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Lesson 1

Internal Combustion Engine Basics

R RAPL B Al

1.1 The Basics 3 A &5y

The engine is, of course, the heart of every car. At the most basic level, the en-
gine develops the power to move the car. This section discusses the different types of en-
gines in use, as well as the fundamental concepts behind internal combustion engine.

There are many types and variations of automobile engines. The most common type
is the internal combustion engine. It is named so because combustion takes place inside
the engine.

The engine is mounted to the car frame. An internal combustion engine is like a
container into which we put air and fuel and then start them burning. The air and fuel is
burned in the engine container, or cylinder. A cylinder is a metal tube closed at one
end. A movable plug, called a piston, is installed inside the cylinder. There is a small
space between the piston top and the top of the cylinder. This space, called the com-
bustion chamber, is where the burning takes place. If several drops of gasoline are
placed into this space, and the piston is pushed up in the cylinder, the gasoline and air
in the combustion chamber will be tightly squeezed together. When the mixture is
squeezed as tightly as possible, it is ignited by an electric spark. The burning, or com-
bustion, increases the pressure in the combustion chamber and pushes the piston down
the cylinder with great force.

In order to use the power developed by the moving piston, the connecting rod is
connected to the bottom of the piston. When the piston moves downward, this rod will
move downward. The downward movement of the piston and connecting rod is changed
to circular or rotary movement by a part called the crankshaft. The crankshaft is a shaft
with its ends mounted in such a way that it can be rotated. The middle of the crankshaft
is offset, and the lower end of the connecting rod is connected to the middle of the off-
set. The upper end of the connecting rod is joined to the piston by a pin called the wrist
or piston pin. This pin allows the connecting rod to follow the motion of the crank-
shaft.

One additional part is required to complete a basic engine. Because it is necessary to
push the piston down the cylinder more than once, in between down strokes it must be
returned to the top of the cylinder. To do this, a heavy flywheel is mounted to the end
of the crankshaft. When the piston is forced down, the crankshaft turns, and the fly-
wheel turns with it. Because the flywheel is heavy, it does not slow down easily. Its
momentum keeps the crankshaft turning. The rotation of the crankshaft then pushes the
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piston back up to the top of the cylinder.

P Combustion chamber
Piston | Piston pin
\.\ -y o‘/
Cylinder
L y
Connecting rod ~—]

Figure 1-1 Combustion takes place in the cylinder.

1.2 Engine Design K #hHlix it

Automotive engines may be classified in several different ways according to these
design features:

Valve arrangement. Engines may be classified according to the location of the valves
and the number of valves per cylinder. Many engines have the valves located in the cyl-
inder head, and these engines are referred to as overhead valve engines. The majority
of engines have two valves per cylinder, but engines with four valves per cylinder have
become increasingly popular in recent years.

Camsha ft location. Engines with a single camshaft positioned above the valve train
on the cylinder head may be referred to as single overhead camshaft (SOHC) engines.
Other engines have two camshafts located above the valve train in the cylinder head,
and these engines are called dual overhead camshaft (DOHC) engines. V-type engines
may have dual camshafts located above each cylinder head. Some SOHC engines, or
DOHC engines have the camshaft located in the cylinder head rather than above the
valve train. Other engines have the camshaft positioned in the cylinder block.

Ignition type, Engines may be classified as spark ignition (SI), and compression
ignition (CD. In an SI engine, the air-fuel mixture in the combustion chamber is igni-
ted by a spark at the spark plug electrodes. The air-fuel mixture in a CI engine is ignited
by the heat of compression. Diesel engines use the CI principle, and these engines have
much higher compression than SI engines.

Cylinder arrangement. The most common arrangements of engine cylinders are in-
line, V-type, and opposed. An in-line engine has the cylinders mounted vertically and
positioned in a line directly behind each other. V-type engines usually have 6 or 8 cylin-
ders located in a V formation with an angle of 60 degrees or 90 degrees between the sides
of the block. Other V-type engines have been used too; for example, one manufacturer
is now marketing a V10 engine. In an opposed engine, the cylinders are positioned hor-
izontally across from each other.

