be replaced
each time the vaive is removed.

Worn valve sten guides may be replaced from inside
the valve chamber. See Figure 64. A seal is provided
behind the intake valve guides only. The smaller
diameter of the tapered valve guides mustface toward

‘ the valve head.

Tappets are also replaceable from thevalve chamber,
after first removing the vaive assemblies.

The valve face angleis 44 degrees. The valve seat angle
is 45 degrees. This 1-degree interference angle
results in a sharp seating surface between the vaive
and the top of the valve seat. The interference angle
method of grinding valves minimizes face deposiis
and lengthens valve life, Figure 85,

The valves should not be hand lapped, if at all
avoidable, since the sharp contact may be destroyed.
This is especially important where stellite faced
valves and seats are used. Valve faces should be
finished in a machine to 44 degrees. Vaive seats
should be ground with a 45 degree stone and the
width of the seat band should be 1/32 to 3/64 of an
inch {0.79 to 1.2 mm) wide. Grind only enough to
assure proper seating. ] .

Remove all grinding compound from engine parts
and place each valve in its proper location. Check
each vaive for a tight seat, using an air pressure type
testing tool. If such atoolis notavailable, make pencil

VALVE ADJUSTING
SCREW

STEM WK T

SEAL ' x\\“- “ o
{OPTIONAL) QW VALVE ROTATOR

' V-5

| FIGURE 84, VALVE ASSEMBLY
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b VALVE

SEAT

FIGURE 55. VALVE FACE AND SEAT ANGLES

marks at intervals across the valve face and gbserve if
the marks rub off uniformly when the valve is rotated
part of a turn against the seat.

Lightly oil the vaive stems and reassembie all parts
removed. Adjust the valve clearance (see Tappet
Adjustment).

The positive type valve rotocoils serve to profong
vaive life and decrease valve repairs. Check the
rotocoils periodically by removing the cylinderheads
and cranking the engine. When functioning properly,
the valve is rotated a fraction of a turn each time it
opens. If rotocoils are faulty, install new ones.

TAPPET ADJUSTMENT

The engine is equipped with adjustable tappets. To
make a valve adjustment, remove the valve covers.
Crank the engine over slowly by hand until the left
hand intake vaive, when facing the fiywheel, opens
and closes. Continue about /4 turn until the correct
timing marks align. This should place the left hand
piston at the top of its compression stroke, the
position it must be in to get proper valve adjustment
for the left hand cylinder. Clearances are shown in
Dimensians and Clearances section. For each vaive, the
gauge should just pass between the vaive stem and
valve tappet. Figure 66.

To correct the valve clearance, turn the adjusting
screw as needed 1o obtain the right clearance. The
screw is self-locking.

To adjust the valves on the right hand cylinder, crank
the engine over one complete revolution and again
line up the correct timing marks. Then follow the

3

INTAKE AND EXHAUST VALVES
{SEE TABLE OF CLEARANCES)

&
//

FIGURE 66. ADJUSTING TAPPETS

%:WEAR RIDGE
mpe- RING LAND

CYLINDER
WALL

PISTON

Y. Y
REMOVING PISTON WITH LARGE WEAR
RIDGE COULD BREAK RING OR RING LAND.

FIGURE 67. WEAR RIDGE ON CYLINDER WALL

adjustment given for the valves of the left hand
cylinder.

PISTONS AND RINGS

Whenever there is a noticeable wear ridge at the top of
each cylinder, remove the ridge with a ridge reamer
before removing the pistons. If not, the rings can
catch the ridge when pushing out the pistons and
cause a ring land fracture, Figure 67.
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To remove the piston and connecting rod assemblies,
turn the crankshatt until a piston is at the botiom of
the stroke. Remove the nuts from the connecting rod
boits. Lift the rod bearing cap from the rod and push
the rod and piston assembly out the top of the
cylinder with the handie end of 2 hammer. Be careful
not to scratch the crankpin or the cylinder wall when
removing these parts.

Keep the connecting rod bearing caps and bearings with their
respeciive rods.

The pistons are fitted with two compression rings and
one oil controt ring with an expander. Remove these
rings from the piston using a piston ring spreader.

