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Task 1 Introduction to the Elementary Knowledge of the
Four-stroke Engine

Internal Combustion Engine

The vehicle engine is a self-contained power unit which converts the heat energy of fuel
into mechanical energy for moving the vehicle. [11Because fuel is burned within the engine, it
is known as an internal combustion engine. In the internal combustion engine, air/fuel mix-
ture is introduced into a closed cylinder where it is compressed and then ignited. The burning
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of the fuel causes a rapid rise in cylinder pressure which is converted to useful mechanical
energy by the piston and crankshaft. The most common engine is the four-stroke engine. These
four strokes are intake stroke, compression stroke, power stroke and exhaust stroke (shown
as Fig. 1-1) .

wmOEE S B o % oud e B 2 o

spark plug

valve
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Intake Stroke  Compression Stroke  Power Stroke Exhaust Stroke

Fig. 1-1 The Four-strokes of Gasoline Engine

Intake Stroke

The intake stroke of a four-stroke engine begins with the piston at top dead center
(TDC) . The starter causes the crankshaft to rotate in a clockwise direction. The crankshaft
forces the piston to move downward through the connecting rod. This downward movement of
the piston creates a vacuum, a pressure difference between TDC and bottom dead center
(BDC) in the space above the piston. The engine manufacturer times the intake valve action
so that it opens automatically at or slightly before the piston starts down. Therefore, a mixture
of gasoline and air, pushed by the atmospheric pressure outside the engine, rushes through
the intake manifold and into the engine cylinder. At the same time, the exhaust valve remains
closed. This valve closure prevents the entering air/fuel charge from escaping through the
exhaust port. After the piston reaches the bottom of its first stroke, the cylinder is practiéally
full of an air/fuel charge. The drawing of an air/fuel charge into the cylinder in this manner,
during the downward movement of the piston, constitutes the intake stroke of the piston. [*!
Compression Stroke

After the piston reaches bottom dead center, it moves upward again as the starter contin-
ues to turn the crankshaft in a clockwise direction. As the piston is beginning to move
upward, the intake valve closes, and the exhaust valve remains closed. Since both valves are
closed, the piston compresses the air/fuel mixture in the small space between the top of the
piston and the cylinder head. As the piston reaches TDC again during its upward travel, the
compression stroke of the piston is over. The air/fuel charge is now under compression so that
it will produce a great deal of power when the spark plug ignites it.
Power Stroke

Just as or slightly before the piston reaches TDC on the compression stroke with the air/
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fuel mixture fully compressed, a timed electrical spark appears at the spark plug. This spark
ignites the compressed air/fuel mixture. The burning mixture begins to expand; the pressure
in the combustion chamber above the piston immediately increases. This results in a high pres-
sure applied to the top of the piston. Now, both valves remain closed during the power
stroke. This assures that the total force of the expanding gas applies itself to the head of the
piston. This tremendous force pushes the piston downward on the power stroke, causing the
connecting rod to rotate the crankshaft. */In other words, the force resulting from the expan-
sion of the burning air/fuel mixture is turning the crankshaft.
Exhaust Stroke

Near the end of the downward movement of the piston on the power stroke, the cam-
shaft opens the exhaust valve, but the intake valve remains closed. Although much of the gas
pressure has expended itself driving the piston downward, some pressure still remains when
the exhaust valve opens. This remaining pressurized gas flows comparatively freely from the
cylinder through the passage (port) opened by the exhaust valve. *! Then, as the piston
again moves up in the cylinder, it drives any remaining gases out of the cylinder past the
open exhaust valve. As the piston travels through the TDC position and starts downward again
in the cylinder, a new operating cycle begins. The four strokes are continuously repeated in
every cylinder as long as the engine remains running.
Flywheel

The engine cycle has only one power stroke where the piston is actually driving the
crankshaft. During the other three strokes, the rotating crankshaft is moving the piston up or
down in its cylinder. Thus, during the power stroke, the crankshaft tends to speed up;
during the other three strokes, it tends to slow down. To keep the crankshaft turning smoothly
between two power strokes, a flywheel is attached to the end of the crankshaft. [*! This wheel
resists any effort to change its speed of rotation. When the crankshaft tends to speed up or
slow down, the flywheel inertia resists it.
Multiple-Cylinder Engines

