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Preview

All motorcycle and ATV engines require a fuel system and a carburetion system to operate. For
motorcycle and ATV repair, it's important to have a good understanding of both of these sys-
tems. In this study unit, you'll first learn about fuels used for motorcycle and ATV engines. You'll
then learn about the principles of carburetion. We’ll discuss the types of fuel delivery systems
used to get the fuel from the fuel tank into the engine. We'll also describe the different types of
carburetors found on motorcycles and ATVs. Finally, we'll discuss the use of multiple
carburetors and fuel injection systems.

Most of what you'll learn about motorcycle fuel and carburetion systems applies to ATVs as well.
From now on, we’ll refer only to motorcycles in this study unit. Unless stated otherwise, you can
assume that the information applies to both motorcycles and ATVs.

When you complete this study unit, you'll be able to
e Define fuel octane ratings and state the factors that affect these ratings
e Explain the primary principles of carburetor operation
e Identify various fuel delivery systems used on motorcycles
e Identify the components of each type of carburetor
¢ Describe the operation of the circuits in each type of carburetor
¢ Describe the base carburetor of an engine with multiple carburetors
¢ Explain the concept of carburetor synchronization

e Identify the components of an electronic fuel injection system
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INTRODUCTION

One of the most important parts of any internal-combustion gasoline
engine is the carburetor. If the carburetor doesn’t function properly,
the engine won't perform in a satisfactory manner. To understand
carburetion, you must know how an internal-combustion engine
works. This was explained thoroughly in an earlier study unit. If nec-
essary, pause and review your past study units before proceeding.

In this study unit, you’ll learn about the principles of carburetion and
how the most popular carburetors used on motorcycles are assem-
bled. Later in the program, you'll learn carburetor adjustment,
cleaning, and overhaul techniques.

There are many different types of carburetors, but all have the same
basic purpose in the operation of an internal-combustion engine. The
carburetor combines air and fuel into an atomized mixture so that it
vaporizes efficiently in the combustion chamber. Think of an atomized
mixture as liquid drops suspended in air. It’s vitally important to have
a properly atomized air-and-fuel mixture, to obtain the best engine
performance possible.

Fuel

When we speak of fuel in relationship to the internal-combustion en-
gine, we're referring to gasoline. Gasoline (or a gasoline-and-oil mix-
ture in the two-stroke engine) is the principle fuel used in most
standard motorcycles. Gasoline is a volatile (vaporizes easily), flamma-
ble (burns easily), hydrocarbon (compound of carbon and hydrogen),
liquid mixture used as a fuel. Oxygen must be present for gasoline to
combust (burn). You may be aware that some racing machines use
highly specialized fuels. These fuels won’t be a part of this discussion
of the basic principles of standard carburetion.

Gasoline is removed from crude oil by a process called fractional distil-
lation. This process is based on the fact that each hydrocarbon boils or
vaporizes within a certain temperature range. Thus, crude oil is
heated in stages until all the various hydrocarbon classes have been
individually vaporized and collected. Additives are then blended
with the gasoline to give it distinct properties.

The purpose of fuel is to give satisfactory engine performance over a
wide range of conditions. Fuel is rated by a method known as fuel
octane rating or knock rating. Octane rating is the measure of a fuel’s
ability to resist detonation. The higher the octane rating, the higher
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the fuel’s resistance to detonation. Detonation is the combustion of the
compressed air-and-fuel mixture in the cylinder. Today, isooctane
and heptane are the main additives used in gasoline to resist
detonation.

There’s no advantage to using gasoline of a higher rating than what
the engine needs to operate detonation free. Factors that can influence
the octane rating needs of a motorcycle engine are as follows.

* Higher air temperature encourages detonation. The hotter the
engine runs, the easier detonation occurs.

* Higher altitudes discourage detonation.

* A carburetor air-and-fuel mixture that’s too lean encourages
detonation.

* The method of riding the motorcycle also affects detonation! The
heavier the load the rider applies to the engine, such as driving
at a high speed up a steep hill, the greater the chance that
detonation will occur.