Ciean the piston ring grooves with a groove cleaner or
the end of a broken ring filed to a sharp point. See
Figure 68. All passages should be cleaned with anon-
caustic solvent. Clean the rod bore and the back of the
connecting rod bearings thoroughly.

FIGURE 68. CLEANING RING GROOVES

- Mark each piston to make sure the rod will be

assembled on the piston from which it was removed,
Remove the piston pin retainer from each side and
push the pin out.

inspect the pistons for fractures at the ring lands,
skirts and pin bosses. Check for wear at the ring land
using new rings and a feelergauge as shownin Figure

FIGURE 63. INSPECTING RING LANDS

improper width rings or excessive ring side clearance
can result in ring breakage. New rings in wom ring
grooves do not have good cylinder wall contact,
Figure 70.

%
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CYLINDER
WALL
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7

-

_

IMPROPER X .
RING CONTACT
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/
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FIGURE 70. NEW RING IN WORN PISTON RING GROOVE

Replace pistons showing signs of bad scoring or
burring, excessive skirt clearance, wavy or worn ring
lands, fractures or damage from detonation. Replace
piston pins showing fractures, scored bores or bores
out of round more than 0.002 inch {0.051 mm).
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Use a new piston pin to check the pin bushing in the
connecting rod for wear. The clearance should be as
shown in Dimensions and Clearances section.

Before installing new rings on the piston, check the
ring gap by placing sach ring squarely in its cylinder
at a position corresponding to the bottom of its travel.
See Figure 71. The gap between theends of thering is
given in Dimensions and Cleardnces section. Rings
which are slightly oversize may be filed as necessary
to obtain the correct gap, but do not use rings which
require too much filing. Standard size rings may be
used on .Q05-inch oversize pistons. Other oversize
rings must be used with corresponding oversize
pistons. Rings of the tapered type are usually marked
top on one side, or identified in some other manner
ane the ring must be installed with this mark toward
the closed end of the piston.

PISTON RING IN
CYLINDER BORE

i

FEELER GAGE

FIGURE 71 FITTING PISTON RINGS TO CYLINDER

Space each ring gap one third of the way around the
piston from the preceding one, with no gap directly in
line with the piston pin. The bottom piston ring groove
should be fitted with an expander and an oii control
ring and the two upper grooves fitted with compres-
sion rings. f a chrome faced ring is used, it will be in
the top groove. The oil control ring is selected forbest
performance in regard to the correct unit pressure
characteristics.

The piston is fitted with a fuli-floating type piston pin.
The pin is kept in place by twolock rings in the piston,
one at each side. Be sure these lock rings are properiy
in place before installing the piston and connecting
rod in the engine. Refer to Dimensions and Clearances
section for the correct piston-to-cylinder clearance.

CONNECTING RODS

The connecting roiis should be serviced at the same
time the pistons or rods are serviced. Rods must be

8

removed with the piston. Replaceable bushings and
bearings are used. See Parts Catalog 927-0404 for
available undersize and standard size bearings.

Proper clearance is obtained by replacing the pin
bushing and the bearings. The rod bearings are
precision size and require no reaming.

Instali the connecting rods and caps with raised lines
{witness marks) aligned and with the caps facing
toward the oil base. The rod and ¢ap numbered 2 fils
on the crankshaft journal nearest the bearing plate.
Coat the crankshaft journal bearing surfaces with oil
before installing the rods. Crank the engine by hand
to see that the rods are free. If necessary, rap the
connecting rod cap screws sharply with a soft-faced
hammer to set the rod square on the journal.

Checking Bearing Clearance With Plastigauge: Make
certain that all parts are marked or identified so that
they are reinstalied in their original positions.

Place a piece of correct size Plastigauge in the
bearing cap the fuil width of the bearing insert about
1:4 inch (6.35 mmj) off center, Figure 72.

Rotate the crank about 30 degrees from bottom dead
center and reinstall the bearing cap. Tighten the boits
to the torque specified in the Assembly Torques and
Special Tools section. Do not turn the crankshaitf.