Number of cylinders. Engines are designed with 3, 4, 5, 6, 8, 10, or 12 cylin-
ders.

Cycles. Most automotive engines operate on the four-cycle principle. Since the two-
stroke engine is lighter and may be designed to produce more power than an equivalent
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size four-stroke engine, the two-stroke engine may experience widespread use in the
near future. All of the big-three automotive manufacturers have two-stroke engines un-

der development.
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How does the internal combustion engine work?
How are the automotive engines classified?

What is the main difference between the SOHC and DOHC?
What is the characteristic of the opposed engine?
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Lesson 2

Engine Block
&L

2.1 Engine Block Types % zhHLEL {35 %Y

In-Line Blocks. In an in-line block, the cylinders are positioned in a direct line be-
hind each other, and the cylinders are mounted vertically. This type of engine usually
has four or six cylinders, and one cylinder head mounted on top of the block. Since the
cylinders are mounted vertically, the engine requires more underhood space. There-
fore, the hood and front fenders must be mounted higher above the in-line engine. This
body design reduces the aerodynamic qualities.

V-Type Blocks. V-type engine blocks usually have six, eight, or ten cylinders ar-
ranged in two rows with an angle of 60 degrees or 90 degrees between the cylinder
banks. This type of engine block has one crankshaft and a cylinder head mounted on top
of each side of the V-block. Since the cylinders are mounted in a V configuration, a ve-
hicle with this type of engine may be designed with a lower hood and improved aerody-
namic qualities compared with a vehicle with an in-line engine.

Figure 2-1 V6 engine block

Slant-Type Blocks. The slant-type engine is similar to the in-line engine, but the



complete slant-type engine is slanted to one side. This type of mounting reduces the dis-
tance from the top to the bottom of the engine, and thus allows the engineers to design a
lower hood with improved aerodynamic qualities.

Opposed-Type Blocks. In an opposed-type block, the pistons are mounted horizon-
tally across from each other at a 180 degree angle. This type of engine has one crank-
shaft and a cylinder head mounted on top of the cylinders on each side of the engine.
Since this engine requires very little vertical underhood space, it is often used in the ve-
hicles with a rear-mounted engine.

2.2 Block Assemblies 5T {& 8K

Many engine blocks contain a cast iron alloy, but aluminum blocks are becoming
more common. Some aluminum blocks have steel cylinder liners. The aluminum in oth-
er blocks is mixed with silicon so the silicon accumulates on the cylinder walls to provide
a hard surface that does not require a sleeve. Cast iron blocks are heavier and more rigid
than aluminum blocks. However, aluminum blocks have superior heat-conducting quali-
ties compared with cast iron blocks. Aluminum blocks are more subject to distortion
than cast iron blocks.

Many engine components are supported by the cylinder block. These components
include the crankshaft, pistons, cylinder heads, valve lifters, camshaft, water pump,
oil pump, and timing gear cover.

Cylinder Sleeves : The cylinders are cast integrally with the block in most engines.
However, some heavy-duty engines have removable dry-type or wet-type replaceable
cylinder sleeves. A wet-type cylinder sleeve is in contact with the coolant. This type of
sleeve must be sealed in the block at the top and bottom. Since the sides of the wet-type
sleeve are not supported by the block casting, this type of sleeve must be thicker. A
dry-type sleeve is pressed into the block, which contacts and supports the sleeve. There-
fore, the dry-type sleeve is cast thinner than a wet-type sleeve. If a cylinder wall is
damaged, the sleeve can be replaced without having to replace the complete block.

Main Bearing Bores: The circular main bearing bores are located on the lower side
of the block. These bearing bores have removable caps. The main bearing bores support
the crankshaft in the block. Extremely high combustion forces are applied to the pis-
tons, connecting rods, crankshaft, and main bearing bores. The main bearing bores
must be strong enough to withstand these forces without distorting or stretching.

