
DESIGN FUNDAMENTALS
OPERATING PRINCIPLES

ENGINE TYPES

The power source for the outboard
motor does not differ basically from that
used to power automobiles, farm or
garden tractors, lawn mowers, or many
other items of power equipment in use
today. All are technically known as "In-
ternal Combustion, Reciprocating
Engines."

The source of power is heat formed by
the burning of a combustible mixture of
petroleum products and air. In a recipro-
cating engine, this burning takes place
in a closed cylinder containing a piston.
Expansion resulting from the heat of
combustion applies pressure on the
piston to turn a shaft by means of a
crank and connecting rod.

The fuel mixture may be ignited by
means of an electric spark (Otto Cycle
Engine) or by the heat of compression
(Diesel Cycle). The complete series of
events which must take place in order
for the engine to run may occur in one
revolution of the crankshaft (referred to
as Two-Stroke Cycle), or in two revolu-
tions of the crankshaft (Four-Stroke
Cycle).

OTTO CYCLE, In a spark ignited
engine, a series of five events are re-
quired in order to provide power. This
series of events are called the Cycle (or
Work Cycle) and is repeated in each
cylinder as long as work is done. The
series of events which comprise the
work cycle are as follows:

1. The mixture of fuel and air is push-
ed or drawn into the cylinder, by reduc-
ing cylinder pressure to less than the
outside pressure, or by applying an in-
itial, higher pressure to the fuel charge.

2. The mixture is compressed, or re-
duced in volume.

3. The mixture is ignited by a timed
electric spark.

4. The burning fuehair mixture ex-
pands, forcing the piston down, thus
converting the generated chemical
energy into mechanical power.

5. The burned gases are exhausted
from the cylinder so that a new cycle can
begin.

The series of events comprising the
work cycle are commonly referred to as
INTAKE, COMPRESSION, IGNI-
TION, EXPANSION (POWER) and
EXHAUST.

Fig. 1-1~Sch9matlc view of a typical four-stroke cycle englna showing basic principles of operation.
Two revolutions of the crankshaft are required to complete the cycle. The first, or INTAKE stroke is
shown at "A". As the piston moves downward in cylinder the intake vaive is opened allowing a com-
bustible mixture of fuel and air to enter cylinder. The intake vaive closes as the piston moves upward
In tha second, or COMPRESSION stroke as shown In **B." Tha compressed charge is ignited, and ex-
pansion of tha burning mixture forces the piston down In the POWER stroke "C". Tha exhaust valve
opens as the piston moves upward In tha fourth, or EXHAUST stroke "D", and the cylinder is cleared

of burned gases for the beginning of another cyde.

DIESEL CYCLE. The Diesel Cycle
differs from the Otto Cycle in that air
alone is drawn into the cylinder during
the intake period, then compressed to a
much greater degree. The air is heated
by compression. Instead of an electric
spark, a finely atomized charge of fuel is
injected into the combustion chamber
where it combines with the heated air
and ignites spontaneously. The power
and exhaust strokes are almost identical
to those of the Otto Cycle.

FOUR-STROKE CYCLE. In a
reciprocating engine, each movement of
the piston (in or out) in the cylinder is
referred to as a Stroke. Thus, one com-
plete revolution of the engine crankshaft
accompanies two strokes of the piston.

The most simple and efficient engine
design from the standpoint of fuel and
exhaust gas mixture movement is the
Four-Stroke Cycle shown schematically
in fig. 1-1. The first event of the work
cycle coincides with the first stroke of
the piston as shown at "A". Downward
movement of the piston draws a fresh
charge of the fuel:air mixture into the
cylinder. View "B" shows the compres-
sion of the fuel mixture which occurs
during the second stroke of the cycle. Ig-
nition occurs at about the time the
piston reaches the top of the cylinder on
the compression stroke, resulting in the
expansion of the burning fuel:air mix-
ture, and in the power stroke as shown
at "C". The fourth stroke of the cycle
empties the cylinder of the burned gases
as shown at "D", and the cylinder is
ready for the beginning of another work
cycle.

The fact that a full stroke of the piston
is available for each major mechanical
event of the cycle is ideal, from the
standpoint of efficiency, and four-stroke
engines are generally most economical
where fuel costs alone are considered.

The four-stroke cycle requires a more
complicated system of valving, which
adds materially to the weight and
original cost of the engine. This fact,
coupled with the fact that two revolu-
tions of the crankshaft are required for
each power stroke, causes the two-
stroke engine to compare more favor-
ably when horsepower to weight ratio is
considered; and because of the weight
advantage, the two-stroke engine has
probably reached its highest degree of
development for outboard motor use.
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TWO-STROKE CYCLE. In a two
stroke cycle engine, the five events of in-
take, compression, ignition, power and
exhaust must take place in two strokes
of the piston; or one revolution of the
crankshaft. Thus, a compressed fuel
charge is fired each time the piston
reaches the top of the cylinder, and each
downward stroke is a power stroke. In
order to accomplish this, the initial
pressure of the incoming fuel-air mix-
ture must be raised to a point somewhat
higher than the lowest pressure existing
in the cylinder, or a fresh charge of fuel
could not be admitted and the engine
would not run. This elevation of pres-
sure requires the use of an air pump, or
compressor, of approximately the same
volume as the cylinder itself. Coinciden-
tally, such an air pump is available with
a minimum of additional parts, cost, or
friction losses by utilizing the opposite
side of the piston and cylinder as the
pump. Such engines are called "Crank-
case Scavenged," and are almost univer-
sally used in the outboard motor in-
dustry.

Individual cylinders are often com-
bined and connected in series to the
shaft to increase power output. Engine
operation is also smoothed by increasing
the number of power impulses per
crankshaft revolution. A single cylinder,
four-stroke cycle engine (with only one
power impulse for two shaft revolutions)
must have a heavy flywheel to store and
deliver the developed energy between
power strokes. Increasing the number of
cylinders to two, three or four enables
the design engineer to increase engine
power without a corresponding increase
in engine weight.

