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UNIT 1
COMPONENTS OF THE AUTOMOBILE

Ex. 1 Read and memorize the following words.
Trackless — 6e3penbcoBbrii
Self-propelled — camoaBrKyIIIHIACS
Vehicle — tpancriopTHOE CpecTBO
Framework — kapkac

Body — xy30B

Combustion — ropenue, cropanue
Transmission — mepenayva, TpaHCMUCCHS
Ignition — 3axxuranue, BOCIIAMEHEHHE
Intake — mornormenwue, BITyck

Exhaust — BeITIycK, BEIOPOC, BBIXJIOM
Piston stroke — xom mopuras

Gear — MmexaHu3M

Valve — xnaman

Wheelbase — noasecka, konecHasa 6a3a

Ex. 2. Find and read sentences with these words in the text given below.

TEXT
COMPONENTS OF THE AUTOMOBILE

Automobiles are trackless, self-propelled vehicles for land
transportation of people or goods, or for moving materials. There are
three main types of automobiles. These are passenger cars, buses and
lorries (trucks). The automobile consists of the following components:
a) the engine; b) the framework; c) the mechanism that transmits the
power from engine to the wheels; d) the body.

Passenger cars are, as a rule, propelled by an internal combustion
engine. They are distinguished by the horsepower of the engine, the
number of cylinders in the engine and the type of the body, the type of
transmission, wheelbase, weight and overall length.

There are engines of various designs. They differ in the number of
cylinders, their position, their operating cycle, valve mechanism,
ignition and cooling system.
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Most automobile engines have six or eight cylinders. The activities that
take place in the engine cylinder can be divided into four stages which
are called strokes. The four strokes are: intake, compression, power and
exhaust. "Stroke" refers to the piston movement. The upper limit of
piston movement is called top dead centre, TDC. The lower limit of
piston movement is called bottom dead centre, BDC. A stroke
constitutes, piston movement from TDC to BDC or from BDC to TDC.
In other words, the piston completes a stroke each time it changes the
direction of motion.

Ex. 3. Find the English equivalents for the words and word
combinations given below.

JlBurarens BHYTPEHHErO CropaHus, KOpoOKa mepenady, MOIIHOCTb
ABUTATElIsl B J. C., KOJECHaiA 63321, HpHBOJIHOﬁ OUKJI, CHCTEMaA
OXJIQXKACHUS, JBYXTAaKTHBIA (YETHIPEXTAKTHBIN) JBUTATENlb, BEPXHUI
IMpCacii, HUKHUMN Ipeacii, BCPpXHAA MCPTBaAsA TOYKA, HUKXHAA MCPTBAd
TOYKa.

Ex. 4. Answer the following questions.

1. What are automobiles?
2. What are three main types of automobiles?
3. Can you name the components of an automobile? What are they?
4. What are passenger cars distinguished by?
5. What is a passenger car propelled with?
6. What is the difference of various engine designs?
7. What is a stroke of an automobile?
8. What is top dead centre?
9. What is bottom dead centre?
Ex. 5. Match the synonyms.
1. component a) various
2. lorry b) discharge
3. car C) truck
4. different d) constituent
5. exhaust e) automobile
6. gear f) mechanism

Ex.6. Make up all possible questions to this sentence.
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The activities that take place in the engine cylinder can be divided into
four stages which are called strokes.

Ex.7. Translate into Russian paying attention to the word “as”.

1. As the mixture burns, high pressure is created. 2. The automobile
uses gasoline as a fuel. 3. As long as the car is in order, you can be
carried from one place to another. 4. No special cooling fans are, as a
rule, required. 5. Some semiconductors are almost as good conductors
as metals.

Ex. 8. Summarize the text.

UNIT 2
ENGINE OPERATION

Ex. 1 Read and memorize the following words.
Powered by — ocHaleHHbIH

Flywheel — maxoBoe kojieco, MaXOBHUK
Crankshaft — koeHuaThIif Ba

Carburettor — xap6ropaTop

Throttle — npoccens, perynsrop

Lubrication — cma3ka

Flexibility — ru6xocts, 1erkocthb

Breaks — Topmo3a

Steering wheel —ymipaBiieHue, pyieBoe KOJIeCo
Linkage — ppraakHbIii MEXaHHU3M

To lessen — o0er4yuTh, 0CIa0UTH

Springs — Npy>XWHBI, aMOPTHU3ATOPHI

Shock — ynap, Tomiok

Leaf spring — mnacTuHYaTas Mpy>KUHA, peccopa
Coil spring — cimpanbHas npyxuHa

Torsion bars — TopcHoOHBI (CTEP)KEHB, BHITOJHSAIOMNN (YHKITUH
MPYKUHBI)

Alr suspensions — mHEeBMaTHYECKHE MOABECKH
Spark — uckpa

Steering system — pyaesas cucmema



Connecting rod — wamymn
Crude oil — copas negpmo

Ex. 2. Find and read sentences with these words in the text given below.

TEXT

ENGINE OPERATION
An automobile, powered by a petrol engine, begins to operate when the
driver turns a flywheel connected to the engine crankshaft. As the
crankshaft revolves, a mixture of fuel and air is drawn from a
carburettor into the engine cylinders. The ignition system provides the
electric sparks that ignite this mixture. The resultant explosions of the
mixture turn the crankshaft, and the engine starts moving. By regulating
the flow of the fuel and air with a throttle, the driver controls the
rotational speed of the crankshatft.
Cooling, electrical ignition and lubrication systems are of great
importance for the good .performance of. a car. The lights, radio and
heater add to the flexibility, comfort, and convenience of the car. The
indicating devices keep the driver informed as to engine temperature, oil
pressure, amount of fuel, and battery charging rate.
Brakes are of drum and disk types. The steering system consists of a
manually operated steering wheel which is connected by a steering
column to the steering gear from which linkages run to the front wheels.
it is difficult to turn the steering wheel, and special hydraulic power
mechanism are used to lessen this effort. Suitable springings are used
against shocks. These are leaf springs, coil springs, torsion bars and air
suspensions.

Ex. 3. Find the English equivalents for the words and word
combinations given below.

Cucrema 3AKHUT'aHWsA, BPAIICHUC KOJICHYATOI'O BaJjld, BOCINIAMCHUTD
TOINIMBHYKD CMCCb, PCTYIIMPOBATL BIIPBICK TOILIMBA, CUCTCMa CMA3KH,
AaBJICHUC MacCja, TEMIICpAaTypa ABUIATCIIA, KOJIUYCCTBO TOILIIMBA,
YPOBE€Hb 3apsAdKyd aKKyMylIATOpa, IUIaCTUHYATas IIPYKHHA, peccopa,
INTHEBMATHUYCCKAsA I10BCCKaA.

Ex. 4. Answer the following questions.
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When does an automobile begin to operate?
What ignites the mixture of fuel and air?
What do the resultant explosions of the mixture do?

How does the driver control the rotational speed of the
crankshaft?

5. What types of brakes do you know?

B wbdE-

EX.5. Translate into Russian paying attention to the word “by”.

1. The high pressure created by the compressed gases causes the
crankshaft to turn or rotate? 2. Petroleum, or crude oil, is put through a
refining process by which the gasoline is distilled out. 3. The method of
cooling by water is easy to accomplish. 4. A new car plant will have
been constructed by the end of this year. 5. The crank is linked to the
piston by means of the connecting rod. 6. The driver can make the car
operate by turning the flywheel.

Ex.6. Ask questions on all the parts of the following sentences.

1. The piston can slide up and down inside the cylinder. 2. The
automobile engineer sees in the car a triumph of engineering and
production skill.

Ex. 7. Summarize the text.

UNIT 3
THE EARLY DAYS OF AN AUTOMOBILE

Ex. 1 Read and memorize the following words.

Supply — cHaGxeHMe

Lag — 3ama3apiBaTh, OTCTaBaTh

Steam-driven — mapoBoii, IPUBOUMBIN B ABHKCHHUE TTAPOM
Gasoline — 6en3un

Motorist — aBToMOOHITHCT

Can — kanucTpa

Spare tires — 3armacHble ITUHBI

To fine — mrrpadoBath



Transmission — kopoOka mnepeaay
Reliable — nagexubit

Ex. 2. Find and read sentences with these words in the text given below.