The single-cylinder engine just described as above provides only one power stroke during
every two crankshaft revolutions or delivers power only one-fourth of the time. To provide a
more even and continuous flow of power, vehicles have engines with four, six, or eight
cylinders.
Engine Classification

For identification purposes, manufacturers classify automobile engines by their cylinder
arrangement, valve arrangement, and type of the system used to cool the engine. [*

Engine manufacturers basically use three distinct ways to arrange the cylinders in an en-
gine: in-line, V-shape, or opposed (shown as Fig.1-2) .

Automobile engines have their valves arranged in one of three ways. In an L-head en-
gine, the valves are in the block, sitting side by side, adjacent to the cylinder. This engine
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design was at one time very common, but because of its limited compression ratio, the usage
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now has been confined. The F-type engine has one valve in the cylinder head and one in the
engine block. Modern automotive engines utilize the third type of valve arrangement, with
both valves in the cylinder head.

=h

In-line Type V-shape Opposed Type

T~ T

Fig. 1-2 Engine Arrangement

Manufacturers also classify engines as being either air-cooled or water-cooled (shown as
Fig. 1-3) . In these air-cooled engines, the cylinders are cooled by the air flowing around. A
liquid-cooled engine uses a liquid coolant as the medium to remove heat from the engine. With
this system, the engine has the water jackets in the block and head, which surround the cyl-
inders and combustion chambers and through which coolant circulates freely. !”! This coolant
enters the engine from the bottom of the radiator and circulates throughout the engine, where
it absorbs heat. Then it exits from the upper water jackets and pours into the upper portion of
the radiator. As the coolant passes through the radiator, it picks up the heat contained in the
coolant and passes this heat to the air flowing around the radiator passages or tubes. Thus, the

coolant leaving the lower tank is cool ready to flow through the engine again.

Radiator Cap Radiator Fan Temperature Gauge

Radiator

cdededededed

‘Water Pump

Fig. 1-3  Water-cooled Engine

Word List

1. introduction[ intra'dak] (a)n]
2. unit[ "jusnt]

3. vehicle[ 'viik(a)l]

4. engine[ 'end3In]
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5. cylinder[ 'silinda(r)]

6. combustion[ kem'bast/[ (e)n]
7. burn[ ba:n]

8. convert| kan'va:t]

9. piston[ 'pist(e)n ]

10

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33,
34.
35.
36.
37.
38.
39,
40.
41.
42.

. crankshaft[ 'kreenk] a:ft ]
ignition[ 1g'n1f (8)n]
intake[ 'interk ]

starter[ 'sta:ta(r)]
clockwise[ 'klokwaiz ]
movement[ ‘'mu:vmant ]
vacuum[ 'veekjusm ]
gasoline[ 'geesalr:n]
manifold[ 'meentfauld]
stroke [ strauk ]

remain[ ri'mein ]

charge[ tf a:d3 ]

draw|[ dro:]

constitute[ 'konstrtju:t]
compress| kam'pres ]
travel| 'treev(a)l ]

power[ 'paua(r)]

ignite[ 1g'nait]

spark [ spa:k ]
revolution[ reve'lu:f (8)n]
expand| 1k'speend ]
expend| 1k'spend ]
passage| 'pees1ds |

port[ po:t]

continuously [ ken'tinjussli]
attach [ o'teet ]

resist[ r'zist]

inertia[ 1'ne:f o]

even[ '1:v(e)n]
automobile[ "a:tamabr:l |
arrange[ a'reindz ]
flywheel [ ‘flaiwi:l ]
arrangement[ o'reindzmant |
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n. REr, B, EEE

