MIHICTEPCTBO OCBITU I HAYKH
YKPAITHHA

TEPHOHIHLCLKHﬁ HALIOHAJIbHUN
TEXHIYHUM YHIBEPCUTET IMEHI IBAHA TTVJIIOS

Kadenpa ykpaincbkoi Ta
iHO3eMHHMX MOB

ENGLISH
HAaBYAJIbHUMN ITOCIOHUK

3 QHTJIIMCHKOL MOBHU AJ1g CTyZeHTIB [-11
KYPCIB CIIeI[1aIbHOCTI1
«ABTOMOGLII i aBTOMOO1/IBHE TOCIIOZAPCTBOY»

Tepuomniab 2013

1



English: HaBuanbHUl MOCIOHUK 3 aHTIIMCHKOI MOBHU 1Jis cTyaeHTiB I-II kypcis
CreliaibHOCTI «ABTOMOOUI 1 aBTOMOOLIRHE rocrogapcTBo» / K. B. ba0’sk,
O.1. Bomuap, JI. A Jixumxopa, JI. 1. Ilerpummua. — Tepuomins, THTY
M. L. Ilymros, 2013. — ¢. 92

Ykaagaui:ba6’sx XK. B., Boxnap O. 1., Jixumkopa JI. A., erpurnuna JI. I,

Binnosiganbumii 3a Bunmyck: bognap O. L.

MetoauuHi BKa3iBKM PO3TJIAHYTI 1 3aTBEpJKEHI Ha 3acifjaHHl Kadeapu
YKpaTHChKOI Ta 1HO3eMHHUX MOB TepHOMIILCHKOTO HAI[IOHATLHOTO TEXHIYHOTO
yHiBepcuTeTy imMeHi IBana Ilymros.IIpoTrokon Ne 1 Bix 5 Bepechs 2012 p.

CxBanmeHO 1 PEKOMEHJOBAaHO JIO Ha 3acijaHHl METOJAMYHOIKOMICii
¢dakynprery 1m0 poOOTI 3 1HO3EMHMMH CTYJAEHTaMH [EepHOMIIbCHKOTO
HAI[IOHAJILHOTO TEXHIYHOTO yHiBepcuteTy iMmeHi IBana [lymros.IIpotokon Ne 2
Big 27 Bepecusa 2013 p.



[TepeamoBa

['0710BHOIO METOI0 HaBYaHHS 1HO3€MHOI MOBH CIICIIaJbHOTO BXKHUTKY €
OBOJIOJIIHHS MOBOIO He JIUIIE K 1HPOpMATUBHUM 3acO00M, ajie i IHCTPYMEHTOM
CIIUIKYBaHHA y MpodeciiHO-OpIEHTOBAaHWX KOMYHIKATUBHMX  CHUTYallisX
MaiOyTHBOI PaxoBoi MiSTHHOCTI.

3anproHOBaHUN HaBYAJIIBHUN TOCIOHUK ckiagaeTbes 13 1V posmiiis.
Pozainu I — 111 MicTATh aBTEHTHYHI HAYKOBO-TEXHIYHI TEKCTH, 110 MPU3HAYEHH]
JUIS Ay TMTOPHOTO YUTaHHA. KOoMIIeKC MiCIATeKCTOBUX BIPaB CIPSIMOBAaHUMN Ha
PO3BUTOK HAaBUYOK YCHOTO MOBJICHHS Ta 3aCBO€HHSI HOBUX JIEKCHUHUX OJIMHUIb
1 TEepMIHIB, IO BUKOPHUCTOBYIOThCS y TpodeciitHiii chepi cninkyBanus. Y IV
PO3ALJT TOJAHO TEKCTH, SIKI IPU3HAYEHI I JJOMAITHBOTO YUTAHHS.
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Part 1
Lesson 1.Essential parts of an automobile.

Vocabulary notes:
simultaneously — ogqHo4acHo;
internal combustion engine — n1BUTrYyH
BHYTPIIIIHHOT'O 3TrOPSTHHS;
combustion chamber—
3TOPSIHHS;
to ignite — 3ananmoBary;
power stroke— (TakT pO3IIUPEHHS)
poOoumii Xi;
timing— (TyT) CHHXPOHHICTb;
drivetrain —  cuioBa
(TpUB1IHUI MEXaHi3M);
transmission — TpaHcMicis, KopoOka
nepeaay;
gear differential — nudepenmian 3
HIECTEPHSIMU;
tank — nayimBHUI 0aK;
injector— dhopcyHka, IHXXEKTOD;
exhaust system— BuxjonHa cucrema
(cuctemMa BUIYCKY BIAIpalibOBaHUX
rasi);
frame — pama;
steering system — cucreMa pyJIbOBOIO
KEpYyBaHHS;
suspension system— x0J0Ba 4YaCTHHA;
via— uepes;

Kamepa

nepeaaya

alternator — reseparop;

fuel pump— nanuBHUI HacoC;
sparkplug— cBiuka 3anajaroBaHHS;
headlights (headlamps) -
TOJIOBHOTO CBITJIA;

dashboard— nanens IHCTpYMEHTIB;
fuse— 3an001KHUK;

body — xy30B;

fiberglass — ckJ10BOJIOKHO;

bonnet (hood Am.E) — karnor;

grille— pemriTka paaiatopa;

boot (trunk Am.E) lid — xkpwuiuka
Oara)xHuka;

(bapu

drag— aepoauHaMiuHui  (71000BHIN)
omip;

tyre (tireAm.E) — muHa;

to pinch— 3atuckaru;

brake pad- ranpmiBHa  KoOJIOJKA

(IMCKOBHX TajbM);

caliper— cymnopr;

brake shoe — ranpmiBHA KoOJIOAKA
(bapabaHHUX TaTbM);

fuel gauge — moka)xyuK piBHS MaINBA;
rotation — o0epTH;

leak— mpoTikanHs

Essential parts of an automobile.

Automobiles are made up of many small components that form complex
systems, all of which work together for you to drive the car. The car is a
complex machine with several systems functioning simultaneously. While most
modern cars contain computerized systems that are beyond the understanding of
all but the most specialized technicians, knowing the basic parts of a car and
how they function makes it easier to notice problems, perform basic repairs and
drive more responsibly.

The Engine

Every car is powered by an engine, and most cars use an internal
combustion engine that runs on (petrol) gasoline or diesel. Fuel, along with air,
is drawn into a combustion chamber where it is compressed and ignited by a
spark. The resulting combustion provides a power stroke that, when repeated
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rapidly, powers the car. Engines are often referred to by the number of cylinders
they have, and each cylinder contains its own combustion chamber. A car's
overall power is a function of the size of the engine as well as factors such as the
timing of the combustion and the type of transmission used.

The drive train

The drive train is the system that generally makes your car move. It includes
the engine, which burns fuel to produce the mechanical energy that moves the
car, as well as the transmission, which changes the gear differential to use the
power produced by the engine efficiently. It can also include the fuel system,
consisting of the tank; various filters, fuel injectors or carburetors; the exhaust
system, which removes the engine's waste products; the cooling system, which
prevents the engine from overheating, and the braking system, which stops the
car.

Chassis

The chassis of the car contains the skeletal frame of the car. The most
notable components of the chassis are the steering system, which allows you to
turn the wheels and change direction; the suspension system, which keeps the
wheels on the ground, prevents a bumpy ride and stabilizes the steering; the
frame that supports all the car's parts and keeps them together, and the wheels.

The Electrical System

A car's electrical system is powered by a rechargeable battery that draws its
power from the engine itself. The battery — which is charged by the running
engine via the alternator — is used to start the car, providing the initial motion
of the engine and powering devices such as the fuel pump, starter, car's
computer which micromanages many of the sensitive components, as well as the
engine's spark plugs, headlights, interior and dashboard lights, and stereo
system. Most cars also have additional uses for the electrical system such as
power automatic windows or door locks. All of these electrical items are wired
to the battery with a series of fuses ensuring that the electrical system can
continue to function even if one part fails.

The body

Much engineering goes into designing the car's body, which is composed of
the metal, plastic or fiberglass pieces that cover the hood, roof, doors and sides
of the car. It also includes the bumpers, windows, grille and trunk lid. The
design of the car body must attempt to minimize drag to increase fuel
efficiency, as well as be aesthetically appealing to the driver.