TEXT

THE EARLY DAYS OF AN AUTOMOBILE
One of the earliest attempts to propel a vehicle by mechanical power
was suggested by Isaac Newton. But the first self-propelled vehicle was
constructed by the French military engineer Cugnot in 1763. He built a
steam-driven engine which had three wheels, carried two passengers
and ran at maximum speed of four miles. The carriage was a great
achievement but it was far from perfect and extremely inefficient. The
supply of steam lasted only 15 minutes and the carriage had to stop
every 100 yards to make more steam.
In 1825 a steam engine was built in Great Britain. The vehicle carried
18 passengers and covered 8 miles in 45 minutes. However, the
progress of motor cars met with great opposition in Great Britain.
Further development of the motor car lagged because of the restrictions
resulting from legislative acts. The most famous of these acts was the
Red Flag Act of 1865, according to which the speed of the steam-driven
vehicles was limited to 4 miles per hour and a man with a red flag had
to walk in front of it.

Motoring really started in the country after the abolition of this act.

From 1860 to 1900 was a period of the application of gasoline engines
to motor cars in many countries.

In 1896 a procession of motor cars took place from London to Brighton
to show how reliable the new vehicles were. In fact, many of the cars
broke for the transmissions were still unreliable and constantly gave
trouble.

The cars of that time were very small, two-seated cars with no roof,
driven by an engine placed under the seat. Motorists had to carry large
cans of fuel and separate spare tires, for there were no repair or filling
stations to serve them.

After World War | it became possible to achieve greater reliability of
motor cars brakes became more efficient. Constant efforts were
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made to standardize common components. Multi-cylinder engines
came into use, most commonly used are four-cylinder engines.

Like most other great human achievements, the motor car is not the
product of any single inventor. Gradually the development of vehicles
driven by internal combustion engine-cars, as they had come to be
known, led to the abolition of earlier restrictions. Huge capital began to
flow into the automobile industry.

From 1908 to 1924 the number of cars in the world rose from 200
thousand to 20 million; by 1960 it had reached 60 million. No other
industry had ever developed at such a rate.

In England there is the famous "Beaulieu Motor Museum" — the home
for veteran cars.

The founder of the Museum is Lord Montague, the son of one of
England's motoring pioneers, who opened it in 1952 in memory of his
father. Lord Montague's father was the first person in England to be
fined by the police for speeding. He was fined 5 pounds for going faster
than 12 miles per hour!

In the Museum's collection there is a car called the Silver Ghost which
people from near and far go to see. It was built by Rolls-Royce in 1907,
and called the Silver Ghost because it ran so silently and was painted
silver.

There is a car called The Knight. It is the first British petrol-driven car.
Its top speed was only 8 m.p.h. In the Museum there is also a two-seater
car, built in 1903.

Ex. 3. Find the English equivalents for the words and word
combinations given below.

HpHBOﬂHMBIﬁ B JIBWXCHHUC IIApOM, MAKCHUMaJIbHAA CKOPOCTb, BCIIMKOC
JOCTHUKCHHUC, 3aKOHOAATCIIbHBIC  AKThI, 3aIIpPCThI, TPAHCIIOPTHBIC
CpeACcTBa, IPHMEHEHHE OCH3MHOBBIX JBHUTAaTElCH, aBTOMOOMJIbHBIC
3aIllPpABOYHBIC CTaHLIuH, HaJCKHOCTD dBT OMO6I/IJI€ﬁ,
MHOTIOOUJIMHAPOBBIC JIBUT'ATCIIH, t-IeTI:-IpGXHI/IJII/IHI[pOBI>II\//I ABHUT'aTCIIb,
OTMCHa 3allpCTOB, aBTOMOOWJILHAS MNPOMBIIIJICHHOCTD, OBITH
omTpadoBaHHBIM 32 MPEBBIIIEHNE CKOPOCTH, CBBINIE 12 MU B Yac.

Ex. 4. Answer the following questions.
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1. Who was the first to suggest the idea of propelling vehicle by
mechanical power?

Whom was a self-propelled vehicle constructed by?

When and in what country was a steam engine built?

What do you know about the Red Flag Act of 18657

When did it become possible to achieve greater reliability of the
cars?

What was the number of the cars by 1960?

What can you say about the Museum of veteran cars?

What was the speed of the first British petrol-driven car?

s whn

o N

Ex. 5. Match the synonyms.

1. gasoline a) provision
2. spare b) penalty

3. supply C) motorist
4. fine d) petrol

5. abolition e) reserve

6. automobilist f) cancellation

Ex.6. Make up all possible questions to this sentence.
The carriage was a great achievement but it was far from perfect and
extremely inefficient.

Ex. 7. Summarize the text.

UNIT 4
TYPES OF ENGINES

Ex. 1 Read and memorize the following words.
Expenditure — pacxo, 3aTpara

Combustion chamber — kamepa cropanus
Integral — HeoTheMIIEMBIiA, TIOJIHBIH, LIEIIbIH
Turbine — Typ6una

Power-plant — cuitoBast ycraHoBKa
Electric-generating — sHeproreHepupyIOIIHiA
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Fixed — HemoABMKHBIM, 3aKPETICHHBIHI

Close — 3akpeiTHE, 3anupaHue

Fitting — MoHTa)X, TOITOHKA, COOpKa

Piston — mopieHs

Torque — KpyTAIIHil MOMEHT

Provision — nmpe1ocTopokKHOCTh

Gear to — coeAMHATD, BXOIUTH B 3aIlCINICHUE
Clutch — cuiernenwne

Disengage — BEIBOAUTH U3 3allCIICHUS, PACIICIUIATH
Crank — myckoBasi pyKosiTKa

Rope wound — 3aBojiHO¥ TpoC

Flywheel — maxoBuk

Inertia starter— uaepIMOHHBIN cTapTep (C MAXOBUKOM)
Explosive starter — B3peIBHO#1 cTapTep

Blank cartridge — maTpoH ¢ X0J0CTBIM 3apsI0M

Ex. 2. Find and read sentences with these words in the text given below.

TEXT
TYPES OF ENGINES

Internal-combustion engine, any type of machine that obtains
mechanical energy directly from the expenditure of the chemical energy
of fuel burned in a combustion chamber that is an integral part of the
engine. Four principal types of internal-combustion engines are in
general use: the Otto-cycle engine, the diesel engine, the rotary engine,
and the gas turbine. The Otto-cycle engine, named after its inventor, the
German technician Nikolaus August Otto, is the familiar gasoline engine
used in automobiles and airplanes; the diesel engine, named after the
French-born German engineer Rudolf Christian Karl Diesel, operates on
a different principle and usually uses oil as a fuel. It is employed in
electric-generating and marine-power plants, in trucks and buses, and in
some automobiles. Both Otto-cycle and diesel engines are manufactured
in two-stroke and four-stroke cycle models.

The essential parts of Otto-cycle and diesel engines are the same. The
combustion chamber consists of a cylinder, usually fixed, that is closed
at one end and in which a close-fitting piston slides. The in-and-out
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motion of the piston varies the volume of the chamber between the inner
face of the piston and the closed end of the cylinder.

Unlike steam engines and turbines, internal-combustion engines develop
no torque when starting, and therefore provision must be made for
turning the crankshaft so that the cycle of operation can begin.
Automobile engines are normally started by means of an electric motor
or starter that is geared to the crankshaft with a clutch that automatically
disengages the motor after the engine has started. Small engines are
sometimes started manually by turning the crankshaft with a crank or by
pulling a rope wound several times around the flywheel. Methods of
starting large engines include the inertia starter, which consists of a
flywheel that is rotated by hand or by means of an electric motor until its
Kinetic energy is sufficient to turn the crankshaft, and the explosive
starter, which employs the explosion of a blank cartridge to drive a
turbine wheel that is coupled to the engine. The inertia and explosive
starters are chiefly used to start airplane engines.

Ex. 3. Find the English equivalents for the words and word
combinations given below.

HOJ’IY‘IGHI/IG MEXaHUYEeCKOH OHCPIrun OT 3aTpar XUMHYECKOUN OHCPIrun
CXKUTacMoOro TOIlIMBaA, HECOThEMIJIEMAA 4YacCThb, OE€H3UHOBLIN ABUT'aTCIIb,
paboTaTh MO APYroMy MPUHIMITY, COCTABHBIC YaCTHU JABUTATENS, KaMepa
BHYTPCHHCTO CropaHus:, HapOBOfI ABHUI'aTClIb, ABUI'ATCIIb BHYTPCHHCTO
CropaHus, BBIBOJAHUTHb U3 COCTOAHUA CUCIUICHUA, IIPUBOAUTD B IBHKCHUC
KOJICHYAThId Bajl C IIOMOILIBIO MYCKOBOM PYKOSTKH, WHEPLMOHHBIN
CTapTep, BpallEHWE MAaXOBHKa BPYYHYIO, 3aJE€WCTBOBATh IATPOH C
XOJIOCTBIM 3apsaa0M IJIA 3aITyCKa Typ6I/IHI>I.

