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Chapter One Pk I (552 1)

Engine

1.1 Engine Assembly

1.1.1 Engine Classification

Engines can be classified in several methods. In general, engines can be divided into electric
motors, steam engines and internal combustion engines. We can also follow other methods to
divide engines.

Cylinder Arrangement

Generally, the cylinder arrangements are as follows (Fig. 1. 1. 1-1 to Fig. 1. 1. 1-3).

Fig. 1.1.1-1 In-line 4 Fig. 1.1.1-2 V6 Fig. 1.1.1-3 Flat 4

In Volkswagen designs, new cylinder arrangements of engines are created (Fig. 1. 1. 1-4).

Fig. 1. 1. 1-4 New Designs in Volkswagen
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Fuel Energy Used ( Fig. 1.1.1-5 and Fig. 1. 1. 1-6)

Fig.1.1.1-5 Gasoline Engine Fig. 1.1.1-6 Diesel Engine

Operating Stroke (Fig. 1. 1.1-7 and Fig. 1. 1. 1-8)

Fig. 1.1.1-7 Four Strokes Fig. 1.1.1-8 Two Strokes

Cooling Method ( Fig. 1. 1. 1-9 and Fig. 1. 1. 1-10)

Fig. 1.1.1-9 Coolant Cooling Fig.1.1.1-10 Air Cooling

1.1.2 Engine System Introduction

When we are driving our own cars or taking a bus, even other vehicles, we are wondering

that such marvelous transportations can send us anywhere we like to go. As we know, the engine



is the heart of a vehicle,

configuration of an engine (Fig. 1. 1.2-1).

Chapter One Engine I 3

and it can produce great power to propel the vehicle. Here is the

Generally speaking, an engine contains one engine block, two assemblies and five systems.

One engine block means that this assembly has a cylinder block, one or two cylinder heads

(if it is a V type engine) and a crankcase.

Two assemblies mean an engine crankshaft and connecting rod assembly and a valve train.

Five systems mean the fuel supply system,

ignition system and the starting system.

G

timing belt cover ( (

\\—‘p

alternator

belt

belt tensioner:

oil pump

the lubrication system, the cooling system, the

\

cover

dipstick
J./n’v" /‘ /
1 /, \_
v
exhaust
manifold
shroud
\ o oil filter
\ 8
) / transmission

mounting flange

toothed .
. oil pan
sensor ring
(a)
fuel rail and
injectors top cover

engine

. .’ \
control unit S |.|I‘|||l \1)\

throttle body

assembly

upper intake
manifold

lower intake )
manifold | 2

Fig. 1. 1.2-1

timing belt cover

sensor ring

crankshaft pulley

sensor

(b)

Main Engine Components

(a) Left Side; (b) Right Side
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(c)
Fig. 1.1.2-1 Main Engine Components ( Continued)
(¢) Parts
I —intake manifold; 2—gasket; 3—throttle body; 4—fuel rail; 5—fuel damper; 6—fuel line; 7—injector; 8—valve cover;
9—gasket; 10—shim; 11—bucket tappet; 12—valve spring; 13—valve guide; 14—valve; 15—spark plug; 16—intake camshalft;
17—exhaust camshaft; 18—cylinder head; 19—gasket; 20—shield; 21—exhaust manifold; 22—cylinder-head gasket;
23—timing belt; 24—tensioner; 25—crankshaft pulley; 26—28—timing belt covers; 29—gasket;
30—camshaft pulleys; 31—bearing cap; 32—gasket

1.1.3 Four Strokes Operation

Have you ever opened the hood of your auto and wondered what was going on there? An
automotive engine looks like a big confusing jumble of metal, tubes and wires to the uninitiated.
You might want to know what’s going on simply out of curiosity. Now we’ll discuss the basic idea
behind an engine operation (Fig. 1.1.3-1).

As we know, the internal combustion engine (ICE) seems to be the one most commonly
used in the automotive field. According to the fuel energy used, internal combustion engines are
further divided into gasoline engines, kerosene engines,
diesel engines, etc.

