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In this study unit, you’ll learn about the engine design, drive system, and maintenance
procedures as they pertain to the Harley-Davidson V-twin motorcycle. Included in this study
unit is a brief history of this motorcycle, and an explanation of the current basic engine design,
primary drive, clutch, and final drive system. Also included is a section covering the
transmissions found on this increasingly popular motorcycle.

When you complete this study unit, you’ll be able to

� Identify the different engine designs used by Harley-Davidson

� Identify the engine components specific to the V-twin engine

� Describe how the direct-drive transmission operates on the V-twin motorcycle

� Understand how the drive systems operate on the V-twin motorcycle
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INTRODUCTION
The American V-twin motorcycle has been around for a long
time—since the early 1900s—and includes many different brands.
Because of their popularity, when most people hear the words
“American V-twin,” they automatically assume that you’re referring
to a Harley-Davidson motorcycle. There are, however, a variety of
foreign manufacturers building V-twins in the United States, such as
Honda and Kawasaki, as well as American companies, such as
Polaris.

In this study unit, we’ll discuss many of the aspects of the V-twin
motorcycle including engine design, drive systems, and maintenance
procedures. Before we get too involved discussing the current model
design, we’ll give you a brief history of a legendary American
motorcycle manufacturer, the Harley-Davidson Motor Company.

HISTORY OF THE HARLEY-DAVIDSON MOTOR COMPANY
The Harley-Davidson Motor Company was founded in 1903 by
William S. Harley and Davidson family members William, Walter,
and Arthur. These four men started their company in a small tool
shed in Milwaukee, Wisconsin. Today, their story has become a
legend among motorcycle enthusiasts.

The Early Years (1903–1929)
The first Harley-Davidson motorcycle was a belt-driven,
bicycle-based model with a 3 hp single-cylinder engine. This
motorcycle lacked suspension and had an engine that was based on a
French design. There was no clutch or transmission (it was a true
direct drive), and lubrication of the moving engine parts was
provided solely by gravity! In 1906, the company increased the
horsepower of this motorcycle from 3 to 4 by increasing the cylinder
bore.

The first Harley-Davidson V-twin was offered publicly in 1907, in
response to the multicylinder models offered from the companies
Thor, Indian, and other marquees that are no longer in business. The
first versions of this motorcycle used what were known as “suction
valves,” which used the suction created by the movement of the
piston. Because this design was impractical, later V-twins used
mechanically operated spring valves.

Harley-Davidson Maintenance
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In 1912, the first chain-driven model Harley-Davidson was offered. In
1915, the company introduced the first 3-speed transmission as well
as the first Harley with a headlight. The 1920 Harley-Davidson sport
model had a horizontally-opposed twin-cylinder engine (similar to
the BMW Boxer). This engine boasted 584 cc of displacement and
came with a fully enclosed chain drive system. In 1922, two new
V-twin engines were introduced—the 986 and 1208 cc. In 1926, a 348 cc
single-cylinder overhead-valve engine was introduced. This engine
had a 73 mm bore and 82.5 mm stroke. A special overhead-valve
speedway racing model called the “Peashooter” was also introduced
in 1926.

The longest-running (in production years) Harley-Davidson engine
design was the 45 cubic-inch twin-cylinder “Flathead” (Figure 1). This
engine was built between 1929 and 1974. When the company offered
three different 45 cubic-inch models in 1929, it indicated that they
were serious about this bike! This engine model was called the
Flathead because there were no moving parts in the head; the moving
parts were all in the cylinder block. This engine design is widely
known as a side-valve engine design.

The Middle Years (1930-1949)
In the 1930s, the flathead engine design was so popular and successful
that the company offered it in a larger displacement—the 74 cubic-inch
(1200) cc engine. The year 1936 brought to the motorcycling world an
engine that used a valve rocker box. This 61 cubic-inch engine design
looked like knuckles and was nicknamed “Knucklehead” (Figure 2).
The Knucklehead was Harley-Davidson’s first overhead-valve
twin-cylinder engine, and was so successful that its basic concept still
serves Harley-Davidson today with the “Evolution” engine.
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FIGURE 1—The Flathead

engine has no moving

parts in the head. The

Flathead was built for

45 consecutive years,

making it the

longest-produced

American-made

motorcycle engine.