Ex. 4. Answer the following questions.

1. What is an internal-combustion engine?

2. What types of engines are in general use now?

3. Who was an inventor of gasoline engine used in automobiles
today?

4. What is the origin of diesel engines?

5. What are the advantages of internal combustion engines when
starting?

6. What is normal starting of an automobile engine?
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7. What is manual starting of engines?
8. What methods of starting large engines do you know?
9. What kinds of starters are chiefly used to start airplane engines?

Ex. 5. Match the synonyms.

1. engineer a) with the help of
2. manufactured b) by hand

3. essential C) appropriate

4. motion d) basic

5. provision e) technician

6. by means of f) movement

7. manually g) precaution

8. sufficient h) produced

Ex.6. Make up all possible questions to this sentence.
The inertia and explosive starters are chiefly used to start airplane
engines.

Ex. 7. Summarize the text.

UNIT 5
OTTO-CYCLE ENGINES

Ex. 1 Read and memorize the following words.
Compress — cxxuMaTh, CIaBIMBAThH

Four-stroke engine — 4eTbIpeXTaKTHBIN JBUTATENb
Simultaneously — onroBpeMenHO

Exert — oka3biBaTh (I€MCTBUEC)

Exhaust valve — BeimyckHoOM KianaH

Ratio — ko3 durnueHt

High-octane — BEICOKOOKTaHOBBIH

Antiknock — BEICOKOOKTaHOBOE YHMCIIO, aHTHIETOHATOP
Percentage — mpoleHTHOE COJIepIKAHKE

Suck — mormomars, BcachBaTh

Compression ratios - cTerneHp cykaTus
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Ex. 2. Find and read sentences with these words in the text given below.

TEXT

OTTO-CYCLE ENGINES
The ordinary Otto-cycle engine is a four-stroke engine; that is, in a
complete power cycle, its pistons make four strokes, two toward the head
(closed head) of the cylinder and two away from the head. During the
first stroke of the cycle, the piston moves away from the cylinder head
while simultaneously the intake valve is opened. The motion of the piston
during this stroke sucks a quantity of a fuel and air mixture into the
combustion chamber. During the next stroke, the piston moves toward the
cylinder head and compresses the fuel mixture in the combustion
chamber. At the moment when the piston reaches the end of this stroke
and the volume of the combustion chamber is at a minimum, the fuel
mixture is ignited by the spark plug and burns, expanding and exerting a
pressure on the piston, which is then driven away from the cylinder head
in the third stroke. During the final stroke, the exhaust valve is opened
and the piston moves toward the cylinder head, driving the exhaust gases
out of the combustion chamber and leaving the cylinder ready to repeat
the cycle.
The efficiency of a modern Otto-cycle engine is limited by a number of
factors, including losses by cooling and by friction. In general, the
efficiency of such engines is determined by the compression ratio of the
engine. The compression ratio (the ratio between the maximum and
minimum volumes of the combustion chamber) is usually about 8 to 1 or
10 to 1 in most modern Otto-cycle engines. Higher compression ratios,
up to about 15 to 1, with a resulting increase of efficiency, are possible
with the use of high-octane antiknock fuels. The efficiencies of good
modern Otto-cycle engines range between 20 and 25 percent—in other
words, only this percentage of the heat energy of the fuel is transformed
into mechanical energy.

Ex. 3. Find the English equivalents for the words and word
combinations given below.

BriyckHOM KJlamaH, JOBMKEHUE TOPIIHSA, NOABEPraTbh KOMIIPECCHH
TOINIMBHYKO CMCChb, CBCYA 3aKUI'dHUA, YBCIUYCHUC [JABJICHUA HaA
MOPIIICHb, BBIXJIONHBIC Ta3bl, KOI(PPHUIUEHT TMOJE3HOTO JCHCTBUS



15

COBPEMEHHBIX JIBUTATEIEH, KOMIPECCUOHHBIA KOIPOUIMEHT pPadOThI
JIBUTATEJIsl, MEXaHWYECKass HSHEPrus, TEIUIOBas SHEPTUs CropacMoro
TOTIUBA.

Ex. 4. Answer the following questions.

1.

2.
3.

~No oA

What does “a complete power cycle” of ordinary gasoline
engines mean?

Can you explain what is the first stroke of the cycle?

What is the movement of the piston during next two strokes
(the second and the third)?

What is the final stroke of the engine?

What factors limit the efficiency of modern Otto-cycle engine?
What is the compression ratio?

What are compression ratios of good modern Otto-cycle
engines?

Ex. 5. Find the antonyms to the underlined words.
1. complicated

a) expensive; b) simple; ¢) similar; d) numerous.
2. shortage

a) current; b) delay; c) distance; d) plenty.

3. to remain

a) to lend; b) to be; c) to measure; d) to stretch.

4. to destroy
a) to drag; b) to pave; c) to restore; d) to step.

5. huge

a) small; b) strong; c) free; d) hard.
6. to connect
a) to charge; b) to collapse; c) to introduce; d) to part.

7. gradually
a) also; b) at once; c) chiefly; d) rather.

8. repair

a) pay; b) remark; c) surface; d) damage.
9. the same

a) due; b) total; c) different; d) essential.

10. strength
a) combustion; b) device; c) weakness; d) force.
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11. wide
a) powerful; b) narrow; c) dry; d) necessary.

Ex. 6. Match the synonyms.

1. one moment a) gasoline

2. fuel mixture b)octane value
3. limitation c) one second
4. participate d) restriction
5. octane number e) share

Ex.7. Make up all possible questions to this sentence.
During the next stroke the piston moves toward the cylinder head and
compresses the fuel mixture in the combustion chamber.

Ex. 8. Summarize the text.

UNIT 6
DIESEL-CYCLE ENGINES

Ex. 1 Read and memorize the following words.
Constant — mocTosHHBIN

Volume — 00bem, Macca, EMKOCTh, BMECTUMOCTD
Compression — cxxatue, JaBJICHHUE, YIDIOTHEHUES
Suction — Biyck, BcachIBaHUE

To draw — 3arsiruBath

Intake valve — BiiyckHoM Ki1anaH

Air fraction — yactuna, o00beM Bo3ayxa

Former — npexxuuii, ObIBIINIA

Approximately — nmpuGim3uTeapHO
Vaporization — BeImapruBaHue, UCTIAPEHUE
Instantly — MraHoBeHHO, HEMeEJIEHHO

To warm up — nporpeBatb

Combustion — BocIiaMeHEHHE, BO3TOpaHUE
Exhaust — BeITTycK, BBIXJIOMN

To govern — ynpasisiTe, peryJiapoBarth
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Inherently — o cymectBy
Disadvantage — negocraTok

Ex. 2. Find and read sentences with these words in the text given below.

TEXT
DIESEL-CYCLE ENGINES

Theoretically, the diesel cycle differs from the Otto cycle in that
combustion takes place at constant volume rather than at constant
pressure. A diesel engine is an internal combustion engine which
operates using the diesel cycle (named after Dr. Rudolph Diesel). The
defining feature of the diesel engine is the use of compression ignition to
burn the fuel, which is injected into the combustion chamber during the
final stage of compression. This is in contrast to a petrol (gasoline)
engine, which uses the Otto cycle, in which a fuel/air mixture is ignited
by a spark plug. Most diesels are also four-stroke engines but they
operate differently than the four-stroke Otto-cycle engines. The first, or
suction, stroke draws air, but no fuel, into the combustion chamber
through an intake valve. On the second, or compression, stroke the air is
compressed to a small fraction of its former volume and is heated to
approximately 440°C (approximately 820°F) by this compression. At the
end of the compression stroke, vaporized fuel is injected into the
combustion chamber and burns instantly because of the high temperature
of the air in the chamber. Some diesels have auxiliary electrical ignition
systems to ignite the fuel when the engine starts and until it warms up.
This combustion drives the piston back on the third or power stroke of
the cycle. The fourth stroke, as in the Otto-cycle engine, is an exhaust
stroke.

The efficiency of the diesel engine, which is in general governed by the
same factors that control the efficiency of Otto-cycle engines, is
inherently greater than that of any Otto-cycle engine and in actual
engines today is slightly more than 40 percent. Diesels are, in general,
slow-speed engines with crankshaft speeds of 100 to 750 revolutions per
minute (rpm) as compared to 2500 to 5000 rpm for typical Otto-cycle
engines. Some types of diesel, however, have speeds up to 2000 rpm.
Because diesels use compression ratios of 14 or more to 1, they are
generally more heavily built than Otto-cycle engines, but this
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disadvantage is counterbalanced by their greater efficiency and the fact
that they can be operated on less expensive fuel oils.

