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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.
@ 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. I-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.

INTAKE VALVE OPEN BOTH VALVES CLOSED

INTAKE
VALVE

AIR/FUEL
MIXTURE

INTAKE STROKE COMPRESSION STROKE
a) b)

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(D.
@ 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 in-
1



take stroke is completed. The intake valve closes and the piston moves up in the cylinder,
compressing the air/fuel mixture(2 (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.

@® Power Stroke. As the piston approaches TDC on its compression stroke, the com-
pressed air/fuel mixture becomes very explosive (Fig. 1-3). When the ignition system gen-
erates a spark at the spark plug. the fuel is ignited. The burning fuel mixture expands and
forces the piston down to BDC (Fig. 1-4a). This action forces the crankshaft to turn; the
turning crankshaft powers the car.

sveeawN-

@ i PSI114.7

Temp. 140°

@ ; PSI1 1000

Temp. 850°

Fig. 1-2 Fig. 1-3
Compression ratio is a comparison of the volume of I'he air/fuel mixture heats up as 1t is compressed.
the air space above the piston at BDC and at TDC.

@ Exhaust Stroke. As the piston nears BDC on the power stroke, another valve opens

BOTH VALVES CLOSED EXHAUST VALVE OPEN
SPARK PLUG FIRES EXHAUST

POWER STROKE EXHAUST STROKE
a) b)
Fig. 1-4

a)The mixture is burned,pushing the piston down. b)Then the exhaust is forced out as the piston comes 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. 1-4b). 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.

-

/i

dTHD
N2

_ /,5

On compression
stroke, unburned
air/fuel"blow-by"
the piston into
the crankcase

£

On power stroke,
combustion (exhaust)
gases "blow-by" the
piston into the
crankcase

Fig. 1-5

Leakage of gases past the ring is known as blow-by.
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Notes

(D 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.

TR RRMEW AR S R TSR E MR (HA B
RKEHSRPHWESE RERATHRBMES.

1used with these vehicles &4 iR 1E/EG B EiE.

2)and Ff % 3% id] , % £ % 41~ 1§ iE monitor M adjust,

3)to provide-- A5 XM iEAE H WARIE .

@ The intake valve closes and the piston moves up in the cylinder,compressing the air/
fuel mixture.

HRTTRAEEEKEAN LB ES = TRMESY .

compressing the air/fuel mixture SHiEBIEESGRRIE. @K HES S0 FRAT.

(B)Leakage of gases past the rings during the power stroke is called blow-by.
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Dpast the rings  #f %50 iA 818 4E J5 B E &

2)during the power stroke 43 ] 47 i fi B 8] 4R 15

Glossary of Technical Terms

1. stroke:in an automobile engine,the distance moved by the piston.

2. valve : A device used to open and close a port to let intake and exhaust gases in and out
of the engine.

3. carburetor : A device for automatically mining fuel in the proper proportion with air to
produce a combustible gas.

4. compression ratio: A measure of how much the air has been compressed in a cylinder of
. an engine from BDC to TDC. Compression ratio will usually be from 8-1 to 25-1.

5. ignition:In internal-combustion gasoline engines, the process of igniting the air/fuel
mixture in the combustion chamber by an electrical spark from a spark plug.

6. stoichiometric :In automotive terminology it refers to an air/fuel ratio in which all com-
bustible materials are used with no deficiencies or excesses;14. 7 parts air to 1 part fuel, by

weight ,at sea level.

Exercises

I. True or false questions:
1. The stoichiometric in the text means the ideal mixture of the air and fuel, which is
about 14. 7 tol.



2. When it is compressed ,the mixture of air and fuel will be at a high pressure and tem-
perature,

3. As the piston moves up to TDC on its compression stroke,the compressed air/fuel
mixture becomes very explosive and forces the piston moves down in the cylinder.

4. A few degrees before the piston approaches TDC, the intake valve opens and the en-
gine begins with the intake stroke.

5. The remaining exhaust gases is forced out of the cylinder,because the exhaust gases
are still expanding.

I1. Study Questions:

1. What does TDC mean?

2. What is the movement of the piston from TDC to BDC called?

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

4. What is the ratio called that compares the volume of the air space above the piston at
TDC and BDC?

I11. Translate the following sentences into Chinese .

1. If the mixture were compressed to 1/12 its original volume,the compression ratio
would be 12 : 1.

2. When the ignition system generates a spark at the spark plug,the compressed mixture
of air and fuel is ignited.

3. This arrangement allows the piston to return to the top of the cylinder ,making contin-

uous rotary motion of the crankshaft possible.

Reading Material A

Every computer control system has two operating modes. The computer can ignore sen-
sor 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 ex-
haust 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 :open-loop and closed-loop,Fig. 1-6. The most common appli-
cation of these modes applies to fuel-metering feedback control, although there are other
open- and closed-loop functions(D). 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.



SENSOR OPEN LOOP

A Cd
OPEN LOOP .
-———
SENSOR ELECTRONIC |2 5{OUTPUT OUTPUT |
B CONTROL ACTUATOR| ‘BE_SUL_T.'SJ
T
|
SENSOR | _3 \*
c
) I
| |
|
CLOSED LOOP
b CLOSEDLOOR el
Fig. 1-6

Typical open-and closed-loop 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 actua-
tors to operate in a specific manner. The actuators obey the orders they receive without pro-
viding 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-loop 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 adjust-
ment.

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. In this 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.

@ During a cold start or hot restart

@ Under low vacuum conditions

@ At wide-open throttie or under full load, regardless of engine speed

@ During idle or deceleration conditions (some systems).

Closed-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 closed-loop 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.
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Notes

(DThe most common application of these modes applies to fuel-metering feedback con-
trol,although there are other open and closed-loop functions.

although 5| R MR 1L RIE N IE“BR7# .
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Glossary of Technical Terms

1. actuator: A device which translates the computer output voltage signal into mechani-
cal energy.

2. closed-loop : An operational mode in which the computer reads and responds to feed-
back signals from its sensors,adjusting system operation accordingly.

3. open-loop . An operational mode in which the computer adjusts a system to function
according to pre-determined instructions and does not always respond to feedback signals
from its sensors.

4. sensor: A device which provides input data in the form of voltage signals to a comput-
er.

5. microprocessor: A processor contained on an integrated circuit,processor (central pro-

cessing unit) that makes the arithmetic and logic decisions in a microcomputer.

Reading Material B

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 me-
tering. However , they were rapidly expanded to incorporate control over both systems, as
well as numerous other engine functions.

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

Two types of fuel control actuators are used with carburetors:

@ A solenoid or stepper motor mounted on or in the carburetor to directly control the fu-
el-metering rods or air bleeds,or both.

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

The fuel management microprocessor constantly monitors the oxygen content of the ex-
haust 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 de-
creased,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 mi-
croprocessor varies the length of time the injectors remain open to establish the air fuel ra-
tio. As the microprocessor receives data from its sensor inputs,it lengthens or shortens the

10



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