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Small Engines 
Unit II 

In recent years both the number and use of small 
engines has increased greatly. As a result, en
gines of one cylinder cooled by air circulation 
have appeared on almost every farm and in most 
city and suburban garages. One ofthe ch1ef fac
tors causing the rapid growth in number of small 
engines is their adaptability to many different 
jobs. The most common use is on lawn mowers. 
Close second is garden and lawn tractors and 
tillers. Pumps, sprayers, elevators, portable 
generators and chain saws addtothe list of uses. 

Because these small engines present service 
problems different from the problems encounter
ed in the multi-cylinder engines of tractors, 
trucks and automobiles, it is felt that a small 
engine project covering safety, service and op
eration of these engines will meet a real need. 

SMAll ENGINES UNIT II 
Will COVER: 

-- Engine design 
-- Engine operation 

compression 
carburetion 
ignition 

-- Maintenance and service problems 
--Trouble shooting 
--Safe operation 

SMAll ENGINE DESIGN 

The many jobs these units perform, poses pro
blems for the design engineer. Certain models 
may be required to operate under widely varying 
conditions. For example, an engine on a chain 
saworlawn mower operates under different load 
and speed thanone operatingapump. Pumps op
erate for long hours and under a constant load. 
Chain saws and lawn mowers usually do not. 

The average one cylinder small enginehasapis
ton displacement of 12.5 cubic inches and devel
ops 3. 7 horsepower at 3, 600 R. P.M. The maj
ority of engines are of the four stroke cycle but 
two stroke cycle engines are used where porta
bility and light weight are essential, as on chain 
saws and portable small grain augers. 
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The light weight of two and four cycle engines is 
obtained by using aluminum alloys. Two cycle 
engine weight is reduced by the elimination of 
many parts present in a four cycle engine, 

Almost all small engines are air cooled by means 
of fans built into their flywheels. Exceptions to 
this rule are outboard motors and some water 
cooled engines usedtodrive water pumps. Igni
tion is usually supplied by a high tension magneto 
mounted on the crankshaft and within the flywheel. 



Almost all the four cycle engines of ten horse
power and smaller are of the L-head design, 
meaning that the valves are in the cylinder block 
and not in the cylinder head as in most all mod
ern car engines. This simplifies the design be
cause it eliminates the valve operating train of 
pushrod, rocker arms and their attendant parts. 
Because cost and weight are two big factors in 
the design of small engines, the L-head design 
is the most practical. 

In general, the trend to use high compression ra
tios in car engines has not been followed in the 
manufacture of small engines. This is partly due 
to the limitations in the L-head design and partly 
due to the desirability of designing an engine to 
operate efficiently with a wide variety of gaso
line qualities. High compression motors require 
a gasoline of high anti-knock quality. Current 
models of four cycle engines have compression 
ratios ranging from 4.10 to 6. 50 to 1. Because 
of these relatively low compression ratios these 
engines will operate efficiently on regular gaso
line. 

VALVE 

RINGS 

PISTON 

CONNECTING ROD 

VALVE -IN· HEAD ENGINE 

0 
PISTON 

L -HEAD ENGINE 

Most four cycle engines use float feed carburet
ors similar to those used on a tractor. One ex
ception is the use of a siphon-mixing valve for 
engines of three horsepower and smaller. Two 
cycle engines as used on chain saws, because of 
their ability to operate in all positions, are al
most universally equipped with a diaphragm
forced-feed carburetor. 

Engine speed is limited on small engines by a 
built-in governor. They may be of two different 
types. Most engines use a mechanical governor 
in which the movement of weights under centri
fugal force is transmitted to the throttle shaft of 
the carburetor by linkage. Onmany smaller en
gines the speed is maintained by an air-vane gov
ernor. In this design, air from the fan strikes 
the vane connected to the throttle shaft. Because 
the air velocity varies with the speed of the en
gine, the deflection of the vane results in quite 
satisfactory throttle control. This method is both 
cheap and simple. 
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PRINCIPLE OF INTERNAL 
COMBUSTION 

The gasoline engine is called an INTERNAL com
bustion engine because it burns fuel inside the 
engine cylinder. In comparison, the steam en
gine is an EXTERNAL combustion engine because 
its fuel is burned outside the engine cylinder. 

An internal combustion engine might be compared 
to a gun which propels a bullet from its barrel as 
a result of the rapid burning of a combustible 
mixture, gun powder. The gun barrel compares 
to the engine cylinder, the bullet to the piston. 

The piston is connected to the crankshaft by a 
connecting rod. So, instead of being forced com
pletely out of the cylinder, the pistons outward 
movement is converted to a revolving motion by 
the crankshaft. The momentum of the flywheel 
attached to the crankshaft returns the piston to 
its former position to receive another impulse. 

THE EVENTS IN A FOUR CYCLE ENGINE 

intake 

The first requirement for an engine to operate 
is that the cylinder be filled with an explosive 
fuel-air mixture. Gasoline itself will not explode. 
It must be mixed in the proportion of one part of 
gasoline to ten to fifteen parts of air in order to 
make a proper explosive mixture to run a gaso
line engine. The device used to do this job pre
cisely and automatically is called the carburetor. 

This explosive mixture is drawn into the cylinder 
through a pipe known as a manifold. Intake is 
regulated by the opening and closing of the intake 
valve. The valves are operated by a camshaft 
geared to the crankshaft in such a way that the 
valves open and close in time with piston move
ment. 
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INTAKE STROKE 

The mixture of fuel and air is drawn from the 
manifold into the cylinder by a vacuum created 
by the downward movement of the piston toward 
the crankshaft. As the piston moves downward, 
the intake valve opens, admitting the charge. 
This is known as the intake stroke. 

compression 

COMPRESSION STROKE 

After the mixture is in the cylinder it must be 
compressed into a small space to increase the 
power of the explosion. So as the piston starts 
to move tlpward away from the crankshaft, the 
intake valve closes and the mixture is compressed 
to about one-seventh its original volume. 



power 

POWER. STROKE 
The crankshaft now has made one complete rev
olution. At or very near the peak of compression 
a spark plug produces an electric spark in the 
cylinder, igniting the compressed fuel-air mix
ture. As the mixture burns it forces the pis
ton down toward the crankshaft. This is known 
as the power stroke. 

exhaust 

EXHAUST STROKE 

As the piston reaches the end of the power stroke 
it becomes necessary to free the cylinder of the 
burned gases in preparation for the next charge 
of fuel. So the exhaust valve opens and the pis
ton starts up away from the crankshaft and pushes 
the burned gases out into the exhaust pipe. 
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The engine has completed four strokes--intake, 
compression, power and exhaust--and the crank
shaft has made two complete revolutions and is 
ready for the next intake stroke. 

