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Unit 1
Text

Four-Stroke Engine Operation

A stroke is the movement of the piston from TDC(top dead center) to BDC(bottom dead
center), or from BDC to TDC. There are four strokes in one four-stroke cycle of the engine:

intake stroke ,compression stroke, power stroke, and exhaust stroke.
e Intake Stroke.Gasoline is very explosive when one part is mixed with about 15 parts

of air. The ideal mixture of about 14.7 to 1 is called stoichiometric. As the crankshaft turns,
it pulls the rod and piston down creating a vacuum that draws in a mixture of air and fuel
through the open intake valve( Fig.l-1a) . About 10,000 gallons of air is drawn in for every 1
gallon of fuel. The air/ fuel mixture is supplied by the carburetor or fuel injection system.

Fig-1-1 The mixture is drawn into the cylinder where it is compressed.

Almost all new vehicles have fuel injection systems. Computer controls used with these
vehicles monitor the oxygen content in the vehicle’ s exhaust and then adjust the fuel supply

to provide the correct amount of fuel and air for each intake stroke
e Compression Stroke. When the mixture of air and fuel is compressed into a smaller

area, it becomes much more explosive. The compression stroke begins at BDC after the
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intake stroke is completed.The intake valve closes and the piston moves up in the cylinder,
compressing the air/ fuel mixture  (Fig. 1-1b). When the piston is at TDC, the mixture is
compressed to about 1/ 8 the volume it occupied when the piston was at BDC. In this case,
the compression ratio is said to be 8 1(Fig. 1-2). If the mixture were compressed to 1/ 12
its original volume, the compression ratio would be 12 1.

e Power Stroke.- As the piston approaches TDC on its compression stroke, the
compressed air/ fuel mixture becomes very explosive (Fig.1-3). When the ignition system
generates a spark at the spark plug, the fuel is ignited. The burning fuel mixture expands
and forces the piston downto BDC (Fig.1-4a). This action forces the crankshaft to turn; the

turning crankshaft powers the car-

Fig- 1-2 Fig. 13

C om pression ratio is a com parison of the volum e of The air/ fuel m ixture heats up as it is com pressed.

the air space above the pston atBDC and atTDC.
e Exhaust Stroke. As the piston nears BDC on the power stroke, another valve opens

Fig. 1-4

a)Them ture is bumed,pushing the piston down. b)T hen the exhaust is forced outas the piston com es up-



to allow the burned gases to escape. Because the exhaust gases are still expanding, they
are forced out this open valve. As the crank continues to turn,the piston moves up in the
cylinder, helping to force the remaining exhaust gases out through this open exhaust valve
(Fig-14b). A few degrees after the piston passes TDC, the exhaust valve closes, and the
entire four-stroke cycle repeats itself, beginning with the intake stroke.

Leakage of gases past the rings during the power stroke is called blow-by (Fig-1-5).
Blow -by causes pressure in the crankcase.

Fig. 15

L eakage ofgases pastthe ring is know n as blow -by-

New Words

1.stroke[str uk] n. ,
2.movement muvm nt] n. ,
3.pson[ pist n] n.
4. ntakel n-tek] n. ,
5.com pression[k m pre n] n.
6.exhaustfi z st] n.,vt ,
7.explosive[ksplousnv] a.,n. ,
8.m xture[ mikst ] n.
9. stochom etric[ st ki metrk] a. ,
stochiom etric air-fuel ratio
10.crankshaftf kr k ft] n.
11.rod[r d] n. ,
connectn  rod
12 .vacuum [v kju m] n.
13.draw [dr 1 v- , , . ( )
14 .valve[ v N] n. ,



15.gallon[ In] n.

16 .carburetor[ k bjret] n. )
17.ngecton[nd ek n] n. , ) ,
18 .system [sist m] n.

19.vehick[vikI] n.

20.monitor[ m nit] n-v. , ,
21.cyInder[silnd ] n.

22 .rato[ rei iou] n. ,

23 .approach[ prout] vt

24 .gniton[i ni n] n.

25.generate[ d en reit] v. , ,

26 .spark[sp k] n.,vi.,vt. : : )
27 .plug[pl ] n.,v.