From 1936 to 1941, an 80 cubic-inch side-valve twin engine was also
produced. The factory recommended this engine, initially designated
the “ULH,” for sidecar work. The company decided not to continue
this model after World War II, most likely because of the popularity
of the Knucklehead. A 74 cubic-inch overhead-valve engine was
introduced in 1941, and was identical, apart from its displacement, to
the highly popular 61 cubic-inch model. The 74 cubic-inch model was
produced in limited quantities during World War II, and in only
slightly larger batches in 1946 and 1947. After the war, the side-valve
engines were replaced by a new 1206 cc overhead-valve engine. In
1947, a new 125 single-cylinder two-stroke engine came out; however,
the bike never completely fulfilled the lightweight demands of
Harley-Davidson dealers.

The panhead engine design (Figure 3) was first produced for the 1948
model year. It superseded the Knucklehead because of its lighter
weight, increased power, and better oil passage. The knucklehead
engine design was all iron, whereas the panhead engine design
(produced through 1965), had numerous aluminum top-end parts.
The Panhead got its name because of the shape of the rocker covers,
which resemble a pan. In 1949, the Hydra-Glide fork was introduced.
This was a hydraulically-dampened telescopic fork.

Harley-Davidson Maintenance 3

FIGURE 2—The knuckle-

head engine has a

valve rocker box on the

engine that looks like

knuckles. This was

Harley-Davidson’s first

overhead-valve V-twin

cylinder engine.



The Modern Years (1950–Today)
The Harley-Davidson model K was introduced in 1952. This model
featured rear suspension and a combination foot shift and hand
clutch. This model is considered the father of the Sportster. The
Sportster was introduced in 1957 and was successful beyond the
manufacturer’s wildest dreams! Larger by 10 cubic inches than the
original model K, the 55 cubic-inch machine boasted overhead valves.
In only its second year of production, an increase in performance was
obtained through higher compression, larger valves, and aluminum
tappets. The Sportster set the stage for the XLCH model. Some say
that the “CH” in “XLCH” stood for “competition hot” and style
became as important as speed. The staggered, short dual exhausts
first seen in 1962 have become classic Sportster equipment.

Also developed during this modern period of design was the XR750,
Harley-Davidson’s flat-track racing engine (Figure 4). Electric starting
was introduced in 1965 on the Panhead (which received rear
suspension in 1953). And a motor known as the “Shovelhead” made
its debut in 1966. The Shovelhead got its name because of the space in
the center of the rocker box and because the rocker box looks like an
upturned shovel. This engine lasted 18 years until 1984 and was made
in 76 and 80 cubic-inch designs. Harley-Davidson introduced the
“Evolution” engine design (Figure 5) in the new Softail lineup for the
1984 model year. The Evolution engine uses an aluminum alloy,
whereas past engine designs used primarily iron.
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FIGURE 3—The Panhead

engine superseded the

Knucklehead engine
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In this study unit, we’ll discuss certain engine, transmission, and
drive components that are specific to the V-twin motorcycle. Many
areas of repair of the V-twin motorcycle such as chassis, brakes, and
electrical systems have already been covered in previous study
units. We’ve repeated some of this information to serve as a review
for you as you learn about some of the specific engine and
transmission features found on the V-twin motorcycle.
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FIGURE 4—The XR750 was

designed as Harley-
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V-TWIN MOTORCYCLE ENGINE DESIGN
An air-cooled, four-stroke V-twin motorcycle engine (Figure 6) is a
group of assembled parts that are designed to change heat energy
(the burning of fuel) into useful mechanical energy (the movement of
the motorcycle). In other words, the engine provides the power that’s
needed to turn the rear wheel of the motorcycle. Although we’ve
discussed it in an earlier study unit, it’s important that you know and
understand the principles of how the four-stroke internal-combustion
engine operates so that you can become a good motorcycle technician.
Knowing this information will give you a better understanding of
why the motorcycle engine performs the way it does.