PISTONS AND VAlVES 

Engine pistons serve several purposes. First, 
and most important, they transmit the forces de
veloped by the burning of the fuel-air mixture 
in the cylinder to the crankshaft through the con
necting rod, where it is converted to rotating 
motion and power. They carry the piston rings 
which seal the piston in the cylinder and regulate 
the oiling of the cylinder walls. They serve as a 
guide for the upper end of the connecting rod and 
in two cycle engines they take over the functions 
of the valves. 

The pistons as well as the valves operate under 
difficult mechanical and heat conditions. They 
must be made of material strong enough to stand 
the forces of the explosion and yet be light enough 
not to exert too great a force on the crankshaft 
bearings. They must be fitted carefully so as to 
slide freely within the cylinder under the varying 
operating temperatures of an air cooled engine. 
Pistons fitted too tightly will bind in the cylinder 
when they become hot. If too loose they will 
knock and rattle and lose much compression. 
This is often called ''blow by." 



Many small engines with cast iron cylinder blocks 
have pistons made of cast iron or semi-steel. 
This material is strong enough to withstand the · 
forces imposed on it. It has a melting point well 
above the operating temperatures within the cyl
inders. It expands at the same rate as the cyl
inders which minimizes fitting problems. It is 
relatively low in friction when it is properly lub
ricated. 

Aluminum is rapidly replacing cast iron as a 
material for small engine pistons. It is much 
lighter than cast ironand therefore does not load 
the bearings of the engine as much as cast iron 
or semi-steel. It is easily cast and machined. 
It does not generate excessive friction in the cy
linder. Aluminum expands more rapidly than 
cast iron when heated so the fitting problem with 
aluminum is greater. Aluminum conducts heat 
away faster thancast ironand consequently runs 
cooler. Because of less weight, an engine with 
aluminum pistons accelerates more rapidly. 

PISTON RINGS AND COMPRESSION 

Piston rings are important in a single cylinder 
engine because they seal in compression. Power 
developed by anengine falls off rapidly as com
pression is lowered. On large multi-cylinder 
engines the lowe.ring of compression of one cyl
inder will not too greatly affect the power output. 
Buton a one cylinder engine it becomes very im
portant that good compression be maintained at 
all times. Therefore, piston rings should be 
kept in good condition for best performance. 

Because operating temperatures of air cooled 
engines vary greatly with changes in air condi
tions, load and engine speed, clearances of pis
tons and rings are greatly different than those 
found in a liquid cooled engine. Operating tem
peratures are kept quite constant in liquid cooled 
engines regardless of changes in air tempera
tures, load or speed, 
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Piston Ring Troubles 

PISTON DISPLACEMENT 

Piston displacement is one of the factors affect
ing engine horsepower. What is meant by piston 
displacement? It is the space displaced by the 
piston in its upward and downward movement in 
the cylinder. The larger the bore of the cylinder 
and the longer the stroke of the piston, the great
er will be the piston displacement. The displace
ment of an engine can be arrived at by the follow
ing formula: 

2 Length of 
Displacement= (Bore) X 3.1416 X stroke in 

4 inches 

Let's compute the piston displacement of an en
gine having a 2 inch bore and a 3 inch stroke. 

Displacement= 2 X 2 X 3.1416 X 3 = 9. 4248 
4 

This engine has a displacement of 9. 42 cubic in
ches. 

COMPRESSION RATIO 

Another factor concerned with the power output 
of an engine is called the compression ratio. As 
an example, if an engine has a compression ra
tio of six to one it means that the space above 
the piston when the piston is at the bottom of the 
stroke is six times as large as when the piston 
is at the top of the stroke. In other words, the 
fuel-air mixture is reduced in volume to one
sixth its original volume in the compression 
stroke. 
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Compression ratios are related to the efficiency 
of an engine. Generally speaking, the higher the 
compression, the greater the efficiency of the 
engine. A compression ratio of 10. 5 to 1 in an 
automobile engine is considered quite extreme 
and would mean that the engine would need to be 
operated with premium fuels of high anti-knock 
qualities. As the compression pressure is in
creased the force of the explosion in the power 
stroke is greatly increased. Most small engines 
have a ratio between 5. 5 to 1 and 7 to 1. Higher 
compression ratios approaching 8 to 1 or even 
as high as 10 to 1 would require that the engine 
be operated on premium fuels. Designers of 
small engines feel that their engines should op
erate on the cheaper regular gasoline hence the 
lower compression ratios. 

VAlVE OPERATION 

Probably the most important consideration in 
maintaining good compression in a small engine 
is the care of valves. The valves of an engine 
operate under more adverse conditions than any 
other part of the engine. The exhaust valve par
ticularly, operates under conditions of extreme 
heat. Average temperatures of exhaust valves 
range from 1000 to 1200 degrees F. This is red 
hot. Valves must be made of special steel so 
that they can resist this extreme heat. Intake 
valves, being cooled by the incoming mixture, 
do not operate as hot as the exhaust valves so as 
a rule do not present such difficult problems. 

TIMING 

HEAT 

Coupled with the heat problem is the requirement 
that the valves seal tightly enough to hold pres
sures up to 500 pounds per square inch. The op
eration of these valves must be fool-proof be
cause when the engine is operating at 3000 R.P.M. 
each valve opens and closes in about 1/25 of a 
second. In a liquid cooled engine, water is cir
culated around the valve seats helping to cool 
them but cooling the valves in an air-cooled en
gine is very difficult. 

The cylinder, cylinder head and top of the piston 
are exposed to much the same heat as the exhaust 
valve but these parts are cooled by an air blast 
from the fan on the flywheel. Then too, the pis
ton is cooled some by the oil that is circulated 
through the engine. The exhaust valve is cooled 
by the transfer of heat from the valve head to the 
valve seat and the cylinder block. Some heat 
transfer takes place from the stem through the 
valve guide to the block and then to the air 
stream. 

SECOND 
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A leaking valveinamulti-cylinderengine, though 
it would interfere with the smooth operation of 
the engine, is much less important than a bad 
valve in a single cylinder engine. A leaking 
valve in a one cylinder engine means at best a 
serious loss of power. On the other hand, the 
engine may refuse to operate. With the valves 
being that important to good operation, let us 
consider a few points regarding valve service. 

VALVE TROUBLES 

Small engine valves seldom if ever operate un
der as extreme conditions as automobile engines. 
While they may become burned to some extent 
from long usage, they seldom burn as badly as 
automobile valves. 

Burning of valve faces and seats is caused by 
either the accumulation of carbon on the face 
causing leakage and extreme heatingor from too 
little tappet clearance. When a valve leaks it 
lets the flame of the burning fuel eat away at the 
seat and valve face much the same as a welding 
torch cuts metal. 