28.gnite[i nait] v.

29 .expand[ksp nd] v. , ,
30.escapeliskeip] vi.,vt.
3l.remain[rimen] Vi.

32.degree[di ri] n. , :

33.kakage[ ikd ] n.

34.rnglri] n.,v. , ’
35.crankcase[ kr kkeis] n.

36.occupy[ ki pail , .
37.engne[end n] n.

38.content[ k ntent] n. ,

39.orgnal[ rd n I] a.

40.volume[v lum] n. , . . s
41 .entire[n tai ] a. , n.

42 .cycle[ saklIl n- ;

Phrases and Expressions

|

-four-stroke engine

2.top dead center(TDC)

3.bottom dead center(BD C)
4.draw N , ,

5.m ove up )

6.n this case

/.begin w ith

8.bbow -by ( ) , ,
9.heat-up ,



Notes

Com puter controls used w ith these vehiclks monmor the oxygen content n the
vehicle’ s exhaust and then adp st the fuel supply to provde the correct am ount of fuel and
air for each ntake stroke.

1used w 1th these vehicles
2)and , monior adjst
3)to provide
T he intake valve closes and the piston m oves up in the cylinder,com pressing the air/
fuel m xture.
com pressing the ai/ fuel m xture ,
L eakage of gases past the rings during the pow er stroke s callked blow -by.

1)past the rings
2)during the pow er stroke

Glossary of Technical Terms

1.stroke:n an autom obile engine,the distance m oved by the piston.

2.valve:A device used t open and close a port o ket ntake and exhaust gases in and out
of the engmne.

3.carburebr:A device for autom atically m ning fuel n the proper proportion w ith air ©
produce a com bustb ke gas.

4.compression ratio:A m easure of how m uch the air has been com pressed in a cylinder of
an engine from BDC to TDC. Com pression ratio w illusually be from 8-1 to 25-1.

5.gnition:In internakcom bustion gasoline engines, the process of gniting the air/ fuel
m Xture n the com bustion cham ber by an electrical spark from a spark plg.

6. stoichiom efric: In autom otive term inolbgy it refers to an air/ fuel ratio in w hich all
com bustible m aterials are used w 1th no deficiencies or excesses;14.7 parts air to 1 part fuel,
by weight,at sea level.

Exer cises

| .True or false questions:
1.T he stokchiom etric n the text m eans the deal m xture of the air and fuel, which B
about 14.7 tol.



2.W hen 1t s com pressed, the m xture of air and fuel w ill be at a high pressure and
tem perature.

3.As the piston moves up to TDC on its com pression stroke, the com pressed air/ fuel
m xture becom es very explosive and forces the piston m oves down n the cylinder.

4.A few degrees before the piston approaches TDC, the intake valve opens and the
engmne begns w ith the ntake stroke.

5.T he rem aining exhaust gases s forced out of the cylinder,because the exhaust gases
are still expanding -

I'l.Sudy Questions:

1.W hatdoes TDC mean?

2.W hat is the m ovem ent of the piston from TDC t BDC called?

3.During which of the four strokes are the valves closed?

4.W hat s the ratio called that com pares the volum e of the air space above the piston at
TDC and BDC?

[1l.Translate the following sentences into Chinese:

1. 1f the m ixture were com pressed 1/ 12 its original volum e, the com pression ratio
would bel2 1.

2.W hen the gnition system generates a spark at the spark plug, the com pressed m ixture
ofair and fuel 5 gnited.

3.This arrangem ent allbbws the piston  retum to the top of the cylinder, making
contnuous rotary m otion of the crankshaft possible.

Reading Material A

Engine Control System Operating M odes

Every computer control system has two operating modes. The computer can ignore
sensor input under certain operating conditions, or it can make one of several different
possible decisions based on the input of other sensors. For example, the computer can
ignore an exhaust gas recirculation (EGR) sensor if a temperature sensor tells it that the
engine is cold.