As you can see, many factors can influence the octane rating needs of
a motorcycle engine. The most important thing to remember is to use
a gasoline with an octane rating that meets the motorcycle manufac-
turer’s minimum requirements.

Oxygenated fuels have an oxygen-based component such as alcohol or
an ether that contains more oxygen than normal. Adding oxygen to
fuel helps the fuel reduce harmful engine carbon monoxide emis-
sions. The two most popular oxygenated additives and the maximum
amounts in which they can safely be used in gasoline are

* MTBE (methyl tertiary butyl ether)—up to 15 percent
 Ethanol alcohol (also known as gasohol)—up to 10 percent

Oxygen is a tasteless, odorless, colorless gas that’s contained in the
very air we breath. Oxygen in the air that’s drawn into the engine has
the ability to combine with gasoline to form a combustible vapor.
Pure oxygen has the ability to explode if submitted to extreme com-
pression. Ignited oxygen produces a very high temperature and a
great amount of energy. However, because engines don’t receive pure
oxygen, and the compression ratio used in an internal-combustion en-
gine is too low to cause the amount of pure oxygen that’s present to
ignite on its own, a fuel mixture is combined with the intake air. The
air-and-fuel mixture permits combustion to take place at a compres-
sion ratio lower than that required for pure oxygen to burn. There-
fore, a combination of air (oxygen) and fuel (gasoline) is necessary to
obtain the explosive characteristics required to operate an internal-
combustion engine.
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Engine Power

The Carburetor

The amount of power produced by an engine is directly related to the
explosive energy put forth by the air-and-fuel mixture. The more ex-
plosive the mixture becomes, the greater the amount of heat that’s
generated. Motorcycle engines have the ability to transform heat en-
ergy into usable power. The greater the amount of productive heat
produced by combustion, the more power you can expect from the
engine.

The carburetor is a device used to mix the proper amounts of air and
fuel together in such a way that the greatest amount of heat energy is
obtained when the mixture is compressed and ignited in the combus-
tion chamber of the engine. You can now see how important it is to
thoroughly understand how a carburetor works.

The function of the carburetor is to mix the correct amount of fuel
with sufficient air so the fuel atomizes (breaks up), allowing it to be-
come a highly explosive vapor. When this vapor enters the combus-
tion chamber of the engine and is compressed by the action of the
piston, a spark ignites it, creating the power to operate the engine. To
obtain the maximum amount of power from the fuel supply, the exact
proportions of air and gas must be mixed and must reach the com-
bustion chamber of the engine in a vapor of precisely the right consis-
tency. The proper amounts of air and fuel, as they pertain to different
engine running conditions, are shown in Table 1. Keep in mind that
the ratios are the weight of the air and fuel entering the engine, not the
volume.

Table 1

AIR-AND-FUEL MIXTURES

ENGINE CONDITION AIR TO FUEL
Starting, cold engine 10to 1
Accelerating 9101
Idling (no load on the engine) 11to1
Partly open throttle 15to 1
Full load, wide-open throttle 13to 1

You learned in an earlier study unit that liquids won’t burn. Gasoline
is a liquid. Oxygen, on the other hand, is a gas and has the ability to
burn. The most efficient combustion of gasoline and oxygen occurs
only when they’re combined and turned into a vapor from the heat
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produced by the engine. This delicately balanced mixing process is
accomplished by the carburetor.

Two primary principles are involved in carburetion operation:

* Atomization, defined earlier as the process of combining air and
fuel to create a mixture of liquid droplets suspended in air

* The venturi principle

Let’s look at each of these principles in greater detail.

The Principle of Atomization

FIGURE 1—The Principle of

Atomization (Courtesy Kawasaki
Motor Corp., U.S.A.)