Sometimes engines operated intermittently de
velop sticky valves. This is caused by a gum or 
varnish forming on the valve stems. It is be
lieved that this deposit is formed by the lead 
additives in the fuel, oxidation products in old 
fuel and coking of oil on hot valves. This inter
feres with the proper closing of the valves and 
the resulting increase of temperature causes the 
oil on the valves to oxidize into varnish further 
aggravating the sticking problem. 

A noticeable leaky valve condition is a signal to 
stop the engine and service the valves. Pro
longed operation of an engine with leaky valves 
may aggravate the condition to the point that new 
valves may be needed. 

VALVE PARTS 

VALVE 
GUIDE 

MARGIN 

Valve Part Names 

The important parts of a valve are the head, 
margin, face and stem. The face makes contact 
with the seat and the stem moves in the valve 
guide which is part of the cylinder block. The 
margin is the edge of the head of the valve. It 
is important that this margin be kept within cer
tain thickness. A general rule is that a valve 
should be replaced when the margin is ground 
down to any less than half of the original thick
ness. A valve margin that is too thin will not 
withstand the heatand will quicklymeltandcause 
the valve to leak and burn. The margin of a typ
ical small engine valve is 1/32 inch thick. When 
it approaches 1/64 inch in thickness, the valve 
should be replaced. 

l_ _t 

T~ 71 
L u Y320K 

~DISCARD 
Margin Dimensions 
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FACING VALVES AND SEATS 

Hand grinding and facing valves as it was done 
twenty or thirty years ago is no longer consider
ed a good practice because it was not thorough 
enough. Valves should be faced with a good 
valve grinder operated by someone who is ex
perienced in doing the job. Likewise the valve 
seats in the cylinder block should be surfaced 
with a good grinder until all pits and roughness 
are removed. 

After these two operations are complete, a fine 
valve grinding compound should be put on the 
face of the valve and the valve should be lightly 
lapped to the seat using a back and forth motion 
with the lapping tool. This ~eration removes 
any stone marks from the grinding ~eration and 
gives a very clear indication of the width of the 
valve seat. 

The valve seat width should be 1/16 inch plus or 
minus 1/64 inch and should be in the center of 
the valve face. 

I/ •• 
/16 

Valve Seat Dimension 

After lapping in the valves, thoroughly clean all 
surfaces of grit before installing the valves. 
After installation, check the tappet clearance and 
adjust the spacing as specified by the engine 
manufacturer. Many manufacturers list this 
spacing on the name plate on the engine. Many 
engines do not provide an adjustment for valve 
tappet clearance. In this case the ends of the 
valve stems must be ground off to the pr~er 
clearance. Care should be taken not togrind off 
too much material and also to keep the ground 
ends of the valve stems absolutely square. 

CARBURETION 

The part of the engine used to provide a fuel-air 
mixture of the right proportions is called the 
carburetor. As mentioned earlier, a gasoline 
engine must have a fuel-air mixture in the pro
portion of ten to fifteen parts of air to one part 
of gasoline. This mixture must be supplied to 
the engine as a vapor. 

A carburetor is designed to handle liquid fuel 
and keep it liquid until it is discharged as a fine 
spray through the nozzle and into the intake man
ifold. If a small engine were to operate at all 
times at a fixed speed and a fixed load, the car
buretor could be very simple, taking the formof 
a mixing valve. But to get fuel economy and top 
performance at a large variation inengine speed 
and load requires a more complicated piece of 
equipment. With small engines, cost is a fac
tor to be considered, so the carburetor on these 
engines must be kept fairly simple--consistent 
with the cost of the engine. 

A BASIC PRINCIPLE OF CARBURETION 

A principle to keep in mind when discussing the 
operation of a carburetor is that air exerts a 
fairly constant pressure on all objects. This 
force tends to equalize itself in any given area. 
Atmospheric pressure is affected somewhat by 
temperature and so, in trying to equalize its 
pressure, wind is produced. Air moves from a 
high pressure area to a low pressure area. At
mospheric pressure ranges between thirteen and 
fifteen pounds per square inch. In the carbure
tor, this principle of air trying to equalize its 
pressure is used by artificially creating low 
pressure areas causing movement of air and 
fuel. 
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THE VENTURI 

In order to increase the velocity or speed of the 
air passing through the carburetor a carefully 
designed restriction or narrow space is placed 
in the air supply passage. This restriction is 
shaped in such a way as to create a definite pat
tern of air flow. This restricted area is called 
the VENTURI. 

I ( 
I 

VENTURI 

If a nozzle is placed in the venturi area so that 
the air will rush past the nozzle, a low pressure 
area is created behind the nozzle in the direction 
of the air flow. 

HIGH 

The presence of this low pressure area causes 
the air to equalize itself thus forcing fuel through 
the nozzle and out into the air stream. 

Gravity Feed Carburetion 

On many small engines the fuel system is de
signed so that the gasoline flows by gravity from 
the tank to the carburetor bowl. Therefore the 
gasoline tank is placed at a point that will always 
remain higher than the carburetor of the engine 
when the engine is operating. (Some large en
gines are equipped with a fuel pump that enables 
the gasoline tank to be placed in almost any pos
ition, as the gasoline is pumped under pressure 
to the carburetor. ) 

Gravity Feed System 
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Upon examining a gravity fed carburetor equipped 
engine you will notice that there is an air vent 
hole in the gasoline tank cap so that air can flow 
in as the gasoline flows out of the tank to the car
buretor. This keeps the tank at atmospheric 
pressure. There is also an air vent on the car
buretor bowl to keep this part of the system at 
atmospheric pressure. These vents must be kept 
open so that the fuel will flow from the tank to 
the carburetor bowl. If either of the vents be
come plugged the fuel will stop flowing and the 
engine will stop. 

CARBURETOR OPERATION 

All carburetors as used on small four cycle and 
some two cycle engines have their own small 
fuel supply chamber called the BOWL. Fuel 
flows from the gasoline tank to the bowl through 
the FUEL IJNE. In this bowl is a FLOAT which is 
linked to a valve controlling the entry of gasoline 
to the bowl. This float and valve controls the 
FUEL LEVEL in the carburetor bowl. If the 
float is set too high, too much gasoline is al
lowed to flow into the bowl causing flooding and 
if set too low, the engine will starve for want of 
fuel. 

The regulated fuel supply in the carburetor bowl 
must next be transmitted into the engine cylinder 
in the proper form and mixture for maximum 
engine performance. What forces are at work 
on the nozzle in the venturi opening? The NOZ
ZLE, or main jet as it is sometimes called, is 
connected directly to the fuel supply in the bowl. 