Since a computer has this ability to be selective, engineers program a control system
for two basic operating modes: openHdoop and closed-oop, Fig. 1-6. The most common
application of these modes applies to fuel-metering feedback control, although there are
other open- and closedHoop functions . In addition to these two basic modes, a practical
fuel control system must handle other operating modes as operating conditions change.
Control logic that is programmed into the microprocessor determines the operating mode
according to the existing engine condition.



Fig. 1-6

T ypical open-and closed-lbop control.

Open-loop Control

When a vehicle is first started, the control system is in open loop- The sensors provide
information to the computer. The computer reads these signals and orders the output
actuators to operate in a specific manner. The actuators obey the orders they receive
without providing and feedback to the computer. This unidirectional operating sequence is
shown by the solid lines in Fig.1-6.

When you turn on the windshield wipers, you are exercising open-Hoop control over the
wiper system. The wiper blades will move across the windshield at a given rate of speed,
regardless of whether the rain falling on the windshield is a light drizzle or heavy downpour -
Wiper speed does not change until you readjust the wiper control. The wiper system does
not receive an error feedback signal telling it that it is operating too slowly to clean the
heavy downpour from the windshield. It relies on an outside force (the driver) for
adjustment -

For an engine computer to determine whether the air-fuel mixture is correct, it requires
a feedback signal from the exhaust gas oxygen(EGO) sensor. If the computer ignores this
signal, it relies on signals from other sensors to make its decision. Inthis case, suppose the
engine coolant sensor tells the computer that the engine is cold- The throttle position sensor
also signals that engine speed is increasing- Based on this information, the computer tells
the fuel control actuator to enrich the mixture. It does this under certain specified conditions:

e During a cold start or hot restart

e Under low vacuum conditions

e At wide-open throttle or under full load, regardless of engine speed

e During idle or deceleration conditions (some systems).

Cl osed-loop Control

In closed-loop control,the computer responds to feedback signals provided by sensors
7



and actuators. These feedback signals tell the computer whether the output is too little, too
much, or just right. In other words,the feedback singnals regulate the output control. This
cycle is summarized by the dotted line in Fig.1-6.

In our fuel metering example above,the computer will respond to the EGO sensor signal
in closedHoop operation. If the sensor measures a low oxygen content, which indicates a
rich mixture, it signals this fact to the computer. The computer then directs the fuel control
actuator to lean the mixture .If the actuator leans the mixture to much, the EGO sensor will
inform the computer, which then directs the fuel control actuator to again enrich the mixture-
This is an on-going process that occurs many times per second.

In essence, a computer operating in closed loop is constantly” returning” the engine
while it is running in order to compensate for changes in various operating factors, such as
temperature, speed,load,altitude ,among others.

New Words

-gnore[i n ] vt

.sensor[ sens ] n.

-recircubation[ ris kju ki n] n. ,
.sekective [sikktiv] a. ;
loop[lup]l n. , , vt.
.feedback [ fidb k] n. ; ,
-function[f k n] n.,v. , ;
-handle[ h ndl] n.,vt , ; ,
logic[ 1d k] n. ,

10.m wroprocessor[m akr prouses ] n.
11 .exist [i zist] v- . s

12 .chart [t t] n.

13.typical [tipk ] a. ;

14 .actuator [ ktuert ] n. , , )
15 .specific [spisifk] a.- , ,
16.manner[m n ] n. ; ;
17 .obey [ beil vt ;
18.undirectional [ pnidirek nl] a.

© 00 N O O & W N B

19.sequence [ sikw ns] n. ; ;
20.solid [ s Id] a. ;

21.w ndshield [wind ild] n.
22.wmper[wamp ] n.,v. ,
23.bkde [bled] n. ; ;

24 .drizzke [drizl] vi.,n. ,
25.downpour [ daunp 1 n.



26.error [er ] n. ;
27 .coolant [ ku I nt] n.
28 .throttke [ r t] n.
29.enrich [nrit] vt

30.varmble [v ribl] n.,a. ;

3l.kan [lin] a-,vt ,
32.summarze[ s m raz] V. ,
33.dot[d t] n.,v. ;

34 .com pensate[ k m penseit] vt. ,
35.altitude [ kit d] n.

