MICROFICHE
REFERENCE
LIBRARY

A project of Volunteers in Asia

Small Gas Engines
by: James Gray and Richard Barrow

Published by:
Prentice-Hall, Inc.
Englewcod Cliffs, NJ 07632 USA

Paper copies are $12.85.
Available from:
Prentice-Hall, Inc.
Englewood Cliffs, NJ 07632 USaA
Reproduced by permission of Prentice-Hall, Inc.
Reproduction of this microfiche document in any

form is subject to the same restrictions as those
of the original document.




£

i

a' 2

- T1IYWS

A— hd

’."

A

.

g

a

&






NGINES

James A, Gray and Richard W. Barrow

School of Technology
Indiana Siate University

Prentice-Hall, Inc., Englewood Cliffs, New Jersey




Libeery of Congress Camloging in Publication Eure

Geay, bames Ao (diste)
Semath s etrgitves.,

brectundes index.
b €iay and wil engimes - Matetenance and repair.
f. Baccow:, Rivhses W, (daee) joint awthor,
tE. Titke,
FIT8.0G66 621,434 75-2024%
ISEN ¢-£3-813128-X
ESBN O-f 3-81 31 39 phk.

© 1976 by Prentice-Hall, Inc.
Englewood Cliffs, New Jersey

All rights reserved. No part of this ook
may be reproduced in any form or by any means
without permission in writing from the publisher.

10 9 8 7 6

Printed in the United States of America

Drawings by Robert F. MacFarlane

_N’TICE HALL: WTERNATIONAL, INC., London -
ENTICE-HALL OF AUSTRALIA, PTY. LTD Syduey
ENTICE-HALL OF CANADA, LTD., Toronto

ENTICE-HALL QF INDIA PR!VATE LIMITED, New Deithi
'RENTICE-HALL QF ]APAN ‘INC., Tokyo

RENTICE-HALL OF SOUTHEAST ASIA {PTE.) LTD., Singupore




PREFACE

The intent of this mumual is 1o provade the individual with enough information
and guidance so that he can become actively  volved with engines, The munua
expluing and itlastrates the bysic operationat theory und service procedures tor
single«wylinder, air-cooled gasoline engines. The content is organized so that it
can be wsed as a4 guide in diagnosing us well as performing minor and major
engine service.

The manual is a resource for individuals actively engaged in the maintenance
and repair of the smalt engine and o reference manuad for academic instruction
and reference,

Numerous tips and checks are presented which should help bridge the gap be-
tween theory and actual practice. Handbooks containing specific instructions
and specifications are available from the engine manutacturers. These are an
invatuable aid to the person servicing the small gas engine.

This book presents the “why™ and the “how t0™ in individual packages with
ithustrations o tell the story. In depth scientific theory is nidnimized in favor
of & fundamental understanding of how it works.

The manual also is intended tor the home mechanic who pertorms his own
maintengace and service on the small-engine-powered. labor-saving equipment
common today.

Appreciation is expressed to the wives of the authors. Phyllis A. Gray and
Virginia L. Barrow, who provided invaluable assistance in the preparation and
typing of the manuscript. Sincere gratitude is also expressed to Doug Petry who
prepared original ilustrations and to George Lambert who assisted with the
organization of the written nuaterials,

dames A, Gray
Ricliard W, Barrow
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THE BASIC ENGINE
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Chart 1
THE BASIC ENGINE

Smatl engines are ciassified as being either vertical or horizontal vhaii typus,
This identification refers to the position of the crankshaft of the engine.

Most rotary lawnmowers use a vertical shaft engine.

The small engine is made up of several systems. The basic systems are as
foltows:

1. Fue} and carburetion
2. Ignition

3. Lubrication

4. Cooling

5. Exhaust

These systems afl work together to convert air and fuel into mechanical energy.
Each must serve its own function and be timed propetly to the other systems
as well as to the piston-crankshaft assemblies,

The FUEL and CARBURETION system provides the proper air-fuel mixture
for the engine to operate under ull conditions. Proper operation of this system
is. dependent upon a supply of clean, fresh fuel in the tank and proper adjust-
meats at the carburetor.

The IGNITION system must provide the voltage necessary to jump the spark
plug gap at exactly the right fime. For this system to do its job, the spark plug,
wires, and all other electrical components must be in good condition and pro-
periy adjusted. '

The LUBRICATION system deiivers oil to all moving parts inside the engine.
The oilf in the crankcase is either circutated by a pump or splashed through the
engine. The tubricating oil seals the rings in the ¢ylinder, removes some heat
from the piston, crankshaft, and valve train, cushions the shock experienced
by the bearings, cleans particles and dirt from the bearings and the cylinder,
and reduces friction. The importance of keeping the engine properly filled
with clean oil is apparent.

The COOLING system removes the excess heat from the engine. The flywheel
causes air to circulate over the fins of the engine where the excess heat is re-
moved. This system requires periodic service because accumnulated dust and
grass can cause the engine to overheat.

The EXHAUST system removes the burned gases from the engine and muffles
the noise of combustion. On most units the exhaust system consists of a muf-
fler attached to the engine block. A clogged or internally collapsed muffler can
cause a loss of power and poor engine performance.
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Chart 2
PRINCIPLES OF COMBUSTION

Cembustion is defined most simply us burning. Combustion in the internal-
combustion engine refers to burning which takes place inside the engine.

The tuel stored in the fuel tank represents patential energy. This means that
while in the tank fittle or no energy is releused. If a drop of the fuel is placcd
in a pan and ignited, kinetic energy. or energy which has been released, is
tornwed, The burning fuel gives oft heat and light.

Pure fuel {gascline) will provide heat when burned. If, however, the fuel is
mixed properly with air to form a gas, it will give off more heat or burn more
efficiently.

If heat is applied to air in a confinement, the air expands. If a balloon is placed
over a heat duct, the balloon becomes “larger” because of the *“‘expansion” of
the air within. Burning the mixture in the cylinder in like manner expands the
gases in the cylinder,

In the internal-combustion engine the fuel is mixed with the air by the carbu-
retor. Approximately four gallons of air are mixed with each tablespoon of
gasoline. The mixture enters the engine as a mist and changes to a gas or vapor
when it reaches the hot port area of the engine. The mixture enters the engine
- because the piston creates a partial vacuum (suction) as it moves downward on
the intake stroke.

At the end of the intake stroke, the intake valve closes trapping the gases in
the cylinder. As the piston moves toward TDC (top dead center), the trapped
gas is compressed.

The compressed gas will burn more violently than if it were not compressed.
The violent burning creates heat, which causes expansion of the gas in the cyl-
inder. The expanding gas exerts much pressure, which causes the piston to
move down in the cylinder,

The gas acting upon the piston is the point at which the chemical energy (burn-
ing gas) is converted into mechanical energy. It is the mechanical energy which
is used to turn the crankshaft.

Combustion, then, in terms of a piston engine means that an air-fuel mixture
is drawn into the cylinder, is changed to a gas by heat, is compressed by the
piston, and is ignited to provide heat which expands the gases in the cylinder.
Expansion of the gases in the cylinder pushes the piston which transmits the
force to the connecting rod and crankshaft.

It is important to note that the air-fuel mixture does not explode in the engine.
Instead, it burns rapidly. If the engine is timed improperly or if the air-fuel
mixture is incorrect, the mixture may “explode” or burn too fast. Operating
the engine in this condition will produce “knocking” and excess heat which
can damage the piston.




Chart 3
ENGINE IiDENTIFICATION




| Chart 3
ENGINE IDENTIFICATION

The identification of the engine is necessary for locating specitications and
for purchasing replacement parts.

The engine is usually identified by manufuacturer’s identification on the
enging. This identification usuatly includes the model information and in
some cases the serial number and type.

The identification plate or information may be located on the engine block
or on the flywheel shroud. In some cases the number will be stamped on the
shroud and no identification tag will be used.

Copy this identification information for your engine below for future refer-
ence when referring to specifications or ordering parts,

Manufacturer..__ ModelNo. . __

Serial No. ...
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FOUR-STROKE CYCLE THEORY
AND INTAKE STROKE
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Chart4 |
FOUR-STROKE CYCLE THEGRY

AND INTAKE STROKE

“Fourstroke cycie”” means that it requires four strokes of the piston to com-
plete one cycle.

Each time the piston moves from the top of the cylinder to the bottom of the
cylinder it completes one stroke. Similarly, each time the piston moves from
the bottom of the cylinder to the top of the cylinder it completes one stroke.

The term “cycle” means completion of four movements or strokes of the pis-
ton before it repeats a stroke.

To complete one stroke either from bottom dead center (BDC) to top dead
center (TDC) or from TDC to BDC involves moving the crankshaft one-half
revolution, or 180°. Since four strokes are required to complete one cycle, it
can be seen that the crankshaft completes two revolutions or 720° of rotation
during one cycle.

In one cycle the intake valve opens one time and the exhaust valve opens one
time. This means that the camshaft, which causes the valves to open, completes
but one revolution per cycle.

INTAKE STROKE

During the infake stroke the piston is moved from TDC to BDC. This causes

a partial vacuum or suction inside the cylinder. Atmospheric pressure (out-
side air) rushes toward the partial vacuum in the cylinder. It moves through
the air cleaner where dirt is filtered out. From the air cleaner it rushes through
the carburetor where it “picks up” some gasoline. This air-fuel mixture then
enters the cylinder through the open intake valve,

Near the end of the intake stroke the intake valve closes. When the valve is
tightly closed, the air-fuel mixture is trapped in the cylinder, At this point the
intake stroke is completed and the piston is at BDC (bottom dead center).
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Chart 5

COMPRESSION STROKE

During the intake stroke an air-fuel mixture was *“drawn” into the cylinder by
the piston moving from TDC to BDC.,

The second stroke in the cycle is the compression stroke, The piston is moved
from BDC to TDC by the rotating crankshaft. Note that both valves remain
closed during this stroke. This means that there is no way that the air-fuel mix-
ture can escape—it is trapped in the cylinder. As the piston moves toward TDC,
the air-fuel mixture is compressed. This compression takes place because as the
piston moves toward TDC the volume of the cylinder decreases.

By compressing the air-fuel mixture, more pressure is created when it is burned.

11




Chart 6
POWER STROKE )
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Chart 6
POWER STROKE

The air-fuel mixture was compressed as the piston moved from BDC to TDC
during the compression stroke.

Just before the piston reached TDC on the compression stroke, the ignition
system created enough voltage to jump the spark plug gap. When the spark
jumped the gap of the spark plug, the power stroke began.

The spark ignites the air-fuel mixture. As the mixture burns the gases expand.
The expansion of the gases increases the pressure inside the cylinder. Since
both valves are closed, there is no means whereby the pressure can leak out.
The increasing pressure is exerted on all parts of the inside of the cylinder.
The piston is the only part which can move. The pressure forces the piston to
move toward BDC. As the piston moves, the force is transmitted to the crank-
shaft by the connecting rod.

The power stroke is the only stroke in the cycle which produces usabie energy.

The power stroke causes the crankshaft to revolve which makes the engine
Lirun.!P

13
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EXHAUST STROKE )
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Chart 7
EXHAUST STROKE

The power stroke moved the piston from TDC to BDC. Neat BDC the expan-
sion of gases stopped, which ended the power stroke.

Near BDC of the power stroke the camshaft and valve train cause the exhaust
valve to open. As the piston moves from BDC toward TDC, the burned gases
are forced aut through the open exhaust valve and muffler. This is the exhaust
stroke. Near the end of the exhaust stroke the exhaust valve closes and the in-
take vaive opens. This action signals the beginning of another cycle.

The sequence of strokes—intake, compression, power, and exhaust—continues
o repeat so fong as the engine is running.

The important points of the four-stroke cycle operation are as follows:

1. Each time the piston maves from one end of the cylinder to the
other end a stroke is completed.

2. Four strokes—intake, compression, power, and exhaust—are required
to complete one cycle of a piston.

3. To complete one cycle the crankshaft must make fwo complete rev-
ofutions and the camshaft must make one revolution.

4. The engine receives power to the crankshaft only on the power
stroke. The crankshaft “coasts™ through the intake, compression, and
exhaust strokes. '

The fact that the engine crankshaft must “coast” through three strokes requires
a fltywheel. Once in motion, the fly wheel tends to continue to turn. The heavier
the flywheel, the greater its tendency to continue to turn after the power caus-
ing it to tumn is eliminated.

The flywheel on the small single-cylinder engine is relatively heavy because
there is only one piston delivering powur to the crankshaft. On many rotary-
type lawnmowers the blade of the mower also helps the flywheel to maintain
rotation of the crankshaft. Many of these types of engines run roughly if the
mower biade is not bolted to the crankshaft.

15
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TWO-STROKE CYCLE THEQRY

S Exhaust Port
Inlet Port -QQ- / -
. ‘a =

-/e/‘ Nt (f \\’
== =
ST
-l | J O ?l

. D i a- ] o) . ) . ..

,U o ._OG“-.O‘e
A. DOWN STROKE B. END OF DOWN STROKE
{POWER) BEGINNING OF UP STROKE

< : : —# Reed Vaive

C. UP STROKE (COMPRESSION)

6




Chart 8 |
TWO-STROKE CYCLE THEORY

Two-stroke cycle means that two strokes of the piston complete one cycle. In
other words, the piston must move fromn TDC to BDC and then back to TDC
in order to complete a cycle. The two-stroke cycle engine completes a cycle
each time the crankshaft completes one complete revolution.

Figure A in the chart shows the piston moving down from TDC. The air-fuel
mixture has been compressed (or squeezed) above the piston, and the ignition
system has created a spark at the spark plug. The spark has jumped the gap at
the spark plug igniting the air-fuel mixture,

As the gases burn (A), they expand, thereby pushing the piston. As the piston
moves down, the air-fuel mixture {B) (below the piston) in the crankcase is
coimpressed.

At the end of the down stroke (Figure B) the compressed gases in the crank-
case (D) tlow up to the cylinder through the intake port. The exhaust gases
are released from the cylinder at the end of the power stroke when the piston
has passed the exhaust port (uncovering the port) which allows them to es-
cape. The incoming intake gases help clean the remaining exhaust gases from
the cylinder (C). Note that at BDC both ports are open.

When the piston begins the up stroke, it covers both the intake and exhaust
ports, thereby sealing the cylinder and trapping the intake gases. As the piston
continues to move upward, the intake gases are compressed.

f
Figure C shows that while the gases on top of the piston are being compressed
(E), a partial vacuum is being created below the piston (F). The crankcase of
the two-cycle engine is small so that this partial vacuum can be created. Air
rushes in through the carburetor, picks up fuel, and enters the crankcase through
the reed valve.

The reed valve is a one-way valve—it allows air-fuel mixtures to enter the crank-
case but will not let them out once they have entered,

When the piston reaches TDC, ignition takes place and the cycle begins again.

The two-stroke cycle piston engine has activity on both the top and the bot-
tom of the piston. Gases are compressed on both sides; however, those com-
pressed in the crankcase do not bumn. Instead, they move through the inlet
port to the top side of the piston.

Most two-stroke cycle engines have no reservoir of oil in the crankcase. Lubri-
cating oil is mixed with the fuel. When the air-fuel mixture enters the crank-
case, the fuel and air form a vapor while the oil remains in droplets which cling
to the components inside the crankcase. These droplets of oil maintain an oil
film on the inside of the crankcase and all the moving parts. This film provides
the necessary lubrication for the engine.

17




Questions for Section |

i8

m

6.

e |

14,
15,
i6.
17.

18,

For proper combustion, fuel must explode in the cylinder. (Chart 2)
Large drops of fuel are required in the cylinder to produce power, (Chart 2)

The crankshaft receives power during onky ane af the four strokes of the four-
stroke cycle engine. {Chart 4)

By compressing the air-fuel mixture, more pressure is created when it is burned.
(Churt 5)

During the power stroke, one valve is open. (Chart 6)

Lawamower engines may tend to run roughly when operated without a blade.
{Chart 7)

A flywieel is needed only {o heip cool the engine. {Chart 7)

In a two-stroke cycle engine, the air-fuel mixture is compressed first in the
crankease. (Chart 8)

On a two-stroke cycle engine, the air-fuel mixture is admitted to the crankcase
through reed valves. (Chart 8)

List the five basic systems of the small gas engii;e. (Chart 1}
Descrite how excess heat is removed from the small gas engine, (Chart 1)
What is the job of the ignition system? (Chart 1)

List the four things you need to know about the engine when referring to
specifications ot ordering parts. (Chart 3) '

List the four strokes of the four-stroke cycle in their correct order. (Chart 4)
What is u stroke?  (Chart 4)
What is nieant by TDC and BDC? (Chart 4)

How many times does the crankshaft turn (o complete the four-stroke cycle?
(Chart 4)

Explain how the twa-stroke cycle engine is lubricated. (Chart 8)
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Chart 9
COMPRESSION TESTING )
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Chart9
COMPRESSION TESTING

For an internal-combustion engine to run, three conditions must be met. The
engine must have the following:

Compression

Air-fuel mixture

fzition
These three “musts™ have to be working together or timed if satisfactory en-
gine operation is to be achieved.

Test I “Ground™ the spark plug wire by connecting it to the engine.
Check the compression by pulling on the starter rope. As the rope is being
pulled, one should be able to feel the resistance as the piston comes upon
compression. NOTE: Some engines have a built-in compression release which
will release compression until the engine attains a proper speed. Usually the
speed at which the reiease disengages occurs at the “end of the pull” of the
rope when pulled at a normal starting rate. On engines with a compression
release or one which fails the test, test the compression as outlined in Test Il
or 111,

Test /. 1f compression cannot be felt in Test [, make certain that the
spark plug wire is grounded and spin the flywheel by hand in a direction
opposite its normal rotation. This can be done by removing the air shroud.
When rotated in the opposite ditection, the flywheel should rebound as the
piston comes upon compression. If the rebound is quick, compression is
good.

Test Il A third method of testing compression involves using a com-
pression gauge. The spark plug is removed and the gauge is held tightly in
the spark plug hole. The engine is cranked normally and the gauge reading
is observed. The normal pressure reading varies with the size of the engine.
For the lowest compression engines, the reading should not be below 25 psi
(pounds per square inch). Most three-horsepower engines will give a 60-75
psi reading. Refer to the manufacturer’s manual for the normal compression
pressure of a given engine.

Low compression can result from several different faults, If there is a hissing
sound while the compression is being checked there may be a leaking head

gasket.

" Worn or burned valves or valve seats will cause low compression readings.

Worn or improperly seated piston rings will cause compression loss into the
crankcase. In extreme cases the engine wiil “belch” oil and smoke from the
crankcase breather while it is running.

Low compression will usually necessitate engine disassembly. In some cases

a partial disassembly (head gasket and burned valves) will be all that is
necessary. In other cases it will be necessary to overhaul the engine. Major en-
_gine service is covered in the Overhaul section of this book.

21




Chart 10
SPARK TESTING
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Chart 10
SPARK TESTING

To consistently fire the plug, approxiniately 6,600 volts is needed at idie and
up to 10,000 volts t high specd or when under lowd. All of the magneto con-
ponents mast be in good vondition in order to deliver this high-voltage spark.

The lywheel magneto ignition consists ¢ the spark plug, high-tension wire,
coil. breaker points, and condenser. A mugnet atiached to the tlywheel sup-
plivs the energy o the coil, Failute of any of these contponetits can atfect
the spark. Some of the components may be checked separately, for example,
the coil. spark plug. and the lywheel magnret.

H alt the components are functioning properly, the magneto should be able to
produce a three-sixteenth inch spark when crunked rapidly. Either of the
fattowing methods may be used to check the spark: the first method is a litthe
quicker to perborm and the second method is a little more precise,

QUICK CHECK METHQD

1. Carefully remove the spark plug wire from the spark plug. Pull the
boot (rubber cover) back so that the metal connector is exposed.
2. Grusp the spark plug wire by the insulation aid hotd the spark plug
wire connector one-eighth inch feom the spark phug terminal, 17 okd
a hund towet and place it between your hand and the engine head
s0 that your hand can rest firmly against the engine (o hold the wire
steady. The cloth towel will help prevent accidental shock.
Crank the engine vigorously. CAUTION. THE ENGINE COULID
START--BIE PREPARED! The spark should jump the combined gap
eusily and stcadily, 1t should jump the one-eighth inch gap you are
creating outside the engine and the gap of the spark plug, Failure to
pass this test could be the fault of the spark plug. 1t the spark will
not jump the one-cighth inch gap or is unsteady, pertorm the next
test,

Tni

SPARK TESTER METHOD

A number of spark testers are available but a very satisfactory one can e made
by using a siew spark plug. Be sure (o select a spark plug which is not che re-
sistor or booster gap type. Adjust the tester electrodes to make a three-six-
teenth inch gap.

Connect the spark plug wire to the tester and hold the tester firmly against the
engine. Make sure that the tester is making contact with the bare metal of the
engine because paint may insulate the tester trom the engine.

Spin the engine rapidly. A steady spuark across the gap indicates that the igni-
tion system is functioning satisfactorily, In this method the spark is jumping
only one gap und the results are more relisble. Alsa, the engine will spin much
easier and there is no chance of the engine’s starting with the plug removed.
If the plug is removed, see the section on Spark Plug Service.




Chart 11
BASIC CARBURETOR ADJUSTMENTS
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Chart 11
BASIC CARBURETOR ADJUSTMENTS

Three basic adjustments are necessary on moest carburetors. These udjustments
are made in the order listed below. The needle valve seats are made of soft
brass and can be easily damaged. When turning the needie valve in, take care
not (o damage the soft brass seat. Loosening the packing nut will allow the
screw to turn easier. I the fuet leaks around the adjusting screw, tighten the
packing nut (see illustration).

THE LOAD-SPEED AIR-FUEL MIXTURE

Start the engine and allow it to run at least three minutes to warm up before
adjusting. If the engine will not start, carefully turn the load-speed needle valve
in (clockwise) untit it closes. Po not force it! Back the screw out approximate-
ty one and one-half tumms. This is not a correct adjustment, but it is rich enough
to start most engines.

H the engine surges or runs ronghly and emits black smoke from the exhaust
pipe during warm up, the mixture is too rich. Turn the needle valve in (clock-
wise) stowly until the engine smooths out. If the engine surges and runs roughly
without emitting black smoke, turn the mixture screw ou? (counterclockwise)
to smooth cut engine performance. lgnore biue smoke coming from the engine
exhaust pipe at this time, It is the result of oil burning in the engine and has no
effect on the carburetor adjustment unless it is excessive.

After the engine is warmed up, bring the engine to normal load-speed—near
wide open throttle. Caution: Do not operate the engine at full throttle when
it is pot under normal load because the excessive speed will damage the engine.
Tum the needle valve i until the engine begins to surge or run unevenly. This
is now a lean adjustment. Tum the needle valve out until maximum smooth-
ness and top speed are reached. Turn the needle valve slowly back and forth

to find top speed without moving the throitle, If the engine will be pulling a
heavy load, for ¢xample, a tiller, turn the needle counterclockwise up to one-
eighth turn to slightly enrich the mixture for maximum power,

THE IDLE-SPEED AIR-FUEL MIXTURE

If the engine has an idle-fuel mixture adjustment, it should be adjusted after
the load-speed mixture has been set and with the engine at near correct idle
speed (fast idle). Again, tumn this mixture screw in (clockwise) until the engine
begins to run roughly and then back out to maximum speed. Move the adjust-
ment screw back and forth slowly until maximum speed and smoothest oper-
ation are obtained.

THE IDLE-SPEED ADJUSTMENT

The idle-speed adjustment is a stop screw on the throttle shaft which prevents
the throttle from closing farther, Single cylinder, air-cooled engines idle much
faster than multicylinder engines. Normal idle speed for engines of less than ten
horsepower is 1750 to 1800. If the engine wiil not accelerate properly from
idle after the idle speed is set as described above, the idle speed may be too
slow. An engine that idles too slowly will overheat because the air flow through
the cooling fins will not be sufficient to cool the engine.
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The spuark plug should be grounded to the engine when testing compression.,
(Clart v)

A mugneto should be able to produce u spark across « three-quarter inch gap,
(Chart 10)

A leuking head gasket can cause low compression.  {(Chart 9)
A worn connecting rad bearing can cuisse low compression.  (Clurt 9}
A spark tester can be made usitg 3 new spark plug with a wide gap.  (Chart 10)

The order in which cotburstor adjustinets are made is not important.
tChart 1 1)

Carburetor adjastments mast be made only after the engine is warmed up.
(Chart T1)

Blue smoke is a resuft of an incorrect tuel mixture, (Chart 11)

Auto engines must idle faster than sowll gasoline engines.  {Chart 11}

Needle valve seats are very hard. {Chart 11)

Wiy is it best to ture the engine backward tor compression testing?  (Chart 9)
List thiee possible causes of low compression.  (Chart 9)

lu this section, we checked the three essential elements for combuastion. List
the three clements. (Charts 9, 10, t1)

Using a compression gauge, youl would expect a three-horsepower engine to
give a reading ot about ... . psi. (Chart 9)

What is indicated by low compressiont accempanied by blue smoke escaping
fruni the crankcase breather whew the engine is running?  {(Chart 9)

What is the voltage required to fire the spark plug atidle speed? {Chart 13)
List the parts of the flywhee] magneto ignition.  {Chart 10)

List the three basic adjustiments which can be macde on most simall gas engine
warburetors, (Chart 16)

Most simall gas engines will star( i the adjustment screws are opened about
et et . turns, (Chart 11)

If the engine runs roughly and emits black smoke, the fuel mixiure is probably
ted e A e peedie valve should be turned L
(Chart 11}
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Chart 12
LUBRICATION

Camshaft Gear

/ Connecting Rod

Qil Dipper

w

BARREL TYPE OIL PUMP This End Attaches to
Eceentric on Camshaft

e

AN s AN

OIL ENTERS AND LEAVES THE PUMP AT POINT A. THE OIL FLOW IS GOVERNED BY
OIL PASSAGES IN THE ECCENTRIC. AS THE PUMP EXTENDS, OIL FLOWS INTO CHAM-
BER B. WHEN THE PUMP PLUNGER IS FORCED IN, THE OIL IS PUSHED OUT OF
CHAMBER B, THROUGH PASSAGE A, AND IS DIRECTED THROUGH THE CAMSHAFT.
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Chart 12
LUBRICATION

The oil in the crankcase serves five tunctions:

I. It kelps coal the engine by removing heat {rom the ¢ylinder and mov-
ing parts.

It cleans by rinsing particles from the cylinder and moving parts.

kt seals the rings to the cylinder wall,

[t reduces triction by serving as a stippery film between all moving
parts,

5. it protects the machined parts from rust and corrosicn.

# w1

The of! is circulated in the engine by several methods. Seme engines use a dip-
per attached to the connecting rod which dips into the oil as the connecting
rad moves. The oil is splashed so that all points within the block are constant-
Iy sprayed with oil.

The oil stinger used on some engines is driven by the camshaft. As the slinger
rotates, “ears” on the slinger throw oil throughout the inside of the engine.

Vatious styles of oit pumps have been used in the lubrication systems of small
engines. The pumps normally are submersed in oil and direct oil to the con-
necting rod and main bearings by tubes or orifices in the discharge tube. The
other parts of the engine are lubricated by the oil which is *“thrown off™ the
connecting rod and crankshaft,

When an engine that employs an il pump is being overhauled, the punip
should be checked carefully for wear, If the pump shows wear, replace the
main components or the complete pump assembly.

QIL AND JIL CHANGE

The eil level should be checked before starting the engine and after every 5 or
6 hours of operation. The oil level should be maintained €o the full mark as
recommended by the eagine manufacturer. When checking or adding oil, care
should be taken to prevent any dust or dirt from entering the oil [iller. The
engine oil should be changed when it is warm so that at the oil will drain from
the engine. Change the oil at least after every 25 hours of engine operation.

Use the weight and grade oil recommended by the manufacturer. The use of ad-
ditives is not necessary unless specified by the manufacturer.

If manufacturer data are not available, use the following guide in selecting oil:

Service rating SC, SD, or SE

Type Detergent

Summer SAE 30 or 10W-30
Winter SAE 5W-20 or EQW-30
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COOLING SYSTEM
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Chart 13
COOLING SYSTEM

Excess heat from the small engine is removed by air circulated over the engine.
Air is drawn in through the screen in the shroud which covers the flywheet.
The spinning flywheel throws the air outward and the shroud directs it across

the engine,

It is very important that the air intake screen and the fins on the engine he
kept clean. If dust and grass are permnitted te build up over these areas, the air
flow is restricted. Such restriction of the air flow can cause the engine to run
“hﬂl_”

Blockage of just ene passage can create a “hot spot” which can cause scratched
piston rings, a scored cylinder wall, and scoting of the piston.