Ex. 3. Find the English equivalents for the words and word
combinations given below.

Bocmiiamenenue OT ckatusi, MOCTOSIHHBIA OOBEM, BOCILUIAMEHEHHUE OT
CBEUHU 3a)KUTaHUsI, BCAChIBATh BO3yX B KaMepy BHYTPEHHETO CrOPaHUS
yepe3 BIIYCKHOM KJjamaH, B pe3yibTaTe CXKaThs BO3JyX HarpeBaercs
OPUOIU3UTEIBHO 10 440° C, BIIPBICK TOIUIMBA B KaMEpPy BHYTPEHHETO
CropaHus, MTHOBEHHOE BOCILJITAMEHEHHUE, BCIIOMOTraTeNnbHas
(IonOJIHUTENbHASL) AJEKTPUYECKAass CUCTEMa 3aKUTaHus, HPOrpeTh
JBUTAaTEllb, 4YacTOTa BpalleHus KosieH4yaTtoro Baima oT 100 mo 750
0o0OpOTOB B MHHYTY, CTENEHb CXKaTWsl, HEIOCTaTKH, JielieBas
TOIUIMBHAs CMECh, TPEUMYIIECTBA, HENOCTATKH, YPAaBHOBEUIMBATH
CTEINEHb CHKATHS.

Ex. 4. Answer the following questions.

How does diesel cycle differ from the Otto cycle theoretically?

Is diesel engine an internal combustion engine?

How does it operate?

What is the defining feature of the diesel engine?

How does a fuel/air mixture ignite in Otto-cycle engines?

Are most diesels four-stroke engines?

Is it typical for diesels to have auxiliary electrical ignition

systems?

8. What is the first or suction stroke of diesel engines?

9. What happens on the second or compression stroke of diesel
engines?

10.What drives the piston back on the third or power stroke of the

cycle?

11.What is the fourth stroke?

12.Are there any disadvantages of diesel engines?

NoobhwhE

Ex. 5. Match the synonyms.
1. constant a) cheap
2. less expensive b) permanent
3. feature c) to work
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4. to ignite d) the last

5. to operate e) to fire

6. final f) characteristic
7. fraction g) modern

8. auxiliary h) part

9. actual 1) additional
10.in general J) on the whole

Ex.6. Make up all possible questions to this sentence.
The fourth stroke, in the Otto-cycle engine, is an exhaust stroke.

Ex. 7. Summarize the text.

UNIT 7
TWO-STROKE ENGINES

Ex. 1 Read and memorize the following words.

Suitable — mogxonammii

Power (compression) stroke — pabouwuii xo, pabouunii TakT
Pressure power — xo1 JTaBJiICHHS, XOJ] COKATHUS

Double — ynBauBath, 1y0mpoBaTh

Displacement — paGouwnii 00beM

Lawn mower — ra30HOKOCHJIKa

Chain saw — nennas nuia

Outboard — Hapy>xHBIi1, HABECHOI

To introduce — BBoauTh, 0gaBaTh

Poppet valve — ckBo3HOI (TIPOXOJIHOI) KITaraH

Sleeve valve — ckBo3HOM KaHaJ, (IIOJIBIA) KiIanaH

Port — okHO, OTBEpCcTHE

Outward — Hapy>KHBIH, BHSITHUH, TBHYKCHHE ITOPIITHS BHU3
Charge — 3apsiz, 3arpy3ka

To restrict — orpaHnYMBaTH

Lubricating oil — MmoTopHOE Macii0, MaIlIMHHOE MacCIIO
Hydrocarbons — yrinesogopon

Under arrangements — coriacHo 10roopam
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Withdrawn — B HUXKHE#H MEpPTBOM TOUKE
Ex. 2. Find and read sentences with these words in the text given below.

TEXT

TWO-STROKE ENGINES
By suitable design it is possible to operate an Otto-cycle or diesel as a
two-stroke or two-cycle engine with a power stroke every other stroke of
the piston instead of once every four strokes. The power of a two-stroke
engine is usually double that of a four-stroke engine of comparable size.
Thus it develops more power with the same displacement, or can be
lighter and yet deliver the same power. For this reason it is used in lawn
mowers, chain saws, small automobiles, motorcycles, and outboard
marine engines.
The general principle of the two-stroke engine is to shorten the periods in
which fuel is introduced to the combustion chamber and in which the
spent gases are exhausted to a small fraction of the duration of a stroke
instead of allowing each of these operations to occupy a full stroke. In
the simplest type of two-stroke engine, the poppet valves are replaced by
sleeve valves or ports (openings in the cylinder wall that are uncovered
by the piston at the end of its outward travel). In the two-stroke cycle, the
fuel mixture or air is introduced through the intake port when the piston
is fully withdrawn from the cylinder. The compression stroke follows,
and the charge is ignited when the piston reaches the end of this stroke.
The piston then moves outward on the power stroke, uncovering the
exhaust port and permitting the gases to escape from the combustion
chamber.
However, there are several disadvantages that restrict its use. Since
there are twice as many power strokes during the operation of a two-
stroke engine as there are during the operation of a four-stroke engine,
the engine tends to heat up more, and thus is likely to have a shorter life.
Also, in the two-stroke engine lubricating oil must be mixed with the
fuel. This causes a very high level of hydrocarbons in its exhaust, unless
the fuel-air mixture is computer calculated to maximize combustion. A
highly efficient, pollution-free two-stroke automobile engine is
currently being developed by world Engineering, under arrangements
with all auto makers.
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Ex. 3. Find the English equivalents for the words and word
combinations given below.

Pabounii 00beM, MOJHBIN TaKT, ABYXTAKTHBIN IIUKJ, COKPATUTH MEPHUO/T
[IOJa4Y/ TOIUIMBA B KaMEpPy CropaHus, TOIUIMBO U BO3AYX MOCTYIAIOT
4yepe3 BXOJHOW KaHall P MOJHOM BBIXOJI€ MOPIIHS M3 UUIUHIpa (B
MaKCHUMaJbHO HHUXXHEM IIOJIOKEHUM), TaKT cCxkaTusl (pabouuii Xoj),
neperpeBaThCcs, CMENIMBATH Macjio C OEH3MHOM, BBICOKHUW YPOBEHb
COZEpIKaHUs YIVIEBOJOPO/A B BBIXJIOIIHBIX Ia3ax, yCUIIUTh CTOPAHUE.

Ex. 4. Answer the following questions.

1. Is it possible to operate an Otto-cycle or diesel as two-stroke or

two-cycle engine?

2. Do two-cycle engines with the same displacement (as four-cycle
engines) develop more power?
What are other advantages of two-stroke cycle engines?
What is the general operating principle of two-stroke engines?
Is there any difference between two and four-stroke engines?
What are disadvantages of two-stroke engines?
What causes a very high level of hydrocarbons in the exhaust of
two-stroke cycle engines?

No O bkow

Ex. 5. Match the synonyms.

1. double a) come out

2. withdraw b) back

3. introduce c) limit

4. spent gases d) twofold

5. duration e) remove

6. allow f) to inject

7. simple g) exhaust gases
8. escape from h) continuance
9. restrict 1) permit
10.outward J) ordinary

Ex.6. Complete and translate the sentences.
1. The general principle of two-stroke engine is to ...
2. The compression stroke follows and ... the end of this stroke.
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3. This causes a very high level of ... .

4. The piston then moves ... uncovering ... to escape from the
combustion chamber.

5. A highly efficient ... is currently being developed ... .

Ex.7. Make up all possible questions to this sentence.
There are several disadvantages that restrict the use of two-stroke cycle
engines.

Ex. 8. Summarize the text.

UNIT 8
ROTARY (WANKEL) ENGINE

Ex. 1 Read and memorize the following words.

