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STUDY GUIDE

Congratulations on your enrollment in a distance training course from the Occupationa Specialty
Department of the Marine Corps Institute (MCI). Since 1920, the Marine Corps Institute has
been helping tens of thousands of hard-charging Marines, like you, improve their technical job
performance skills through distance training. By enrolling in this course, you have shown a desire
to improve the skills you have and master new skills to enhance your job performance.

The distance training course you have chosen, MCI course 35.80a, Automotive Engine
Maintenance and Repair, provides instruction on repairing and maintaining the automotive engine.
This course also provides diagnostic/troubleshooting techniques and addresses the duties
associated with inspecting, testing, and servicing the automotive engine. This course was
developed to increase the basic mechanic's general knowledge of automotive engines. It does not
provide information about the engine in a specific vehicle.

Because you have chosen to learn at a distance by enrolling in this MCI course, your professional
traits are evident and we know

YOU ARE PROPERLY MOTIVATED. You made apositive decision to get
training on your own. Self-motivation is perhaps the most important force in learning
or achieving anything. Doing whatever is necessary to learnisMOTIVATION. You
have it!

YOU SEEK TO IMPROVE YOURSELF. You enrolled to improve those skills
you aready possess and learn new skills. When you improve yourself, you improve
the Corpsl!

YOU HAVE THE INITIATIVE TO ACT. By acting on your own, you have
shown you are a self-starter, willing to reach out for opportunities to learn and grow.

YOU ACCEPT CHALLENGES. Y ou have sdf-confidence and believe in your
ability to acquire knowledge and skills. Y ou have the self-confidence to set goals and
the ability to achieve them, enabling you to meet every chalenge.

YOU ARE ABLE TO SET AND ACCOMPLISH PRACTICAL GOALS. You
are willing to commit time, effort, and the resources necessary to set and accomplish
your goals. These professional traits will help you successfully complete this distance
training course.
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STUDY GUIDE, continued

Before you actually begin this course of study, read the Student
Information page. If you find any course materials missing, notify
your training officer or training NCO. If you have all the required
materials, you are ready to begin.

To begin your course of study, familiarize yourself with the
structure of the course text. One way to do thisisto read the
Table of Contents. Notice the Table of Contents covers specific
areas of study and the order in which they are presented. Y ou will
find the text divided into several study units and areview lesson.
Each study unit is comprised of two or more lessons, lesson
exercises, exercise solutions, and references.

Leaf through the text and look at the figures and tables. Read a
few lesson exercise items (questions) to get an idea of the type of
itemsin the course. If the course has additional study aids, such as
a handbook or a plotting board, familiarize yoursalf with them.

Turn to the first page of Study Unit 1. On this page, you will find
an introduction to the study unit and generally the first study unit
lesson. Study unit lessons contain learning objectives, lesson text,
and exercises.

Learning objectives describe in concise terms what the successful
learner, you, will be able to do as aresult of mastering the content
of the lesson text. Read the objectives for each lesson and then
read the lesson text. Asyou read the lesson text, make notes on
the points you feel are important.

To determine your mastery of the learning objectives and text,
compl ete the exercises developed for you. Exercises may be
contained in alesson, at the end of alesson, or at the end of a
study unit. Without referring to the text, complete the exercise
items and then check your responses against those provided.

Continue on to the next lesson, repeating the above process until
you have completed al lessonsin the study unit. Follow the same
procedure for each study unit in the course.
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STUDY GUIDE, continued

If you have problems with the text or exercise items that you
cannot resolve, ask your training officer or training NCO for
assistance. |If they cannot help you, request assistance from your
MCI distance training instructor by completing the Content
Assistance Request Form located at the back of the course.

To prepare for your final exam, you must review what you learned
in the course. The following suggestions will help make the review
interesting and challenging.

CHALLENGE YOURSELF. Try to recall the entire learning
sequence without referring to the text. Can you do it? Now look
back at the text to see if you have left anything out. This review
should be interesting. Undoubtedly, you'll find you were not able to
recall everything. But with alittle effort you'll be ableto recall a
great deal of the information.

USE UNUSED MINUTES. Use your spare momentsto review.
Read your notes or a part of a study unit, rework exercise items,
review again; you can do many of these things during the unused
minutes of every day.

APPLY WHAT YOU HAVE LEARNED. Itisaways best to use
the skill or knowledge you've learned as soon as possible. If it
isn't possible to actually use the skill or knowledge, at least try to
imagine a situation in which you would apply thislearning. For
example, make up and solve your own problems. Or, better still,
make up and solve problems that use most of the elements of a
study unit.

USE THE "SHAKEDOWN CRUISE" TECHNIQUE. Ask
another Marine to lend a hand by asking you questions about the
course. Choose a particular study unit and let your buddy "fire
away." Thistechnique can be interesting and challenging for both
of you!

MAKE REVIEWS FUN AND BENEFICIAL. Reviews are good
habits that enhance learning. They don't have to be long and
tedious. In fact, some learners find short reviews conducted more
often prove more beneficial.
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STUDY GUIDE, continued

When you have completed your study of the course material and
are confident with the results attained on your review lesson(s),
take the sealed envelope marked "FINAL EXAM™" to your unit
training NCO or training officer. Y our training NCO or officer will
administer the final exam and return the exam and answer sheet to
MCI for grading. Before taking your final exam, read the
directions on the generic DP-37 answer sheet carefully and
complete all requested information.

The sooner you complete your course, the sooner you can better
yoursalf by applying what you've learned! HOWEV ER--you do
have 12 months from the date of enrollment to complete this
course. In addition, you may be granted one 6-month extension if
approved by your commanding officer. If you need an extension,
please complete the Student Request/Inquiry form (MCI-R11)
located at the back of the course, and deliver it to your training
officer or training NCO.

As agraduate of this distance training course and as a dedicated
Marine, your job performance skills will improve, benefiting you,
your unit, and the Marine Corps.

Semper Fi!
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STUDY UNIT 1
COMPONENTS OF THE ENGINE

Introduction. Marine Corps units rely heavily upon motor transport to help them
accomplish their mission, and the motor transport unit, in turn, stands or falls on the quality
of the work performed by the mechanic. Your duty as a mechanic isto maintain vehiclesin
the best possible operating condition and to restore defective vehicles to a"like new"
condition. Thiscallsfor an accurate diagnosis of defects and expert workmanship in the
repair of those defects.

We will begin by reacquainting ourselves with the engine block, cylinder head, camshaft,
pistons, crankshaft, oil pan, valves, timing gears, and the cycle of operation for the
four-stroke and two-stroke engines.

Lesson 1. ENGINE BLOCK

LEARNING OBJECTIVE

Given a description of engine block functions, identify the engine block part described.

The engine block is the main body of the engine; all parts of the engine are either inside the engine
block or attached to the outside of it. The engine block is a one-piece casting of iron, but actually
it isconsidered in two parts, the crankcase and the cylinder block.

1101. Crankcase
Look at figure 1-1. Toillustrate the two parts of the engine block, an imaginary box has been

drawn around the lower portion of the engine block. Thislower portion is known as the
crankcase.

Fig 1-1. Four-cylinder engine block (left rear view).
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The crankcase, which supports the crankshaft, is hollow inside with one or more rib-like castings
that form the main frame (fig. 1-2). (The crankshaft will be discussed in more detail in Lesson 2
of this study unit.)

MAIN FRAME

Fig 1-2. Eight-cylinder engine block.
1102. Cylinder Block

The upper portion of the engine block is the cylinder block. This portion contains the cylinders,
the water passages (commonly known as the "water jacket") (fig. 1-3), and oil passages (fig. 1-4).

Fig 1-3. Engine block coolant flow.
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Fig 1-4. Oil passages.