Camsha ft Bearing Bores . If the camshaft is mounted in the block, it is supported in
circular openings in the block. Circular bearings are pressed into the openings that sup-
port the camshaft. These camshaft bearings and bearing bores must support the load of
the camshaft and valve train.

Valve Lifter Bores: When the camshaft is mounted in the block, the valve lifter
bores are machined in the block directly above the camshaft lobes. Oil is supplied from
the main oil gallery in the block to each valve lifter bore.

Coolant Jackets ; Coolant jackets surround the outside of each cylinder wall in the block.
Coolant is circulated through each of these coolant jackets to cool the cylinder walls. A threa-
ded coolant drain plug is positioned near the bottom of the coolant jackets in the block. In a
V6 or V8 block, a coolant drain plug is located in each side of the block.
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2.3 Engine Mounting Positions & zhHl &8

Front Engine Longitudinal. In many vehicles, the engine is mounted longitudinally
at the front of the vehicle. Rear wheel drive (RWD) vehicles usually have this type of
engine mounting with the transmission attached to the back of the engine. The differen-
tial is mounted under the rear of the chassis, and a driveshaft is connected between the
transmission and the differential. This type of vehicle design has a somewhat higher
weight on the front suspension compared with the rear suspension. However, this vehi-
cle design provides satisfactory brake load distribution and steering force. A large un-
derhood space is required by a longitudinally mounted engine, and the rear mounted dif-
ferential reduces passenger compartment space. The engine, transmission, driveshaft,
and differential may be removed individually on a RWD vehicle with a longitudinally
mounted front engine too. Some front wheel drive (FWD) vehicles have a longitudinal-
ly mounted front engine too.

Front Engine Transverse, Many FWD vehicles have a transversely mounted engine
at the front of the vehicle. The transaxle contains the transmission and the differential,
and this transaxle is attached to the rear of the engine on the left side of the vehicle.
Drive axles are connected from the transaxle to the front wheels.

With this engine and transaxle configuration, the rear-mounted differential and
driveshaft are eliminated, assuming the vehicle is two-wheel drive (2ZWD). Transverse-
ly mounted engines and transaxles require less underhood space and reduce vehicle
weight. The elimination of the rear-mounted differential and driveshaft allows in-
creased interior space. The FWD transversely mounted engine and transaxle configura-
tion has more weight on the front suspension than on the rear suspension. This weight
distribution places a greater load on the front brakes and suspension.

Mid-Engine Transverse. The engine is always mounted transversely with a mid-en-
gine mounting. With this type of engine mounting, the engine is positioned between the
driver’s seat and the rear wheels. Mid-engine vehicles often have a similar engine and
transaxle configuration to a FWD vehicle. Drive axles are connected from the transaxle
to the rear wheels.

The radiator is often mounted under the hood near the front of the vehicle, and the
coolant is piped from the engine to the radiator. Since the engine is positioned between
the driver’s seat and the rear wheels, the front of the car can be designed with excellent
aerodynamic qualities. The engine and transaxle intrude on the passenger compartment,
and vehicles with this engine configuration are usually two-seater sports cars. A barrier
is required to reduce engine heat, noise, and vibration transfer to the passenger com-
partment. Since the engine is positioned near the vehicle center of gravity, weight dis-
tribution between the front and rear wheels is much closer to being equal compared with
other engine-mounting configurations. The mid-engine transverse design improves steer-
ing and handling characteristics.

2.4 Engine Measurements &g HLR 5|

Cylinder bore is the diameter of the cylinder measured in inches (in) or millimeters



(mm). The crank throw is the distance from the crankshaft center line to the center line
of the connecting rod journal. The stroke is equal to twice the crank throw. An over-
square engine generally delivers high rpm as required in many cars. If an engine is un-
dersquare, it delivers excellent torque at low rpm, which is desirable in truck and trac-
tor applications.

TRADE JARGON: If the cylinder bore diameter is longer than the stroke, the en-
gine is referred to as oversquare.

TRADE JARGON: An undersquare engine has a stroke that is longer than the cyl-
inder bore diameter.