Three cornered rotor — TpeyroJibHbIN, TPEXTPaHHBINA POTOP
To draw in — HarHeTaTh

Chamber — kopmyc, kamepa

Trapped — ynep:kuBaeMblit

Face — moBepXHOCTb; MEPETHSIS YaCTh

Turning — Bpamenue

Expel — BeITeCHATE

Alternately — moouepenno

Consequent — roceaoBaTeNbHbIN, COOTBETCTBEHHBIN
Option — TOTOMHUTENBHBIN arperat, JOITOJTHCHUE

Gravity — cuia TsoKecTr

Safe — Oe3omacHbli, HaAEKHBIN

Bulk — macca, BMeCTUMOCTB

Reciprocating — mopuraeBoii, BO3BPaTHO-IIOCTYIIATEIBHOE JIBYIKCHUE
Advanced pollution control devices — yctpoiicTBa npenBapuTEIbHOM
PEryJIMPOBKU YPOBHSI 3arpsi3HCHUS

Conventional — oOrmienpuHATHINA, 00BIKHOBEHHBIHI

Rotating — Bpamenue

Offset — komneHCHPOBATH, BO3MEIIATh

Torque — Bpalaromuincss MOMEHT
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Fuel consumption — pacxox roprouero
Performance — xapaktepucTuka

Efficiency — xoaddurerT mone3Horo AecTBUs
Innovation — TeXHUYECKOe HOBIIECTBO

Ex. 2. Find and read sentences with these words in the text given below.

TEXT

ROTARY (WANKEL) ENGINE
In the 1950s the German engineer Felix Wankel developed an internal-
combustion engine of a radically new design, in which the piston and
cylinder were replaced by a three-cornered rotor turning in a roughly oval
chamber. The fuel-air mixture is drawn in through an intake port and
trapped between one face of the turning rotor and the wall of the oval
chamber. The turning of the rotor compresses the mixture, which is
ignited by a spark plug. The exhaust gases are then expelled through an
exhaust port through the action of the turning rotor. The cycle takes place
alternately at each face of the rotor, giving three power strokes for each
turn of the rotor. Because of the Wankel engine's compact size and
consequent lesser weight as compared with the piston engine, it appeared
to be an important option for automobiles. In addition, its mechanical
simplicity provided low manufacturing costs, its cooling requirements
were low, and its low center of gravity made it safer to drive.
The Wankel engine has 48% fewer parts and about a third the bulk and
weight of a reciprocating engine. Its main advantage is that advanced
pollution control devices are easier to design for it than for the
conventional piston engine. Another advantage is that higher engine
speeds are made possible by rotating instead of reciprocating motion, but
this advantage is partially offset by the lack of torque at low speeds,
leading to greater fuel consumption.
A line of Wankel engine cars was produced in Japan in the early 1970s,
and several United States automobile manufacturers researched the idea
as well. However, production of the Wankel engine was discontinued as a
result of its poor fuel economy and its high pollutant emissions.
Nowerdays Mazda, a Japanese car manufacturer, has continued to design
and innovate the rotary engine, improving performance and fuel
efficiency.
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Ex. 3. Find the English equivalents for the words and word
combinations given below.

JIBuratrenb BHYTPEHHErO CropaHus a0COJIOTHO HOBOW KOHCTPYKIIUH,
roprodyas CMECb M3 BO3AyXa U TOINIMBA HAIHCTACTCA YCPC3 BHYCKHOfI
KJIallaH, B PE3YyJIbTATC BPAIICHUA POTOpA MPOUCXOAUT CIKATUC CMCCH,
pabounii LUK OCYILIECTBIISIETCS MOOYEPENHO HA MEPEIHUX TPaHAX
poTOopa, Macca M BEC, NPOCTOTa KOHCTPYKIIMH, CEOECTOMMOCTD
(MpoM3BOACTBA), aBTONPOU3BOAUTENM, HA/ICKHBIN B YIIPABICHUHU.

Ex. 4. Answer the following questions.
1. What was developed by the German engineer Felix Wankel?
Is there any difference between reciprocating engines and rotary
engines?
How does fuel-air mixture circulate in a rotary engine?
What is the cycle of a rotary engine?
What is appeared to be an important option of the Wankel engine?
What are the advantages of a rotary engine?
What is its main advantage?
Were there any manufacturers of Wankel engine cars in the early
1970s?
9. What are disadvantages of a rotary engine?
10. Are there any perspectives of rotary engines?

A

O N OThow

Ex. 5. Match the synonyms.

1. radically a) generally accepted
2. design b) mass

3. offset c) absolutely

4. bulk d) model

5. to discontinue e) compensation

6. conventional f) to stop

Ex.6. Complete and translate the sentences.
The Wankel engine has 48% ... .

In the 1950s the German ... .

Its main ... conventional piston engine.
In addition ... made it safer to drive.

BN
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5. However ... pollutant emissions.

Ex.7. Make up all possible questions to this sentence.
The exhaust gases are then expelled through an exhaust port through the
action of the turning rotor.

Ex. 8. Summarize the text.

UNIT 9
COOLING AND LUBRICATION OF ENGINES

Ex. 1 Read and memorize the following words.
Aircraft engine — aBHaIlMOHHBIN IBUTATEIIb

Cooling fins — oxnaxkparoIye MIaCTUHBI paguaTopa
Water-jacket — BonsHast pyOaiika, 0001049Ka, KOKYX
To enclose — orpakaathb

Water pump — BoasiHOM Hacoc (ImomIia)

To draw — BEITATHBATH

Thermostatic valve — Tepmoperynupyromuii KiiamnaH
Optimum — onTUMAaIbHBIH

To lubricate — cmasbiBaTh

Crankcase — kaptep

Pan — mogaoxu

External tank — BHemHUI KOpIyC, pe3epByap

Gear pump — mectepeHyaThiii HacoC

To deliver — mogaBarp, HarHETATH

Bearings — noaiumHuKu

Oil splash — Bopeick, 3a1uB Macia

Crankshaft — xoneHuaThbIif Ba

Camshaft — pacnpenenurenbHbIN Bal

Gauge — u3MepuTeNbHbIN MPUOOP

Dashboard — mpuGopnas manesnm

Ex. 2. Find and read sentences with these words in the text given below.
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TEXT

COOLING AND LUBRICATION OF ENGINES
Most small two-stroke engines are air-cooled. Air flows over cooling
fins around the outside of the cylinder and head, either by the natural
motion of the vehicle or from a fan. Many aircraft four-stroke engines
are also air-cooled; larger engines have the cylinders arranged radially
so that all cylinders are directly in the air stream. Most four-stroke
engines, however, are water-cooled. A water jacket encloses the
cylinders; a water pump forces water through the jacket, where it draws
heat from the engine. Next, the water flows into a radiator where the
heat is given off to the air; it then moves back into the jacket to repeat
the cycle. During warm-up a thermostatic valve keeps water from
passing to the radiator until optimum operating temperatures are
attained.
Oil is the life-blood of the engine. An engine running without oil will
last about as long as a human without blood.
Four-stroke engines are lubricated by oil from a separate oil reservoir,
either in the crankcase, which is a pan attached to the underside of the
engine, or in an external tank. In an automobile engine a gear pump
delivers the oil at low pressure to the bearings. Some bearings may
depend on oil splashed from the bottom of the crankcase by the turning
crankshatft.
Oil is pumped under pressure to all the moving parts of the engine. The
oil pump is mounted at the bottom of the-engine in the oil pan and is
connected by a gear to either the crankshaft or the camshatft.
When the engine is turning, the oil pump is pumping. There is an oil
pressure sensor near the oil pump that monitors pressure and sends this
information to a warning light or a gauge on the dashboard. When you
turn the ignition key on, but before you start the car, the oil light should
light, indicating that there is no oil pressure yet, but also letting you
know that the warning system is working. In a two-stroke engine the
lubricating oil is mixed with the fuel.

Ex. 3. Find the English equivalents for the words and word
combinations given below.

Muorue ABHAIIMOHHBLIC ABUTATCIIM HMCIOT BO3AYIIHOC OXJIAXKIACHHUC,
OOJIBIIIMHCTBO YCTBIPCXTAKTHBIX I[BHFaTeJIGfI HUMCIOT BOASHOC
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OXJIAXKJICHUE, BOJASHAs  NIOMIIAa  IPOTAJKUBAET  BOAY  4YEpPE3
OXJIQXKJAIOLIYI0 pyOalKy, MOBTOPEHUE LIMKJIA, BO BPEMs IIPOTrPEBaHMUS
TEPMOPETYJIMPYIOIIMK KJIaNlaH 3aKpbIBAET NPOXOJ BOABI B Paguartop,
KU3HEJACATEIIBHOCTh JIBUTATENsA, OTACIHbHBIA MACISHBIA pe3epByap,
HU3KOE JaBJIeHUE, padoTa MOJAIIMIIHUKOB 3aBUCUT OT BIPBICKUBAHUS
Maciia U3 Kaprepa NpU BpAIICHUH PACHPEACIUTENBHOIO BaJia,
NOBEPHYTH KJIFOY 32)KUTAHMUSI.