36.ndicate [ ndikeit] vt. , , ,

Phrases and Expressions

1.open-loop
open-loop control ,
2.clsed-loop
closed-loop control
.fuel-m etering
- addition t ,
.regardless of ,

.exhaust gas recirculation (EGR) ,
-exhaust gas oxygen (EGO )
.w de-open throttle ,

10.full bad )

11.mn essence

3
4
5
6.rely on
2
8
9

12 .com pensate for )
13.am ong others

Notes

The most common application of these m odes applies to fuel-n etering feedback
control,although there are other open and closed-bop functions.

although ,



Glossary of Technical Terms

1. actuator: A device which translates the com puter output voltage signal nto
m echanical energy.

2. closed-lboop : A n operational mode n which the com puter reads and responds
feedback sgnals from its sensors,adpsting system operation accordingly .

3.open-logp : An operational m ode n which the com puter adjusts a system to function
according to pre-determ med instructions and does not alvays respond t feedback sinalk
from s sensors.

4. sensor: A device which provides input data n the form of voltage signak to a
com puter.

5. micrgprocesor: A processor contaned on an integrated circuit, processor (central
processing unit) that m akes the arithm etic and bgic decisions in a m icrocom puter.

Reading Material B

Introduction to Electronic Engine Controls

Electronic engine controls appeared on the automotive scene with some 1977 models.
The early control systems regulated only a single function, either ignition timing or fuel
metering - However,they were rapidly expanded to incorporate control over both systems, as
well as numerous other engine functions.

The basic parts of the first electronically controlled fuel management systems were a
feedback carburetor, and electronic control module or microprocessor, an exhaust gas
oxygen(EGO) sensor mounted in the exhaust manifold, and a catalytic converter.

Two types of fuel control actuators are used with carburetors:
e A solenoid or stepper motor mounted on or in the carburetor to directly control the

fuel-metering rods or air bleeds, or both.

e A remote mounted, solenoid-actuated vacuum valve to regulate carburetor vacuum
diaphragms that control the fuel-metering rods and air bleeds.

The fuel management microprocessor constantly monitors the oxygen content of the
exhaust gas through signals received from the EGO sensor. The microprocessor sends a
pulsed voltage signal to the control device,varying the ratio of on-time or off-time according
to the signals received from the EGO sensor.As the percentage of on-time is increased or
decreased,the mixture is leaned or richened.

With fuel injection systems, the microprocessor exercises ratio control by switching one
or more fuel injectors on and off. The switching rate is determined by engine speed. The
microprocessor varies the length of time the injectors remain open to establish the air fuel
ratio. As the microprocessor receives data from its sensor inputs,it lengthens or shortens

10



the pulse width(on-time) according to engine operating and load conditions.

New Words

.ntroducton[mntr d k n] n.

.electronic [ikk tr nk] a.

.appear[ pi] . ,

.autom otive [ t moutiv] a. , ;
.scene [sin] n.

-model [m dIl n..,a.,v. )

.regulate [ re juleit] v. , , ,
-rapidly [ r pidlil ad- ,

.ncorporate [mk p reit] v.
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.numerous [njum rs] a. ,
.ekectronically [ilek tr nk li] ad.
-management[m nid m nt] n. ,

.module [m dp Il n. 3 ( )
.mount[maunt] vt. ,

.manfold [m nifould] a.;n. o ¢ )
.catalytic [k t litk] a.

.converter [k nv t] n.

.solkenod [souln d] n.

.Stepper [ step ] n. ,

-bled [blid] v. 3

.remote [rimout] a.

NS S o e e e e i e o e
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.diaphragm [dai fr m] n. ) )

23.constantly [ k nst ntli] ad.

24 .puke [p k] n.,v. ,

25.voltage[ voultd ] n.

26.vary [v ri] v. .

27 .percentage [p sentd ] n. , ,
28.njector [ind ekt] n. ,

29 .establish [ist bli] vt

Phrases and Expressions

1.stepper m otor

2.fuelm etering rod
3.airbleed ( ) ;
4.solenod-actuated
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5.vacuum vale
6.vacuum diaphram
7.on-tm e

off-tm e

¢ )

¢ )