[@iC]

block n. S & gallery n. WE

cylinder n. K&, ME, BEK jacket n. &

cylinder head “HL# drain n.HEM, HEH, HEK
hood n. By A longitudinal adj.Z B & . AEE
fender n. BFHKR longitudinally adv. #\ [ #
aerodynamic adj . EKFHHEMW transmission n.AFHERE., THEM
bank n. S a e differential n.ZHH

crankshaft  n. g% chassis n.JE&

configuration n.#ii, &M, K#, SE transverse adj . BEE B9, HERH
slant n. @ig, EMm transversely adv. B# . S, BEEH
bearing n. 8% transaxle n . 70 30K B BF

bore n. KRR, 0, JIE drive axle Tahdh. IKahah
mounting nL¥, ER. BE brake n. s, ME, Wz
cast iron n. 58, 8% suspension n. &%

alloy n. &% mid-engine PRERA L

liner n.B¥, ¥, K radiator n. BHEE, K
cylinder wall &L BF intrude v.E A, BA

silicon n. B sports car ML

sleeve n. ¥, E#, E® barrier n. (RBSEEK) EEY, W, RE
distortion n. g, W, th#®, XK millimeter n. %k

valve lifter S [1i#EH, SIAE journal n. #F, B{R, &%
timing gear n.ERER oversquare  n. EiTE

cover n. % undersquare n. K1TE

replaceable  adj. A {UEF _tpm n. Goe %K

coolant n BGR, WHE, BHRA tractor n. %k, #351%

lobe n. A jargon n. f73&

()

1. some heavy-duty engines have removable dry-type or wet-type replaceable cylin-
der sleeves. HEEREHDILRATHFAERN TARNBAMLE.

2. Undersquare engine HI&/NFHBH LI SEERZRDTHERRHL.

3. Crank throw HiHER: MEMBSDMAEHBKOER. FTEETRO—F,

(e ]

1. What kinds of blocks have the engine?

2. Where are the engines placed in the automobile?
3. What’s the meaning of front engine transverse?
4. What’s the cylinder bore?



Lesson 3

Crankshafts, Bearing Inserts,
Connecting Rods and Pistons

Bhah, BHE, EHFMEE

3.1 Crankshaft i %h

The crankshaft changes the vertical piston movement to rotary motion, and trans-
fers this rotary motion to the drivetrain. Crankshafts may contain cast iron alloy or
forged steel. Cast iron crankshafts are satisfactory in car and light-duty truck engines.
However, forged steel crankshafts provide increased strength compared with those made
from cast iron alloy. All the main bearing and connecting rod bearing journals are ma-
chined to a highly polished finish. Bearing inserts are located between the main bearing
bores and the main bearing journals on the crankshaft. Connecting rod bearing inserts
are mounted between the connecting rod bores and the crankshaft journals. The main
bearing journals must be perfectly aligned with each other. Connecting rod journals are
offset from the center of the crankshaft. Therefore, the connecting rod journals orbit
around the main bearing journals. The crankshaft journals must be properly spaced so
the pistons reach TDC in the correct order.

Oil passages are drilled from each main bearing journal to the connecting rod jour-
nals to assure adequate oil supply at the connecting rod bearings.

A flexplate, or flywheel, is bolted to the transmission end of the crankshaft, and a
vibration damper and pulley are pressed onto the front of the crankshaft.

3.2 Bearing Inserts i [{

Bearing inserts must have these characteristics:

(1) Embedability to absorb foreign particles which may scratch the crankshaft jour-
nal.

(2) Surface action to prevent bearing seizure to the crankshaft if the bearing insert
momentarily contacts the journal surface.

(3) Conformability to allow bearing material to creep slightly and compensate for
some misalignment between the bearing insert and the crankshaft journal.

(4) Fatigue strength to withstand severe explosion impacts from the combustion
chamber, piston, and connecting rod.

Commonly used bearing insert materials include steel-backed Babbit, overplated
copper, nonoverplated copper, overplated aluminum-cadmium, and nonoverplated alu-
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