The cylinders are individual housings for the pistons. They are large holes cast into the cylinder
block, extending completely through it. The walls of the cylinders are machined smooth to reduce
the friction generated by the moving partsinside of them. Some engines have cylinder liners
inserted into the cylinder opening.

The water jacket, alarge passage cast into the cylinder block, surrounds the cylinders. It contains
water or acommercia coolant to maintain a safe temperature while the engine is operating.

Note the oil passagesin figure 1-4. The oil passages provide away to distribute oil under
pressure to all moving parts of the engine to reduce wear and to aid the water jacket in cooling
the moving parts.

Let'sreview. What is the main body of the engine? If you said, "engine block," you are correct!
What is the lower portion of the engine block called? That's right, the crankcase.

In most cases, the cylinder block contains a camshaft, and, in some cases it contains the valves.
(The camshaft and valves will be discussed in detail in Study Unit 2.)

Figure 1-5 shows the top of the cylinder block. In addition to the cylinders, severa smaller holes

are cut into the surface. Other holes are cut into the water jacket and into the oil passages. The
surface of the cylinder block top is machined smooth and must be perfectly flat.
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CYLIMDER

Fig 1-5. Cylinder block (top view of cylinders and water passages).

Lesson 1 Exercise: Complete items 1 and 2 by performing the action required. Check your
responses against those listed at the end of this lesson.

1.  Thelower portion of the engine block is known as the

a crankcase C. crankshaft
b.  cylinder head d.  cylinder block

2. What portion of the engine block contains the cylinders, water and oil passages?

a  Cylinder block c.  Crankshaft
b. Vave d. Cylinder head
Lesson 1 Exercise Solutions
Reference
1. a 1101
2. a 1102

Lesson Summary. So far we have discussed the engine block. Y ou know that the engine block
is considered in two parts. The lower portion is the crankcase and the upper portion is the
cylinder block. We have also discussed the passages cut into the engine block that provide oil
circulation for lubrication and water circulation for cooling. Now let's discuss the various
components of the engine.
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Lesson 2. ENGINE BLOCK COMPONENTS

LEARNING OBJECTIVE

Provided descriptions of engine components, functions, or locations, identify the component
(or subcomponent) described.

There are many components and subcomponents of the engine block. This lesson will discuss the
seven maor components and their related parts. These magjor components are the camshaft
pistons, connecting rods, crankshaft, flywheel, vibration damper, and oil pan. Let's begin with the
camshaft.

1201. The Camshaft

Camshafts are usually made from cast or forged steel. The surfaces of the lobes are hardened for
long life. In most cases the camshaft is located in the engine block and is supported, and rotates,
in a series of bearings located along its length. Its purposeis to provide for the opening and
closing of the engine valves. We will discuss the camshaft in further detail when discussing the
valvesin Lesson 3.

1202. The Pistons

When a flammable gas mixture is ignited and burns, the gases expand producing heat and
pressure. |If the heat energy has nothing to work on, it will do nothing more than warm an area.
The function of the piston isto convert the heat energy into mechanical energy. The pistonisa
hollow metal tube with the top enclosed. It is on this enclosed top that the heat energy works.
The energy produced by the heat drives the piston down inside the cylinder in the same manner
that gunpowder would drive a cannonball through the barrel of a cannon when fired. If the
energy produced by the burning gases is allowed to pass between the piston and the cylinder
walls, it iswasted energy; therefore, you must have a pressure-tight seal between the piston and
the cylinder walls. Take alook at the piston in figure 1-6. Asyou can see, near the top of the
piston is a series of lands and grooves.

PISTON HEAD
TOP RING AREA

PIN BOSS

SKIRT
PIN BOSS AREA

Fig 1-6. The piston.
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To obtain a pressure-tight seal, a series of ringsisinstalled into the grooves near the top of the
piston. Just below the lands and groovesis a hole that extends through the piston. We will
discuss the reason for the piston pin hole in more detail in paragraph 1203. There are two types
of rings--compression rings and oil control rings. The top two rings are the compression rings
and are responsible for forming the pressure-tight sedl.

The piston moving in the cylinder causes friction. Even though the smooth surface of the cylinder
walls helps to reduce the friction, the smooth surface is not enough. To further reduce the
friction, the cylinder walls must be lubricated with oil but we cannot allow excess oil to remain on
the cylinder walls. Oil remaining on the cylinder walls would be burned with the gases when the
piston travels down inside the cylinder. Eventualy there would be no more oil. To prevent or at
least minimize this situation, the bottom ring, the oil control ring (usually athree-piece ring) wipes
excess oil from the cylinder wall as the piston travels downward (fig. 1-7).

o 7 COMPRESSION RINGS

@ OIL CONTROL RINGS
/ (upper half)

@ __ OIL CONTROL RING

EXPANDER

OIL CONTROL RING
(lower half)

Fig 1-7. Piston rings.
1203. Connecting Rod

So far, you have heat energy being converted to mechanical energy by the pistons; but like heat
energy, mechanica energy must have something to work on. If not, it iswasted. The piston
traveling straight down must cause the wheels of the vehicle to rotate. That is, the up and down
motion (reciprocating motion) of the piston must be converted to rotary motion. The crankshaft,
which delivers power from the engine, goes around in arotary motion, but the pistons must be
connected to the crankshaft in away that will alow for this change of motion to occur. A
component known as the connecting rod does this.

Thisis where the hole in the side piston is employed. A snug-fitted pin called the piston piniis
manufactured for this hole. The pin attaches the connecting rod to the piston (fig. 1-8). Thisis
done by inserting the pin through the holes in the side of the piston and through the piston pin
bushing (a friction-type bearing) located in a hole at the top of the connecting rod. The
connecting rod is alowed to swing freely on the piston pin in much the same manner as your hand
swings on your wrist. (For this reason, you will often hear the piston pin referred to as the wrist
pin.) The bottom of the connecting rod is connected to the crankshaft by a bearing cap.
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PISTON PIN CONNECTING ROD

CONNECTING ROD
BEARING CAP

Fig 1-8. Connecting rod and related parts.

OK, so what was "reciprocating motion"? Yes! It'san up and down movement. And what
delivers the power from the engine? Very good if you said the crankshaft.

1204. Crankshaft

As stated previoudly, the crankshaft delivers power from the engine. The function of the
crankshaft when aided by the connecting rod is to change the reciprocating motion of the pistons
to rotary motion.

The crankshaft extends through the length of the engine and has a series of throws and journals
(fig. 1-9). Some of these journals are on the shaft itself, and others are located on the throws.
The journals on the centerline of the shaft are main journals; those located on the throws are
connecting rod journals. Noticein figure 1-9 that the throws cause the connecting rod journals to
be offset from the centerline of the crankshaft.

The main journals connect the crankshaft to the crankcase while till allowing the shaft to rotate.
A main bearing cap is bolted over each of the crankshaft's main journals after the crankshaft is

R

CONNECTING ROD MAIN THROW
JOURNAL JOURNAL

Fig 1-9. Crankshaft construction.
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The connecting rod journals provide a place to attach the connecting rod to the crankshaft. After
the connecting rod is seated on the crankshaft, a connecting rod bearing cap is bolted over the
journal to the connecting rod. Therefore, when the piston is driven down in the cylinder, it drives
the connecting rod, which drives the crankshaft throw (or counterweight) causing the crankshaft
to rotate (fig. 1-10).

Fig 1-10. The crankshaft changes reciprocating motion to rotary motion.

Have you got al that? Can you remember what the main journals do? That'sright. They connect
the crankshaft to the crankcase allowing it to rotate. And what offsets the connecting rod
journals from the center? You'reright if you said the crankshaft throw.

1205. Flywhed

In some engines, there is a brief interval when the pistons do not drive the crankshaft. However,
with enough momentum, the crankshaft can travel through this brief portion of itsrotation. To
accomplish this, alarge wheel known as the flywheel is bolted to the rear end of the crankshaft.