Brakes and Wheels

Various types of wheels and tyres are useful for driving under specific
conditions. All-season tires, for example, have the versatility of being used
throughout the year, even if severe conditions occur. A car's brakes are one of its
most important safety features and generally come in one of two types: disc or
drum. Disc brakes use a disc, which is pinched between brake pads mounted
on calipers to slow the motion of the car. Drum brakes use shoes that push
outward to contact the inside of a spinning cylinder, or drum. Some cars contain
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both types of brakes (one type for the front wheels, another for the rear wheels)
to take advantage of the best each type of braking system has to offer.

Dashboard Instruments

One of the most visible parts of a car is its instrumentation. Most drivers are
aware of the speedometer and fuel gauge, but other dashboard instruments are
equally important. A tachometer, which displays engine speed in rotations per
minute (RPM), indicates how hard the engine is working. An oil pressure gauge
or engine temperature gauge can be useful in diagnosing common problems,
such as a leak of oil or engine coolant respectively. Stopping a car when oil
pressure begins to drop or temperature begins to rise can avoid catastrophic
engine failure.

Exercise 1. Answer the following questions.

1. What are the main component parts of an automobile? 2. What is the engine?
3. Explain the operating principle of the engine. 4. What is the drive train and
what parts does it consist of? 5. What are some basic components of the chassis?
6. What is the purpose of the vehicle’s electrical system? 7. What is the
alternator used for? 8. What parts does the car’s body consist of? 9. What types
of brakes are used in the car? 10. What is a dashboard? 11. Name some
dashboard instruments. 12. What do you think is the most important part of the
automobile?

Exercise 2. Translate the following words and word combinations into
Ukrainian.

complex systems, powered by an engine, runs on petrol, spark, combustion
chamber, type of transmission, to use efficiently, the fuel system, overheating,
braking system, wheels, bumpy ride, starter, power automatic windows, trunk
lid, driving under specific conditions, rotations per minute, oil pressure gauge,
engine coolant, catastrophic engine failure

Exercise 3. Translate the following words and word combinations into
English.

NpamoBaTH  OJHOYACHO, TWU3ETBHUN  JBUTYH, 3TOpPSHHS, €QEKTHBHO
BUKOPHCTOBYBAaTH, MaJlWBHA CHCTEMa, 3amo0iratd TepeHarpiBaHHIO, CKeleT
aBTOMOO1JISA, 3MIHIOBATH HAMpsM PyXy, XOJOBa YacTHHA, KOJECO, IIMHA, pama,
€KOHOMIsl TaJIbHOT0, 3MEHIIUTH aepoJAMHAMIYHMKM omip, OapabaHHI rajibMma,
CymnopT, TepejHi/3aaH1 Kojeca, 00epTH 3a XBUJIMHY, OXOJIOKYBaJbHA PiJMHA,
MOIIKOPKCHHS JIBUTYHA

Exercise 4. Match the term with its Ukrainian equivalent.

1) internal combustion engine a) JBHUTYH BHYTPIIIHBOTO 3rOPSTHHS
2) power stroke b) cucrema pyap0BOro KEpyBaHHs



3) combustion chamber c) (apu ToJIOBHOTO CBITIIA

4) injector d) mokaxx4yuK piBHS MajanBa

5) suspension system €) 3amo0iKHUK

6) headlights f) xamor

7) fuse g) (dopcyHKa, IHXKEKTOp

8) hood h) (TakTt po3umpenHs) podoumii i
9) fuel gauge 1) XOJ0Ba YacTHHA

10) steering system j) Kamepa 3TOpsIHHS

Exercise S. Fill in the blanks with appropriate words.
1. A ... is the part of an engine in which fuel is burned.

a) combustion b) combustion ¢) combustion d) combustion
room chamber camera cylinder

2. In motor vehicles the ... adapts the output of the internal combustion engine
to the drive wheels.

a) frame b) injector ¢) transistor d) transmission
3. A spark ... delivers electric current to ignite the mixture of air and fuel in the
combustion chamber.

a) plug b) bug c) drag d) fuse
4. The ... system removes the engine's waste products.

a) intake b) pipe c) suspension d) exhaust
5. ... system allows a vehicle to follow the desired direction.

a) Brake b) Steering c¢) Suspension d) Exhaust

6. The car draws its electrical power from ..., which is charged by the running
engine via the alternator.

a) battery b) generator c) power station d) hood

7. The ... system keeps the wheels on the ground, prevents a bumpy ride and
stabilizes the steering.

a) exhaust b) steering c) suspension d) ignition

8. A ... 1s a lamp attached to the front of a vehicle to light the road ahead.



a) rear light b) front light c) headlight d) taillight

9. The ... of an automobile is the vehicle's main storage compartment located at
the rear part of the vehicle.
a) tank b) boot c¢) bank d) bonnet

10. A ... brake is a wheel brake which slows rotation of the wheel by the friction
caused by pushing brake pads against a brake disc with a set of calipers.

a) drum b) hand c¢) head d) disc
Exercise 6. Translate the following sentences into English.

1. Bynb-skuii aBTOMOOITb CKJIAJAEThCSI 3 TPHOX OCHOBHUX YAaCTHH: ABUTYHA
miaci 1 ky3oBa. 2. Illaci cknamgaeTses 13 TpaHCMICIT, XO/I0BOi YaCTUHH, MEXaHI3MY
kepyBaHHs. 3. J[o MexaHi3MiB KepyBaHHS HaJeXaTh PYJIbOBE KEpyBaHHS, IO
npuU3HaYCHE I 3MiHU HaNpsSMy PyXy aBTOMOOIJIS Ta rajbMiBHA CHUCTEMa, SKa
npu3HaUYeHa JUIsi 3HWKCHHS IIBHIKOCTI aBTOMOOIIS aX M0 TIOBHOI HOTO
3ynuHKH.4. Y JIETKOBUX aBTOMOOUISIX IBUTYH MOJXKE PO3TAIIOBYBATHCS B HOTO
nepeaHid abo 3aaHi yacTuHI. 5. JIBUTYyH BHYTPIIIHBOTO 3TOPSHHSI —
HAaWMOLIUPEHIIIUI TUI JBUTyHA, IO BHUKOPUCTOBYETHCS Yy OLIBIIOCTI
TpaHCTIOPTHUX 3aco0iB. 6. [lanuBHa cyMill moTparuisie B KaMepy 3TOpSHHS, 1€
BOHA CTUCKA€THCS Ta 3aMaioeThCsl 1CKporo. 7. Cuctema OXONOMKEHHA — 1
CHUCTeMa, IO MpU3HAYEHA MJI1 OXOJO/KEHHS JBUTYHIB Ta IHIIMX YacCTUH
aBTOMOOUIA 1 MIATPUMAHHA iX B ONTHUMAJbHOMY TEMIEPATypPHOMY PEXHUMI
(operatingtemperature). 8. Jlo HalBaKJIIMBIIIMX €JIEMEHTIB IIaci aBTOMOOLIIB
BIIHOCSITBCS TPAHCMICIS, PYJIbOBE KEpyBaHHs ab0 MexaHI3M KepyBaHHS Ta
ragpMiBHa cucTeMa. 9. MexaHi3M KepyBaHHsS aBTOMOOIJIEM CKIAIA€ThCs 3 ABOX
CUCTEM: PYJIhOBOTO KepyBaHHs 1 TambMoBoi cuctemu. 10. EnextpooOnamnanus
aBToMOO11s1  (car electrical equipment) cayXuTh i1 3alyCcKy JBUTYHA,
BHYTPIITHBOTO OCBITJICHHS aBTOMOOLUTS, OCBITIEHHS JOPOTH, 3BYKOBOI 1
CBITJIOBOI CHTHAJII3allii, a TAKOXK KUBUTH CIIEKTPUYHUM CTPYMOM KOHTPOJIBHHO-
BUMIPIOBaNIbHI IPHIAAM 1 cucteMy 3amantoBaHHsA. 11. Ky30B kpinutkces 10 pamu
aBTomMoOua. 12. JluckoBi rampMma, sSIK MpaBuiio, eeKkTUBHIIN HixX OapaOaHHI.
13. Bcece3oHHI MMHU — 1I€ IIMHHU, PO3POOJICHI CHEiadbHO Al BUKOPUCTAHHS
OPOTATOM YChOTO POKY MpU PI3HUX MOroAHUX ymoBax. 14. Taxomerp — ue
Ipuiiaj, o BUMIPIOE KUIBKICTh OOEPTIB IBUTYHA 3a XBUIUHY. 15. Tuck macna —
1€ BaXXJIMBUN NTOKA3HUK CTaHY JBUTYHA.