Figure 1-2 shows a schematic view of
the crankcase scavenged, reed valve
type, two-stroke cycle engine commonly
used. The general sequence of events re-
quired for operation is as follows: As the
piston moves outward from the crank-
shaft as shown in view "B", the volume
of the closed crankcase is enlarged and
the pressure lowered, causing air to be
drawn through the carburetor (C),
where it is mixed with fuel. This mixture
is then drawn through the reed valve (R)
and into the crankcase. At the same
time, a previous charge of fuel is being
compressed between head of piston and
closed end of cylinder as shown by the
darkened area. As the piston ap-
proaches top center, a timed spark ig-
nites the compressed fuel charge and the
resultant expansion moves the piston
downward on the power stroke. The
reed valve (R) closes, and downward
movement of piston compresses the
next fuel charge in the crankcase as
shown in view "A". When the piston
nears the bottom of its stroke, the crown
of piston uncovers the exhaust port (EX)

in cylinder wall, allowing the combustion
products and remaining pressure to
escape as shown by the wavy arrow.
Further downward movement of piston
opens the transfer port (TP) leading
from the crankcase to cylinder; and the
then higher crankcase pressure forces
the compressed fuel:air mixture through

transfer port into the cylinder. The baf-
fle which is built into crown of piston
deflects the incoming charge upward,
and most of the remaining exhaust
gases are driven from the combustion
chamber by this fresh charge. Two-
stroke cycle, crankcase scavenged
engines are sometimes produced with a

Fig. 1'2—SchemaUc ¥iew of
two-stroke cycie, crankcase
scavenged engine used in
most outboard motors. The
same series of events shown
In Fig. 1-1 takes place In one
revolution of the crankshaft
by using the crankcase as a

scavenging pump.
C. Carburetor
R. Reed valve

TP. Transfer port
EX. Exhaust port

Fig. i'3—Two-stroke cyc/e,
three port engine. Principles
are simiiar to reed vaive or
rotary vaive types except
that a third, intake port is
located in cylinder wait and
opened and closed by the

piston skirt.
C. Carburetor

EX. Exhaust port
IP. Intake port

TP. Transfer port

Fig. 1-4—Two-stroke cycle
rotary valve engine. The In-
coming fuel charge is con-
trolled by a rotery vaive at-
tached to the crankshaft.
The opening In vaive (RO)
and crankcase (SO) align at
the proper time to admit a
fresh charge, then close to
aliow intial crankcase com-

pression.
C. Carburetor

RO. Opening in rotating
member

SO. Opening in crankcase
wall
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fuel induction system other than the in-
let reed valve. Although they are not ex-
tensively used in outboard motor manu-
facture, they are mentioned in passing
and illustrated schematically in Fig. 1-3
and Fig. 1-4.

In the crankcase scavenged engine,
most of the friction parts requiring
lubrication are located in the fuel intake
system. Lubrication is accomplished by
mixing the required amount of oil with
the fuel, so that a small amount of oil in
the form of a fine mist is drawn into the
crankcase with each fuel charge. It
should be pointed out that the new oil
brought into the crankcase can little
more than supplement the losses, there-
fore it is necessary that the friction
parts be well lubricated at the time the
engine is started. The use of too much oil
in the fuel mixture results in plug foul-
ing, excessive carbon, and poor perform-
ance, as well as being wasteful.

FUEL SYSTEM

CARBURETOR. The function of the
carburetor is to atomize the fuel and mix
it with the air flowing into the engine.
The carburetor must also meter the fuel
to provide the proper fuehair ratio for
the different engine operating condi-
tions, and the proper density of total
charge to satisfy the power and speed
requirements.

A gasoline-air mixture is normally
combustible between the limits of 25
parts air to 1 part fuel, and 8 parts air to
1 part fuel. Because much of the fuel will
not vaporize when the engine is cold, a
rich mixture is required for cold start-
ing. The exact ratio will depend on the
temperature and the volatility (ability to
vaporize) of the fuel.
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Carburetor operation is based on the
venturi principle, in which a gas or liquid
flowing through a restriction (venturi)
will increase in speed and decrease in
pressure, acting in much the same way
as water passing through the nozzle of a
garden hose. Refer to Fig. 1-5.

An extension tube (nozzle) from the
fuel reservoir is inserted into the air
passage with the opening at approx-
imately the narrowest part of the ven-
turi, and the fuel level in the reservoir is
maintained at just below the opening of
the nozzle. When air passes through the
venturi, fuel spills over into the air
stream in amounts relative to the pres-
sure drop. If the level in fuel bowl is too
high, fuel will spill over into carburetor
when engine is not operating. If fuel
level is too low, a sufficient amount may
not be pulled into the the air stream dur-
ing certain periods of operation, and a
lean mixture could result. The fuel level
is usually maintained by means of a float
as shown in Fig. 1-6.

A simple carburetor which relies only
on the venturi principle will supply a
progressively richer mixture as engine
speed is increased, and will not run at all
at idle speeds. The carburetor must
therefore be modified if the engine is to
perform at varying speeds. The first
step in modification is usually the addi-
tion of a separate fuel mixing and meter-
ing system designed to operate only at
slow engine speeds. A fairly representa-
tive idle system is shown schematically
in Fig. 1-7. An idle passage is drilled in
the carburetor body as shown, leading
from the fuel chamber to the air horn at
the approximate location of the throttle
valve (1). When the throttle valve is
closed, the air flow is almost shut off.
This reduces the pressure in the inlet

manifold, and therefore the density of
the charge in the combustion chamber.
The pressure drop at the venturi which
is shown in Fig. 1-5 ceases to exist, and
fuel cannot be drawn from the main fuel
nozzle. The high manifold vacuum above
the throttle valve (1-Fig. 1-7) draws
fuel up the idle passage through idle jet
(5) then through primary idle orifice (2)
into the intake manifold. At the same
time, air is being drawn through the
secondary idle orifice (3) and air meter-
ing orifice (4) to mix with the fuel in the
idle passage. The sizes of the two ori-
fices (2 and 3) and the idle jet (5) are
carefully calculated and controlled. The
amount of air passing through metering
orifice (4) can be adjusted by the idle
mixture adjusting needle (6) to obtain
the desired fuehair mixture for smooth
idle.