The engine shrouding should always be in place when the engine is operated.
Without the shrouding, the air is not directed over the engine and the engine
will overheat.

The screen over the air inlet area should be brushed frequently with a stiff-
bristled brush to remove accumulated grass and dust.

The shroud should be periodically removed from the engine and the accumu-
lated dust and chaff should be removed by blowing around the fins with com-
pressed air.

When the engine is being serviced, care must be taken to prevent breakage of
the cooling fins on the engine block and cylinder head. These fins provide nec-
essary “‘extra’ surface area to remove the excess heat from the engine.

Broken flywheel fins or blades reduce the amount of air circulated over the
engine and cause the flywheel to be out of balance. If any flywheel fins are
broken or missing, the flywheel should be replaced.

The fuel system and ignition timing can also affect engine cooling, If the fuel

mixture is lean, the engine will tend to run hot. Late ignition timing will also
increase the operating temperature of the engine.
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SPARK PLUG SERVICE
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Chart 14
SPARK PLUG SERVICE

First remove the spark plug wire and attach it to 4 good engine ground. Use a
deep well spark plug socket or box end wrench to loosen the plug. Use care
not to damage the plug. Loosen the piug about one turn. Spis: the engine four
to five revoli:itions to blow out the carbon that may have been knocked loose
when the plug was loosened. Blow away any trash, dirt, and caked cil from the
area around the plug on the outside of the engine. Remove the spark plug from
the engine.

INSPECT THE PLUG
The condition of the plug gives some clues to the condition and operation of

the engine.

Normal. 1f the plug has only slightly worn electrodes and a very light
coating of tan or gray deposits, it may be cleaned, regapped, and reinstalled.

Carbon Fouled. . Fluffy, black deposits are a result of over-rich carbu-
retion or excessive idling. If electrode wear is only slight, the plug may be clean-
ed and reinstalled. Be sure to correct the condition that caused the carbon foul-
ing. BE SURE THAT IT IS THE CORRECT PLUG FOR THE ENGINE.

Qit Fauled. Wet, black, oily deposits indicate that oil is leaking past the
rings or valve stems. Unless the engine condition allowing oil to enter the com-
bustion chamber is corrected, a new plug will soon become fouled too. An
engine overhaul may be necessary to obtain satisfactory service.

Blistered Insulator. A burnt or blistered insulator is the result of over-
heating. Using the wrong spark plug, low-octane fuel, incorrect timing, bad
valves, and cooling system obstructions are common causes of overheating.
Correct the cause of overheating and replace with a new spark plug.

DO NOT CLEAN SPARK PLUGS WITH ABRASIVE CLEANERS

Blasting the plug with abrasives quickly erodes the insulator nose which changes
the heat range of the plug. Any deposits that are not readily removed with a
wire brush may be scraped away lightly with a pen knife. If excessive deposits
are present or if any question exists as to whether or not the plug should be
replaced, replace it, A spark plug is a minor expense for the major role it plays
in engine performance.

GAP THE NEW SPARK PLUG

New spark plugs are not preset. Check the engine manufacturer’s specifications
for the correct setfing. The correct setting is .025—.030 for most small gas en-
gines. Use a wire spark plug feeler gauge because a flat feeler gauge can give
erroneous readings as shown on the opposite page.

REPLACE SPARK PLUG

If the new plug does not screw in easily by hand, clean the threads so that the
plug does screw in easily. Then tighten with a torque wrench, if available, to
the manufacturer’s specifications. If a torque wrench is not available, tighten
“down finger tight against the new gasket and then turn another one-third turn.
This should partially collapse the gasket but not completely smash it. Do not
overtighten. Remember that the spark plug has steel threads and the engine
head is most likely aluminum or cast iron.
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THE IGNITION CIRCUIT
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Chart 15
THE IGNITION CIRCUIT

The purpo:ze of the ignition circuit is to create a spark to ignite the compress-
od air-fuet mixtare at exactly the right time. In order to do this, a very high
voltage is needud to cause saa electric current to jump the gap between the
gpark plug electrodes. The duration or intensity of this small lightning bolt is
not important because the compressed air-fuel mixture is highly volatile and
willt be readily ignited if the conditions ure correct.

The ignition system consists of the following components:

Permanent magnet (in the flywheel)

Armature-coil assembly

Breaker points

Condenser

Spurk plug
As the magnet in the flywheel passes the coil armature, the moving magnet
seis up a current Now in the primary winding of the coil. This current is also
traveling througn the breaker points. As the breaker points open, interrupt-
ing the current flow, the electrical power is trunsferred magnetically to the
coil’s secondary winding 2t a very high voltage. This voltage travels to the
spark plug where it jumps the spark plug electrodes igniting the air-fuel mix-
e, As the peints open, a small spark occurs across the points. Since the
points open severy! thousend times each minute, they would soon burn up.
The condenser helps absorb this spark and thus acts to increase point life,

PARTS OF THE IGNITION SYSTEM
The FLYWHEEL MAGNET moves rapidly past the coil ssembly causing cur-
rent flow in the coil primary winding,

The ARMATURE-COIL ASSEMBLY consists of the laminated steel armature
and the primary and secondary winding.

The BREAKER POINTS are operated by the crankshaft. They close just be-
fore the flywheel magnet passes the coil completing the primary winding
circuit. The points open just as current flow in the primary is at maximum
causing the power to be transferred magnetically (induced) in the secondary
at a much higher voltage to fire the plug.

The CONDENSER is connected across (in parallel with) the points to help re-
duce arcing of the points which increases point life.
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Chart 16
ELECTRICAL TERMS
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Chart 16
ELECTRICAL TERMS

VOLTAGE (volts) is the pressure which causes current to flow. In this sense
it is no different from the pressure that sushes water through a pipe. If yvou
increase the pressure in a4 water system, more water will flow. If you increase
the voltage in an efectrical circuit, more current will flow.

£}

CURRENT is the moving of electrons in a wire. This is electricity. Just as
water moves in a pipe, electrons flow in & wire. This flow of electrons is called
current. The amount of current that is flowing is called amperes (amps) and is
measured with an ammeter.

If a faucet has 40 pounds of pressure, the amount of water flowing depends
on how much the faucet is opened and on the length of the hase that is con-
nected to the faucet. When a 1-1/2 volt battery is used, the amount of current
that flows depends on what is connected to the battery. The wire used must
be large enough to easily carry that amount of current. Both the headlights
and the dash lights on a car operate from 12 volts. Obviously, the headlights
allow more current flow and require larger wire. When the voltage is fixed, as
when using g batterv, the load determines the amount of current that must
flow to get the work done. Opening a faucet wider allows more water to flow
and does a better job of blasting off dirt. More work is being done. A larger
light bulb allows more current to flow and produces more light.

A spark plug simply creates a gap in the electricai circuit. Current flows easily
along the wire to the plug but cannot easily jump the gap. A lot of pusl (volt-
age) is needed to cause the current to jump. Usually the voltage required to fire
the plug at idle speed is about 6,000 volts and may require as high as 10,000
volts on a small engine under load. High-compression auto engmes may require
in excess of 16,000 volts under load.
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Chart 17

ELECTRICAL FUNDAMENTALS
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Chart 17
ELECTRICAL FUNDAMENTALS

The following are basic rules that one must comprehend if the basic magneto
is to be understood. Study them caretully,

I. Moving a magnet past a wire causes an electrical current to flow in

the wire if it is part of a4 complete circuit.

Moving a magnet past a coil made up of several turns of wire will pro-

duce g much stronger current flow because the current induced in

each turn of wire will add to the total output.

3. Current flowing in @ wire causes a magnetic field to surround the
wire, The strength of this field depends direetly on the amount of
current flowing through it.

4. If the wire is wrapped to make a coil, the strength of the magnetic
fiekl of each turn of wire adds to the field next to it, producing a
stronger magnet. Adding more turns of wire adds to the sirength of
the magnetic field.

I

Figure A shows a current meter (ammeter) connected to 4 loop of wire. Mov-
ing the magnet rapidly causes a very small current to flow in the wire which
causes the needle to deflect. Wrapping several turns of wire on a coil makes
the current ftow much stronger. The current flow induced in each twrn of the
coil adds to the current flow induced in all of the other turns on the coil to
produce a strong current flow.

It a battery is connected to a complete circuit, the current flowing will cause
a magnetie field to surround the wire, The niore current that is flowing, the
stronger the magnetic ficld. By pussing the current through a coil made up
of several tui a8 of wire, the magnetic strength of each foop of wire adds to
the others making a sironger magnetic field (Figure O).
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Chart 18
IGNITION PRIMARY CIRCUIT
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Chart 18 e
IGNITION PRIMARY CIRCUIT

The printary or low-voliage circuit consists of the flywheel magnet, breaker
points, condenser. and the coil primary winding. The primwary winding usually
consists of [vss than 200 turns of coated copper wire wound on the laminated
arnuiture, Nete that one lead is connected to the armature on ong of the
mounting boits which connects it to the engine ground, The other tead from
the primuary windiag goes to the breaker poinds. The condenser is connected
aeross or in parillet with the breaker points. Its only purpose is 10 prevent arc-
ing of the points, thus increusing point life.

Notice that when the breaker points are closed, there is a complete cireuit
from the engine ground through the coil primary winding. through the break-
¢r potints, to the engine ground. Since both ends of the coil primary are now
connected to the engine ground, a complete circuit now exists. Current will
flow through the ground as i the two ends of the primary winding were con-
nected directly together.

As the piston is nearing TDC on the ¢compression stroke, the breaker points
close muking a complete primary circuit. The flywheel magnet passes rapidly
bringing primary current to maximum. Since the current flow in the primary
winding is at maximum, a strong, concenfrated magnetic licld will surround
the primary winding. Just before the piston reaches TDC (the manufacturer
determines the exact number of degrees before T the breaker points open
to stop all current flow in the primary circuit. This causes the magnetic field
to suddenly collapse. The condenser absorbs a small amount of the current
flow in order to prevent point arcing as the points open.
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Chart 19

PRODUCING SECONDARY VOLTAGE

Breaker
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FIRING SEQUENCE
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1. The points close, making the primary a complete circuit.
2. The flywheel magnet passes, creating current flow in the primary winding.

3. The current flow in the primary winding produces a strong, concentrated
magnetic field which surrounds both the primary and secondary windings.

4. The points open, collapsing the magnetic field across the secondary

winding.

5. The collapsing magnetic fiald induces several thousand volts in the second-

ary winding to fire the spark plug.




Chart 19
PRODUCING SECONDARY VOLTAGE

The coil’s secondary winding is wrapped around the primary winding. One end
of the secondary winding is connected to the ground, usually along with the
lead from the primary winding which goes to the ground. The other secondary
lead goes to the spark plug. The secondary winding consists of approximately
10,000 turns of very fine wire, usually about 60 times more turns than on the
primary winding. The wire need rot be large since we are concerned in the sec-
ondary with creating a very high voltuge to push current across the spark plug
giap. A very smalt amount of current is needed.

Since the secondary winding is wound around the primary winding, the mag-
aetic field surrounding the primary winding is also surrounding and saturating
the secondary winding. When the points open, the primary magnetic field col-
lapses rapidly. The ficld collapses across the secondary winding. The collupsing
magnetic field is 4 rapidly moving magnet moving past the secondary winding.
This collapsing magnet tries to induce current flow in the secondary winding
but because of the spark plug gap, a complete circuit docs not exist. Since cur-
rent cannot flow, voltage builds up. The voltage builds up until it is great
enough to jump the spark plug gap, that is, if the coil can build up enough volt-
age! This is why the secondary winding is made up of several thousand turns of
wire, A small voltage push is created in each turn of wire by the collapsing mag-
netic fietd. The voltage of all the turns is added together to create {rom 10,000
to 12,000 volts to jump the spark plug gap. The spark occurs at the plug when
the points open, collapsing the primary magnetic field across the secondary
winding which produces the voltage to push current across the spark plug gap.
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FLYWHEEL REMOVAL
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Chart 20
FLYWHEEL REMOVAL

flywheel must be removed.

"-or cracked. The utmost care must be used in removing the flywheel. Since the
. ﬂy wheel magnet must travel very close to the armature, a warped or cracked
‘flywheel will cause a weak spark or no spark at all.

‘The flywheel is fitted on the tapered crankshaft with a key. The flywheel is
pi'essed onto the crankshaft taper and held there by a nut or a threaded start-
er clutch. The first job is to remoyg the nut or starter clutch. Use a belt type
starter holder as shown in Figure A or a flywheel tool as shown in Figure B or
Cito! hold the flywheel to remove the nut. DO NOT hold the flywheel with a
screwdriver through the cooling fins. If the cooling fins are broken oft, serious
loss.of cooling capacity will occur and the flywheel will become unbalanced

: and cause vibration and bearing damage. DO NOT try to hold the crankshaft
on the power take-off end with a pipe wrench, vise gnp, or similar tool be-
cause amage to the crankshaft could occur.

f the stdrter clutch. If the special tool is not avzulable make a tool
ngage at least two of the ears on the starter clutch. On some engines,
I nut has left-hand threads. Check threads carefully if there is any
t whlch way to tum the nut After the nut is removed, the next

-sharp blow: frdm a steel hammer

_ 'NEVER STRIKE THE CRANKSHAFT WITH A HAMMER
S Hlttmg the crankshaft directly with a hammer will result in damaged threads,
~ abroken crankshaft, or a swollen starter clutch shaft, Also, when shock is used
. to remove.the flywheel, care should be taken that the impact is not placed on
- //the ergine’s main bearings. The best method is for one person tohold the en-
.- »gine approximately one-fourth inch above the workbench. The engine should
~be held by gripping the flywheel firmly as shown in Figure D. A second per-
son places.a first hammer on the crankshaft end squarely using the nut flush
with-the end of the crankshaft in order to protect the threads. Strike the first
hammer with a second hammer to deliver the shock to the crankshaft end.
Strike the second hammer with a strong, solid blow. One good blow will do
what several light taps cannot do. HIT IT!

WEAR SAFETY GLASSES OR FACE SHIELD
Fragments from either the hammers or the crankshaft are extremely dangerous.
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INSPECT FLYWHEEL AND KEY
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Chart 21
INSPECT FLYWHEEL AND KEY

Huadie the flywheel carefudly! Do not drop it or fay it near large motors or
electromagnets such as a generator armature growler. Be sure to locate the key
which keyed the tflywheel to the crankshaft and store it where it will not be
tost,

CHECK THE FLYWHEEL FOR CRACKS

Check the surfzce of the Aywheel for cracks. Check for crucks inside the hub

- near the keyvay. If the flywheet is cracked or if the keyway is worn excessive-
iy, the flywheel should be replaced.

CHECK THE FLYWHEEL MAGNET

Since the flywheel magnet is the source of power for the flywheel magneto
ignition system, it must have full strength. An unmagnetized screwdriver should
be strongly attracted to the flywheel magnet. I possible, compare with a new
tlywheel or other good flywheel magnet. Some flywheel magnets are replac-
able, but on others the whole flywheel must be replaced. Newer flywheel mag-
nets sefdom lose their magnetism unless dropped, heated, or exposed to strong
AC magnetic fields.

CHECK THE FLYWHEEL KEY .
Some engines, especially lawn mower engines, use an aluminum key to keep

the flywheel properly secured to the crankshaft. This is to help absorb the fly-
wheei momentum in case the blade strikes an unmovable object. With such «
sudden stop, the momentum of the flywheel would tend to snap the crankshaff.
Sometimes the key will shear or partially shear us shown at left. Replace the

key with a new aluminum key. DO NOT replace an aluminum key with a stiel
key. '
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BREAKER PCGINTS
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Chart 22
BREAKER POINTS

Breaker points are refatively inexpensive and easy to change. Considerable care
must be used in this task in order to do the job properly. Loss of spark, weak
spark, and incorrect spark timing can result from improper point installation.
Remember tt:at the spark occurs at the plug when the points open the primary
circuit. Setting the breaker points incorrectly will result in improperly set
ignition timing.

First, identify the type breaker point and condenser set used. 1t will probably
be one of the two types shown at the left. Note that on ane type the condenser
is mounted outside the brezker point box. On the other type the condenser
acts as the stationary contact point,

When ordering the new contact points, be sure to have the engine brand, model
number, type number, and serial number,

Sometimes it is recommended that breaker points be cleaned and readjusted,
However, since new points and condenser are relatively inexpensive and since
a number of preblems can be introduced during the cleaning operation, new

points are recommended whenever the engine is dismantled to this poini un-
less, of course, the points have been changed recently.

Sanding or filing will introduce foreign matter to the breaker point area and
could prevent the points from making contact or prevent them from opening
properly. Many new contact point sets are plated and the cleaning process
merely removes the plating. Point life will be very short once the plating is
removed.

Neote that on the type illustrated above on the opposite page the movable point
is opened by a1 removable cam on the crankshaft. If this cam is removed, as it
would be to remoave the crankshaft from the engine, note which way the cam
came off. If the cam falls off or if you cannot remember which way it came
off, consult the manufacturer’s manual before replacing the cam because the
flywheel, when tightened, may crack if the cam is replaced backward. Aiso, the
points could be badly out of time if the cam is reversed.
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REPLACE BREAKER POINTS
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Chart 23
REPLACE BREAKER PCINTS

1. Secure new breaker points and condenser. Be sure to obtain the fol-
lowing information:

Engine brand —
Mode! number ... e e
Seriaf number _

2. Remove the breaker point box cover. Make a sketch of the breaker
points and condenser. Use the iltustration on the opposite page as a2 sample.
Carefully indicate the number of wires and the connection peint of each wire.

3. Determine the correct setting of the breaker point gap. Refer to man-
ufacturer’s specifications, For engines under 7 hp this is usvally .020 inches,
The correct gap for this engineds .. ..
4, Check the condition of the old points.
5. Check the gap of the old points. The old points weresetat
6. Remove and replace the points and condenser. Place a tiny amount
of lubricant on the breaker cam.
7. Align the new breaker points so that they come together squarely
and without overhang. Usually the stationary contact can be adjusted. If nec-
gssary, use pliers to bend to the correct alignment. Turn the crankshaft several
times to make sure that the alignment is correct.
8. Adjust the gap. Turn the crankshatt until the points are open maxi-
mum. Use the correct feeler gauge as shown at left and move the stationury
contact until only a fight drag is felt as the feeler gauge is moved through the
contact area. Remove the feeler gauge and recheck to make sure that the points
are not being pushed open as the feeler gauge enters the contact area.
Check point ___
9. Clean the new contacts. Open the points and insert a small piece of
hard, white, tint free paper. Move the paper back and forth through the con-
tact area to remove any dust or oil film from the contact area. Be sure to open
the points before removing the paper so that no fragments of the paper will be
torn off in the contact area.
10. Recheck wiring. Check point ...
11. Replace the breaker point box cover. Use a small amount of sealer
such as Permatex to seal around wires and where the cover seats. The life of
the points depends on a cleazn atmosphere.
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ADJUST ARMATURE AIR GAP
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Chart 24
ADJUST ARMATURE AIR GAP

QOn an engine whose armature is mounted outside the flywheel as shown on
the opposite page, the air gap between the armature and the flywheel must
be adjusted properly.

REMOVE THE ARMATURE FROM THE ENGINE

Remove the screws holding the armature-coil assembly to the engine. Use the
correct size ignition wrench or nut driver to remove the serews. Do not use
pliers because the screw heads may be damaged.

CLEAN THE COOLING FINS BEHIND THE ARMATURE
If the engine is not going to be dismantled further, clean the cooling fins on
the engine block behind the armature before replacing the armature.,

CLEAN THE ARMATURE

Use a piece of sandpaper or emery paper to clean the armature laminations.
Rust will bridge the gap between the laminations and reduce the coil efficiency.
Sand all of the exposed lamination area. Coat the sanded area with a plastic
protection spray or light film of grease.

REPLACE AND ADJUST THE ARMATURE

Mount the armature on the engine block. Raise the armature as high as possi-
ble and tighten one screw to hold it. Secure a piece of shim stock of the cor-
rect thickness, Check the manufacturer’s specifications for the correct air gap.
Usually this gap will be set approximately .010 inch. Hard paper such as maga-
Zine covers may be used. Add layers to get the correct thickness. Sce the sec-
tion on measuring devices for micrometer operation to measure the thickness
of the shim. Do not use a feeler gauge to set the armature air gap. Loosen the
screw holding the armature and lower the armature against the shim. Tighten
all screws and remove the shim.

On most smaller models, engines having the armature mounted outside the fly-

wheel do not require timing. The only adjustment for timing is at the breaker
points. Make sure that the breaker points are set correctly on this type engine.
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IGNITION TIMING
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Chart 25
IGNITION TIMING

Engines having the armature-coil assembly mounted under the flywheel usuatty
must have the ignition timing adjusted. The various manufacturers prescribe
different techniques tor the exact timing. Some types have timing marks on the
armature gnd on the engine block. If these are used. it is a simplz matter to align
the marks and tighten the armature down. On this type, as with the externatly
mounted armature, the timing accuracy depends on the correct breaker point
setting ¢o fire the spark phug ut exactly the right time. Adjust the breaker points
carafubly.

QOther engines rely upon finding top dead center (TDC} of piston travel and
then moving the piston a specified distance before top dead center (BTDC)
to tocate the exact point in piston travel that the points should open.

FIND TDC

Ta find TDC, find the point at which the piston stops moving up and starts
meving down. Study the upper illustration on the opposite page. Note that as
the crankshaft passed TDC, there is a short distance of crank.haft travel which
results in no piston movemeni. On most engines this point can be found by re-
moving the spark plug and inserting a dial indicator or small machinist’s rute. If
the cylinder head is removed, the machinist’s rule may be used fromn the top of
the block, TDC is hattway between the point the piston stops moving up and
begins moving downward.

CONSULT MANUFACTURER'S SPECIFICATIONS

Some manufacturers give a distance before top dead center in terms of piston
travel. This distance is usually given in thousandths of an inch, such as .060
BTDC. Turn the crankshaft backward until the piston moves the specified dis-
tance. Check point .

Other manufacturers give a number of crankshaft degrees before top dead cen-
ter. After TDC is located, the crankshaft must be turned backward the speci-
fied number of degrees, A protractor or degree indicating wheel may be used
to determine the number of degrees. If the flywheel fins are evenly spaced, as
they are on some engines, count the number of cooling fins and devide into
360° to determine the number of degrees between each cooling fin. Replace
the flywheel carefully and turn the crankshaft backward the specified number
of degrees and remove the flywheel. Be very careful not to move the crank-
shaft while removing the flywheel.

DETERMINE WHEN THE POINTS OPEN

After the crankshaft has been brought to the correct number of degrees BTDC
or thousandths of an inch BTDC, the armature-breaker point assembly is ad-
justed until the points are just opening. Exactly when the points break elec-
trical contact can be determined by using an ohmmeter as shown on the oppo-
site page. All wires must be disconnected for this test. A test [amp and battery
may be used instead of the ohmmeter.
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THE ELECTRONIC IGNITION
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Chart 26
PARTS OF

THE ELECTRONIC IGNITION

The INPUT COIL is similar to the primiiry winding in the conventional arma-
ture. As the flvwheel magnet passes the input coil, current flow is induced in
the coil windings. Tk 2 current will charge the capacitor.

The CAPACITOR is a device that will absorb and store electrical energy for a
short time. When the flywheel magnet passes the inpul coil, the capacitor will
become charged.

A DIOBE is an electrical check valve. {t allows current to flow in only one di-
rection. In this circuit it allows current to flow to the capacitor, charging the
capacitor. The electrical energy is then trapped in the capacitor because the
diode will not allow it to go back througn the coil.

The SILICON CONTROLLED RECTIFIER (SCR} is an electronic switch. It
has no moving parts but normally acts as an open switch to electrical current.
The switch (SCR) is turned ON by a small voltage applied to the gare conuec--
tion.

The TRIGGER COIL provides the gate voltage to turn ON the SCR. After the
magnet passes the input coil which charges the capacitor, it then passes the
trigger coil which turns on the SCR allowing the capacitor to discharge through
the transformer primary winding. The trigger coil is the timing device since the
signal (voltage) to fire (turn on) the SCR is provided by the trigger coil,

The PULSE TRANSFORMER is similiar to the coil in that it has a primary
winding which wifl build up a strong, concentrated magnetic field when current
passes through it and a secondary winding made up of several thousand turns of
wire which will create the high voltage needed to fire the spark plug. The pulse
transtormer primary gets its current flow from the capacitor rather than direct-
ty from the flywheel magnet as in the flywheel magneto.
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ELECTRONIC IGNITION
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Chart 27
ELECTRONIC IGNITION

The solid-state electronic ignition is availuble on small gas engines, A battery is
not necessary to operate the solid-state ignition because it is seli-energized by
the flywheel magnet as is the conventional magneto ignition system. The break-
er paints have been replaced with an electronic switch (SCR} which is triggered
by a small coil. With this system, the only moving part is the flywheel magnet
which does not actually ntake moving contact with other parts.

CHARGING THE CAPACITOR

As the flywheel magnet passes the input coil alternating current is induced in
the coil. The diode, which is a one-way electrical check valve, allows the cur-
rent to flow in only one direction. The flow charges the capacitor as the SCR
is still tumed QOFF. The charge placed on the capacitor is trapped there by the
diode since it is a one-way device and will not allow the current o flow back
to the input coil,

TURNING THE SCR ON

After the flywheel magnet passes the input coil charging the capacitor, it then
passes a smail trigger coil which produces enough voltage to trigger (turn on)
the SCR. A resistor is necessary to prevent excessive current flow which would
damage the SCR.

DISCHARGING THE CAPACITOR

When the trigger coil turns on the SCR, it opens a nath for the capacitor, which
was left holding a charge, to discharge through the primary of the pulse trans-
former to the engine ground, This sudden burst or pulse of current through the
primary winding of the pulse transformer sets up a magnetic field which induces
a very high voltage in the secondary winding to fire the spark plug. The action
of the primary and secondary winding in the pulse transformer is similiar to
that of the conventional coil. Spark timing is determined by the placement of
the trigger coil.
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ELECTRONIC IGNITION ‘

Top Dead Center

60



Chart 27 (continued)

ELECTRONIC IGNITION

TIMING ADVANCE

Twao trigger coils could be used to trigger the SCR. The first trigger coil would
be connected to the SCR through a high value resistor which would allow this
coil to fire the SCR only at high speed. The other trigger coil placed after the
first would fire the SCR at low speed.

With this arrangement, the SCR would not be fired until near TDC at low speed.
When the engine speed increases to the point at which the first trigger coil pro-
duces enough voltage to overcome the higher resistance in its circuit, the SCR
would be fired earlier causing earlier firing of the spark plug

WHY ADVANCE TIMING

From the instant the spark plug fires until the burning gas mixture expands to
create maximum push against the piston takes time. The time needed to “build
the fire and get it going” is nearly the same at all engine speeds.

At idle speed only a few degrees of crankshaft rotation are needed to provide
this time. As the crankshaft turns faster, the spark plug must fire earlier in
order to provide the same amount of time to get the fuel mixture burning. This
is called timing advance.
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CARBURETION
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Chart 28
CARBURETION

The carburetor controls the engine speed and provides it with a correct air-fuel
mixture. The problem of providing a correct air-fuel mixture is complicated by
the Fact that the curburetor must provide this mixture theough a wide range of
engine speeds, varying loads, and varying temperatures. A carburetor which can
do all of these things is complicated and expensive. On small gas engines. carbu-
retors are designed to do as many of these things as possible while keeping the
carburetor simple and inexpensive,

On four-stroke cycle engines, when the piston moves downward on the intake
siroke, the intike valve is held open. Air rushes through the curburetor to {ill
the space being ereated by the moving piston. The moving piston is creating a
partial vacuum above it. In this sense the engine is an air pumyp tha: pumps in
large amounts of air on the intake stroke and emits Lirge amounts of hot air
amd exhaust gas during the ¢xhaust stroke.

