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Unit 1 Engine Operating Principle 1

Unit 1 Engine Operating Principle

Text A Four-stroke Engine

Internal combustion gasoline engines run on a mixture of gasoline and air. The ideal mixture
is 14.7 parts of air to one part of gasoline (by weight). One part of gas that is completely vapor-

ized into 14.7 parts of air can produce tremendous power when ignited inside an engine!'!.
Engine Types

There are several engine types that are identified by the number of cylinders and the way the
cylinders are laid out. Motor vehicles will have from 3 to 12 cylinders that are arranged in the en-
gine block in several configurations. The most popular of them are shown in Fig.1-1. In-line en-
gines have their cylinders arranged in a row. 3, 4, 5 and 6 cylinder engines commonly use this ar-
rangement. The “V” arrangement uses two banks of cylinders side-by-side and is commonly used
in V6, V8, V10 and V12 configurations. Flat engines use two opposing banks of cylinders and are
less common than the other two designs. They are used in engines from Subaru and Porsche in 4
and 6 cylinder arrangements as well as in the old VW beetles with 4 cylinders. Flat engines are al-

so used in some Ferraris with 12 cylinders.

B iN
Fig.1-1 Typical Cylinder Arrangement
a)In-lined b)V8 ¢)Flat6

Each cylinder contains a piston that travels up and
down inside the cylinder bore. All the pistons in the engine
are connected through individual connecting rods to a com-
mon crankshaft. See Fig. 1-2.

The crankshaft shown in Fig. 1-3 is located below the

cylinders on an in-line engine, at the base of the V on a V-

type engine and between the cylinder banks on a flat en-

gine. As the pistons move up and down, they turn the  Fig.1-2 Piston and Connecting Rod
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crankshaft just like your legs pump up and down to turn the crank that is connected to the pedals
of a bicycle.

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 of cast aluminum or cast i-

ron. 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 ex- Fig.13  Crankshaft
haust gas to exit the cylinder. Many newer engines are u-

sing multiple intake and exhaust valves per cylinder for increased engine power and efficiency.
These engines are sometimes named for the number of valves that they have such as “24 Valve
V6” which indicates a V6 engine with four valves per cylinder'>!. Modern engine designs can use
anywhere from 2 to 5 valves per cylinder.

The valves are opened and closed by means of a
camshaft. A camshaft is a rotating shaft that has indi-
vidual lobes for each valve, seeing Fig. 1-4. When
the lobe pushes against the lifter, the lifter in turn
pushes the valve open. When the lobe rotates away

from the lifter, the valve is closed by a spring that is

attached to the valve. A common configuration is to

have one camshaft located in the engine block with

Fig.1-4 Camshaft

the lifters connecting to the valves through a series of

linkages'>!. Some engines have two camshafts on each head, one for the intake valves and one for
the exhaust valves. These engines are called double overhead camshaft (DOHC) engines while the
other type is called single overhead camshaft (SOHC) engines.

How an Engine Works

The majority of engines in motor vehicles today are four-stroke, internal combustion engines.

The four strokes are intake, compression, power and exhaust, seeing Fig. 1-5. The piston
travels down on the intake stroke, up on the compression stroke, down on the power stroke and up
on the exhaust stroke.
Intake

As the piston starts down on the intake stroke, the intake valve opens and the air-fuel mixture
is drawn into the cylinder. When the piston reaches the bottom of the intake stroke, the intake
valve closes, trapping the air-fuel mixture in the cylinder.
Compression

The piston moves up and compresses the trapped air fuel mixture that was brought in by the

intake stroke. The amount that the mixture is compressed is determined by the compression ratio of
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b) c)
Fig.1-5 Engine Strokes
a)Intake b)Compression c¢)Power d)Exhaust
1—Intake Valve 2—Valve Cover 3—Intake Port 4—Head 5—Coolant 6—Engine Block 7—Oil Pan
8—Camshaft 9—Exhaust Valve 10—Spark Plug 11—Exhaust Port 12—Cylinder 13—Piston
14—Connecting Rod 15—Crankshaft 16—0il

the engine. The compression ratio on the average engine is in the range of 8:1 to 10: 1. This
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

