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Unit One Introduction to the Four-stroke Engine

Internal Combustion Engine

The engine is a self-contained power unit which converts the heat energy of fuel into mechanical
energy for moving the vehicle. ') Because fuel is burned within the engine, it is known as an inter-
nal combustion engine. In the internal combustion engine, air/fuel mixture is introduced into a
closed cylinder where it is compressed and then ignited. The burning 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 piston engine. These four strokes are intake stroke, com-
pression stroke, power stroke and exhaust stroke.
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, through the connect-
ing rod, forces the piston to move downward. This downward movement of the piston creates a vacu-
um, a difference in pressure, in the space above the piston. The engine manufacturer times the in-
take 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
during this downward stroke of the piston. 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 practically 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. 2]
Compression Stroke

After the piston reaches bottom dead center (BDC), it moves upward again as the starter con-
tinues 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 pis-
ton 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/fuel
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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 pressure 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. 2! In other
words, the force resulting from the expansion of the burning air/fuel mixture is turning the crank-
shaft.

Exhaust Stroke

Near the end of the downward movement of the piston on the power stroke, the camshaft opens
the exhaust valve, but the intake valve remains closed. Although much of the gas pressure has ex-
pended 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 pas-
sage (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. In other words, while the
exhaust valve is open, the upward movement of the piston provides an effective method for dischar-
ging all waste gases from the engine cylinder and combustion chamber. As the crankshaft nears the
end of its second complete revolution, the piston again approaches the TDC position. At this point
the exhaust valve is closing and the intake valve starts to open. Both valves are open together for a
short period of time in order to accelerate the fresh air/fuel charge to flow into the cylinder. 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 re-
mains running.

Engine Classification

For identification purposes, manufacturers classify automobile engines by their cylinder arrange-
ment, valve arrangement, and type of system used to cool the engine. s
Engine Block

The engine block forms the main framework, or foundation, of the engine. 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, the man-
ufacturer usually installs cast-iron or steel cylinder sleeves (liners). The water jackets are also cast
into the block. Finally, the block has cast-in bores for both the camshaft and crankshaft.

Many parts are also attached by fastening devices to the engine block. These items include the
water pump, oil pan, the flywheel or clutch housing, the ignition distributor, oil and fuel pump,
and the cylinder head.

Cylinder Head

The cylinder head is bolted to the block. The manufacturer casts the cylinder head in one piece

from iron, from iron alloyed with other metals, or from aluminum alloy. Aluminum has the advan-
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tage of combining lightness with rather high heat conductivity. Depending on the style of engine, the
cylinder head serves many functions. For example, in all engine types the head forms an upper cov-
er for the cylinders; therefore, the head forms the upper portion of the combustion chamber. All
modern heads provide an access point into the combustion chamber for the spark plug. The final ma-
jor components attached to the head are the manifolds: one intake and one or more exhaust.
Pistons

The engine manufacturer fits a piston into each cylinder of the engine. The piston is a movable
part or plug that receives the pressure from the burning air/fuel mixture and converts this pressure
into reciprocating (up-and-down) motion. "*’ Manufacturers make most engine pistons from alumi-
num, which is less than half the weight of iron. Iron pistons were common in early automotive en-
gines.
Piston Rings

Some operating clearance must exist between the piston and the cylinder wall; however, some
form of seal is necessary between the piston and the cylinder wall to prevent blowby. Blowby de-
scribes the escape of unburned and burned gases from the combustion chamber, past the piston, and
into the crankcase. The manufacturer cannot fit a piston to a cylinder close enough to prevent blow-
by. Consequently, piston rings are used to provide the necessary seal to eliminate blowby and to

7! Automotive pistons have two kinds of rings: compression and oil control.

control oil consumption.
The compression rings primarily seal against the loss of air/fuel mixture as the piston compresses it
and also the combustion pressure as the mixture burns. While the function of the oil control ring is to
prevent excessive amounts of oil from working up into the combustion chamber.
Connecting Rods

As mentioned earlier, the piston moves up and down in the cylinder, in a reciprocating motion.
In order to rotate the drive wheels, a connecting rod and crankshaft must change reciprocating mo-
tion to rotary. The connecting rod itself attaches at one end to the piston and on the other end to the
crankpin section of the crankshaft. s
Crankshaft

The crankshaft is the main rotating member, or shaft, of the engine. Its function, along with
the connecting rod, is to change the reciprocating motion of the piston to rotary. In addition, the
crankshaft is responsible for driving the camshaft through timing gears, plus operating the accessories
via a system of belts and pulleys. Lastly, the crankshaft carries the total torque-turning or twisting
effort and delivers it to the flywheel. From the flywheel the torque then passes either to the friction
clutch assembly or to the torque converter.
Flywheel