SPEED CONTROL

The engine speed is controbled by a flat disc called the throttle butterfly which
restricts the flow of air through the carburetor wsd controls the air-fuel mixture
to the engine. Note that unless the throttle butterfly is wide open the engine
cannot get all the air it wants. This restriction by the throttle causes o partial
vacuram to be created behind it. This is referred to as the intake vaciwem. When
the engine is running smoothly at low speed and under no toad, the intake
vacuum witl be quite high for the throttle is restricting air flow to the engine.
Opening the throttle will allow more of the air-fuct mixture to the engine and
the speed will increase. An engine which is pulling hard will have the throttle
open wide in proportion to the engine speed and the intake vacuum will be
low. When an engine is under a light Joad, the intake vacuum will be high for

© the throttle wilt be fimiting the gir Aow 10 the engine and the engine speed will
be controlled,

THE CHOKE
The choke is a restriction in the outer end of the carburetor to provide an ex-
tra rich air-fuel mixture for starting. When the engine is cold, the fuel will not
vaporize properly and an additional amount of fuet is needed to start the en-
ging. The choke may be ¢ither a sliding tube or butterfly. It creates a restric-
tion that cuts down the air flow to the engine and causes additional fuel to be
drawa into the air stream. Some engines vtilize a4 small primer pump instead of
achoke. The primer pump injects a small amount of extra fuel into the air
siream to create the rich mixture needed for starting.

CAUTION

- Do not attempt to choke engines by puiting the hand over the carburztor in-
Iet. A misfire (backfire) could cause serious burns. Never look directly into the
~carburetor while the engine is being cranked.
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AIR-FUEL MIXTURE
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Chart 29
AIR-FUEL MIXTURE

Good combustion requires a correct air-fuel mixture. A correct air-fuel mixture
is one that has enough air to completely burn ali the fuel. A mixture that has
too much fuel is called a rich mixture. An engine running on a rich mixture will
have reduced power and wilt emit black smoke from the exhaust pipe. Running
an engine with a rich air-fuel mixture will result in rapid build up of carbon on
the piston, valves, and head. A mixture that does not have enough fuel for the
air entering the engine is called a lean mixture. A lean mixture results in severe
loss of power and a tendency for the engine to “surge” (speed up and slow
down constantly). If the engine is operated on a fean fuel mixture under toad,
averheaiing will result which can fead to a breakdown of the lubrication on the
cylinder walls and allows the rings to scrape the cylinder walls and may cause
them to seize (freeze up).

THE VENTURI

As air rashes through 4 restriction, it must speed up. The increased speed of the
air through the restriction causes a low-pressure area in the restriction. A restric-
tion is placed in the carburetor air horn to cause a low-pressure area. This re-
striction is called the VENTURI. A tube is connected from the fuel bowl into
the venturi so that as air passes through the venturi, fuel is drawn into the air
stream by the low pressure just as Coke is drawn through a straw. Creating a
low pressure in your mouth causes the Coke to be drawn into your mouth.
When the throttie is opened wider, the air flow will increase and the pressure

in the venturi will become even lower, increasing the fuel flow into the air-
stream. The amount of fuel drawn out of the fuel bowl is determined by the
amount of air flowing through the venturi. The mixture is consistent over a
wide range of speeds. Opening the throttie wider will allow more air through
the carburetor. This additional air will cause more vacuum in the venturi which
will draw additional fuel into the airstream. The proportion of air to fuel wiil
be the same, providing enough air to properly burn the fuel allowed into the
cylinder. Also, mixing fuel with the air in the venturi helps to turn the fuel in-
1o a vapor mist rather than drops of fuel. Fuel that reaches the cylinder in drop-
let form will not burn properly. Oniy fuel that is changed into a vapor will burn
propesly in the engine. A rich fuel mixture allows drops of fuel into the engine.
Instead of burning quickly like the vapor, the fuel drops tend to “wash” the

oil film from the cylinder wall and cause undue wear on the rings and cylinder
wall.
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THE HIGH-SPEED AND
INTERMEDIATE-SPEED CIRCUIT
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Chart 30

THE HIGH-SPEED AND
INTERMEDIATE-SPEED CIRCUIT

The high-speed or load circuit is the real heart of the carburetor for fuel econ-
omy, gngine power, engine temperature, and engine lfite are all dependent on
the correct mixture during nrormal speed and load operation. The itlustration
af the lett shows the mujor components of the circuit during normal operiting
conditions. The throttie buttertly is regulating the air flow into the ongine. The
ventur is creating o low-pressure area o draw the fuel from the fuel bowl. The
carburetor shown here utilizes ¢ float 1o maintain a constaat fuel level, Some
carburctors use other methods to maintain a constant fuel level, The fuel Jovel
is very important., An inceease of as Hitle as onesixteenth inch in the fuel level
will make the fuel easier to pull into the girstream in the venturi and will cause
a rich mixiuee, A low level will couse u lean air-fuel mixture.

The nozzle is a precision tube which usaally is removable. 1€ provides the seal
for the needtle valve and extends info the venturi as shown here, The nozzle is
made of brass or other soft material and is subiect to wear and damage from
abuse,

The fuel metering adjustment needle valve adjusts the flow of fuel into the
nozzie. It limits the amount ot fuel that will be drawn into the airstream flow-
ing through the venturi. This adjusiment is made with the engine warm and
running at least at halt speed. Never operate engines at high speed when the
engine is not under load! The engine may reacl a speed at which moechanical
failure can oceur in the connecting vod or other fastanoving patts.

Notice the idle bfced hofe located in a flat ring turned in the threaded portion
of the nozzle, This allows (uel to enter the idle circuit {see idle circuil) on Hris
type carburetor. On some older models this area of the threads was not turned
flat but was threaded alt the way up. On these models the old nozzle cannot

be replaced in the carburetor because the idle bleed hole will not align with the
matching hole in the carburetor. If these holes do not align, there will be a loss
of the idle circuit and the engine will die when the throttle is retuened to the
low speed position. Once the nozzie has been moved for any reason, it should
be completely removed. If it does not have a flat area completely around the
nozzle in the thread area, it ust be replaced with a new nozzle,
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THE IDLE CIRCUIT
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Chart 31
THE IDLE CIRCUIT

The idle circuit is necessary to supply a correct air-fuel mixture to the engine
when the engine is at idle and low speeds. Air flow through the venturi at
low speeds is too slow to create the low-pressure area needed to draw the fuel
into the venturi. A low-pressure area (vacuurn) exists behind the throttle but-
terfly during idle since the throttle is restricting the air flow into the engine.
A separate idle circuit connected behind the throttle comes into operation
when a high vacuun exists behind the throttle.

Gas is drawn by the low pressure behind the throttle butterfly from the fuel
bowl past the idle mixture screw. Air is also drawn into the idle circuit through
the air bleed in the air horn near the venturi. Some air is also entering the en-
gine around the throttle butterfly. This air has no fuel since it passed through
the venturi too slowly to draw fuel fromn the fuel bowl. This air entering around
the throttle and the air carrying a rich mixture of fuel is entering through the
idie mixture needle valve. Adjusting the idle mixtuie screw limits the amount
of air fuel entering trom the idle circuit which mixes with the air entering
around the throttle butterfly. This adjustment is made only with the engine

at operating temperature and at the correct idle speed (see Basic Carburetor
Adjustments}.

Some carburetors utilize the fuel discharge holes in the venturi for air bleed
during idle {see the illustration at the bottom of the opposite page). During
high-speed operation the Jow pressure in the venturi draws fuel through the
high-speed fuel needie valve and through the fuel dischurge holes in the tube
extending through the venturi. When the throttle is closed and the vacuum is
grealer behind the throtle butterfly than in the venturi, air enters through the
tuel discnarge holes on its way through the idle circuit. Note that during idle
the fuel also comes through the high-speed needle valve. The adjustment of
high-speed needie valve can also affect the idle mixture. Always adjust the
high-speed mixture first and remember that anytime the high-speed mixture
is changed, the idle mixture should be readjusted.
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CARBURETOR FUEL SUPPLY
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Chart 32
CARBURETOR FUEL SUPPLY

A constant fuel level below the venturi is necessary to maintain a stable air-fuel
mixture. Stight differences in the fue! level in the carburetor floxt bow! will af-
fect engine power and performance. The fuel levei can be controlled in a num-
ber of ways. A few of the more common techniques will be discussed here.

THE FLOQAT

A commen method of controlling the tuel level is by using a float and needle
valve. With no fuel in the float bowl of the carburetor, the float is lowered leav-
ing the needle valve open. The fuel will flow from the tank into the float bowi
and will raise the float. When the fuet reaches the level determined by the float
setting, the needie valve closes against the seat and stops the fuel flow. As fuel
is drawn out of the fuel bowl, the float drops slightly, allowing the needle valve
to admit more fuel. The fuel level is very accurately maintained by this method.
Float type carburetors are limited 0 near fevel operation. They are maore ¢x-
pensive to build and repair, and they require very precise adjustment.

THE DIAPHRAGM CARBURETOR

This carburetor uses a fight flexible diaphragm te open the needle valve to ad-
mit fuet. The diaphragm holds the needle vaive cpen to admit fuel. The fuel
enters the bawl and pushes against the diaphragm allowing the light spring to
close the valve. Thus, a constattt amount of fuel is maintained by the diaphragm.
This carburetor can be used on engines that musl be tilted during operation. for
example, outboards and chain saws. Sometimes engine vacuum is utilized in aid-
ing the control of the diaphragm,

SUCTION FEED

The suction feed carburetor uses a shattow fuel tank mounted directly below
the ventur; section of the carburetor. The shallow fuel tank replaces the float
bowl. Since the tank is shallow, the difference between the fuel level in a full
tank and a near empty tank will not create excessive differences in the tuel
mixture. It does tend to provide a rich mixture when the fuel tank is full and
a {ean mixture when the tank is nearly empty. W is therefore necessary to have
the tank half-full when adjusting the carburetor. This carburetor may not have
an idle mixture adjusting screw, The idle mixture will be dependent on the
high-speed mixture. This carburetor is simple and maintenance free. It requires
a clean air cleaner, clean fuel, and a tight connection to the engine.

The fuel pipe has a fine mesh inlet screen and may have a check batl. If fuel

has been allowed to remain in the engine during storage or if dirt has gotten
into the tank, the screen and check bali may become clogged. Remove and
clean thoroughly. if the fuel tube is brass, it is a press fif in the carburetor body.
To remove a brass fuel tube, clamp the tube lightly in a vise and pull the carbu-
retor off, If the tube is nylon, it is threaded into the carburetor body and is re-
maoved with a socket wrench.
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BUILT-IN FUEL PUMP
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Chart 33
BUILT-IN FUEL PUMP

A fuel pump buiit into the carburctor may be utilized to maintain a constant
fuel fevel which eliminates the need for the float. On single cylinder, four-stroke
cycle engines there is a partial vacuum just behind the throttle plate on the in-
take stroke since the niston is moving downward and the throttle is restricting
the air flow. During the other three strokes the intake area is at normal pressure.
TFhis creates & pulsing vacuum in the intake area betweern the intake valve and
the throitle. A flexible diaphragm placed in this area is pulled in by the intake
vacuum during the intake siroke and is released during the compression, power,
and exhaust strokes. The flexible diaphragm will be inoving back and forth. The
other side of this pulsating diaphragm can then be used as a fuel pump to draw
gas from z large fuel tank up into a small inner tank. Flapper type check valves
cut into the diaphragm direct the fuel through the pump into the inner tank.
The fuel pump cun pump fuel faster than the engine can use it. The excess fuel
is allowed to overflow back into the large fuel tank, thus maintaininga con--
stant Fuet level in the small inner tank without using a float.

The it flow through the venturi causes a partial vacuum which draws the fuel
from the inner tank just as it does from the float bowl on the float type car-
buretor.

Many of these models also have the magneto stop switch on the carburetor |
speed control. When removing or servicing this carburetor, care should be taken

to note the location of the wire coming from the magneto. If this wire comes

in contact with the engine ground, the magneto will be disabled,

Diaphragm failure may be the cause of hard starting or may lead to an excess-
ively rich fuel mixture if the diaphragm rupiures. A hole in the diaphragm
woitld allow fuel to be puilled from the fuel pump directly into the intake man-
ifold. Diaphragm replacement is simple, but care must be taken to get the dia-
phragm placed correctly in the fuel pump.
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ENGINE SPEED CONTROLS
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Chart 34
ENGINE SPEED CONTROLS

Engine speed is controlled by the operator’s manual speed control and the
governor. Most small gasoline engines which are used to power a constant
load such as a mower or tiller must employ a governor to maintain & nearly
constant speed as the load changes. Changing or removing the linkages on
lawn mowers usually results in the loss of the governor as a speed control.
The engine speed is then nearly uncontroliable. The engine will act as though
it has almost no power and it will slow down excessively upon encountering
a lead. The operutor must then increase the engine speed with the manual
speed control lever. Once the load is reduced, the engine will overspeed. A
normally functioning governor is essential for satisfactory operation on ma-
chines such as moweis, tillers, and zonerators.

AR VANE GOVERNORS

The air vane governor is a simple and inexpensive device for controlling engine
speed. An air vane located under the shrouding near the flywheel senses the
engine speed by the amount of wind created by the fins of the spinning fly-
wheel. As the engine speed increases, the increased force of the air flow creat-
ed by the flywheel will push against the air vane. The air vane is connected by

a wire linkage to the throttie control arm. It pulls against the governor spring
to close the throttle thereby reducing the engine speed. The speed of the engine
is determined by a balance between the pull created by the air vane and the
pull on the governor spring from the hand control.

If the operator moves the hand control to increase the engine speed, the gov-
ernor spring will pull harder on the throttle control arm opening the throttle
wider. The engine speed will increase until the air flow from the fiywheel
against the air vane increases to equal the pull of the governor spring.

- If the engine encounters an increase in load, the engine speed begins to de-
crease and the air flow against the air vane will decrease allowing the governor
spring to puil the throttie open wider to retain the engine speed. The gover-
nor will maintain constant speed as conditions vary.

MECHANICAL GOVERNORS

Mechanical governors are considered to be somewhat more precise and depend-
able than air vane governors. They are more expensive and add weight to the
engine. The mechanical governor senses the engine speed by the amount of
centrifugal force exerted on rotating weights located inside the crankcase. The
type shown in the illustration has weights mounted on a pivot so that as the
weights are thrown outward by centrifugal force th: center pin is lifted upward.
As the engine speed increases, the weights are spinning faster and the force
exerted by the weights to the center pin is increased. This acts to slow the en-
gine down. Again, as with the air vane governor, the engine speed is determined
by the balance of force created on the governor spring by the hand speed con-
tro} and the force produced by the spinning weights. If a load causes a reduc-
“tion in the engine speed, the centrifugal force acting on the spinning weights
will be reduced allowing the governor spring to open the throttle to increase

o the engine speed. As the engine speed recovers, the governor will again exert

pull against the governor spring to maintain the engine speed.
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Chart 35
FUEL SYSTEM SERVICE
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Chart 35
FUEL SYSTEM SERVICE

Many of the problents commonty ussociated with the fuel system nray actually
be electrical problets such as a bad spark phig or a weak spark caused by a
bad condenser or bresker points. Even a rusted mugneto armadure may cause
symptoms similar to fuel problems. Check the condition of the spark plug (sce
Chart B4, Spark Plug Service) and the quatity of the spark before blaming the
tuel system for tuilure to start or for poor pectormance. If the spark plug con-
dition is good and il a strong spark is present. the following suggestions may
help find the problem.

ENGINE FAILS TO START

Cheek Fuel Tank, Make certain that there is safficient tuel, Muke certain
that the fuel is fresh, Stale gasoline can cause hard starting and poor perform-
ance, Check the fuel tank For dire or grass, eic. Mowers and tiflers tend to col-
lect toreign matter in the fuel tank. Remove the tank and clean it completely
it {foreign matter is present. 1t is good practice to wipe off the top of the {uet
tank before removing the filler cap.

Cheok the Choke. Onmany small gasoline engines the choke is operated
automatically by the hand speed control lever. Improper adjustment of the
speed control cable may be causing the choke to close completely. 11 necessary,
remove the air cleaner to determine if the choke is closing completely,

Remove the Spark Plug,  Afler cranking the engine several times with the
choke Tully closed, remove the spark plug and observe the condition of the plug
{see Chart 14, Spark Plug Service),

ENGINE STARTS BUT SURGES INSTEAD OF RUNNING SMOOTHLY

incorrect Fuef Mixnire,  Adjust the carburetor (see Carburetor Adjust-
ment Section). Surging usually indicates a tean fuel mixture unless aceompuanicd
by black smoke from the exhaust pipe.

fncorrect Governor Operation,  Incorrect connection ol governor linkages,
bent or broken linkages, incorreet linkages, or binding or rublying of the link-
ages can cause incorrect governor operation. Check these linkages for free oper-
ation. On mechanical governors, ¢ceck for correct adjustment.

Air Leaks. Air leaks into the carburetor can oceur at the gasket where
the carburetor attaches to the engine. Most carburetors are held on by two cap-
screws which are readily loosened by vibrations aflowing air to enter past the
gasket. Do not overtighten these capscrews for they are cusily stripped in the
afuminum engine block. Also check the throttle shafi for air leaks. [f the thirot-
tle shaft is loose in its bushings, air will enter around the throttle shaft and will
cause the fuel mixture und the engine speed to change as the throttie shaft
maoves around in the bushing. This condition usually calls for replacement of
the curburetor body.
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Chart 36
CARBURETOR SERVICE
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Chart 36
CARBURETOR SERVICE

In most cases it will be necessary to remove the <arburetor i’ disassembly is
required. The first step is to draw a diagram of the speed control linkages and
springs because the proper operation depends on the correct connection of
these tinkages. H these linkages are already disconnected or missing, it will be
necessary to consult the manufacturer’s literature or find a similar engine to
determine the correct connection. Do not bend the linkages when removing
them from the carburetor. Bending the linkages will change the length and

' affect govemor operation. Remove the bolts that hold the carburetor to the

»  engine and twist the carburetor assembly to disconnect the linkage. Needle
nose pliers are helpful in removing springs. Be very careful not to stretch the

springs.

An assortment of good screwdrivers, pliers, and a clean, well-lighted wark
area can be very helpful for carburetor disassembly, cleaning, and reassembly.
Clean the exterior of the carburetor with a siiff brush and cleaning solution
before disassembty. Ef the carburetor is to be disassembled., it is usually worth-
while to rebuild the carburetor. A kit of necessary parts can be purchased that
contains the parts that normally wear and cause trouble, for example, gaskets,
needle valves, and seats. Check the kit to determine the parts which are pro-
vided before disassembly to determine which parts should be removed.

After disassembly, the carburetor should be socaked for a few minutes in carbu-
retor cleaner to remove the gum and varnish residue. Caution: Carburetor clean-
er is extremely painful if it is brought in contact with the eyes or skin. Avoid
contact with the cleaner. Wash the parts in water thoroughly after cleaning
them with carburetor cleaner. Do not uttempt to brush or blow out the carbu-
retor passages until they are thoroughly washed out with water. Remove all
gaskets and plastic parts. Do not place them in the carburetor cleaner for

some of them will be dissolved by the cleaner.

Remove ard replace needle valves and seats very carefully. They are made of
soft material and can be very easily damaged. Use only screwdrivers that are
flat across the tip and are the correct width for the screw. Use wrenches in-
stead of pliers to remove fuel lines and hexagon head capscrews. When remov-
ing needle valve seats that are recessed, use a screwdriver that is wide enough
to make good contact with the seat but not so wide that it will damage the
threads on the sides. Usually 4 nontaper screwdriver is required.

Check the float ior leaks, If a hollow brass float is used, leaks will allow fuel
to fill the float. Shake the float near your ear to determine if there is fue! in
the float.

Before replacing the needle valve seats and ihe needle valves, visually inspect

the fuel passages to make sure that they are clean. Reassemble the carburetor
with care. Remember to reconnecf the linkages and magneto stop wire (if so

equipped) before attaching the carburetor.
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Chart 37
AIR CLEANER SERVICE
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Chart 37
AIR CLEANER SERVICE

Small gusoline engines are often exposed to very dirty working conditions. A
good, clean air filter is essential to efficient operation and long life. Remember
that the engine is really quite an efticient air pump. An engine with a displace-
ment of eight cubic inches will try to draw in eight cubic inches of air on each
intake stroke. You can readily see that an engine running 2t full throttle wiil
consitme a great deal of air. An air cleaner must be kept in good condition to
admit that much air without allowing dirt into the engine. If the air filter starts
to become ¢logged with dirt, grass, or other matter, it will restrict the flow of
air through the carburetor. This is exactly what the choke does. A dirty air
cleaner will choke the engine, causing it to run on a rich air-fuel mixture which
will cause foss of power, spark plug touling, and carbon buildup. The excess
gas wibl tend to “wash down” the oil {ilm from the cylinder walls causing im-
proper ring fubrication and will lead to excessive wear or possibly engine lock
up. Also, the excess fiel in the mixture will get past the rings into the crank-
case, diluting the ail.

DRY PAPER TYPE FILTER

This type of air filter utilizes porous paper to allow air flow und collect dirt and
foreign matter. Tap the {ilter element to jar the dirt loose, Blow dirt away by
vlowing from inside out with low pressure gir. A vacuum cleaner is effective for
cleaning this filter. If the filter still appears clogged, replacement is necessary.
Do not attempt to soak or wash the dry paper element.

POLYURETHENE ELEMENTS

Air filters of this type can usually be cleaned several times. Clean the filter thor-
oughly with soap and warm water. Squeeze out and add a few drops of light oil
before replacing. Make sure that the filter fits back into the metal holder and is
retatned so that it cannot be drawn into the engine,

QiL BATH AR CLEANERS

Qil bath air cleaners are usually used on engines that are used regularly in dirty
conditions. This air cleaner is capable of collecting larger amounts of dirt and

is easily serviced. The incoming air travels downward toward the oil at a high
rate of speed. The air is forced to make a sharp turn just above the oil. Dirt and
foreign matter tend to trave] strajght into the oil and stick there. Most of the
dust and dirt entering the air cleaner will collect in the oil. The air then travels
upward through a filter element before entering the engine. Check this element
and wash it out if necessary. If the oil is changed regularly, the air cleaner will
do a very efficient job of protecting the engine from dirt. The interval for oil
change is determined by the amount of use and the operating conditions. Usu-
ally, instructions are labelec op the air cleaner,
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Chart 38
SMALL GAS ENGINE STORAGE
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Chart 38

SMALL GAS ENGINE STORAGE

The successtul operation of a suadl gas engine depends on the care given it. A
few precuutions taken before storing an engiue can prevent several problems
which can oceur during storage.

REMOVE ALL FUEL

Fuel that evaporutes tfrom ar engine leaves gummy deposits that can cause
serious problems. Drain the fuel tank and clean the filter screen. Drain the car-
buretor. Qn some modeis this can be done by pushing the small drain on the
bottam of the carburetor fuel bowl. An excellent way to drain the fuel system
is to run the engine until the fuel is used up. This also warms up the engine so

that the oil change wil remove most of the dirt accumulated in the crankcase.

CLEAN THE ENGINE
If necessary, remove air shrouds to clean around the cooling fins, governor link-
age, and spark plug. Always replace the air shrouds for they are an essential part
of the cooling system.

LUBRICATE THE CYLINDER WALL

Remove the spark plug (see Spark Plug Service). Add approximately one ounce
of SAE 30 motor oil to the cvlinder. Make sure that the piston is near top desd
center before adding oil, especiatly on two-stroke cycle engines. Crank the en-
gine several tines to distribute the oil all over the cylinder wail area, valves, and
valve guides. Replace the spark plug with a new plug (see Spark Plug Service).

REMOVE THE BATTERY

f o unit is battery equipped, the battery should be removed during storage.
Care should be tuken to record the battery’s position and cable cornections.
If the buttery cables are connected backward, the alternator diodes will be
blown instantly.

Piace the battery in 4 cool, dry place where it will not frecze. The battery should
be fully charged when it is placed in storage and it should be recharged ocea-
sionzally to maintain full chrarge (see Battery Section). Do not store battery on
concrete, Place a small board under the battery during storage ic keep it off the
concrete.

RESTARTING AFTER STORAGE

Check oil level.

Clean air filter.

Check battery electrolyie level (see Rattar Service),
Add clean, fresh fuel.

Adjust carburetor,

l.
2.
3.
4.
5.

¢
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Questions for Section 111
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. Current flows in the secondary circuit when the breaker points open.  (Chart [8)

Engine vil should be changed when the engine is still warm.  (Chart 12}

Qil acdditives are necessary Lo fortify the oii used in the <rankcase of srali pas d
engines. (Chart 12)

The tight metal shrouding around the engine is for appezrance only and should
pe remeoved for best performance.  (Chart [3)

Fuel adjustments and engine timing can atfect engine temperatures.  (Chart 13)

Ary old spark plug which will fit can be cleaned and regapped for smali engine
service. (Chart 14)

New spark plugs are properly set at the factory. (Chart 14)
Voltage is necessary ko cause current to jump the spark plug gap. (Chart 17)
Spark voltage is created in the primary windings of the coil. (Charts 18 and 19)

One lead from the coil primary winding is connected (o ground at all times.
(Char1 18)

Current flows in the primary circuit while the breaker points are closed.
{Chart |8)

The spark jumps the gup just after the piston reaches the top ol its stroke.
(Chart 18}

The flywheei may be pried off with a screwdriver. (Chari 20)

A smiall amount of lubricuny should be placed on the cam when installing new _
breaker points. (Chart 23) ‘

Armature laminations should be cleaned with sand paper to remove rust which
would bridge the laminations aud reduce coil efficiency. (Chart 24)

it is not good practice to use pliers to remove the smait armature sciews,
(Chant 24)

7. Asmall test lamp and battery ean be used insiead of an ohmmeter for deter-

mining when the breaker points open. (Chart 25)

A diode is like an electricat check valve, (Chart 26)

Breaker points ar¢ not needed on the electronic ignition.  (Chart 26}

An incorrectly adjusted carburetor will cause an engine 1o surge.  (Chart 29)
A rich fuel mixture will cause an engine to wear rapidly. (Chart 29)

A high or low float level can affect fuel mixture. (Chart 30)

Most small engine carburetors have one adjustment for air and one lor Tuel.
(Chart 30)

The throttle must be wide open and the engine under no load to adjust the
high speed circuit. (Chart 30)

25, Stale gasoline can cause hard starting. (Chart 35)

Choke linkage adjustment is a comimon cause of hard starting. (Chart 35)

= 1] voapd k
ad very tiahtly, Chai 35}

The capscrews which hold the carburetor to the engine block should be tighten- ‘

28, Adirty air cleaner will have the effect of choking the engine. (Chart 37)




29, List the five functions oil nue t perform in the engine. {Chart 12)

30, List the different methods used to circulate oil through the engine. (Chart 12)
31, Describe the procedure for resmoving & spark plup.  {(Chart 14)

32, Describe how the smuall engine is cooled.  (Chart 1 3)

33. Why are wire feeler gauges better fur gapping spurk plugs than the flai ty pe?
{Chart [4)

34, What is the purpose of the ignition system?  (Chart 15)

35, What is the source of power used to create spurk on the mugneto ignition?
{Churt 15)

36, What compuonent dederminegs thie exact instant the spark will oeeur?
(Chacts 15 and 18)

37. The amount of current flowing in a circuit iscalled ... ... _.. .
{Churt 16)

38. Pressure in an electrical circuit iscabled ... .. {Chart 16)

39, Wrapping several turns of wire on a coil would make the mugnetic field ... .
-« {Chazt [9)

40. Describe the sequence of events in the magneto ignition required to produce a
spark. (Chart 19)

41, The vollage produced by the magneto may beashighas ... . .. .. volts,
(Chart 19}

42, Describe how the llywheel is attached to the crunkshaft, (Chart 20)

43, Why should you never strike the crankshaft end direcily with a hammer?
(Chare 20) '

44. Flywheel magets seldom loose their mugnetic strength. List soine conditions
which might cause the mupnet to be destroyed,  {Chart 20)

45, Why do some small engines use soft flywheel kexs? (Chart 21}

46, Explain why an incorrect sctiing of the breaker points would aile¢t engine
timing. (Chart 21)

47. What information will you need to order naw breaker points? (Charts 22 and 23)

48, Describe why new breaker points should be cleaned and how this is performed.
(Chart 23)

49, Describe how you can get a piston at exactly top dead center.  (Chart 25)

50. How can a protractor be used to set timing? (Chart 25)

51. On the electronic ignition, the pulse transformer replaces the..
(Chart 26)

52, The 8CRreplagesthe ... onthe magneto ignition system.
(Chart 26)

53, Why is liming advance used on an engine? (Chart 27}
54. What is a typica) idie soeed for lawa mower enginies?  (Chart 27)

55, The carburetor cosntrols engine speed and provides it with . ... .
(Charr. 28)

56. Engine speed is controlled by a flat disc cailed the
(Chares 28 and 30)

57. Describe intake vacuum at idle speed. (Chart 28)
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Describe intake vacuwm uoder heavy load. (Chart 28)
Wiy Is it dangerous to use your haad to choke the engine? (Chart 28)

Excessive carbon will build up inside an engine operated with a
fuel mixture,  (Chart 29)

Describe the action in the venturi. (Chart 29}
Why is u special circuit necessary for idle speeds? (Chart 31)
Why is the idle mixture adjusied after the high speed circuit? (Churt 31)

What conditions are necessury when adjusting the suction feed carhuretor?
(Chart 32) :

What moves the tlexible dispbram on the carburetor fuel pump?  (Chart 33)

What determines the fuel level on carburetors with a built-in fuel pump?
(Chart 33)

Some engines have an electrical wire connected to the throttle speed control.
What is the purpose of this wire? {Chart 33)

What is the purpose of the governor on a small gas engine? (Chart 34)
Bescribe wn aic vane governor, (Chart 34)

List the steps recommended before storing a smail gas engine. ‘:(Churl 38)
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Chart 39
MEASURING DEVICES {
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Chart 39
MEASURING DEVICES

TELESCOPING GAUGE

The telescoping gauge gets its aame from the way the “legs™ of the device slide
together. To use the telescoping gauge. tirst loosen the thumb nut and slide the
tegs together, When the legs are together, fighten the thumb nut. The gaege is
then pliced instde the hote or space to be measured. The thumb put is then re-
leased. This permits the legs to spring outwurd against the sides of the hole,
With the hundle parallel to the sides of the hole, tighten the thumb nut. The
gauge is then removed and the distance across the legs is measured with an out-
side micrometer.