When throttle valve (1) is opened
slightly to a fast idle position (as in-
dicated by the broken lines) both the
primary and secondary idle orifices (2
and 3) are subjected to high manifold
vacuum. The incoming flow of air
through secondary orifice (3) is cut off,
which increases the speed of fuel flow
through idle jet (5). This supplies the ad-
ditional fuel needed to properly mix with
the greater volume of air passing around
the throttle butterfly valve. As the
throttle valve is further opened and
edge of valve moves away from the idle
orifices, the idle fuel system ceases to
operate and fuel mixture is again con-
trolled by the venturi of the main fuel
system.

In many applications, the main fuel
system and idle system will supply the
fuel requirements for all operating con-
ditions. In other cases, an additional
economizer system is incorporated.

Fig. t-S—Schematic view of venturi principle,
Right hand figures show how air speed Is In-
creased by the restriction (venturi) while left
hand figures show the accompanying drop In air

pressure.

fig. 1-$Schematlc view of a simple float-type
carburetor. The buoyancy of float (A) closes the
fuel Inlet valve (B) to maintain the fuel at a con-
stant level (C). The pressure drop In the venturi
causes fuel to flow out nozzle (D) which pro-
trudes iust above the fuel level. Throttle valve is

at (F) and choke valve ai (G)

Fig. t-7—The addition of a separate idle fuel
system permits delivery of a correct fuel mixture

over a wider range of engine speeds.
1. Throttle valve 4. Air metering orifice
2. Upper idle orifice 5. Idle fuel jet
3. Lower idle orifice 6. Idle mixture level
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Fig. i-8—The main fuai metering system may be of many types. Three typicai systems are shown, in
the left-hand view, the niaximum fuei fiow through nozzie (N) may be adjusted by the mixture needle
(A). In tha center vlaw, maximum fuel flow Is controlled by the carefully calibrated fixed let (J). in tha
right-hand vlaw, the stepped metering needle (M) Is moved varticaily by a cam (C) on throttle shaft,

thus limiting maximum flow to predetermined amounts which vary with throttia setting.

which provides a leaner fuel-air mixture
for part throttle operation. Accelerator
pumps or an accelerating well which are
usually needed for automotive operation
are not normally used on outboard
motors.

An accelerator pump can be used,
however. The accelerator pump can be
lever operated or spring operated and
vacuum controlled. The purpose of an
accelerator pump is to provide an addi-
tional charge of fuel at the moment of
throttle opening, before balance is
restored to the high speed fuel system.

High speed mixture adjustment is con-
trolled by a fixed jet, a fuel adjustment
needle, or by a stepped metering rod
which is synchronized with the throttle
valve. Refer to Fig. 1-8 for a schematic
view of the systems.

The basic design of diaphragm type
carburetors is shown in Fig. 1-9. Fuel is
delivered to inlet (1) by gravity with fuel
tank above carburetor, or under pres-

Fig. 1-9—Cross-sactlon drawing of basic design
diaphragm type carburetor. Atmospheric pres-

sure actuates diaphragm (D).
N. Nozzle

sure from a fuel pump. Atmospheric
pressure is maintained on lower side of
diaphragm (D) through vent hole (V).
When choke plate (C) is closed and
engine is cranked, or when engine is
running, pressure at orifice (0) is less
than atmospheric pressure; this low
pressure, or vacuum, is transmitted to
fuel chamber (F) above diaphragm
through nozzle channel (N). The higher
(atmospheric) pressure at lower side of
diaphragm will then push the diaphragm
upward compressing spring (S) and
allowing inlet valve (IV) to open and fuel
will flow into the fuel chamber. Some
diaphragm type carburetors are
equipped with an internal fuel pump.

REED VALVES. The inlet reed (or
leaf) valve is essentially a check valve
which permits the air-fuel mixture to
move in only one direction through the
engine. It traps the fuel charge in the
crankcase, permitting the inlet pressure
to be raised high enough to allow a full
charge to enter the cylinder against the
remaining exhaust pressure during the
short period of time the transfer ports
are open. The ideal design for the valve
is one which offers the least possible
resistance to the flow of gases entering

the crankcase, but completely seals off
any flow back through the carburetor
during the downward stroke of the
piston.

FUEL PUMP. All but the smallest
motors normally use a remote fuel tank
from which fuel is pumped to the car-
buretor. Most two-stroke motors use the
pulsating, pressure and vacuum im-
pulses in one crankcase to operate the
fuel pump. Refer to Fig. 1-10. Operation
is as follows:

When the piston moves upward in the
cylinder as shown in view "A", a vacuum
is created on the back side of diaphragm
"D". As the diaphragm moves away
from the fuel chamber, inlet check valve
(5) opiens against the pressure of spring
(6) to admit fuel from tank as shown by
arrov;̂ . When the piston moves down-
ward as shown in view "B", the
diaphragm moves into the fuel chamber,
causing the inlet check valve to close.
The c utlet check valve (4) opens and fuel
flows to the carburetor. When the car-
buretor float chamber becomes full and
carburetor inlet valve closes, the fuel
pumpi diaphragm will remain in approx-
imate;ly the position shown in "A", but
will maintain pressure on carburetor
fuel line until additional fuel is required.