n. R A

vi. /vt. RIS

vt. [EREAE, H#e-
n 5%

n. [H%8h

n gk, AR

n #K, AQ, #0O
n. &3

adj. JREHETTIAE 5 adv. NRESETJ7 103

n. &3, ik, BF
n. B%%; adi. BAZH
n. I5H

n . HEREE

n. W&, &

vi. 1758, 28, ®EK
n. #K, ¥R

v. |31, A

vt. 20, FIR

vt. R4, W48

v. figtT, &8, Tt
n BER, 30

v. sk, B

n. KIE

n. T, E¥H—R

v [ERERK, TR, 75K

vt. J4%E, 1£%%,

n EiE, W

n HiE, O, wmO

adv. RWiih, LM

vt FEE, BB, b

ve. ¥&30, EH, b, A
n B, HE

adj. LW, B, M
e

Heyl, &HE
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. HEF, ZHE
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43. adjacent[ a'dzeisant] adj. SRR, BIEH

wowrom OB W oE w

44. coolant[ 'ku:lant ] n. BHIW

45. medium[ 'mr:diem ] n Ak, B, AR
46. radiator| 'reidieita(r)] n. BHREE

47. tank| teenk] n. A

48. camshaft[ 'keem][ a:ft] n. LEH

Proper Names

1. self-contained HE&/
2. internal combustion engine PR
3. heat energy #he
4. mechanical energy HLAREE
5. air/fuel mixture SEBMBEEY (TTHRIBES)
6. intake stroke HSATR
7. compression stroke E4171E
8. power stroke YEThATRE
9. exhaust stroke HSAR
10. top dead center (TDC) Y=
11. connecting rod EM
12. intake valve #HAU]
13. atmospheric pressure KEEN
14. intake manifold PRE
15. exhaust valve HAT
16. bottom dead center ( BDC) Flk&
17. spark plug KAEZE
18. combustion chamber R
19. compression ratio E4i L
20. cylinder head ' IR 5
21. engine block b2l Na ik
22. water jacket KE
Useful Expressions
1. so that Brik, Ei
2. at the same time Fat, {HE2
3. because of 533}
4. speed up SN
5. siow down () 18Tk

Bl o
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6. result in =X
7. side by side H4HE, HR

Key Vocabulary

1. expand

ve. fERERK, R, K, K

The business has expanded from having one office to having twelve. X4~/A & B WA
— NN EIRBERWA 2 M AR T,

vi. I, RfE

expand on ik

expand to ¥ KK

2. arrange

vt. {5, B

He arranged the books on the shelf. fhilHZE BB T —TF,

vt. THE, W&

We have arranged a party. &ITERT — 1K<,

vi. WE

Arranged with her to meet at 8. FIfh#E 8 AR,

arrange for &HE

Notes

[1] The vehicle engine is a self-contained power unit which converts the heat energy of
fuel into mechanical energy for moving the vehicle.

Bi%: FHEAIIE-ME|/INEAKE, REETERE ARSI,
ATHsIERIEE,

&% which converts---5| 2 iEMAH],

[2] The drawing of an air/fuel charge into the cylinder in this manner, during the
downward movement of the piston, constitutes the intake stroke of the piston.

¥ EEEN TR, ATRBEURR T RERARE, R EHSITE,

i&3%: during the downward movement of the piston fERT[B]4R1E M H],

[3] This tremendous force pushes the piston downward on the power stroke, causing
the connecting rod to rotate the crankshaft.

BiF: wfeoiTEE, ERNMSEESESEEER TIE8), WahErrishthi,

&k causing the connecting rod to rotate the crankshaft J2 38 7E 4 RIVE 4 BolR B M A .

[4] This remaining pressurized gas flows comparatively freely from the cylinder through
the passage (port) opened by the exhaust valve. ‘

B MROBEAUENC BT HESE RO TS s R
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[5] To keep the crankshaft turning smoothly between two power strokes, a flywheel is
attached to the end of the crankshaft.

BIE: N TR MBS R DT R R M B, FER BN R R e TR,

[6] For identification purposes, manufacturers classify automobile engines by their cyl-
inder arrangement, valve arrangement, and type of the system used to cool the engine.

B N TETFRD, RIWUEERBRIREHS ., KBRS H REARERS
REWLHFT R,

153k for identification purposes /& H HIMRIE o

[7] With this system, the engine has the water jackets in the block and head, which
surround the cylinders and combustion chambers and through which coolant circulates freely.

g kSRR L, RIPIKEEREEAYEKE, KEQEERGHM
Wi, KENIA B BIER RIS

i&3% . which B| S E1E I H B the water jackets,
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Exercises

1. Choose the best answer from the following choices according to the text.
1)In the internal combustion engine, air/fuel mixture is introduced into a closed

where it is compressed and then ignited.