FEELER GAUGE

The feeler or thickness gauges are used to measure simall distances or clearanees.
These tools measure in thousandths of an inch. The flat feeler gauge contains
blades (thin strips of metal) of different thicknesses. The thickness is stamped
on each blude. By placing different blades together many different measure-
ments can be made,

SPARK PLUG GAPPING GAUGE .

The spark plug gapping gauge normally is made from small wires. The diameter
of each wire (thickness) is marked on the gauge. The hook on this gauge is used
to bend (adjust) the ground electrode of the spark plug.

DIAL INDICATOR

The dial indicater measures distances in thousandths of an inch. This device is
fastened securely in place by special holders and clamps. The pad is pressed
against the shaft or unit being tested for movement such that the needle gives
a reading. The outer ring of the gauge is rotated unti! the needle is on 0. The
shaft is then moved or tumed. The movemeni of the needle indicates the vari-
ation in thousandths of an inch.

PLASTIGAUGE

Plastigauge is used to measure the clearance between a plain bearing and the
journal. The clearance is determined by placing a piece of the Plastigauge (string-
like plastic) across the bearing and then assemblying the bearing cap. The cap is
tightened to specifications. Without moving the shaft, the cap refaining nuts or
boits are loosened and the cap is removed. The flattened Plastigauge will be on
the shaft or the bearing. The width of the flattened Plastigauge is compared to
the scale on the Plastigauge package to determine the bearing clearance, Plasti-
gauge is available in several different sizes. Cleararces up to nine thousandths
can be measured by this method.
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Chart 40
THE MICROMETER
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Chart 40
THE MICROMETER

The micrometer s used to meusure distances in thousandths of an inch, Mi-
cromefers come in ditferent sizes. For example, 4 0--1" “mike” wiil nteasure
from @ to ! inches in thousundths of an inchi: ¢ 23" mike will measure from
2 ta 3 inches in thousandths of an inch.

ne complete turn of the thimble changes the distance between the anvil and
the spindle 25 thousundths (.025). Each rumber on the hub is read hundred
thousandths. Each murk on the thimble is one thousandth.

To read a mike first note the size of the micrometer—1". 2", ete. Second. read
the longest numbered ling that is visible. Third, count .025 for each of the
short marks on the hub to the right of the numbered line, Fourth, to these
readings add the reading on the thimble,

Example 4. 1. 0.000 (01" mike)
2. 200 largest numbered line
3. 050  two short marks beyond numbered Hine
4. 003 5 on the thimble
255 = distance between anvil and spindle
Example 8. 1. 2000 (23" mike)
2. 300 largest numbered line
3. .075 three short marks beyond numbered line
4. .017 17 on the thimble
2.392 = distance between anvil and spindle
Example C. 1. 4,000 -
2. 400
3. 025
4. 000

4.425 = distance between anvil and spindle

000
000
000
.002

002 = distance between anvil and spindle

Example D,
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DISASSEMBLE AND REASSEMBLE
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Chart 41
DISASSEMBLE AND REASSEMBLE
INSTRUCTIONS AND PRECAUTIONS

The engine should be dismantled ONLY if there is good reason. Thorough test-
ing cun determine whether or not complete teardown is necessary. (See the
Compression Testing section.)

REASONS FOR DISASSEMBLY

Poor compression because of internal wear or leak at head gasket.
.High oil consumption because of poor rings.

Excessive noise or knocks coming {rom inside the crankcase.
Crankshaft won't turn because of internal problem.

Excessive oil leaks around the ¢crankshatt seals or crankcase gasket.
6. FEailure of lubrication system.

O S e

PRECAUTIONS

Take your time. Do not be in a hurry when disassembling the engine.,
Observe how the unit is assembled before taking any component apart. If it is
a first-time experience, it is wise to make notes and sketches of how parts go
together.

Work in a clean work area. Lay parts in order on the work bench as
they come apart. Place small parts and bolts in a container. In some instances
it may be helpful to thread bolts into their respective engine parts rather than
place them in a container,

NEEDED TOOLS
Disassembly of a small engine does not require extensive speciat tools and
equipment. The iollowing common hand tools are recommended:

3/8" square drive socket set with reversible ratchet and extensions
(sizes 1/4" through 7/8" by sixteenths)

3/8" square drive torque wrench (150 inch-pound capacity)
Combination wrench set (5/16” through 3/4” by sixteenths)
Ball peen hammer (12 oz)

Combination stép joint pliers

Needle nose pliers

Assorted flat biade screwdrivers (3)

Phittips screwdriver

Carbon scraper or putty knife

Flat feeler gauge
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Chart 42
BASIC COMPONENTS
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Chart 42
BASIC COMPONENTS

ENGINE B’ OCK

M: ot alf intemal-combustion engines have similar basic components. The engine
black is the major component of all engines. This unit contains all the moving
parts which are necessary to convert heat energy (burning gases) to mechanical
energy (rofating crankshafi). Ali engines have a smooth, round eylinder which
permits the piston to move up and down. The crankshaft turns on main bear-
ings, which are also located in the engine block.

In most piston-type engines the pistan is connected to the connecting rod by
& piston pin. The other end of the connecting rod is connected to the crank-
shaft at the connecting rod journal.

Pieraq rings are fitted on the pision fo pievent the loss of comprassion and pow-
v Pyt Hydor o seabing the eylinder, the rings alse clean the cylinder wail of
2ol o sl eKraust Jeeaiios and iraml o come o8 the heat from the eylinder
wa.l ¢ the oil

All the moving parts inside the engine must fit properly to their mating parts
or the engine will not perform properly.

FOQUR-STROKE CYCLE ENGINE

Four-stroke engines require components which permit operation of poppet
valves 1o control the movement of intake and exhaust gases. The camshaft is
driven by a gear on the crankshaft at one-half the crankshaft speed. This gear
ratio enables each camshaft lobe to move its lifter and thereby open its valve
one time while the crankshaft completes two revolutions. The valve spring
maintains constant tension on the valve. When the valve is opened, it is moved
against the spring tension. The spring causes the valve to return to its seat. The
valve will seal as long as the sealing surfaces of the valve and seat are in good
condition.

A constant supply of il is delivered to the points of friction by a4 pump and
splash system on some engines and entirely by a splash system on others. Seals
on the crankshaft and gaskets on the bolt on components prevent leakage of
the oil. Gaskets and seals should not be reused. Always install new gaskets and
seals when assembling an engine.

Power of the four-stroke engine is wasted when wear occurs on the internal
parts. Most wear occurs on the piston rings, piston, cylinder, and valves. Improp-
er maintenance greatly increases wear, if the engine is run low on oil, it wears
very rapidly and can be ruined in a short time.

 Low compression and knocking inside the engine usually are signals that an
overhaul is needed. When overhauling the engine, check the clearances and

' either replace or recondition worn components. Piston rings should a/ways be

replaced if the piston is removed.
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Chart 43
HEAD GASKET REPLACEMENT
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Chart 43
HEAD GASKET REPLACEMENT

1. Remove the air shroud and the purts that cover the cylinder head.

Be sure to mark any wires which are disconnected. 1f the fuel tank is to be
removed, shut off the fuel at the tenk or plug the line. Clean dust from fins
on the block and cylinder head.

2. Remove the spark plug.

3. Remove the bolts that secure the head to the engine. Caution: Some
engines have bolts of different lengihs. No: 2 the location of the longer bolts.

4. Remove the old head gasket and clean the carbon from the cylinder
head.

5. With a putty knife or carbon scraper, remove all carbon from the
piston head and block surfaces. Check point . _.

6. Check for warpage of the block and/or head by placing the ]]L-.ld
on the engine without using a gasket. With a feeler gauge check the maximum
space between the head and the block. 1f the gap is more than 015 inch, the
head should be checked on a surface plate. 1f the warpage is in the head, the
head should be resurfaced or replaced. If the warpage is in the block, the block
should be resurfaced. To resurfuce the head or the block, place a sheet of med-
ium grit emery cloth over a surface plate or other flat steel surface. (The table
of a power saw will work.) Move the head or block over the emery cloth until
it shows a true gasket surface. The head gasket will permit a slight amount of
variation between the cylinder head and the block mating surfaces.

7. Make certain that the block and head are clean and place a new head
gasket on the block. Carefully check the gasket to be sure that it aligns proper-
ly with the bolt holes and the block surface. Place a smali amount of graphite
grease on the threads of the head bolts and install the head on the engine. (If
graphite grease is not available, scrape a soft lead pencil over the threaded por-
tion of the bolis.) Make certain that all bolts are installed in the proper loca-
tions, (If the bolts were accidentally mixed, check with a small rod or nail to
determine where the longer bolts are needed to ensure that the bolts adequate-
ly thread into the engine,)

8. Snug all head bolts by hand. Torque the bolts to one-third torque
specifications following the tightening sequence shown for your bolt arrange-
ment. Refer to the manufacturer’s manual for the torque specifications and
tightening sequence. If these data are not available, use a criss-cross pattern as
shown in the head bolt tightening sequence, Retighten ali bolts to two-thirds
torque specifications. Tighten to the torque specifications and go over them
one more {ime to be sure that all are at the proper terque.

9. Clean, gap, and replace the spark piug. (It is best to install a new
gasket under the spark plug.) Torque the plug to 20 foot-pounds. If a torque

wrench is not available, thread the spark plug in until it is snug against the
new plug gasket. Tighten the plug one-third turn, and it will be at the approx-
imate torque recommendation,

10. Replace the air shroud and other components that were removed or
disconnected. Check point
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ENGINE OVERHAUL
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Chart 44
ENGINE OVERHAUL
PRELIMINARY STEPS

The engine should be overhauled if there is poor compression because of worn
cylinder components which reduce compression or cause high oil consump-
tion. Compiete disassembly also will be necessary to correct problems such as
a “focked engine™ or one which “knocks.” Diagnosing these problems is ex-
plained in the Compression Testing section.

On most engines it is best to do a complete overhaul even though the diagnosi.
shows only problems with the valves.

1. Cleanliness. Clean the engine before starting disassembly. Clean all
parts so that they can be inspected and accurately measured. Keep
the work area clean and orderly.

2. Ordered Procedure. Keep track of how the engine comes apart--where
each unit attaches and the mating of moving components. Draw sketch-
es and make notes on the wiring connections and carburetor linkage.

3. Working to Specifications. All components must be checked carefully
for wear and failure. During reassembly all parts must fit properly and
all bolts must be tightened to the proper tension.

4. Lubrication. When any engine is reassembled, all internal parts must be
well oifed or the engine will be damaged the instant that it is started.

The following special tools are needed when completing an overhaul:

Dial indicator

0-1" micrometer

1-2" micrometer

2—3" micrometer

Telescoping gauges
(0-1",1-2",2-3")

Ring ridge remover

Piston ring compressor

Valve spring compressor

Valve reseating toot
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RING RIDGE REMOVAL AND
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Chart 46

EXTERNAL CRANKSHAFT CHECKS
AND VALVE REMOVAL

VALVE REMOVAL VALVE REMOVAL
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Chart 46
EXTERNAL CRANKSHAFT CHECKS

AND VALVE REMOVAL

1I. Remove the ring ridge from the top of the cylinder. H a ring ridge
reqvover iy not available, carefully remove the ridge by hand with medivwm grit
emery cloth. Failure to remove the ridge may damage the piston when it is
reassembled with new piston rings. The sharp corner on the new rings wil
catch on the ridge and break the piston ring land beneath the [first ring groove.

Check Point ... _._____ .

12. Remove the valve cover. Some covers contain a filter unit and serve
as a crankcase breather. Be cureful to observe the assembly order of units
which contain filter and breather valve components,

13. Remove the valves by compressing the valve spring and removing
the retainer with pliers. It i« vabve spring compressor is not available, two sceow-
drivers can be tised to compress the springs.

Keep the valve springs with their respective valves, On some engines the
exhaust valve has a spring which is heavier than the intake valve spring,

14. Check the end play of the crankshuft by clamping a dial indicator
to the crankshaft with the pad resting against the crankcase. Move the crank-
shaft in and out. The indicator will show the end play in thousandths of an
inch.
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Chart 46 {continued)

EXTERNAL CRANKSHAFT CHECKS
AND VALVE REMOVAL

Feeler Gauge

CHECKING CRANKSHAFT END PLAY CHECKING FOR BENT CRANKSHAFT
WITH DIAL INDICATOR ' WITH SQUARE AND FEELER GAUGE

CHECKING CRANKSHAFT END PLAY CHECKING CRANKSHAFT END PLAY
WITH FEELER GAUGE WITH A SQUARE AND FEELER GAUGE
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Chart 46 {continued)

EXTERNAL CRANKSHAFT CHECKS
AND VALVE REMOVAL

If a dial indicator is not available, the end play can be checked with a
feeler gauge. On some engines the feeler gauge can be placed between the
drive pulley and the crankcase. Measure the gap when the crankshaft is pulled
“out™ and then measure the gap when it is pushed ““in.” The difference be-
tween the two measurements is the crankshaft end play.

Another method of checking the end play is to clamp a square on the
crankshaft with a C-clamp. Take a measurement with the feeler gauge when
the crankshaft is pulled “out” and another measurement when it is pushed
“in.” The difference between the measurements is the crankshaft end play.

Record the crankshaft end play in the Data Block below. If the end play
is not correct, it can be adjusted when the engine is being reassembled.

If the engine is from a rotary lawnmower, check for a bent crankshaft.
To make this check, mount a dial indicator on the engine with the pad against
the crankshaft. Slowly rotate the crankshaft and observe the movement of the
indicator needle.

An alternate method is to clamp a bar or square on the engine so that it
is very close to the end of the crankshaft. Rotate the crankshaft and measure
the difference in the gap between the bar and the crankshaft with a feeler
pauge. A difference in the gap indicates a bent crankshaft.

A crankshaft with more than .005 run out should be replaced.

Check Point

Data Block

Actual! Specifications

Crankshaft end play e S S
005 Maximum

Crankshaft runout

NOTES:
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Chart 47
OPENING THE CRANKCASE

AND PISTON REMOVAL

15. Position the engine so that it is easy to remove the removable crank-
case side or base.

I6. Remove the bolts which attach the crankcase side or base cover.
Carefully remove the cover. If a gasket sealer was used, it will be necessary to
tap the cover with a hammer to “*break it loose.”

Don’t discard the old crankcase side cover gasket because it inust be meas-
ured when selecting the guasket to be used in reassembly,

On engines that have a side cover, check for timing marks on the cam-
shalt and crankshaft gears. Some engines have a mark on the camshaft gear
which aligns with 2 mark on the crankshaft counterweight. Other engines have
amark on the camshaft gear which is aligned with the crankshaft gear key or
a mark on the crunkshaft gear.

Rotate the crankshaft until the two timing marks align. If no marks are
visible, wipe the oil from the matching teeth on the two gears and paint a
matk on each gear. Check Point ... ...

17. Remove the camshaft oil distributor or slinger it one is used.

Carefully remove the camshaft and valve lifters. Mark the lifters with
masking tape so that they can be reinstalled in the same location.

Note: The above step ¢an be omitted on an engine that has a removable
base. )

18. Study the connecting rod and cap to identify marks or reference
tabs. If no locator marks or tabs are visible, make a small punch mark on the
rod and the rod cap on the camshaft side of the engine. Note these data at
the end of this chart,

With a4 punch and hammer or pliers straighten the sheet metal locks on
the connecting rod nuts. (Some engines use self-locking nuts instead of a sheet
metal fock.)

Remove the connecting rod nuts or bolts with o socket wrench or box-
end wrench. Carefully push the piston-rod assembly out the top of the cylin-
der. .

Caution: DO NOT permit the rod boits to “bang” against the crank-
shaft. ~
DO NOT place any tools agzinst the bearing portion of the
connecting rod.

19. Once the piston assembly is removed from the engine, reinstall the
connecting rod cap on the connecting rod. Remove the crankshaft from the
engine block. Make certain that the bearing surfaces of the crankshaft aren’t
nicked by careless handling. The main bearing retainer or side of the block
must be unbolted on an engine that has a removable base.
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Chart 47 {continued)

OPENING THE CRANKCASE
AND PISTON REMOVAL

REMOVING PISTON ASSEMBLY

THE MARKING ON THE PISTON INDICATES
THAT THE BLOCK HAS BEEN MACHINED
0.020 OVER STANDARD
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Chart 47 {continued)

OPENING THE CRANKCASE
AND PISTON REMOVAL

20, Clean all parts, including the inside of the block, in parts cleaning
solvent or in kerosene. DO NOT use gasoline to clean parts because gasoline
leaves a chalky deposit when it evaporates and it is a fire hazard.

21. Inspect the head of the piston for its size. If the engine cylinder has
not been resized (bored), the top of the piston will have no marking or STD
stamped upon it. STD means that the cylinder is standard sized. A cylinder
that has been resized will have the amount of diameter-over-standard stamp-
ed on the top. Oversizes are usually .010, .020, or .030 greater than the man-
ufacturer’s standard bore for the engine.
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Chart 48

CYLINDER MEASUREMENTS
AND CHECKS
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Chart 48
CYLINDER MEASUREMENTS

AND CHECKS

CYLINDER CHECKS

22. The cylinder must be checked for wear and scores or scratches. There
are three different kinds of weur which can oceur in the cylinder—oversize, out-
of-round, and taper.

The three types of wear are checked by taking precision measurements at
two locations in the cylinder—three-quarters of an inch from the top and three-
quarters of an inch from the bottom.

The measurements can best be taken with a telescoping gauge and outside
micrometer, an inside micrometer, or a cylinder dial gauge.

First, take two measurements three-quarters of an inch from the top of the
eytinder and at 90° to vach other (measurements A and B in the first illustration)
tion). The difference between the smaller of the two measurements and the orig-
inal bore of the engine (2 inches, 2-1/4 inches, 2-5/16 inches, etc.) represents
cylinder wear. Record the cylinder wear in the Data Biock.

The difference between the two measurements taken three-quarters of an
inch from the top of the cylinder (measurements A and B in the first illustration)
represents the out-of-round of the cylinder at the top. Record the out-of-round
in the Data Block.

The ditference between the measurements taken at right angles to the
crankshaft (measurements A and C in the first illustration) is the cylinder taper.
Record the ¢ylinder taper in the Data Block.

If precision measuring instruments are not avaitable, the cylinder taper can
be measured with a new or used piston ring and a feeler gauge (third illustra-
tion}. To measure taper in this manner, carefully remove a piston ring from the
piston and place it in the cylinder. With the head or skirt of the piston push the
ring down until it is three-quarters of an inch from the top of the block, Make
sure that the ring is square with the cylinder.

Measure the gap between the ends of the ring with a feeler gauge,

Move the ring to three-quarters of an inch from the bottom of the cylin-
der and measure the gap between the ends of the ring with the feeler gauge.
Subtract the reading taken at the bottom from the reading taken at the top and
then divide by 3. This will give the taper in thousandths of an inch.

Compare the cylinder wear, out-of-round, and taper to the manufacturer’s
specifications. If any wear exceeds the maximum recommended by the manu-
facturer, the cylinder should be resized by a machine shop.

Cylinders are usually resized to .010, .020, or .030 over the standard bore.

If manufacturer’s data are not available, the following data can be used as
a guide to determine whether or not the cylinder should be resized:

Maximum oversize diameter .003
Maximum out-of-round .005
Maximum taper .004
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Chart 48 {continued)

CYLINDER MEASUREMENTS ‘
AND CHECKS

CHECKING CYLINDER WEAR WITH A PISTON
RING AND A FEELER GAUGE
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Chart 48 {continued)

CYLINDER MEASUREMENTS
AND CHECKS

Inspect the cylinder for deep scores or scratches. A deep scratch will cause
compression loss and oil burning even though the cylinder wear is not excessive.

A badly scored or scratched cylinder should be resized.

Resizing is accomplished by increasing the cylinder size with special cyi-
inder hones, a boring bar, or a metal cutting lathe. Resizing procedures recom-
mended by the resizing equipment manuftacturer should be followed carefully.

Daiza Block

Cylinder wear

Cylinder out-of-round - ..

Cylinder taper - —

Check Poini
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Chart 49
PISTON CHECKS

REMOVING PISTON RINGS

CLEANING RING GROOVES
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CLEANING RING GROOVE
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Chart 49
PISTON CHECKS

23, IF the cvlinder is resized (rebored), a new piston must be instalied.

if the engine is not 1o be rebored and the piston is to be reused, the oid
rings must be removed. To remove the rings, use a ring expander as shown in
the chaet. If a ring expiander is not available, carefully expand the ring by hand
and move it up over the top of the piston. AVOID SCRATCHING the ring
fands with the ends of the ring. Remove the other rings in the same manner.
Clean the carbon from the top of the piston with a carbon scraper or
putty knife. DO NOT use a wire brush to clean the piston because it will wear
away part of the ring lands. Stuck pistor rings, broken rings, severe piston burn-
ing, and top groove weur can be the result of improper combustion or detonation,
Careful service of the ignition system and the use of proper fuel will prevent such
probiems fron1 occurring.

A ring groove cleaning tool is used to remove carbon from the bottom

of each ring groove, Adjust the cutter head so that the proper sized cutter

will be in line with the ring groove when the toof is placed on the piston. Place
the cutter in the groove to be cleaned and adjust the tool so that spring tension
Keeps the toot under tension, Rotate the tool by hand until all the carbon is
removed trom the groove. This procedure is fottowed for each ring groove.

I a ring groove cleaning tool is not available, a broken piston ring can

be used to scrape the carbon trom the ring grooves. If a broken ring is 1o be
used, the scraping end should be square so that it scrapes evenly along the bot-
tom of the groove. If the carbon is not cleaned from the grooves, it can cause
the new rings to bind in the cylinder when the engine is reassembled.

Wash the piston in sofvent and carefully inspect it for burned areas on the
piston lands or deep scores, scratches, or cracks on the skirt.

Lf the piston has any of the above detects, it should be replaced. Scoring
or scuffing usually results from inadegquite lubrication or a dirty ¢cooling sys-
tem. H scores are present, carefully examine the cooling fins and passages on
the block. Dirt-clogged passages can cuuse the engine 1o overheat. Poor lubri-
cation can also cuuse eylinder scoring. Inspect the Jubrication system for brok-
én of dumaged components.

Check the ring groove for wear by placing a new ring in the groove and
checking the remaining space with a feeler gauge. If 4.007 or larger feeler

gauge can be inserted between the ring and the piston, the piston should be
replaced. Excessive wear in the ring groove can cause the rings to “pump” oil

to the combustion chamber. Such wear can also cause the piston rings to break.
Check Point  _
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Chart 49 (continued)

PISTON CHECKS

BURNED PISTON

CHECKING PISTON
RING GROOVE WEAR

SCRATCHED RING
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Chart 49 (continued)

PISTON CHECKS

24. Inspect the old piston rings. Careful inspection may indicate the
causes of wear or damage. _

Fine vertical scratches on the ring faces show that dirt has entered the
engine along with thte intake air. Failure to correct the problem will cause the
new rings to wear out quickly. The usual source of such dirt is the air cleaner,
The air cleaner must be serviced periodically. (See Air Cleaner Service section.)
It must be connected tightly to the carburetor to prevent entry of dirt.

Deep scratches or scoring on the rings are normally the result of an en-
gine which has overheated. Overheating can be caused by insufficient cylinder
lubrication, clogged cooling fins, or air passages on the block, incorrect com-
bustion, or insufficient ring or piston clearance,
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Chart 50
PISTON PIN AND
CONNECTING ROD CHECKS

SCORED ROD BEARING
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Chart 50
PISTON PIN AND
CONNECTING ROD CHECKS

PISTON PIN CHECKS

25. Piston pin wear can be checked by holding the piston firmly in one
hand while attemipting to rock the rod with the other hand. The rod must be
rocked in line with the piston pin. It is normal for the rod to slide freely across
the piston pin. Don’t confuse this with piston pin wear.

If looseness is detected, the piston pin should be removed. Before remov-
ing the pin, note identifying marks or mark the piston and rod with a punch
mark so that the two can be reassembled properly. Remove the piston pin re-
tainer with small nose pliers and remove the piston pin. Measure the piston pin
with a micrometer. Compare the measurement with the standard size recom-
mended by the manufacturer. If the pin is worn over .0005 out-of-round or
below the minimum specified by the manufacturer, the pin should be replaced.

Check Point ... ___. . —

Check the pin bore in the piston for wear with a telescoping gauge and a
micrometer, If the bore is over .0005 out-of-round or oversize, the bore should
be machined for an oversize pin or the piston should be replaced.

Oversize piston pins are available for some engines. To install an oversize
pin, the piston and connecting rod bore must be reamed to fit the new pin.
This machining operation should be performed by a machine shop equipped to
complete the precision reaming required.

Some manufacturess include new piston pins with new pistons. The fit
between the rod and the new pin should be checked. If the rod is loose on the
new pin, the rod should be replaced.

CONNECTING ROD CHECKS

26. Inspect the connecting rod for wear. If there was looseness when the
piston-rod assembly was checked for wear, the pin bore in the rod should be
measured with a telescoping gaage and micrometer. If the pin bore in the rod ,
is over ,0007 out-of-round or i. scared, the rod should be replaced.

The crankpin bearing in the connecting rod should be inspected carefully
for pits and scratches. I the bearing surface is pitted or scored, the connecting
rod should be replaced. If there are wear spots on diagonally opposite points
of the road and the rod cap, the connecting rod is bent and should be replaced.
It is NOT recommended that the connecting rod cap be filed to compensate
... for wear in the red bearing or crankpin journal.

If the connecting rod was “‘loose” on the crankshaft when the engine was
-disassembled, the crankpin bearing in the connecting rod should.be measuréd

- carefully with a telescoping gauge and micrometer. The bore should not be
over .0005 out-of-round. If the bore is over .0005 over the manufacturer’s

- standard size, the rod should be replaced.
‘ : * Check Point .

¢ :
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Chart 51
CRANKSHAFT CHECKS

Connecting Rod Journal

Drive End
Journal

Flywheel End or Magneto
End Journal

PLAIN TYFE BEARING

SCORED CONNECTING ROD JOURNAL POINTS OF MEASUREMENT FOR
CHECKING JOURNAL OUT-OF-ROUND
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Chart 51
CRANKSHAFT CHECKS

27. The crankshaft of the single cvlinder engine incorpotates three beur
ing surfaces. Fach surface is referred to as a journal. On some engines the sur-
face of the journal serves as the bearing surface. This beartng is referred to as
a plain begring. On some engines an anti-friction bearing (taper roller or bali
type) is pressed on to the crankshaft.

If the engine has plain type bearings on the "“mains™ and the rod, each
bearing surface must be checked carefully. Each surface should be inspected
for roughness and scoring, If any of the journals is very rough, the crankshaft
should be replaced. 1n a few cuses the shaft can be polished with emery cloth
and reused. .

Each bearing journal should be measured carefully with a micrometer.
The measurements should be taken as illustrated in the chart.