Lesson 2.The Internal Combustion Engine

Vocabulary notes:
Internal combustion engine — nBuryH camshaft — KapJJaHHUN BaJI,
BHYTPIUIHBOTO 3TOPSHHS; KyJIa4uKOBUI Ball;



rotary — o0epTaibHUii; combustion chamber — kamepa

reciprocating — 3BOPOTHO- 3TOPSIHHS;
MOCTYNaJIbHUU; flywheel — maxoBuK;
crankcase — kaprep; valve — kimanan

crankshaft — kapnannuii Ba;

TextA.

Internal combustion is the process of the burning of fuel within the engine. The
fuel burns within the engine and provides forces. These forces provide the
engine power. Internal combustion engines have stationary, rotary and
reciprocating parts. Stationary Engine Parts. The stationary engine parts are
the cylinder block, the crankcase and the cylinder head. The cylinder block is
one of the basic parts of the engine. The process of combustion takes place
within the cylinders. The crankcase is a part of the cylinder. It supports the
crankshaft and the camshaft and keeps the lubricating oil near the engine parts.
The cylinder heads close the cylinders. The cylinders and the cylinder heads
form the combustion chamber. The burning of fuel takes place within the
combustion chambers.

Rotary Engine Parts. Rotary engine parts are the crankshaft, the flywheel and
the camshaft. The crankshaft changes reciprocating motion of pistons to rotary
motion. The camshaft opens the valves of the engine.

Exercise 1. Answer the following questions.

1. What process takes place in internal combustion engines? 2. What does the
burning of fuel provide? 3. What are the basic parts of the internal combustion
engine? 4. What are the stationary engine parts? 5. What does the crankcase
support? 6. What is the function of the cylinder heads? 7. What do cylinders and
cylinder heads form? 8. Where does the burning of fuel take place? 9. What are
the rotary engine parts? 10. What is the function of the crankshaft? 11. What
does the camshaft open?

Exercise 2. Give Ukrainian equivalents for the following terms and phrases.

the process of the burning of fuel, within the engine, the engine power, the
cylinder head, the cylinder block, keeps the lubricating oil, the combustion
chamber, the camshaft, the crankshaft, reciprocating motion of pistons, rotary
motion, valves of the engine

Exercise 3. Give English equivalents for the following terms and phrases
using the text.

IPOIIEC BHYTPINIHHOTO 3TOPSHHS, HEPYXOMi YaCTHHH, 3BOPOTHO-IIOCTYMANIbHI
YaCTHUHU, OJOK IWJIIH/PIB, OAWH 13 OCHOBHHUX JIeTaJIed JIBUT'YHA, BiI0yBaTUCS y
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MUTIHAPI, YTPUMYBaTH MAaCTWJIO, Kamepa 3TOPSHHS, MaXxOBHK, OOEpTaHHS
(oOepTanpHUi pyX), MOPIIEHB, BIAKPUBATH KJIallaHU

Exercise 4.Match the term with its Ukrainian equivalent.

1) engine power a) Kaprep

2) combustion b) posnoainbHUI Bal

3) crankcase C) KianaH

4) crankshaft d) maxoBuk

5) camshaft €) 3BOPOTHO-IOCTYNAIBHUN PYX
6) to lubricate f) xomiHYacTHil Ban

7) flywheel g) TOpILIEHb

8) piston h) moTyXHicTh IBUTYHA

9) reciprocating motion 1) 3MallyBartu

10) valve j) 3TOpsSIHHS

Exercise 5. Insert the appropriate term.

1. Internal ... engines are commonly used in motor vehicles.
a) burning b) explosion ¢) combustion d) blast

2. The stationary engine parts are the cylinder block, the ... and the cylinder
head.
a) piston b) crankshatft ¢) crankcase d) camshaft

3. The crankcase supports the crankshaft and the ..., and keeps the lubricating
oil near the engine parts.
a) flywheel b) valve c¢) crankshaft d) camshaft

4. The cylinders and the cylinder ... form the combustion chamber.
a) block b) heads c) pistons d) valves

5. The camshaft opens the ... of the engine.
a) valves b) pistons ¢) heads d) flywheels

6. Rotary engine parts are the crankshaft, the ...and the camshatft.
a) pistons b) crankcase ¢) cylinders d) flywheel

7. The combustion chamber is formed by the cylinder heads and ... .
a) flywheels b) cylinders c) valves d) camshaft

8. A... is used to maintain constant angular velocity (uactora o6eptanns) of the
crankshaft in a reciprocating engine.
a) flywheel b) camshaft c) valve d) crankcase
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Exercise 6. Insert the necessary word.

1. The ... changes reciprocating motion of pistons to rotary motion. 2. The ...
opens the valves of the engine. 3. The ... is one of the basic parts of the engine.
4. The cylinder and the ... form the combustion chamber. 5. The ... of fuel
provides forces. 6. The ... keeps the lubricating oil near the engine parts.

(cylinder head, camshaft, burning, crankcase, crankshaft, cylinder block).

Text B. Reciprocating Engine Parts (I)
Terms to remember:

piston — nopuieHs; lubrication— 3maieHHs;
ring — KiJIbII€; intake valve— BnyckHUI KianaH;
connecting rod— maryH; exhaust valve— Bunyckuui kiarmnasx;

piston pin— nopiiHeBUil Najielpb;

The internal combustion engine has reciprocating parts: pistons, rings,
valves and connecting rods. These parts cause engine vibration. The piston
moves up and down within the cylinder. The piston head receives the force from
the combustion of fuel within the cylinder and transmits it to the piston pin,
connecting rod and crankshaft. The piston has four rings. Three rings are at the
head of the piston and provide good compression. One ring is at the bottom of
the piston. It controls the cylinder lubrication. The piston rings absorb heat
from the piston and transmit it to the cylinder.

The engine has valves. They are intake valves and exhaust valves. Intake
valves allow the fuel to enter the combustion chamber. Exhaust valves allow the
gases to pass from the combustion chamber. So the valves open and close the
combustion chamber where the burning of fuel takes place. A camshaft opens
each valve. The connecting rod links the pistons and the crankshaft. It changes
the reciprocating motion of pistons into the rotary motion of the crankshaft.

Exercise 1. Answer the following questions.

1. What are the reciprocating engine parts? 2. Why does the engine vibrate?
3. Where is the piston placed and what function does it carry out? 4. What parts
of the engine provide good compression? 5. What gives an engine the power?
6. What are the two types of valves? 7. What is the function of the
intake/exhaust valve? 8. What links the pistons and the crankshaft?

Exercise 2. Say whether the following statements are true or false.

1. The internal combustion engine has reciprocating parts: pistons, rings, valves
and connecting bars.
2. The reciprocating parts of the engine cause vibration.
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3. The piston moves up and down within the cylinder.

4. The piston has rings.

5. Intake valves don’t allow the fuel to enter the combustion chamber.

6. A crankshaft opens each valve.

7. Exhaust valves allow the gases to pass from the combustion chamber.

8. The valves open and close the combustion chamber where the burning of fuel
takes place.

9. The connecting rod links the pistons and the camshatft.

10. The connecting rod changes the reciprocating motion of pistons into the
rotary motion of the crankshatft.

Exercise 3.Give Ukrainian equivalents for the following terms and phrases.

reciprocating parts, pistons rings, combustion of fuel, piston pin, crankshaft,
provide good compression, the cylinder lubrication, absorb heat from the piston,
allow the fuel to enter the combustion chamber, camshaft, rotary motion of the
crankshaft

Exercise 4. Translate the following terms and word combinations into
English.