Because fuel under atmospheric pressure seeks 
its own level, some fuel runs into the nozzle. 
The level of the fuel in the carburetor bowl is 
below the height of the discharge openings in the 
nozzle which are located in the venturi at the 
spot of greatest air velocity. As the piston 
moves downward and the intake valve opens on 
the intake stroke, a low pressure area is dev
eloped in the intake manifold and down to the 
carburetor venturi. Two things happen at this 
time: 

1. Atmospheric pressure on top of the fuel in the 
bowl forces the fuel up into the nozzle to the 
discharge holes. 

2. At the same time air rushes into the carbure
tor air intake and through the venturi where 
its velocity is greatly built up. This air helps 
build up stronger suction action on the dis
charge holes of the nozzle which causes the 
fuel to stream out and mix with the incoming 
air to form a combustible mixture ready for 
firing in the cylinder. 

A carburetor of this type is beset with certain 
problems. One of these is the tendencyof a sin
gle jet or nozzle to discharge too much fuel as 
the engine speed is increased or as the load is 
increased quickly. To compensate for this ten
dency a small amount of air is allowed to enter 
the nozzle through an air vent or AIR BLEED. 
This makes up for the tendency of rich mixtures 
being delivered at higher speeds and allows a 
more uniform operating mixture for the engine. 

The ideal combustion mixture is a ratio of 14 or 
15 pounds of air to one pound of gasoline. An 
engine operating under a heavy load requires a 
richer mixture than when operating under a light 
load or no load at all. So some additional re
finements must be added to the basic carburetor. 
To regulate the gasoline flow to the main jet, a 
threaded NEEDLE VALVE with a tapered point 
that projects into the end of the nozzle is added. 
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NEEDLE VALVE 

MIXTURE TO 
ENGINE CYLINDER 

THROTTLE 

-VENTURI 

Like an atomizer, a carburetor uses the principle of air rusl!ing past an 

open tube to pick up liquid from tile tube and form a fine spray. 

NEEDLE VALVE ADJUSTMENT 

To adjust the carburetor the engine must be run 
under load at the desired speed until it warms 
up. Then the needle valve should be turned in 
until the engine slows down and loses power. 
Mark this position. Open the needle valve until 
the engine starts to speed up. Keep opening the 
valve until the engine starts to slow down indi
cating too rich mixture. Turn the needle valve 
to a point midway between these two settings to 
get a good operating mixture. 

Remember that too lean mixtures are not econ
omical. They cause overheating, knocking and 
short valve life by raising the temperature in
side the cylinder. The mixture should be set 

rich enough so that when the throttle is suddenly 
opened the engine will not stop from lack of suf
ficient fuel. 

THROTILE 

To allow the engine to operate at different speeds 
a shaft carrying a flat disc, called a butterfly, 
is placed in the carburetor throat between the 
venturi and the manifold. This flat valve or 
butterfly is called the THROTTLE. 
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Parts of carburetion system with 
close up views of choke and throttle. 

With the throttle in the wide open position there 
is no restriction to the flow of the fuel-air mix
ture to the cylinder. As the throttle starts to 
close it restricts the flow of the fuel-air mix
ture to the cylinder which decreases the speed 
of the engine. With the decrease inengine speed 
the pressures in the venturi are decreased caus
ing the flow of fuel from the nozzle to slow down 
so that the proportions of the mixture remain 
essentially the same. As the engine speed slows 
down to an idle the throttle is practically closed 
and the flow of air through the venturi is almost 
stopped. This causes the flowof fuel in the noz
zle to almost stop and to lean out excessively. 

IDLING SYSTEM 

To supply fuel for idling, a fuel passage is ex
tended up over the throttle disc and is tapped in
to the air stream, The amount of fuel passing 
into the air stream is regulated by a needle valve 
called the IDLE VALVE. 

At idle speed with the throttle almost closed, the 
air pressure above the throttle plate is quite low. 
This causes the fuel to flow out the discharge 
hole of the carburetor throat where it mixes with 
incoming air. 

Small air cooled engines should not be idled at a 
speed as slow as the engine will run. On small 
engines idling speed should be 1750 R. P.M. On 
larger engines it can be cut to 1200 R. P.M. Id
ling speed should be kept at these figures to in
sure enough air passing over the cylinder fins to 
properly cool the engine and also to insure good 
oiling of the engine, Idling speed is adjusted by 
turning a screw located on the throttle shaft. 
Adjustment of the idling mixture should be made 
after the load valve is adjusted and is similar to 
adjusting the load needle valve. Always use a 
tachometer when adjusting idling speeds. Don't 
guess. 

CHOKE 

Starting a cold engine can be a problem. It is 
known that a mixture of as little as ten parts of 
air to one part of gasoline may be needed to start 
an engine. To get a mixture as rich as this a 
butterfly valve is placed on a shaft in the air in
take horn of the carburetor. This is called a 
CHOKE valve. The function of the choke is to 
close or partially close the air intake to create 
a very low pressure area in the venturi and car
buretor throat causing a rush of fuel from the 
nozzle. This extra rush of fuel gives a rich 
enough mixture to start a cool engine. Over-use 
of the choke can cause flooding of a cold engine 
by drawing an excess amount of fuel into the cy
linder giving a mixture that will not fire. This 
excess fuel will wash oil films from the cylinder 
walls and rings causing excess wear. 
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THROTTLE VALVE 

FUEL INLET 

FLOAT NEEDLE SEAT 

FLOAT NEEDLE 

CHOKE VALVE 

NEEDLE VALVE 

I I 

CHOKE CLOSED CHOKE OPEN 

Two Piece Carburetor 

Carburetors on small engines which are design
ed for low price cannot and need not be as com
plexas those used onautomobilesand farm trac-

tors. If one understands the operation of car
buretors on small engines he has the basic know
ledge of carburetion for all engines. 
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Suction Feed System 

Many of the newer small Briggs and Strattonen
gines used on lawn mowers donot use a carbur
etor as we have described it but use a suction 
feed system. In this case the fuel tank is mount
ed below the carburetor. The force of atmos
pheric pressure is used to get the fuel into the 
engine cylinder. 

In this system, as with the gravity feed system, 
the gasoline tank cap is vented. This allows the 
pressure in the tank to remain constant. Fuel 
flows into the mixing chamber through a pipe ex
tending into the gasoline tank from the top. This 
pipe extends nearly to the bottom of the tank and 
is capped on the lower end with a ball check 
valve and a fine brass screen. One thing to be 
remembered before attempting to adjust this type 
of carburetor is to have the gasoline tank HALF 
full, as the distance the fuel must be lifted in the 
feed pipe affects the adjustment. At half tank we 
will get an average operating condition and this 
will give satisfactory operation from a full to a 
nearly empty tank. 

OPERATION OF SUCTION FEED SYSTEM 

As the piston goes down on the intake stroke with 
the intake valve and throttle open, a low pressure 
area is created in the throat of the carburetor. 

A small restriction is placed between the throat 
and the air intake at the choke to help maintain 
the low pressure longer. 