Most automotive engines operate on the four strokes to
convert gasoline into motion. The power production cycle

consists of four strokes of the piston reciprocating motion. The

four strokes are illustrated in Fig. 1. 1.3-2. They are: intake

Fig.1.1.3-1 Engine Compartment stroke, compression stroke, power stroke, and exhaust stroke.
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(a) (b) (¢) (d)
Fig. 1. 1.3-2  Four Strokes of Engines

(a) Intake Stroke;(b) Compression Stroke; (c) Power Stroke; (d) Exhaust Stroke

Intake Stroke

On the intake stroke, when the piston moves downward to the bottom dead centerm (BDC) ,
a vacuum is created in the cylinder. Meanwhile, the intake valve opens, and the air-fuel mixture is
drawn into the cylinder through the valve port. Sometimes, the intake stroke can also be called
“induction stroke.”

Compression Stroke

After the piston reaches the bottom dead centerm ( BDC) , it begins to move upward. As this
happens, the intake valve closes. The exhaust valve is also closed, so that the cylinder is sealed.
As the piston moves upward, it compresses the trapped air-fuel mixture. The amount that the
mixture is compressed is determined by the compression ratio of the engine. The compression ratio
on the average engine is in the range of 8 : 1 to 10 : 1. It means that when the piston reaches the
top of the cylinder, the air-fuel mixture is squeezed to about one tenth of its original volume.

Power Stroke

As the piston reaches the top dead center (TDC) on the compression stroke, an electric spark
is produced at the spark plug. The ignition system delivers a high tension current to the spark plug
to produce the spark, and ignites the air-fuel mixture. Each spark plug fires at a different time,
which is determined by the engine firing order. The power process pushes the piston down the
cylinder with great force turning the crankshaft to provide the power to propel the vehicle.

Exhaust Stroke

As the piston reaches the bottom dead center (BDC) again, the exhaust valve opens to allow the
exhaust gas or burned gas to be expelled through the exhaust-valve port. Since the cylinder contains so
much pressure, when the valve opens, the gas is expelled with a violent force. That is why a vehicle
without a muffler sounds so loud. The piston travels up to the top of the cylinder pushing all the exhaust

out before closing the exhaust valve in preparation for starting the four-stroke process over again.

Words

combustion [ kom'bastfon] n. Bk)E

Volkswagen [ vouks'waegon| n. K 4
cylinder [ 'silinda | n. & 4r, &4k
gasoline [ 'gaesaliin] n. A
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diesel [ 'dizzal] n. %k

stroke [ strouk ] n. 42,4742

coolant [ 'kutlont | n. A2p#], A% &

marvelous [ 'mazvalos] adj. A AR, JE FLEY
configuration [ konfigju'reifon] n. #yi& 4 A

assembly [ o'sembli] n. % fe., H4

crankcase [ 'kreepkkeis] n. w4k 45

crankshaft [ 'kreepkfa:ft] n. wh b

lubrication [ [lu:bri'keifon] n. EE, 8 E &

ignition [ig'nifon] n. (A E X FHHEG) K KEE, &K
component | kom'pounont | n. R4, 284, 5, R4
manifold [ 'menifould] n. B % GAE R FHIA FARHER)
gasket[ 'gaeskit | n. # B

damper [ 'dempa] n. FLR %, RIKE, KT, R
injector [ in'dzekto] n. "k %

shim [ fim] n. # 4

tappet [ 'teepit | n. AT, HEAT

valve [valv] n. &17, &

tensioner [ 'tenfona] n. K% %

pulley [ 'puli] n. &4

camshaft [ 'kemfa:ft] n. Jhébih

hood [hud] n. X FHpE

automotive [ oito'moutiv] adj. & %)

jumble [ 'dzambl] ve.&vi. #Ei4  no R, 2 ELeg—
uninitiated [ ani'nifieitid] adj. £k Z 3£ F 4 2 4aif fo 2 1o 0
curiosity [ kjuori'ssiti] n. 4F4 &, L4ask

reciprocate [ ri'siprokeit ] vt.& vi. (&) 42 5 &3

piston [ 'piston] n. EE

port [ poit] n. iBiE

induction [in'dakfon] n. ®A

seal [siil] n.&v. B

compress [ kom'pres | vt. JE %5

squeeze [ skwiiz] ve.&vi.& n. #, /%

ignite [ ig'nait | v£.& vi. & K, 1EBKIE

tension [ 'tenfon] n. %K K% A, 35 H

current [ 'karont ]| n. W7, AR, KR adj. BETET, RmATH
propel [ pra'pel] vt. i, IR4E

expel [iks'pel] ve. #He b " (RAE)