[IaTyH, MOPUIEHb, 3BOPOTHO-NOCTYMAJIbHI YAaCTHHHU JBUTYHA BHYTPIIIHBOTO
3TOpSIHHS, TOPIIHEBHM Majenpb, KOJIHYaCTHM Basl, MOPIIHEBl KIIbI,
3a0e3MevyyBaT XOpOIly KOMIPECII0, MOTIMHATH TEIJIO, BIYCKHUN/BUITYCKHUN
KJamaH, KaMepa 3TOpSIHHS, pPO3MOJUIbHMIA Bajl, 3MIHIOBAaTHU 3BOPOTHO-
NOCTYyNaJIbHUN pyX Ha 00epTalbHUMN

Exercise 5.Match the term with its Ukrainian equivalent.

1) connecting rod a) KOJIHYAaCTHH Bai

2) pin b) BHyCKHUH KJlanaH

3) crankshaft C) Kamepa 3ropsiHHS

4) to absorb d) 3BOpPOTHO-MOCTYMANBLHUN
5) intake valve e) obepraibHUl

6) combustion chamber f) maryn

7) camshaft g) PpO3MOAUIEHUHN Bal

8) reciprocating h) BumyckHuil K1anaxn

9) rotary 1) manenp

10) exhaust valve j) TOTJIMHATH

Exercise 6. Translate the following sentences into English.

1. ITopmiHi, mopiIHeBl Majblll, KJIalaHW, MATyHd — 1€ 3BOPOTHO-TOCTYIAIbHI
JeTalli JIBUTYHAa BHYTPIIIHBOTO 3TOPSIHHS. 2. 3BOPOTHO-TIOCTYMABHUN PyX
nerajel cnpuuuHIoe BiOpariito aBuryHa. 3. IlopieHb pyxaeTbesl y IUIIHIPI.
4. Cuna, 1o BHUPOOJSETHCA MiJ dYac B3TOPSHHS NaJIMBHOI CyMiln, i€ Ha
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nopuienb. 5. [lopiiens MpUBOAUTE B pyX KOJMIHYACTUN Bad. 6. Y TOpIIHS €
KUIBIIS, $KI BIAMNOBIAAIOTH 3a KOMIIPECII0 Yy MIIHAPI Ta 3aro0irarwTh
MOTPAIUISTHHIO Macjia B KaMmepy 3ropsiHHs. 7. JIBUTYH BHYTPIIIHBOTO 3TOPSHHS
Mae BITYCKHI Ta BUITYCKHI KJaranu. 8. Yepe3 BOyCKHMM KiamaH MaJMBHA CYMIII
NnoTparuisie B Kamepy 3ropsiHHA. 9. BumyckHi KiamaHu BiAMNOBIAAIOTH 3a
BUBEJICHHS BIJINpaliboBaHUX Ta3iB 3 kamepu. 10. Po3noaiapHuii Ban BiAKpUBAE
kiamanu. 11. laryH 3’eaHye mopiiueHb 13 KojiHyacTuMm BasioM. 12. IllatyHu
NEPETBOPIOIOTH 3BOPOTHO-MIOCTYNAIIBHUM PyX Ha 00epTaibHUM.

Exercise 7. Read and translate the text.

Terms to remember:

to absorb —nornunaru; gasoline (petrol) engine —
exhaust system — cucrema BHUIYCKYy OEH3MHOBHI1 IBUT'YH;

BIMpAIlbOBAaHUX  ra3iB, BHUXJIONHA mixXturecyMmiii;

CHUCTEMA,; to reduce — 3MeHIIYBaTH;

fuel mixture — nanuBHa cymii; wear — 3HOIIIYBaHICTb;

sparkplug — cBiuka 3anajaroBaHHS; thermosiphon system -
storage battery - axkymynaropHa TepMocu]oHHa cucTeMa

OaTapes;

ignition — 3ananoBaHH4;
pump — Hacoc;

Reciprocating Engine Parts (Part II)

Pistons, rings, valves, connecting rods are reciprocating engine parts. The
piston moves within the cylinder and transmits the forces of the expanding gases
to the piston pin, connecting rod and crankshaft. Piston rings control the wall
lubrication and absorb heat from the piston. The engine valves are of two types:
intake valves and exhaust valves. The valves open and close the combustion
chamber. When the intake valve opens the fuel mixture enters the combustion
chamber. Through the exhaust valves the burned gases pass into the exhaust
system.

The connecting rod links the piston and the crankshaft. Additional engine
parts are components of four separate systems: electrical, fuel, lubricating and
cooling. The electrical system of the engines has a storage battery. The battery
provides voltage and transmits it to the spark plugs for the ignition. Spark
plugs ignite the fuel mixture in the combustion chamber.

The engine has a fuel system. The fuel system of the diesel engine has a
pump. This pump forces the fuel through injectors into the combustion chamber
where the burning of fuel takes place. The gasoline engine has no pump, it has a
carburettor. The carburettor mixes the fuel and air and transmits this mixture to
the combustion chamber. The engines have oil pumps. These pumps provide
engine lubrication. The oil pumps are of three types. Oil filters are between the
pump and other engine parts. The oil filters reduce engine wear. Cooling
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systems come in two types: thermosiphon and pump. They use water for the
engine cooling.

Exercise 8. Study the picture below and describe the V-engine operating
principle. Ask your classmate to speak about the function of any part of the

engine.

throttle body  injection valve  throttle valve

air-cleanar compartment intake manitold

throttle position sansor
rocker anm

intake valve : g, | i » ' = air-cleanar inlet

wirist pin
connecting rod

starter solenoid
starter mator

Terms to remember:

air-cleaner compartment (air filter compartment) — Kopmnyc A HOBITPSHOTO
binbTpa,

throttle position sensor— 1aTyrk MOJIOKEHHSI IPOCEIBHOT 3aCIIIHKH,
rocker cover— kpuiika KJIamaHHOTO MEXaHI3MY,

intake valve— BnyckHuil KianaH,

sparkplug — cBiuka 3anaaroBaHHs,

piston — nopuieHs,

wristpin — nopuHeBuil najxensb,

connecting rod — maryHs,

starter solenoid — conenoin craprepa,

oil pump — MacistHUl Hacoc,

oil intake screen assembly — ciTuacTuii GpuIbTp Macii0301pHUKA,
throttle body — kopryc 1pocenbHOT 3aCIIIHKY,

injection valve — iHXekTOpHUI Ki1anaH, HarHITAJLHUM KJIamaH,
throttle valve — npocenbHa 3aciiHka,

intake manifold — BriyckHui1 KoJa€eKTOD,

rocker arm — KOpoMucIIO,

air cleaner inlet — moBiTpsiHMI1 3a0ipHUK,

valve spring — npy>xvHa KJjarnasa,
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exhaust valve — Bunyckuumii kinanas,

exhaust manifold — BUNyCKHMII/BUXJIOMHUN KOJEKTOP, KOJEKTOP BHUXJIOMHOI
CUCTEMH,

pushrod — mroBxau (knamnasa),

valve lifter — xynauok (miaiioMy KJjamnaHa),

oil pan — nignoH KapTepa,

oil drain plug — macio31uBHa poOKa

Lesson 3.The fuel system

Vocabulary notes:

fuel tank — manuBHMil Oak; rigid steel — mirtHa crans,

filler tube — TpyOka 3anuBHOI flexible braided steel — rHyuxa,
rOpJIOBUHU; IUIETeHA CTallb,

fuel vapor — Bunapu naiasHoOrO; corrosion-resistant rubber —
baffle — neperopoka; KOPO31MHOCTIKa pe3uHa,

sloshing of fuel — konBanHs, particulate contaminates — nucnepcHi
PO3roiAyBaHHS MAJIBHOTO; (MexaH14yH1) 3a0pyaHIOBaYI,

fuel gauge — nmokasuuk piBHs nmanuBa; clogging — 3abuBanHs,

outlet line — BumyckHuii TpyOoIpoBin to spray — po3nuiIOBaTH,

(xaHan); manifold pressure— THCK y KOJIEKTOPI
ignition — 3anantoBaHHs;

The fuel system

The fuel system of an automobile moves fuel from the fuel tank to the
engine where it is mixed with air and introduced into the combustion chambers.
Combustion of the fuel in the cylinders produces the energy that powers the
engine. Modern fuel systems are controlled by complex electronics, but their
basic operation is simple.