1206. Vibration Damper

Under certain engine speeds and loads, the crankshaft tends to vibrate. To reduce this vibration, a
small wheel known as the vibration damper is bolted to the front end of the crankshaft. Vibration
dampers often serve as a pulley for the fan, generator, and accessory belts or they may have a
pulley attached to accommodate the various belts. Figure 1-11 shows what the components
would look like if they were assembled outside the engine block.

PISTON

VIBRATION
DAMPER

CONNECTING
ROD FLYWHEEL

Fig 1-11. Vibration damper location.

1-8



With the exception of the flywheel and the vibration damper, al the moving parts discussed up to
this point require lubrication (engine oil) stored inside the engine oil pan. So let's discuss the oil
pan.

1207. Oil Pan

The oil pan isareservoir for engineoil. It isalarge metal pan fitted and bolted to the bottom of

the crankcase. It encloses the crankcase and all moving parts (fig. 1-12). Oil is picked up from
the oil pan by the oil pump and distributed throughout the engine.

Q/ OIL PAN GASKETS

DRAIN PLUG
GASKET ;.’
DRAIN PLUG

Fig 1-12. Oil pan and related parts.

Lesson 2 Exercise: Complete items 1 through 7 by performing the actions required. Check
your responses against those listed at the end of this lesson.

1.  What isthe function of the piston?

2. Name the two types of piston rings.

3.  Statethe purpose of the connecting rod.

4.  The purpose of the crankshaft isto

5 The is bolted to the rear of the crankshaft and provides the
necessary momentum to carry the crankshaft through rotation when not receiving
power from the pistons.

1-9



6. The is bolted to the front of the crankshaft and helps reduce
engine vibration.

7.  What isthe function of the oil pan?

Lesson 2 Exercise Solutions

Reference

1.  Toconvert heat energy into mechanical energy 1202
2. Compression and ail control 1202
3. Connects piston to crankshaft 1203
4.  Changes reciprocating motion to rotary motion

when aided by the connecting rod 1204
5.  Fywhed 1205
6.  Vibration damper 1206
7 The oil pan isareservoir of engineoil. Oil is picked up 1207

by the oil pump and distributed throughout the engine.

Lesson Summary. In thislesson you have become familiar with the components of the engine
block and their functions. Y ou learned how heat energy is converted to mechanical energy by the
piston and how piston reciprocating motion is changed to rotary motion by the connecting rod
and crankshaft. Thefirst two lessons were an overview and may have been basically a refresher
for you. Next we will break down all the components and discuss them in detail.

Lesson 3. CYLINDER HEAD ASSEMBLY

LEARNING OBJECTIVE

Given adescription of cylinder head components, identify the component described.

The cylinder head assembly is comprised of the cylinder head and the valve mechanism. The valve
mechanism is driven by the timing gears. Let's begin by breaking down the components and
discussing them in detail.

1301. Cylinder Head

The cylinder head (fig 1-13) is bolted to the machined surface on the top of the cylinder block. Its
function is to enclose the top of the cylinders. Both the top of the cylinder block and the bottom
of the cylinder head must be machined smooth to allow for an air-tight seal. The cylinder head
fits directly over the cylinders and forms the combustion chamber of each cylinder. In these
chambers, the engine burns air and fuel to produce mechanica energy.
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Fig 1-13. Cylinder head assembly.

Y ou can also see that several small holes are cut into the bottom of the cylinder head. When the
cylinder head is bolted onto the cylinder block, the holes are aligned which alows oil and water to
pass from the cylinder block into the cylinder head. The oil isthen circulated back through the
block while the water leaves the engine through the large holes on the front of the cylinder head.

Figure 1-14 shows the cylinder head in position to be installed on the cylinder block. A head
gasket placed between the cylinder head and cylinder block ensures an airtight seal. Now that you
have enclosed the cylinders and formed the combustion chambers, you must have away to allow
the air or air-fuel mixture to enter and exhaust (burned gases) to exit while keeping the
combustion chamber closed as the air-fuel mixture burns. All thisis done with the intake and
exhaust valves.

Fig 1-14. Engine block and cylinder head.
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1302. Valves

To have heat energy, you must burn air and fuel. After you have burned the fuel, you must get rid
of the burned gases. Ports are provided in the engine for this purpose. In some engines, valves
must open and close these ports at a given time to allow raw fuel to enter and burned gases to
leave the combustion chamber. While the fuel is being burned, these valves help to seal the
combustion chamber to allow the heat energy to move the piston.

The vaveis along-stemmed metal piece with a circular top known asthe valve head. The
mechanism required to operate the valve consists of a valve guide, avalve spring, avave spring
retainer, valve spring locks, a camshaft, and timing gears or sprockets and chain. Figure 1-15
illustrates a portion of the valve mechanism.

VALVE HEAD —— /VALVE FACE

j /‘f f—————VALVE SEAT
VALVE PORT /

VALVE GUIDE
%’F/ VALVE SPRING
VALVE SPRING

RETAINER

l\
nnnm

VALVE TAPPET

VALVE SPRING LOCK

CAMSHAFT LOBE

Fig 1-15. Valve mechanism.

On the underside of the valve head is the valve face. This face is machined smooth and when the
valveisin the closed position, it seats firmly in the valve seat. The valve seat is ametal ring
pressed into the cylinder block (or the cylinder head, depending upon the engine design) around
the valve port. The valve face and the valve seat are machined smooth to ensure a pressure-tight
fit. Itisthisportion of the valve mechanism that seals the ports while the fuel is being burned.

The valve must not be allowed to wobble while it is opening and closing or it will not seat
properly and pressure will be lost. To prevent the valve from wobbling, along tube called the
valve guide is pressed or cast into the cylinder block and/or cylinder head. The valve stem travels
up and down inside the valve guides as the valve opens and closes. A valve spring closes the
valve. The spring seats against the cylinder block (or cylinder head) and the valve spring retainer.

1-12



The retainer is a washer-like device fitted over the end of the valve stem and held in place by two
valve spring locks. Therefore, the valve spring is attached to the end of the valve stem. One end
of the spring maintains a constant pressure against the valve stem and the other end maintains
pressure against the block (or cylinder head). Any time the valve is not forced open by an outside
force, the valve spring will keep it closed.

Now let's check that memory. What ensures an air-tight sea between the cylinder head and
cylinder block? If you said machined smooth surfaces and the head gasket, good. Y ou're correct.
And what alows fuel to enter and exhaust to exit the combustion chambers? Yes! That'sright,
the valves.

1303. Camshaft

The camshaft provides the outside force to open the valves. It isalong shaft that extends through
the length of the cylinder block and it has a series of egg-shaped |obes (cam lobes). Figure 1-15
shows one of these lobes in the position required to open the valve. The camshaft, driven by a
gear mechanism attached to both it and the crankshaft, rotates once for every two revolutions of
the crankshaft on afour-stroke cycle engine.

1303. Timing Gears

This brings us to the timing gears (or sprockets). The timing gears are a set of two gears (driving
and driven). The driving gear is attached to the front end of the crankshaft. The driven gear is
attached to the front end of the camshaft. When the gears are installed on the shafts, they must be
installed in a certain position in relation to one another, thereby causing each cam lobe to open its
valve at precisely the right time to allow fuel to enter or burned gases to leave the combustion
chamber. Aligning the timing marks (fig. 1-16) during gear installation accomplishes this.

CRANKSHAFT GEAR |
— (DRIVEN GEAR)

TIMING MARKS

CRAMKSHAFT GEAR
({DRIVING GEAR)

Fig 1-16. Timing gears.
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In some cases, because of the distance between the camshaft and the crankshaft, sprockets and a
timing chain are used instead of timing gears that mesh directly (fig. 1-17). The only real
difference between the sprockets and the gears is that the crankshaft drives the camshaft using a
chain instead of a direct gear drive.