On some of the larger motors, a two
stage fuel pump of similar construction
is connected to two separate crankcases
of the motor.

On four-stroke cycle engines, the
pump> diaphragm is spring loaded in one
direction and lever operated in the
other. The lever may be actuated by any
means, the most common being an ec-
centric cam on the engine camshaft. As
the cam turns, the diaphragm pulsates
in much the same way as that described
for the pressure-vacuum unit. The
strength of the diaphragm return spring
determines the standby fuel pressure
which will be maintained at the car-
buretor.

PRESSURE
FLOAT

/CHAMBER

C. Choke
D. Diaphragm
F. Fuel chamber
I. Fuel inlet

IV. Inlet valve needle
L. Lever

0. Orifice
P. Pivot pin
S. Spring
T. Throttle
V. Vent

VS. Valve seat

Fig. 1-iO—Schematic view of a typical, crankcasa operated, diaphragm type fuel pump. Pressure and
vacuum pulsations from crankcasa pass through connection (C) to rear of diaphragm (D) which In-

duces a pumping action on fuel Una as shown.
3. Valve spring 5. Inlet check valve
4. Outlet check valve 6. Valve spring
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IGNITION SYSTEM

The timed spark which ignites the fuel
charge in the cylinder may be supplied
by either a magneto or battery ignition
system. To better understand the opera-
tion of the components and the dif-
ferences and similarities of the two
systems, they will be combined in this
section and the functions of the various
units explained and compared.

IGNITION SYSTEM THEORY. In
the modern ignition system, a relatively
weak electric current of 6 to 12 volts and
2 to 5 amperes is transformed into a
momentary charge of minute amperage
and extremely high (10,000-25,000)
voltage, capable of jumping the spark
plug gap in the cylinder and igniting the
fuel charge.

To understand the ignition system
theory, electricity can be thought of as a
stream of electrons flowing through a
conductor. The pressure of the stream
can be increased by restricting volume,
or the volume increased by reducing the
resistance to movement, but the total
amount of power cannot be increased
except by employing additional outside
force. The current has an inertia of mo-
tion and resists being stopped once it
has started flowing. If the circuit is
broken suddenly, the force will tend to
pile up temporarily, attempting to con-
vert the speed of flow into energy.

A short list of useful electrical terms
and a brief explanation of their mean-
ings is as follows:

AMPERE. The unit of measurement
used to designate the amount, or quanti-
ty of flow of an electrical current.

Fig. t-11—Diagram of a typical battery ignition
system. Refer to text for principles of operation.
1. Battery 5. Condenser
2. Ignition switch 6. Contact points
3. Primary circuit 7. Secondary circuit
4. Ignition coil 8. Spark plug

Gl through G4. Ground connections

OHM. The unit measurement used to
designate the resistance of a conductor
to the flow of current.

VOLT. The unit of measurement used
to designate the force, or pressure of an
electrical current

WATT. The unit of measurement
which designates the abililty of an elec-
trical current to perform work; or to
measure the amount of work performed.

The four terms are directly inter-
related, one ampere equaling the flow of
current produced by one volt against a
resistance of one ohm. One watt
designates the work potential of one
ampere at one volt in one second.

BATTERY IGNITION

Fig. 1-11 shows a very simple battery
ignition circuit for a single cylinder
engine. The system uses breaker points
to control the time of ignition. The
system may be called a "total loss igni-
tion" if there is no provision for recharg-
ing the battery while the engine is run-
ning and the intensity of the spark will
diminish as the battery's electromotive
Force (emF) is reduced.

SEALING NIPPLE

HIGH TENSION
TERMINAL

COIL CAP

PRIMARY
TERMINAL

SPRING
WASHER

SEALING
GASKETS

SECONDARY
WINDING

PRIMARY
WINDING

COIL CASE

LAMINATION

PORCELAIN
INSULATOR

Fig. 1-12—Cut-away view of typicai battery igni-
tion system coll. Primary winding consists of ap-
proximateiy 200-250 turns (loops) of heavier wire;
secondary winding consists of several thousand
turns of fine wire. Laminations concentrate the
magnetic lines of force and increase efficiency

of the coil.

When the timer cam is turned so the
breaker (contact) points are closed, a
complete circuit is completed from the
battery through the breaker points, to
the coil primary winding, through the ig-
nition switch and finally back to the bat-
tery. The electricity flowing through the
primary winding of the ignition coil
establishes a magnetic field concen-
trated in the core laminations and sur-
rounding the windings of wire. A cut-
away view of a typical ignition coil is
shown in Fig. 1-12. The cam is mechan-
ically connected to rotate a specific
amount in relation to the crankshaft. At
the proper time, the cam will push the
breaker points apart, opening the circuit
and preventing current from fiowing
through the primary windings. The in-
terruption stops the flow of current
quickly which causes the magnetic field
surrounding the primary windings to
collapse. Stopping the magnetic field
does not cause the field to fade away,
but results in a very fast movement
from around the coil windings and
through the metal lamination, back to
the center of the coil primary windings.
As the magnetic field collapses, it quick-
ly passes (cuts) through the primary and
secondary windings creating an emf as
high as 250 volts in the primary and up
to 25,000 volts in the secondary wind-
ings. 'The condenser, which is wired
parallel with the breaker points absorbs
the self-induced current in the primary
circuit, then discharges this current
when the breaker points close.

Due to resistance of the primary wind-
ing, a certain period of time is required
for maximum primary current fiow
after the breaker contact points are
closed. At high engine speeds, the points
remain closed for a smaller interval of
time, hence the primary current does
not build up to the maximum and secon-
dary voltage is somewhat less than at
low engine speed. However, coil design
is such that the minimum voltage avail-
able at high engine speed exceeds the
normal maximum voltage required for
the ignition spark.