Ex. 4. Answer the following questions.
1. How does air circulate in small air-cooled two-stroke engines?
2. What is typical of larger four-stroke engines’ air-cooling?
3. Is water-cooling of engines widely spread?
4. In what way are four-stroke engines water cooled?
5. What for does a thermostatic valve exist?
6. What do we call life-blood of the engine?
7. What is oil lubrication of four-stroke engines?
8. Where is oil pump mounted?
9. Is it connected by a gear to the crankshaft?
10. What will let you know that the warning system is working?

Ex. 5. Match the synonyms.

1. optimum a) to allow

2. to deliver b) bottom

3. toail C) tank

4. radial d) working

5. air stream e) to reach

6. to attain f) airflow

7. running g) oval

8. reservoir h) to lubricate
9. underside 1) to bring
10.to let J) maximum

Ex.6. Complete and translate the sentences.
1. Most ... are water cooled.
2. A water jacket ... cylinders, ... from the engine.
3. An engine running ... without blood.
4. Some bearings may ... by the turning crankshaft.
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5. In a two-stroke engine ... mixed with the fuel.

Ex.7. Make up all possible questions to this sentence.

There is an oil pressure sensor near the oil pump that monitors pressure
and sends this information to a warning light or a gauge on the
dashboard.

Ex. 8. Summarize the text.

UNIT 10
ELECTRIC CAR ENGINE

Ex. 1 Read and memorize the following words.
Controller — perymnsrop

Battery pack — 610k nuTaHus, akKyMyJIATOpHas OaTapes
Ultracapacitor — ynprpakoHaeHcaTop

Flywheel — maxoBuk

Charge-sustained mode — pexum mnoagep:kuBaromel (IIUTSIBHOMN)
3apsIKU

Charge-depleting mode — pexxum moa3apsaku
Convergence — cXoxJIeHUEe B OIHOM TOUYKE, CXOJUMOCTh (0€CKOHEYHOTO
psina)

Solar — conmueunbIit

Aeronautical — Bo3ayxoriaBaTeabHbIN, aBUAITMOHHBIN
Innovative — HoBaTOpcKwiA

Radar — pagnookaTop, paauojoKalOHHas YCTaHOBKA
Satellite — crryTHHK

Automotive — caMOABMXKYIIUICS, AaBTOMOOUIbHBIH
Muffler — rmymmaTens

Tune-up — HaJIaAUTh, OTPETYIUPOBATH

Alternating current — mepeMeHHBIH TOK

Brushless — 6e3ynpeunsrii

Spinning — kpyxeHue

High performance cell — K.I1./I. anement

Lead acid — okuce cBUHIIA
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Integral — HeOTBEMIIEMBIHA, TTOJIHBII

Power inverter — mpeobpa3oBarteib (IIOCTOSHHOTO TOKA B IIEPEMEHHBIH )
Convert — mpeoOpa3oBbIBaThH

Current electricity — snekTpudeckuii Tok

Congest — neperpyxartb

Obsolete — u3HOIIEHABIH, YCTapeIbIl

Crude — rpyObIii, mpocToi

Small-scale — meOonbIIOrO pazMepa, MaIoMacIITaOHbBIH
Congestion — 3arpy>kxeHHOCTb aBTOAOPOT

Paradigm — npumep, odpasern

Advancement — mporpecc, MpoIBIKEHHUE, PaCIPOCTPAHEHHOCTh
Accelerator — yckopuTens, akcenepaTop

Ex. 2. Find and read sentences with these words in the text given below.

TEXT

ELECTRIC CAR ENGINE
An electric car is a type of alternative fuel car that utilizes electric
motors and motor controllers instead of an internal combustion engine.
The electric power is usually derived from battery packs in the vehicle.
In general terms an electric car is a rechargeable battery electric vehicle.
Other examples of rechargeable electric vehicles are ones that store
electricity in ultracapacitors, or in a flywheel.
Vehicles using both electric motors and other types of engine are known
as hybrid electric vehicles and are not considered pure electric vehicles
because they operate in a charge-sustaining mode.
The electric car was among some of the earliest automobiles, small
electric vehicles predate the Otto cycle upon which Diesel (diesel
engine) and Benz (gasoline engine) based the automobile. Between
1832 and 1839 (the exact year is uncertain), Scottish businessman
Robert Anderson invented the first crude electric carriage. Professor
Sibrandus Groningen, the Netherland, designed the small-scale electric
car built by his assistant Christopher Becker in 1835.
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Nowadays the development of the electric automobile will owe more to
innovative solar and aeronautical engineering and advanced satellite
and radar technology than to traditional automotive design and
construction. The electric car has no engine, exhaust system,
transmission, muffler, radiator, or spark plugs. It will require neither
tune-ups nor — truly revolutionary — gasoline. Instead, its power will
come from alternating current electric motors with a brushless design
capable of spinning up to 20,000 revolutions/minute. Batteries to power
these motors will come from high performance cells capable of
generating more than 100 kilowatts of power. And, unlike the lead-acid
batteries of the past and present, future batteries will be
environmentally safe and recyclable. Integral to the braking system of
the vehicle will be a power inverter that converts direct current
electricity back into the battery pack system once the accelerator is let
off, thus acting as a generator to the battery system even as the car is
driven long into the future.

An electric car’s efficiency is affected by its charging efficiencies. A
typical charging cycle is about 85% efficient, and the discharge cycle
converting electricity into mechanical power is about 95% efficient,
resulting in 81% of each kW-h is put to use.

The growth of automobile use and the increasing resistance to road
building have made our highway systems both congested and obsolete.
But new electronic vehicle technologies that permit cars to navigate
around the congestion and even drive themselves may soon become
possible. Turning over the operation of our automobiles to computers
would mean they would gather information from the roadway about
congestion and find the fastest route to their instructed destination, thus
making better use of limited highway space. The advent of the electric
car will come because of a rare convergence of circumstance and
ability. Growing intolerance for pollution combined with extraordinary
technological advancements will change the global transportation
paradigm that will carry us through the twenty-first century.

Ex. 3. Find the English equivalents for the words and word
combinations given below.

ABTOMOOWIL - ajbTEpPHATHMBA JIBUTATENI0O BHYTPEHHErO CropaHus,
QJICKTPHUYCCKHUC CPCACTBA IICPCABUKCHUAI, 3JI€KTpOMO6I/IJII>, npocTas
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AIEKTPOKOIACKA, padOTaTh B PEXKUME MPOAOKUTENBHON MOA3APSIIKHY,
COBPEMEHHBIE CITyTHUKOBBIE W PAIUOIOKAIIMOHHBIE TEXHOJIOTUH, ITyHKT
HA3HAUYEHUS, 3arpy’KEHHOCTb aBTOAOPOTr, AKKYMYJSTOp, O€30IMMaCHBIM
TUISt OKpYKaromen cpenpl, MajorabapuTHBIN, MOIIHOCTb
AJIEKTPOMOTOpPAa  3aBHUCUT OT NEPEMEHHOIO TOKA, MEPEAOBBIE
AJIEKTPOHHBIE TEXHOJIOTUH, ITEPErPYKEHHOCTH ABTOAOPOT .

Ex. 4. Answer the following questions.
What does an electric car utilize in comparison with an internal
combustion engine?
Where is the electric power usually derived from?
How do we call an electric car in general terms?
What are hybrid electric vehicles?
Why do we call them “hybrid”?
What is the origin of an electric car?
Who invented the first crude electric carriage?
What are the advantages of an electric car?
Will it require gasoline as a fuel?
What is the efficiency of an electric car?

OCoNokwnE

Ex. 5. Match the synonyms.

1. Global a) An old one

2. Extraordinary b) Fastener

3. Limited c) Absolutely new
4. Progress d) Self-propelled
5. Paradigm e) Example

6. Automotive f) Advancement
7. Innovative g) Minimized

8. Accelerator h) Unusual

9. Obsolete 1) Overall

Ex.6. Complete and translate the sentences.

The electric power ...from ...in the vehicle.

Other examples of ..., or in a flywheel.

...car was among some of the earliest ....

Nowadays ...will owe ...than to traditional automotive design and
construction.

o=
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5. ...for pollution combined with ...through the twenty-first century.
Ex.7. Make up all possible questions to this sentence.

An electric car is a type of alternative fuel car that utilizes electric
motors and motor controllers.