Fuel flows up the fuel pipe past the needle valve' 
and through the two discharge holes in the throt
tle because of the difference of air pressure be
tween the tank and carburetor throat. As we 
know, air has the property of always trying to 
equalize its pressure, hence the flow of fuel to 

Suction Feed System 

the carburetor throat. The throttle being quite 
thick and containing the two discharge holes acts 
as a venturi which helps the fuel to vaporize. 
The throat is constructed with a spiral on the 
inside to give the fuel mixture a spinning action, 
again aiding vaporization. 

To control the amount of fuel, there is a needle 
valve much the same as in olher systems. The 
position of this valve would lead one to believe 
that it is an idling valve but it is not. This sys . .,.. 
tern does not have an idling valve adjustment. 

The mixture at idling speed is controlled differ
ently than in a float type carburetor. As the 
throttle closes to idle position, its leading edge 
takes a position between the two discharge holes. 
The larger of the two holes is thus in the high 
pressure area causing the flow of fuel through it 
to stop. The small hole is still under low pres
sure and continues to discharge fuel. The amount 
is less than that coming from the large hole at 
full throttle and it will be reduced by a decreased 
airflow. It is important that these two discharge 
holes be properly sized, 

Carburetors of this type should be adjusted so 
that the engine gets a rather rich mixture. This 
is necessary to provide for good acceleration on 
lawn mowers. Most engines using the suction 
feed system are used on lawn mowers. 
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Engines equipped with the suction feed system 
should have the idling speed adjusted to i750 
R. P.M. There are three reasons for this fast 
idling speed. It helps acceleration, cooling and 
lubrication. With the suction feed system you 
will notice some unevenness at idling speeds. 
This is a normal condition and usually cannot be 
remedied by adjusting the needle valve. 

The choke used with the suction feed system is 
just a sliding plate mounted at the small open
ing between the air intake and the throat of the 
carburetor. Operation of the choke is just the 
opposite of chokes on tractors. To choke this 
system the choke is pushed in, to close the air 
intake. Be sure to pull it out immediately when 
the engine starts to avoid flooding the engine. 
Because this choke closes the air intake com
pletely, a very rich mixture is drawn into the 
cylinder. Avoid prolonged choking. 

FUELS 

Because of their L-head design and relatively 
low compression ratios, small engines operate 
very well on regular grades of gasoline. The old 
recommendation that the operator should use 
white or unleaded gasolines has been discarded 
because of the extreme variations in volatility of 
these gasolines. 

Small engines usually operate at much higher 
temperatures than automobile engines. They do 
not have the benefit of a cooling water jacket and 
radiator but must depend on air being blown over 
the cooling fins by the flywheel fan. Consequently 
VAPOR LOCK becomes a problem. 

Vapor lock is the turning of gasoline from a liq
uid into a vapor in the fuel lines before it gets to 
the carburetor. It is caused by the lines be com
ing heated so that the gasoline vaporizes in them. 
One should be careful in early summer not to 
put winter blended fuel into the tank of a small 
engine. Winter gasoline boils at much lower 
temperatures than summer blends, therefore it 
is more susceptable to vapor lock. 

GUM DEPOSITS 

Modern gasolines kept in small quantities under 
warm conditions tend to evaporate and oxidize. 
Many small engines are used only intermittently. 
During storage periods and u n de r the proper 
conditions of temperature and moisture, varnish
like gums may form in the fuel due to oxidation 
and deposit in tank, lines, bowl and jets of car
buretors. This tends to clog the fuel system. 
This condition is common in small engines. The 
formation of these gums can be detected by ob
serving the condition of the inside of the tank and 
carburetor bowl. If a brown, vile smelling de
posit is found, you have discovered gum trouble. 
The formation of these gums is influenced by 
temperature, moisture, presence of oxygen and 
the length of exposure to oxygen, So although 
fresh gasoline normally causes no difficulty in 
gum formation, its gum content may increase to 
high levels if the fuel is allowed to stand in stor
age under certain conditions. 

The following rules should be remembered: 

1. Use only fresh gasoline. 

2. Store it in a cool place in a metal container. 

3. When the engine is not used for several weeks 
drain the fuel from the tank, lines and carbur
etor. A good practice is to run the engine un
til it stops from lack of fuel before it is stored 
for a period of time. 
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If you find gum deposits in the fuel system, they 
can be removed by washing all affected parts 
with acetone, alcohol or other commercial car
buretor solvent. If the gums are allowed to re
main in the carburetor a long time and become 
dry, you may have to scrape them off. 

AIR ClEANERS 

The greatest enemy of engine life whether it be 
a small engine or large multi-cylinder engine is 
DIRT. Many small engines are required to op
erate under extremely dusty or dirty conditions. 
An example is the engine on a rotary lawn mow
er. Dirt can be taken into the engine itself and 
dirt and chaff taken through the cooling fan may 
be deposited on the fins of the cylinder and cyl
inder head, thus cutting down on the amount of 
air passing over the fins. This causes over
heating. The cleaning of cooling fins was cover
ed in some detail in the first unit of the Small 
Engines project. 

The importance of protecting the engine against 
wear producing dirt was shown byanengine man
ufacturer ina test of a four cycle engine. In this 
test about three quarters of a thimbleful of dirt 

. was put into the crankcase oil of a new engine. 
At the end of four hours at maximum load the en
gine required a major overhaul. Piston rings, 
pistons and cylinder walls were worn beyond re
pair. 

When operating at 3600 R. P.M. a typical small 
engine takes in about 390 cubic feet of air per 
hour and this air enters the carburetor at about 
24 miles per hour. It is the dirt entering with 
this air that does the great damage to pistons, 
rings, cylinder walls and bearings. Follow in
structions for cleaning the air cleaner to prolong 
the life of your engine. 

An oil bath type of cleaner must be cleaned and 
the oil replaced every 25 hours of engine opera
tion. Disassemble the air cleaner and empty the 
old oil from the bowl. Wash the filter element 
in kerosene or other solvent. Clean the bowl 
thoroughly and refill with oil to the level mark 
with the same oil as used in the crankcase. Al
ways use new, fresh oil. When servicing oil bath 
cleaners always be sure that both gaskets are 
replaced and are in good condition. 

OIL BATH AIR CLEANER 

1. Remove Wing Nut 

2. Lift Out Element 

3. Lift Off Bowl 

4. Pour out old oil. Wash the filter element by swishing in gasoline and shake dry. 
Clean bowl, wipe dry. Pour oil in small bottom part of bowl to "oil level" mark 
shown at end of arrows. Replace bowl. Replace filter element and wing nut. Be 
sure gaskets are in place. 
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Foam type cleaners should be serviced every 25 
hours. Disassemble the cleaner and wash the 
foam element in solvent. Squeeze out the sur
plus solvent andre-oil the element and reassem
ble. For instructions on how to clean the oil foam 
type air cleaner see Small Engines Unit I, Cir
cular 4-H 129. 