Notice that the ignition switch opens
to stop current fiow co the primary
winding which also stops the high
voltage necessary for ignition.

Other variations for this battery igni-
tion are possible. Many use solid state
electrical components to open and close
the primary circuit in place of the
mechanical breaker points.

MAGNETO IGNITION

Two of the principal reasons for utiliz-
ing a magneto ignition in place of a bat-
tery ignition are: Reduced weight and
minimum dependence on other systems
for ignition.
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Fig. 1-13—Cut-away view of
typical engine flywheel used
with fiywheei magneto type
ignition system. The perma-
nent magnets are usually
cast into the flywheel. For
flywheel type magnetos hav-
ing the Ignition colt and core
mounted to outside of fiy-
wheetf magnets would be
flush with outer diameter of

flywheel.

coil windings and tbe breaker points
whieb have now been closed by action of
the Ciam.

At the instant the movement of the
lines of force cutting through the coil
winding sections is at the maximum
rate, the maximum flow of current is ob-
tained in the primary circuit. At this
time, the cam opens the breaker points
interrupting the primary circuit and, for
an instant, the flow of current is ab-
sorbed by the condenser as illustrated in
Fig. 1-16. An emf is also induced in the
secondary coil windings, but the voltage
is not sufficient to cause current to flow
across the spark plug gap.

Flywheel Magneto With
Breaker Points

Refer to Fig. 1-13 for a cut-away view
of a typical flywheel. The arrows in-
dicate lines of force (flux) of the perma-
nent magnets which are carried by the
fiywheei. As indicated by the arrows,
direction of force of the magnetic field is
from the north pole (N) of the left mag-
net to the south pole (S) of the right
magnet.

Figs. 1-14, 1-15, 1-16 and M7 il-
lustrate the operational cycle of the
flywheel type magneto. In Fig. 1-14 the
fiywheei magnets are located over the
left and center legs of the armature (ig-
nition coil) core. As the magnets moved
into this position, their magnetic field
was attracted by the armature core and
a potential voltage (emf) was induced in
the coil windings. However, this emf
was not sufficient to cause current to
fiow across the spark plug electrode gap
in the high tension circuit and the points
were open in the primary circuit.

In Fig. 1-15, the fiywheei magnets
have moved to a new position to where
there magnetic field is being attracted
by the center and right legs of the ar-
mature core, and is being withdrawn
from the left and center legs. As in-
dicated by the heavy black arrows, the
lines of force are cutting up through the
section of coil windings between tbe left
and center legs of the armature and are
cutting down through the coil windings
section between the center and right
legs. If the left hand rule is applied to
the lines of force cutting through the coil
sections, it is seen that the resulting emf
induced in the primary circuit will cause
a current to fiow through the primary

Fig. 1-14—View showing fiy-
wheei turned to a position so
lines of force of the perma-
nent magnets are concen-
trated in the left and center
core legs and are interiock-

Ing the coll windings.

Fig. i-IS—Vlew showing fly-
wheel turned to a position so
that lines of force of the per-
manent magnets are being
withdrawn from the left and
center core legs and are be-
ing attracted by the center
end right core legs. Whiie
this event Is happening, the
lines of force are cutting up
through the coll windings
section between the left and
center legs and are cutting
down through the section
t>etween the right and center
iegs as indicated by the
heavy biack arrows. As the
breaker points are now
dosed by the cam, a current
Is induced In the primary ig-
nition circuit as the lines of
force cut through the coil

windings.
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The flow of current in the prinnary
windings created a strong electro-
magnetic field surrounding the coil
windings and up through the center leg
of the armature core as shown in Fig.
1-17. As the breaker points were opened
by the cam, interrupting the primary cir-
cuit, this magnetic field starts to col-
lapse cutting the coil windings as in-
dicated by the heavy black arrows. The
emf induced in the primary circuit would
be sufficient to cause a flow of current
across the opening breaker points were
it not for the condenser absorbing the
flow of current and bringing it to a con-
trolled stop. This allows the electro-

Fig. 1.16—The flywheei
magnets have now turned
slightly past the position
shown in Fig. 1-15 and the
rate of movement of lines of
magnetic force cutting
through the coii windings is
at the maximum. At this in-
stantt the breaker points are
opened by the cam and flow
of current in the primary cir-
cuit is being absorbed by the
condenser, bringing the fiow
of current to a quick, con-
troiied stop. Refer now to

Fig. 1-17.

Fig. 1-18—Drawing showing construction of a
typical flywheel magneto ignition coil. Primary
winding (A) consists of about 200 turns of wire.
Secondary winding (B) consists of several thou-
sand turns of fine wire. Coil primary and secon-
dary ground connection is (D); primary connec-
tion to breaker point and condenser terminal is
(C); and coil secondary (high tension) terminai is

magnetic field to collapse at such a rapid
rate to induce a very high voltage in the
coil high tension or secondary windings.
This voltage, often 10,000 to 25,000
volts, is sufficient to break down the
resistance of the air gap between the
spark plug electrodes and a current will
flow across the gap. This creates the ig-
nition spark which ignites the com-
pressed fuel-air mixture in the engine
cylinder. Point opening (or timing) must
occur when the engine piston is in the
proper position for the best perform-
ance. Point opening must also be
timed to occur when the alternating
primary voltage is at its peak or the
secondary voltage will be weak and
spark plug may not fire. It is impossible
or impractical in the average shop to
measure the alternating primary cur-
rent relative to flywheel position, so the
proper timing for peak voltage is deter-
mined by design engineers and becomes
a service specification variously referrmd
to as Edge Gap, Break Away Gap or
Pole Shoe Break.