The flywheel is a comparatively heavy wheel, bolted to the flange on the rear end of the crank-
shaft. Its function is to keep the engine running smoothly between power strokes. Its inertia tends to
keep the flywheel rotating at a constant speed. The flywheel also has several other functions. For ex-
ample, the flywheel has gear teeth around its outer circumference. These teeth mesh with teeth loca-
ted on the starting motor drive pinion in order to crank the engine over. In addition, the rear surface

of the flywheel serves as the driving member of the clutch assembly. o



Vibration Damper

Manufacturers usually install a vibration damper and fan pulley assembly onto the drive end of
the crankshaft. This damping device controls torsional vibrations.
Valve

Modern engines have cylinder heads that contain valves. These valves open and close ports to
allow or stop the flow of gases into or from the combustion chamber. Each cylinder requires at least
two: an intake and exhaust.
Camshaft

The camshaft is another rotating shaft within the engine; it serves usually three functions. First,
the camshaft has a series of cams that can change rotary motion to straight-line motion which cause
the intake and exhaust valves to open. The camshaft will have one cam for each valve, or, in most
engines, two cams per cylinder. Second, the camshaft has an eccentric, or special cam, designed to
operate the fuel pump. Finally, the camshaft has a gear that drives the oil pump and ignition distrib-
utor. The crankshaft drives the camshaft by means of two sprockets and a chain or by two gears.
There is a 1:2 gear ratio between the camshaft and the crankshaft; the camshaft turns at half the
speed of the crankshaft. Therefore, every two revolutions of the crankshaft produce one revolution of
the camshaft and one opening and closing of each valve in the four-cycle engine.
Lifters

A lifter is a cylindrical part within an engine that rests on a cam of the camshaft. As the cam-
shaft rotates, the cam raises the lifter, and the lifter in turn opens a valve. The lifter may be in di-
rect contact with the tip of the valve stem, or it may bear against a push rod that functions along with

[10
a rocker-arm assembly to open a valve. W

Push Rods and Rocker Arms

Along with the camshaft, valves, valve seats, and valve springs, some valve trains have several
other components—the push rods and rocker arms.
Timing Gears

The manufacturer machines a cam lobe into a given shape that produces a given amount of

valve-open duration and overlap.
Useful Words & Expressions

introduction [intradakfon In. /M43 5 A ¥, S5 . 416, Al
unit [ jumit | n. SO0, F0F, B4R H0H

vehicle [virikl ] n. 3838 T E., 44

engine [‘endzin | n. &K BhHL

ceylinder [silindo | n. &1, B, BRAEA

combustion [ kombastfon | n. ks

burn [bomn | vi., vt. #REE

convert [ konwart | vt. AR . ..

piston [ ‘piston ] n. 1§ ZE

SRRl A



10. crankshaft [ krepkfa:ft ] n. fi#h

11. ignition [ighifon ] n. fH Kk, fMR

12. intake [‘inteik ] n. A, 0

13. starter [staito | n. L

14. clockwise [ klokwaiz | adj. NI 18] 4 s adv. R4 1) b,
15. movement [ ‘muivmont | n. a3, h{E, 8%

16. vacuum [ weekjuom ] n. EL%S;adj. ELZSHY

17. gasoline ['geesolimn | n. J57H

18. manifold [ ‘meenifould | n. #F

19. stroke [strouk | n. /i, F77%

20. remain |[rimein ] vi. {343,528, F 5

21. charge [ffaidz ] n. 785, 5K}

22. draw [dro: ] vt. R5], M A

23. constitute [ konstitjut | vt. 5%, ¥4 i,

24. compress [kompres | vt. K45, He4i

25. travel [wreevl | v. A7 f64% ATk

26. power [ 'paud | n. fiEfE,5h /)

27. ignite [‘fignait ] v. £, SR

28. spark [spaik | n. k{E

29. revolution [ revoluifon | n. Jighs , ¥65, jighh —JH
30. expand [ikspeend | vt. fHEHK , TR, P 5K

31. apply [oplai | vt. B, B FH, 7EH

32. expend [ikspend | vt. ££2%, JHFE, 2

33. passage [ ‘paesidz | n. @IH,# LS

34. port [port ] n. ¥EIT, ¥ 10, EiE

35. approach [ oproutf | vt. $5ift , s A0 3

36. accelerate [ akseloreit | vt. fill3 , {2 1, {2
37. continuously [ kontinuasli | adv. AW, 1% 4% Hh
38. attach [otef ] vt. & b, W |-, %% |