The spark plug fires, igniting the compressed air-fuel mixture which produces a powerful ex-
pansion of the vapor. The combustion process pushes the piston down the cylinder with great force
turning the crankshafi to provide the power to propel the vehicle'!. Each piston fires at a different
time, determined by the engine firing order. By the time the crankshaft completes two revolutions,
each cylinder in the engine will have gone through one power stroke.
Exhaust

With the piston at the bottom of the cylinder, the exhaust valve opens to allow the burned ex-
haust gas to be expelled to the exhaust system. Since the cylinder contains so much pressure,
when the valve opens, the gas is expelled with a violent force. 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'®!.

New Words
principle [ 'prinsopl] n. JEN, [HE¥ combustion [ kom'bastfon] n. #RES
stroke [strouk] n. 7R, W& ideal [ai'disl] n. H48
gasoline [ 'gassliin] n. i vaporize |['veiporaiz] v (f#f) EX

cylinder ['silindo] n. [, EiE{k, X | tremendous [ tri'mendas] adj. KW, B
fiL, & K
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identify [ ai'dentifai | or. iH 5, % %
v. HE

arrange [o'reindz] . %&HE, HEF)

configuration [ konfigju'reifon] n. ¥ 3,
e

popular [ 'popjuls] adj. WATHY, K
7]

row [rau] n. HE, 17

piston [ 'piston] n.JEE

crankshaft [ 'krepkfa:ft] n. %

bank [bepk] n. 4B47; —HE, 4

flat [flet] adj. V3K n F@

oppose [o'pouz] wt. [EXF  wvi. X

bore [bo:] n fl. v %57l

individual [ |indi'vidjual ] n. ™K
adj. TRIH, BRAHEY

pump [pamp] n. ® wu. HK

pedal ['pedl] n. B4R o BRe---e B B AR

bolt [boult] n & o FAEALERE

seal [sizl] n HHE o H, FH

cast [kaimst] n & o B

[o'ljuiminam] n. 48
B, H®
[ 'maltipl]  adj. ZHEHR v B

aluminum

iron ['aion] n.

multiple
%38 fm

efficiency [i'fifonsi] n. ZFE, IHHL

['kemfa:ft] n. R

lobe [loub] n (Y85, M4

lifter ['lifto] n. $E4F, R

spring [sprin] n. P, P

trap BA; WE

E® v K

adi. BHIE), Rk

camshaft

[trep] ot
squeeze [skwiiz] n.
original [ o'ridzonal ]
0]
volume HH, AH
n. ¥7, Bk
HEDE, IRAE

W&, FFER; HeH,

[ 'voljuim] .
expansion [ iks'pznfon ]
[ pro'pel] .

[ iks'pel ] .

propel
expel
b 2:i)
revolution
] Ea

violent

BE ¥, %

[ ireva'luzfon] n.

adj. HHFUKI, SREUMY

[ 'vaialont ]

Phrases and Expressions

PR HL

internal combustion engine
connecting rod EF
ST
exhaust valve HES[]

by means of FJff, K%
spark plug kb %
cylinder head S §I3%
cast aluminum 448

valve lifter <[ 7#H:
double overhead camshaft ( DOHC)

intake valve

XX TR

EX MR
single overhead camshaft (SOHC)

By

intake stroke

BTE

HRITR
compression stroke [k 45478
power stroke /{EIhFTHR
exhaust stroke HS T2
compression ratio JEZ45H

TREER

air-fuel mixture

Notes to the Text

[1] One part of gas that is completely vaporized into 14.7 parts of air can produce tremen-

dous power when ignited inside an engine.

1 ORI 14.7T i S P BREER, ERIVAERE, SFEBKNEBEH .

[2] These engines are sometimes named for the number of valves that they have such as “24



Unit 1 Engine Operating Principle 5

Valve V6” which indicates a V6 engine with four valves per cylinder.