A. tank B. spark C. cylinder D. flywheel
2) The air/fuel charge is now under so that it will produce a great deal of
power when the spark plug ignites it.
A. compression  B. inflation C. vacuum D. ignition
3)Thus, the coolant leaving the lower tank is ready to flow through the en-
gine again.
A. hot B. cool C. cold D. warm
2. Translate the following into Chinese.
1) internal combustion engine 2) vehicle 3) power stroke
4) exhaust valve 5) gasoline 6) liquid-cooled engine
7) flywheel 8) air-cooled engine 9 ) crankshaft
3. Translate the following into English.
1) PR &3l 2) AT 3)HSRGE
4) R 5)iR4L 6) %2
T) AR ES 8) kIEZE 9) EFF

4. Translate the following sentences into Chinese.

1)In the internal combustion engine, air-fuel mixture is introduced into a closed cylinder
where it is compressed and then ignited.

2) The intake stroke of a four-stroke engine begins with the piston at top dead center
(TDC) .

el - B
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3) After the piston reaches bottom dead center (BDC), it moves upward again as the
starter continues to turn the crankshaft in a clockwise direction.
5. Translate the words or phrases in the following figure into Chinese.

Spark Plug

Exhaust
Valve

Intake Stroke  Compression Stroke ~ Power Stroke Exhaust Stroke

Practical Reading

2ZZ7Z-GE ENGINE

Description .

The 2ZZ-GE engine is an in-line, 4-cylinder, 1.8-liter, 16-valve DOHC engine. (i
This engine meets the European STEP Il regulations.

The VVTL-i system ( Variable Valve Timing and Lift-intelligent) system, the DIS
( Direct Ignition System) , and an Air Injection system have been adopted on this engine in
order to improve performance, fuel economy and reduce exhaust emissions. [2]

Layout of Main Engine Components (Shown as Fig. 1-4)

Ignition Coil with Igniter

Injector

Camshaft Position Sensor

(for VVT) £

ISC Valve

Qil Control Valve
Knock Sensor(for VVTL)

Crankshaft Position Sensor

Fig 1-4 Layout of Main Engine Components

El * I
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Word List

1. regulation[ regju'lerf (a)n] n. M, ME
2. layout/[ 'leraut ] n Bit, g, WEHEZHE
3. component[ kam'paunant ] n. JofF, 44, B

Proper Names
engine component RBIHLZE M
Notes

[1] The 2ZZ-GE engine is an in-line, 4-cylinder, 1.8-liter, 16-valve DOHC engine.

BRiE; 2ZZ-GE £ HHLE—3KEF] 4 fir, 1.8L HE. 16 <[], WHEHREHAE
L,

[2] The VVTL-i system ( Variable Valve Timing and Lift-intelligent system) , the DIS
(Direct Ignition System) , and an Air Injection system have been adopted on this engine in

order to improve performance, fuel economy and reduce exhaust emissions.

B AREARSNS M. REEFEEBEESHER, ARINRAT
VVTL-i (F[ZES[7]IE i
ES 8

BRESIIABRELS). DIS (EEAXREGE) M= w4

TR e R M

1. http://65.201. 178. 38

2. http.//www. a-car. com
#ELH

1. TR, AEELEE (M] . ¥ ARE SRR, 2003.

2. Lkt . AEFARE (T) [M] . ¥ ARIEHRAE, 2005.

3. William K. Toboldt, & Larry Johnson. Automotive Encyclopedia [ M]. South
Holland, Illinois; The Goodheart-willcox Company, Inc. 1983.
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Task 2 Engine Structure Understanding

Engine Block

The engine block forms the main framework, or foundation, of the engine (shown as
Fig. 2-1) . "' The block is cast mainly from gray iron or iron alloyed with other metals such
as nickel or chromium. However, some blocks have been made from aluminum. In any case,
the block itself has many components.

The cylinders are cast into the block. The cylinders are circular, tubelike openings in the
block, which act as guides for the pistons as they move up and down. In aluminum blocks,