Flywheel Magnetos
Without Breaker Points

BREAKERLESS SYSTEM. The
solid state (breakerless) magneto igni-
tion system may operate on the same
basic principles as the conventional type
flywheel magneto previously described.
The main difference is that the breaker
contact points are replaced by a solid
state electronic Gate Controlled Switch
(GCS) which has no moving parts. Since,
in a conventional system breaker points
are closed for a longer period of crank-

Flg. 1-17—View showing magneto ignition coil,
condenser and breaker points at same Instant as
iiiustrated in Fig. 1-16, however, arrows shown
above illustrate lines of force of the elec-
tromagnetic fieid established by current in
primary coil windings rather than the iines of
force of the permanent magnets. As the current
in the primary circuit ceases to fiow, the elec-
tromagnetic field coilapses rapidly, cutting the
coil windings as indicated by heavy arrows and
inducing a very high voitage in the secondary

coil winding resuiting in the ignition spark.

Fig. 1-19—Expioded view of
a typical flywheel magneto
of the type used on outboard

motors.
1. Condenser
2. Contact points
3. Magneto coil
4. Stator plate
5. Coil laminations
6. Washers
7. Mounting adapter
8. Friction washer
9. Throttle control cam

10. Spacer
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Ignition Coil
Pemianent Magnets

Fig. 1-20—tn a diagram of an electrical circuit,
the diode is represented by tha symbol shown
above. The diode will aiiow current to fiow in one

direction oniy, from cathode (C) to anode (A).

Fig. 1-21—The symboi used fora Gate controlied
Switch (GCS) in an aiectrical diagram is shown
above. Tha GCS wili permit current to flow from
cathode (C) to anode (A) when "turned on" by a
positive electrical charga at gate (G) terminal.

Ignition Coi
Armature
(Laminations)

Ignition Coil
Primary Winding

Secondary (High
Tension) Winding

Spark Plug
Wire
Terminal

Condenser

Diode

Gate Controlled
Switch (GCS)

Trigger Coil
Armature
(Laminations) Trigger Coil Winding

Trigger Coil
Permanent Magnet

Fig. 1-22-~Schematic diagram of typical breakerless magneto igniton system. Refarto Figs. 1-23,
1-24 and 1-25 for schemtic views of operating cyde.

shaft rotation than is the "GCS", a diode
has been added to the circuit to provide
the same characteristics as closed
breaker points.

The same basic principles for elec-
tromagnetic induction of electricity and
formation of magnetic fields by elec-
trical current as outlined for the coven-
tional flywheel type magneto also apply
to the solid state magneto. Therefore
the principles of the different com-
ponents (diode and GCS) will complete
the operating principles of the solid
state magneto.

The diode is represented in wiring
diagrams by the symbol shown in Fig.
1-20. The diode is an electronic device
that will permit passage of electrical
current (electrons) in one direction only.
In electrical schematic diagrams, elec-
tron flow is sometimes opposite to direc-
tion arrow part of symbol is pointing.

The symbol shown in Fig. 1-21 is used
to represent the gate controlled switch
(GCS) in wiring diagrams. The GCS acts
as a switch to permit passage of current
from cathode (C) terminal to anode (A)
terminal when in "ON" state and will not
permit electric current to flow when in
"OFF" state. The GCS can be turned
"ON" by a positive surge of electricity at
the gate (G) terminal and will remain
"ON" as long as current remains positive
at the gate terminal or as long as cur-
rent is flowing through the GCS from
cathode (C) terminal to anode (A) ter-
minal.

Fig. 1-23— View showing flywheel of breakerless
magneto system at instant of rotation where
lines of force of ignition coil magnets are being
drawn into left and center legs of magneto ar-
mature. The diode (see Fig. 1-20) acts as a
closed set of breaker points in completing the

primary ignition circuit at this time.

The basic components and wiring
diagram for the solid state breakerless
magneto are shown schematically in
Fig. 1-22. In Fig. 1-23, the magneto
rotor (flywheel) is turning and the igni-
tion coil magnets have just moved into
position so that their lines of force are
cutting the ignition coil windings and
producing a negative surge of current in
the primary windings. The diode allows
current to flow and action is same as
conventional magneto with breaker

Fig. 1-24—Fiywheei is turning to point where
magnetic flux lines through armature center fag
will reverse direction and current through
primary coll circuit wiii reverse. As currant
reverses, diode which was previousiy conduct-
ing will shut off and there wili be no currant
When magnatic flux Unas have reversed in ar-
mature center leg, voltaga potential will again
build up, but since GCS Is in "OFF" state, no
currant will flow. To pravant excessive voltaga

build up, tha condenser acts as a buffer.

points closed. As rotor (flywheel) con-
tinues to turn as shown in Fig. 1-24,
direction of magnetic flux lines will
reverse in the armature center leg.
Direction of current will change in the
primary coil circuit and the previously
conducting diode will be shut off. At this
point, neither diode is conducting. Volt-
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age begins to build up as rotor continues
to turn the condenser and acts as a buf-
fer to prevent excessive voltage build up
at the GCS before it is triggered.

When the rotor reaches the approx-
imate position shown in Fig. 1-25, max-
imum fiux density has been achieved in
the center leg of the armature. At this
time the GCS is triggered. Triggering is
accomplished by the triggering coil ar-
mature moving into the field of a perma-
nent magnet which induces a positive
voltage on the gate of the GCS. Primary
coil current fiow results in the formation
of an electro-magnetic field around the
primary coil which inducts a voltage of
sufficient potential in the secondary coil
windings to "fire" the spark plug.

When the rotor (fiywheei) has moved
the magnets past the armature, the GCS
will cease to conduct and revert to the
"OFF" state until it is triggered. The
condenser will discharge during the time
that the GCS was conducting.