Four-Stroke Engine Combustion
As we’ve mentioned, the combustion of the four-stroke engine
changes chemical energy into heat energy. This is done by
compressing the air and fuel mixture into a small space and by taking
advantage of its expansion as it’s heated. The air and fuel mixture is
compressed by the piston and ignited by a spark plug, which burns
the air and fuel mixture. This burning is known as rapid oxidation and
is actually a chemical reaction that takes place very quickly. During
this process, the fuel and oxygen in the air combine to form new
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FIGURE 6—This picture

shows some of the

many components that

make up a four-stroke

air-cooled

V-twin motorcycle

engine.



molecules. These combustion molecules are carbon dioxide (CO2) and
water (H2O). While the fuel and oxygen molecules are converting,
they lose some of their internal energy. This energy is released as
heat. This heat then causes an increase in the pressure inside the
cylinder’s combustion chamber, which then forces the piston
downward. There are three phases involved in the internal engine
combustion process—combustion lag, active combustion, and post
combustion.

Combustion Lag
The first phase of combustion occurs as the piston compresses the air
and fuel mixture. During this compression, the spark plug ignites a
small portion of the air and fuel mixture and a ball of fire spreads
outward and begins to consume the remaining mixture. The burning
inside the cylinder is a chain reaction that spreads throughout the
combustion chamber. Before the chain reaction is completed, there’s a
short period of slow burning in the combustion chamber. This slow
burning process is known as combustion lag.

Active Combustion
The second phase of combustion occurs as the initial lag is overcome
and the chain reaction begins to speed outward in the combustion
chamber. A rapid temperature and pressure build-up occurs as the
charge is consumed. The chain reaction of burning molecules
accelerates and the chemical conversion causes heat to be quickly
released. This increase in heat causes the pressure in the combustion
chamber to increase dramatically. This phase is known as active
combustion.

Post Combustion
The third phase of combustion occurs as the piston begins moving
downward. At this time, most of the charge has been consumed so
the remaining burning doesn’t contribute much towards producing
more power. As the piston continues its downward movement, the
volume inside the combustion chamber increases. This increase in
volume allows the pressure to drop and the remaining power to be
absorbed by the piston. The combustion chamber and cylinder
eliminate the spent gases and start the next cycle of fresh air and fuel
mixture burning. This phase is known as the post-combustion phase.
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Other Combustion Factors
Next we’ll discuss the factors that influence the combustion process
and engine performance. The compression ratio of a four-stroke
engine is a major factor in engine performance. For example, if you
increase the compression ratio, you can, in many cases, increase the
power output of the engine. The compression ratio is the difference in
the volume of air when the piston is at bottom dead center (BDC)
compared to the volume of air trapped when the piston is at top dead
center (TDC). Volumetric efficiency is the measurement of how much
air is actually being taken in by the engine, compared to how much it
can hold according to the size of the cylinder. A four-stroke V-twin
engine motor with a high compression ratio may not be as powerful
as it could be if it has a low volumetric efficiency. This is because the
cylinder isn’t completely packed with a charge of air and fuel to
create enough heat during compression.

The combustion process and engine performance are also affected by
the size (or displacement) of the engine. Engine displacement is
determined by the diameter of the cylinder and the distance the
piston moves when traveling from BDC to TDC. The diameter of the
engine cylinder is called the bore. How far the piston travels from
BDC to TDC is called the stroke. By knowing the bore and stroke
of a V-twin motorcycle engine, you can determine the engine’s
displacement. For engine displacement examples or a more in-depth
explanation, refer to your previous study unit entitled Motorcycle and
ATV Engine Configurations.

Four-Stroke Engine Operation
As we’ve also discussed in past study units, there are four operations
that are required for the engine to run. They are intake, compression,
power, and exhaust (Figure 7).

