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Unitl Engine

Engine is the source of power that makes the wheels go around and the car move.
The automobile engine is a machine that turns heat energy of fuel into mechanical
energy for moving the vehicle. Because fuel is burned within the engine, it is also
called internal combustion engine. The burning of gasoline inside the engine produces
high pressure in the engine combustion chamber. This high pressure forces piston
to move, the movement is carried by connecting rods to the engine crankshaft. The
crankshaft is thus made to rotate, then, the rotary motion is carried through the power

train to the car wheels so that they rotate and the car moves. (see Figure 1.1)

Figure 1.1 Engine in a car
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1.1.__Engine.OverallilMechanism

The component of engine

Engine has hundreds of parts. The major parts of engine are engine block, engine
heads, pistons, connecting rods, crankshaft and valves. The other parts are joined
to make systems. These systems are the fuel system, valve system, ignition system,

cooling system, lubrication system. Each of these systems has a definite function. (see

Figure 1.1.1)
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Figure 1.1.1 Engine overall mechanics

l.oil pan 2.crank 3. crank pulley 4.belt 5. crankcase 6. connectingrod 7. piston
8. the water jacket 9. cylinder 10. cylinder head 11. camshaft pulley 12. rocker
13. exhaust valve  14. camshaft 15. high voltage 16. distributor 17. air filter ~ 18. carburetor
19. ignition switch  20. spark  21. ignition coil ~22. intake valve 23. battery 24. starter
25. flywheel



Unit 1 Engine

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 cylinder-in-line; V-arrangement; Flat

and radial. (see Figure 1.1.2)

Figure 1.1.2 Inline and V type arrangement

Engine Terms

Engine terms are (see Figure 1.1.3) :

Figure 1.1.3 Engine terms
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TDC (Top Dead Center) : the position of the crank and piston when the piston is
farther away from the crankshaft.

BDC (Bottom Dead Center) : the position of the crank and piston when the
piston is nearest to the crankshaft.

Stroke: the distance between BDC and TDC; stroke is controlled by the
crankshaft.

Bore: the internal diameter of the cylinder.

Swept volume: the volume between TDC and BDC.

Engine capacity: this is the swept volume of all the cylinders, e. g. a four-
cylinder engine having a capacity of two liters (2000 cm) has a cylinder swept
volume of 500 cm.

Clearance volume: the volume of the space above the piston when it is at TDC.

Compression ratio= (swept vol + clearance vol) / (clearance vol )

Two-stroke: a power stroke every revolution of the crank.

Four stroke: a power stroke every other revolution of the crank.

Four Strokes Operation ( See Figure 1.1.4)

Almost all cars currently use a four-stroke combustion cycle to convert
gasoline into motion. That is to say that the Intake stroke, Compression stroke, Power
stroke and Exhaust stroke are one engine cycle. When the fourth stroke is completed,

the cycle begins again.

intake valve fuel injector exhaust yalve

intake compression power exhaust

Figure 1.1.4 Four strokes operation

Intake Stroke

The first stroke is the intake stroke. As the piston starts down, the intake valve

opens and the air-fuel mixture enters into the cylinder. When the piston reaches the
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Unit 1 Engine

bottom of the intake stroke, the intake valve closes, trapping the air fuel mixture in the

cylinder. During this stroke, the exhaust valve stays closed.

Compression Stroke

The second stroke is the compression stroke. The piston moves up in the cylinder
with both valves closed and compresses the trapped air-fuel mixture. When the piston

reaches the top of the cylinder, the pressure rises.

Power Stroke

The third stroke is the power stroke. Near the end of the compression stroke, the
spark plug fires, igniting the compressed air fuel mixture that produces a powerful
explosion. The combustion process pushes the piston down the cylinder with great

force turning the crankshaft to provide the power to drive the car.