Fuel Tank

A vehicle’s fuel, either gasoline or diesel, is held in a storage tank which is
usually located in the rear of passenger cars. Fuel enters the tank via a filler
tube that opens on the exterior of the car, and a system of vents allows fuel
vapor to escape and maintain proper pressure within the tank. Baffles inside the
tank minimize sloshing of fuel when the vehicle is in motion, and a sensor
measures the fuel level and displays it on the fuel gauge inside the cabin. An
outlet line directs fuel to the engine, and in most newer cars, the fuel pump is
located inside the fuel tank.

Fuel Pump and Filter

Fuel is moved from the tank to the engine by the action of a fuel pump. In
most modern cars, the fuel pump is powered electrically and begins to operate
when the ignition switch is activated. Older vehicles may employ a mechanical
pump that is powered by the action of the engine. Fuel is pumped through fuel
lines, made of rigid steel, flexible braided steel or corrosion-resistant rubber,
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to the engine. One or more fuel filters removes particulate contaminates from
the fuel to avoid clogging the fuel system within the engine.

Carburetor and Fuel Injectors

In older cars, fuel is pumped through a carburetor, a mechanism that mixes
the fuel with air in the proper proportion before introducing it into the cylinder
chambers. Modern cars use a series of electric fuel injectors which spray a fine
mist of fuel into the chambers; fuel injectors operate more reliably and
efficiently than carburetors. Once introduced into the cylinder chamber, fuel is
ignited by a spark, producing the explosion that powers the engine.

Emission Control System

Cars manufactured after 1970 vent fuel vapors from the fuel tank into the
engine, allowing the vapors to be burned before being vented into the air,
thereby reducing the amount of pollutants released into the atmosphere. Modern
cars are also equipped with sensors that monitor the carbon oxide content of
exhaust gases, manifold pressure, the mass of air flowing into the engine and
other parameters in order to adjust the air/fuel mixture to ensure cleaner, more
efficient burning of fuel.

Exercise 1. Answer the following questions.

1. What is the function of the vehicle’s fuel system? 2. What is the appropriate
term for the container where fuel is held? 3. What is the filler tube and where
can it be found? 4. What sub-system allows fuel to escape and maintains
pressure within the tank? 5. What parts of the tank prevent fuel from sloshing?
6. What function does the fuel gauge carry out? 7. Where is the fuel pump
located? 8. How is fuel directed to the engine? 9. What is used to remove
particulate contaminates and thus to avoid clogging of the fuel system? 10. What
mechanism mixes air with fuel? 11. What process takes place, once the fuel
mixture is in the combustion chamber?12. Why do modern cars employ
emission control systems?

Exercise 2. Translate the terms and phrases into Ukrainian.

fuel tank, combustion chambers, controlled by complex electronics, system of
vents, maintain proper pressure, fuel level, directs fuel to the engine, fuel pump,
powered electrically, ignition switch, fuel lines, fuel injectors, ignited by a
spark, amount of pollutants, exhaust gases

Exercise 3. Translate the following terms and phrases into English using the
text.

3TOPSIHHS TAJILHOTO, BUPOOJIATH CHEPTito, TPyOKa 3aJIMBHOI TOPJIOBHHHU, BUIIAPU
NajJbHOI0, TIEPEropojKa, MiATPUMYBATH BIANOBITHUN THCK, BUMIPIOBATH PIBEHb
NaJBHOTO, MaJUBHUI HACOC, YBIMKHYTH 3allajiOBaHHs, MaJUBHI TPyOOIPOBOIH,

17



IpaloBaTH HAJIHO, 3amajdioBaTH MajJUBHY CYyMIII I1CKPOIO, BHUKHAATH B
aTMocdepy, CTEKUTH 32 BMICTOM OKCHJy BYTJICIIIO, BUXJIOMHI ra3u

Exercise 4. Match the term with its Ukrainian equivalent.

1) fuel tank a) TOKa3HUK PiBHA MajuBa

2) filler tube b) mneperopoaka

3) baffle C) THCK Y KOJIEKTOPI

4) fuel gauge d) nmanuBHUI TPyOONPOBI

S) outlet line €) TpyOKa 3aJMBHOI TOPIIOBUHU
6) manifold pressure f) mnanuBHa dopcyHka

7) ignition g) ickpa

8) fuel line h) manuBHUI 6ak

9) fuel injector 1) 3amajtoBaHHS

10) spark ]) BUIIYCKHUH TpyOOINpOBIL

Exercise 5. Using the figure describe the operation of the automobile fuel
system. Learn some more terms which you may need to work into your
explanation:

return line — 3BOpOTHMI MaJMBHUN KaHaJ/TPyOOIPOBII,

strainer — cituactuii QpinbTp,

surge tank — po3muproBaIbHUN 0AYOK,

fuel pressure regulator — peryisTop THCKY NaJIbHOTO,

fuel pump relay — pene nanuBHOroO Hacoca

Fuel Filter High Pressure
Fuel Pump

Low Pressure

Fuel Pump

Fuel Tank Fuel ‘”i sl
pump \
relay o
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Lesson 4.The Cooling System

Vocabulary notes:

excess — HaUIMIIKOBUH, operating temperature — poboya
exhaust pipe — BuxsionHa Tpyoa, TEMIIEPATypa,

water jacket — BoJsiHa copouka, oil film — macnsiHa miiBka,

radiator cap — kpuika pajaiaTopa, subtracting horsepower —

cooling fan — BeHTUIIATOD 3MEHIIIEHHS MOTY>KHOCTI IBUTYHA,
OXOJIOJIKEHHS, deposit — narap, caxa,

belt-driven — 3 peminauM nipuBosioM,  exhaust emissions— BUKHU]T
hose— nmarpy0oxk, pykas, BI/INMpaIlbOBAaHUX Ta3iB,

heater core— paniatop onajaeHHs, liquid cooling— pIIMHHE
expansion tank— po3muproBaIbHUN OXOJIOPKEHHS

0auoK, coolant— oxonomKyBanbHa piUHA,
air-fuel mixture— nositpsiHo-nanuBHa valve seat — cijuio Kiamana,

CYMIIIL, pressure— THUCK,

leak— mpoTikaHHs

The Cooling System

The purpose of the engine's cooling system is to remove excess heat from
the engine, to keep the engine operating at its most efficient temperature, and to
get the engine up to the correct temperature as soon as possible after starting.
Ideally, the cooling system keeps the engine running at its most efficient
temperature no matter what the operating conditions are.

As fuel is burned in the engine, about one-third of the energy in the fuel is
converted into power. Another third goes out the exhaust pipe unused, and the
remaining third becomes heat energy.

A cooling system of some kind is necessary in any internal combustion
engine. If no cooling system were provided, parts would melt from the heat of
the burning fuel, and the pistons would expand so much they could not move in
the cylinders (called "seize").

The cooling system of a water-cooled engine consists of the engine's water
jacket, a thermostat, a water pump, a radiator and radiator cap, a cooling fan
(electric or belt-driven), hoses, the heater core, and usually an expansion
(overflow) tank.

Fuel burning engines produce enormous amounts of heat; temperatures can
reach up to 4,000 degrees F when the air-fuel mixture burns. However, normal
operating temperature is about 2,000 degrees F. The cooling system removes
about one-third of the heat produced in the combustion chamber.

The exhaust system takes away much of the heat, but parts of the engine,
such as the cylinder walls, pistons, and cylinder head, absorb large amounts of
the heat. If a part of the engine gets too hot, the oil film fails to protect it. This
lack of lubrication can ruin the engine.
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On the other hand, if an engine runs at too low temperature, it is inefficient,
the oil gets dirty (adding wear and subtracting horsepower), deposits form,
and fuel mileage is poor — not to mention exhaust emissions. For these reasons,
the cooling system is designed to stay out of the action until the engine is
warmed up.

There are two types of cooling systems; liquid cooling and air cooling. Most
auto engines are cooled by the liquid type; air cooling is used more frequently
for airplanes, motorcycles and lawnmowers.