CRANKSHAFT SPROCEET
(DRIVING)

CAMSHAFT SPROCKET
(DRIVEN)

Fig 1-17. Sprocket and timing chain.

Lesson 3 Exercise: Complete items 1 through 3 by performing the action required. Check
your responses against those listed at the end of this lesson.

1.  What component encloses the top of the cylinders?

a.  Engine block c.  Crankshaft
b.  Cylinder head d. Vave

2. Burnt gases |leave the combustion chamber through the

a  engine block c.  crankshaft
b. intakevaved. exhaust valve

3. The"driving" timing gear is attached to the

a  engine block c.  crankshaft
b.  cylinder head d.  camshaft
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Lesson 3 Exercise Solutions

Reference
1. b. 1301
2. d. 1302
3. c 1303

Lesson Summary. In thislesson you learned that the cylinder head is machined to a perfectly
smooth surface that, aided by the head gasket, forms an air-tight seal when bolted to the top of
the cylinder block. Thisis where the combustion chambers are formed. We learned that fuel is
allowed into the combustion chambers through the valve openings and that the timing gears are
responsible for the opening and closing of the valves. Now that you know the construction of the
engine and the function of its maor components, let's see what happens when the engine is put
into operation.

Lesson 4. CYCLE OF OPERATION

LEARNING OBJECTIVE

Given descriptions of the cycle of operation for 2- and 4-stroke engines, identify the events
that occur during engine operation.

Most automotive engines work on the same principle. Whether the cycle of operation isthat of a
2- or 4-stroke engine, the same events must occur. In this lesson we will discuss the theory of
operation, the 2- and 4-stroke engines, and types of ignition. Let's start by discussing the theory
of operation.

1401. Theory of Operation

For an engine to operate, certain events--intake, compression, power, and exhaust--must take
place. Inthe gasoline engine, both fuel and air enter (intake) at the same time and are then
compressed (compression). Next, the compressed gases are ignited by an electrical spark. The
gases then burn and expand, creating the pressure that drives the piston down (power). Once al
the power that the burning gases can deliver has been used, we must get rid of the burned gases.
This takes place during the final event known as exhaust.

In the diesel engine, only air enters (intake) the combustion chamber and is compressed
(compression) by the upward motion of the piston. The compression of the air causes it to heat
up to avery high temperature. Just before top-dead-center (TDC), fuel isinjected into the hot
compressed air causing the fuel to ignite. Theignited fuel expands, applying pressure to the
piston which drivesit down (power). Asin the gasoline engine, after the burned gases have
provided al the power they can, they are expelled (exhaust).
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To accomplish these events, the piston must travel up and down inside the cylinder. "Stroke" is
the term used for this movement. When the piston travels from its highest point to its lowest
point in the cylinder, thisis referred to as a down-stroke. When the piston travels from its lowest
point to its highest point, thisis the up-stroke. For some engines, al the events take place during
these two strokes. Others require four strokes to complete the cycle of events. In either case, an
engine's cycle of operation must consist of all four events: intake, compression, power, and
exhaust. We will cover the two cycles of operation and how they differ, but first, let's be sure you
fully understand the strokes.

Figure 1-18 illustrates what happens inside the cylinder on both the down-stroke (position "A™)
and the up-stroke (position "B"). Notice the large space created between the top of the piston
and the top of the combustion chamber. When the stroke occurs, a suction or partial vacuum is
created in this space because the pressure in the cylinder drops far below atmospheric pressure.
When the piston travels up again, asillustrated in position "B", the pressure in the space rises far
above atmospheric pressure.

;

POSITION A POSITION B

Fig 1-18. The piston strokes.
1402. Four-Stroke Cycle Engine

The cycle of operation for the four-stroke engine is easiest to understand because it isless
complex. Each part plays arole during the cycle of operation. The pistonisat TDC at the
beginning of the intake stroke. The intake valve opens and the piston starts its down-stroke (fig.
1-19). Thiscreates alow pressure areainside the cylinder. Atmospheric pressure then forces the
fuel-air mixture in to enter the cylinder of the spark-ignition engine. In a compression engine,
only air will enter the cylinder at thistime. Even after the piston has reached bottom-dead-center
(BDC), the cylinder pressureis still lower than atmospheric pressure, so the valve remains open
and the gases or air (depending on engine type) continue to enter the cylinder.
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Fig 1-19. Intake stroke.

From the TDC position to the BDC position of the piston, the crankshaft rotates 180°. The intake
valve closes and the exhaust valve remains closed just as it was during the intake stroke. Both
valves are closed, the combustion chamber is sealed and the piston is traveling upward. What is
going to happen to al the contents (air-fuel or air depending on engine type) in the combustion
chamber? The cylinder contents are being compressed (fig 1-20). Thisisthe action or operation
of the compression stroke.

CLOSED
e T~ CONTENTS
BEING
COMPRESSED
b4
A ©
PISTON [ 4
MOVING
uP

Fig 1-20. Compression stroke.
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Let's seeif you can answer this without looking back. What is the cycle of operation for a
four-stroke engine? Did you say intake, compression, power, and exhaust? If you did, great; you
remembered. How many degrees does the crankshaft rotate from TDC to BDC? Right again!
180°. The crankshaft has now completed one 360° revolution while the piston has completed only
two strokes of the four-stroke cycle. The piston is at the end of the compression event, which,
depending upon the engine design, is just before or after TDC. To illustrate this, look at

figure 1-21.

Y

10°BTDC TDC

Fig 1-21. End of compression.

At this point, the fuel-air mixture ignites and begins to burn. The burning of these gases causes
them to expand with tremendous force and drives the piston downward in the cylinder, creating

the power stroke (fig 1-22).

BOTH
VALVES
CLOSED

™~ CONTENTS

IGNITE

|

PISTON "]

MOVING
DOVWN

Fig 1-22. Power stroke.
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The valves remain closed for most of the power stroke but the exhaust valve opens just before the
BDC on this stroke. The exhaust stroke begins here even though the piston has not yet started on
itsupward travel. Why do the exhaust valves open early? For one reason, the pressure inside the
cylinder from the burning gases is till great enough to expel the burned gases out through the
exhaust port. Another reason is to get as much of the hot exhaust gases out of the cylinder as
soon as possible before the next cycle of operation begins with another intake stroke.

Figure 1-23 illustrates the exhaust stroke. When this stroke is completed, the crankshaft has
completed two revolutions during the cycle of operation and the piston has completed four full
strokes.

CONTENTS
LEAVE CYLINDER

EXHAUST
VALVE
OPEN

INTAKE

VALVE

CLOSED

PisTON _—T]
MOVING
uP

Fig 1-23. Exhaust stroke.
1403. Two-Stroke Cycle Engine

The two-stroke cycle and the four-stroke cycle engine may be used as either a spark-ignition or
compression-ignition engine. The basic difference between the two-stroke cycle engine and the
four-stroke cycle engine is that in the two-stroke engine, all four events (intake, compression,
power, and exhaust) must occur within two strokes of the piston instead of within four strokes.
This means that every down-stroke is a power stroke and every up-stroke is a compression
stroke.

At some time during these two strokes, you must get raw gases into the cylinder and burned gases
out of the cylinder. Look at figure 1-24 to discover how this process is accomplished.
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INTAKE COMPRESSION

POWER EXHAUST

AR
[+9e%] AIR FUEL MIXTURE
EXHAUST

Fig 1-24. Eventsin atwo-stroke cycle.

During the compression stroke, the gases are permitted to flow into the crankcase. The gases,
now being compressed, ignite, driving the piston down on its power stroke. Near the end of the
power stroke, the piston travels by two openings (the intake and exhaust ports) in the cylinder
wall.

