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The importance of an engine’s lubrication system and the lubricants used in motorcycle and ATV
engines can’t be overemphasized. If the proper lubricants are missing or the engine’s lubrication
system is operating improperly, the moving parts inside the engine can get hot enough to actu-
ally melt together. These internal engine components can score or even lock together in a matter
of minutes! The buildup of heat, caused by friction, is one of an engine’s worst enemies.

This study unit gives you an understanding of the types of lubricants and lubrication systems
used in motorcycles and ATVs. It covers both the two-stroke and four-stroke engine designs.
You’ll learn how bearings, bushings, and seals help control and reduce friction. In addition, we’ll
discuss lubrication requirements for components of motorcycles and ATVs. You’ll also learn
about the specific cooling systems used on motorcycles and ATVs.

Most of what you’ll learn about motorcycle engine lubrication 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

� Define the four key purposes of lubrication

� Describe the types of oil and how oil is classified

� Explain why bearings, bushings, and seals are needed in an engine

� Identify the different types of bearings used in motorcycles and ATVs

� State the purpose of both two- and four-stroke engine lubrication systems

� Identify the different types of lubrication systems used in both two- and four-stroke
motorcycle engines

� Describe how cooling systems work and why they’re used

� Identify the components of motorcycle cooling systems

� Identify the various specialty lubricants used in lubrication system maintenance
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INTRODUCTION
Both two-stroke and four-stroke engines used in motorcycles have
many moving internal parts that are machined to extremely close tol-
erances. To the naked eye, these parts have a very smooth, fine finish
to optimize wear inside the engine. However, if you were to look at
these same parts under a microscope, you would see that these seem-
ingly smooth parts are actually quite rough! To reduce the friction
that occurs if two or more of these surfaces make contact, it’s neces-
sary to maintain a thin layer of lubrication between them (Figure 1).
A thin layer of lubricant between all internal engine parts effectively
separates the parts from each other and provides a slight cushion for
them to rest against. A lack of lubrication between these parts causes
an immediate buildup of excessive heat, and in extreme cases causes
the parts to melt together. When two or more parts inside an engine
are hot enough to melt together in this manner, it’s known as an en-
gine seizure.

In addition to its role as a lubricant, oil inside an engine performs
many other duties. The oil film that coats each of the internal parts
keeps air and moisture from the parts and prevents the buildup of
corrosion. Also, when used in the four-stroke engine, oil is constantly
recirculated, carrying away contamination and trapping it in an oil fil-
ter. It’s important to note that oil filters must be replaced or cleaned
on a regular basis. Oil is also used to aid in the creation of seals of
both two- and four-stroke engine parts that require additional sealing.
Finally, oil helps to disperse the heat generated in high-temperature
areas such as the piston, cylinder, transmission, and combustion
chamber.

Although motorcycle engines built today are very efficient, they still
waste a considerable amount of energy. Ideally, a 100% efficient en-
gine would convert all of the heat energy it produces into mechanical
energy. Unfortunately, there’s a considerable amount of heat energy
produced in engines that’s unable to be converted, thus creating un-
wanted engine heat. It’s the job of the lubricants and the engine lubri-
cation and cooling systems to remove the unwanted heat, thus
preventing engine damage.

Now, let’s learn in greater detail about the lubricants, lubrication sys-
tems, and cooling systems used on the engines found on motorcycles
and ATVs.

Lubrication and Cooling Systems

1



LUBRICANTS AND LUBRICATION
An engine has two main enemies: friction and heat. The main pur-
pose of lubrication is to reduce friction. What’s friction? Friction is the
resistance to motion created when two surfaces move against each
other, or when a moving surface moves against a stationary one. Fric-
tion can occur in many places in a motorcycle engine. Some of these
places are on the

� Cylinder wall where the piston and piston rings rub

� Wrist pin and mating surfaces of the piston and connecting rod

� Crankshaft pin, bearing, and connecting rod

� Teeth of any gear inside the engine
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FIGURE 1—Engine parts that
seem very smooth may
actually be quite rough
when viewed under
magnification. Lubricants
provide a cushion to
prevent the rough edges
from making contact with
each other.



� Camshaft lobes, tappets, valve guides, and valve stems (on
four-stroke engines)

If these surfaces aren’t protected by some form of lubrication, they’ll
quickly heat up and wear.

The great amount of heat created inside the engine by friction places a
strain on vital engine components. To prevent these parts from over-
heating, motorcycle engines require quality lubricants. Lubricants and
engine lubrication systems used on modern motorcycles have been
greatly improved over the years due to the research done by motor-
cycle and lubricant manufacturers. The useful life of an engine without
proper lubrication might be measured in minutes; the service life of a
properly lubricated engine can be many years!

