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Engine Operating Principles and
Engine Construction

[g1a?@ Engine Overall Mechanics

The engine is the source of power that makes the wheels go around
and the car moves. 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 for 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; the rotary motion is
carried through the power train to the car wheels so that they rotate and
the car moves. ¥

The engine needs different systems to perform above function. They
are piston crank mechanism, valve mechanism, fuel system, ignition
system, starting system, cooling system and lubricating system in a
gasoline engine, yet there is no ignition system in a diesel engine because

the diesel is burned by compression-ignition. ‘%’

Piston Crank Mechanism

Piston crank mechanism is the main engine sport body. Its function is
to transform piston reciprocating movement into the crankshaft rotational
movement. At the same time, piston crank mechanism changes the press
on the pistons into the external output torque of the crankshaft to drive

vehicle wheel rotation.

Valve Mechanism
In accordance with the requirements of each cylinder work cycle,

R
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Engine overall structure

valve mechanism must open and close the intake valve and exhaust valve on time, so that
fresh combustible gas mixture (gasoline engine) or air (diesel engine) access to the

cylinder timely, exhaust from the cylinder to be discharged in time.

Fuel System

The engine requires a fuel system to supply it with a mixture of air and fuel. The
conventional fuel system does this by pumping liquid gasoline from a tank into the
carburetor, a mixing device that mixes the gasoline with air in correct proportion. The
mixture is delivered to the engine where it is burned. But because the carburetor is a
mechanical device that is neither totally accurate nor particularly fast in responding to
changing engine requirements. ® Adding feedback controls and other emission-related
devices in recent years has resulted in very complex carburetors. The solution to the

problems posed by a carbureted fuel system is electronic fuel injection (EFD).
Ignition System

The ignition system provides high-voltage electric sparks that ignite, or set fire to,

the charges of air/fuel mixture in the engine combustion chambers. @

Starting System

The starting system’s purpose is to change the electrical current into the mechanical

energy to push the crankshaft around. By means of this, the engine can be started.




Unit 1 Engine Operating Principles and Engine Construction

Cooling System

The engine also needs a cooling system, the combustion of the air/fuel mixture in the
engine creates a very high temperature (as high as 2,000°C to 2,700°C) . The cooling
system takes heat away from the engine by circulating a liquid coolant between the engine
and a radiator. The coolant gets hot as it goes through the engine. Thus, the coolant
continually takes heat away from the engine , where it could do damage, and delivers it to

the radiator. Air passing through the radiator takes heat away from the radiator.

Lubricating System

The engine also includes a lubricating system. The purpose of the lubricating system is
to supply all moving parts inside the engine with lubricating oil; the oil keeps moving parts

from wearing excessively.

f2tii i The Four-Stroke Engine

Four-Stroke-Cycle Gasoline Engine

The movement of the piston from its upper-most position (TDC, top dead center) to
its lowest position (BDC, bottom dead center) is called a stroke. Most automobile engines
operate on the four-stroke-cycle principle. A series of events involving four strokes of the
piston complete one cycle. These events are: the intake stroke, the compression stroke,
the power stroke, and the exhaust stroke. Two revolutions of the crankshaft and one
revolution of the camshaft are required to complete one cycle.

On the intake stroke the piston is pulled down in the cylinder by the crankshaft and
connecting rod. During this time the intake valve is held open by the camshaft. Since the
piston has moved down in the cylinder, creating a low pressure area ( vacuum ),
atmospheric pressure forces a mixture of air and fuel past the intake valve into the
cylinder. ® Atmospheric pressure is approximately 14.7 pounds per square inch (about
101. 35 kilopascals) at sea level. Pressure in the cylinder during the intake stroke is
considerably less than this. The pressure difference is the force that causes the air-fuel
mixture to flow into the cylinder, since a liquid or a gas (vapor) will always flow from a
high- to a low-pressure area.