As the piston uncovers these ports, the burned gases are exhausted into the atmosphere, and the
raw gases are expelled from the crankcase via the cylinder. Therefore, intake and exhaust occur
at the same time. The piston now begins to travel upward inside the cylinder, closing both the
intake and exhaust portsin the cylinder wall. The fresh gases inside the cylinder are compressed
to begin anew cycle. Therefore, two strokes of the piston (or one complete revolution of the
crankshaft) completes the cycle of operation in the two-stroke engine.
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Can you explain the difference between the four-stroke and two-stroke engine? If you said the
four-stroke performs one function per stroke while the two-stroke performs two functions per
stroke, you're right.

Now that you know the two- and four-stroke engine cycles of operation, we will discuss the two
types of automotive ignitions: the spark-ignition and the compression-ignition. Let's start with the
spark-ignition.

1404. Ignition

The gpark-ignition engine has a spark plug installed in each cylinder of the cylinder block and at
just the right time, a spark is emitted from the plug. This spark ignites the fuel surrounding it and
the remaining fuel burns at avery rapid rate. Therateisso rapid, in fact, that it issimilar to an
explosion.

The combustion chamber of the compression-ignition engine is NOT located in the cylinder head
but in the top of the piston. Asthe piston travels downward on the intake stroke, only fresh air is
taken into the cylinder.

During the compression stroke, this fresh air is compressed into such a small areathat it becomes
extremely hot due to the high pressure exerted upon it. Fuel must then be introduced into the
cylinder at exactly the proper time. Just before the top of the compression stroke, the fuel
injector sprays fuel into the combustion chamber. When the fuel isinjected, it must first vaporize
and then superheat until it finally reaches the spontaneous-ignition lag or ignition delay. At the
same time, other portions of the fuel are being injected and are going through the same phases
behind the igniting portion. As the flame spreads from the point of ignition, appreciable portions
of the charge reach their spontaneous-ignition temperatures at practically the same instant. This
rapid burning causes a very rapid increase in pressure, which in some engines is accompanied by a
distinct and audible "knock." The pressure of the burning gases drives the piston on through its
power stroke and on to the exhaust stroke just like the spark-ignition engine. This completes the
cycle of operation.

Note: Increasing the compression ratio in the diesel engine will decrease the ignition
lag and thereby decrease the tendency to knock.
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Lesson 4 Exercise: Complete items 1 through 4 by performing the action required. Check

your responses against those listed at the end of this lesson.
What is the sequence of eventsin the cycle of operation for a four-stroke engine?

Compression, ignition, power, exhaust
[gnition, power, exhaust, intake
Power, exhaust, compression, intake
Intake, compression, power, exhaust

oo oo

What event is taking place when the piston is traveling upward inside the cylinder
and the exhaust valve is open?

a  Intake c. Compression
b.  Exhaust d. Power

What two events occur at the same time in the two-stroke engine?

a.  Power and intake c. Intake and exhaust
b.  Power and compression d. Compression and exhaust

The two most common automotive ignitions are

a  spark andignition Cc.  ignition and compression
b.  spark and compression d.  spark and combustion

Lesson 4 Exercise Solutions

PwdD PR

Reference
d. 1402
b. 1402
C. 1403
b. 1404

Lesson Summary. So far we have learned that intake, compression, power and exhaust are the

cycle of operation for two- and four-stroke engines. We also discussed two types of ignition,
gpark-ignition and compression-ignition.

UNIT SUMMARY

In this study unit, you learned the main components of the engine block, how it is constructed,
and how the engine operates. 1n the next study unit, you will study the design and classification
of various engines and components used in the construction of engines.
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STUDY UNIT 2
ENGINE CLASSIFICATION

Introduction. The magjor similarities among engines are a requirement for fuel and a method
for igniting the fuel/air mixture. The major differences among engines are the number and
arrangement of the cylinders, the valve arrangement, the method of operation, the type of
fuel used, and the cooling system. To properly maintain and repair an engine, you must first
know how it is constructed and designed. At the completion of this study unit, you will
have a thorough knowledge of the types of engine designs and the components that make
up the engine's design.

Lesson 1. ENGINE BLOCK

LEARNING OBJECTIVE

Given adescription of engine block classification, select the type of engine block described.

Engines are classified in three ways--by the arrangement of the cylindersin the engine block, the
fuel used (diesdl, gasoling, etc.) and by the method used to cool the engine (air or water). The
three most common types of engine blocks by cylinder arrangement are the in-line, the"V," and
the horizontally opposed.

2101. In-Line Engine Block
The cylinders are positioned verticaly, directly above the crankshaft (fig. 2-1A) or with the
cylinders cast at a 30° angle to the vertical plane (fig. 2-1B). Asyou can see, the enginein figure

2-1B presents a much lower silhouette. The cylindersin the in-line engine are numbered from
front to rear and there are usualy four, six, or eight of them.

et VERTICAL PLANE

A B

Fig 2-1. Partial cutaway front view of the in-line six-cylinder engine.
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2102. V-Type Engine Block

The V-type engine consists of two or more cylinders which, when viewed from the front, form the
letter "V" (fig. 2-2). The V-type engine block has the cylinders located on each side of the
engine at approximately a45° angle to a vertical plane.

Fig 2-2. Partia cutaway front view of the V-type engine.

The cylinder banks (each line of cylinders) are cast at approximately a 90° angle in relation to one
another (fig. 2-3). The casting of the cylinder block in the V-type engine reduces the engine's
vibrations because the engine is shorter and more rigid than the in-line engine. Another engine
that you may have heard of isthe"Y" block. The Y-block is merely aV-type engine with a
deeper crankcase.

90°

Fig 2-3. The cylinder casting angle of the V-type engine.
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2103. Horizontally Opposed Engine Block

Horizontally opposed engines consist of two or more cylinders lying on a horizontal plane in two
banks with a crankshaft between them (fig 2-4). The cylinders and the crankcase are cast as
separate components of the engine and the cylinders may be removed from the crankcase
individualy.

Fig 2-4. Partia cutaway view of the horizontally opposed engine.

OK, let's check your memory. Can you explain the difference between the in-line and the
horizontally opposed engine block types? Very good. Thein-line engine has the cylinders aligned
vertically. The horizontally opposed engine block has cylinders in two banks along a horizontal
(rather than vertical) plane with a crankshaft between them.

Now that you are familiar with the first way to classify engine blocks, by cylinder arrangement,
let's look at the second way, by cooling systems.

2104. Water-Cooled Engines

Water-cooled engines are cooled by the circulation of engine coolant (water and antifreeze)
through the engine block. The engine block is cast as one solid piece. In some engines, the
cylinders are cut into the cylinder block and are surrounded by the water jacket while others have
been designed to use insert-type cylinders (fig 2-5). The engine coolant circulates through the
water jacket removing the heat from the cylinder walls. The heated water then moves out to the
radiator where it is cooled by fan-assisted air flow. Once cooled, the engine coolant returns to the
engine block.

Fig 2-5. Engine with cylinder liners.
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Those water-cooled engines designed to use insert-type cylinders will have alonger life span
because the cylinder liners are replaceable. There are two types of cylinder liners, wet and dry
(fig. 2-6). Thedry liner receives full length support from the block while the wet liner receives
support only at the top and bottom portions of the liner. Due to the lack of support normally
provided by the engine block, the wet liner is much thicker then the dry type.

