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Umt 1 Introduction to the Four-stroke Engine
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Internal Gom'liusﬂon Engine

The engine is a self-contained power unit which converts the heat energy of fuel into mechanical
energy for moving the vehicle. [1] Because fuel is bumed within the engine, it is known as an inter-
nal combustion engine. In the internal combustion engine, air/fuel mixture is introduced. into &
elosed cylinder where it is compressed and then ignited. The buming of the fuel causes a xapid rise
in' cylinder pressure which is converted to useful mechanical energy by the -piston and crankshaft.
The most comman engine is the four-stroke piston engine. These four strokes are intake stroke, .com-
pression stroke, power stroke and exhaust siroke.

Intake Stroke Camshaft

.. The intake stroke of a four-stroke engine begins

with the piston at top dead center (TDC). The starter :
canses the crankshaft to Totate in a clockwise direction, Sperk Plue—2}
The crankshaft, through the connecting rod, forces the Water Jacket

Piston

piston to move downward. This downward movement of
the piston creates a vacuum, a difference in pressure,
in the space above-the piston. The engine manufacturer
times the intake valve action so that it opens automati-
cally at or slightly before the piston starts down. There-
fore, a mixture of gasoline and air, pushed by the at-
mospheric pressure outside the engine, Tushes through the intake manifold and into the engine cylin-
der. 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 throtigh the exhaust port. Af-
1

Fig.1-1 Engine
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ter 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. [

Compressian 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 i beginning to move upward,
the intake valve closes, and the exhaust valve remains closed. Since both valves are clesed, 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/fu-
el mixture fully compressed, a timed electrical
spark appears at the spark plug. This spark ig-

nites the compressed air/fuel mixture. The
burning mixture begins to ex j the pressure
in the combustion chamber above the piston im- '- Fig.12 Engine Four-stroke

mediately increases. This results in a high pressure applied to the top of the piston. Now, both
valves yemain closed during the power stioke. This assures that the total force of the - -expanding gas
applies itself to the ‘head of the piston. : This. tremendm_ls force pushes the piston ‘downward on the
power stroke, causing the connecting rod to rotate the crankshatt. ©*! In. other words, - the force resul-

ting from the expansion of the burning air/fuel mixture is tuming the crankshaft. -

Exhaust Stroke - :

Near the eﬁ& of ﬂ‘le dmvnward movement of the piston on the power stroke, the camshaft opens
the exhaust valve, Tt lhe intake valve remains closed. Although much of the gas pressure has ex-
pended itself dnvmg the. piston downward, some pressure still remaine when the. exhaust valve
opens. This renmmmg pressunzed ges flows comparatively freely from the cylinder through the pas-
sage (port) pengd by the exhaust valve. 14! Then, as the piston again moves up in the cylinder, it
drives any rememmg gaaes out of the cylinder past the open exhaust valve. As the piston travels
through the TDC posth
The four strokes are oontmuously repeated in every: cylmder as long as the engine remains running.

Flywheel :

The engine cycle has only one power stroke where the piston is aetually driving the crankshaft,
During the other three strokes, the rotating crankshaft is moving the piston up or down in its cylin-
der. Thus, during the power stroke, ‘the crankshaft tends ta speed up; during the other three
strokes, it tends to slow down. To keep the crankshaft turning smoothly between: two pewer strokes,

2

Intake Stroke Compressmn Stroke Power Stroke  Exhaust Stroke

¢n and starts downward agairi-in the cylinder, a new operating cycle begins.



the 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, flywheel inertia resists it.
Multiple-Cylinder Engines :
The single-cylinder engine just described as above provides only one power stmke during every

two crankshaft revolutions or delivers power only one-fourth of the time. To provide a miore even and
continuous flow of power, automobiles have engines with four, six, or eight cylinders. -

Engine Classification . e

For identification purposes, manufacturers classify automobile engines by theu' cylinder, arrange-
ment, valve arrangement, and type of system used to cool the engine. &1 S

Engine manufacturers basically use three distinet ways to arrange the cylinders in an engine;
in-line, V-shape, or opposed. .

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

Radiator Cap Radiator Fan Temperature Gauge
Thermostat
! &©

Water Jacket
N Radiator, e . e
AR A
*Ti/é\ Wi
—1 ] |
In-line Type V-shape Opposed Type Water Pump
Fig.1-3 Engihe Arrangement Fig. 14 Water-cooled Enﬁ:rla.