39. inertia [inorfo | n. MM, 1

40. automobile [ ortomobizl | n. 5%

41. flywheel [flaiwizl ] n. K%

42. arrangement [ oreindgmont | n. 5, Z2HE
43. overlap [ouvalep | v. (5... )&, W ES
44. camshaft [kem[a:ft | n. %85

45. framework [freimwork | n. FJZ48, HEZR, 454
46. foundation [faundeifon | n. JEAll, A

47. nickel [ ikl ] n. %5

48. chromium [ kromiom | n. %%

49. aluminum [ geljuminjom ] n. 43



50. cast [kast ] v. B85
51. sleeve [sliv ] n. B4 & &, HHE
52. bore [bor]n. &, M. GhifL
53. serve [sowv | vt RS, vl M, & T, HA. .. /B
54. crankcase [krenpkeis | n. f{h%h%d
55. bolt [boult ] n. #2847 ;v. HJHEH4: B[
56. seal [sitl ] n. B4}, #14¢, %4
57. reciprocating [ 'resiproukeitin | adj. 752 [
58. circumference [sokamorons | n. [RIJE, &
59. expansion [ikspeenfon | n. 775, @k
60. plus [plas ] prep. fn b, L&
61. blowby [bloubai | n. 55
62. via [waio | prep. £, 1, &
63. sprocket [sprokit | n. FE45
64. chain [tfein | n. £ (5%)
65. crankpin [ krenkpin | n. fhAREY , ZEFF5hE5
66. flange [fleends | n. "M%k, W%, %%
67. function [fancfon | n. g, 1EH
68. cam [kem | n. 4%
69. eccentric |[iksentrik | n. {058
70. gear [gis In. Uik, fLohdes
71. lifter [lifto | n. $EFF
72. component [ kompounant | n. F55, F, A, o4t
73. assembly [osembli | n. Z2%% BEg 4, 24 B AL A 1K
74. duration [ djureifon ] n. {5FZEEF[H]
75. mesh [me[ | vt. W&, HHWES
76. self-contain H £5HY
77. internal combustion engine PY#AR,
78. heat energy #HE
79. mechanical energy HLAKHE
80. air/fuel mixture 25 S HRIMR S (R RIRSS)
81. intake stroke HFSFTHE
82. compression stroke JEZG1THE
83. power stroke /EINFTHE
84. exhaust stroke HFXATHE
85. top dead center (TDC) |- | s
86. connecting rod 4T
87. intake valve #£5|]
88. atmospheric pressure K5 JE 1]
89. intake manifold #=E&
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90. exhaust valve HES,|]

91. bottom dead center (BDC)F I} i
92. spark plug k¥ 3E

93. combustion chamber {55z
94. cylinder head B35

95. engine block S fiT {4

96. water jacket 7KZE

97. gray iron JK I8k

98. water pump 7K 7%

99. oil pan HLil#E:

100. heat conductivity #f& 51
101. fastening device 'Z [ {4:

102. drive wheel BX 34

103. responsible for 155

104. friction clutch assembly EEHETCES &
105. torque converter Y& J1AZHH#%
106. fan pulley XUk 277 58

107. timing gear IFBA %S

108. fuel pump k7%

109. piston ring I{5 £

110. compression ring S Ff

111. oil control ring i ¥f

112. vibration damper $ ¥ JE 2%
113. torsional vibration {54 ¥R 3h
114. oil pump MLl %

115. ignition distributor p5 K 43H, £
116. gear ratio 131

117. valve stem X[ T

118. push rod SR

119. valve seat 5[] i

120. valve spring X[ ] 5%

121. rocker arm | [

122. cam lobe (Y48 EH, M EE TAEHS >
Notes to Text

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

KENHUEA F #3071 B E R VRI A BRI RE , FH T4 3 4= i 2k

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

A RRIR B AR TR ZE 1) N 33 S B AL, XA i R i AT R

3. This tremendous force pushes the piston downward on the power stroke, causing the con-
necting rod to rotate the crankshaft.

TEAEIIATRE D, R TR 0 43l 2E 1) T 3z 8l , 45 5 AT st gl

4. This remaining pressurized gas flows comparatively freely from the cylinder through the pas-
sage (port) opened by the exhaust valve.