Exhaust Stroke

The fourth stroke is the exhaust stroke. With the piston at the bottom of the
cylinder, the exhaust valve opens, and the piston moves up again and forces the
burned gases out of the cylinder. 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

engine ['endzmn] n. KohHl, 512
automobile ['o:tomobi:1] n. (E£3) K% = (I ) motor car, car
gasoline ['gaesali:n] n. 15
piston ['piston] n. 5%
crankshaft ['kreenkfa:ft] n. Hh%H
major ['merdzo(r)] adj. EE); BEER
valves [velvz] n. {51
cylinder ['stlinda(r)] n. [RfE, AT
camshaft ['keemfa:ft] n. IhEe %
flywheel ['flarwi:l] n. K4
assembly [o'sembli] n. G54, B, A
classification [ kleestft'kerfn] n. 2
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arrangement [o'remdzmoant] n. HEF)
gasoline ['gaesali:n] n. 338
diesel ['di:zl] n. %43
stroke [strouk] n ATHE, iR
expel [1k 'spel] v. BRE
recharge [ ri:'tfa:d3] vt. FFEH,
: vt. (IR, FER
exhaust [19 zo:st] n HES O
diameter [dar @mita(r)] n. HZ
volume ['volju:m] n &, W, W
revolution [ revo'lu:fn] n. Ay, e
intake ['mterk] n. &, 0
explosion [1k'splov3n] n AR, K, B

Phrases and Expressions

mechanical energy PLAKRE
internal combustion engine PHRHIL

engine combustion chamber RANHUIRIEE
connecting rods B

rotary motion ek ia5h
power train 18 %

engine block TRELR
cylinder head TR 5

spark plug KAEFE

piston ring 15 FEXR

oil pan THRSE

valve train BL LAY

fuel supply system PR BEZ R 5
lubricating system HERGERN
cooling system RHRG
ignition system HARGE
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starting system IEESIEE
electric motor L1
steam engine 7RV
gasoline engine TRAhAL
diesel engine Sl
power stroke TAEATHE
compression ratio R4t
intake stroke PR
compression stroke JEARA TR
exhaust stroke HESATR
air-fuel mixture ARIR G

-
= __Exercises
o —

Translate the following phrases into Chinese or English.
1. cylinder block

2. air-fuel mixture

3.3 ER%

4. connecting rod

5. TARATAE

6. EK A%

7. valve train

8. intake stroke

9. HA A

10. piston ring
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1.2, Connecting,;Rods;and Crankshaft

The connecting rods

The connecting rods link the pistons with the crankshaft and transmit force
and motion from the piston to the crankpin on the crankshaft. In operation, the
connecting rod is subjected to both gas pressure and inertia loads, and therefore, it
must be adequately strong and rigid. At the same time, the rod is in eccentric motion.
To minimize vibration and bearing loads, the rod must be light in weight. So, many
connecting rods are steel-forged, tapered I-beam design. Connecting rods have ring-
shaped heads at its ends, the heads being known as the connecting rod big end
and small end. The connecting rod big end fits over the crankshaft journal, and the
connecting rod small end fits over the piston pin (see Figure 1.2.1) .

The connecting rods are composed of

connecting rod bushing connecting rod small end, connecting rod

shank, connecting rod big end, connecting

connecting rod . .

small end rod cap and connecting rod bearing half
shells. The connecting big end and the

connecting rod shank ) o
connecting rod cap are joined by means

/':. connecting rod bigend  of special high-strength bolts and nuts.

g
groove ‘
convex key” |

: The nuts on the connecting rod bolts are
connecting rod

bearing half shells tightened with a torque indicating wrench
on a bushing ‘ " and then pattered. The big end of the
nut\g? “ y\connecting rod cap connecting rod houses a sliding contact

bearing and features a hole through which
Figure 1.2.1 Connecting rods
oil is squirted onto the cylinder walls.

The parting line between the connecting rod and its cap is generally arranged at
right angle to the axis of the connecting rod shank, but in some engines, the parting
line is necessarily arranged diagonally, because the proportions of the big end of the
connecting rod are such that the lower part of the rod could not otherwise be passed
through the cylinder for assembly purpose. With such an angled big end, the cap
is secured to the connecting rod by setscrew instead of bolts and nuts. To resist the

greater tendency for the inertia forces to displace the cap sideways relative to the

connecting rod, either a serrated or a stepped joint is generally preferred for their
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abutting faces. Hence, the retaining setscrew in their clearance holes are completely
relieved of shear loads. Tab washers are used under the heads of setscrew in order to

prevent the latter from working loose.