Dry, paper type cleaners should also be serviced 
at 25 hour intervals. Remove the paper element 
and tap it on something solid to dislodge accum
ulated dirt. If the cleaner element is very dirty 
or oily it should be replaced with a new one. If 
you use an air hose to clean a paper type cleaner 
be careful not to blow holes in the element mak
ing it unfit for use. 

IGNITION 

Spark Plugs 

PARTS OF A SPARK PLUG 

A spark plug consists of: 

1. A threaded outer shell which screws into the 
cylinder head and contains the outer elec
trode. The threaded part may be one of 
various diameters, -10mm, 14mm, 18mm 
or 7/8 inch. Another variation in this part 
of the spark plug is the distance from the 
seating shoulder to the electrode end of the 
shell. This distance is known as the "reach" 
of the plug. Most plugs are furnished in 
reaches of 3/8 inch, 7/16 inch, 1/2 inch and 
3/4 inch. The correct reach is determined 
by the manufacturer. Don't attempt at any 
time to use a plug with a longer reach than 
the one specified for your engine. 

2. An insulated core mounted in the shell which 
contains the inner electrode. 

3. A bushingandgasket forholdingtheinsulated 
part in place. In modern one piece plugs the 
top edge of the outer shell is rolled toward 
the insulated core forming a solid one piece 
spark plug. 

2. INSULATED 

1. THREADED 

OUTER SHELL 

V:' 
I 

Spark Plug Parts 

3. TOP EDGE OF 
OUTER SHELL 

-4. GASKET 

4. A gasket placed between the shoulder of the 
shell and the cylinder head to seal the open
ing. 
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HEAT RANGES OF SPARK PLUGS 

The firing end of a spark plug must operate at a 
h i g h enough temperature to keep oil, carbon, 
or other deposits from accumulating and adhering 
to it. These deposits will cause misfiring. Yet, 
on the other hand, it must not operate so hot as 
to cause preignition, heat damage to the porce
lain insulator or melting of the metal electrodes. 

COLD 

All things being equal, the plug which has the 
shortest distance for the heat to transfer from 
the insulator to the cylinder head or fins is clas
sified as a cold plug. As this distance is increased 
(longer insulator, gasket higher up) the hotter 
the operating temperature becomes. These plugs 
are classified as hot plugs. 

Thus the heat range of a plug is an approximation 
of the highest temperatures the insulator tip can 
reach without causing preignition. 

HOT 

Cold type and hot type spark plugs -illustrating 

the difference in length of insulators. 

SPARK PLUG GAPS 

The width of the gap between the two electrodes 
of a spark plug most be precisely set. For most 
small engines the proper gap width is • 025 inch. 

Your operator's manual gives this information 
for your engine. Check spark plug gaps frequently 
and replace plugs seasonally. When you set spark 
plug gaps always bend the outside electrode as 
needed. NEVER bend the inside electrode as you 
will almost always crack or break the insulator 
in so doing. 
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TO CHECK SPARK PLUG GAP 

" FEELER GAUGE 

Clean spark plug and reset gap at .025 inch 

every 100 "'ours of operation. 

Sometimes you will find the tip of the insulator 
blistered o r cracked and the electrodes badly 
burned. This indicates that the plug is running 
too hot and that the replacement plug should be a 
step cooler than the manufacturer's recommen
dations. 

A plain flat feeler gauge cannot accurately 
measure the true widt"' of the gap. 

Always check spark plug gaps with a preCisiOn 
WIRE type gauge. Don't guess. If a plug is burn
ed somewhat, a flat feeler gauge will not give a 
correct reading. 

SPARK PLUG TROUBLES 

The firing end of a correct type plug that has been 
operating for some time in a properly adjusted 
engine in top mechanical condition will appear as 
follows. The insulator is light tan to brown in 
color with a little or no carbon deposits on either 
the insulator or shell. The electrodes will show 
no burning, will be clean and the surfaces will be 
flat. 

Wet black carbon deposits on the firing end of a 
spark plug are an indication of excessive oil con
sumption caused by worn piston rings, pistons or 
worn valve guides. In most cases, plugs in this 
condition can still give some satisfactory service 
after proper cleaning and regapping. 

Dry, soft, black carbon deposits on the plug gen
erally mean that the engine has been running with 
a rich fuel mixture, or has been idling over long 
periods. A plug that is too cold for the engine 
will build up this kind of deposit on the insulator 
or center terminal. If readjusting the carburetor 
for a leaner mixture or lowering the carburetor 
float level does not improve this condition, a 
change of plugs to one or two steps hotter will 
likely be needed. 

With present day fuels and oils containing various 
additives you may find upon checking the spark 
plug, either red, brown, yellow or white coatings 
on the insulator. This is capable of causing a 
plug to misfire because under certain operating 
temperatures these deposits melt and form a sol
id coating on the insulator tip. This acts as a 
conductor of electricity and short circuits the 
spark. If this condition is found it is best to dis
card the plug for a new one. 

REMOVAL AND REPLACEMENT 

Spark plugs should be removed every 100 hours 
of service or oftener. 
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Before removing spark plugs from an engine, blow 
accumulated dirt and trash away from the plug 
with air pressure to eliminate dirt from falling 
into the cylinder when plug is removed. Always 
use a deep spark plug socket wrench when remov
ing plugs. Neveruseapliersorordinary wrench. 
Spark plug sockets are a precaution against break
age of the insulator. A plain wrench may slip 
and cause damage. 

It is a good idea to wire brush the threads of the 
plug when it is removed from the cylinder head. 
This removes caked carbon which can make the 
plugs hard to remove or tighten. 

When installing plugs, check the gasket and if it 
is badly crushed, replace it with a new one. Screw 
the plugs in by hand, finger tight. Then with a 
spark plug wrench tighten the plug another 1/2 
turn to properly seal the gasket. If you use a 
torque wrench tighten to the maximum torque 
values shown in the table below. 

PLUG THREAD 
CAST IRON ALUMINUM 

HEADS HEADS 

10 mm. 12 LBS. FEET 10 LBS. FEET 

14 mm. 25 LBS. FEET 22 LBS. FEET 

18 mm. 30 LBS. FEET 25 LBS. FEET 

Ya" 35 LBS. FEET 30 LBS. FEET 

18 mm. TAPER SEAT 15 LBS. FEET 12 LBS. FEET 

The above figures are for new gaskets with the 
threads in engine head and on plug thoroughly 
clean. 