BRAR T R AR MU 3t A 2 B HE T T T R T R

5. For identification purposes, manufacturers classify automobile engines by their cylinder ar-
rangement, valve arrangement, and type of system used to cool the engine.

KL I B IR R SR ELHES A B L B8 IR GE R S R4 T 0 2K

6. The piston is a movable part or plug that receives the pressure from the burning air/fuel mix-
ture and converts this pressure into reciprocating (up-and-down) motion.

TG ZEE ] SR, B RS AR B SURRBEIN 7 AR A T 0, I b T e A8 s 2619 B R AR
iE5).

7. Consequently, piston rings are used to provide the necessary seal to eliminate blowby and to
control oil consumption.

PRI , ol 776 8 PR OR X ZE RN AT () FEA T A0 2L 5, AR 1B & S e R b & shiall
PLIMTHFE

8. The connecting rod itself attaches at one end to the piston and on the other end to the crank-
pin section of the crankshaft.

Bk HIRFEME, 5 — 5 iy i e AH i .

9. In addition, the rear surface of the flywheel serves as the driving member of the clutch as-
sembly.

T34, KA Y e i A FHAE R A R A B

10. The lifter may be in direct contact with the tip of the valve stem, or it may bear against a
push rod that functions along with a rocker-arm assembly to open a valve.

ATHEAF B B S TR I A, B0 5 HERT AR | HE ST S 30 Bl — BT R
e



Exercises

1. Make Choices:

(1) The is a self-contained power unit which converts the heat energy into mechanical
energy.
A. crankshaft B. engine C. camshaft D. flywheel

(2) The is the first stroke of a four-stroke engine.
A. power stroke B. exhaust stroke  C. intake stroke D. compression stroke

(3) To keep the crankshaft turning smoothly between successive power strokes, the engine need a
heavy wheel-
A. crankshaft B. connecting rod  C. camshaft D. flywheel

(4) A liquid-cooled engine uses as the medium to remove heat from the engine.
A. a liquid coolant B. wind C. lubricating oil D. ATF oil

(5) describes the escape of unburned and burned gases from the combustion chamber,

past the piston, and into the crankcase.

A. Combustion B. Blowby C. Cooling D. Lubricating
(6) The act as guides for the pistons as they move up and down.
A. cylinders B. piston C. flywheel D. camshaft

2. Translate the following into English:
(D) R 7425 J1 9%
(2) pu e & SALR DU WA < S SATRR R AR AT R AR AT R AT
(3) K Bhblae 2 Atk R th Al i F-his %
(4) e & ShpLY 4l
(56 FE 2R SHLI B S0, TAERTESEL N N isg).
(6)ZEAT15 75 2 | M A5 43 S AHE -
3. LIl BB R R EZ A AE R B FE E ( S E MR ) ik £ AE RN X IS,
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Unit Two Introduction to the Chassis

The Power Train

The power train carries power from the engine crankshaft to the car wheels so the wheels rotate
and car moves. '’ For many years, on most cars the engine has been mounted in the front and the
rear wheels were driven. This arrangement includes:

1) The engine, which produces the power.

2 ) The transmission, either manual or automatic.

3) The clutch on vehicles with manual transmissions.

4) The differential, which sends the power to the two rear wheels through the wheel axles.

5) The drive shaft, which carries the power from the transmission to the differential.
The manual transmission

The manual transmission provides a means of varying the relationship between the speed of the
engine and the speed of the wheels. Varying these gear ratios allows the right amount of engine pow-
er at many different speeds.
The clutch

The clutch allows you to connect and disconnect the engine and the transmission, both starting
up and during shifts. Friction plates route the rotation of the engine crankshaft to the gears, and then
to the wheels.
Automatic Transmission

In an automatic transmission, gear ratios are changed automatically. This eliminates the need
for the driver to operate the clutch and manually “shift gears” . The typical automatic transmission
combines a fluid torque converter, a planetary-gear system, and a hydraulic control system in a sin-
gle unit.
Differential

Differentials are used at the rear of vehicles with rear-wheel drive. They are used at the front in
the transaxles of vehicles with front-wheel drive. When the car is on straight road, the ring gear,
differential case, differential pinion gears, and two differential side gears all turn as a unit without
any relative motion. >’ However, when the car begins to round a curve, the differential pinion gears
rotate on the pinion shaft. This permits the outer wheel to turn faster than the inner wheel.
The Drive Shaft

The drive shaft, or propeller shaft, connects the transmission output shaft to the differential pin-
ion shaft. Since all roads are not perfectly smooth, and the transmission is fixed, the drive shaft has
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to be flexible to absorb the shocks of bumps in the road. "*’ Universal, or “U-joints” allow the drive
shaft to flex when the drive angle changes. The universal joint or U-joint is used to connect the drive
shaft to the transmission output shaft.