XERBPAENRAKTIRER ML, LI “24 Valve V6” F£R V6 KFHHl, i m
[T

[3] A common configuration is to have one camshaft located in the engine block with the lift-
ers connecting to the valves through a series of linkages.

BERIEEANAE RO, ORed SRS EEERE S8,

[4] The combustion process pushes the piston down the cylinder with great force turning the
crankshaft to provide the power to propel the vehicle.

RELBP - ENE RN BEFEELESE T, B3, FREFWELE T,

[5] 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.

&2 LATRISE TN, ZEHSITRAZAHESES, BEFBT - U RIER,
Text B Two-stroke Engine

Both gasoline and diesel automotive engines are found in nearly every car and truck on the
road today. The two types of engines are classified as four-stroke reciprocating internal combustion
engines. There is a third type of engine, known as a two-stroke engine that is commonly found in

motorcycle.
Two-stroke Basic

Two-stroke engines have two important advantages over four-stroke engines ;

(1) Two-stroke engines do not have valves, which simplifies their construction and lowers
their weight.

(2) Two-stroke engines fire once every revolution, while four-stroke engines fire once every
other revolution. This gives two-stroke engines a significant power boost.

These advantages make two-stroke engines lighter, simpler and less expensive to manufac-

ture.
Two-stroke Cycle

Two-stroke engines operated with only a compression stroke and a combustion stroke, seeing
Fig.1-6. Intake of fuel and air mixture and expulsion of exhaust gases takes place between the
combustion and compression strokes while the piston is near the bottom of its travel. Ports in the
cylinder walls replace the cylinder head valves of the four-stroke engine. The crankcase is kept dry
of oil, and the entire engine is lubricated by mixing the oil with the fuel , so that a fine mist of oil
covers all moving parts.

Combustion Stroke
Combustion stroke starts with the point where the spark plug fires. Fuel and air in the cylin-

der have been compressed, and when the spark plug fires the mixture ignites. The resulting explo-
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sion drives the piston downward. As the piston moves downward, it is compressing the air-fuel
mixture in the crankcase. As the piston approaches the bottom of its stroke, the exhaust port is un-

covered. The pressure in the cylinder drives most of the exhaust gases out of cylinder.

Fig.1-6 Two-stroke Cycle

a) Combustion Stroke b) Compression Stroke

As the piston finally bottoms out, the intake port is uncovered. The piston’ s movement has
pressurized the mixture in the crankcase, so it rushes into the cylinder, displacing the remaining
exhaust gases and filling the cylinder with a fresh charge of fuel''’.

In many two-stroke engines, the piston is shaped so that the incoming fuel mixture doesn’ t
simply flow right over the top of the piston and out the exhaust port!?’.

Compression Stroke

Now the momentum in the crankshaft starts driving the piston back toward the spark plug for
the compression stroke. As the air-fuel mixture in the cylinder is compressed, a vacuum is created
in the crankcase. This vacuum opens the reed valve and sucks air-fuel-oil in from the carburetor.

Once the piston makes it to the end of the compression stroke, the spark plug fires again to
repeat the cycle. It’ s called a two-stoke engine because there is a compression stroke and then a
combustion stroke. In a four-stroke engine, there are separate intake, compression, combustion
and exhaust strokes.

The piston is really doing three different things in a two-stroke engine:

(1) On one side of the piston is the combustion chamber, where the piston is compressing
the air-fuel mixture and capturing the energy released by the ignition of the fuel.

(2) On the other side of the piston is the crankcase, where the piston is creating a vacuum to
suck in air-fuel from the carburetor through the reed valve and then pressurizing the crankcase so
that air-fuel is forced into the combustion chamber!®’.

(3) Meanwhile, the sides of the piston are acting like valves, covering and uncovering the
intake and exhaust ports drilled into the side of the cylinder wall.