CLEANING 

To remove carbon, soot, or oxide coatings from 
plugs it is a good practice to use a commercial 
spark plug cleaning machine as found in most 
service shops. Care must be exercised inoper
ating these machines so that excessive use of the 
abrasive cleaner doesn't wear away the insulator 
tip and make the plug useless. Also care must 
be used to air clean the plug sufficiently so that 
abrasive cleaning particles do not get into the cyl
inder and ruin the engine. 

Magnetos 

A magneto is a device for generating and distrib
uting electricity to ignite the fuel-air mixture of 
an internal combustion engine. A magneto not 
only generates electricity but steps up the voltage 
tremendously and delivers it at the correct in
stant to the spark plug. It does this without the 
aid of a battery. The magneto operates on the 
same principle as a generator. A generator op
erates on the principle that a conductor will in
duce an electric current when it is moved through 
a magnetic field. In a magneto the magnetic field 
is produced by permanent magnets. There are 
several types of magnetos but the same principle 
applies to all of them. 

Most small engines are equipped with a flywheel 
type magneto. 
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Magnetos are designed so that the magnets rotate 
and the coil remains stationary or they have sta
tionary magnets and rotating coils. Parts of a 
magneto are a field coil composed of an iron 
core; a primary winding of heavy wire; and a 
winding of many turns of finer wire known as the 
secondary winding on the outside of the primary. 
The proportion of turns in the primary to the sec
ondary are about one turn in the primary to at 
least 100 turns of the secondary. 

The coil is mounted on an armature which has 
two legs designated North and South pole. These 
legs are known also as the pole pieces. The mag
nets in the flywheel magneto are mounted on the 
flange edge of the engine flywheel and rotate past 
the pole pieces and coil which are mounted station
ary on the engine with the magnets clearing the 
pole pieces by about . 010 inch. 

All magnetos have a set of breaker points. These 
open and close the primary circuit. They are 
usually mounted below the flywheel and are open
ed and closed by means of a cam mounted on the 
crankshaft. An exception to this general prac
tice is the point operating mechanism used on 
some models of Briggs and Stratton engines ha v
ing a magnematic ignition system. In this system 
the points are operated from the camshaft and 
have an advance and retard system. 

With the regular flywheel magneto the spark oc
curs once every revolution of the crankshaft. 
This produces a maverick spark at the exhaust 
stroke in addition to the spark timed to occur at 
the top of the compression stroke. The magne
matic system differs in the respect that the mav
erick spark is not produced because the points 
being operated from the camshaft open only once 
for each two turns of the crankshaft, producing 
a spark only when needed. 
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1. To illustrate how a magneto works, let's 
make a flywheel magneto out of an anchor. The 
two flukes (A and B) will be the two coli heels ..• 
the stack (C), the third coil heel. 

2. Let's then wrap plenty of turns of primary 
wire around the stock of the anchor •.• ground 
one end to the anchor ..• the other we'll connect 
to a set of breaker points. (For simplicity sake, 
we will leave out the condenser.) 

With tire points closed this makes a good primary .•. 
except for one thlng ••• we have no current source. 

3. Now, as a horseshoe magnet is passed closely 
by the stock and the left-hand fluke, a strong 
magnetic field is formed as shown by the arrows. 



4. Moving. the magnet near the right-hand fluke 
starts a weak magnetic field In the reverse dir

ection . This causes a current to flow in the 
primary coil winding which chokes this reverse 
field and holds it back. 

5. At tl,is strategic moment the breaker points 
open •. primary current flow stops. The reverse 
magnetic field is no longer choked, and it surges 
abruptly to full strength •. enormous voltage is 
induced in the secondary windings of the coil ... 
firing the spark plug. 

6. Superimposing the anchor over the layout of 
a flywheel. •• the flukes and the shank of the anchor 
become the coil heels. A compact magnet is 
mounted within the flywheel with attached pole 
shoes" These shoes are designed to change the 
magnitude and direction of the magnetic force as 
rapidly as pouible as the magnet whirls by the 
coil heels. 

Essentially the way a flywheel magneto operates 
is this: 

The magnets mounted on the flywheel, moving 
past the pole pieces of the armature generate a 
current in the primary winding of the coil. At 
the instant of the greatest current, the breaker 
points which are connected in the primary wind
ing of the coil open causing the current in the 
primary circuit to stop flowing. With this stop
ping of current, the magnetic field around the 
windings collapses. This causes a high tension 
current to be induced in the secondary winding 
in proportion to the greater number of turns in 
the secondary. This current is of sufficient in
tensity to fire the spark plug. 

CONDENSER ACTION 

An essential part of a magneto is the condenser 
or capacitor. It consists of two strips of foil 
separated by two strips of insulating paper, coil
ed up inside a metal shell. One of the foil strips 
is connected to a wire that attaches to the movable 
breaker point. The other foil strip is connected 
to the outer shell and thus to ground. This con
denser has the ability to absorb a surge of elec
tricity from the coil of the magneto and hold the 
charge until the instant the spark plug is fired. 

To understand the operation of a condenser let us 
look at the magneto the instant the breaker points 
open. Due to a characteristic of coils in an igni
tion system, the current generated in the coil 
wants to continue to flow across the gap at the 
open breaker points causing an arc at the points. 
The condenser, having the ability to absorb elec
trical current and being connected across the 
points then absorbs this current momentarily. 
This hastens the collapse of the magnetic field 
inducing a stronger current in the secondary of 
the coil. Instantly after the spark appears at the 
spark plug, the condenser discharges its current 
back into the circuit thereby intensifying the spark 
at the plug. 
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Magneto ignition system with types of possible troubles indicated. 

Faulty condensers result in burned contacts at 
the breaker points, weak spark or no spark at all. 
The electrical capacity of a condenser is deter
mined by the thickness of the insulating paper 
and the area of the foil. The thinner the paper 
insulation with a given area of foil, the greater 
the capacity of the condenser to absorb electric
ity. 

MAGNETO SERVICE 

If an engine refuses to start, or misses when it 
runs, first check the spark plug according to in
structions given under spark plug service. After 
you have satisfied yourself that the spark plug is 
OK check the spark plug wire for breaks in the 
insulation or a loose wire. Next, check the break
er points for wear or pitting and check the gap 
opening and make sure it is spaced as specified 
in your owner's manual. Also check to see that 
all wiring is OK and not shorted or broken. If 
upon doing these things you still have trouble you 
should take your engine to the service shop that 
is equipped with testing equipment for magnetos. 