Frame

The frame is a load-carrying beam structure consisting of two side rails, and several cross mem-
bers. *! The frame of an automobile provides the support for the engine, body and transmission
members. The frame transmits the load through suspension system and axles to the wheels. It with-
stands the static and dynamic loads within permissible deflection. It should be stiff and strong to re-
sist the severe twisting and bending forces to which it is subjected during motion of the vehicle on the
road. *

The frame is a fabrication of box, tubular, channel, I, angle, sections etc. The frame of the
vehicle is attached to the rear and front wheel and axles with the help of spring and shock absorb-
ers. ©
Tires, Wheels and Suspension

Tires and wheels are important to vehicle ride, handling, and fuel economy. The tires and
wheels must first support the vehicle weight. In addition, the tires and wheels have to transfer the
engine and braking torque to the road surface for driving and braking the vehicle.

Suspension System

Suspension system has two basic functions, to keep car’ s wheels in firm contact with the road
and to provide a comfortable ride for the passengers. A lot of the system’ s work is done by the
springs. Under normal conditions, the springs support the body of the car evenly by compressing and
rebounding with every up-and-down movement. This up-and-down movement, however, causes
bouncing and swaying after each bump and is very uncomfortable to the passenger. These uncomfort-
able effects are reduced by the shock absorbers.

Suspension, when discussing cars, refers to the use of the front and rear springs to suspend a
vehicle’ s “sprung” weight. The springs used on today’ s cars and trucks are constructed in a variety
of types, shapes, sizes, rates and capacities. Types include leaf springs, coil springs, air springs,
and torsion bars. These are use in sets of four for each vehicle, or they may be paired off in various
combinations and are attached by several different mounting techniques.

Shock Absorber

In the past, a wide variety of direct and indirect shock absorbing devices were used to control
spring action of passenger cars. Today, direct, double-acting hydraulic shock absorber struts have
almost universal application.

Steering System and Brake System

The steering system must deliver precise directional control. And it must do so requiring little
driver effort at the steering wheel. Truck steering systems are either manual or power assisted, with
power assist units using either hydraulic or air assist setups to make steering effort easier.

The key components that make up the steering system are the steering wheel, steering column,
steering shaft, steering gear, pitman arm, drag link, steering arm, ball joints, and tie-rod assem-
bly.
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Steering wheel

This is the driver’ s link to the entire system. The wheel is formed of a strong steel rod shaped
into a wheel. Spokes extend from the wheel to the wheel hub, which is fastened securely at the top
of the steering column. 7
Steering Column

This is a hollow tube that extends from the steering wheel through the floorboard. Tt is fastened
to the cab at or under the instrument panel and contains bearings to support the steering shaft.
Steering Shaft

The steering shaft is basically a rod, usually jointed, that runs from the top of the steering col-
umn to the steering gear.
Steering Gear

This gearbox multiplies steering torque and changes its direction as received through the steer-
ing shaft from the steering wheel.
Pitman Arm

The pitman arm is a steel arm clamped to the output shaft of the steering gear.
Drag Link

This forged rod connects the pitman arm to the steering arm.
Steering Arm

Sometimes called a steering lever, this forged steel component connects the drag link to the top
portion of the driver’ s side steering knuckle and spindle. % As the steering arm moves, it changes
the angle of the steering knuckle.
Ball Joints

This ball-and-socket assembly consists of a forged steel ball with a threaded stud attached to it.
A socket shell grips the ball.
Tie-Rod Assembly

The steering arm or lever controls the movement of the driver’ s side steering knuckle. There
must be some method of transferring this steering motion to the opposite, passenger side steering
knuckle. This is done through the use of a tie-rod assembly that links the two steering knuckles to-
gether and forces them to act in unison.
Brake System

Automobile brakes must be able to stop the car, prevent excess speed when coasting, and hold
the vehicle in position when stopped on grades. ol They are designed so that the braking effort can
be varied by the driver to keep the vehicle under control.
Drum Brake

Drum brakes use an internal expanding brake shoe with the lining attached, working within the

confines of a rotating brake surface called a brake drum. o

Disc Brake

Disc brakes employ a brake disc that rotates with the wheel. The brake disc is usually referred
to as a brake rotor. A hydraulically operated caliper is used to force the lining friction material a-
gainst the braking surface of the rotor for stopping wheel rotation. [“]
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