As the piston is moved up by the crankshaft from BDC, the intake valve closes. The
air-fuel mixture is trapped in the cylinder above the piston. Further piston travel
compresses the air/fuel mixture to approximately one-eighth of its original volume
(approximately 8 1 compression ratio) when the piston has reached TDC. ‘® This completes the

compression stroke.
When the piston is at or near TDC, the air-fuel mixture is ignited. The burning of the

-3
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air-fuel mixture takes place at a controlled rate. Expansion of the burning mixture causes a
rapid rise in pressure. This increased pressure forces the piston down on the power stroke,
causing the crankshaft to rotate.

At the end of the power stroke the camshaft opens the exhaust valve, and the exhaust
stroke begins. Remaining pressure in the cylinder, and upward movement of the piston,
force the exhaust gases out of the cylinder. At the end of the exhaust stroke, the exhaust
valve closes and the intake valve opens, repeating the entire cycle of events over and over
again.

To start the engine, some method of cranking the engine is required to turn the
crankshaft and cause piston movement. > This is done by the starter motor when the
ignition key is in the start position. When sufficient air/fuel mixture has entered the
cylinders and is ignited, the power strokes create enough energy to continue crankshaft
rotation. At this point, the ignition key is released to the run position and the starter is
disengaged.

Sufficient energy is stored in the flywheel and other rotating parts on the power
strokes to move the pistons and related parts through the other three strokes (exhaust,
intake, and compression) . The amount of air-fuel mixture allowed to enter the cylinders

determines the power and speed developed by the engine.

Four-Stroke-Cycle Diesel Engine

The diesel engine is easily recognized by the absence of such components as spark
plugs, ignition wires, coil, and distributor, common to gasoline engines.

Diesel engines, in principle, work in the same way as gasoline engines do. But diesel
engine has its characteristic features that is different from the gasoline engine. Firstly, the
explosive mixture of the gasoline engine is provided by EFI, but in the case of the diesel
engine the supply is effected by an injection or “jerk” pump which forces a “shot” of fuel
into each cylinder in turn according to the correct firing sequence. Secondly, the
fundamental difference between gasoline and diesel engines is that in the gasoline engine
the source of the heat for igniting the charge is the electric spark generated by the spark
plug. ® In the diesel engine the source of heat for igniting the charge is created within the
engine by compressing pure air to a degree that will initiate combustion and then injecting
the fuel at the right time in relation to the movement of the crankshaft. ” Both classes of
engines are of very similar construction. But as the diesel engine is called upon to withstand
very much greater stresses due to higher pressures in cylinders, it has to be of more
substantial construction, and is thus heavier. ! In general, the diesel engine may weigh
about 9. 25 kilograms per kilowatt. The most important advantage of the gasoline engine is
its lower weight per kilowatt. The gasoline engine for automobiles weighs about 6~ 17
kilograms per kilowatt, and gasoline engines for airplanes may weigh as little as 0. 77

kilograms per kilowatt. This advantage prevents the diesel engine from replacing the

« 4.



Unit 1 Engine Operating Principles and Engine Construction

gasoline engine in some automobiles and airplanes. ¥’

However, the diesel engine is more efficient, because it has higher compression
ratio. Its ratio may be as high as 16 to 1. Up to 40 percent of the chemical energy of the
burning fuel may be changed into mechanical energy. In addition, the diesel engine runs
cooler than the gasoline engine. This advantage is especially obvious at lower speed. Diesel

oil is not only cheaper than gasoline antifreeze mixture, but also safer to store.

Engine Noise Diagnosis

There are different abnormal noises when the engine working sometimes. The
following listing will point out the most common causes of sound itself and what must be
done to correct them.

1. An abnormal sound originating from some form of piston ring problem is audible
during engine acceleration. To correct the cause of ring noise, it may be necessary,
therefore, to replace the rings, the pistons, or the sleeves or rebore the cylinders.

2. Piston slap is a very common noise most noticeable when an engine is cold. A piston
that slaps against the cylinder wall produces a hollow, muffled, bell-like sound, quite
audible when an engine is operating under load at low rpm. "% Piston slap results from
worn pistons or cylinders, collapsed piston skirts, excessive piston-to-cylinder wall
clearance, misaligned connecting rods, or a lack of lubricating oil. Therefore, in order to
correct piston slap, it will be necessary to replace or resize the pistons, rebore the
cylinders or replace the sleeves, replace or realign the rods, or add oil to the engine.