Manufacturers also classify engines as being either air- or water-cooled. In these air-cooled en-
gines, 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 cylinders and combustion chambers and thmugh which coolant
circulates freely. ”! This coolant enters the engine from the bottom of the radnator ‘and circulates
throughout the engine, where it absorbs heat. Then it exits from the upper water ]ackcts and poits into
the upper portion of the radiator. As the coolant passes through the radiator, it ‘picks up the heat con-
tained in the coolant and passes this heat to the air flowing around the radiator passages or tubes.
Thus, the coolant leavmg the lower tank is cool ready to flow through the engine again,

New Words

i, introduction [intro'dakf(a)n] n RN FE AN
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unit [ unit]

-vehicle [ 'vitik(a)1] .

engine [ 'end3zin ]

cylinder [ 'silinda(r) ]

combustion [ kem'bastf(2)n]

burn [ bain]

8. convert [ kon'va:t]

9. piston [ ‘pist(a)n]

¢ 10. crankshaft [ 'krepkfa:ft |
11. ignition [ig'nif(o)n]
12. intake [ tinteik ]
13. starter [ 'stasta(r) ]

< 14, clockwise [ 'klokwaiz]
15. movement [‘mu:vmant]

N w e

o

g 16, vacuimn | 'vaekjuom ]
" 17. gasoline [ 'gmsaliin]
._18. manifold [ ‘meenifould )
19. stroke [ strguk]
<20, reimain [ ri'mein] _
21. ‘charge'{ tfaidz]
~22, draw [dro: ]
~23. constitute [ 'konstitjust]
24. compress [ kam'pres ]
~ 25, travel ['traev(a)l]
26, ﬁdwer ['paua'(r)]
27. ignite [ig'nai_t]
| 28. spark [spatk]
29 revolution [reva'lu j'(a)n]
—30. e.xpmd [lk'spaand]
_ 32 passage [ paeeldz]
. 33, port [poit]’
34. continuously [kan'tm_]uasll]
35. attach [ o'test]]
36. resist [ ri‘zist]
37. inertia [i'no: fa]
38. even ['iiv(a)n]
39. automobile [ 'a:tamsbi‘l]
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41.
42,
43,

45.
. radiator [ ‘reidieita(r) ]
417,
. camshaft [ ‘keem[a:ft]
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arrange | 9'reind3 ]
flywheel [ ‘flaiwis1]

arrangement [ a'reindzmant ]

adjacent [ o'dzeisant ]
coolant [ 'ku:lont]

medium [ 'mitdiom]

tank [ teeqk ]

v. HER), Lk

n. &5

n. HEF), ZHE

adj. 4FIEHY, HEIEHY
n RE®
R B R
. LR

. KA

Lt

=

= 2 D

" Phrases and BExpressions

self-contained

internal combustion engine
heat energy '
mechanical energy
air/fuel mixture

intake stroke

compression stroke

power stroke

exhaust stroke

. top dead center (TDC)

. connecting rod

. intake valve

. atmospheric pressure

. intake manifold

. exhaust valve

. bottom dead center ( BDC)

. spark plug

speed up

. slow down

combustion chamber

. result in
. side by side

. compression ratio

cylinder head

. engine block

water jacket
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Notes on the 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.

KPR —F B SRR SRR AR UREE , B TS SR,

1 3% s which converts--- 3| S:5ZiE AT,

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,

TRRE AR ER FESINERASE, I M ERRESTR,

%  during the downward movement of the piston FE8 [EARTE AT,

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

FEARSIATRRT , B KRS B e sh % 21 F 35 30 , W 3h kR eSS

¥k ; causing the connecting rod to rotate the crankshaft B3RS FARIE N4

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

FRARH IR AT N A BB S T THT R BBl e o

5. To keep the crankshaft tumning smoothly between two power strokes, the flywheel is attached
to the end of the crankshaft.

AT R AR BT R VR D AT R R AR B, R ISR S

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

ZHLHERRE R E R BIESEHT ST B U RS AR SR RHETA %,

Wk for identification purposes £ H H{ERGE ,

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.