. AWz
}1 . - i i3

FIGURE 72. MEASURING BEARING CLEARANCE
WITH PLASTIGAUGE
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Remove the bearing cap. Leave the fattened 2. inspect the cylinder bore for scoring. Check the

Plastigauge on the part to which i has adhered and Welsh plugs for a tight, even fit and the fins for
gtl)m?are the widest point with the graduations on the breakage. -
astigauge envelope to determin i
clearz?nceg_ P ne  bearing 3. Check the cylinder bore for taper, out of round
and wear with a cylinder bore gauge, telescope
: gauge or inside micrometer, Figure 73. These s
CYL!!\!DER BLOCK measurements should be taken at four places—
Inspection: two at the top and two at the bottom of piston ring
1. Make a thorough check for cracks. Minute cracks travel. R
may be detected by coating the suspected area 4. Referring to Figure 74, measure cylinder diameter
with atn;.:xlt;re of 25 percent kerosene and 75 and record the readings as follows:
percent light motor oil. Wipe the part dry and a. Measure reading A across top of cylinder
immediately apply a coating of zinc oxide {white where greatest gston ring wearp occur:.
tead) dissolved in wood alcohol. If cracks are ; in ]
present, the white coating will becomediscolored b. Measure n?adlng B across cylinder at bottom
at the defective area. of piston ring travel.

¢. Measure reading C across top of cylinder
where greatest fing wear Qccurs.

d. Measure reading D across cylinder at bottom
of piston ring travel.

5. Compare reading A with reading B, thencompare
reading C with reading D to determine cylinder
taper due to wear,

if taper exceeds 0.005 inch {0.127 mm), rebore
and hone cylinder to accommodate the nexi
oversize pistan.

6. Reading A compared to C and reading B com~
pared to D indicates whether ornotthe cylinderis
out of round.

If cylinder is out of round 0.002 inch (0.051 mm),
rebore and hone cylinders for next oversize
piston.

TOF END OF CY LINDER

RING
——— WEAR
! ,1’— -"'\‘\ ,” e AREA
s \ e X
3 [ d /
\\‘--‘ —'”/ \\ - —““,

BOTTOM OF RING TRAVEL

FIGURE 74. CYLINDER BORE MEASUREMENT

FIGURE 73. METHODS OF CYLINDER BORE INSPECTION |
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8. Clean cylinder block thoroughly with soap, water
and clean rags. A clean white rag should not be
soiied on the wall after cleaning is complete.

Do not use a solvent or gasoline
since they wash the oil from the
walis but leave the metal particies.

8. Dry crankcase and coat it with oil.

FEGURE 75. HONING CYLINDER

HONING PROCEDURE

1. A hone can be used to rebore a cyiinder, Figure
75. Remove stock to 0.002 inch (0.851 mm) less
than finished bore with coarse hone {100 grit},
then complete honing with finish hones (300 grit).

2. Anchor block solidly for eithervertical or horizon-
tal honing. Use either a drill press or heavy-duty
drili which operates at about 250 to 450 rpm.

3. Lower hone into cylinder until it protrudes 1/2 ta
3/4 inch (13 to 19 mm) past end of cylinder.
Rotate adjusting nut until stones come in contact
with cylinder wall at narrowest point.

4. Loosen adjusting nut until hone can be tumed by
hand. ’

5. Connect drill to hone and start drill. Move hone up
and down in the cylinder about 40 cycles per
minute. Usually the bottom of the cylinder must
be worked cut first because it is smaller. When
cylinder takes a unitorm diameter, move hone up
and down ali the way through the bore, Followthe
hone manutacturer's recommendations forwetor
dry honing and oiling the hone.

6. Check diameter of cylinder reqularly during hon-
ing. A dial bore gauge is the easiest method buta
telescoping gauge can be used. Check the size at
six places in the bore; measure twice at the top,
middie and bottom of 90-degree angies.