Intake
The intake stroke is the first downward movement of the piston while
the intake valve is open. At this time, a fuel and air mixture is pulled
into the combustion chamber. The intake stroke takes place when the
piston moves from TDC to BDC. This creates a vacuum (suction) in
the cylinder chamber, which in turn draws air and fuel past the open
intake valve.
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Compression
The compression stroke occurs as the piston moves upward in the
cylinder and pressurizes the air and fuel mixture in the combustion
chamber. During this stroke, both the intake and exhaust valves are in
their closed position. This process allows the upward movement of
the piston to compress the trapped air and fuel mixture.

Power
The power stroke occurs as the piston is moving downward again in
the cylinder. As the piston approaches TDC, a spark plug is used to
ignite the compressed air and fuel mixture. This begins the power
stroke. As the air and fuel mixture burns, it expands very quickly,
causing a tremendous amount of pressure and heat. This pressure
forces the piston down into the cylinder, transmitting power to the
crankshaft.

Exhaust
The exhaust stroke takes place as the piston returns upward into the
cylinder while the exhaust valve is open. At this time, the previously
burned gases are pushed from the engine into the exhaust system.
This leaves the cylinder combustion chamber empty and prepares it
for the start of another four-stroke cycle.
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FIGURE 7—This illustration shows the four piston strokes in the sequence needed to complete one cycle of

operation. An engine runs by repeatedly completing this cycle. (Courtesy Kawasaki Motor Corp., U.S.A.)



Each stroke of the four-stroke engine moves the crankshaft one-half of
a complete revolution. To complete one full cycle, the crankshaft must
make two complete revolutions, or rotate 720�. The intake, compres-
sion, power, and exhaust strokes repeat and continue during the
operation of the four-stroke engine.

The crankshaft has a flywheel assembly, which is a large, round,
disc-shaped weight. It’s intended to help keep the engine spinning
during the three non-power-producing strokes of the four-stroke
engine. Because there’s only one power stroke for every two
crankshaft revolutions, the inertia produced by the crankshaft
flywheel assembly aids in smoothing abrupt crankshaft movement
during the power stroke. The flywheels that are used on large-
displacement, V-twin four-stroke motorcycle engines are large to
keep the engine running smoothly.

Four-Stroke Engine Components
The four-stroke V-twin engine design allows for the greatest amount
of engine displacement in the smallest overall area. For a long time,
Harley-Davidson engines were 45� air-cooled four-stroke V-twin
designs, with both rods sharing the same crankshaft pin; one rod was
forked to allow the other rod inside it (Figure 8). Now, Harley-
Davidson also has an engine that’s of the liquid-cooled variety that
uses a 60� V-twin engine.
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FIGURE 8—A forked

connecting rod is used

in this engine design.



Cylinder Heads
Cylinder heads on the typical V-twin engine may be made of cast iron
or aluminum (Figure 9). The V-twin engine cylinder heads that are
made today are made of aluminum. Air is used to cool the cylinder
heads. These heads have large fins that aid in heat dissipation.
Modern Harley-Davidson cylinder head designs use both a round
combustion chamber as well as an egg-shaped chamber (Figure 10).
As we discussed in an earlier study unit, cylinder heads are designed to

� Create sufficient turbulence within the combustion chamber.
The shape of the combustion chamber creates turbulence.
Turbulence is essential to keep the air and fuel mixture
well-atomized, which is needed to complete combustion.

� Create a squish area. Within the combustion chamber, the
squish area also helps create turbulence and forces the
combustible mixture towards the spark plug, which increases
the efficiency of the engine.

� Eliminate restrictions when the air and fuel flows through valve
ports.
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FIGURE 9—Even though it’s

physically smaller, the

cast-iron cylinder head is

heavier than the aluminum

cylinder head.



Cylinders
The modern V-twin cylinder assembly is usually made of aluminum
with a liner of cast iron or steel that’s poured into the cylinder
(Figure 11). These liners have a cylinder finish that’s designed to
create a good piston-ring seal while providing sufficient oil for
lubrication.
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FIGURE 10—This photo

shows two different com-

bustion chamber designs

used in V-twin air-cooled

engines. The egg-shaped

chamber is more efficient

than the round chamber,

because the shape helps

force the fuel charge into

the spark plug area.

FIGURE 11—An aluminum

cylinder has a liner made

of cast iron or steel.
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