Lubrication serves four key purposes, which we’ll describe in the fol-
lowing sections. When used properly, a lubricant will

� Cool

� Clean

� Seal

� Reduce friction

Cooling
When oil in the engine flows through oil passageways, it helps cool
the internal engine components by absorbing heat away from the
metal parts. The circulating hot oil is then returned to the engine’s
crankcase to be cooled.

Cleaning
While the oil is moving around and through the internal engine com-
ponents, it’s also cleaning the engine’s parts. Combustion and normal
wear and tear of engine parts produce tiny metallic particles and
other contaminants. Today’s motorcycle engine oils contain special
additives that help hold these contaminants in suspension until they
can be removed. The lubrication system removes contaminants as it
passes oil through the engine’s oil-filtering system. The oil filter sys-
tem can’t remove all the contaminants in the oil, so those remaining
are removed by draining the engine oil. This is why oil turns darker
in color after many hours of use.

Lubrication and Cooling Systems 3



Sealing
Another function of the engine oil is to help the piston rings seal in
engine compression and combustion pressures. A thin oil film be-
tween the piston rings and cylinder wall is essential for the rings to
seal properly. Oil between the piston ring groove and piston rings
also aids in preventing combustion pressure leakage. Oil provides yet
another sealing function for the engine seals located on sliding or ro-
tating shafts.

Lubricating
It should now be clear that motorcycle engines consist of many inter-
nal component parts that contact each other as they move. As a result
of this contact, a certain amount of friction and heat is always present.
The main purpose of oil in a lubrication system is to help reduce fric-
tion by keeping a thin layer of oil between all of the engine parts. This
thin film of oil helps to prevent excessive metal-to-metal contact and
unwanted friction.

Remember, friction is the resistance to movement between two sur-
faces. A lubricant helps to reduce friction and the heat that friction
produces. Lubricants thus reduce engine component wear.

Types of Engine Oil
In today’s high-revving motorcycle engines, selecting a suitable lubri-
cating oil is very important. Motorcycle and oil manufacturers have
worked hard to develop oils that meet and even exceed the high de-
mands of motorcycle engines. There are three basic types of oils used
in the modern motorcycle.

Petroleum-Based Oils
The first type of oil is a standard mineral-based oil, also known as
petroleum-based oil. Petroleum-based oil starts out as crude oil, located
in large underground pools all over the world. After this oil is re-
moved from the ground, it’s heated in a process known as fractional
distillation. This process separates the needed lubricating oil from
other elements within the crude oil. The oil is then blended with other
additives to create the desired oil viscosity. Viscosity refers to the
measure of a fluid’s resistance to flow. It’s determined by the rate of
oil flow under certain controlled conditions. A high-viscosity oil is
thicker at room temperature than a low-viscosity oil.

Standard petroleum-based oils perform poorly without additives. Ad-
ditives are selected and used in the manufacturing of oils to improve
the oil’s operating qualities. Additives don’t change the basic charac-
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teristics of oil, they just add new properties to it. Several additives are

the types of commonly used additives and the characteristics they im-
part to oil. One example of an engine oil additive is sulfur, which is
used to improve the oil’s extreme-pressure properties. Another exam-
ple is zinc, which is added to oil to increase its shear strength. Some
desirable characteristics that result from the proper use of oil addi-
tives are a higher film strength, resistance to foaming of the oil, resis-
tance to oxidation of the oil, and the ability to keep oil contaminants
in suspension. One important and interesting fact about standard
mineral-based oils is that the base oils themselves don’t wear out, but
the special additives do!

Synthetic-Based Oils
Another type of oil is synthetic-based oil. Synthetic oils were developed
during World War II, when petroleum products weren’t widely avail-
able. Today’s synthetic oils operate more efficiently and over a larger
range of temperatures than standard mineral-based oils. When syn-
thetic oils are manufactured, a variety of different types of synthetic
additives are added to help increase the oil’s effectiveness. Advan-
tages to using synthetic-based oils include the ability to handle higher
engine temperatures before breaking down, and less viscosity change
with change in temperature. The main disadvantage to using a synthetic-
based oil is that it may not be compatible with some petroleum-based
oils. Synthetic-based oils are also more expensive than petroleum-
based oils.

Lubrication and Cooling Systems 5

Table 1

IMPROVING AN OIL’S OPERATING QUALITIES

Additive Characteristics Imparted to Oil

Oxidation inhibitor Increased life, less sludge

Corrosion inhibitor Protection against chemical attack

Viscosity index improver Improved viscosity-temperature characteris-
tics

Pour point depressant Low-temperature fluidity

Oiliness agent Increased load-carrying ability

Extreme-pressure additive Lubrication under extreme pressures

Anti-foam agent Resistance to foam

Detergent/dispersant Ability to suspend contamination

used in oil today; each is selected for a specific purpose. Table 1 lists



Petroleum/Synthetic Blended Oils
Blended oils are very popular today. They combine a petroleum base
stock with synthetic additives, instead of petroleum additives. This
combination greatly increases the quality of the oil. For this reason,
blended oils are widely used in the engines of today’s motorcycles.