The drive-end main journat should be checked for out-of-round by com-
paring the measurement H-I to measurement J-K. The difference between the
measurement is out-of-round. Record the out-of-round measurement in the
Data Block. 1f the manufacturer’s data are not available, the out-ol-round
normally should not exceed .001,

The flywheel or magneto main bearing journal should be checked for
out-of-roundness in the same manner. Record the out-of-round measurements
in the Data Block. Check the connecting rod journal for out-of-round by come
paring measurement C-D to measurement E-F. Record fhe out-of-round in the
Data Block.

The taper of the bearing journals can aiso be checked. The taper on any
plain bearing jourmnat is measured by taking measurements at each end of the
journal as shown in the chart. The taper on journals of small engine crankshafts
normally should not exceed .001. If the journal is not scored and is not out-of-
round, it seldom will have “taper.”

Crankshafts that exceed the wear limits or ones that are badly scored
should be replaced. Some manufacturers have replacement main bearings and
rods for use on undersized crankshafts, If these are available, the crankshaft
can be reconditioned by a machine shop. Be certain that undersized bearings
are available before having the crankshaft reground.

On engines with anti-friction (taper rolfer or ball type) main bearings,
the bearings should be carefully inspected for nicks on the rollers or balls and
races. Defective bearings can also be identified by rotating the bearing by hand.
Roughness in the bearing can be felt as the bearing is turned slowly. Note: The
bearing must be clean when it is checked for roughness.

If roughness or wear is detected, the bearing should be replaced. Some of
these bearings are a press fit on the crankshaft. To remove these, an arbor press
or speciai bearing puller is required.

Replacement procedures for this type of bearing vary. The manufacturer’s
recommendations should be followed when installing the new bearing. Note:
When installing these bearings NEVER use a torch to heat the bearing.
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Chart 51 (continued)

CRANKSHAFT CHECKS
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Chart 51 (continued)

CRANKSHA

CHECKS

As explained earlier in the text, most manufacturers recommend that a
bent crankshaft be replaced. Straightening a bent crinkshatt weakens the
shaft. Such a shaft could break later while in operation,

Inspect the timing geur on the crunkshaft for wear and damaged teeth.
Normally these gears will last the life of the engine. If there is much wear or
if there are damaged gear teeth, the gear shouid be replaced. On a smaller engine
the timing gear is made as a part of the crankshafi. [t will be necessary to re-
place the crankshaft if the timing gear is faulty.

Data Block

Drive-end main journal out-of-round et s
Magheto-end main journal out-of-cound .

Connecting rod journat out-of-round —— -

Drive-end main journaf taper

Magneto-end main journal taper —

Connecting rod journal taper

NOTES:

Check Point _ . __
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Chart 52
MAIN BEARING AND
CAMSHAFT CHECKS

MEASURING MAIN BEARING BORE

COMPRESSION
RELEASE
MECHANISM

CHECK FOR WEAR

“1111~— Pivot Shaft
Camshaft

ENGINE WITH REMOVABLE BASE AND
CAMSHAFT HELD IN THE BLOCK BY A
PIVOT SHAFT

124




Chart 52

MAIN BEARING AND
CAMSHAFT CHECKS

MAIN BEARING CHECKS

28. On engines that have plain type main bearings it is important to
check the bearing bores for wear,

Carefully check each bearing (one on the biock and one in the crank-
cuse cover) for scoring. If there is much scoring or pitting, the bearing shouid
be replaced. Wear of the main bearing can be checked further with a telescop-
ing gauge and micrometer. On some engines the bearing bore can be reamed
with 4 reamer, and a replacement sleeve can be installed. Such sleeves are not
available from some manufacturers. If the bearing is not serviceable and a
replacement sleeve is not avaitable, the bearing can be reamed out and a sleeve
can he cusiom-made by a machine shop. In such cases the costs of the repair
must be weighed against the costs of replacing the engine or short block.

A short btock includes the block, crankshaft, rod and piston assembly,
valve train, and side cover. Installing a short block involves relatively little
work and provides a literally new engine.

CAMSHAFT CHECKS

29. The camshaft opens the valves by operating valve lifters which push
the valves off their seats. The camshaft will normally last the life of the engine
if the engine oil is properly maintained,

On some engines the camshaft is easily removed once the crankcase side
or base is removed. On other engines the camshaft is on a pivot shaft which
runs completely across the block. To remove this camshaft requires that the
pivot shaft be forced out of the biock. It is not normally necessary that the
camshaft be rernoved as a part of the overhaul.

Check the camshaft for wear by carefully inspecting each lobe for a
scored or scratched surface. If there is no scoring, normally the camshaft is
satisfactory, The lobes can be checked further by comparing the lobe measuore-
ments with the manufacturer’s specifications.

The camshaft gear or assembly should be replaced if the gear teeth are
worn, broken, or chipped. Camshaft bearing wear can be checked by compar-
ing the shaft meansurements with the standards recommended by the manu-
facturer.

On engines in which the camshaft is held in the block on a pivot shaft,
bearing wear can be checked by feeling {or looseness. To make this check,
grasp the camshaft and attempt to move it toward the valve area of the en-
gine, Then try to move it in the opposite direction. If there is much move-
ment of the camshaft on its bearings, the camshaft should be removed and
further checks made with a micrometer.

On engines that have governor units fitted to the camnshaft, the governor
should be checked for wear. Refer to the manufacturer’s manual for data on
a particular governor. Some manufacturers mount a centrifugal mechanism
on the camshaft to provide compression release. On these units check for
binding of the weights and free operation of the springs.
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Chart 53
VALVE LIFTER AND

VALVE GUIDE CHECKS

30. Examine the valve lifters for wear or scoring on the lifter face which
rides on the cam lobes. If the face is worn or scored, the lifter should be re-
placed. The face should not be remachined or ground because this will remove
the hardened surface of the lifter. Without the hardened face surface, the lift-
ot will wear very rapidly.

Before valve puides can be checked for wear, clean carbon from the guide
with a valve guide brush. Check for valve puide wear by placing a new valve
{2 used valve wiii work providing the stem is not worn over .001) in the guide
and measuring the side play with a dial indjcator. The maximum allowable
clearances are listed below:

Vaive Head Diameter Maximum Side Play
Upto L-1/4" Intake 005
Exhaust 007
Over I-1/4" Intake .006
Exhaust 008

Another means of checking valve guide wear is to measure the valve guide
with a small hole gauge and micrometer, Compare the guide diameter one-quar-
ter inch from the top of the guide to the specifications listed by the manufac-
turer,

If valve guide wear exceeds the manufacturer’s recommendations, the
guide should be replaced or reconditioned.

The guide can be resized by 4 knurling process that can be done by most
automotive muachine shops.

Some manufacturers have valves with oversized stems that can be installed
in guides that have been reamed to the proper oversize.

Replacement guides are available for many small engines. Follow the
manufacturer’s recommendations when replacing the valve guide.

Check Point .. .
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VALVE SEAT SERVICE
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Chart 54
VALVE SEAT SERVICE

31. Clean the carbon from the valve ports and valve seat area.

To ensure a good seal between the valve and the valve face requires that
the valve seat be in good condition. If the valve seat is loose in the block, it
can be tightened by staking the block adjacent to the seat with a punch and
hammer.

Badly barned valve seats should be replaced. Follow the recommenda-
tions af the engine manuflzcturer when replacing valve seats.

Valve seats that are not badly burned can be reconditioned by machin-
ing or prinding a new sealing surface, One type of seat reconditioner uses a
hand-operated cutter. To use this tool, tirst place the proper-sized pilot in the
clean valve guide. The propet-angled cutter (usually 45° or 30°%) is then placed
over the pitot, The cutter is turned in a clockwise rotation by the special T-
wrench that comes with the reconditioning tool set.

Pressure is exerted on the tool as the cutter is turned. The cutting action
is continued until 2 clean seating surfice appears completely around the seal.
Caution: The seut should be machined as little as possible. The width of the
finished seating area should be from 3/64 inch to 1/16 inch.

If the seating area exceeds 1/16 inch in width, it should be narrowed by
removing stock from the top of the machined area. The narrowing operation
is performed with a cutter which is of a lesser angle than the valve seat. (A
30% cutter can be used to narrow 45° seats.)

If much narrowing of the seat is required, be sure to check the height of
the valve head when it is seated. The lower edge of the valve margin should be
abhove the top of the valve seat (see illustration), If the valve rides too low in
the seat, check to be certain that the valve margin is sufficient. If the margin
is satisfactory, the problem probably is caused by the seat being too large.
Before condemning the valve seat, however, place a new valve in the engine to
see if it will correct the problem. If it rides properly in the seat, there is no
need to install a new seat. If the new valve rides too low, a new valve seat
should be instalied. Kefer to the manufacturer’s data for valve seat replace-
ment on a particular engine,
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Chart 55
VALVE SERVICE
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Chart 55
VALVE SERVICE

32. Clean the intake and exhaust valves with a wire brush. Examine each
valve for burned faces, If the faces are pitted or badly grooved, the valve should
be replaced.

Measure the margin on each valve. If the margin is 1/64 inch or less, the
valve should be replaced. :

Check the valve stems for scoring and wear. Check for wear by measuring
the valve (with a micrometer) one inch above the retainer groove or hole and
one-quarter of an inch below the upper point of contact with the valve guide.
If these measurements difier by .001 or more, the valve should be replaced.

If the valves are to be reused, the faces should be reconditioned by grind-
ing on a valve refacer. Follow the recommended procedures for the valve re-
facer in the refacing operation. Be certain that the machine is set for the pro-
per face angle before starting the refacing operation. Some engines use differ-
ent angles for the intake and exhaust valves. If a valve refacer is not available,
the operation can be performed by most automotive machine shops.

An altermnate method of reconditioning the valve and the valve seat is
known as fapping. If the valve seat and valve face are in relatively good con-
dition, the seating surfaces can be reconditioned by the lapping process. To
do this, first place the valve in its guide in the engine. Put a small amount of
lapping compound between the vaive face and the valve seat. (Be sure that
none of the lapping compound gets on the valve stem!) Place the suction cap
of the lapping toof over the head of the vaive. Rotate the valve back and forth
against the seat. Frequently raise the vaive off the seat to allow the compound
to Now to the point of friction. Continue the lapping operation until a good
sealing surface is obtained. Clean all the lapping compound from the valve and
valve seat.

The final process on the valve (adjusting the clearance) can only be com-
pleted later when reassembling the engine. This operatien wili be explained
as 2 part of the Reassembly Procedure.
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Chart 56
REASSEMBLY PROCEDURE

l J
|| |

ALL COMPONENTS OF THE ENGINE SHOULD BE CLEANED AND
PLACED ON A CLEAN WORK SURFACE BEFORE BEGINNING
THE REASSEMBLY

REMOVING CRANKSHAFT SEAL INSTALLING CRANKSHAFT SEAL




Chart 56‘
REASSEMBLY PROCEDURE

When reassembling the engine. it is very important that everythiug--puarts,
work arez. vour hands, und tools—-be clean. Surgical cleanliness is o must if
the engine averhiaul is to be successful.

I. Rinse all engine parts in salvent and dry them with compressed air.
As each part is cleaned, place it on the clean surfage of the workbench. Avoid
drying parts with rags because Hnt will collect in the small crevices. If vour
work on the enging is interrupied for any length of time, cover the engine
components with a clean, lint-free cloih.

2. Install new crankshaft seals in the engine block and the cover hous
ing. The old seals can be pried out with a large screwdriver or they can be
driven out with a punch and hammer.

When new seals are being installed, be certain that the sharp edge or lip
of the seal is toward the inside of the engine, Some manufacturers recony
mend that a film of sealer (Permatex #2) be upplied to the outerpart of the
seal (between the seal and the casting) to prevent oil leakage between the seal
and the housing. Seat the seal in the housing with a seal driver (or block of
wood) and a hammer.

3. K the piston, piston pin, or connecting rod is being replaced, proceed
with instaliation of the piston on the connecting rod. First, match the old com-
ponents that you marked prior to disassembly. Position the new replacement
components adjacent to the old parts. Assemble the pistan and rod so that it is
just like the ofd parts were prior to disassembly.

T Check Point e

4, If the camshaft was removed and was the kind held in the engine
block on a pivot shaft, proceed with its replacement. First, clean the block
lifter holes and camshaft bearings. Lubricate these surfaces with motor oil
(SAE 20 or 30, 8K classification). Install the lifters in their respective bores
and place the camshaft in the block. Install the carashaft pivot shaft and ex-
pansion plugs in the block. i

133




Chart 56 (continued)

REASSEMBLY PROCEDURE 1

INSTALLING PISTON ON ROD
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Chart 56 (continued)

REASSEMBLY PROCEDURE

5. Wipe the main bearing surtuces in the engine block und hibricate them
with moter oil.

Wipe the main bedring journaks on the crankshaft, apply a tium of oil. ancl
instad) the cranksbatt in the engine. Carefufly guide the crankshaft throygh the
seal on the mugneto or flywheel side of the engine. Nore: The following pro-
cedure is onty for an engine whose camshaft is held in the engine on a pivot
shaft. I your engine has a removable side crankcuse cover of base containing
@ main bearing, disregard the remainder of this step. Align the tiniing marks
on the crankshaft and the camshait gears. Refer to the Data Block in the dis-
assemtbly procedure tor the crankshatt end play recorded prior to disassembly
of the engine, Compare this end play measurement to the manufacturer’s data.
It the end play is within specifications, select o new bearing retainer cover gus-
ket of the same thickness as the one that was removed from the engine during
disassembly. Install the gisket and bearing retainer. I the end play of the
crankshaft wus more thun recommended by the manufacturer, select a ¢hin-
ner gasket and install the retainer.

Using the dial indicator, check the crankshaft end play with the new eus-
ket i place. If the end play is not within specifications, remove the retainer
und sefect o gasket that will provide the proper end play. I a dial indicator is
not available, check the end play with a feeler gauge as shown in the disassem-
bly provedure. If manufacturer’s dats are not available, adjust the end play
between 004 and .012.
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Chart 57
INSTALLING PISTON RINGS
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Chart 57
INSTALLING PiISTON RINGS

6. Place one of the new piston rings in the cylinder and push it down
to approximitely one-hait inch from the bottom of the cylinder with the
piston. Check the gap between the ends of the ring with a teeler gauge. Com-
pare this end gap clearance with the minimum ring ¢nd gap clearance recom-
niended by the manutacturer. The :nd gap must aaf be less than the mini-
muin clearance specitied ot the rinss will tend to seize in the ¢ylinder. (If the
manufacturer’s Gata are not availat- 2, allow 003 end gap clearance for each
inch of cylinder diameter.)

If the end gap clearance is les. than recommended, carefully file the end
of the ring to obtan the necessary Jlearance, It it is necessary to file the end
of one ring. it will also probably by necessary to file the other rings.

Check Point

7. Install the new piston ring- on the piston. ALWAYS install new pis-
ton rings in an engine that has been Jdisassembled. Used rings cannot seat in
properly and will cause oil consumption and compression loss.

When installing the piston rings, carefully follow the instructions includ-
ed with the new piston rings. Lubricate the ring greoves on the pision before
installing the rings, Use a piston ring expander when installing the new rings.
The rings can be “streiched” if they are instatled by hand springing them over
the piston.

The widest ring is the oil ring that fits in the bottom groove of the piston.
Some manufacturers use a thin metael expander behind this ring. The middle
ring is Feferred to us the scraper ring or the center compression ring. [t not-
mally has a groove on its outside edye. This groove must be down when the
ring is assembled on the piston. The top ring or compréssion ring nommally
has o bevel on its inside edge. This b-vel nrust be up when the ring is installed
on the piston. Check Poini

8. Lubricate the piston and rii:zs thoroughly with motor oil. Rotate
the piston rings so that the end gaps " the rings are not in line. Install the pis-
ton ring compressor over the piston und tighten. Continue to tighten the com-
pressor until the bottom edge of the compressor is against the piston.
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Chart 58
INSTALLING THE PISTON ASSEMBLY
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Chart 58
INSTALLING THE PISTON ASSEMBLY

9. Wipe the cylinder with a clean cloth. Lubricate the cylinder with
motor oil and rotate the crunkshaft to place the rod journal opposite the cyl-
inder. Place the piston assembly in the bore. Make certain that the marks on
the connecting rod are positioned properly in the engine.

Position a hammer handle against the head of the piston. With one hand
exert pressure on the handle while bumping the end of the hammer with the
other hand. Carefully guide the connecting rod so that it does not catch on
the crankshaft.

10. If desired, the ciearance between the connecting rod and the crank-
shaft can be checked at this point,

Wipe the crankshaft and connecting rod bearing surfaces. Position the
rod over the crankshaft journal. Lay a piece of Plastigauge on the crankshaft
and install the connecting rod cap. Carefully tighten the rod bolts to the spec-
ified torque with a torque wrench. DO NOT TURN THE CRANKSHAFT. Re-
move the rod cap and compare the width of the flattened Plastigauge to the
scale on the Plastigauge package. The clearance should be within the specifi-
cations recommended by the manufacturer.

If the clearance is less than the minimum, check to make certain that the
rod cap was installed properly on the rod and that there is no dirt or foreign
material between the connecting rod and the crankshaft. If both items check
out, the connecting rod is probably the incorrect rod for the engine.

If the clearance exceeds the maximum, check for dirt or foreign mate-
rial between the rod and the cap at the point of connection. If no foreign ma-
terial is present, remeasure the crankpin with a micrometer and compare it
with the manufacturer’s data. If the crankpin size is correct, either the rod is
worn or else it is the incorrect rod for the engine.

If the manufacturer’s rod clearance data are ncit available, the following
specifications can be used as a guide:

.001 minimum ciearance between rod and crankpin
0035 maximum clearance between rod and crankpin

11. Thoroughty lubricate the crankpin, rod bearing, and cap bearing.
Install the rod cap (il dipper, if used), lock plate, and rod bolts or nuts. Tight-
en the rod boits evenly to the manufacturer’s torque specifications and bend
the lock plate tabs to secure the rod bolts or nuts.

Rotate the crankshaft to ensure that there will be no binding of the rod

bearing.

139




Chart 59
CAMSHAFT AND CRANKCASE
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Chart 59
CAMSHAFT AND CRANKCASE
COVER INSTALLATION

12. On an engine that does not have the camshaft held in the block on
a pivot shatt, lubricate the valve lifter bores and install the lifters. Lubricate
the camshaft bearings and instati the camshaft. MAKE CERTAIN that the
timing nrark on the camshatt gear and the crunkshaft are matched properly.
£3. Refer to the Data Block in the disassembly procedure for the crank-
shaft end play recorded prior to disassembly of the engine. Compare this end
play measurement to the manufacturer’s data. If the end play is within speci-
fications, select a new crankcase cover gasket of the same thickness as the one
that was removed from the engine during disassembly.
if the end play of the crunkshaft was more than that recommended by
the manufacturer, select a thinner gasket.
For an engine with extreme wear, some manutacturers supply a thin wash-
er which is placed between the crankshaft timing gear and the side cover.
14. If the engine has the governor buiit in to the crankcase, position the
governor components so that the crankease cover can be installed.
15, On an engine that has an oil pump, check the pump for wear. Re-
place worn components and instail the pump in the engine. With a pump oil
can, apply a liberal amount of oil to the piston pin, crankshaft bearings, and
camshaft.
16. Lubricate the camshaft and crankshaft bearings in the crankcase
cover.
17. Instali the oil stinger or oil pump.

Check Point ____
18. Carefully instatl the cover gaskets and cover. Be sure to work the
crankshaft seal into position as the cover is installed, More: It is not necessary
to use a sealer on the side cover gasket. To prevent damage to the crankshaft
seal use a special installing cone or wrap wax paper around the cronkshaft to
guide the seal over the bearing shoulder.
19. Tighten the cover retaining bolts to the specified torque.
20. Check the crankshaft end play with a dial indicator. Compare the
end play of the engine to the manufacturer’s data. If the end play is not suf-
ficient, remove the cover and install a thicker gasket.
If the end play is excessive, remove the cover and install a thinner gas-
ket.
Always use at least one gasket between the cover and the engine even
though the end play slightly exceeds the maximum recommended.
If the manufacturer’s data are not available, adjust the crankshaft end
play between .004 and .012,
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Chart 60
VALVE ADJUSTMENT
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- Chart 60
VALVE ADJUSTMENT

AND INSTALLATION

21. On an engine that has a removable crankcase base, place a new gas-
ket on the engine block and replace the base. Tighten the bolis that secure the
base. BE CERTALIN to tighten the oil drain plug.

22. Place the intake valve in its valve guide and turn the crankshaft until
the valve opens. TURN the crankshaft an additional half turn. This should po-
sition the intake valve in the closed position. Hold the valve tightly closed with
your thumb and check the clearance between the end of the valve stem and
the valve lifter with a feeler gauge.

Check the manufacturer’s specifications for the proper valve operating
clearance for your engine and compare the clearance to the measured clearance
of the engine. Since the valve seating surfaces have been machined, it will prob-
ably be necessary to remove some material from the end of the valve stem to
achieve the right clearance.

The valve stem can be “shortened” by grinding material from the stem
onr a valve recondttioning machine or on a bench grinder with a V block. Grind
a small amount; then recheck the clearance. If too much material is ground
off, the valve wili have to be replaced.

Once the intake valve operating clearance is properly adjusted, place the
exhaust valve in the engine. Rotate the crankshaft until the exhaust valve
apens; then rotate the crankshaft an additional half turn. Check the clearance
specification of the exhaust vaive and adjust it in the same manner as the in-
take valve. Check Point . ..

23. Thoroughly lubricate the valve stem and guide. Compress the intake
valve spring (the lighter spring) and instal] the spring and retainer on the in-
take valve.

In similar manner install the exhaust valve spring (the heavier spring) and
retainer. If a valve spring compressor is not available, the springs can be com-
pressed in the bench vise and held with wire. Once the retainers are in position,
cut the wire from the spring and remove it from the valve chamber.

Replace the valve cover using a new gasket. If the cover contains a crank-
case breather, be cerfain to reassembie the unit in the proper sequence.
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Chart 61

HEAD REPLACEMENT AND
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Chart 61 ,
HEAD REPLACEMENT AND
FINAL REASSEMBLY

24. Make certain that the block and head are clean and place a new
head gasket on the block. Carefully check the gasket to be sure that it aligns
properly with the bolt holes and the block surface. Place a small amount of
graphite grease on the threads of the head bolts and install the head on the
engine. Make certain that all bolts are installed in the proper locations. If the
bolts were mixed accidentally, check with a smail-rod or nail to determine
where the longer bults are needed to ensure that the bolts adequately thread
into the engine.

25. Snug all head bolts by hand. Torque the bolts to one-third torque
specifications foliowing the tightening sequence shown for your bolt arrange-
ment. Refer to the manufacturer’s specifications for the torque value. Retight-
en all bolts to two-thirds torque specifications. Tighten to the torque specifi-
cations and go over them one more time to be certain that all bolts are at the
proper torque.

26. Adjust the gap and install a new spark plug. Torque the plug to the
specified torque. If specifications are not available, torque the plug to 20 foot-
pounds.

27. Replace the intake manifold and carburetor assembly. Connect the
governor linkage before bolting the carburetor to the engine. (DO NOT BEND
THE LINKAGE WIRE.)

28. Replace the ignition system and flywheel as outlined in the Ignition
section.

29. Replace the muffier. Caution: On a model that has a muffler which
threads inte the engine block, DO NOT thread the muffler all the way into
the block. Thread the muffier into the block approximately one-half inch and
tighten the locking nut. If the muffier is threaded into the engine too far, it
may “pinch” the exhaust valve guide or the tapered threads may distort the
engine block.

30. Replace the air shroud and other components which were removed
or disconnected.

31. Fill the crankcase with SAE 30, SE classification, motor oil.

Note: Do not overfill the crankcase, Fill only to the full mark or level of the
engine. After 5 hours of operation change the engine oil. Duriiig break in of
a newly overhauled engine the oil becomes contaminated quickly as the new
parts ““wear in”

32. Replace the engine on the tiller, lawnmower, etc., and connect all
controls.

33. Reconnect the drive train or blade.

34. Fill the fuel tank with clean fuel.

35. Start the engine and maintain a fast idle for the first few minutes

of rnunning.
36. Adjust the carburetor as outlined in the Carburetor section.
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Questions for Section IV
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. Piston rings are fitted to the piston to keep the piston centered in the cylinder.

{Chart 42)
The crankshaft drives the cainshaft at one half ¢rankshalt speed, (Chart 42)
Guskets and seals should not be reused when servicing the engine. (Chart 42)

The purt inside the engine that wears the mos: is the connecting, rod bearing,
(Chart 42)

Failure ta remove the rust frem the drive end of the crankshaft can cause
damage to the main bearing when the crankcase is removed. (Chart 45)

Any cylinder head which is warped must be replaced. (Clart 43)

7. Some small engine valve covers contain filter units for the crankcase breather.

i0.
H.

13

i4.

15.

16.

17,

18,
19,

20.

21.

22.

23.

F 24,

26,

(Chart 46)

Gasoline should ro? be vsed to clean thz engine. (Chart 44)

Cytinder head bolts used on small engines are all the sarne leagth. {(Chart 43)
Removing the carburetor requires bending the governor linkage. {Chart 43)

The spark plug wire should be grounded before beginning work on the blade
or drive unit. (Chart 44)

Improper combustion can cause the piston rings to break or become “locked™
in the ring groove, {Chart 49)

On some cngines the exhaust valve spring is heavier than the intake valye
spring. (Chart 46)

ldentification matks should be puinted on timning gears if there are no manu-
facturer marks. (Chart 47)

All internal parts of the engine should be cleaned with soapy water when per-
forming an overhant. (Chart 47)

A broken piston ring should never be used to clean the ring grooves of the
piston. (Chart 49}

If the cylinder of an engine is .015 out of round, the engine should be junked.
(Chart 48)

Cylinder 1zper can be measured with a piston ring and feeler pauge. (Chart 48)

A new piston should be instalied In a eylinder which has been rebored.
(Chart 49)

Before removing the connecting rod from the piston, the rod and piston should
be marked with a punch to aid in reassembly. (Chart 50)

If the crankpin bearing surface of the connecting rod is scored, the connect-
ing rod should be replaced. {(Chart 50)

The connecting rod cap should be filed down to achieve a proper fit on the
crankshaft. (Chart 50)

Most manufacturers recommend that bent crankshafts be straightened in a
heavy press. (Chart 5t)

Wear on the camshali is 2 commen problem found ip small enpines. {Chart 52)

On many small engines the crankshaft timing gear is made as a part of the
crankshafe. (Chart 51)

Crankshaft and camshaft timing gears wear quickty and must be replaced.
(Chart 51)




36.
X7,

38.

39,

4t.
42,

43.

45,
46.

47,

48.
49.

It the Face of a valve fifier is badly scored, it should be refaced on a valve
refacing machine. (Clurt 53)

A valve seat which is Jnose in the block should be welded in place with an are
welder. {Chart 54)

Thie seating atea of a valve seut should not be over 1/8” wide. (Chart 54)

. Valve margin should be at feast 1/64”. (Chart 55)

. When instabling erankshaft seals, the sharp edge ot lip should be towards the

inside of the epging. (Chart 56)

. Piston -ing end gap can be increased by filing the end of the rinpg. (Chart 57)

The bezel on the inside edge of u piston ring should be towards the top of
the piston. (Chart 57)

A ring expander is used to hold the rings in place as the piston is installed in
the cylinder, (Chart 58)

The piston assembly should be hammered into the cylinder with a ball peen
hammer. {Chart 57)

Connecting rod bolts should be tightened with an open end wrench. (Chart 58)

if the valve operating clesrance is too much, the valve will have to be replaced
unless the margin will allow additional refacing. (Chart 60}

The engine oil should be changed after 5 hours of operation on a newly-over-
hauled engine. (Chart 61)

Describe how the piston is attached to the connecting rod. (Chart 42)
How i the crankshaft supported in the engine block? (Chart 42)
List the functions of the piston rings. (Chart 2)

The ¢onnecting rod is attached to the _....... s, QF tH€ crankshafe.
{Chast 42)

identify the components and describe the operation of the valve train.
{Chart 42)

Name two symiptoms which would indicate that 4n engine should be overhauled.
{Chart 42)

What procedure should be followed in tightening cylinder head bolts? {(Chart 43)

What four key points should be observed or practiced when overhauling an
engine? (Chart 44)

Why must the ring ridge be temoved from the cylinder as part of overhaul
procedure? (Chart 45)

Describe how crankshaft end play can be measured. (Chart 46)

The ¢rankshaft run-out or wobble should not exceed _ .
(Chart 45)

. What tool should be used to remove connecting rod bolts or nuts? (Chart 47)

. What does “10” mean when it is stamped on the top of the piston? (Chart 47)

Explain how carbon should be removed from the piston. (Chart 49)

What is cylinder taper? (Chart 48)
Cylinder tapershould notexceed . . {Chart 48)

List the three different types of cylinder wear which must be checked.(Chart 48)

Cylinder wear can be measured with a telescoping gauge and a
{Chart 48}
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59,

65,
b6,
67,
68,
9.
70.
71.