TR AR L, ﬁ@m%ﬁﬁﬁéﬁﬂﬁﬁi@ﬁ KE, EHESEHABEE, N TE
AR B IER RS,

5B which 5| 3 K2 18 M A5 the water jackets,

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 engine 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) PR3 2) #EATRE 3) #9hR

4) M= 5) AL 6) &%

7) ATRARAES 8) KIEE 9) EFF

4. Translate the following sentences into Chinese
1) In the internal combustion engine, an 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).
3) After the piston reaches bottom dead center (BDC), it moves upward again as the starter

continues to tuin the crankshaft in a clockwise direction,

5. Translate the words or phrases in the following figure into Chinese( Fig. 1-5)

l.ntake Stroke Compreseuon Stroke Power Stroke Exhaust Stroke

Fig-1-5



Unit 2 Engine Construction
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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. Tn 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 eylinder head in one piece
from iron, from iron alloyed with other metals, or from aluminum alloy. Aluminum has the advan-
tage of combining lightness with rather high heat conductivity. Depending on the style of engine, the
cylinder head serves many functions, I

Pistons

The engine manufacturer fits a piston into each eylinder of the engine. The piston is 8 movable
part or plug that receives the pressure from the burning air/fuel mixture and converts this pressure
into recipro-cating (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,

8



Piston Clearance

Piston clearance is the distance between the Intake Manifold

. A . Ignition Distributor
outer circumference of the piston and the cylinder i

wall itself. ! In operation, oil fills this clearance so g2 Fltr
that the piston moves on films of lubricating oil. If
this clearance is too small, several problems can de-
velop. On the other hand, excessively large clear-
ance can result in piston slap as the piston starts
down on the power strokes. The pision itself operates
many degrees hotter than the adjacent cylinder wall
and therefore expands more. Manufacturers must
control this expansion in order to avoid the loss of Fig.2-1 Engine Construction

adequate piston clearance.

Piston Rings

Some operating clearance must exist between the piston and the cylinder wall; however, some
form of seal is necessary hetween the piston and the cylinder wall to prevent blowby. Consequently,
piston rings are used to provide the necessary seal to eliminate blowby and to control oil consump-
tion, ') Automotive pistons have two kinds of rings; compression and oil contrel. The compression
rings primarily seal against the loss of air/fuel mixture as the piston compresses it and also the com-
bustion pressure as the mixture burns. While the function of the oil control ring is to prevent exces-
sive 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 Totate the drive wheels, a connecting rod and crankshaft must change reciprocating mo-
tion to rotary. The comnecting rod itself attaches at one end to the piston and on the other end to the
crankpin section of the crankshaft. I*

Crankshaft '

The crankshaft is the main rotating member, or shaft, of the engine. Iis 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.

Designed into the one-piece crankshaft are areas for main bearing journals, crankplns counter-
weights, flywheel flange, and driving hub.

Flywheel

The flywheel is a comperatively heavy wheel, bolted to the flange on the rear end of the crank-
shaft. Tts function is to keep the engine running smoothly between power strokes. Its inertia tends to

9



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, ¢

Vibration Damper

Manufactuters usually install a vibration damper and
fan pulley assembly onto the drive end of the crankshaft.
" This damping device contmls torsmnal vibrations,

Valve S

Piston
Flywheel

valves. These valves open and close ports to allow or stop Fig.2-2 Crankshaft
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 funetions. 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 eam, designed to
operate the fuel pump. Finally, the camshait has a gear that drives the oil pump and ignition distrib-
utor. ) . :

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 lifier, 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
a rocker-arm assembly to open a valve, |7

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. The push rod is a metal rod that fits between the
lifter and the rocker arm. Tts function is to transmit cam lobe lift from the camshaft to the rocker arm
assembly. The rocker arm is nothing more than a precision-designed lever. Its function is to convert
the upward motion of a push rod into downward motion that compresses the spring and opens the
valve.

Valve Timing _ ;

Duration is the length of time a valve is open. The measurement of this open period is not in u-
nits of time because the actual time a valve remains open varies with engine speed. Therefore, this
measurement is in degrees of crankshafi rotation, which does not change with speed. To lengthen the
time and to accelerate the air/fuel mixture flow into the cylinders, both the intake and exhaust valves
must be open at the same time for a short period. '*' The overlap is provided in order to take advan-
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