DRY SLEEVE WET SLEEVE

SLEEVE IS THICK - FOR STRENGTH
Y *\“

SLEEVE] = IsLeeve| E5

SLEEVE RECEIVES
FULL LENGTH
SUPPORT FROM
BLOCK

SLEEVE SUPPORTED
AT TOP AND BOTTOM

COOLANT SURROUNDS
LARGE AREA OF SLEEVE

==F7 ENGINE COOLANT
V////Z] ENGINE BLOCK

Fig 2-6. Types of cylinder block liners.
2105. Air-Cooled Engines

There are various types of air-cooled engines. Some air-cooled engines are similar to
water-cooled engines with cylindersin the block. The difference between the two is that the
air-cooled engine's cylinder head contains external cooling fins, while other air-cooled engines
have no cylinder block, only the crankcase and the cylinders themselves. Each cylinder is cast
separately as a cylinder barrel and has cooling fins cast around the outside. The cylindersin this
type of engine are replaceable. If one cylinder becomes scored, only the scored cylinder needs to
be removed and replaced with anew cylinder. The cylinder head is of the I-head design. The
crankcase is cast as a two-piece unit and bolted together (fig. 2-7).

CRANKCASE

Fig 2-7. Air-cooled engine.
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Lesson 1 Exercise: Complete items 1 through 3 and perform the actions required. Check
your responses against those listed at the end of this lesson.

1. The engine's cylinders are positioned vertically, directly above the
crankshaft.
2. The engine block has the cylinders located on each side of theengine at

approximately a 45°angle to a vertical plane.

3. Which engine block design is case as one solid piece and has cylinders cut into the

cylinder block?

a Inline

b. V-type

c. Horizontally opposed
d. Air-cooled

e. Water-cooled

Lesson 1 Exercise Solutions

Reference
1. inline 2101
2. V-type 2102
3. e 2104

Lesson Summary. In thislesson, you learned that the three most common engine block designs
are the in-line, the V-type, and the horizontally opposed. Y ou aso now know that the engine
block is classified by the cylinder arrangement and by the method with which it is cooled.

Areyou ready for more? Let's now discuss the different engine block components, their purpose,
and various designs.
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Lesson 2. ENGINE BLOCK COMPONENTS: PURPOSE AND DESIGN

LEARNING OBJECTIVES

1. Given adescription of crankshaft design, identify the type of crankshaft described.

N

|dentify the two flywheel designs.

3.  Select the purpose of the flywhed!.

4.  Select the reason why most pistons are relieved.

5. Name the two kinds of piston rings.

6. Identify the construction of the connecting rods.

7. ldentify the purpose of the connecting rod saddles.

The crankshaft design depends on the number of cylinders the engine has, and, as you already
know, how the cylinders are arranged (in-line, V-type, or horizontally opposed).

2201. Four-Cylinder Crankshafts

The crankshaft design determines the firing order of the cylinders by the position of the crankshaft
throws and the camshaft.

On the four-cylinder in-line engine crankshaft, the throws are all in the same plane (fig. 2-8). The
front and rear throws are 180° (on the opposite side of the shaft) from the two center throws.
This shaft is used with ether three or five main bearing journals, depending on engine block
construction. With this crankshaft, power is delivered only to the shaft during 140° of each
piston's power stroke. Therefore, there is a power lapse of 40° between each power stroke of the
engine which causes the engine to vibrate. The vibration is partialy reduced through the use of a
heavy flywheel and a vibration damper, which is discussed in depth in paragraphs 2204 and 2205.
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Fig 2-8. Four-cylinder in-line engine crankshaft.
2202. Six-Cylinder Crankshafts
The power lapse that we just discussed in the four-cylinder, in-line engine is completely eliminated

in the six-cylinder, in-line engine due to the arrangement of the throws on the crankshaft. The
throws are constructed on three separate planes spaced 120° apart (fig. 2-9).

Fig 2-9. Six-cylinder, in-line engine crankshaft.
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The 120° arrangement of the throws not only eliminates power lapses, but also gives the engine
power overlap. This condition ssimply means that each power stroke begins before the previous
stroke ends. In the case of the six-cylinder, in-line engine, the power overlap is 20°. Though a
piston travels through 120° of its power stroke, the power stroke actually lasts for 140° of the
crankshaft rotation. In other words, as one piston reaches the 120° of its power stroke, the next
piston in the firing order begins its power stroke. This causes two pistons to deliver power to the
crankshaft simultaneously during the last 20° of each piston's power stroke.

Therefore, unlike in the last 40° of the power stroke in the four-cylinder, in-line engine, the last
40° of the power stroke in the six-cylinder, in-line engine does not have a power |apse because the
next piston is carrying the crankshaft through this 40°.

Additionally, on the six-cylinder, in-line crankshaft, the number one and six throws, the number
two and five throws, and the number three and four throws on the same plane. The crankshaft of
this engine may be supported by 3, 4, or 7 main journals depending on the manufacturer.

2203. V-Type Engine Crankshaft

Another type of crankshaft is the V-type engine crankshaft. The V-6 engine crankshaft, like the
six cylinder, in-line engine crankshaft, has the throws arranged 120° apart. But, the V-type engine
crankshaft only has three throws instead of the six. Thisis due to the fact that each throw
accommodates two pistons. Piston number 1 and 2 are mounted on the first throw, pistons 3 and
4 on the second (center) throw, and pistons 5 and 6 on the third throw. This design of the V-type
engine gives both power overlap and power lapse.

Let's examine how the overlap and lapse occurs. As the number one piston begins its power
stroke and as the crankshaft reaches 90° of its rotation, the number six piston, on a separate
throw, begins its power stroke. This causes both pistons to deliver power to the crankshaft
during 50° of crankshaft rotation. The next set of pistons to deliver power are pistons that are on
the same throw. This means that the number six piston must reach the end of its down stroke
before power can be delivered to the number five piston.
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Therefore, you have 10° of crankshaft rotation with no power being delivered to the crankshaft.
This same condition continues with the remaining three pistons. The flywheel on this engine may
be lighter than that of the four-cylinder, in-line engine due to the decreased power lapse.

If you added a fourth throw and put each throw on a separate plane and spaced them 90° apart,
you would have a crankshaft for aVV-8 engine (fig. 2-10). The power overlap in the V-8 engineis
the same as the V-6 engine, but the additiona cylinders eliminate the power lapse.

Fig 2-10. V-8 crankshaft.

Someday, you will come across a three-cylinder, in-line engine crankshaft. The three-cylinder,
in-line crankshaft is constructed the same way as the six-cylinder, in-line crankshaft with only half
as many throws, but with the same power overlap.

Very similar to the three-cylinder, in-line crankshaft is the six-cylinder, horizontally opposed
crankshaft. The only difference is the length of the crankpins. They are longer to accommodate
two connecting rods per crankpin.

It's almost time to take a break, but first, can you identify the difference between the four-cylinder
crankshaft and the V-8 crankshaft? Awesome! You'reright again! On the four-cylinder
crankshaft, the throws are all on the same plane, whereas on the V-8 crankshaft, the throws are
on separate planes.

Also, don't forget that some V-8 engines have throws on only two planes and look very similar to
the four-cylinder, in-line crankshaft. The difference is that the two pistons are mounted on each
throw and have longer crankpins.

Y ou have found that the number of throws and their length determines the engine that they are
designed for. Now that we have discussed crankshafts, power overlap, and power lapse, let's take
alook at the flywheel. The flywheel carries the crankshaft through the periods of power lapse,
reduces engine vibration, and helps the engine to operate smoothly.
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2204. Flywheel Designs

The two designs of flywheels are the friction clutch and the fluid coupling (fig. 2-11).

FLYWHEEL

RING GEAR

CRANKSHAFT

CLUTCH
CRESSURE FLYWHEEL
SURFACE A
CLEE%EIZ”(;OT - SCREWAND  TORAQUE CONVERTER
LOCKWASHER ASSEMBLY
STANDARD TRANSMISSION FLYWHEEL AUTOMATIC TRANSMISSION FLYWHEEL
(friction clutch) (fluid coupling)

Fig 2-11. Flywheel designs.