Ex. 8. Summarize the text.
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TEXTS FOR SUPPLEMENTARY READING

A Short Course on Automobile Engines

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.)
Since gas weighs much more than air, we are talking about a whole lot of air
and a tiny bit of gas. One part of gas that is completely vaporized into 14.7
parts of air can produce tremendous power when ignited inside an engine.

Let's see how the modern engine uses that energy to make the wheels turn.

Air enters the engine through the air cleaner and proceeds to the throttle
plate. You control the amount of air that passes through the throttle plate and
into the engine with the gas pedal. It is then distributed through a series of
passages called the intake manifold, to each cylinder. At some point after the
air cleaner, depending on the engine, fuel is added to the air-stream by either a
fuel injection system or, in older vehicles, by the carburetor.

Once the fuel is vaporized into the air stream, the mixture is drawn into
each cylinder as that cylinder begins its intake stroke. When the piston reaches
the bottom of the cylinder, the intake valve closes and the piston begins
moving up in the cylinder compressing the charge. When the piston reaches the
top, the spark plug ignites the fuel-air mixture causing a powerful expansion
of the gas, which pushes the piston back down with great force against the
crankshaft, just like a bicycle rider pushing against the pedals to make the bike

go.
Engine Types

The majority of engines in motor vehicles today are four-stroke, spark-
ignition internal combustion engines. The exceptions like the diesel and Rotary
engines will not be covered in this article.

There are several engine types which are identified by the number of
cylinders and the way the cylinders are laid out. Motor vehicles will have from
3 to 12 cylinders which are arranged in the engine block in several
configurations. The-most popular of them are shown on the left. In-line
engines have their cylinders arranged in a row. 3, 4, 5 and 6 cylinder engines
commonly use this arrangement. The "V" arrangement uses two banks of
cylinders side-by-side and is commonly used in V-6, V-8, V-10 and V-12
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
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Porsche in 4 and 6 cylinder arrangements as well as in the old VW beetles with
4 cylinders. Flat engines are also used in some Ferraris with 12 cylinders

Most engine blocks are made of cast iron or cast aluminum. 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
common crankshaft.

The crankshaft 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
engine. As the pistons move up and down, they turn the 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 iron. 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
exhaust gas to exit the cylinder. Engines have at least two valves per cylinder,
one intake valve and one exhaust valve. Many newer engines are using 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 V-6 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 individual lobes for each valve. The lobe is a "bump" on
one side of the shaft that pushes against a valve lifter moving it up and down.
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 the lifters connecting to the valves
through a series of linkages. The camshaft must be synchronized with the
crankshaft so that the camshaft makes one revolution for every two
revolutions of the crankshaft. In most engines, this is done by a "Timing
Chain" (similar to a bicycle chain) that connects the camshaft with the
crankshaft. Newer engines have the camshaft located in the cylinder head
directly over the valves. This design is more efficient but it is more costly to
manufacture and requires multiple camshafts on Flat and V-type engines. It
also requires much longer timing chains or timing belts which are prone to
wear. 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 (D.O.H.C.) Engines while the other type is called Single
Overhead Camshaft (S.O0.H.C.) Engines. Engines with the camshaft in the block
are called Overhead Valve (O.H.V) Engines.
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Now when you see "DOHC 24 Valve V6", you'll know what it means.
How an Engine Works

Since the same process occurs in each cylinder, we will take a look at one
cylinder to see how the four stroke process works.

The four strokes are Intake, Compression, Power and Exhaust. 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 fuel-air mixture is drawn into the cylinder (similar to drawing back the
plunger on a hypodermic needle to allow fluid to be drawn into the chamber.)
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 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 expansion of the vapor. The combustion process pushes the piston down
the cylinder with great force turning the crankshaft 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 exhaust 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 (that is why a vehicle without a muffler sounds so loud.) The piston travels up
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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.

Oiling System

Oil is the life-blood of the engine. An engine running without oil will last
about as long as a human without blood. Oil is pumped under pressure to all the
moving parts of the engine by an oil pump. The oil pump is mounted at the bottom
of the engine in the oil pan and is connected by a gear to either the crankshaft or the
camshaft. This way, when the engine is turning, the oil pump is pumping. There is an
oil pressure sensor near the oil pump that monitors pressure and sends this
information to a warning light or a gauge on the dashboard. When you turn the
ignition key on, but before you start the car, the oil light should light, indicating that
there is no oil pressure yet, but also letting you know that the warning system is
working. As soon as you start cranking the engine to start it, the light should go out
indicating that there is oil pressure.

Engine Cooling

Internal combustion engines must maintain a stable operating temperature, not
too hot and not too cold. With the massive amounts of heat that is generated from
the combustion process, if the engine did not have a method for cooling itself, it
would quickly self-destruct. Major engine parts can warp causing oil and water leaks
and the oil will boil and become useless.

While some engines are air-cooled, the vast majority of engines are liquid
cooled. The water pump circulates coolant throughout the engine, hitting the hot
areas around the cylinders and heads and then sends the hot coolant to the radiator to
be cooled off. For more information on the cooling system, click here.

Engine Balance

Flywheel a 4 cylinder engine produces a power stroke every half crankshaft
revolution, an 8 cylinder, every quarter revolution. This means that a V8 will be
smother running than a 4. To keep the combustion pulses from generating a
vibration, a flywheel is attached to the back of the crankshaft. The flywheel is a disk
that is about 12 to 15 inches in diameter. On a standard transmission car, the flywheel
Is a heavy iron disk that doubles as part of the clutch system. On automatic equipped
vehicles, the flywheel is a stamped steel plate that mounts the heavy torque converter.
The flywheel uses inertia to smooth out the normal engine pulses.

Balance Shaft Some engines have an inherent rocking motion that produces an
annoying vibration while running. To combat this, engineers employ one or more
balance shafts. A balance shaft is a heavy shaft that runs through the engine parallel to
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the crankshaft. This shaft has large weights that, while spinning, offset the rocking
motion of the engine by creating an opposite rocking motion of their own.

Cold weather starting of Diesel engines

In cold weather high speed diesel engines, which are mostly
prechambered, can be difficult to start because the mass of the cylinder
block and cylinder head absorb the heat of compression, preventing
ignition because of the higher surface to volume ratio. Prechambered
engines therefore make use of small electric heaters inside the
prechambers called glow plugs. These engines also generally have a
higher compression ratio of 1-19 to 1-21. Low speed and compressed air
started larger and intermediate speed diesels do not have glow plugs and
compression ratios are around 1-16. Some engines use resistive grid
heaters in the intake manifold to warm the inlet air until the engine
reaches operating temperature. Engine block heaters (electric resistive
heaters in the engine block) connected to the utility grid are often used
when an engine is turned off for extended periods (more than an hour) in
cold weather to reduce startup time and engine wear. In the past, a wider
variety of cold-start methods were used. Some engines, such as Detroit
Diesel engines and Lister-Petter engines, used a system to introduce
small amounts of ether into the inlet manifold to start combustion. Saab
marine engines, Field Marshall tractors (among others) used slow-
burning solid-fuel 'cigarettes’ which were fitted into the cylinder head as
a primitive glow plug. Lucas developed the 'Thermostart', where an
electrical heating element was combined with a small fuel valve. Diesel
fuel slowly dripped from the valve onto the hot element and ignited. The
flame heated the inlet manifold and when the engine was turned over the
flame was drawn into the combustion chamber to start combustion.
International Harvester developed a WD-40 tractor in the 1930s that had
a 7-liter 4-cylinder engine which ran as a diesel, but was started as a
gasoline engine. The cylinder head had valves which opened for a
portion of the compression stroke to reduce the effective compression
ratio, and a magneto produced the spark. An automatic ratchet system
automatically disengaged the ignition system and closed the valves once
the engine had run for 30 seconds. The operator then switched off the
gasoline fuel system and opened the throttle on the diesel injection
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system. Such systems fell out of favor when electrical glow plug systems
proved to be the simplest to operate and produce. Recently direct-
injection systems advanced to the extent that prechambers systems.

Gelling

Diesel fuel is also prone to "waxing" or "gelling" in cold weather, terms
for the solidification of diesel oil into a partially crystalline state. The
crystals build up in the fuel line (especially in fuel filters), eventually
starving the engine of fuel and causing it to stop running. Low-output
electric heaters in fuel tanks and around fuel lines are used to solve this
problem. Also, most engines have a "spill return” system, by which any
excess fuel from the injector pump and injectors is returned to the fuel
tank. Once the engine has warmed, returning warm fuel prevents waxing
in the tank. Due to improvements in fuel technology, with additives
waxing rarely occurs in all but the coldest weather. A mix of diesel and
kerosene should be used to start a cold vehicle in the coldest weather.