73.

74.
75.

76.

W ring proove wearexcesds ... _ . the piston should be repluced.
{Chaurt 4%

Describe what can cause deep scores or scratches on the piston rings.  (Chart 49)
How can piston pin wear be checked? (Chart 50)

Expluin the difference between a plin-type bearing and an anti-friction type
beating. (Chart 51)

How cun a worn valve guide be corrected or repaired? (Chart 53)

. What parts are included in # new short block assembly? (Chart 52)

ldentify the cliecks which should be made on anti-[riction bearings, (Chart 51)

Describe tie measurements and checks which should be made on crankshalt
journals. (Chart 51)

Explain the procedure for machining the valve seats in the engine block.
(Chart 54)

Describe the procedure for replacing a crankshaft seal. (Chart 55)

Why is cleanfiness important when reassembling an engine? (Chart 56)

Sketch an engine valve and label the main parts.  (Chart 55)

Explain how crankshaft end play cun be measured. {Chart 56)

Describe the procedure for checking piston ring end gap.  (Chart 57)

Why should used piston rings ot be reused in an overhauled engine? (Chaet 57)

Identify by mume the different rings used on the piston and the function of
each. (Chart 37)

What precautions should be observed when installing piston rings on the
piston? {Chart 57)

List the steps of procedure lor checking and adjusting valve operating clearance.
{Chart 60)

Explain how plastiguage is used to check bearing clearance.. (Chart 58)

What could cause excessive clearance between the connecting rod and the
erankshaft? (Chart 58)

How can the crankcase cover be installed without damaging the crankshaft
seal? (Churt 59)
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Chart 62
BASIC COMPONENTS

- Piston Pin Retainer

Piston Pin

Cnnnectlng Rod Piston
/ Piston Rings

h c P 4
Connecting Rod Needle Beanngs , __::._ " | }

Connecting Rod Cap

150




Chart 62
BASIC COMPONENTS

The two-stroke cycle engine delivers one power impulse each time the crank-
shaft completes one revolution. Intake and exhaust gases move in and out of
the cylinder through ports (holes) in the sides of the lower part of the cylin-
der. This arrangement takes the place of the valve train found on four-stroke

cycle engines.

Oil is mixed with the fuel for the two-stroke cycle engine. Therefore, there is
no need for a volume of oil in the crankcase. The oil suspended in the fuel
vapor sticks to the surfaces of all the moving parts. This keeps all the parts
coated with a film of oil, regardless of how much the engine is tiited.

Reed valves (thin strips of metal) are located in the side of the crankcase. The
reed valves permit the intake gases to enter the crankcase. The gases are trans-
ferred to the cylinder through the intake port in the lower part of the cylinder.

There is no exhaust valve used with the typical two-stroke cycle engine. The
exhaust gases leave the cylinder through the exhaust port when the piston nears
the end of the downward stroke.

The exhaust port tends to build up with carben as a result of burning some of
the oil in the fuel mixture. The port must be kept clean and free of this carbon.

The engine has main bearings and rod bearings which are similar to the four-
stroke cvcle engine. On some two-stroke engines anti-friction (roller) bearings
are used. When servicing an engine with anti-friction bearings, it is important
that the rollers (needles) are not lost. Extreme care must be taken when dis-
assembling the engine to make certain that all the bearing rollers are kept to-
gether.

The crankcase gaskets and crankshaft seals on the two-stroke cycle engine must
be in good condition. Leakage past the seals or gaskets can prevent the engine
from running properly. If the crankcase is not sealed completely, the intake
gases will be diluted by the air leaked to the crankcase.
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Chart 63
MINOR ENGINE SERVICE

Exhaust Ports
O Dowel
\_/ :
dE CLEANING CARBON FROM THE EXHAUST PORTS
@) <
O

Remova Muffler

Motor Oil
Placed on Gasket—

CHECKING FOR AIR LEAKS ‘&',

AT CRANKCASE GASKET Malce Sure

Bolts Are Tight
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Chart 63
MINOR ENGINE SERVICE

Two-stroke cycle engines require some basic services quite different from the
four-stroke cycle engine. There is a tendency for carbon to build up around
the ports of this engine because of the oil in the air-fuel mixture, 1f the carbon
buildup is excessive, the engine will lose power.

EXHAUST PORT CLEANING

Remove the shields and other components necessary to loosen the
muffler or exhaust passage bolts.

Remove the mufiler {(or exhaust system).

Remove the spark plug and rotate the crankshaft until the piston
blocks the exhaust port, Check Point
Use a wooden dowel rod to scrape carbon from the ports. Be ve
careful that the cyiinder walls and piston are not damaged.

WITH THE SPARK PLUG WIRE DISCONNECTED and connected
to ground, ¢crank the engine over to blow any carbon particles from
the piston head and port area.

Clean the muffler and cover plate. Check Point ..o .. .
Scrape the threads of the muffler bolts with a lead pencil. This will
prevent the threads from seizing in the block easting.

Reassemble the muffler and shields.

Check the spark plug gap and replace the spark plug and spark plug
wire.

CRANKCASE AIR LEAKS

The two-cycle engine depends on a sealed crankcase for efficient intake of
gases into the crankcase and movement of the air-fuel mixture to the cylin-
der. Any defect that permits air to enter the crankcase on intake will also
permit loss of the compressed air-fuel mixture in the crankcase at the time
it is moved to the cylinder,

CHECKING FOR CRANKCASE AIR LEAKS

Check for loose screws and bolts which would allow crankcase leaks.
Tighten any foose components.

Apply 2 film of motor oil on the gasket sealing area of any portions
that were loose.

Crank the engine and observe whether or not the oil is drawn into
the crankcase through a defect in the gasket. Start the engine and
continue to check suspicious areas for leaks. If any leakage is ob-
served, the gasket should be replaced. Check Point

153




Chart 64
REED VALVE INSPECTION
AND SERVICE

REMOVING CARBURETOR
AND REED VALVE ASSEMBLY

INSTALL REED WITH
SMOOTH EDGE TOWARD

REED PLATE
Read Plate
o
. Bent Convex O O
o o
Qﬂ O o
Bent Concave

CAREFULLY INSPECT
REED VALVES FOR
THE PROBLEMS
SHOWN ABOVE

CHECK REED CLEARANCE
WITH A FEELER GAUGE

{REFER TO MANUFACTURER’S
SPECIFICATIONS)
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Chart 64
REED VALVE INSPECTION

AND SERVICE

The reed valve(s) employed in the air-fuel intake system must function proper-
Iy or else the two-stroke ¢ycle engine will not run. A speck of dirt or a piece of
grass in the reed valve will cause improper pressure buildup in the crankcase of
the engine.

SERVICE PROCEDURE

Remove the carburetor ugsembly from the engine.
Curefully remove the reed valve assembly.
Inspect the unit for foreign material between the reed and its seat.
Als0 inspect the reeds for warpage or other damage.
Remove the reed and rinse the valve compaonents in clean solvent.
AVOID USING COMPRESSED AR because the blast of air can dis-
tort or bend the reeds. [f the reeds are dumaged or budly worn, re-
place them with new reeds.
Carefully reassemble the reed valve assembly. Check the clearance
between the reed valve with a feeler guuge. Compure the clearance to
specifications, If the clearance is improper, check to see that the unit
is ussembled properly,
Note: Used reeds may appear to be good but not give the proper
clearance, In such cases the reed should be replaced.

Check Point .. .
Using new guskets, replice the reed valve assembly and carburetor
on the engine,
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Chart 65
ENGINE OVERHAUL

(TWO-STROKE CYCLE ENGINE)

CLEAN THE ENGINE BEFORE STARTING DISASSEMBLY

/@'\@’
POLISH DRIVE END OF

i THE CRANKSHAFT TO
- REMOVE RUST

REMOVING ARMATURE PLATE  , .. o ate/
FROM THE CRANKCASE
Crankcase
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Chart 65
ENGINE OVERHAUL

(TWO-STROKE CYCLE ENGINE)

The engine should be disassembled completely for overhaul only if there is
good reason. Thorough testing can determine whether or not an overhaut is

necessary.
REASONS FOR OVERHAUL

1. Poor compression because of internal wear {compression testing is
explained in the Compression Testing section of this text).

2. Excessive noise or knocks coming from inside the engine.

3. Crankshaft will not tum because of internal problem.

OVERHAUL PRCCEDURE

I. Remove or disconnevt the control cables and linkage. Disconnect
the spark plug wire and attach it to the engine ground.

2. Disconnect the power drive belt, blade, or other power mechanisims.
On shaft-driven, self-propelled units, mark the gears so that they can be re-
assembled in the same relative posiiion. Chevk Point ... _.

3. Remove the engine from the lawnmower, generator, or uqmpment

4. Clean the outside of the engine. Hot, scapy water can be used to
scrub the engine. Rinse with water.

On engines which are very dirty and greasy, apply engine cleaning sol-
vent and rinse with water. DO NOT USE GASOLINE TO CLEAN THE
ENGINE.

5. Dry the engine with cioths or compressed air.

6. Remove the shroud and the fuel tank. Note the types of screws used
to mount these components. They should be replaced in the same positians.

7. Clean all rust and dirt from the drive end of the cranksiaft as shown
in the illustration. Any rust or roughness on the shaft will damage the drive-
end main bearing when the crankshaft is removed from the crankcase,

Check Point ... —

8. Check for a bent crankshaft. {See the Crankshaft area of the Four-
Stroke Cycle Engine section for methods of checking the crankshaft.)

9. Remove the flywheel. On some models a filter screen must be removed
to gain access to the flywheel nut. (See the Ignition section for the details
on flywheel removal.)

10. Remove the governor assembly and the armature plate. The arma-
ture plate contains a main bearing. On some engines the bearing is a loose-
needle type. Be careful that none of the needles is lost.

11. Remove the carburetor and the reed plate.

12. Loosen the connecting rod bolts or nuts but DO NOT remove them
from the rod.
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Chart 65 (continued)
ENGINE GVERHAUL
(TWO-STROKE CYCLE ENGINE)

REMOVING CARBLIRETOR
AND REED VALVE ASSEMBLY

LOOSENING CONNECTING
ROD BOLTS
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Chart 65 (continued)

ENGINE OVERHAUL
(TWO-STROKE CYCLE ENGINE)
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Chart 63
CYLINDER, PISTON, AND
CRANKSHAFT REMOVAL

REMOVING CYLINDER (JUG) FROM THE CRANKCASE

REMOVING THE CRANKSHAFT

REMOVING CONNECTING ROD CAP
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Chart 66
CYLINDER, PISTON, AND

CRANKSHAFT REMOVAL

13. Remove the boits or screws which attach the cylinder (jug) or the
cylinder head. Note: There is no provision for removing the cylinder head

or cylinder on some two-cycle engines. On these engines the piston is removed
through the bottom of the cylinder.

14. Tap the cylinder with a soft hammer to break it loose from the
crankease,

I5. Remove the cylinder by pulling it away from the piston quickly.
Neote the match marks on the connecting rod and the connecting rod cap. Re-
move the connecting rod bolts or nuts and remove the piston assembly from
the engine. Be careful to retain all the loose-needle bearings of the counect-
ing rod bearing. Note: On some two-cycle engines the rod cannot be removed
from the crankshaft. On such engines check carefully for roughness by revolv-
ing the connecting rod on the crankshaft. If there is roughness or if the side
play is excessive, the crankshaft-rod assembly should be replaced.

16. Remove the crankshaft from the crankcase,
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Chart 67
CHECKING WEAR OF

ENGINE COMPONENTS

FEEL FOR WAVINESS ON THE BEARING
JOURNAL ON ENGINES WHICH HAVE
ROLLER BEARINGS

i c Connecting Rod
E Journal

POINTS OF MEASUREMENT Flywheet ot~

FOR CHECKING JOURNAL  Magneto-end
OUT-OF-ROUND Journal

Drive-end
Journal

Scored Cylinder

EXAMINE THE CYLINDER MEASUREMENT POINTS FOR
FOR SCORING CHECKING CYLINDER WEAR

Check Point
NOTES: _
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Chart 67
CHECKING WEAR OF
ENGINE COMPONENTS

17. Wipe crankshatt bearing journals with a clean cloth. Carefully inspect
the journals which employ ncedle-tvpe bearings. Wear can be noted by feeling
the journal. Slight roughness or waviness indicates wear and the crankshaft
should be replaced. Check Point S

When the crankshaft joernal is a plain bearing. it should be measured with
& micrometer. Reter to the Crankshatt Measurement section in Four-Stroke
Cycle Overheul for informution on measuring crankshaft journals. Compare the
megsurements 2 the manufacturer’s specifications. If they exceed the maxi-
mom acceptable wear, the crankshaft should be replaced. If the manufacturer’s
data are notavailable. (001 can be censidered the maximum cut-of-round
which is acceptable. Record the crankshaft out-of-round and taper in the Data
Block.

t8. Inspect the cylinder for wear and scoring. Some two-cycle engines
utitize a chrome-plated cylinder. It the chrome has “worn through,” the cytin-
der shewld be replaced. I the cylinder is scored, it should be replaced.

Check the cylinder for wear and taper by taking measurements with
telescoping gavge and micrometer. For additional information on cylinder
measurements, refer to the Cylinder Measurement section in Four-Stroke Cy-
cle Qverhaul. Compure the measurements to determine out-of-round und ta-
pet. Check the manufacturer’s specifications for the maximum allowable
taper and wear. Record the information in the Data Block.

It the wear or taper exceeds the maximum, the cylinder should be bored
or honed oversize. The cylinder resizing should be done by a machine shop
equipped to perform this machining. Check the availability of an oversize pis-
ton and rings before reconditioning the cylinder, In some instances it may be
more econemical to replace the cylinder rather than have it reconditioned.

Data Block

Actugl Specifications
Drive-end main journat out-of-round oot siie ot e

 Magneto-end main journal out-of-round

'Connecti.ng rod journal eut-of-round

Drive-end main journal taper S

Magneto-end journal taper
Comaecting rod taper e
Cylinder wear S

Cylinder out-of-round

Cylinder taper
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Chart 68
PISTON PIN AND

CONNECTING RGD CHECKS

REMOVING PISTON PIN

CHECKING FOR
PISTON PiN WEAR

INSPECT BEARING SURFACES
FOR WEAR

Pits

CHECKING PISTON PIN WEAR

CAREFULLY EXAMINE
BEARING ROLLERS
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Chart 68 |
PISTON PIN AND
CONNECTING ROD CHECKS

19. Piston pin wear can be checked by holding the piston ficmly in one
hand while attempting to “rock™ the rod with the other hand. The rod raust
be “rocked”™ in line with the piston pin. It is normal for the rod to slide freely
across the piston pin, Do not confuse this with piston pin wear,

If looseness is detected, the piston pin should be removed. Before remov-

_ing the pin, note identifying marks or mark the piston and rod with a punch
mark so that they can be reassembled properly. Remove the piston pin retain-
er with small nose pliers and remove the piston pin. Be careful that none of
the rollers is [ost on units which utilize a needle<type bearing.

Examine the piston pin and connecting rod pin bore for scoring or rough-
ness. Any component that is scored should be replaced.

Meastire the piston pin and the connecting rod bore with a micrometer.

On a model that utilizes a plain-type bearing at the pin, the clearance
between the piston pin and the connecting rod pin bore should not exceed
002 on most engines. '

Oversize pins are available from some manufacturers. When an oversize
pin is being instafled, the rod and piston must be reamed or honed to achieve
the proper fit. Check Point —

S 20. Inspect the connecting rod bearing for scoring and wear. The bore
~_can be measured with a telescoping gauge and micrometer to find its size. Com-

pare the measurement to the manufacturer’s specification to determine wear.

EF over 0GOS wear is present, the rod should be replaced.

On a model that utilizes a needle bearing in the rod, carefully examine the
rod or the insert for roughness. [f roughness is present, replace the component.
Inspect the rod bearing needles for pits and flat spots. If either is present, the
complete set of needles should be replaced. Check Point
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Chart 68

PISTON PIN AND
CONNECTING ROD CHECKS

19. Piston pin wear can be checked by holding the piston firmly in one
hand while attempting to “rock” the rod with the other hand. The rod must
be “rocked™ in line with the piston pin. [t is normal for the rod to slide freely
across the piston pin. Do not confuse this with piston pin wear.

I loaseness is detected, the piston pin should be removed. Before remov-
ing the pin, note identifying murks or mark the piston and rod with a punch
mrark so that they eun be reassembled properly. Remove the piston pin retain-
er with small nose pliers and remove the piston pin. Be careful that none of
the rollers is lost on units which utilize a needle-type bearing.

Examing the piston pin and connecting rod pin bore for scoring or rough-
ness. Any componentt that is scored should be replaced.

Meastere the piston pin and the connecting rod bore with o micrometer.

On a model that utilizes a plain-type bearing at the pin, the clearunce
between the piston pin and the connecting rod pin bore should not exceed
002 on most engines.

Oversize pins are availuble from some mzarufacturers. When an oversize
pin is being installed, the rod and piston must be reamed or honed to achieve
the proper fit. Check Point  _. _
T 20, Inspect the connecting rod bearing for scoring and wear. The bore
" canbe measured with a telescoping gauge and micrometer to find its size. Com-

. pare the measurement to the manufacturer’s specification to determine wear.

H over 0005 wear is present, the rod should be replaced.

: On a madel that utilizes a needle bearing in the rod, carcfully examine the
rod or the insert for roughness. If roughness is present, replace the component.
Inspect the rod bearing needles for pits and flat spots. I either is present, the

complete set of needles should be replaced.  Check Point ____
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Chart 69
PISTON CHECKS

REMOVING PISTON RINGS WITH A
PISTON RING EXPANDER

Scored Piston

CLEANING CARBCN FROM THE
RING GROOVES WITH A
BROKEN PISTON RING

PREPARING TO INSTALL THE
CONNECTING ROD ON
THE PISTON
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PISTON CHECKS

21. Carefully examine the piston for scoring and wear. If a two-cycle
engine is operated on fuel with no oil added, the piston will score very quickly.
If too much oil or a low-grade oit is added to the fuel, carbon will build up
quickly in the exhaust port. This excessive carbon can cause scoring of the
piston,
- Abadly scored piston should be repluaced. To vertfy the wear of a piston,
- measure it with a micrometer and compare the measurements to the manufac-
" turer’s specifications.
.7 22, If the piston is not scored or worn, it can be reused. Remove the
_piston rings with a piston ring expander. The piston ring grooves must be clean-
- ed thoroughly. Many manufacturers use “pins” or wires to prevent the piston
- rings from tusning on the piston. Either remove the pins or wires or use ex-
~“treme caution when cleaning the ring grooves. Clean ail carbon from the grooves
-+ - with a piston ring groove cleaner ora broken piston ring. If a broken ring is
" used, grind the end of the ring square so that the carbon in the base of the
- groove can be removed.
o 23. Check the ring groove wear by placing a new ring in the groove and
measuring the side clearance with a feeler gauge. The side clearance measuse-
¢ should be,checked agamst the manufacturer 'S specrficatlons I the manu-

It the nng srde c!earance :s excesswe, the ptston should be re-
' : Check Point e

; exhaust port srde of the cylmder When mstallmg the piston pin retain-
ers, make __ogl’ta_m_ that the retainer ring opening is toward the top of the piston.
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Chart 70
PISTON RING CHECKS AND

INSTALLATION

Cleanliness is most important when reassembling an engine. Make certain
that the work area, tools, component parts, and your hands are clean be-
fore beginning the reassembly of the engine.

28, Clean all engine parts in solvent. Blow the excess solvent fron
the parts with compressed air and lay each part on a clean work surface.

26. Check the ring end gap of the new piston rings in the cylinder.
ALWAYS INSTALL NEW PISTON RINGS. Position the ring squarely in
the cylinder and measure the gap between the ring ends with a feeler gauge.
Check the manufuacturer’s data for acceptuble end gap, IF these duts are not
available, .Q05 is considered the minimum gap. If the gap is less than the
minimum or .05, check to be certein that the rings are the proper ones
for the engine. On some models the end gap can be filed with a file to a-
chieve proper clearance. Generally the gap should not exceed .020.

27. Carefully instaif the rings on the piston. Use a piston ring ex-
pander for this operation. If no ring expander is available, carefully place
the rings on the piston. Install the lower piston ring first. If the piston has
pin or wire retainers, be careful to position the ring properly over the re-
tainer. The pin retainers or wire prevent the ring from rotating to 4 posi-
tion where the end of the :ing would catch in the cylinder port,

Check Point ... .. e
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Chart 71
SEAL REPLACEMENT AND

CRANKSHAFT INSTALLATION

28. Remove the old seals from the crankcase and/or crankcase covers
with o large screwdriver,

29, Instull new crunkshafi scafs with a seal installation tool or a blovk
of wood. Be certain that the lip of the seal is toward the inside of the en-
gine. Note: On some engines which employ needle-type main bearings, the
seal is tnstatled affer the bearings are in pluace in the crankease and armature
plate,

30. Wipe the main bearing of the block and lubricate it with SAE 20,
SE oil. Wipe the crankshaft clean, oil with clean motor oil, and install it in
the crankcase. BE CAREFUL that the oil seal is not damaged as the shaft
is instatted. On models with loose-needle bearings, coat the needles with
Vaseline or other low-melting temperature grease to Keep the rollers in ptace
while the crankshoft is being installed.

31. Position the piston assembly in place. Be certain that the piston
is positioned identical to its position before disussembly. If a rod “liner” is
used, position the liner in the connecting rod. Pluce one-half of the joose
acedles in the connecting rod. Keep the ncedles in place with grease and
pull the rod into place on the crankshaft. Position the remaining needle
bearings in the cap or on the crankshaft and install the connecting rod cap.

Make certain that the match marks on the rod and rod cap are align-
ed. Carefully tighten the rod bolts until they are shug. DO NOT TIGHTEN
THE CONNECTING ROD BOLTS AT THIS TIME,

Nose: On engines with a plain-type rod bearing, disregard the above
needle bearing instructions. Check Point _.____ .
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Chart 72
CYLINDER AND CRANKCASE
REASSEMBLY

32. Place the cylinder-crankcase gasket on the crankcase, 8e certain
fhad the pare holes gre properly aligned.

33. Apply a4 liberat coat of oil to the piston and piston rings. Posi-
tion the rings properly over the retainers on pistons so designed. On en-
gines without pins, stugger the rings so that the end gaps are not in line
with euch other and are not in alignment with the cylinder ports. Instal
a ring compressor over the rings. Wipe the ¢ylinder clean, apply 4 liberal
coating of oil, and stide the cylinder (jug) over the piston.

34. Tighten the connecting rod bolts to the proper torque specifica-
tions with o torque wrench, Bend the lock tabs around the rod bolts or
nuts. Rotate the crankshatt to be certain that there is no binding.

35, Instail the grmature plate or crunkcase cover with a new gasket
between the cover and the crunkcuse, Apply grease to the needle bearings
to hold them in place if this type bearing is employed. Be carefid that the
new crankshaft seal is not damaged when sliding the cover into place. A
tilm of wax paper can be wrapped around the crankshaft to prevent the
seal from catching on the main bearing shoulder. Tighten the cover retain-
ing boits.

36. Install the reed valve reassembly and carburetor. Use new guskets,
Be certain that the reeds are toward the enginet Tighten the reed valve and
carburetor retaining nuts or bolts,

37. Install the ignition system components and flywheel. Sce the
Ignition Service section for details on the ignition system.
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Chart 73
FINAL STEPS OF REASSEMBLY

38. Replace the flywheel shrouds. Reconnect the carburctor linkages
and the fuel lines.

39. Reassemble the engine on the lawnmower or powered wnit and
reconnect all the ¢ontrol cables and mechanisms,

49. Fill the fuel tank with the proper mixture of fuel and oil.

41. Perform the basic carburetor adjustiments as outlined in the Car-
buretor Service section.

42, Start the engine and make final carburetor adjustments.

Check Point
43. Operate the engine under normal conditions and readjust the car-
buretor as is needed.
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Why are pins or wites used to locate the piston rings on the piston on a two-
strobe cycle engine?  (Churt 70)

List soine reasons for a scratched or scored piston.  (Chart 69)
The maximum side clearance of ¢ pistonvingis ... ... . (Chart 69)
What tool is used to install piston rings on the piston? (Chart 70)

Why should new seuls be installed in the crankcase when the engine is
avertuled?®  (Clhart 71)

Explain how the reed valve assembly should be installed on the engine.
(Chart 73)

How can loose needle bearings be held in place when assemblying the
enging? {Chart 71}

177




Section VI

BATTERY AND STARTER
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Chart 78
THE STORAGE BATTERY

“we storage battery is designed to chemicatly accept an electrical charge and
it antil needed. Batteries have a number of characteristics and weakness-
*are usailly overlooked until it is too late. This is especiatly true on

* garden equipment in which the entire charging and starting circuits
v geeessories, The location of the battery is ot a primary design

- am is usuabty not [ocaied to the batteries best advantage.

Electrical power is stored chemically in the battery. The
“the battery must be maintained. Do not add chemicals
> they wilt only destroy the chemical balance.

ad refill it with clean water or acid. As the battery

*eal composition of the electrolyte solution changes.
Codyee s determined by the state of change of the
tyte with new would upset the battery’s

>% of electrotyte 1oss. The foss is water.
the battery 1o operate with a low

~+only a limited area below
 helow the plates be-
ruined.

T explosive gas
i.. - is being

ripment
~aine




Chart 75
BATTERY TESTS

Severaf tests nury be performed to determine the condition of the battery,
Any one test will not ensure a4 complete analysis. Making an assuraption about
a cause of 1 probiem based on only one test would be like a doctor’s perform-
ing braip surgery on you because you have a headache when perhaps an aspirin
wouthd cure i, Make as many tests as possible to determine the battery con-
dition.

SELF-DISCHARGE

A commaon problem is dirt and moisture buildup on top of the battery which
creates a path for current flow or discharge across the top of the battery.
Check for this by connecting the negative voltmeter {ead o the battery by
touching the positive voltmeter probe several places o the insulated portion
of the battery top. Any voltage found here is a result of leakage of current.
Clean the battery top. Use a baking soda solution io help remove corrosion
and acid deposits. Do not allow the baking soda solution to enter the battery.
Abways wear safety glusses and wash your hands trequently when you work
with a battery. Wash off any liquid that splashes on your face or arms.

SPECIFIC GRAVITY TEST

As the battery is charged and discharged, both chemical solution and its speci-
fic gravity (weight) are changed. The charge of each cell can be measured with
a battery hydrometer. Hydrometers are calibrated to read correctly at 80° or
room temperature, 1f the test must be made at any other temperature, a hydro-
meter with a temperature correction scale must be used to get an uccurate
reading.

" Draw enough water into the hydrometer to allow the bulb to float freety and
to record the reading accurately, Perform this test on each cell of the battery
and compare the readings. A fully charged battery should read near 1.280
These readings indicate only the state of charge the battery cureently has pluc-
&d on it. A perfectly good battery will read low if the charging system is not -
keeping it charged or if considerable cranking or accessory load has just been
placed on it.

One really important indication is that whatever the state of charge of the
battery, all cells should read the same. The cells are connected in series and
the charge and discharge of each cell are equal. Any variation between the
readings obtained from the cells indicates bad cells and a weakened battery.
If this battery is continued in use, it will place extra load on the charging cir-
cuit and wilk have reduced cranking power.
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 Chart 76
BATTERY CAPACITY TESTS

The battery must be able to maintain voltage during the cranking operation.
Just taking a voltage reading from a battery not in use does not tell much. A
nearly dead battery can show full voitage (12.6 volts D.C.) when no load is
connected. The true test of capacity is the abili.y to maintain voltage while
under load.

A simpie battery test can be made by connecting a voltmeter across the bat-
tery while ihe battery is still on the equipment. The no-load reading should
be 12.6 volts. Observe the voltmeter and crank the engine. Crank until the
voitmeter drops to a steady hold pesition. Caution: Do not crank longer than
15 seconds! The voltmeter reading should be above 9.5 volts. If the engine
cranked at a good normal speed and if the voltage remained above 9.5 volts,
the battery is satisfactory. Failure to pass this test could be caused by exces-
sive starter draw, Check the battery by using the carbon pile method.