7. When the ¢ylinder is about 0.002inch (0.051 mm)
within the desired bore, changeto fine stonesand
finish the bore. The finish should not be smooth
but as shown in Figure 76. The crosshatchformed PR°°"§=%ERCF§%’$ ,‘;‘.‘;};‘“;’Eiﬁ»?:é CHES
by the scratching of the stones should form an
angle of 23 degrees. This can be achieved by
moving the hone up and down in the cylinder FIGURE 76. CORRECT HONE FINISH
gbout 40 cycies per minute.
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CRANKSHAFT

inspect the bearing joumals. If they are scored and
cannot be smoothed out by dressing down, the
bearing journals should be refinished to use nearest
available undersize bearings or a new crankshaft
shouid be instalied. if a worn main bearing journal
cannot be fitted with an available precision type
undersize bearing, then refinish it 0 the next under-
size. [fa worn rod journal cannot be fitted by installing
new bearing inserts {forged rod), then refinish it to
take the corresponding undersize bearing insert
avaitable.

Whenever making major repairs on the engine,
always inspect the drilled passages of the crankshaft.
Clean them to remove any foreign material and to
assure proper iubrication of the connecting rods.

BEARINGS

Removal of the camshaft or crankshaft bearings
requires complete disassembly of the engine. Use a
press or a suitable drive plug to remove the bearings.
Support the casling to avoid distortion and avoid
damaging the bearing bore during removal and
instatlation. Use oil on the bearings to reduce friction
when installing and again lubricate with oil after
installing. See Figure 77. Use combination bearing
driver 420-0324 to install the camshaft bearings.

A e
- LA (5.6 mm)

{%#_%7 £~/ FROM

CUTTIoE

PRECISION TYPE
Do aot Line ream
or bore.
- ALIGN HOLE IN BEP._R_IN—G_
WITH HOLE IN BEARING BORE

CAMSHAFT BEARING

| LOCK PN
re e~ ALIGN BEARING OIL HOLES WITH
Ut NS OIL HOLES IN BEARING BORE
f . THRUST

WASHER

PRECISION TYPE
Do not ine ream
or bore,

BEARING

LOCK PIN
CRANKSHAFT BEARING

FIGURE 77. INSTALLATION OF CAM AND
CRANKSHAFT BEARINGS

.

Camshafl: Repiacement.camshaff bearings are preci-
sion type which do not require fine reaming or line
boring after instaliation. Coat the bearing with
lubricating oii to reduce friction. Piace thebearing on
the crankcase over the bearing bore with the
lubricating hole {front only) in proper position. Be
sure to start the bearing straight. Press the front

bearing in flush with the outside end of the bearing
bore. Press the rear bearing in until past the ignition
plunger hole.

Crankshaft: New crankshaft main bearings are preci-
sion type which do not require line reaming or line
boring after installation. See Parts Catalog 927-0264
for standard size and undersizes avaiiable,

Before putting in the main bearings, expand the
bearing bore by placing the casting in hot water orin
an oven heated to 200°F (83°C). i practical, cool the

precision bearing to shrink i.
# a torch is used to heat bearing
bore, apply oniy a Fittie heat evenly

fo prevent warpage and loss of temper in the steel.

For putting in either the front or rear main bearing,
using instructions following, always align the oil
hole{s) in the bearing with the oil hole(s) in the
bearing bore. The oil passage must be at least 1/2
open. The cold oiled precision bearing should require
only fight taps to position it. Install the bearing flush
with the inside end of the bore. {f the head of alock pin
is damaged, use side cutters or “Easy-Out”™ tool to
remove pin. Then install a new iock pin. Apply oil to
the thrust washers to hold in place when the
crankshaft is installed. The oit grooves in the thrust
washer bearings must face the crankshaft. Be sure
two notches fit over lock pins.

Oit. SEALS

The bearing plate must be removed to replace its oil
seal. Drive the oil seal out from the inside using
bearing plate driver 420-0181 and gear cover driver
4200313,

Before installing the seals, fill the space between
seals with a fibrous grease or stiff cup grease. This will
improve sealing. See Figure 78.

When installing the gear cover oil seal, tap the seal
inward until rear (spring side) of casing is 1-1/32inch
(26.2 mm) trom the mounting face of the gear cover.

When installing the bearing plate oil seal, tap the seal
into the bearing plate bore to bottom against the
shoulder in the plate bore. Use a seal expander, or
place a piece of shim stock around the end of the
crankshaft, when replacing the bearing piate fo avoid
damaging the seal. Remove the shim stock as sconas
the plate is in place.