3. A piston-pin knock is noticeable most of the time when an engine is idling. Piston
pin noise is usually the result of a worn piston pin, piston-pin boss, pin bushing, or a
lack of oil. To correct this problem, install oversize pins, replace the bushings and pins,
or service the engine with oil.

4. A sound not frequently heard in an engine is that of a piston ring striking the ring
ridge at the top of the cylinder. This particular problem causes a very distinct and high-
pitched, metallic rapping or clicking noise audible at all engine speeds but particularly on
deceleration. ™ To repair the cause of this sound, it will be necessary to replace the piston
pin or connecting rod bearings.

5. An abnormal noise that is audible when the engine is running at speeds above 35
miles per hour (mph) without a load is usually the result of loose connecting-rod
bearings. Loose rod bearings cause a light to heavy knock or pound, depending on how
badly the bearings are worn. Connecting rod bearing noise can be due to a worn bearing,
crankpin, misaligned rod, or lack of oil. To correct the noise, it will be necessary to
replace the bearings, service or replace the crankshaft, realign or replace the rod, or
service the engine with oil.

6. A loose vibration damper or flywheel can also cause abnormal engine noises. This

« 5.
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sound is more noticeable during engine acceleration from idle under load or at an uneven
idle. But it is less apparent at higher engine rpm or during smoother engine operation. A
loose flywheel, on the other hand, sets up either a heavy thump or a light knock at the
back of the engine, depending upon the amount of play the flywheel has and the type of
engine. You can detect a loose flywheel by shutting off the ignition switch at idle and then
turning it on again just before the engine stops rotating. Also, operating the clutch pedal,
at the same time the noise is audible at running speeds, will vary the sound enough so that
it is easier to identify and then locate its source.

7. An abnormal noise that is audible upon engine acceleration under load is usually the
result of a loose crankshaft main or thrust bearing. Main or thrust bearing noise is usually
the result of worn bearings, crankshaft journals, or a lack of oil. To correct this noise, it
will be necessary to replace the bearings, crankshaft, or service the engine with oil.

8. Excessive clearance in the valve train produces a noise that is usually more apparent
during engine idle rpm than any other time. ! Valve-train noise is brought about by
improper valve adjustment, worn or damaged parts, dirty hydraulic lifter, or lack of
clean lubricating oil. In order to correct the cause of the noise, it will be necessary to adjust
the valves, replace worn or damaged parts, clean or replace the lifters, or service the
engine’s lubrication system.

9. The one abnormal sound unrelated to worn, damaged, loose, or maladjusted
engine parts is detonation knock.

The noise is most noticeable during acceleration with the engine under load and
operating at normal temperature. Excessive detonation is very harmful to the engine, and
you should do everything possible to correct the cause as soon as possible. Detonation
knock in an engine is usually the product of advanced ignition timing, excessive carbon
build-up in the combustion chambers, or use of too low an octane fuel. *” To correct this
malfunction, check the distributor’s advance mechanisms , check and reset the ignition

timing adjustment, decarbonize the engine , or recommend a change in fuel to one with a

higher octane rating.

Dialogue

A. Hello! Welcome to Blue Sky Automobile Company. Can I help you?

B: I want to buy a car. Could you introduce some new model?

A: OK, I'd like to show you the new model, 2008 Buick Lacrosse.

B: Oh, it looks nice.

A. Yes, I bet you'll like it more after my introduction. Its unique RES (Remote
Engine Start) permits you start the engine 50 metres away, and the AC (Air
Conditioning) which has been set consequently start work.So you will feel very

comfortable when you access the car.

. 6 .



Unit 1 Engine Operating Principles and Engine Construction

B: Very good. Could you tell me more about the specifications of this model?

A: Sure. As you can see it’s of deluxe body style with Black exterior, 2.4 Liter V§
engine,

B: How about its chassis?

A: It’s electronically controlled six-speed automatic transmission with manual shift
mode, four-wheel independent suspension and front and rear disc brake. All prove it is
quite a good car.