CARBON PILE TEST
A carbon pile is a variable load device. Connect the carbon pile in series with
an ammeter. The ammeter will indicate the amount of lcad being placed on
the battery by the carbon pile. Connect a voitmeter across the battery to meas-
ure the battery voltage. Adjust th¢ carbon pile to three times the ampere-hour
.. rating of the battery for 15 seconds and observe the voltmeter reading. Do
" 'not leave the load on the battery for more than 15 seconds because the bat-
- tery will be quickly discharged. If the battery reading does not drop below
‘9.5 volts, the battery will provide dependable performance. If the battery
drops below 9.0 volts, it is either defective or is not fully charged. Retest with
a hydrometer, and recharge the battery if necessary, If a fully charged battery
.. does not pass the test, it is defective and must be replaced.

EQUIPMENT
" The ammeter and carbon pile used for this test must be able to handle three
_times the ampere-hour rating of the battery being tested. Battery/Starter test-
- ers with a D.C. voltmeter, suitable ammeter, and carbon pile are available.
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TEST RESULTS

9.0 volts,

or not fully charged.
Check battery charge
with hydrometer,
Recharge and retest.

TEST INDICATION SOLUTION

Visugt Loose hold-down clarp. Tighten clamp or
replace with new
one if necessary,

Corrosion on battery Clean with baking

posts and clamps. sada solution,

Top of hattery wet. Possible overcharge.
Check charging
clreuit.

Erayed cables. Repuir or replace.

Cracked case. Repair or replace
battery.

Electrolyte level low. Refill with clean
water. Could be
caunsed by overcharging.
Check charging voltage,

Self-discharge Readings foustd across Clean battery with
top of battery. baking soda solution.

Hydromerer All cells show [.280 Futly charge battery.
specific gravity,

All cells show [.280 Bad cell-battery.

except one, Will fail soon.

All cells read low but Buttery probably

equal. OK. Needs charging.

Crankirty capacity Voltage remained above Battery OK.
test 4.5 volts during cranking--
¢ngine cranked normally.
Voltage dropped below Battery defective

Buttery recharged, but
voltage still drops below

9.0 volts during cranking.

Battery stays above
9.5 volts, but starter
slow or not working at
all,

Buttery defective or
starter cireuit problem.
Check battery with
carbon pile.

Check starter circuit.
See page 194,

Capban pile test

Bartery voitage remains
above 9.5 volts while
ammeter reads three
times battery ampere-
hour rating.

Battery voltage drops
below 9.0 volts.

Battery OK.

Battery delective

if fully charged.
Check with hydrom-
eter and retest,
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REWIND STARTERS

A number of rewind starter types are used on sinall gas engines. Repardless of
the type, they are subject to the same wear and abuse. Basically, they consist
af a pull rope, recoil spring, and an engaging mechanism. The variations occur
in the engaging mechanism. These mechanisms should be basically understoo
so that wear and mechanical failures can be determined. Since repair usually
consists of just replacing the wormn parts, detailed repair instructions are not

LMY L
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BOG TYPE

The dog type engaging mechanism consists of a notched starter cup mounted
selidly to the flywheel which tums with the flywheel at 2l times. Inside the
starter cup is the sturter dog which is turned by the starter rope. A brake spting
mounted under the starter dog housing causes g stight drag on the dog assembiy
$o that when the starter rope is pulled, the dops extend, engaging the notched
starter cup. The slight drag caused by the brake spring also causes the dogs to
retract out of the way of the spinning starter cup when the spring rewinds the
starter.

FRICTION SHOE TYPE

The friction shoe type utilizes cam action to engage the friction shoe against

2 smooth starter cup. As with the dog type, a brake spring creates 4 slight drag
on the shoe unit holding the shoes from turning until the cam under the shoes
moves, pushing the shoes out against the starter cup engaging the starter rope
with the flywheel.

BALL TYPE

When the engine is stopped, the balis roll down the inclined ramp to the cen-
ter pawl, When the rope is pulled, the center paw! catches one of the balls and
loeks it against the starter cup engaging the pawl with the starter cup. As soon
as the engine starks, centrifugal force carries the balls out into the recesses and
they continue to turn with the engine. The pawl remains stopped with the re-
wind rope. This type screws onito the crankshaft and requires a special tool (see
Flywheel Removal) 1o remove. The ears cast on the starier cup are easily bro-
ken off if a hammer is used to loosen the starter assembly. The entire assembly
slides on aver the extended crankshaft and is removed as an assembly. On old-
¢r models the unit is held together by 2 large snap ring which is easily pried
out. Newer units are sealed. The sealed cover may be removed by using a small
chisel to pry off the retainer cover. Do not use a screwdriver because it will be
necessary to strike it with a hammer to remove the cover and most screwdrivers
were not intended to be struck with a hammer and they may explode.

When replacing the ball type starter unit, be sure that it slips freely over the
extended crankshaft end because the crankshaft must turn inside the starter

- pawl. Failure of the shaft to turn freely inside the pawl will cause the starter
to “catch” occasionally making 2 loud scratching sound. Polish the shaft as
needed to remove burrs and rust so that the assembly siides freely on the shaft,
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REWIND STARTERS CONTINUED

IMPULSE WINDUP TYPE

The windup starter uses one of the clutches described previously, but it allows
the spring to be wound up tight while the flywheel is held locked in place by

a locking pawl. A fold-up handle ratchets around the crunkshaft gear whilc the
spring ts being wound up. Once the spring is securely wound, the lock is released
allowing the spring to crank the engine. On older types the lock pawl tended
ko wear 2 groove in the atuminum flywheel resulting in partial “releases™ of the
flywheel while trying to wind the spring. Remounting the lock mechunism so
that it engages the tlywheel at o different point is sometinies possible or the fly-
wheel may be cepleced. The entite sturter assembly and blower housing can cus-
ity and inexpensively be replaced with the conventional recoil starter. See the
manufacturer’s literature for spring rewinding instructions for their model
sturter.

VERTICAL PULL STARTER

The vertical pull starter utilizes a starter gear that engages a gear ring on the fly-
wheek. The small starter gear is fitted on a threaded shaft. The first partial puil
of the starter rope causes the starter gear to move down the threaded shaft to
engage the flywheel ring gear. As the recoil spring rewinds the rope, the gear
meves back down the threaded shaft disengaging it from the Nywheel, When
the engine starts, the flywheel spins the small starter gear in the direction that
gquickly disengages it from the flywheel.

STARTER CLUTCH SERVICE

Starter chuich problems usnally are the resull of worn parts or are caused by

rist or dirt freezing up the parts. It is not usually a good idea to put grease or

oit on the starter clutch parts because it may prevent gocd engagement and

will collect gum and dirt. I the parts are clean, free of rust, and properly aligned,
the clutch should engage firmly. Always inspect for wear and replace all badly
womn parts. For example, replacing the notched starter cup without replacing
worn, rounded starter dogs would soon cause the cup notches to wear cut
again. Replacement parts are usually inexpensive and ensure good operation.
I several parts are badly wom, consider replacing the entire starter unit,
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ELECTRIC STARTER — BENDIX DRIVE

The electric starter is similiar to the D.C. generator in that it has a field wound
on {ield pole shoes and a turning armature that is connected to the circuit
through the commutator and brushes. Generally, the armature winding is much
heavier wire te allow greater current flow and thus develop the great torque
needed to turn the engine. Small gas engines do not pose the same problems as
does the high-compression automotive engine. In additon to being much smail-
er, most small gas engines incorporate some type of compression release tech-
nique to provide for easy pull rope starting. Speed reduction and torque in-
crease are achieved by the very small starter pinion gear meshed with the large
flywheel ring gear. Reductions of up to 20-1 are achieved.

The starter is most commonly engaged to the flywheel by a Bendix type drive
that utilizes 2 spring loaded pinion gear fitted to a threaded shaft. The sudden
start of the starter motor causes the pinion gear to thread itself out on the shaft
until it hits the stop washer. Then the pinion gear must turn with the starter-
motor. As the pinion gear moves cut on the shaft, it becomes meshed with the
flywheel ring teetli. Now the starter motor is driving the flywheel through the
pinion gear. When the engine starts, the spinning flywheel ring gear will “spin”
the pinion gear back down the threaded shaft out of the way of the flywheel
ring gear.

The starter is mounted securely to the engine by mounting flanges on either the
side or end of the starter. Since the engine block may be made of cast aluminum
and the size of the starter motor may be small, the mounting bolts may be a pro-
blem. If a large wrench is used, the bolts may easily be overtightened and the
threads stripped. Also, because of the vibration encountered, the bolts may be-
come loose, If the boits become loose, the starter will not make a good electrical
connection to the engine ground or may allow the pinion gear to move away
from the flywheel ring gear causing improper meshing of the gear teeth.

Bendix drives may fail because of dirt, wear, or improper mounting. Dirty and
womn Bendix drive units usually allow the starter motor to spin free without
engaging the flywheel. The Bendix drive is easily replaced.

If the starter is not mounted firmly or not correctly aligned, the pinion gear
may bind when meshing with the flywheel ring gear causing starter drag. This
will cause slow starter operation or will cause the starter to be locked com-
pletely.
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ELECTRIC STARTER TESTS

Starter circuits can be quickly checked with a D.C. voltmeter for the voltmeter
can be connecied without disconnecting any circuit components.

First, test the battery voltage. Connect the volimeter as shown in Test 1. Ob-
serve the battery voltage. 1t should be either 6.3 volts or 12.6 volis. Record
the reading below. Push the starter switch and observe the battery voltage Re-
cord the reading.

TEST | Battery voltage with no load.

Battery voltage with starter
switch beinghetd.

it the battery voltage remains the same or falls very little and the starter fails
to crank the engine, either the switch, starter, or wiring is not making a com-
plete circuit connection. Continue with voltmeter Tests 2, 3, 4, and 5.

If the battery valtage falls below 4 volts for a 6-volt battery or 8 volts for a
I 2-volt battery, either the battery is not up or a short exists in the starter cir-
cuit. Test the battery. (See Battery Tests.)

TEST 2  Meter reading withnoload, ..
Meter teadine with starter
switch being held,

Test 2 checks the switch and cables. Before cranking, the voltmeter will read
the battery voltage, the same as Test 1. When the starter switch is engaged, the
voltmeter should drop to zero or less than one-half volt. If the voltmeter does
not drop down when the switch is engaged, a loss is occurring in the switch or
cables.

TEST 3  Voltage across switch before contact. .o

Voltage across switch with switch
being held. ___.

To check the switch only, connect the voltmeter across the switch terminals as
shown in Test 3. Again, the meter will read the battery voltage until the switch
is engaged. When the switch is engaged, the meter should drop to near zero
volts. Failure to drop to less than one-half volt indicates a bad switch.

If Test 2 showed a loss that Test 3 did not show, the loss occurred in a cable or
connection. Tests 4, 5, and 6 will show cable loss while cranking. Any reading
indicates loss. Locate the loss and correct it. Corroded terminals or bad con-
nections could cause loss, Test as shown in Tests 7 and 8. These tests are made
with the starter switch engaged. Any reading indicates loss.
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STARTER-GENERATOR

The operation of the combination starter-generator refers to the purpose of the
cutout relay in the regulator unit, When the ovtput voltage of the generator be-
comes less than the voltage of the battery, the current stops flowing in the direc-
tion that charges the battery and it begins to low back through the generator
armatuee winding, The field and the apmature are both now battery powered.
The magnetic fields produced by the field windings and the armature are now
tike magnetic poles and are therefore repelling each other causing the armature
to attempt to twrn to align the magnets. The generator is now acting as a motor.
During generator operation the cutout relay opens when the generator output
fails and it prevents the generator from “motoring.”

A starter switch connected to bypass the cutout relay makes the generator be-
come o starter motor when desired, The starter switch connects the armature
directly to the battery plus while the other armature brush is connected direct-
Iy to the engine ground (battery negative). This makes both the field windings
and the armature winding full strength for maximum starting torque,

The starter-generator is usually belt driven to the engine. The engine pulley is
larger to decrease the speed and increase turning torque whiie starting. The belt
must be kept at correct tighiness to crank the engine satisfactorily. Once the
engine starts, the generator und regulator operate as described in the generator
seciion.

A solenoid switch and ignition key may be used instead of the heavy starter
switch. Keep in mind here that since a great deal of power is needed to crank
the engine, heavy current flow is needed in the starter switch circuit. On the
solencid switch the starter switch is engaged electrically. The ignition key en-
gages the starter switch,

Notice that the ignition key in the START position connects the solenoid coil
to the battery positive for cranking. In the OFF position the key shorts the
ignition primary winding to the engine ground and prevents the points from
creating a spark and thus stops the engine. (See [gnition section.) Caution:
This switch cannot be replaced with an automotive switch because an auto-
motive switch connects the ignition terminal to the battery positive instead of
tc the ground. The magneto and switch would be burned out immediately.

The ammeter is also bypassed during the cranking operation and will not read
the cranking current. The current needed for cranking is in excess of the cap-
ability of the meter and would cause meter damage. The charge from the reg-
ulator to the battery will show on the ammeter, as will flow from the battery
to an accessory load. On some units there is an accessory terminal on the
regulator,
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STARTER-GENERATOR TESTS

Starter-generator units are tested as separate units. The charging function is
tested as any generator unit. (See Generator Tests.) On these units it is usuatly
advisable to check the starter function first since the starter and generator are
the same unit. If it will crank the engine, then it should also charge and if it
will crank the engine but will not charge, the problem is likely in the external
wiring ot the regulator unit.

A frequent cause of failure of these systems is the drive belt. Check the pulleys
to make sure that 2 smooth vee belt has not been placed on a unit designed for
a notched belt. Check the belt tightness. It should not deflect more than one-
quarter of an inch with normal thumb pressure, If the belt has been slipping
and has become ghazed, replace it. The new belt will need retightening after a
few hours of operation and certainfy after each operating season. Il the unit is
used two seasons such as mowing in summer and snow plowing in winter, the
belt tightness should be checked each season.

VOLTMETER BATTERY TEST
Indication of starting or charging problems may be detected by connecting a D.C.
voltmeter to the battery as shown on the next page. When connected to a
battery on a unit not running, the voltmeter should read 12.6 or 6.3 volts
indicating a normal battery voltage. Observe the volimeter carefully while
" cranking the ¢ngine. The meter should stay above 4 volts for a G-volt battery
and above 8 volts for a 12-volt battery. Once the engine is running, the volt-
meter will indicate charging voltage. If the battery comes above the initial
reading of 6.3 or 12,6 volts, the unit is charging. The amount of charge will
be indicated on the ammeter if there is one. If there .sn’t an ammeter, one
can be connected as shown by placing it in the battery cable at the regulator
battery terminal. At half throttle, voltage readings shouid not exceed 7.5
voits or 15 volts.
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Chart 83 (continued)

STARTER-GENERATOR TESTS

STARTER-GENERATOR TESTS
PROBLEM CAUSE
Starter spins but does not Loose belt. Glazed belt.
turn engine. Wrong type belt.
Battery does not stay Loose bett.
fully charged. Recharge battery. If starter functions

QK, fuuit is in wiring or regulator. See
Generator Test section. Test as for any
generator,

Batiery stays fully charged
but will not crank ot cranks
slowly.

Problem in the starter switch circuit.
Check starter switch und wiring as
described in Starter Test section.

Voltage drops below 4 volts on a
6-volt system or 8 volis on 12-volt
system when cranking.

Batiery defective or not fully
charged. Starter shorted.

Battery voltage remains
unchanged when starter switch
is pushed. Charging circuit OK.

Battery voltage drops too low
when cranked. Voltage does not
rise abave battery normai after
engine starts.

Defective starter switch, loose or
curroded connection, defective
ground on battery or starter,

Battery discharged because of
no charging circuit outsat,
Check charging circvit. S2e
Generator Tests,




Section VII

GENERATOR AND ALTERNATOR
TESTING




Chart 84
MAGNETS

There are three basic types of magnets: natural magnets, permanent magnets,
and electromagnets. The magnetic fields set up by these magnets are alike,
that is, they each have a north pole and a south pole. They differ only in the
way in which the magnetic field is produced and retained. Since unlike mag-
netic poles attract, the south pole of a permanent magnet is attracted to the
north pole of a D.C. electromagnet just as it would be to the north pole of
another pormanent magnet.

NATURAL MAGNETS

The Earth is itself a natural magnet because it has a definite north and south
magnetic pole. Some ores atve also natural magnets. Since they are not strong
enough or durable enough for use on small gasoline engines, natural magnets
will not be discussed further.

PERMANENT MAGNETS

Permanent magnets are no more or less permanent than a lady’s permanent
wave. Permanent magnets are man-made and can be destroyed at any time.
Hardened steel can be magnetized and will retain its magnetism for a long pe-
riod if it is handled properly. Special alloy magnets now available have ex-
tremely long lives.

A screwdriver is a good example. The hardened blade of a screwdriver may be-
come magnetized and will remain magnetized for many years, Some screwdriv-
ers are purposely magnetized to help hold screws or to pick up objects. A screw-
driver so magnetized is a permanent magnet,

Good permanent magnets are usually in the form of a bar or horseshoe. Like
natural magnets, they have a definite north and south magnetic pole. A strong
attraction exists between the north and south magnetic poles which causes
lines of force to be set up between the poles. Study the diagrams on lines of
force on the opposite page.

DESTROYING THE PERMANENT MAGNET

Magnetism in a hardened steel permanent magnet is a result of moleculer align-
ment. The mulecules may be returned to their normal random arrangement
and thus destroy the magnetism, Permanent magnets such as flywheel magnets
may be destroyed by a sharp blow, for example, by dropping, heating, or by
exposing them to alternating caurrent magnetic fields such as large electric
motors.
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ELECTROMAGNETS

When electric current is passed through a wire, a magnetic field surrounds the
wire. The illustration at the left shows how soft iton filings will be attracted

in a circular pattesnt te a wire carrying current. A ¢oil of wire made up of sev-
era} turns wound closely and continuously will produce a strong magnetic field.
The magnetic field produced by each turn of wire adds to the magnetic field
produced by all the other turns of wire to form a single strong field around the
¢ail, As with the natural magnet and the permanent magnet, the electromagnet
wilt huve a north and south pole. Reversing the battery terminals will reverse
the current flow through the coil and will reverse the north and south poles.

Ef the coil is wound on a soft iron core, the magnetic field wiil become concens
trated and much stronger. Most electronagnetic devices used on engines (the
ignitiomn coil, generator, and alternator) have coils of wire wound on laminated
steel to improve the magnetic strength. The laminated layers of steel are insu-
lated from each other to prevent currents through the core which would de-
crease the magnetic strength and produce heat. Sometimes rust will bridge across
these laminations and will sericusly cut the efficiency of the electromagnet.

The strength of the magnetic field surrounding a wire is dependent on the amount
of current flowing through it. The strength of the magnetic field around a coil
of wire depends on:

1. The size of wire used. The larger the wire size, the easier it is for the
current to flow. Thus, mfore current flow and a stronger magnet are
produced.

2. The number of turns of wire. Since the magnetic field of each turn
of wire adds to that of the adjacent turns, more turns of wire will
produce a stronger magnet.

3. Increase of the voltage to the coil. Increasing the electrical pressure
{voltage) will cause more current to flow. If the voltage is increased
to the point that the current flow exceeds the wire size, the coil will
heat up causing damage to the coil. :
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RESIDUAL MAGNETISM

An Electromagnet Usualiy Has a Soft {ron
Core. When the Power Is Turned off, The
Magnet Is Dead.

.....

e
© ©

~ oannoonbt

D.C. Generatars Are Designed So That
Residual Magnetism Ramains After the
Field Coils Are Turned off. This Makes
the Generator Seff-exciting. It Can Start
Charging Without Help from the Battery.
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RESIDUAL MAGNETISM

Note that in making an electromagnet a soft iron core was used. A soft iron
core will act to concentrate the magnetic fields satisfactorily, but it will lose
its magnetic characteristics as soon as the current stops flowing. It is usually
desirable to have an electromagnet that will shut off completely when the
current flo is stopped, for example, one vsed to load scrap iron. If the ceil
is wound on a core that has been hardened, the hardened core will retain
some of the magnetic strength of the electromagnet. This remaining magnet-
~ ism is referred to as residval niagnetism.

If the core is sufficiently hardened, it will become a permanent magnet, that
is, it will retain considerable magnetic strength after the current flow in the
winding has been stopped. If not destroyed, this remaining magnetisrh could
remain for several years.

The pole shoes of a D.C. generator retain some of the magnetic strength of
the field ¢oils around them. This makes the generator self-exciting and makes
it possible for the generator to generate when it is not connected to a battery.
An automotive alternator usually does not have this characteristic, It will not
charge if the battery is completely dead because it relies on the battery to
supply the excitation or magnetic field. If the battery is too weak to create a
magnetic field in the altemaior, the alternator will not charge,
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THE CHARGING CIRC
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Chart 87
THE CHARGING CIRCUIT

The purpose of the charging circuit is to replace the charge used from the bat-
tery while the engine is not ranning and to suppiy current flow to electrical

uniits while the eigine is mnning. The battery is an electrical storage unit that
supplies cutrent when the engine is not running or if the load becomes greater

than the generator output.

The GENERATOR is o device that changes mechanical energy (rotary motion}
into electrical energy. The generator may be either a D.C. generator ¢r an A.C.
generator (ziternator) which uses diodes to change the A.C. to D.C. if a battery
is in the circuit. Some lawn and garden tractors 2nd motorcycles operate the
headlishts directly from the A.C. autput of an altzmator. In this case the engine
must be running befere the lights will operate. D.C. generators and alternators
will br discussed in detail in the following pages.

The REGULATOR UNIT may consist of a voltage regulator cail, current regu-
lator coil, and a cutout relay, deperding on the design of the unit.

The VOLTAGE REGULATOR COIL limits the voltage output of the generator.
The generator must be capable of charging at less than maximum engine rpm. If
the generator can create from 13 to 14 volts at 2,000 rpm, the voltage could be
excessive when the engine is operated at 3,000 rpm or higher. Somc charging
systems reguire a voltage reguiating unit.

The CURRENT REGULATING COIL limits the amount of current flow that the
generator is allowed to produce. When the battery is quite low and/or the acces-
sory load is heavy, the D.C. generator will try to supply more current than it was
designed to produce. This would result in overheating and burning out of the
generator and wiring. Some charging systems have a current regulating coil in the
regulator unit or some current limiting device in the circuit. The A.C. system is
self-current regulating and does not need 2 <arrent regulating coil in the regulator.

The CUTQUT RELAY is necessary on D.C. generators to prevent the battery
charge from discharging back to the gencrator when the generator is not charg-
ing. It disconnects the battery from the charging system when the charging
system is not charging,

An AMMETER may be placed in the wire connecting the charging circuit to the
battery, Since an ammeter measures the amount or current flow, the current
must be made to flow through the meter. Note in the diagram on the opposite
page how the ammeter is connected in the circuit so that current flow is through
the meter. The meter shown in 2 ZERO CENTER type. The meter will read the
D.C. current flow in either direction. If the current flow is charging the battery,
the meter will indicate the current on the charge side of zero; if the battery is
being discharged, the ammeter will show the rate of discharge. Normally, the
ammeter will not show the starter current draw. )
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CREATING CURRENT FLOW
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CREATING CURRENT FLOW

Current flow was induced in the primary winding of the ignition coil by a mow
ing magnet. The same principle is atilized in the charging system whether it is
the D.C. or A.C. type. As you recall, moving a magnet rapidly past a conductor
wil! induce current fluw, In the upper ilfustiation on the opposite page, the
magnet is moved rapidly past the conducior and the current flow will be indi-
cated on the armineter. If the magnet is moved back past the conductor in the
cpposite direction, the current will flow back the other way as indicated by
the direction of deflection of the ammeter.

Moving a south pole past the wire will create current flow in oie direction. Mov-
ing a north pole past the wire will cause current flow in the opposite direction.

PRODUCING ALTERNATING CURRENT

If the magnet were attached £0 a shaft and rotated, current flow would be in-
duced in the wire first in one direction when the north pole moves past and
would be induced in the other direction as the south pole moves past. This back
and forth movement of cuirent would cause the ammeter to deflect both direc-
tions from the center zero point. [f the magnet is turned fast, the meter would
not be able to deflect fast enough and would not uccurately read the amount of
current flow. Damage to the meter could result. This continuous back and forth
movement of current is called ALTERNATING CURRENT (A.C.). The current
produced by a battery that is always flowing the same direction is called DI-
RECT CURRENT (D.C.).

PRODUCING A STRONGER CLURRENT

The current produced by moving the magnet past one wire would be very small.
Increasing the wire area being passed by the magnet will increase the current
flow, If the wire is wrapped into a coil, the current will be induced in each turn
of the coil, The current induced in each turn of the wire adds to the current of
all the turns producing a strong current flow. Winding the coil of wire on a lam-
inated iron core will help the passing magnet set up the magnetic lines of force
through the winding which will increase the current flow in the winding.

Typical small gas engine aliemators use a series of coils (stator winding) mount-
ed on a laminated ring (stator) under the flywheel using the flywheet magnet to
induce the current flow in the stator winding. The ignition coil may or may not
be integrated into the same set of coils.

Keep in mind that this is aiternating current at this point and is not suitable for
charging the battery because the current flow is equal in each direction and no
charging of the battery would occur.
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DIODES
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- . A diode is a one-way electrical check valve, It permits the electrical current to
flow easily in one direction, but it stops the current flow in the other direction.
Just as a check valve will permit water to flow in one direction and wiil biock
flow in the opposite direction, a diode performs this function in an electrical
circuit.

One use for the diode as seen in: the electronic ignition system is to allow cur-
rent to flow freely from the charging coil to the capacitor, charging the capac-
itor. The diode prevents the cumrent from flowing back through the coil trap-
ping the charge on the capacitor. This is a typical use for a diode.

: The dicde might also be compared to an electrical switch that is quickly closed
50 that the current can flow in one direction, but it is quickly opened to pre-
- went current flow in the opposite direction.

Diodes are available in 2 number of shapes and sizes, depending on the job they
are performing. Diodes are rated by: curtent capacity and maximum voltage.

. The CURRENT rating is the maximum amperes the diode can pass in the for-
“ward direction. Current flow in excess of this amount will blow the diode.

The VOLTAGE rating detennmes the maximum \-oltage that can be apphed to

dlodes used ‘with alternators on small gas engines are like C and E on the
& page They_:do_not carry. enough current to need a heat smk and they
lip-co ectlon for easy remova]




Chart 89 (continued)

DIODES

Reverse Connection.
Current Flow Is Biocked
by the Diode and the
Bulb Will Not Light

Forward Connection.
Current Will Flow Through
the Diode and the Bulb
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Chart 89 (continued)
DIODES

iODE TESTING

Diodes may be tested with an chmineter. Connecting the lead {o the diode one
way should show low resistance. Connecting the lead the other way should
show high resistance. I¥ the dicde shows either high or tow resistance both
ways, it is defective. :

The circuit showing the dry ceit ard light bulb connector through a diode may
be used as an effective dicde tester, Place the diode in the cirouit both ways.
The bulb shauld light with the diode connected one direciion and shouid not
light at all if connected the other way. If the bulb tights both ways, the diode
is shorted. If the bulb wiil not light either way but will light when connected
without the diode, the diode is gpen. If the light glows dimly during the te-
verse CONNECTION, the diode is leaking and should be replaced.
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THE BASIC ALTERNATOR

Basic
Alternator
Stator
Winding

Changing A.C.
to D.C.

Diode Allows Current to Charge

Q Battery but Cannot Leave It
Simple Alternator

T

Check Valve

Chack Valve Allows Air
to Go into the Tire
but Cannot Leave it

218




Chart 90
THE BASIC ALTERNATOR

Study the disgrums on the opposite page carefully. In the upper diagram we
have the basic alternator, a stationary (stator) coil and o rotating magnet {ro-
tor). Remember that as the rotor turas, the alternating north and south potes
will cause current to flow back and forth in the circuit (afternating current).
The light bulb does not care that this is alternating current (A.C.) because the
A.C. will heat the filament and produce light just as will direct current (D.C.).

DIODE RECTIFIED GUTPUT

in the next diagram a diode has been placed in series with the circuit so that all
curtent must flow through the diode. As one magnetic pole passes the stator
winding, it will produce current flow in the circuit if the current flow is inn the
forward direction of the diode. As the other magnetic pole passes the stator,

it will try o induce current tlow in the reverse direction to which the diode
acts us an open switch allowing no current flow. The circuit is shut off by the
diode.