TROUBLE SHOOTING 

In order for an engine to run and run right, the 
following things must be present: (Absence of 
any of these conditions means that the engine will 
become inoperative. ) 

1. A proper fuel-air mixture must be delivered 
to the cylinder. 

2. A hot spark properly timed must fire the 
mixture. 

3. The engine must have good compression. 

4. The valve action must be properly timed and 
the valves must be in good condition. 

When a small four cycle engine refuses to start 
or is difficult to start, the trouble can usually 
be traced to either the fuel system or the igni
tion system. The next most frequent cause of 
trouble is poor compression. Parts causing 
trouble include valves, cylinder head gaskets 
and piston rings. 
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Before attempting to correct any starting trou
ble, be sure you have fuel in the tank and that all 
operating adjustments including carburetor ad
justments and spark plug gap are at approxi
mately those recommended by the engine manu
facturer. These specifications will be found in 
the operator's manual that came with your en
gine. If there is a decided loss of compression, 
the reason for this should be determined and 
corrected before looking for trouble elsewhere. 

To continue a systematic check of an engine to 
find out why it will not run or why it is difficult 
to start next check for condition of gasoline. Dip 
a clean stick into the fuel and withdraw it and 
examine it. Gasoline has a distinctly different 
odor than low grade fuels and will evaporate rap
idly if it is not diluted or if it is fresh. Old stale 
gasoline has an offensive odor and usually will 
evaporate very slowly. If stale gasoline is the 
problem it follows that a dark brown film of gum 
or varnish will be found on the sides of the tank 
and in the lines and carburetor. This must be 
cleaned off with a solvent before the engine will 
operate properly. 

If the fuel checks out OK, then make sure that 
the shut off valve at the bottom of the tank is 
turned on and that the fuel runs out of the line. 
If it does not, remove the valve, clean it and the 
screen and blowair through the fuel lines to dis
lodge the dirt. If the engine is equipped with a 
glass fuel filter near the fuel shut off valve, 
clean it and reassemble according to instructions 
in the operator's manual. 

If after these checks have been made and the en
gine still does not start, proceed as follows: 

Remove the spark plug and examine it. Make 
sure the points have a gap of . 025 inch. If the 
points are burned and badly worn or if a deposit 
of wet carbon is found on the end of the plug or 
if the porcelain is cracked or broken, replace 
the plug with a new one of the type recommended 
by the manufacturer. 

Next connect the spark plug wire to a good plug 
on which the gap has previously been widened to 
1/8 or 3/16 inch and place the outer shell of the 
spark plug in contact with the cylinder head or 
other bare metal contact. Keep the end where 

the wire is fastened at least 3/8 inch from any 
metal surface and crank the engine over quickly. 
If you get a fat, blue spark across the points you 
will assume that the ignition system is OK. A 
good hot spark will jump this widened gap with a 
sharp snap. 

If you get no spark or a weak reddish spark then 
proceed to check the breaker points and conden
ser. Replace defective parts and try the above 
procedure again. 

If spark is still faulty, have a service shop check 
your magneto coil. Assuming you received a 
good fat, blue spark, you may then regap the 
spark plug to . 025 inch and reinstall. Before 
you do, however, place about a spoonful of fresh 
gasoline in the spark plug hole. 

Next, crank the engine. If it starts, runs for a 
brief time, slows down and stops, it is an indi
cation that sufficient fuel is not reaching the cy
linder. If the engine does not start at all, it is 
an indication that something is wrong mechani
cally, such as a burned or stuck valve. This is 
indicated by a definite hissing sound when the en
gine is turned over quickly. Also, compression 
could be lost by a blown head gasket or badly 
worn or stuck piston rings. 

Assuming that the engine starts after it is primed 
with fuel through the spark plug opening, runs 
for a short time and then stops, isolate the trou
ble by first disconnecting the fuel line from the 
carburetor and making sure a full stream of fuel 
runs out of the pipe. If it does not, correct the 
trouble by cleaning the line and the screen at the 
outlet valve on the tank. If fuel runs freely from 
the open fuel line, then the trouble is in the car
buretor itself. 

Either the carburetor adjustments have been 
changed radically or you have internal trouble in 
the carburetor. These should be corrected by a 
reliable service man who specializes in carbur
etor service. In some cases you may find the 
trouble to be a loose connection or bad gasket at 
the point where the manifold fastens to the engine 
cylinder block. If this is found, replace the worn 
gasket before tightening the screws in order to 
prevent an air leak. 
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SMAll ENGINE SAFETY 

Safety around engines and power operated equip
ment is essential to the prevention of accidents 
and possible injury. As a start towards safety, 
read the instruction manual furnished with your 
equipment. Basic safety information is given in 
these manuals. 

Following is a list of small engine safety rules: 

1. Never show off with power equipment. In so 
doing you endanger your own safety and that 
of others. 

2. Before using an engine driven rotary mower, 
pick up all sticks and stones from the lawn. 
A rotary mower blade has enough suction to 
pick up such objects and throw them with 
force enough to kill. If youngsters insist on 
watching you work, be just as insistant that 
they stay at a safe distance. 

3. The hand can be quicker than the eye but a 
foot is never quicker than a mower blade. 
So always be sure that you operate your 
mower in such a manner as to keep feet from 
under the mower deck. 

4. Always stop the mower if the operator is 
called away for some reason. An unattended 
running mower plus a small child equals dis
aster. 

5. Always stop the enginewhen unclogging, ad
justing or oiling the mower. Never reach 
under the deck of a running mower. 

6. Safety with gasoline. 

a. Keep fuel stored in a plainly marked red 
can. 

b. The can should be spill-proof to prevent 
leakage if it is bumped or upset. 

c. Don't store gasoline in a glass jar or 
jug. 

d. Fumes from an open container of gaso
line are easily ignited soABSOLUTELY 
NO SMOKING is the rule. 

e. Because of its explosive nature gasoline 
should never be used as a solvent for 
cleaning parts. Use fuel oil, kerosene 
or other less explosive liquids. 

f. Fill fuel tank only when engine is cooled 
off and stopped. A void overfilling and 
spillage. 

7. Do not run an engine indoors in a closed room. 
Exhaust gases contain deadly odorless car
bon monoxide. If you must for some reason 
operate an engine indoors, open all doors 
and windows to get plenty of ventilation. 

8. Keep all nuts and bolts tight to avoid acci
dents. Check these frequently. Any unusual 
vibration or change in sound is an indicator 
of trouble in the engine. Stop the engine im
mediately. Check for loose parts. 

9. If your engine is mounted on a self-propelled 
piece of equipment (riding mower, garden 
tractor, scooter, etc.) always disengage the 
drive clutch before starting the engine. 

10. Don't wear loose, floppy clothing when oper
ating power driven equipment. Loose cloth
ing can become entangled in belts, chains, 
or flywheels and cause serious injury. 

11. Guards are placed over moving parts for 
your protection. Keep them in place. 

12. Engines are designed to operate within cer
tain limits of speed (R. P. M. ) by the manu
facturer. Never increase the speed above 
the limit designated by the engine manufac
turer because a racing engine can literally 
tear itself to pieces with possible injury to 
the people near it. 
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