Oil Classification
The internal-combustion engine has become more sophisticated and
technologically advanced over the years, thus increasing the operat-
ing requirements of engine oil. As a result, two general automotive
agencies were created to test, standardize, and classify lubricating oils
(Figure 2). The first agency is the American Petroleum Institute, or API.
The second agency is the Society of Automotive Engineers, or SAE.
These agencies classify oil based on

� Manufacturer requirements regarding additives

� Intended use of the oil

� Viscosity ratings

Letter Classification Codes
Oil classifications use a double-letter code to indicate their intended
use and manufacturer requirements. Oils used in motorcycle
internal-combustion engines have a code that begins with the letter S.
The lowest-grade oil for use in the gasoline engine has a classification
of SA. Although rarely used today, this type of oil is a straight
petroleum-based oil containing no additives. This oil classification
isn’t recommended for use in any motorcycle. Today’s highest-quality
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FIGURE 2—All oils have
labels showing a
classification
determined by the
American Petroleum
Institute (API) and the
Society of Automotive
Engineers (SAE).



and most-recommended oils are rated SJ. Oils rated SE, SF, SG, or SH

shows the various classifications used by the API. The API also classi-
fies diesel engine oil. The letter code for diesel oil is C. Although you
wouldn’t use an oil designed for a diesel engine in a motorcycle, there
are times when the same oil can be used for either engine. When this
is the case, it’s indicated on the API label.

It’s important to understand which oil to use in a particular motorcy-
cle engine. The motorcycle service manual and owner’s manual con-
tain the manufacturer’s recommendation for oil.

Engine Oil Weight Classifications
Let’s now discuss oil weight and how the Society of Automotive En-
gineers measures it. The weight of oil is a reference to its thickness,
from extremely thin oils of 5 weight, up to 90- or 140-weight oils. It’s
important to understand that a lower-number weight, such as a 10-
weight oil, is thinner than a higher-numbered oil, such as a 30-weight
oil. The oil weight numbering system tells us that, all conditions being
equal, a 10-weight oil flows at a faster rate than a 30-weight oil when
poured through holes of the same size at the same temperature.

To determine the viscosity of an oil, it’s poured through an orifice at a
predetermined temperature. Two temperatures are used to test oil
viscosity. For winter usage, oils are tested at 0 degrees Fahrenheit and

Lubrication and Cooling Systems 7

Table 2

API OIL CLASSIFICATIONS

Rating Service Duties

SA Mild conditions, no additives (base oil only)

SB Medium conditions, uses anti-foaming and detergent additives

SC Meets 1964 through 1967 automotive manufacturer require-
ments

SD Meets 1968 through 1971 automotive manufacturer require-
ments

SE Meets 1972 through 1979 automotive manufacturer require-
ments

SF Meets 1980 through 1989 automotive manufacturer require-
ments

SG Meets 1990 through 1993 automotive manufacturer require-
ments

SH Meets 1994 through 1996 automotive manufacturer require-
ments

SJ Meets 1996 through current automotive manufacturer require-

ments

are also recommended for use in many motorcycle engines. Table 2



show the letter W after the number to indicate “winter.” All other oils
are tested at a temperature of 210 degrees Fahrenheit or higher. Keep
in mind that the weight numbers indicate the oil’s viscosity rating
only. A higher-numbered oil, such as 50-weight oil, doesn’t indicate a
better lubricant than say, a 10-weight oil. The weight of an oil has
nothing to do with its quality; it’s a designation used for comparison
purposes only.

So, what does this really mean? Different temperatures have a direct
effect on oil viscosity. Oil tends to become thicker at lower tempera-
tures, therefore, a lower weight number or a thinner oil should be
used in cold weather conditions. Extremely hot temperatures require
a higher weight number, or a heavier, thicker oil.

Multi-viscosity Oil
The majority of engine oils used in modern motorcycles have desig-
nation numbers such as 10W40 or 20W50. This type of oil is called
multi-viscosity oil. These designations indicate oil viscosity that’s suit-
able for use under many different climatic and driving conditions. For
example, a 10W40-rated oil gives proper lubrication in both cold and
warm temperatures. The 10-weight rating indicates the oil will flow
when the temperature is cold (recall that the W stands for winter test).
Protection is also provided as the temperature increases, as indicated
by the 40-weight rating.