The flywheel used with an automatic transmission is made of thin metal containing aring gear for
the starter motor to engage. It is merely a connection between the engine and the fluid coupling
of the transmission. The fluid coupling carries the crankshaft through the power lapse. On the
other hand, the flywheel used with a standard transmission is constructed of a much heavier metal.
The actual weight of the flywheel depends upon the amount of vibration that the engine produces
due to the difference in power overlap and power lapse.

Most standard transmission and automatic transmission flywheels are interchangeable on the same
crankshaft so that you have a choice of transmissions. But, the transmission and flywheel must be
designed by the same manufacturer for that particular engine size and type. Engine vibration is
produced not only by the differences in the power overlap and the power lapse, but also by the
elasticity of the crankshaft itself. To compensate for the additional vibration, a smaller wheel
known as a vibration damper is mounted onto the front of the crankshaft.

2205. Vibration Dampers

Vibration dampers are used to dampen out the crankshaft torsional vibration, the twisting action
in the crankshaft caused by the sudden application of power. The weight of the flywheel tends to
resist the sudden impulse of power applied to the crankshaft. This causes the crankshaft to
actually twist. The purpose of the damper is to eliminate this twisting action. Vibration dampers
are usually constructed of a small wheel with alarger wheel (balancer weight) mounted around its
circumference through a rubber mounting (damping rings).
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Refer now to figure 2-12. Asthe inner wheel is forced to suddenly turn with ajerk, the balancer
weight tendsto lag behind. The flexible rubber mounting first alows this to happen, until it
stretches to its capacity. Then it pulls the balancer weight around with such force that it tends to
pass the inner wheel and pull it. This continuous passing and lagging damps out the crankshaft
vibration.

BALANCER WEIGHT

FLEXIBLE RUBBER
MOUNTING

Fig 2-12. A typica vibration damper.

So how's that memory doing? Let'stest it, OK? What carries the crankshaft through periods of
power lapse? Good! It still works. The flywhedl is correct. What is used to "damp out” the
torsional vibration caused by the crankshaft? Right again! The vibration damper.

The piston assembly consists of four basic parts. the piston, the rings, the piston pin, and the
connecting rod. Let'sfirst discuss the piston.
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2206. Pistons
Whether it's a diesel or gasoline engine, the basic piston structure remains about the same. Some

piston variations may depend on the type of engine being discussed. Figure 2-13 shows a piston
cut-away (not al pistons are equipped with reinforcing ribs).

HEAD

PISTON PIN - RE'NE%RSC'NG
HOLE
SKIRT~
PISTON PIN

BOSS

REINFORCED
EDGE

Fig 2-13. Piston structure.

Some pistons used in diesal (compression-ignition) engines form a combustion chamber because
of the head design; therefore, the pistons will be of a concave head design. Some diesel pistons
are flat and some have thicker heads for additional strength and are cooled by an oil jet that
shoots oil on the underside of the piston head. Not all diesel pistons are cooled in this manner.
Y ou will find that these pistons vary somewhat in their design.

Gasoline-engine pistons also vary in design. Some are flat on the top and some may have ribs cast
on the underside of the piston head for cooling and reinforcement. Some pistons for both the
gasoline and the diesel engine are relieved (cut flat) around the piston pin hole to alow for
expansion and to reduce weight. Most piston pin bosses (the areaimmediately surrounding the
piston pin hole) are centered; however, some are offset about 1/16 inch to either the compression
thrust side or the power thrust side to reduce a condition known as a piston slap (rock) in the
cylinders.

This condition is aresult of an uneven distribution of pressure on the top of the piston when the
gases areignited. The offset hole tends to hold the piston flat against the cylinder wall under this
uneven distribution of pressure.

The portion of the piston below the piston rings is known as the skirt. The piston iskept in
alignment by the skirt, which is usually cam ground and elliptical as viewed in the cross-section.
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Thisdliptical shape permits the piston to fit the cylinder, regardless of whether the piston is cold
or at working temperature. Its narrowest diameter is at the piston pin bosses, where the meta is
thickest. At itswidest diameter, the piston skirt, isthinnest. As the piston expands from heat
during operation, it becomes round because the expansion is proportional to the thickness of the
metal.

Y ou will find a seemingly unending variation in the design of piston skirts (fig. 2-14). These

designs are desirable to keep the piston as light as possible and to prevent excessive expansion
during engine operation.

SLOT

HORIZONTAL CUTAWAY
DIAGONAL CUTAWAY
SLOT

SPLIT CUTAWAY

Fig 2-14. The three basic piston skirt designs.

S0, have you remembered all that? What type of engine does a concave piston belong to? If you
said diesdl, you are absolutely right!  So, why are most pistons relieved (cut flat) around the
piston hole? Right again, to allow for expansion and to reduce weight. And what is the purpose
of the piston skirt? Good! It keeps piston alignment.

Piston rings also vary in design, athough not as extensively as the pistons. We will now discuss
the differences in piston rings.

2207. Piston Ring Design
The two types of rings used are compression and oil. Let's discuss the compression rings first.
Most compression rings have the same general design. Y ou will find that the primary difference

in ring design is on the outer edges of the ring. These design differences are easily distinguished
by across-sectiona view of thering in figure 2-15.
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ADDITIONAL STEEL RAIL
FOR SCRAPER EFFECT

Fig 2-15. Various compression ring designs.

The design of the piston ring depends upon the amount of surface contact desired with the
cylinder wall. There are many ring designs--rectangular, beveled edge, rectangular with inner
groove curved, rectangular with inner groove sgquare, rectangular outer groove scraper type and
rectangular with additional steel rail for scraper effect.

The most common rings used are the rectangular ring and the rectangular with a grooved inner
edge. Theserings give full face contact with the cylinder wall with less pounds per square inch
(psi) exerted. The more pressure exerted by the rings on the cylinder wall, the more drag is
created on the engine.
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Qil control rings may be of atwo-, three-, or four-piece construction. The two-piecering is
rarely used in modern vehicles, so it will not be discussed in this study unit. The three-piece ail
ring is probably the most common ring you will find. It consists of two sted rails, separated by a
ventilated steel segment. The four-piece ail ring consists of two steel rails separated by a
cast-iron center section, which resembles the old cast-iron oil ring mentioned earlier, and a spring
steel expander. Figure 2-16 illustrates the various oil control ring designs.

/ SLOTTED-BEVEL EDGE
|

DRAIN SLOT

SLOTTED-SQUARE EDGE

SLOTTED-SQUARE EDGE
WITH STEEL SIDE RAILS

| /
STEEL SIDE RAIL-

TOP AND BOTTOM

STEEL RAIL WITH
@( SLOTTED EXPANDER
|

; SLOTTED EXPANDER
)]

SLOTTED EXPANDER
AS A RING

Fig 2-16. Various oil control ring designs.

To complete the discussion of the piston assembly, take alook at the designs of the connecting
rods.
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2208. Connecting Rods
The connecting rods are of an I-beam construction with a piston pin hole at the upper end, a

saddle at the lower end, and a separate bearing cap connected to the connecting rod by two bolts
or studs and nuts (fig. 2-17).

BOLT

CONNECTING
ROD

Fig 2-17. Typical connecting rod.

Opposed- and V-type cylinders require a connecting rod with the saddle offset to accommodate
the opposing pistons because the cylinders are dightly offset in relation to one another (fig 2-18).

OFFSET

Fig 2-18. Offset connecting rod saddle used in opposed and V-type engines.
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The saddle of some connecting rods may be cut at an angle to facilitate the removal and
installation of the piston assembly (fig. 2-19). Aside from these two variations, thereislittle, if

any, variation in design.

Fig 2-19. Angled connecting rod saddle.