CAPACITOR DISCHARGE SYS-
TEM. The capacitor discharge (CD) igni-
tion system may use a permanent mag-
net rotor (fiywheei) to induce a current
in a coil, but unlike the conventional
fiywheei magneto and solid state break-
erless magneto described previously, the
current is stored in a capacitor (con-
denser). Then the stored current is
discharged through a transformer coil to
create the ignition spark. Refer to Fig.
1-26 for a schematic of a typical
capacitor discharge ignition system.

As the permanent fiywheei magnets
pass by the input generating coil (1), the
current produced charges capacitor (6).

Fig. 1-2S—With fiywheei In the approximate
position shown, maximum voltage potential is
present in windings of primary colt. At this time
the triggering coil armature has moved into the
field of a permanent magnet and a positive
voltage is induced on the gate of the GCS. The
GCS is triggered and primary coil current flows
resulting in the formation of an electromagnetic
field around the primary colt which inducts a
voltage of sufficient potential In the secondary

windings to "fire" the spark plug.

Only half of the generated current
passes through diode (3) to charge the
capacitor. Reverse current is blocked by
diode (3) but passes through Zener diode
(2) to complete the reverse circuit. Zener
diode (2) also limits maximum voltage of
the forward current. As the fiywheei
continues to turn and magnets pass the
trigger coil (4), a small amount of elec-
trical current is generated. This current
opens the gate controlled switch (5)
allowing the capacitor to discharge
through the pulse transformer (7). The
rapid voltage rise in the transformer
primary coil induces a high voltage
secondary current which forms the igni-
tion spark when it jumps the spark plug
gap.

SPARK PLUG

In any spark ignition engine, the spark
plug provides the means for igniting the
compressed fuel-air mixture in the
cylinder. Before an electric charge can
move across an air gap, the intervening
air must be charged with electricity, or
ionized. The spark plug gap becomes
more easily ionized if the spark plug
ground (G4-Fig. 1-11) is of negative
polarity. If the spark plug is properly
gapped and the system is not shorted,
not more than 7,000 volts may be re-
quired to initiate a spark. Higher
voltage is required as the spark plug
warms up, or if compression pressures
or the distance of the air gap is in-
creased. Compression pressures are
highest at full throttle and relatively
slow engine speeds, therefore, high
voltage requirements or a lack of
available secondary voltage most often
shows up as a miss during maximum ac-
celeration from a slow en^ne speed.
There are many different types and
sizes of spark plugs which are designed
for a number of specific requirements.

THREAD SIZE. The threaded, shell
portion of the spark plug and the at-
taching holes in the cylinder are
manufactured to meet certain industry
establisbed standards. The diameter is
referred to as "Thread Size." Those com-

monly used are: 10 mm, 14 mm, 18 mm,
Vs inch and V2 inch pipe. The 14 mm plug
is almost universal for outboard motor
use.

REACH. The length of the thread,
and the thread depth in cylinder head or
wall are also standardized throughout
the industry. This dimension is mea-
sured from gasket seat of head to
cylinder end of thread. Four different
reach plugs commonly used are: % inch,
7/16 inch, V2 inch and ¥4 inch. The first
two mentioned are the only ones com-
monly used in outboard motors.

HEAT RANGE. During engine oper-
ation, part of the heat generated during
combustion is transferred to the spark
plug, and from the plug to the coolant
water through the shell threads and
gasket. The operating temperature of
the spark plug plays an important part
in the engine operation. If too much heat
is retained by the plug, the fuel-air mix-
ture may be ignited by contact with the
heated surface before the ignition spark
occurs. If not enough heat is retained,
partially burned combustion products
(soot, carbon and oil) may build up on the
plug tip resulting in "fouling** or shorting
out of the plug. If this happens, the
secondary current is dissipated uselessly
as it is generated instead of bridging the
plug gap as a useful spark, and the
engine will misfire.

The operating temperature of the plug
tip can be controlled, within limits, by
altering the length of the path the heat
must follow to reach tbe threads and
gasket of the plug. Thus, a plug with a
short, stubby insulator around the cen-
ter electrode will run cooler than one
with a long, slim insulator. Most plug:s in
the more popular sizes are available in a
number of heat ranges which are inter-
changeable within the group. The prop-
er heat range is determined by engine
design and the type of service. Like
most other elements of design, the plug
type installed as original equipment is
usually a compromise and is either the
most suitable plug for average condi-

Fig. 1-26'-Schematlc dia-
gram of a typical capacitor
discharge ignition system.

1. Generating coil
2. Zener diode
3. Diode
4. Trigger coil
5. Gate controlled switch
6. Capacitor
7. Pulse transformer (coil)
8. Spark plug
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COLO
F/0.1-27—Spark piug tip temperature is controiled by the iength of the path heat must travei to reach

the coolant medium.

tions; or the best plug to meet the two
extremes of service expected. No one
spark plug, however, can be ideally
suited for long periods of slow-speed
operation such as trolling, and still be
the best possible type for high-speed
operation. Refer to SPARK PLUG
SERVICING, in SERVICE FUNDA-
MENTALS section, for additional infor-
mation on spark plug selection.

SPECIAL TYPES. Sometimes,
engine design features or operating con-
ditions call for special plug types de-
signed for a particular purpose. Special
types include SHIELDED PLUGS
which are extensively used for inboard
marine applications and RESISTOR
PLUGS, with built-in resitance. Of
special interest when dealing with out-
board motors is the two-stroke spark
plug shown in the left hand view. Fig.
1-28. In the design of this plug, the
ground electrode is shortened so its end
aligns with center of insulated electrode
rather than completely overlapping as
with the conventional plug. This feature
reduces the possibility of the gap bridg-
ing over by carbon formations. A second
special type designed for outboard
motor use is the SURFACE GAP plug
shown in Fig. 1-29, This spark plug was
engineered by Champion Spark Plug
Company for use in high-output motors.
This plug is capable of efficient opera-
tion over a wide range of conditions. It
cannot however, be interchanged with a
conventional spark plug,

COOLING SYSTEM

The cooling system on most motors
consists of a water intake located on the
lower motor leg, a coolant pump, and in
many cases, a thermostat to control the
coolant temperature. As with all inter-
nal combustion engines, the cooling
system must be designed to maintain a
satisfactory operating temperature,
rather than the coolest possible
temperature. This is made additionally

difficult in the case of the outboard
motor because the coolant liquid is not
contained in a separate reservoir where
coolant temperature can be controlled.
Because the temperature of the incom-
ing liquid cannot be controlled, the only
possible means of regulating the
operating temperature is by the control
of the amount of coolant flowing in the
system.