muffler [ 'maflo] n. 4 &%

preparation [ prepa'reifon] n. /f& T, &4k



Phrases and Expressions

electric motor FEZfjHL

steam engine ZZ 5L

in line H%

gasoline engine 75iH#L

diesel engine 4471,

engine block & FNHLHLIA

cylinder block ST 1A

cylinder head S.fil 5%

connecting rod ZEFT

crankshaft and connecting rod assembly ]
SEFFHLIG

valve train it S ML

fuel supply system KRIMILZSE R4

lubrication system J[g7F %
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ignition system 5 ‘K 224t
starting system #$L5) &40
intake manifold 5 4&
throttle body 5[ ]k
spark plug K {¥2E

intake stroke #F e
compression stroke JE47 R
power stroke fifE) i
exhaust stroke HE ihFE
air-fuel mixture AJBRTE 5SS
compression ratio JE4g
original volume [ Z5FH
firing order & J I
exhaust gas S,

Abbreviations

ICE (internal combustion engine) HN#AHL
BDC (bottom dead center) T [} 5,

VA

TDC (top dead center) I |-

VO

N Practice

1. What do almost all cars use to convert gasoline into motion?
A. One-stroke combustion cycle. B. Two-stroke combustion cycle.

C. Three-stroke combustion cycle. D. Four-stroke combustion cycle.

2. Which of the following does not aid in the powering of most mainstream cars today?
A. Gas. B. Battery. D. Alternator.

3. A car engine’s job is to

C. Solar energy.
A. convert fuel into heat B. convert fuel into motion
C. convert fuel into exhaust
4. A car uses a four-stroke engine. The four strokes are
A. intake, compression, ignition and exhaust
B. injection, rotation, ignition and exhaust
C. injection, carburetion, rotation and exhaust
5. A device that works on the same principle as a car engine is
A. a nuclear submarine B. a jackhammer
C. a spud gun

6. In the intake stroke, the crankshaft has rotated about
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A. 90 degrees B. 180 degrees C. 360 degrees D. 720 degrees

. Near the end of the downward movement of the piston on the power stroke, the camshaft opens
the , but the remains closed.

A. exhaust valve; exhaust valve B. exhaust valve; intake valve

C. intake valve; exhaust valve D. intake valve; intake valve

. With the at the bottom of the cylinder, the exhaust valve opens to allow the burned
exhaust gas to be expelled to the exhaust system.

A. piston B. valve C. camshaft D. crankshaft

. According to the method of ignition of the air-fuel mixture, engines are divided into

A. gas engine and steam engine

B. gasoline engine and diesel engine

C. external combustion engine and compression ignition engine

D. internal combustion engine and diesel engine

10. According to the classification of valve arrangement, the engines have

A. four-cylinder engine, six-cylinder engine and eight-cylinder engine
B. in-line engine, V-shape engine, opposed engine

C. l-head engine, F-type engine, I-head engine

D. air-cooled engine, water-cooled engine

1.2 Engine Block

In engine block, the cylinder block is the main supporting structure to which all other engine parts

are attached. It contains two main sections: cylinder section and crankcase section (Fig. 1.2-1).

left bank cylinder 5 water-jacket

ghtb\ cylinder
v
7

ank

block

alumlmum/t/; -8 .\\\ plugs ==
X

N
cylinders :{ i~
‘\Q v

1i

aluminium
cylinder
block

main bearing cap

(a) (b)
Fig. 1.2-1 Cylinder Block and Crankcase

The cylinder block is a single machined casting unit. It contains cylinders, cylinder heads,

coolant passages or water sockets, and lubrication passages. And there is a drilled passageway

within some blocks for the camshaft. In addition, the crankshaft is housed in the crankcase at the

bottom of the cylinder block. Usually, it is cast into one piece, and made from cast iron.
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However, in modern engine, it is also made from aluminium and magnesium, so that it can be
much stronger enough to withstand any bending or distortion.

In addition, the crankcase (in Audi A8 6.0 W12 engine) is formed by the cylinder block and
bearing support made of aluminium. The sump (also aluminium) is of two-piece design (Fig. 1.2-2).

Cylinder Head and Gasket (Fig. 1.2-3 to Fig. 1. 2-5)

A cylinder head is bolted to the top of each bank of cylinders to seal the individual cylinders
and contain the combustion process that takes place inside the cylinder.