Multi-viscosity oils contain additives that allow the oil to thicken at
higher temperatures to improve the viscosity index. The viscosity in-
dex is the number used to indicate the consistency of the oil with
changes of temperature. An oil labeled 10W30 is a 10-weight oil at 0
degrees Fahrenheit, but has the viscosity of a 30-weight oil at 210 de-
grees Fahrenheit. It’s important to note that oils such as these are spe-
cially designed; thus, combining a straight 10-weight oil and
40-weight oil doesn’t have the same effect as the factory-prepared
10W40 multi-viscosity oil.

The type or grade of lubricant best suited for proper maintenance of
motorcycle engine components depends on many factors. Considera-
tions include the type of motorcycle driving conditions; on- or off-road
riding; hard and fast driving versus moderate-to-easy driving; and dry,
wet, or extremely hot weather conditions. Motorcycle manufacturers
recommend a certain type or grade oil or lubricant for each specific
component need. It’s best to follow the manufacturer’s recommenda-
tions. If these recommendations aren’t readily available, check with
the manufacturers themselves or ask your local motorcycle dealership.
They can usually give advice that will help determine product suit-
ability for the job at hand.
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Specialty Lubricants
Now that you have a basic understanding of engine oils, let’s briefly
discuss other types of lubricants used on motorcycles. The type of spe-
cialty lubricant used depends on the component to be lubricated.

Grease
Grease is a lubricant that’s suspended in gel. It’s often used on non-
engine-related components such as wheel bearings, swing arm bear-
ings, and for the lubrication of steering-head bearings. Grease is de-
signed for long-term lubrication.

Dry Lubricants
Dry lubricants are used to lubricate without attracting contaminants.
These lubricants use an evaporating solvent as a carrier. Dry lubri-
cants are often used on cables and areas that are in the open atmos-
phere.

Chain Lubricants
There are many different brands of chain lubricants. Just remember
that there are two basic types of chain lubricants. Regular chain lubri-
cants are used for standard drive chains; specialty lubricants are
available specifically for O-ring chains. You’ll learn more about chains
used on motorcycles in a later study unit.

Other Lubricants
You’ll use many other types of specialty lubricants, such as silicone
spray, penetrating oils, and multipurpose lubricants, on various parts
of motorcycles. These products are widely available and are used for
everything from helping to loosen rusted nuts and bolts to lubricating
squeaky parts.

Lubrication and Cooling Systems 9



Road Test 1

At the end of each section of Lubrication and Cooling 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 questions will help you review what you’ve learned so far. Please com-
plete Road Test 1 now.

1. Name four purposes of oil lubrication.

2. The three basic types of engine oils used in motorcycles are _______, _______, and _______.

3. _______ is the process that separates lubricating oil from other elements in crude oil.

4. _______ is the term used to refer to the thickness of oil.

5. Standard petroleum-based oils perform poorly unless they have _______ blended into
them.

6. The abbreviation API stands for _______.

7. The abbreviation SAE stands for _______.

8. What is a multi-viscosity oil?

9. What special type of lubricant is manufactured in gel form?

10. An oil that has the letter W after its number rating indicates that it was tested at what
temperature?

Check your answers with those on page 43.

FRICTION-REDUCING DEVICES
The purpose of friction-reducing devices in an engine or anywhere on a
motorcycle is, as the name indicates, to reduce friction. These devices,
called bearings, are also used to reduce free-play between engine
shafts, allow for proper spacing, and support different types of loads.
Bearings can use either a rolling motion or a sliding motion to reduce
friction. Examples of bearings that use a rolling motion are

� Ball bearings

� Roller bearings

10 Lubrication and Cooling Systems



� Tapered roller bearings

� Needle bearings

Examples of bearings that use a sliding motion are

� Plain bearings

� Bushings

Keep in mind that the purpose of any bearing is to help reduce the
buildup of friction between moving parts that are carrying a load.

Ball Bearings
Ball bearings are the most popular bearing used in motorcycle engines
because they

� Provide the greatest amount of friction reduction

� Have the ability to handle both axial (side-to-side) and radial
(rotating) loads

Ball bearings consist of spherical balls contained in a cage and held in
place by inner and outer races (Figure 3). The cage ensures the balls
don’t touch one another. Ball bearings require very little lubrication.
They’re used to support transmission shafts in both the two- and
four-stroke engine cases, allowing the shafts to rotate.

Roller Bearings
Roller bearings are similar in design to ball bearings, except they use
cylindrical-shaped rollers instead of spherical balls (Figure 3). The
roller bearing is capable of withstanding higher radial loads than the
ball bearing due to its greater available surface contact area. Roller
bearings are more commonly found in large-displacement motorcycle
crankshafts.

Tapered Roller Bearings

roller bearing. The diameter of each roller of a tapered roller bearing is
larger at one end than at the other. Tapered roller bearings are normally
used in pairs with opposing angles, such as in steering mechanisms.

Lubrication and Cooling Systems 11

Figure 3 also shows a variation of the roller bearing, known as a tapered
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