Liquid cooled engines have passages for the liquid, or coolant, through the
cylinder block and head. The coolant must have indirect contact with such
engine parts as the combustion chamber, the cylinder walls, and the valve seats.
Running through the passages in the engine heats the coolant (it absorbs the heat
from the engine parts), and going through the radiator cools it. After getting
"cool" again in the radiator, the coolant comes back through the engine. This
continues as long as the engine is running, with the coolant absorbing and
removing the engine's heat, and the radiator cooling the coolant.

A cooling system pressure tester is used to check the pressure in the cooling
system, which allows the mechanic to determine if the system has any slow
leaks. The leak can then be found and fixed before it causes a major problem.

Exercise 1. Answer the following questions.

1. What is the purpose of the engine’s cooling system? 2. What proportion of the
energy produced within the engine is converted into power as fuel is burned?
3. What would happen if the engine has no cooling system? 4. What parts does
the water cooling system consist of? 5. What is the optimal operating
temperature of the engine? 6. How much heat is removed by the cooling system?
7. What are the parts of the engine that absorb heat? 8. How can overheating
affect the oil film? 9. What happens if the engine is running at too low
temperatures? 10. Describe the process of cooling. 11. What device checks the
pressure in the cooling system? 12. What malfunctions can take place if the
coolant leaks?

Exercise 2. Say whether the following statements are true or false.

1. The cooling system keeps the engine running at its most efficient temperature.
2. One third of the heat produced by the burning of fuel is used to produce
power.

3. Without cooling system engine would produce more power.

4. A cooling fan can be electronic or belt-driven.

5. The optimal operating temperature of the engine is about 90° C.

6. The cooling system removes about one-third of the heat produced in the
combustion chamber.
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7. The cylinder walls, pistons, and cylinder head expel large amounts of the
heat.

8. If any part of the engine becomes too hot, the oil film cannot protect it.

9. If the engine operates at low temperatures, it loses its efficiency, horsepower,
and fuel consumption rises.

10. There are two types of cooling systems: liquid cooling and air cooling.

11. No way should the coolant pass into the combustion chamber, the cylinder
walls, and the valve seats.

12. Coolant doesn’t absorb the heat from the engine parts.

13. A cooling system pressure tester is employed to monitor the pressure in the
fuel system.

14. Leaks in the cooling system can cause severe damages to the engine.

Exercise 3. Translate the following terms and phrases into Ukrainian.

to remove excess heat, most efficient temperature, operating conditions, heat
energy, internal combustion engine, the heat of the burning fuel, water pump,
radiator, combustion chamber, cylinder walls, cylinder head, lack of lubrication,
the cylinder block

Exercise 4. Translate the following terms and phrases into English using the
text.

BUXJIOIHA TpyOa, TEIUIOBa €HEprii, BOJsSHA COpPOYKa, BOISHHUI Hacoc,
pO3IIMPIOBAJIbHUM 0a4OK, BEHTUJISITOP OXOJIOMKEHHS, MaTpyOoK, MOPIIHI,
3HOIIYBaHICTh, MacjsiHa TUTIBKA, Harap, podouya TeMIeparypa, 0X0oJ0KyBajJbHa
piaMHAa, CIAJI0 KiIaraHa, KaMepa 3TOPSHHS, TUCK, TPOTIKaHHS

Exercise 5. Match the terms with their Ukrainian equivalents.

1) exhaust pipe a) TOTJUHATHU

2) to absorb b) BEHTWISTOP OXOJIOJKEHHS
3) water jacket C) paaiaTop onajeHHs

4) radiator cap d) matpyOox

5) cooling fan €) CIJJI0 KJlaraHa

6) hose f) posmmproBanpHUI 6a4OK
7) heater core g) BUKHU[ BIANPAIbOBAaHUX Ia3iB
8) expansion tank h) BoamsHa copouka

9) exhaust emissions 1) KpHILKa paaiaTopa

10) valve seat j) BUXJIONHA TpyOa

Exercise 6. Insert the appropriate terms.

The water pump pushesl) ... through the engine oil cooler and into the
cylinder block. The coolant then flows through the cylinder 2) ... and into the

cylinder head(s) where it flows to the hot areas of the cylinder head(s).
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Additional 3) ... that will transfer heat to the coolant are: after coolers, water-
cooled exhaust manifolds, water-cooled turbo chargers, water-cooled shields and
oil coolers.

After flowing through the cylinder head(s), the coolant goes into the coolant
temperature regulator housing. When the 4) ... is cold, the temperature
regulators bypass the radiator and direct the coolant back to the water 5)... . As
the temperature of the bypass coolant flow becomes warmer, the temperature
regulators begin to open and permit some of the coolant to flow to the 6)... .

The regulator opens to 7) ... the correct engine temperature. The amount that
the regulator opens and the percent of coolant flow to the radiator depends on
the load on the engine, and the outside air temperature.

The 8) ... draws air through the radiator and around the tubes that extend
from the top to the bottom of the radiator. When the hot coolant goes through
the 9) ... in the radiator, the flow of air around the tubes lowers the temperature
of the coolant. The coolant then flows back through the water pump.

Coolant 10) ... as it is heated. Expansion tanks are used on some
applications to contain the increased volume.

1. a)coolant b) cooling c) fuel d) oil

2. a)wall b) block c) hose d) valve

3. a)systems b) compounds ¢) components d) complexes
4. a) weather b) engine c) temperature d) radiator

5. a)station b) manifold c) jacket d) pump

6. a)engine b) radiator c) expansion tank  d) hose

7. a) maintain b) block C) use d) carry

8. a)exhaustpipe  b) fan c) heater core d) valve seat
9. a)radiator grill  b) exhaust pipe c¢) channels d) hoses

10. a)explodes b) blows c) expands d) decreases

Exercise 7. Study the picture and describe the operating principle of the
cooling system.

Terms to remember:

pressure-release cap — overflow pipe —  JIpeHaxHUI
drain cock — 311MBHUI KpaH, TpyOOIpOBiA, BiJIBiIHA TPyOKa
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pressure-release cap thermaostat {regulates flow of water)

pump ([circulates water throwgh
/ jacket to cool aylinders)

fan ([draws in air
through radiator [
to cool water) Pl

overflow pipe cylinders © 2010 Encyclopaedia Britannica, Inc.

Lesson 5. Automotive Electrical Systems

Vocabulary notes:

galvanic cell — rameBaniunuii belt system— cucrema pemiHHOrO/-UX
€JIEMEHT, IPUBOJY/-1B,

lead — cBuHenp, diode bridge — nionnuii micr,

sulfuric acid — cipuana kucora, rectifier — BUnpsMitoBas,

to emit — BunpomiHioBatH, BUaLIATH,  to fluctuate — (TyT) 3MiHIOBaTHCH,
charge — 3apsn, connector — KJjiema,

alternator — reaeparop,
Exercise 1. Read and translate text A. Answer the questions that follows.

Text A. Automobile Electrical System.

The heart of all automotive electrical systems is the battery. This component
is responsible for storing the electricity that will be used to start the engine and
operate all of the electrical accessories contained within the vehicle. Batteries
are commonly referred to as SLI (starting, lighting, ignition) because they are
designed to provide electricity to the starter, lighting, and ignition systems. The
standard battery is made up of six galvanic cells that produce 2.1 volts each for
a total of 12.6 volts.

Most batteries contain lead plates that have been submerged in a mixture of
sulfuric acid and water. The chemical reaction that results from this design
emits electrons that produce an electrical current. The battery can be recharged
by reversing the chemical reaction, but all batteries lose their charge over time
due to normal breakdown. When the battery dies, it is important to check its
voltage using a Volt Ohm Meter. This will give you a better idea of whether or
not the battery is the source of the problem or whether you need to check either

the starter or alternator.
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Automotive electrical systems require an alternator in order to maintain the
charge in the battery and run the electrical system while the vehicle is in
operation. An alternator is an electromechanical device that transforms
mechanical energy into alternating electrical current.

In the automotive industry, the alternator utilizes a belt system to convert
the mechanical energy produced by the engine into electrical current. Because
the alternating current produced cannot be stored in the battery, it is converted to
direct current by a diode bridge or rectifier. It is worth noting that the
alternator is not in constant operation while the engine is running. In fact, its
operation fluctuates to meet the demands of the vehicle. The primary purpose of
the alternator is to maintain the voltage level of the automobile and it should
really only be operating about half of the time. It is important to understand that
the alternator is stressed by many of the electrical components of a vehicle and a
dead battery may actually be an indication that the alternator is no longer
working.