On most outboard motors, the flow is
held at a relatively constant level
regardless of engine speed, by the
design of the coolant pump. Refer to
Fig. 1-30, At slow engine speeds the rub-
ber impeller blades follow the contour of
the offset housing as shown by the solid
line. The pump functions as a positive
displacement pump, drawing water in
(IN) as area between impeller blades in-
creases. Water is forced into outlet
passage (OUT) and up into power head
as area decreases. As engine speed in-
creases, pump rotative speed and water
pressure forces impeller blade away
from outside of housing' as shown by the

Fig. 1-29—A specialiy designed surface gap
piug offers exceptional freedom from carbon
fouiinf,]. Features include an air gap (A) in the
center element and a circular gap (B) which
burns clean. Speciai voitages are required, and
the piug is not Interchangeabie with other types.

Fig. 1-28—The two sfro/re plug shown at left, Is
one of the more important speciai types in the

outboard motor industry.

Fig. ISO—Schematic view of the rubber tmpeiier
type water pump which maintains an approx-
imately equal volume of coolant flow at most
operating speeds. Water is drawn into pump (iN)
as area between vanes increases and Is forced
Into power head (OUT) as area decreases. At
high speeds (MS) the blades remain curved and

pump operates mostiy by centrifugal action.

broken lines (HS). At full speed, the
pump operates almost entirely as a cen-
trifug^al pump.

Later production motors often use a
thermostat to assist in maintaining an
efficient operating temperature. The
thermostat may recirculate the coolant
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COLD ENGINE -

WARM ENGINE ^

Fig. 1-31—Bypass type of
thermostat operation used
in some motors. When
powar haad temperature Is
below normal tha thermo-
stat (2) doses coolant outlet
through powar head and
opens tha bypass outlet
Coolant flow than follows
course shown by broken ar-
rows. As operating tampera-
tura is reached, thermostat
opens coolant passages
through powar haad and
doses bypass, Tha cooiant
then flows through powar
head as shown by wavy ar-
row. The coolant pump is in
iower unit as shown by (1).

water in the power head until operating
temperature is reached, then open to
allow the heated liquid to be exhausted;
or, may bypass the power head with the
circulated liquid until operating
temperature is reached, then circulate
coolant through block. Refer to Fig.
1-31.

In almost all liquid-cooled motors, the
coolant liquid passes from the power
head into the engine exhaust system.
The entrance of the water cools the ex-
haust stream and the exhaust housing
which is usually part of the lower motor
leg.

Fig. 1-32—Tha propar method of measuring the
diamatar of a two-btada and threa-btada pro-

pellar Is as shown.

DRIVE UNIT FUNDAMENTALS

PROPELLER
An outboard motor propeller moves a

boat through the water in somewhat the
same manner that a wood screw passes
through a piece of wood. Propellers are
rated by diameter, pitch and the number
of blades; diameter being the distance
across a circle described by blade tips as
shown in Fig. 1-32, and pitch the for-
ward thrust imparted in one revolution
of the propeller as shown by Fig. 1-33.
The correct propeller diameter is deter-
mined by motor design, especially the
items of horsepower and propeller shaft
gear ratio, and should usually not be
changed from that recommended by the
manufacturer. Propeller pitch is more
nearly comparable to the transmission
gear ratio of an automobile and should
be individually selected to suit the condi-
tions of boat design and usage.

Efficiency is greatest when the pro-
peller operates with only moderate slip-
page, the actual amount depending to a

certain degree upon the application. Nor-
mal slippage on a racing hull may be as low
as 10 percent, while a slow speed hull
may normally be allowed 50-60 percent.

NOTE: Slippage is the difference be-
tween the distance a boat actually moves
forward with each turn of the propeller,
and the theoretical distance indicated by
the pitch. For example, a boat equipped
with a 12-inch (30.5 cm) pitch propeller
which moves forward 9 inches (22.9 cm)
with each revolution of the propeiler shaft
has 25 percent siippage.

The potential speed of a boat depends
as much on the design of the boat as
upon the power of the motor. Although
there are many individual types, most
boats will fall into one of two broad cat-
egories: (A) the displacement hull; and
(B) the planing hull. Refer to Fig. 1-34.
When not moving, any boat will displace
its own weight in water. A displacement

hull will run at nearly the standing depth
when under way. A planing hull will ride
up on the water as shown at (2) as it ap-
proaches cruising speed, offering much
less resistance to the forward movement.

A displacement hull is the only logical
design for slow moving boats which can-
not attain planing speed. They are also
more stable in rough water and ride
somewhat easier than a planing hull. A
displacement hull requires a minimum
pitch propeller as shown at (A-Fig.
1-33). A three-blade propeller offering
maximum thrust area is usually used.

Speed is as important as power in the
efficient operation of a planing hull.
Maximum resistance is encountered as
the boat moves into planing position, and
peak slippage occurs at that time. Once
planing position has been attained, for-
ward speed will increase to the limits im-
posed by propeller speed and pitch. A
two-blade propeller is capable of attain-
ing a somewhat faster forward speed
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