Most cylinder heads are made from cast aluminum or cast iron. The cylinder head contains at
least one intake valve and one exhaust valve for each cylinder. This allows the air-fuel mixture to
enter the cylinder and the burned exhaust gas to exit from the cylinder. Usually, in-line four-

cylinder and six-cylinder engines have one head, while V6 and V8 engines have two.

cylinder block

bearing
support

top section of
sump

sump

Fig. 1.2-2 Audi A8 6.0 W12 Engine Fig. 1.2-3 Cylinder Head
Cylinder Block and Crankcase

thermostat housing
ylinder head

coolant
collector

cylinder and X -
crankcase 3:)})\ o\

Fig. 1.2-4 Cylinder Block and One Cylinder Head Fig. 1.2-5 Gasket

The joint between the cylinder block and the head must be tight and able to withstand the

pressure and the heat developed in the combustion chamber, so the gasket is needed.
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Words

structure [ 'straktfo] n. Z5#y, #yE
machine [ mo'fimn] n. ML, PAREE
cast [ kaist] vt. %45 n. 4
passage [ 'peesidz] n. @i ,itiE

socket [ 'sokit] n. 3L, 5%, 3G, &
drill [dril] n. 453k, 46k v 4630
passageway [ 'paesidzwei] n. itif , kA
house [ haus] vt. & (HLE FH) K E
iron [ 'aion] n. 4

aluminium [ &lju'minjom ] n. 4%
magnesium [ mag'nirzjom| n. 4
withstand [ wid'stend | vt. 2%, &K%
sump [ samp | n. ik E i E, IHE b A
bolt [ boult] n. #Z# vr. AR EE
bank [ bepk] n. 7,41

thermostat [ '@ormostet | n. ¥ 2%

Phrases and Expressions

water sockets 7KiH thermostat housing %5 15 #5 55 , [H R 25744
cast into FEEEHK coolant collector & H1&K INEE 25
cast iron £54k combustion chamber PAps 2

bearing support %7 Jis
N Practice

1. What is the core of a car’s engine?

A. The cylinder. B. The spark plug.
C. Windshield-washer fluid. D. Exhaust.

2. The engine crankcase and block are usually made from
A. high-grade cast alloy iron B. high alloy iron
C. high-grade cast alloy steel D. high alloy steel

3. Which statement about cylinder head is fault?
A. The cylinder head is bolted to a very flat surface above the cylinder portion of the block.
B. The cylinder head is cast into one piece from iron only.
C. The cylinder head forms the upper portion of the combustion chamber.
D. The cylinder head is used to hold the valves, and it has ports to allow air, fuel and exhaust

to move through the engine.
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4. What is the purpose of the cylinder liner?
A. Tt is used to avoid accumulating carbon deposits inside the cylinder.
B. It is used to avoid leaking air-fuel mixture out of the cylinder.
C. It is a good conductor that can carry the heat away from the cylinder.
D. It can be removed and replaced rather easily if the cylinder is damaged.
5. Which component does the engine block contain and support?
A. Tt contains the cylinders and supports the crankshaft and camshaft.
B. It contains the cylinders and supports the flywheel.
C. It contains the crankcase and supports the cylinders and a head.
D. It contains the camshaft and supports the crankshaft and camshaft.
6. Which component forms a guide for the piston and acts as a container for taking in,
compressing, firing, and exhausting the air-fuel charge?
A. Valve guide. B. Camshaft.
C. Cylinder. D. Engine block.
7. The joint between the cylinder block and the head must be tight and able to withstand the
pressure and the heat developed in the combustion chambers. What is the joint?

A. Water jacket. B. Sleeve.
C. Gasket. D. Plug.
8. Which material cannot be used to cast engine block?
A. Aluminum. B. Chromium.
C. Gray iron. D. Stannum.
9. The cylinder head contains for cooling in the assembled engine.
A. oil passages B. water jackets
C. a fan D. an oil cooler

10. What determines the size and the placement of the engine block?
A. The number of spark plugs. B. The number of pistons.

C. The number of cylinders. D. The number of valves.

1.3 Engine Crankshaft and Connecting Rod Assembly

Engine crankshaft and connecting rod assembly is one
of the assemblies in the engine. It converts thermal energy
into mechanical energy used to drive the vehicle.

This assembly is composed of pistons, piston rings,
connecting rods and crankshafts(Fig. 1.3-1).

Piston

A piston is composed of a piston head, piston rings,

piston grooves, piston lands, piston skirts, and a piston
pin hole (Fig. 1.3-2). Fig. 1.3-1 Engine Crankshaft and
Connecting Rod Assembly