Do you fed like the shop duty expert yet? What have you learned so far? What determines
piston ring design? Not bad! The design depends on the amount of surface contact. So what
about the connecting rods? Can you remember what a connecting rod consists of? Very Good!
|-beam construction, piston hole at the upper end and a saddle at the lower end with a bearing cap
connected to the connecting rod by two bolts or studs and nuts.

Lesson 2 Exercise: Complete items 1 through 8 by performing the action required. Check
your responses against those listed at the end of this lesson.

1.  Whichtype of crankshaft design hasits throws al on the same plane with the front
and rear throws 180° from the two center throws and power delivered to the shaft
only during 140° of each piston's power stroke?

Four-cylinder, in-line engine crankshaft
Six-cylinder, in-line engine crankshaft
V-6 engine crankshaft

V-8 engine crankshaft

Three-cylinder, in-line engine crankshaft

Poo oW

2. Which type of crankshaft design has three throws (two pistons each) spaced 120°
apart on three separate planes, with both a power lapse and power overlap?

Four-cylinder, in-line engine crankshaft
Six-cylinder, in-line engine crankshaft
V-6 engine crankshaft

V-8 engine crankshaft

Three-cylinder, in-line engine crankshaft

Poo oW
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The purpose of the flywheel isto

a.  reduce wear and tear on the transmission.

b.  carry the crankshaft through periods of power lapse.

c. alow for proper timing of the engine.

d. provide a place to mount the engine to the transmission.

The two types of flywheel designs are and

Most pistons are relieved (cut flat) around the piston pin hole to

a.  alow for proper up and down movement.
b. alow for expansion and to reduce weight.

c. alow for the piston to remain aligned.

d. stop the piston from dapping the side of the cylinder wall.

What two kinds of rings are used on pistons?

a  Expansion and dotted C. Compression and groove
b. Crossand ail control d. Compression and oil control

Connecting rods are constructed as

a  H-beam. C. solid-beam.
b. [-beam. d. offset-beam.

Why are the saddles of some connecting rods cut at an angle?

Lesson 2 Exercise Solutions

N~ wWDNE

Reference
a 2201
b. 2202
b. 2203
friction clutch and fluid coupling 2204
b. 2206
d. 2207
b. 2208
To facilitate removal and installation of the piston 2208
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Lesson Summary. In thislesson, you not only learned about crankshaft and piston variations, but
also that the flywheel is responsible for carrying the crankshaft through power lapses and that the
vibration damper helps reduce engine vibration. Let's continue now by discussing the cylinder
head and related components.

Lesson 3. CYLINDER HEAD COMPONENTS: PURPOSE AND DESIGN

LEARNING OBJECTIVES

1. Given adescription of cylinder head design, identify the type of engine described.
2. Given adescription of valve design, identify the type of valve described.
3. ldentify the valve arrangement of the I-head, L-head, and F-head engines.

2301. Cylinder Head Design

Cylinder-head design depends on the valve arrangement of the engineit isused on. The cylinder
head is of two designs, flat-head and valve-in-head. The flat-head is designed for use with the
L-head engine and the valve-in-head is designed for use with the I-head and F-head engines.
Remember, some diesel engines have the combustion chamber located in the top of the piston.

Y ou may have heard of an engine referred to as aflat-head six, aflat-head V-8, an
over-head-valve six, or an over-head-valve V-8. These are common terms referring to the valve
arrangement and the cylinder block. Therefore, you might say that engines are not only classified
by cylinder arrangement and numbers, but also by valve arrangement. Let's take alook at the
technical terms which refer to valves and valve arrangements.

2302. Valves

Three of the more common valve designs are the mushroom, the tulip and the semi-tulip (fig.
2-20). With the exception of the top of the valve head and the valve-lock grooves, al poppet
valves have basically the same design, though sizeswill vary. The design of the top of the valve,
in conjunction with materials used by the manufacturer, will determine the temperature range of
the valve during operation.
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Fig 2-20. Three of the more common valve designs.

2303. I-head, L-head, and F-head Valve Arrangements

An engine's valves may be located either in the cylinder head, the cylinder block, or both. If the
valves are located in the head, which is the most common arrangement found today, the engineis
known as an 1-head engine. The valves are positioned upside-down and directly above the piston
in the cylinder head. On the cross-sectional view, an imaginary line has been drawn (fig. 2-21).

P POSITION OF VALVES IN
9 RELATIONSHIP TO PISTON

Fig 2-21. 1-head valve arrangement.
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For the camshaft to operate the valve, a pushrod and a rocker arm must be incorporated between
the valve lifter (tappet) and the valve stem (fig. 2-22). The I-head valve arrangement is often
referred to as overhead valves, probably more often than its technical term.

ROCKER ARM
ROCKER ARM SHAFT

PUSH ROD

VALVE LIFTER (TAPPET)
CAMSHAFT

Fig 2-22. The I-head valvetrain.

The flat-head arrangement of the valvesis technically termed as the L-head. In the L-head engine,
the valves are located in the cylinder block alongside the cylinder. Draw an imaginary line across
the valve head of the cross-section of this engine and continue the line over to the center of the
piston head. Y ou should be able to see an inverted "L" (dotted linein fig. 2-23).

@ POSITON OF VALVES
€ IN RELATIONSHIP
o TO PISTON

Fig 2-23. The L-head valve arrangement.
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The F-head arrangement is sometimes termed valve-in-head/valve-in-block. However, you will
amost always hear it referred to by its more technical name, the F-head. This valve arrangement
is actually a combination of the two we just covered. One valve, usualy the intake valve, is
located in the cylinder head and the exhaust valve is in the cylinder block.

Again, draw imaginary lines to help you remember the valve arrangement. Draw an imaginary
line across the exhaust valve and continue it across to the center of the piston head. Now, draw
another line across the intake valve head. Continue this line until it is the same length as the first.
Now draw another line down the center of the piston, joining the ends of both the previous lines.
Y ou should find that you have drawn a distorted "F" (dotted line in fig. 2-24).

P POSITION OF VALVES
@ . IN RELATIONSHIP

TO PISTON

Fig 2-24. F-head valve arrangement.

Lesson 3 Exercise: Complete items 1 through 3 by performing the action required. Check
your responses against those listed at the end of this lesson.

1. Thevalvein-head cylinder design is designed for use with which type(s) of engine?

a  F-head c. I-head and F-head
b. L-head d. | head and L-head
2. Theengine with the intake valve located in the cylinder head and the exhaust valve
located in the cylinder block is the engine arrangement.
a l-head C. L-head
b. F-head d.  V-head
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3. What are the three common valve designs?

a  T-top, mushroom, and valve lock
b.  Mushroom, tulip, and T-top
c.  Tulip, mushroom, and valve
d.  Mushroom, tulip, and semi-tulip
4. Vavesarelocated in the and/or the
a.  cylinder head; cylinder block
b.  cylinder block; crankcase
c. cylinder walls; crankcase
d. crankcase; cylinder head
5.  Thevalve arrangements used most are the , ,and

a I-head, T-head and L-head c. L-head, F-head and Y -head
b. I-head, L-head and F-head  d. M-head, F-head and L-head

Lesson 3 Exercise Solutions

Reference
1. ¢ 2301
2. b 2303
3. d 2302
4, a 2303
5 b 2303

Lesson Summary. In Lesson 3, you learned that the cylinder head design depends upon the
engine's valve arrangement. The cylinder head consists of two basic designs--the flat-head and the
valve-in-head. The combustion chambers on a gasoline (spark-ignition) engine are located in the
head and the combustion chambers on the diesel engine are located in the pistons. Finaly, you
learned the three most common valves (mushroom, tulip and semi-tulip) and the three types of
valve arrangements (I-head, L-head and F-head).

UNIT SUMMARY
In this study unit, you have learned the various engine and component designs used in the

construction of engines. Knowing this information will help you diagnose and repair when called
upon to do so; and in the next study unit you will learn just that.
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