The crankshaft

The crankshaft (see Figure 1.2.2) takes the downward thrusts of the pistons
and connecting rods when the air fuel mixture is burned in the cylinders and changes
these thrusts into torque which is transferred to the drive line of the automobile. The
crankshaft is usually made from carbon steel which is alloyed with a small proportion
of nickel. The main bearing journals fit into the cylinder block and the big end journals
align with the connecting rods. The crankshaft also drives various engine mechanisms
and components. At the rear end of the crank-shaft is attached the flywheel, and at the

front end are the driving wheels for the timing gears, fan, cooling water and alternator.

Figure 1.2.2  Crankshaft

All the main bearing and connecting rod bearing journals are machined to a
highly polished finish. Bearing inserts are located between the main bearing bores
and the main bearing journals on the crankshaft. The main bearing journals must be
perfectly aligned with each other. The crankshaft journals must be properly spaced so

the pistons reach TDC in the correct order.

New Words

squirt [skw3:t] v I

crankpin [ 'kreegk pm] n. HhAhEY

diagonally [dar’ zgonli] adv. {FRkHb

inertia [1'n3:[5] n e, BiE, 15t

setscrew [set'skru:] n. [& ERET
adequately ['eedikwatli] adv. /ML, FEoTHL, A
tendency ['tendonsi] n. fpiiE], #a

serrated [so rertid] adj. BHEREY, PEAIRAY
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thrust [Orast] n A, ik, g
proportion [pro'po:fn] n. LAl

nickel ['nikl] n. i

bearing ['bearm] n. R

torque [to:k] n. J1%E

finish [ fnif] v KT

Phrases and Expressions

the connecting rod big end HERRCK
the connecting rod small end HEFF/N K
crankshaft journal HIEHEHE
piston pin 15 FE 5
drive line EDIER
connecting rod shank =1
connecting rod cap AT
connecting rod bearing half shell LN

'%otes
= T2

1. The big end of the connecting rod houses a sliding contact bearing and

features a hole through which oil is squirted onto the cylinder walls.

B HA KRR R S F AR AR B IL TR B A ALEE

2. The parting line between the connecting rod and its cap is generally arranged
at right angle to the axis of the connecting rod shank, but in some engines,the parting
line is necessarily arranged diagonally, because the proportions of the big end of the

connecting rod are such that the lower part of the rod could not otherwise be passed

through the cylinder for assembly purpose.

B A EFEZ NG )RS ERF S MR EL AT AR LLHM

P& B B TN K B AT K Sk R AR A AT AL AT
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S
’ e 4 J .
8 e xercises

1. What is the function of the connecting rods?
2. Why must the connecting rod be light in weight?
3. What are the main parts of the connecting rod?

4. What is the function of the crankshaft?

1.3, Valve Gear

The valve gear provides timely admission of the fresh charge into the cylinders
and exhaust of spent gases from them. The valves at definite moments open and
close the intake and exhaust ports in the cylinder head, through which the cylinders
communicate with the intake and exhaust manifold.

The opening of each valve is controlled by a camshaft.

Overhead Camshaft (OHC) Valve Train

The cam is an egg-shaped piece of metal on a shaft that rotates in coordination
with the crankshaft. The metal shaft, called the camshaft, typically has individual cams
for each valve in the engine. As the camshaft rotates, the lobe, or high spot of the cam,
pushes against parts connected to the stem of the valve. This action forces the valve to
move downward. This action could open an inlet valve for an intake stroke, or open an
exhaust valve for an exhaust stroke.

As the camshaft continues to rotate, the high spot moves away from the valve
mechanism. As this occurs, valve springs pull the valve tightly closed against its
opening, called the valve seat.

Valves in modern car engines are located in the cylinder head at the top of the
engine. This is known as an overhead valve (OHV ) configuration. In addition, when
the camshaft is located over the cylinder head, the arrangement is known as an overhead
camshaft (OHC) design (see Figure 1.3.1) . Some high-performance engines have two
separate camshafts, one for each set of inlet and exhaust valves. These engines are known as

dual overhead camshaft (DHOC) engines (see Figure 132) .
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Figure 1.3.1 OHC Figure 1.3.2 DHOC

Push-rod Valve Train

The camshaft also can be located in the lower part of the engine, within the
engine block. To transfer the motion of the cam upward to the valve, additional parts
are needed.