In a four-stroke engine, the crankcase is completely separated from the combustion chamber;
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thick oil in the crankcase can lubricate the crankshaft bearings, the bearings on either end of the
piston’s connecting rod and the cylinder wall. In a two-stroke engine, on the other hand, the
crankcase is serving as a pressurization chamber to force air-fuel into the cylinder, so it can’ t hold
thick oil. Instead, oil has to be mixed with the gas to lubricate the crankshaft, connecting rod and

cylinder walls.
Disadvantages of the Two-stroke

Cars and trucks commonly use four-stroke engines because two-stroke engines have a couple
of significant disadvantages. There are four main reasons:

(1) Two-stroke engines don’ t last nearly as long as four-stroke engines. The lack of a dedi-
cated lubrication system means that the parts of a two-stroke engine wear a lot faster'*!.

(2) Two-stroke oil is expensive, and per gallon of gas need about 4 ounces of oil. You would
burn about a gallon of oil every 1,000 miles if you used a two-stroke engine in a car.

(3) Two-stroke engines do not use fuel efficiently.

(4) Two-stroke engines produce a lot of pollution. The pollution comes from two sources.
The first is the combustion of the oil. The oil makes all two-stroke engines smoky to some extent,
and a badly worn two-stroke engine can emit huge clouds of oily smoke. The second reason is the
leaking hydrocarbons. Each time a new charge of air-fuel is loaded into the combustion chamber,

part of it leaks out through the exhaust port.

New Words
diesel ['dirzal] n. &AL momentum [mou'mentom] n. FHF, B
motorcycle ['moutosaikl] n. BEFEZE, HLZE | reed [rizd] n. EHE
significant [ sig'nifikont] adj. H & X &, | carburetor [ 'kazbjureta(r) ] n. 4L H 58
HEMN capture [ 'keptfo] n.3H v TH
boost [burst] . #EHE release [ri'liis] n B w. B, #H3F
expulsion [iks'palfon] n. ZBH, FB thick [6ik] odi BH, MK, %W
entire [in'tais] adj. 2%/, BA pressurization [ \preforai'zeifon] n. #8JE,
explosion [iks'plouzon] n. 18%, 1B mE; WwE
crankcase [ 'krepkkeis] n. BAGHIES chamber ['tfeimbo] n. %, B
approach [ o'proutf] n. ¥iF, F ¥ extent [iks'tent] n Wi, BE
vt. HEIE emit [i'mit] o B§, %
pressurize [ 'preforaiz] . HE, fF..--- hydrocarbon [ 'haidrou'katbon] n. BRE 4k
B cL]

Phrases and Expressions

two-stroke engine B R &S intake port HEK O
cylinder wall % §7 &% on the other hand B -5
exhaust port HSX O
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Notes to the Text

[1] The piston’ s movement has pressurized the mixture in the crankcase, so it rushes into
the cylinder, displacing the remaining exhaust gases and filling the cylinder with a fresh charge of
fuel.

BEMNSIHHREKES, FEZWASE, ARRENES, FERETHFISHRES

Ko

[2] In many two-stroke engines, the piston is shaped so that the incoming fuel mixture
doesn’ t simply flow right over the top of the piston and out the exhaust port.

ERPRESNT, FENERSBAFHRESIOALHEERTAEHHEIO,

[3] On the other side of the piston is the crankcase, where the piston is creating a vacuum to
suck in air-fuel from the carburetor through the reed valve and then pressurizing the crankcase so
that air-fuel is forced into the combustion chamber.

WHEN S MR, R, BEBZITERES, TREAGASALHBLT TR
A MBI, REHETITREMENE, BERBESKEARREE,

[4] The lack of a dedicated lubrication system means that the parts of a two-stroke engine

wear a lot faster.

HBRENBREEREFR B AT GBI ER,
Exercises

1. Answer the following questions according to the text.

(1) What is the ideal mixture?

(2) How does the engine types identify?

(3) What is the cylinder head made up of?

(4) What does the cylinder head contain at least?

(5) Can you list the four engine strokes?

(6) There are three types of engine. What are they?

(7) What are the advantages of a two-stroke engine?

(8) What are the two strokes in a two-stroke engine?

(9) Why do the cars and trucks commonly use four-stroke engines?

(10) The pollution of two-stroke engine comes from two sources. What are they?
2. Translate the following into Chinese.