As the piston begins the intake stroke, the air pressure in the cylinder
is reduced. The pressure difference causes the higher-pressure out-
side air to flow through the air filter and carburetor, and into the en-
gine (Figure 1). Atomization takes place when the carburetor meters
gasoline into the fast-moving air passing through it. The primary
function of the carburetor is to atomize the fuel to create an air-and-
fuel mixture.
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The atomized gasoline is then vaporized, or changed from a liquid to a
gas, by the engine heat and by the heat caused by the compression of
the engine as it completes the compression stroke. This process
provides an efficient, combustible air-and-fuel mixture for the engine
to burn.
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The Venturi Principle

FIGURE 2—The Venturi
Principle

Carburetor design is based on the venturi principle. The venturi princi-
ple simply states that a gas or liquid that’s flowing through a narr-
owed-down section (venturi) of a passage will increase in speed and
decrease in pressure compared to the speed and pressure in wider
sections of the passageway. The venturi principle is shown in Figure
2. A venturi has a particular shape—a modified hourglass figure, you
might say—so that air passing through the carburetor on its way to
the combustion chamber passes through the venturi. The hourglass
shape of the venturi causes the stream of air to increase in speed and
decrease in pressure, creating a pressure difference in the venturi.
This pressure difference is important, as it allows for fuel to be drawn
into the air stream and atomized.
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The major air passage in the carburetor body is called the main carbu-
retor bore. The air entering the carburetor bore is controlled by its
speed and by the size of the venturi. A typical main carburetor bore
may have a diameter of 41 mm, compared to a venturi diameter of 26
mm. When air rushes to fill the cylinder, the speed of the air is faster
if it must pass through a small opening than if it must pass through a
large opening. Recall from an earlier study unit that as air speed in-
creases, air pressure decreases. The speed of air as it passes through
the carburetor is an important factor in the breaking up (or atomiza-
tion) of the gasoline, as well as controlling the amount of fuel that’s
delivered into the venturi. You can see, in Figure 3, that air is drawn
into the carburetor through the venturi, where it gains considerable
speed. This increase in air speed is directly related to a fall in air pres-
sure in the venturi, which then draws fuel from an outlet. The fuel is
atomized under the influence of atmospheric pressure as it's mixed
with the incoming air.



FIGURE 3—Effect of Low

Pressure in a Venturi (Copyright
by American Honda Motor Co., Inc.
and reprinted with permission)
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Venturi size and shape are of considerable importance. If a venturi is
too large, the flow of air is slow and won’t atomize sufficient gasoline
to make a balanced mixture. On the other hand, if the venturi is too
small, not enough air passes through to fill the vacuum inside the cyl-
inder created by the engine. A large engine that creates a great vac-
uum uses a carburetor with a large venturi. A small engine requires a
smaller venturi to be most effective.

Carburetors are equipped with mechanisms for regulation of the air
and fuel volumes that are allowed to pass through the venturi. All
carburetors have a venturi that operates on the same basic principle.
Variations are in size, method of attachment, or in the system used to
open and close the venturi. However, the principle of operation is the
same for all carburetors.

The slide-type carburetor is the most popular type of carburetor used
on motorcycle engines and has a venturi whose size is adjusted by a
throttle slide (Figure 4). The throttle slide, or throttle valve as it’s also
called, is simply a piston that’s raised and lowered in a cylinder. The
method used to raise and lower each type of slide is fully explained
later in this study unit. By its change in position, the throttle slide con-
trols the venturi opening size. When the throttle slide is raised, the
size of the venturi is enlarged and the amount of air allowed to enter
the engine is increased. This causes the engine speed to increase.
When the throttle slide is lowered, the venturi size is reduced. That is,
the air passage through the venturi shrinks and engine speed is de-
creased. The process of atomization and the venturi principle are why
carburetors work.
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FIGURE 4—A Slide-type
Carburetor Showing a

Variable Venturi (Copyright
by American Honda Motor Co., Inc.
and reprinted with permission)
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Road Test 1

At the end of each section of Fuel Systems, you'll be asked to check your understanding of
what you've just read by completing a “Road Test.” Writing the answers to these ques-
tions will help you review what you've learned so far. Please complete Road Test 1 now.

1.

True or False? Because there are many different types of carburetors, all have different
purposes in the operation of an internal-combustion engine.

True or False? Gasoline by itself as a liquid won’t burn.

The air we breath contains a gas that’s used to help ignite the fuel mixture in an engine.
That gas is called .

What is the purpose of a carburetor?

The rating is defined as the fuel’s ability to resist detonation in an engine.
(Continued)
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