The starter is one of the most important pieces of automotive electrical
systems because it initiates the combustion process within the cylinders. The
starter is a motor that uses the flywheel to turn the crankshaft. This process
creates compression in the cylinders which in turn allows the engine to operate.
Since the starter is the largest consumer of electricity, it receives current directly
from the battery. This current is regulated by the key-operated switch within the
cab of the vehicle.

Cables and connectors are the vital part of all automotive electrical systems
because they allow the electrical current to flow from one component to the
next. While most people are quick to attribute a malfunction to one of the
primary electrical components mentioned above, they often fail to realize that
the problem could just as easily be the result of a bad connection. In fact, many
problems start as the result of a poor electrical connection. This can be the result
of a connection becoming loose or because corrosion has built-up on the battery.

1. What are some basic components of the car electrical system? 2. How much
voltage does the storage battery produce? 3. How is electricity produced within
the battery? 4. What is an alternator? 5. What is the primary purpose of the
alternator? 6. What function does the starter carry out? 7. Name some of the
reasons for the electrical system malfunctions.

» Draw a plan and retell the text according to your plan.
Text B. The Ignition System

Vocabulary notes:

motive force — TroBe 3ycuuIs; complete an electrical circuit -
storage battery — aKymyJITOpHA 3aMHKaTH €JIEKTPUYHE KOJIO;
Oarapes; primary winding — mepBHUHHA
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timed — CUHXPOHHUI;

discharge — enexrpuunuii po3psn;
induction coil — xoTymika
3anaatOBaHHS;

distributor — nepepuBHUK-
PO3MOAUILHUK 3aIaIIOBAHHS;
sparkplug — cBiuka 3anajaroBaHHS;
successive bursts — mocnigoBHi
IMITyJTBCH;

firing order— mocnigoBHICTH poOOTH
UATHAPIB,;
breaker
MepEPUBHUKA;
distributor
PO3MOITEHUAKA;

point— KOHTAaKT

cam-— KYyJIa49OK

00MOTKa;

ignition coil — koTy11Ka 3amantOBaHHS;
primary circuit — nepBUHHUN KOHTYD;
surge — criajiax Harnpyru;

distributor shaft — Bayn po3noainpHuKa
3anajroBaHHs;

reluctor — 3y04acTe KiJIbIIE;
solid-state— HamiBIpPOBIAHUKOBHIA;
coil-on-plug — KoTymika 3anaitoBaHHS,
110 PO3TAIlIOBaHA HA CBIYIII,

coil pack — MHOXXMHHA OOMOTKA;

notch — 3y0Gerp;

ignition timing — KyT BHIEpeIKEHHS
3analioBaHHA, a3u  3ananto8amHsl,
CHUHXPOHI3aIlisl 3analrOBaHHs,

The Ignition System

Ignition system of a gasoline engine produces an electric spark to ignite the
fuel-air mixture; the burning of this mixture in the cylinders produces the
motive force.

The basic components in the ignition system are a storage battery, an
induction coil, a device to produce timed high-voltage discharges from the
induction coil, a distributor, and a set of spark plugs. The storage battery
provides an electric current of low voltage (usually 12 volts) that is converted by
the system to high voltage (some 40,000 volts). The distributor routes the
successive bursts of high-voltage current to each spark plug in the firing order.

In older automobile ignition systems, the high-voltage pulses are produced
by means of breaker points controlled by a revolving distributor cam. When
the points are in contact they complete an electrical circuit through the
primary winding of the ignition coil. When the points are separated by the
cam, the primary circuit is broken, which creates a high-voltage surge in the
secondary windings of the induction coil. Breaker points have been largely
replaced by electronic devices in newer automobiles. Most now use a magnetic
device, called a reluctor, that is operated by the distributor shaft to produce
timed electric signals, which are amplified and used to control the current to the
induction coil. These newer ignition systems are more reliable than the old,
permit better control of the engine, and produce higher-voltage output to the
spark plugs.

During the evolution of solid-state ignition systems there have been many
modifications. Some ignition conversion systems, for example, extend breaker-
point life by using transistors — devices in which a small current in the input (the
breaker-point circuit) controls much larger current in the output (the coil
primary circuit).
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Many automobile engines now use a distributor-less ignition system, or
direct ignition system, in which a high-voltage pulse is directly applied to coils
that sit on top of the spark plugs (known as coil-on-plug). The major
components of these systems are a coil pack, an ignition module, a crankshaft
reluctor ring, a magnetic sensor, and an electronic control module. The ignition
module controls the primary circuit to the coils, turning them on and off. The
reluctor ring is mounted on the crankshaft so that as the crankshaft rotates the
magnetic sensor is triggered by notches in the reluctor ring. The magnetic
sensor provides position information to the electronic control module, which
governs ignition timing.

Exercise 1. Answer the following questions.

1. What does the ignition system produce? 2. What are the basic elements of the
ignition system? 3. What function does the distributor carry? 4. How are the
high-voltage pulses produced in older automobiles? 5. What device is used to
produce timed electric signals in newer motor vehicles? 6. How does the direct-
ignition system work? 7. What are the components of the direct-ignition system?

Exercise 2. Translate the following terms and phrases into Ukrainian.

electric spark, to ignite the fuel-air mixture, high-voltage discharges, a set of
spark plugs, storage battery, to route the successive bursts, spark plug, to be
controlled by a revolving distributor cam, secondary windings, to be replaced by
electronic devices, to produce timed electric signals, direct-ignition system,
electronic control module, to govern ignition timing

Exercise 3. Translate the following terms and phrases into Ukrainian.

3TOPSIHHSA ~ CyMillli, TITOBE 3YCHJUISA, KOTYyIIKA 3alalioBaHHS, CBIYKa
3amajatoBaHHA, MOCTIAOBHICT POOOTH HWIIHAPIB, HU3bKA HAIpyra, 3aMUKaTH
CIIEKTPUYHE KOJIO, KOTYIIKAa 3alajlOBaHHs, BTOPUHHAa OOMOTKA, CHHXPOHHI
CIIEKTPUYHI  CHTHAIM, BHCOKOBOJIGTHUH BUXIIHUWA  IMITyJIbC, CHCTEMa
0e3mocepelHbOTO  3alajloBaHHS,  MAarHITHUH  CEHCOp,  CHHXPOHI3alis
3aragloBaHHs

Exercise 4. Match the term with its Ukrainian equivalent.

1) timed a) TEepPEepUBHUK-PO3NOIUTHHUK
3anajtOBaHHs

2) discharge b) KOHTaKT nmepepuBHUKA

3) induction coil C) KOTYIIKA 3alajltOBaHHs,

4) distributor d) Bajn po3noAiTbHUKA 3aMaIFOBAHHS

5) sparkplug €) KyT BUIIEPEIKCHHS
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3aITaTIOBaHHS,

6) breaker point f) 3ybeup

7) ignition timing g)  eJIEKTpUYHUN PO3psi,
8) ignition coil h) cBiuka 3ananroBaHHs,
9) distributor shaft 1)  KOTYIIKa 3alajltOBaHHs,
10) notch jJ)  CUHXpPOHHUH

Exercise 5. Fill in the blanks with the appropriate words.

With the universal adaptation of electrical starting for automobiles, and the
availability of a large battery to provide a constant source of electricity, magneto
systems were abandoned for systems which interrupted current at battery
voltage, used an ignition 1) ... (a transformer) to step the voltage up to the needs
of the ignition, and a distributor to route the ensuing pulse to the correct spark 2)
... at the correct time.

The first reliable battery operated 3) ... was developed by the Dayton
Engineering Laboratories Co. (Delco) and introduced in the 1910, Cadillac. This
ignition was developed by Charles Kettering and was a wonder of its day. It
consisted of a single coil, points (the switch), a capacitor and a 4) ... set up to
allocate the spark from the ignition coil timed to the correct cylinder. The coil
was basically a transformer to 5) ... the low (6 or 12 V) voltage supply to the
high ignition voltage required to jump a spark plug gap.