(1) internal combustion engine

(2) in-line engine

(3) V-type engine

(4) flat engine

(5) air-fuel mixture

(6) double overhead camshaft ( DOHC)
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(7) single overhead camshaft (SOHC)
(8) cylinder wall
(9) oil pan
(10) fresh charge
3. Translate the following into English.
(1) RIPLEL K
(2) Rfir sk
(3) %%
(4) #K 0
(5) #HKIT
(6) K45tk
(7) eshir s
(8) KR
(9) Bix=
(10) HB ARG

4. Translate the following passages into Chinese.
Checking Engine Oil

(1) Position vehicle on a flat level.

(2) Warm up the engine and stop the engine.

Note: In the case of a vehicle that has been out of service for a prolonged period, run the en-
gine for several minutes and stop for some time before attempting to check oil level.

(3) Check to ensure that the engine oil level is within the level range indicated on the oil
dipstick. If oil level is found to have fallen to the lower limit by the MIN mark, replenish the en-
gine oil.

Caution: For replenishment, use the same type of engine oil as one currently used.

(4) Check to be sure that the oil is not noticeably dirty or mixed with coolant or gasoline,

and that it has the proper viscosity.
Checking Engine Compression Pressure

(1) Check to be sure that the engine oil, starting motor and battery are in the normal condi-
tion.

(2) Start the engine and allow it to warm up until the temperature of the coolant reaches
80°C to 90°C (176 °F to 194 °F ).

(3) Loosen the nuts at the nozzle side of the injection pipes, and disconnect the pipes from
the nozzle holders.

Caution; Caps must be used to prevent entry of foreign materials into the nozzles.

(4) Remove the glow plug plate and all 4 glow plugs.

(5) Set an engine tachometer in place.
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(6) Place a compression gauge adaptor and compression gauge in the glow plug hole.

(7) Crank the engine with the throttle valve fully open, and measure the compression at the
place where the compression gauge indicator shows a stabilized reading.

Standard value (at engine speed of 250r/min) : 2700kPa (27kg/em®, 384psi); limit (at
engine speed of 250r/min) ; 2400kPa (24kg/cm’, 341psi) ; difference between each cylinder:
300kPa (3.0kg/cm’, 43psi) or less.

(8) If, after the measurement, the compression is below the limit, put the small amount of
engine oil through the glow plug hole into the cylinder, then measure the compression once again
and determine the cause of the malfunction.

(9) If, after oil is added, the compression rises, the cause of the malfunction is a worn or
damaged piston ring or cylinder inner surface. If, however, the compression does not rise, the

cause is a bad valve or a bad gasket.
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Unit 2 Engine Technology

Text A Piston Connecting Rods and Crankshaft

Piston Assembly

The piston is an important part of a four-stroke cycle engine. Most pistons are made from cast
aluminum. The piston, through the connecting rod, transfers to the crankshaft. The force creates
by the burning fuel mixture and turns the crankshaft. Some piston rings fit into grooves around the
piston to seal the bottom of the combustion chamber. A piston pin fits into a round hole in the pis-
ton. The piston pin joints the piston to the connecting rod. The thick part of the piston that holds
the piston is the pin boss.

The piston itself, its rings and the piston pin are together called the piston assembly.
Piston

As Fig. 2-1 shows, to withstand the heat of the combustion chamber, the piston must be
strong. It also must be light, since it travels at high speeds as it moves up and down inside the cyl-
inder. The piston is hollow. It is thick at the top where it takes the brunt of the heat and the ex-
pansion force. It is thin at the bottom, where there is less heat. The top part of the piston is the
head, or crown. The thin part is the skirt. The sections between the ring grooves are called ring
lands.

The piston crown may be flat, concave , domed or recessed. In diesel engine, the combustion
chamber may be formed totally or in part in the piston crown, depending on the method of injec-
tion. So they use pistons with different shapes.

Piston Rings
As Fig. 2-2 shows, piston rings fit into ring grooves. In simplest terms, piston rings are thin,

circular pieces of metal that fit into grooves in the tops of the pistons.

Oil Ring

Fig.2-1 Piston Fig.2-2  Piston Rings