In this arrangement, the cam lobes push against round metal cylinders called cam
follower. As the lobe of the cam comes up under the cam follower, it pushes the cam
follower upward (away from the camshaft) . The cam follower rides against a push
rod, which pushes against a rocker arm. The rocker arm pivots on a shaft through its
center. As one side of the rocker arm moves up, the other side moves down, just like a
seesaw. The downward-moving side of the rocker arm pushes on the valve stem to open
the valve.

Because a push-rod valve train has additional parts, it is more difficult to run at
high speeds. Push-rod engines typically run at slower speeds consequently, produce
less horsepower than overhead camshaft designs of equal size. (Remember, power is
the rate at which work is done.)

The camshaft must revolve at exactly half the speed of the crankshaft. This is
accomplished with a 2:1 great ratio. The gears are linked in one of three ways:

(1) Belt drive

Such belts are made of synthetic rubber and reinforced with internal steel or

fiberglass strands. The belts have teeth, or slotted spaces to engage and drive teeth on

gear wheels. A belt typically is used on engines with overhead-cam valve trains.
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(2) Chain drive
On some engines, a metal chain is used to connect the crankshaft and camshaft
gears. Most push-rod engines and some OHC engines use this driving.
(3) Gear drive
The camshaft and crankshaft gears can be connected directly, or meshed. This

type of operating linkage commonly is used on older six cylinder inline engines.

Electronic Valve Control System

An electronic valve control (EVC) system replaces the mechanical camshaft,
controlling each valve with actuators for independent valve timing. The EVC system
controls the opening and closing time and lift amount of each intake and exhaust valve
with independent actuators on each valve. Changing from a mechanical camshaft
driven valve into independently controlled actuator valves, provides a huge amount
of flexibility in engine control strategy. Vehicles utilizing EVC can realize several
benefits including: increases engine power and fuel economy; allows centralized and
distributed EVC systems to perform at their full potential; adapts to engines of varied
cylinder counts.

With all of the improved efficiencies and consumer benefits, auto manufacturers
are eager to get their first EVC systems on the road. The EVC system is targeted to
operate in temperatures up to 125°C, while the actuator is targeted to run up to
6 000 r/ min. The actuator can be controlled in a centralized system with a high-speed
multiplex bus (up to 10 Mbps) or in a distributed system with a nominal speed bus.

EVC systems must be compact in size, specifically the actuators that must be
small enough to fit in the engine space. A vehicle that uses a 42V system is ideal
for EVC because it requires high voltage to control the valve actuators, and EVC is
targeted for V8 and V12 engines. The EVC system is also highly flexible, allowing

adaptability for a number of cylinder engines.

New Words

charge [tfa:d3] n. 54K
definite ['defmot] adj. HER; BHER
port [po:t] n. I
manifold ['meenifould] n. B
lobe [loub] n. A
downward ['davnwad] adj. TFER; 10T
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spring [sprm] n. B
pivots ['prvat] n KXAl SR WXl e R
seesaw ['si: s2:] n. BRI
consequently ['konstkwontli] adv. Hit; L
horsepower ['ho:rspaver] n. 57 (Y)ZAT)
revolve [r'volv] v. JiEH ;. BE; e
actuator [=ktjverto] n AL (CRE, Ht) ; High#E
manufacturer [ meenju’ feektforor] n e WA AR

Phrases and Expression

Valve Gear BL AL

spent gases E

Overhead Camshaft ( OHC) Valve Train ToUE T el = TP
in coordination with 5o OME

dual overhead camshaft XUTHE ™ AR
Push-rod Valve Train HEFFRCSHLAS

cam lobes R E ot

cam follower 5 B

rocker arm P

great ratio A

belt drive hitiasl]

synthetic rubber B AR
reinforced with I

fiberglass strands PN L

chain drive WAL Bl

gear drive g i ol]
Electronic Valve Control System iR MEATH BN
mechanical camshaft BB A %

high voltage

(L)