Engines equipped with some types of reduction gear
assemblies do not use the rear oil seal. The reduction
gear assembly is oiled directly from the engine
crankcase. Refer to the instructions screened on the
case of the reduction gear assembly.
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Use heayy fiber or
cup grease in space
batween seals
improve seal.

REAR BEARING PLATE

MAUNTING FACE
OF GEAR COVER

ot 11732 (262 o)

CLEANED OF ALL
SEALING COMPOUND
FORE

GEAR COVER DL SEAL

THIS SURFACE SHOULD BE

INSTALLING SEAL.

THIS SURFACE SHOULD BE
CLEANED OF ALL 0OLD
SEALING COMPOUND BE-
FORE INSTALLING SEAL,

oL
BE-

DRIVE OR PRESS Ol
SEAL TO SHOULDER
OF THE PLATE BORE

OlL SEAL

FIGURE 78. GEAR COVER AND REAR SBEARING PLATE OIL SEALS

CRANKSHAFT ENDPLAY

After the rear bearing end plate has been tightened
using the torque recommended in Assembly Torgues
and Special Tools section, check the crankshaft
endplay as shown in Figure 79, If there is too much
endplay (see Dimensions and Clearances section for
minimum and maximum 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 plaie and

,~ REAR BEARING
PLATE

——
o

]

N

-~ MEASURE ENDFPLAY
HERE
{Refer to table of
clearances)

FIGURE 79. MEASURING CRANKSHAFT ENDPLAY

replace the gasket with a thicker one. Reinstall the
end plate making sure the thrust washer notches tine
up with the lock pins. Torque and recheck endplay of
the crankshaft.

OIL PUMP

Check the oil pump thoroughiy for worn parts. Qil the
pump to prime it before reinstalling, Figure 80. Except
for gaskets, the component paris of the pump are not
available individually, The suction cup is available
separately. Install a new pump assembly, if required.

CRANKCASE TURNED@
ON LEFT SIDE--

UNSCREW OIlL PUMP ASSEMBLY!
FROM INTAKE CUP AT THIS POINT
Yo reassemble raverse the procedure,

FIGURE &0. OiL PUMP
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Special Equipment

ROCKFORD CLUTCH

With the engine stopped, the clutch released
(disengaged lever position) and the top plate remov-
ed from the clutch housing, turnthe adjusting ring (2)
inward (clockwise facing power take-off shaft) until
the toggles cannot be locked over center (Figure 81).
Locking screw (1) may remain tightened.

Leosen the adjusting ring a notch or twe ata time until
the toggles can be lacked over with a very firm pull on
the engaging lever (3).

Start the engine and work the engaging lever back
and forth several times, allowing the clutch to pick up
load but not to lock over center. This is especiaily
important with a new clutch plate as it knocks off high
spots and fuzz.

Stop the engine and tighten the adjusting ring two or
three notches for final adjustment.

Be sure the teggles lock over center at final adjustment with a firm
pull on the engaging lever (cluich engaged).

OPTIONAL REDUCTION GEAR DRIVE

Drain the gear box after the first 100 hours of
operation and refill with fresh lubricant (SAE 50 motor
oit or SAE 90 mineral gear oil}. Repeat this procedure
every six months thereafter or every 100 hours,
whichever is first. Do not use [ubricants commonly
known as extreme pressure lubricants, hypoid
lubricants, efc.

Maintain the proper oil levet between changes. Over-
fitting will cause foaming, which can lead to an ol leak
due to overheating. Remove the filler plug on top of
the case and the oil level plug fromthe face of the gear
case (Fiqure 82). Fill the case until the oil just begins

to flow from the oil level plug hole. Gear box holds 1/2
pint 1.5, Measure. Replace both plugs.
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- ADJUSTING RING, LOCK AND
SCREW

2 ADJUSTING RING

3. ENGAGING LEVER

NOTE: TOGGLES ARE LOCATED
INSIDE ADJUSTING RING — 2
ADJUST BY FEEL.

-~
~
A

VENT PLUG

REMOVE PLUG. °/
FILLWITHOIL TO
LEVEL OF HOLE

FIGURE 82 CPTIONAL REDUCTION GEAR DRIVE
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