Now the bulb will be lighted by pulses of current alt moving in the sume direc-
tion. When the cumrent flow is all in one direction, it is called direct current
(D.C.). The butb is now operated on pulses of D.C. In this circuit A.C. has been
changed to pulsating D.C.; this is called rectifying. The diode i5 one type of
rectifier that will change A.C. to D.C.

CHARGING THE BATTERY

When this circuit is connected to a battery, the pulses of D.C. can be used to
charge the battery. Notice that the diode is placed in the circuit in reverse to
battery polarity. The battery cannot discharge through the diode and coil. The
diode is placed so that the current can flow in the direction that churges the
battery but cannot flow in the direction that will discharge the battery.

Compare the illustration of the tire pump with the simple alternator above.
*When the pump pressure becomes greater than the tire pressure, the air moves
through the check valve into the tire. As the pump moves back up, the air is
prevented from coming back out of the tire by the check valve (enfarged). The
back and forth movement of the pump is changed into a one-way movement
of air by the check valve.

When the voltage in the stator becomes greater than the voltage of the battery,
the current will flow, charging the battery. When the current tries to flow tie
other direction in the stator, which would discharge the battery, the diode
acts as an open swifch and prevents the current flow,
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Chart 91
LOW CURRENT ALTERNATORS

Typical charging systems use the engine as oune side of the electrical circuit.
This is called the grounded side. Compare the two circuit diagrams. On both
dingrams, & complete circuit exists from the batizry negalive (=) terminai to
the stator coil, to the diode, and to the battery positive (+) terminal. Using
the engine as one side of the circuit eliminates some of the wiring and reduces
confusion for there are fevier wires to keep straight and less danger of hook-
ing something up backward as the engine block is always the same as the bat-
iery negative terminal, On some older cars and tractors. the battery was re-
versed and the engine {entire chassis) became the same as the battery posi-
tive terminal. They were referred to as pusitive ground systems. [t is impor-
tant to check this out before removing the battery cables or attempting any
tests ont the circuit,

The low current alternator dizgram shows two charging coils mounted under
the flywheel, The flywheel magnet, or magnets, induces current flow in each
of the coils as it passes. Note that each ¢oil has one lead connected to the
engine ground which in turn is connected to the battery negative terminal. The
other lead from each coil is connected through its diode to a common fuse and
to the battery positive terminal.

As the flywheel magnet passes charging coil No. 1, the current flow induced
one direction in the coil is passed through diode No. i to charge the battery.
The current flow induced in the opposite direction is blocked by the diode.

The magnet continues on, inducing A.C. current in coil No. 2. Diode Ne. 2

alfows current flow to charge the battery and blocks the reverse flow.

This is an alternator typically used on lawn and garden tractors. It is simple,
inexpensive, and trouble free if it is not abused.

Since charging coils are quite smali, they limit the output of the system. Since
the output js limited, it is not likely that the battery will beconie overcharged
during use; thus, no voltage regulator is supplied with this system. I{ the =n-
gine is operated for long periods of time without restarting. the battery will be
overcharged by the system. The first symptoms of overcha-ging will usually be
excessive water consumption by the battery. Removing one of the diodes will
cut the charging sysiem output and will prevent overcharging during extended
engine operation. If the engine is used only for short periods calling for fre-
quent starter use, an additonal battery charge may be necessary occasionally,

Since the alternator is an A.C. current device, it is self-current regulating and
no current regulating device is needed as with D.C. generators. Be.:.use the
diodes prevent the return of the battery current to the alternator when the
alterna:ar is not is use, a cutout relay is not needed.

221




3
i

Lilall Jd&

FLYWHEEL ALTERNATOR
SYSTEM TESTING

Rectifier Panel D.C. Voltmeter
or Module




Chart 92
FLYWHEEL ALTERNATOR

SYSTEM TESTING

Although flywheel alternator systems vary somewhat, they are similar in oper-
ation and fend themselves to some common tests. Many of the componenis
have been molded into moduies which if found defective by simple tests must

he replaced.

OQUTPUT VOLTAGE TEST
Before starting the engine, consnect a D.C. voltmeter that will read at least 19

volts to the battery terminals. Read the battery voltage carefully and record.
Battery volts with engine stopped (shouid be 12.6 volts)

Crank the engine b iefly. Recheck the battery volts.
Battery volts after short loud (should be 12.6 volts)

Start the engine. Allow the engine to run at 3,000~ 3,600 rpm near wide open
for ane minute, CAUTION: Do not rev an unloaded engine. Read the baitery
voltage while the engine is still running 3,000::3.600 rpm.

Batrery voltage, engine running rated rpm

TEST RESULTS . PROBLEM

Battery volts before running are 12.6 volts oK.
or higher. if higher, probabily the battery
has recently been charged.

Battery volts are less than 12,6, Check battery, See
Battery Test section,

While the engine is running, the battery Charging circuit QK.
volis are higher than before running.

Battery +olts du not increase after engine Possible charging
has been rupn 3,600 rpm for one minute. circuit problem.
Battery volts during runaing axe 15 volts Overcharging. I it is
or higher. an unregulated unit,

remeve one diode during
extended operation.

Battery volts increase, bui battery Reduced cutput, Check
becomes discharged pesiodically. diodes and perform
ammeter test. Possibly
th unit is being started
frequently. Boost charge
battery periodically.
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FLYWHEEL ALTERNATOR
SYSTEM TESTING

% GE 4001

Ground
Strap to
Engine Block
or Frame
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Chart 92 (continued)
FLYWHEEL ALTERNATOR
SYSTEM TESTING

AMMETER OUTPUT TEST

An ammeter can be used to determine the amount of charge being placed on
the battery. Connect 2 D.C. AMMETER (available at automotive stores) in
series with the charging lead. Remove the charging lead from the rectifier. Clip
one lead from the ammeter to the rectifier output and the other lead to the
battery charged lead. The output current will now flow through the ammeter.
Bring the engine speed to 3,600 rpm and observe the ammeter reading. Look
carefully. A very low output may be difficult to detect on a 30-ampere meter.

If little or no output is observed, use an automeotive headlamp (GE No, 4001)
as a battery load. Connect the lamp directly to the battery terminals with test
leads. Again, bring the engine to 3,600 rpm and read the ammeter carefully.
Failure to produce output indicates charging circuit probien. Continue the
charging circuit tests.
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FLYWHEEL ALTERNATOR
COMPONENT TESTING
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‘Chart 93
FLYWHEEL ALTERNATOR
COMPONENT TESTING

As you have seen on the diagrams of the simple flywheet alternator, there are
no friction causing, moving parts and unless abused, they usually cause no
trouble. Components such as the fuse and the diodes will take very little abuse.
A loose wire or terminal can make momentary opens or shorts in the circuit
which could blow the fuse or dicdes. A visual check of leads, plugs, terminals,
and the clip-in mountings may reveal such a problem.

To check the fuse, remove it from the fuse holder and test for continuity with
an ohmmeiter. If an ochmmeter is not available, a small light bulb and battery
can be used. A good continuity tester can be made by soldering test leads to a
bulb. Placing the fuse in question in series with the bulb and battery so that
the current must flow through the fuse to light the bi.™ will determine if the
fuse is still good (continuous). Clean the fuse and fuse holder terminals before
replacing the fuse. Use emery paper or fine sandpaper if necessaty to assure
goad contact.

Check the diodes with an chmmeter or battery and test light as shown. In one
direction, tke diode should read ZERO ohms. Reverse the dicde and the meter
shouid read infinity or high resistance. If the diode is connected in series with

a test lamp and battery, the lamp should light when connected one direction
and should not light when reversed. If the diode symbol is printed on the diode,
or if the polarity is marked, the lamp shouid work as shown in the boitom two
illustrations.

DIODE TEST RESULTS CAUSE

Continuity one direction, No continuity Good diade.
when reversed.

Continuity both directions. Shozted diode. Replace.
No continuity either direction, Open diode. Replace.

Continuity one direction, Some Leaking diode. Replace
continuity when reversed. Low
meter reading or lamp glow,

Clean the diode contacts the same way as the fuse contacts. Check all wires
and connections. When replacing covers make sure that wires are not pinched
causing a short circuit.

To check the stator winding, use the chmmeter or test lamp and baitery to
check continuity through the coil winding, A break in a wire or a bad con-
nection will be detected by this test. Disconnect the aiternator leads from the
dicdes before testing. Test each coil.
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REGULATED FLYWHEEL

ALTERNATOR

A.C. Coil A.C. Ceil Regulator Coil
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Chart 94
REGULATED FLYWHEEL

ALTERNATOR

The unreguiated flywheel alternator will do an acceptable job of charging the
battery on lawn and garden equipment that is normally run for a predictable
time between each start. As pointed out earlier, if an unregulated unit is oper-
ated for short periods or at low speeds, external recharging may be necessary
occasionally to supplement the small output of the flywheel alternator. If the
unregulated unit is operated for long periods at high rpm, the battery will be
overcharged. The REGULATED flywheel alternator overcomes these disadvan-
tages with increased output to recharge the battery faster and a voitage regula-
tor to prevent overcharging.

The REGULATOR COIL is added to the charging coils. One lead from the
regulator coil is connected to the battery (+) plus lead of one of the A.C. coils.
The other lead goes to ground through the SCR. The SCR, when electrically
switched ON, allows current flow in the regulator coil. The current flow in the
regulator coil sets up a magnetic fieid that opposes the A.C. coils reducing their
output. When the SCR is not ON, there is no current flow in the regulator coil
and it has no effect on the charging coils, permitting full output.

The SILICON CONTROLLED RECTIFIER (SCR) is an electronic switch that
has no moving parts. When a small voltage is applied to the gate connection, the
ECR is turned ON. Until voltage appears at the gate, the SCR remains OFF to
current flow through the SCR from the regulator coil to ground.

A ZENER DIODE is a very sensitive electronic device that allows a small
amount of current flow only when the applied voltage exceeds a certain level
{breakdown voltage). Zener diodes are available in a wide range of voltages.
When the voltage reaches the firing voltage of the Zener diode, the diode turns
ON (fires) allowing current flow. In this circuit the Zener diode is connected
1o battery positive. As the battery becomes charged, the voltage begins to rise
above the normal battery voltage (12.6 volts). The Zener diode is usually set
to fire at about 14.5 volts. When the battery voltage reaches 14.5 volts, the
Zener diode fires applying voltage to the gate of the SCR. The SCR is turned
ON penmitting current flow through the regulator coil which opposes the A.C.
coils and thus reduces output.

The VARIABLE RESISTOR may be used to permit an adjustment in regulator
output. Changing the resistor would change the firing voltage of the Zener.

The CAPACITOR is quickly charged by the current flow through the Zener
diodz to build up the voltage to cause the gate to fire the SCR.

The SCR, Zener diode, resistor, and capacitor are all molded in a compact
MODULE and are not accessible for testing. If an overcharging or undercharg-
ing condition exists, check the battery condition (see Battery Tests), check
the fuse and diodes (see Component Tests), and check physicaliy all wires and
connections. If these are not at fault, replace the regulator module or check
the manufacturer’s literature for specific checks.
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A.C. LIGHTING CIRCUIT
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Chart 95
A.C. LIGHTING CIRCUIT

Some lawn and garden tractors are equipped with a headiam p that is powered
directly from A.C. charging coils. The lights are not connected to the battery

in any way. 3ome of these systems appear on units without battery or electric
start or they may be used with a flywheel alternator and electronic ignition.
The A.C. lighting system is completely independent of the battery charging
circuit, The charging coils are sometimes contained in the same molded module.

The A.C. lighting circuit is similar to the low output flywheel alternator except
that it does not require the rectifying diodes. The lights are operated with the
alternating current created in the charging coils. The brightness of the headlamp
depends on engine speed. This circeit has been common on motorcycles for
several years.

To test the circuit, use a 12-volt test light with lead attached as for diode test-
ing. Operate the engine at about one-half throttle with the light switch ON and
make these tests.

t. Test the switch. Connect the test lamp to the switch terminals. 1f the
lamp lights, the switch is defective.

2. Test the bulb. Connect the test lamp to the bulb connections. It the
test lamp lights, the bulb is defective.

Test for headlamp ground. Connect the test famp to the headlamp
ground connections and to a good engine ground. If the test lamp
lights, the headlamp is not making a good ground. Inspect carefully
for bad connections and rust. Clean all connections.

Test for stator output. Turn the light switch OFF. Connect the test
famyp to the charging coil lead at the light switch. Touch the other
test lamp lead to a good engine ground. If test lamp lights, the stacor
is producing current and the problem is one of the above. Check wir-
ing carefully for bad connections, frayed insulation, loose connections
Qr rust.
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THE GENERATOR
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Chart 96
THE GENERATOR

Until inexpensive and dependable diodes were available, the D.C. generator
was used to create current flow for accessories and for recharging the battery.
The generator is somewhat the reverse of the alternator in that it has a sta-
tionary magnetic field, referred to as the field, and a rotating coil (armature)
that turns within the magnetic lines of force set up by the field windings. In-
stead of moving the magnet past the coil of wire, the coil of wire (armature)
is turned in the magnetic field.

The FIELD is two electromagnets wound in series. When voltage is applied
to the field windings, they become strong magnets creating lines of force
through the space between them:. When power to the field windings is shut
off, the field pole shoes on which the windings are wound retain some of the
magnetism (residual magnetism).

The ARMATURE consists of several turns of heavy wire that moves through
the magnetic lines set up by fthe field magnets. The generator output current
is induced in these windings. Since this is the cutput current, the wire in the
armature must be large enough to carry the output current.

The COMMUTATOR is a number of copper segments insulated from each other
and fastened to an insulated hub on the armature shaft. The armature windings
are connected to the commutator segments. The output current flows through
the commutator to the brushes.

The BRUSHES are stationary and ride against the commutator providing a path
for the outpu:t current. The brushes are fixed in their relationship to the field
coils so that the brushes are always connected to the armature winding that has
the maximum current flow.

The RECTIFYING action of the commutator and brushes keeps the current
flow going in the same direction in the brushes at all times. The output of the
generator is D.C. The armature passes both a north pole and a south pole as it
makes one revolution; thus A.C. current is produced in the winding.

Study the diagram. Note that the side of the winding passing a magnetic pole

is always connected to the same brush. The direction of current flow induced
in that winding will always be the direction of current flow in that brush. The
action of the commutaior and brushes changes A.C. to D.C.
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THE GENERATOR
CHARGING CIRCUIT
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Chart 97
THE GENERATOR
CHARGING CIRCUIT

The strength of the muagnetic field created by the field windings determines
the amount of current that will be induced in the armature windings at any
speed. Turning the generator faster also increases output. In order to produce
a strong magnetic field, the field windings must be connected to the battery.

Trace the field winding circuit, One wire from the windings goes to the gener-
stor “F" terminal which is connected o the “F” terminal on the regulator
unit. Inside the regulator unit the circuit passes through two sets of contacts
to the engine ground. These contacts are spring held in the closed position so
that the field is now connected to the battery vegative terminal through the
engine ground.

The other winding lead is connected to the positive brush which in tum is
connected to the generator “A” terminal, The generator A" terminal is con-
nected to the “ARM” terminal of the regulator unit where it is connected
through the cutout telay to the battery positive terminal. Note that the cut-
out relay prevents the current from flowing through the fieid windings while
the engine is not running.

1, If the cutout relay is open, the entire generator is disconnected
from battery positive.

2. If either the current regulator contact points or the voltuge regulator
coantact points open. the field windings will be disconnected from
hattery negative, Qpesning cither of these contacts wonld turn the
field OFF which would reduce the output of the generator.

The voltage regulator coil is coi.tected to the generator ouiput. The coil is
magnetized by the generator output. When the output voitage becomes exces-
stve, it pulls the contacts open and cuts down the field strength. Thus the gen-
erator output is reduced and the battery is protected from overcharge.

Output current passes through the current regulator coil. It the current flow
becomes excessive, the contacts will be pulled open. Again, the field will be
turned off and the generator output will be reduced, thus protecting the gen-
erator from overkeating or burning out.




Chart 97 (continued)

THE GENERATOR
CHARGING CIRCUIT
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Chart 97 (continued)
THE GENERATOR
CHARGING CIRCUIT

The cutout relay is held open by the spring and is normally open when the
engine is QFF. The shunt winding of the cutout relay is connected to sense
generator voltuge. When the generator voltage is equal to the battery voltage

- {12.6), the cutout reluy contacts are pulled closed by the shunt winding to
connect the generator armature to the battery. Generator output current flow
through the series winding adds to the magnetic pull of the shunt winding to
help hold the cutout relay contacts closed. When the engine is stopped and
generator voltage drops below the battery voltage, the current will momentar-
ily flow backwards from the battery to the armature. This reverse flow through
the series winding will create a magnetic field which will oppose the magnetic
field of the shunt winding. This wiil open the cutout relay so that the battery
will not continue to discharge through the armature winding while the engine
is not running.
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GENERATOR CIRCUIT VARIATIONS

Cutout Current  Voltage
Relay Regulator Regulator
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| M —
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Neg. ( O I'] 1s Connected to Paositive

Pos. Brush and Is Grounded
\-_fj Through the Regulator
Unit.

Cutout Current  Voltage
Helay Regulator Regulator

Typs “B” Circuit

Field 1s Connected to
Grounded Brush and Is
Connected to Positive
Through the Regulator

Neg.
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GENERATOR CIRCUIT VARIATIONS

Aithough the end result is the same, some manufacturers connect the field to
the positive brush and go to ground through the regulator. This circuit is re-
ferred to as the EXTERNAL GROUND or TYPE “A” circuit. Note that the
field windings are not connected to battery positive and negative. Either the
voltage regulator contacts or the current regulator contacts can disconnect
the field winding from ground.

Some manufacturers connect the field to the grounded brush and connect the
field to positive in the regulator. This circuit has an INTERNAL GROUND for
the field and is a type “B” circuit. The regulator controls the ficld on the posi-
tive side of the circuit.

Whether the generator has a type ““A” or type “B” circuit must be determined
before tests are made. If a label on the generator or regulator does not specify
this, consult the owner’s manual or if the manual is not available, remove the
generator end frame and determine whether a wire from the field windings is
connected to the positive or grounded brush.
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GENERATOR CIRCUIT VARIATIONS

Cutout  Current Voltage
Relay Reguiator Regulator
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Chart 98 (continued)

GENERATOR CIRCUIT VARIATIONS

Some equipment nanufacturers connect the batteries’ POSITIVE terminal to
the engine ground instead of to the negative ferminal. Be sure to check this be-
fore removing the battery or making any tests on the charging circuit.

POLARIZING

Whenever leads have been disconnected from a generutor for any reasoan, the
penerator should be pofarized. This means briefly running the current flow
through the field windings to make sure that the pole shoes are correctly mag-
netized. Reversed polarity may result in arcing and burning of the regulator
contacts. On a type “A” circuit momentarily connect a jumper wire from the
“B” or battery terminal of the regulator unit to the “A” or armature tenminal.
A quick touch 15 ull that is necded. A small spark may be visible.

On a type *B” circuit it is necessury o remove the “F” or tield wire from the
regulator terminal and momentarily touch it to the “B™ or battery terminat.

Polarize the generator after the leads are reconnected and before the engine is
started. Do not attempt to polarize alternators.
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THE GENERATOR AND

ALTERNATOR COMPARED
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THE GENERATOR AND
ALTERNATOR COMPARED

GENERATOR CIRCUIT

ALTERNATOR CIRCUIT

Quitput

From the turning armuature

througlh the commututor
and brushes. Limited by the
wmount of current the
brushes ¢an carry. Brushes
must be replaced
periodically.

From nenmoving stator
windings. No limit to wire
size or amount of current
e stator could produce,
QOutput travels through
solid-stete diodes. No mov-
ing pact= ia the output
circuit.

Fieid

Two coils wound in series
on pole shoes which retain
residual magnetism. The
generator cui charge a
dead battery.

On flywheel alternator
systems a permianént
magnet or magnels embed-
ded in the flywheel,
Lizited cutput beciuse of
limiited magnetic field.

Ot externally mounted
alternators the rotor is

an electronagnet powered
by the hattery.

Voltage regotution

Must have a voltage
regulator,

On low output units, not
needed because of limited
output. Quiput can be
reduced munually if over-
charging oceurs,

Larger models need
voltage regulation to
prevent overcharging,
Usually in solid-state
module.

Current regubition

Must have current regulutor
{0 prevent gencrator over-
heuting or burning ut.

Self-repulating.

Cutout Must have cutout retuy Diodes prevent return
to prevent battery from flow of current.
discharging through fizld
when engine not running,

Dependability Commutator nust be Diodes sre damaged by
turned occasionally. misuse, Flywheel magnets
Brushes must he replaced destroyed by misuse. On
oceasjonally, Contacts in externyily mounted types
the regulator burn out. bearings may fail.
Bearings fail.

Polarity May be type “A” or type Flywheel alternator has

“B” field circuit, May be
negative ground or
positive ground.

no field circuit. Always
negative ground.
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BASIC GENERATOR TESTS
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Chart 100
BASIC GENERATOR TESTS

Without going into 2 great deal of detail, basic generutor tests can be made
that will usually determine whether it is the generator or regulator unit
that is defective.

POSITIVE OR NEGATIVE GROUND

Determine the ground polarity of the unit by checking the battery ground

cable. On some equipment the positive battery post is connected to ground;

on others the battery negative is connected to ground. It the battery has

been removed, look for decals on the equipment which might tell ground

polarity. If there are no decals, the manufacturer's manual shouid be consulted.
Ground polarity i,

INTERNALLY OR EXTERNALLY GROUNDED FiELD
Look for a decal on the generater or regulator which might give this infor-
mation or consubt the owner's munual or service manual if one is available. If
these are not avajlable, the type ground can be determined by removing the
end from the generator and by checking the field wire connection.

Type ground circuit __

BYPASS THE REGULATOR

Adjust the engine speed to a fast idle. DO NOT accelerate the engine during
these tests! Connect a jumper wire from the field terminal to 1 good engine
ground if the generator has an externally grounded field. This eliminates the
reguiator from the circuit. If the generator is good, it should charge now. Inter-
nafly grounded generators are bypassed by connecting the jumper te the posi-
tive battery terminal and to the field terminal.

If the equipment being tested does not have an ammeter, either a voltmeter or
amimeter may be connected as shown at left to determine if the generator is
charging. Connect the voltmeter to the generator output terminal and engine
ground. Observe polarity when connecting voltmeter, If the generator is charg-
ing, the voltage will rise when the engine is speeded up from slow idle to fast
idte.

If an ammeter is used, remove the cable from the regulator’s BATTERY ter-
minal and connect the ammeter between the regulator terminal and the cable
that just has been disconnected so that the current will flow through the
ammeter.

TEST RESULTS

If a charge is indicated when the jumper wire is connected at fast idle, the gen-
erator is good and the problem is the regulator unit or wiring. Check the wiring
for bad connections,

" No charge at fast idie with the jumper connected indicates that the generator
will not charge and must be repaired or replaced.
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Questions for Section VII
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13.

14
i5.

le.
i7.
18,
i9,

Electromagnets are usually wound on taminated layers of soft on to
reduce heat. (Churt 83)

If rust bridges ucross the lamimtations of an electromagnet. its efficiency may
be greatly reduced. {Chart 84)

A generator is a device which changes mechanical energy to either AC or DC
electricity. ¢Chart 7)

An anumeter must be connected in the circuit so that current flows through
the meter, (Chart 87)

Alternating current cannot be used to charge a battery. (Chart 88)

Diodes are rated according to their maximum current and maXimum
temperature. {Chart 89)

A diode is like an electrical switch which closes te pass current freely in one
direction and opens to stop current flow in the other direction. (Chart 89)

Some diodes require a heat sink. {Chart 89)
A diode can change AC current to pulsating DC.  {Chart 90)

When the engine is used as electrical ground, current will actually pass through
the engine block. (Chart 91)

Under no circumstance should the positive battery terminal be connected ro
ground. {(Chart 91)

Flywheel altersrators may not have a current regulator or a voltage regulator.
(Chart 91)

If the battery loses water on a flywheel alternator system, removal of one diode
may correct the problem. (Chart 91)

Flywheel alternators require a cutout relay. (Chart 91)

The power souirce for the AC lighting system is similar to the flywheel alter-
nator without the rectifying diodes. (Chart 95)

Describe the three basic types of magnets. (Chart 84)
List three ways a permanent magnet can be destroyed. (Chart 84)
Name three ways the strength of an electromagnet ¢an be incressed. (Chart 85)

What is meant by residual imagnetism? How is it awchieved? What is a
practical application?  (Chart 36)

What are the three jobs commonly performed by the regulator unit of a DC
generator? {Chart 87)

Draw or build a diade tester. Connect the diode both ways and explain the
results. (Chart 91)

What happens if the cutout relay sticks shut as the engine is stopped?
{Chart 97)

Describe polacizing u generator. {Chart 98)

When is it necessary to polarize 4 generaior? (Chart 98)







INDEX

A

AC lighting circuit, 231
Adjustments:
armatire air gap., 53
breaker points, 49, 31
carburetor, 23, 67, 69
connecting rod, 139,171
crankshaft end play. 141
spark plug, 33
timing, 55
valve, 143
Alr cleaner service, §1
Air-fuel mixture, 25, 65
Alternators, 219,221, 229
Armature air gap, 53
Assembly, 93, 133, 141

Busic engine, 3

Battery, I18i

Battery storage, 83
Breaker points, 35, 41, 49
Breaker points replace, 51

C

Camshaft checks, 125
Carburetion, 63
Carburetor adjustments, 25, 67, 69
Carburetor circuits, 65, 67, 69
Carburetor service, 79

" Charging circuit, 211, 213
Cleaning, 31, 53,99, 157
Combustion, 5
Compression stroke, 11
Compression testing, 21
Condenser, 35
Cooling system, 31
Crankshafi checks, 103, 121, 163
Crankshaft end play, 141
Current, 37
Cylinder measurements, 111, 163

D

. Dial indicator, 82
Diedes, 215, 219
Disassemble precautions, 93

Electrical terms, 37, 39
. Electronic ignition, 57, 59

Engine identitication, 7
Engine systems, 3
Exhaust stroke, 15

F

Feeler gauge, 89
Flywheel inspection, 47
Flywheel removal, 45

Four-stroke cycle, 9, 11, I3

Fuel mixture, 5
Fuel pump, 71, 73

G

Gazket removal, 97
Generator, 233, 235
Generutor circuits, 239
Governors, 75

B

Head gasket replacement, 97

Head replace, 93, 145

Egnition circuit, 35
tgnition, electronic, 57, 59

- [gnition primary circuit, 41

ignition timing, 55
[ntake stroke, 9

L

Lubrication, 29

M

, 15

Magnetism, 39, 205, 207, 209

Main bearing, 125
Measuring deviges, 89,91
Mi¢rometer, 91

Model number, 7

0
Qil, 29

P

Piston checks, §15, 165
Piston pin, 119, 165, 169
Piston removal, 107

Piston rings, 137, 167, 169
Power stroke, 13

Principles of combustion, 5
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R

‘Reassembly 135, 14¢
Reed valve service, 155
Ring ridge remowal, 101t
Rings. 137

5

SCR, 57.59

Secondary voltage, 43
Serial number, 7

Spark plug, 33

Spark plug gap, 33, 89
Spark testing, 23

Speed controls, 75
Starters. electric, 193
Starter-generators, 197
Starters, rewind, 189, 191

Sb. ------- o W
AFTAEG, O

T

Telescoping gauge, 39
Tests:
altermator, 223
battery, 173, 183, {85, 187
bearing, 125
carmshaft, 125
comipression, 21
connecting rod, 119
crankcase air leaks, 153
crankshaft, 103, [21
eylinder, 111
diode, 215,227
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flywheel magnet, 47

tuel, 77

geverator, 243, 245

piston, 13, 167

piston pin, i 19

reed valve, 155

rings, 137

spack, 23

spark plug, 33

starter, (95

starter-generator, 149

two-stroke, 153

valve guide, 127

valve lifter, 127

valve seat, 120
Timing, 31, 53
Twao-stroke components, 151
Twaosstroke cycle, 17
Twao-stroke overhaul, 157

v

Valve adjust, 143
Valve guides, |27
Vitlve install, 143
Valve liftors, 127
Valve removal, 103
Valve seats, 129
Vilve service, 131
Venturi, 65
Yoltuge, 37

w

Winter storage, 83