: I like it very much. What’s the price?
: The price is RMB 240, 000.
Any discount?
: Well, this is the newest model and very popular. I think it’s worthy.
: OK, I will take it.
: Thank you.

> > E >

New Words

- engine {'end3mn] n. KFhHL, 3|

. mechanics [ mrkeeniks] n. }1%, ¥LHE2:, MLt

. automobile [ 'o:temabi:l] n. K%

. vehicle ['viukl] n. 28T E, %

. gasoline ['geesali:n] n. &

. combustion { kam'bastfen] n. #i5s, B8k

. chamber ['tfeimbe] n. FE], %

. piston ['pisten] n. (#L) FE

. crankshaft ['kreenk[a:ft] ». fi%h

10. diesel ['di:zsl] n. &7

11. reciprocating [ri'siprokertin] adj. fEE#, XKEH, BY
12. torque [to:k] n. (IFEHLESHY) HF A

13. cylinder ['stiinda] ». B4, Bk, G

14. discharge [dis't[a:dz] vz. & vi. BHY, P n Hewcd sk
15. pump [pamp] n. &, FTRME vt & vi. FHKIIEK, BT
16. tank [teenk] ». 1 OK) 45, #E, #8

17. carburetor ['ka:bjureta] n. (#L) {bih2%

18. deliver [dr'live] vr. & wvi. i#3%, 354t

19. feedback [‘fizdbaek] n. i, RIS A

20. voltage [ 'veultidz] n. HL/E, {R4F%

21. circulate ['sa:kjulert] ot & vi. () $EIF, () FiE, 506, &%
22. coolant ['kuw:lant] n. ¥R, BHW, B

23. radiator ['rexdierte] n. RZES|EHLHILS, B
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24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37,
38.
39.
40,
41,
42.
43.
44,
45.
46.
47,
48.
49.
50.
51.
52.
53.
54.
55.
56.

wear [wea] 7. %F, ZEHEU %fﬁ vt. ﬁg’ %52 vi. %Lﬁ’ QIH’ Fﬁﬂ:
revolution [reve'lu:fan] n. Hify, BIEKAS, ek

camshaft [ 'keem[a:ft] ». %% :
vacuum ['veekjuem] n. BZ3, Z5[H], S v FHEAZRALREFH
approximately [ @'proksimatli] adj. T, K&y

pound [paund] n. B, & u. & vi. EEHESH

vapor ['veipa] n. KFESR v. (f#) %X

ignite [1g'nart] vt. & vi. SR, 31%

flywheel [flawiil] n. K%

coil [kotl] n. %, B, 228 v & vi. Heereer # (&) mESEIEE
distributor [dis'tribjute] n. 4}HL4§

explosive [1ks'plousiv] adj. BYEN, 1BAH n 1BIEY, 1EZ
pure [ pjus] adj. 4y, 4iER, EL2H

initiate [r'nifrert] ve. JF4G, HF

antifreeze [ ‘sentrfriiz| n. BH I

noticeable ['nautisabl] adj. &% Wi, HEH, BEH
hollow ['holeu] adj. 5K n. M, Y[, [WHh v, ZH

muffle ['mafl] ve. KM, B4E n. FIRIMES

collapse [ka'leeps] vi. {835, M T, Hitt n. G, BB

align [olamn] vt. f#—%%

sleeve [slitv] n. KR#T, E®, Y

pitch [pit[] n. HiH, HH

bearing [‘beerin] n. #i#&

idle ['ardl] adj. K, WEH vi. BE, TF n 8F
vibration [ varbreifan] n. &3l

damper ['deempa] n. EPHIEFNEE

clearance ['klierans] n. %23, 438

octane [ 'oktein] n. 3FE4E

specification [spesrfrkerfen] ». B35, FHEMATRIAS, 8
deluxe [drljks, drluks] adj. BEFEH), M adv. FEH
chassis [eest] n. (D JKE, CRHLAD PLE

ridge [rid3] n. #, WHE

valve [veelv | n. i®, &[]

Phrases and Expressions

1. internal-combustion engine PBRH,
2. heat energy #gE
3. mechanical energy #L%HE