Fuel delivery

A vital component of all diesel engines is a mechanical or electronic
governor which limits the speed of the engine by controlling the rate of
fuel delivery. Unlike Otto-cycle engines, incoming air is not throttled
and a diesel engine without a governor can easily overspeed, resulting in
its destruction. Mechanically governed fuel injection systems are driven
by the engine's gear train. These systems use a combination of springs
and weights to control fuel delivery relative to both load and speed.
Modern, electronically controlled diesel engines control fuel delivery
and limit the maximum rpm by use of an electronic control module
(ECM) or electronic control unit (ECU). The ECM/ECU receives an
engine speed signal, as well as other operating parameters such as intake
manifold pressure and fuel temperature, from a sensor and controls the
amount of fuel and start of injection timing through electric or hydraulic
actuators to maximize power and efficiency and minimize emissions.
Controlling the timing of the start of injection of fuel into the cylinder is
a key to minimizing emissions, and maximizing fuel economy
(efficiency), of the engine. The timing is usually measured in units of
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crank angle of the piston before top dead center. For example, if the
ECM/ECU initiates fuel injection when the piston is 10 degrees before
TDC, the start of injection, or timing, is said to be 10° BTDC. Optimal
timing will depend on the engine design as well as its speed and load.
Advancing the start of injection (injecting before the piston reaches
TDC) results in higher in-cylinder pressure and temperature, and higher
efficiency, but also results in elevated engine noise and increased oxides
of nitrogen (NOx) emissions due to higher combustion temperatures. On
the other hand, delayed start of injection causes incomplete combustion,
reduced fuel efficiency and an increase in exhaust smoke, containing a
considerable amount of particulate matter (PM) and unburned
hydrocarbons (HC).

Early fuel injection systems

The modern diesel engine is a combination of two inventors' creations.
In all major aspects, it holds true to Rudolf Diesel's original design, that
of igniting fuel by compression at an extremely high pressure within the
cylinder. With much higher pressures and high technology injectors
present-day diesel engines use the so-called solid injection system
invented by Herbert Akroyd Stuart for his hot bulb engine.

Ignoring the obvious differences, the modern Glow Plug indirect
injection engine could be considered the latest reincarnation of these
"hot bulb™ ignition based engines.

Diesel engines in service today raise the fuel to extreme pressures by
mechanical pumps and deliver it to the combustion chamber by pressure-
activated injectors. With direct injected diesels, injectors spray fuel
through six or more small orifices in its nozzle.

Diesel's original engine injected fuel with the assistance of compressed
air, which atomized the fuel and forced it into the engine through a
nozzle (a similar principle to an aerosol spray). The nozzle opening was
closed by a pin valve lifted by the camshaft to initiate the fuel injection
before TDP (top dead center). This is called an air-blast injection.
Driving the three stage compressor used some power but the efficiency

and net power output was more than any other combustion engine at that
time.
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In the diesel engine, only air is introduced into the combustion chamber.
The air is then compressed to 40 bar (about 600 psi) compared to 14 bar
(about 200 psi) in the gasoline engine. This high compression heats the
air to 550 °C (about 1000 °F). At this moment, fuel is injected directly
into the compressed air. The fuel is ignited by the heat, causing a rapid
expansion of gases that drive the piston downward, supplying power to
the crankshatft.

Major advantages

Diesel engines have several advantages over other internal combustion
engines.

« They burn less fuel than a gasoline engine performing the same
work, due to the engine's high efficiency and diesel fuel's higher
energy density than gasoline.

» They have no high-tension electrical ignition system to attend to,
resulting in high reliability and easy adaptation to damp
environments.

« They can deliver much more of their rated power on a continuous
basis than a gasoline engine.

« The life of a diesel engine is generally about twice as long as that of
a gasoline engine due to the increased strength of parts used, also
diesel fuel has better lubrication properties than gasoline.

 Diesel fuel is considered safer than gasoline in many applications.
Although diesel fuel will burn in open air using a wick, it will not
explode and does not release a large amount of flammable vapour.

 For any given partial load the fuel efficiency (Kgs burned per KWh
produced) of a diesel engine remains nearly constant, as opposed to
gasoline and turbine engines which vary depending on throttle
position.

Mechanical and electronic injection
Many configurations of fuel injection have been used over the past
century (1900-2000).
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Most present day (2008) diesel engines make use of a camshaft, rotating
at half crankshaft speed, lifted mechanical single plunger high pressure
fuel pump driven by the engine crankshaft. For each cylinder, its plunger
measures the amount of fuel and determines the timing of each injection.
These engines use injectors that are basically very precise spring-loaded
valves that open and close at a specific fuel pressure. For each cylinder a
plunger pump is connected with an injector with a high pressure fuel line.
Fuel volume for each single combustion is controlled by a slanted grove
in the plunger which rotates only a few degrees releasing the pressure
and is controlled by a mechanical governor, consisting of weights
rotating at engine speed constrained by springs and a lever. The injectors
are held open by the fuel pressure. On high speed engines the plunger
pumps are together in one unit. Each fuel line should have the same
length to obtain the same pressure delay.

A cheaper configuration on high speed engines with less than six
cylinders is to use one rotating pump plunger delivering fuel to a valve
and line for each cylinder (functionally analogous to points and
distributor cap on an Otto engine).. This contrasts with the more modern
method of having a single fuel pump which supplies fuel constantly at
high pressure with a common rail (single fuel line common) to each
injector. Each injector has a solenoid operated by an electronic control
unit, resulting in more accurate control of injector opening times that
depend on other control conditions, such as engine speed and loading,
and providing better engine performance and fuel economy. This design
Is also mechanically simpler than the combined pump and valve design,
making it generally more reliable, and less noisy, than its mechanical
counterpart.

Both mechanical and electronic injection systems can be used in either
direct or indirect injection configurations.

Older diesel engines with mechanical injection pumps could be
inadvertently run in reverse, albeit very inefficiently, as witnessed by
massive amounts of soot being ejected from the air intake. This was
often a consequence of push starting a vehicle using the wrong gear.
Large ship diesels can run either way.
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Indirect injection

An indirect injection diesel engine delivers fuel into a chamber off the
combustion chamber, called a prechamber or ante-chamber, where
combustion begins and then spreads into the main combustion chamber,
assisted by tatujence created in the chamber. This system allows for a
smoother, quieter running engine, and because combustion is assisted by
turbulence, injector pressures can be lower, about 100 bar using a single
orifice tapered jet injector . Mechanical injection systems allowed high-
speed running suitable for road vehicles (typically up to speeds of around
4,000 rpm). The prechamber had the disadvantage of increasing heat loss
to the engine's cooling system, and restricting the combustion burn,
which reduced the efficiency by 5%-10%. Indirect injection engines
were used in small-capacity, high-speed diesel engines in automotive,
marine and construction uses from the 1950s, until direct injection
technology advanced in the 1980s. Indirect injection engines are cheaper
to build and it is easier to produce smooth, quiet-running vehicles with a
simple mechanical system. In road-going vehicles most prefer the greater
efficiency and better controlled emission levels of direct injection.

Direct injection

Modern diesel engines make use of one of the following direct injection
methods:

Direct injection injectors are mounted in the top of the combustion
chamber. The problem with these vehicles was the harsh noise that they
made . Fuel consumption was about 15 to 20 percent lower than indirect
injection diesels, which for some buyers was enough to compensate for
the extra noise.

This type of engine was transformed Dby electronic control of the
injection pump, pioneered by the Volkswagen Group in 1989. The
injection pressure was still only around 300 bar (4350 psi), but the
injection timing, fuel quantity, EGR and turbo boost were all
electronically controlled. This gave more precise control of these
parameters which made refinement more acceptable and emissions
lower.



43

Unit direct injection

Unit direct injection also injects fuel directly into the cylinder of the
engine. In this system the injector and the pump are combined into one
unit positioned over each cylinder controlled by the camshaft. Each
cylinder has its own unit eliminating the high pressure fuel lines,
achieving a more consistent injection. This type of injection system, also
developed by Bosch, is used by Volkswagen AG in cars (where it is
called a Pumpe-Duse-System—Iliterally "pump-nozzle system") and by
Mercedes Benz ("PLD") and most major diesel engine manufacturers in
large commercial engines (CAT, Cummins, Detroit Diesel, Volvo).
With recent advancements, the pump pressure has been raised to 2,050
bar (205 MPa, 30127 psi), allowing injection parameters similar to
common rail sys

tems.