The points allow the coil to be charged magnetically and then, when they are
opened by a cam arrangement, the magnetic field collapses and a large (20 kV
or greater) voltage is 6)... . The capacitor has two functions: 1) it absorbs the
back EMF from the magnetic field in the coil to minimize point contact burning
and maximize point life; and 2) it forms a resonant circuit with the primary coil
of the ignition coil transferring further energy to the secondary side until the
energy is exhausted. The Kettering system became the primary ignition system
for many years in the automotive industry due to its lower cost, higher reliability
and relative simplicity.

1. a)switch b) spark ¢) coil d) notch

2. a)pulse b) wire ¢) coil d) plug

3. a)lubrication  b) ignition ¢) cooling d) suspension
4. a)distributor  b) discharger ¢) reluctor d) coil pack
5. a)direct b) transmit c) translate d) convert

6. a)made b) produced c¢) done d) fired

Exercise 6. Study the picture and describe the operating principle of the
ignition system.
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Lesson 6. Transmission

Vocabulary notes:

clutch — 3ueneHns;

hand lever — pyunuii Baxisnb;
gearstick — Baxiab mNepeMHUKaHHS
nepeaay;

manumatic — aBToMaTU4YHa KOpoOKa
nepenad 3  MOXIIMBICTIO  PYYHOTO
NepeMUKaHHS;

continuously variable transmission —
Oe3CcTyIiHYacTa TPaHCMICIS,

gear ratio — nepeaBajgbHe YHCIIO;
gear — riepejaya;

sequential manual transmission —
CEKBEHTAJIbHA KOpOOKa mepeay;
flywheel — maxoBuK;

(High Yoltage)

I Ground

— All grounds
Connected to
metal body & frame

Battery

clutch disk — quck 34erieHHs;
pressure plate — kop3nHa 34YEIUICHHS,
Ha)XUMHUHN JUCK;
throw-out bearing -
HIIUITHUK 34ETICHHS;
gear pair — 3y0uacra mnapa;
output shaft — Bimomuii Ba;
epicyclic gear —
IUIaHETapHO1 —Tepeayl,
HIECTEePHS;

brake band — ctpiukoBe raiabmo;
clutch pack — maker Qpukmiitaux
JUCKIB My(TH 34ETLIICHHS;

reverse gear — 3a/iHs epeaaya;
power band— niana3oH NOTyXHOCTI

BIDKUMHUU

HIECTEePHS
IJIaHeTapHa

Automobile Transmission
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A manual transmission, also known as a manual gearbox, a stick shift, or
standard transmission is a type of transmission used in motor vehicle
applications. It uses a driver-operated clutch engaged and disengaged by a foot
pedal (automobile) or hand lever (motorcycle), for regulating torque transfer
from the engine to the transmission; and a gear stick operated by foot
(motorcycle) or by hand (automobile).

A conventional, 5-speed manual transmission is often the standard
equipment in a base-model car; other options include automated transmissions
such as an automatic transmission (often a manumatic), a semi-automatic
transmission, or a continuously variable transmission (CVT).

Manual transmissions often feature a driver-operated clutch and a movable
gear stick. Most automobile manual transmissions allow the driver to select any
forward gear ratio ("gear") at any time, but some, such as those commonly
mounted on motorcycles and some types of racing cars, only allow the driver to
select the next-higher or next-lower gear. This type of transmission is sometimes
called a sequential manual transmission. The way a manual transmission
works is that the flywheel is attached to the engine, the clutch disk is between
the pressure plate and the flywheel. When running, the clutch disk is spinning
with the flywheel and when pressure is applied to the clutch pedal the throw-
out bearing is pushed in.It makes the pressure plate stop applying pressure to
the clutch disk and making it stop receiving power from the engine, so the gear
can be shifted without any problems and when pressure stops being applied to
the clutch pedal the clutch disk starts receiving power from the engine.

Manual transmissions are characterized by gear ratios that are selectable by
locking selected gear pairs to the output shaft inside the transmission.
Conversely, most automatic transmissions feature epicyclic (planetary) gearing
controlled by brake bands and/or clutch packs to select gear ratio. Automatic
transmissions that allow the driver to manually select the current gear are called
Manumatics. A manual-style transmission operated by computer is often called
an automated transmission rather than an automatic.

Contemporary automobile manual transmissions typically use from four to
six forward gears and one reverse gear, although automobile manual
transmissions have been built with as few as two and as many as eight gears.
Transmission for heavy trucks and other heavy equipment usually have at least 9
gears so the transmission can offer both a wide range of gears and close gear
ratios to keep the engine running in the power band. Some heavy vehicle
transmissions have dozens of gears, but many are duplicates, introduced as an
accident of combining gear sets, or introduced to simplify shifting. Some
manuals are referred to by the number of forward gears they offer (e.g., 5-speed)
as a way of distinguishing between automatic or other available manual
transmissions. Similarly, a 5-speed automatic transmission is referred to as a "5-
speed automatic."

Exercise 1. Answer the following questions.
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1. What function does a vehicle’s transmission serve? 2. What types of
transmissions do you know? 3. What type of transmission is commonly used on
cars nowadays? 4. What devices do manual transmissions feature? 5. What is a
sequential manual transmission? 6. How does transmission work? 7. In what
type of transmission can a planetary gear set be found? 8. How many gears do
most modern motor vehicles have?

Exercise 2. Translate the following words and word combinations into
Ukrainian.

automatic transmissions, manual gearbox, driver-operated clutch, engaged and
disengaged by a foot pedal, torque transfer, conventional, 5-speed manual
transmission, semi-automatic transmission, gear stick, operated by computer,
forward gears, heavy trucks, planetary gearing, to simplify shifting

Exercise 3. Translate the following words and word combinations into
English using the text.

3BHYaiiHa I’ SITUCTyNEeHeBa KOpoOKa mepeaay, BUOUpATH mepenavy, rneperaBaTH
o0epTanbHUN MOMEHT, l-a mepenava, AMCK 34YEIUIEHHS OO0epTaeTbes 3
MaxXOBUKOM, NEPEMHUKATH Tepeavy, Mneaaib 34eIUIeHH, 3aHs epeaaya, Hallip
HIeCTEepeHb, py4Ha KopoOKa TIepelad, aBTOMAaTW4YHAa KopoOKa Iepenad,
CEKBEHTaJbHa KOpoOKa mepeay, aBToMaTuyHa KOpoOKa mepeaay 3 MOXKJIUBICTIO
PYYHOTO MepeMHUKaHHs, Oe3CTymiHYacTa TpaHCMICis, 30JIMKeH] mepeayi.

Exercise 4. Match the term with its Ukrainian equivalent.

1) clutch a) IUIaHETapHAa HIECTEPHS

2) hand lever b) pyuHuHii Baxisib

3) gear ratio c) 3ybOuacra mapa

4) pressure plate d) 3uerneHHs

5) throw-out bearing €) BIKUMHHU MiAIIUITHUAK

6) clutch pack f) Baxinp nEepeMUKaHHS Mepeaad

7) output shaft g) KOp3WHA 3UETICHHS

8) gear pair h) Bimomwmii Ban

9) gearstick 1) mnepeaaBaJbHE YUCIIO

10) epicyclic gear j) makeT QPUKIINHUX AUCKIB MyPTH
3YCTITICHHS

Exercise 5. Read and translate the text.

More terms to remember:
gear train— OJIOK IIeCTepEeHb; locking sequences — TIOCTIJOBHICTb

sun gear — LIEHTpaJbHa IIECTEPHS; 0JIOKYBaHHS;
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internal gear teeth — mecrepus i3
30BHIITHIMH 3yOIISIMH;
ring gear — BiHII€Ba IIECTEPHS;

torque converter —
riagporpancopmatop 00epTabHOTO
MOMEHTY;
planet carrier — omnopa IUIaHETaApPHOI
HIECTEPH;

output — eeKTHBHA MMOTY>KHICTH;
power input— miiBi1 MOTY>KHOCTI;

multi-plate clutch — Oararoguckose
3YEIICHHS,
pressure build-up —

HApPOCTaHHS/301IbIIIEHHS TUCKY;

kickdown — wMexaHI3M  TIOHUXEHHS
nepeaayi;

change-down - mepexinm Ha HWXYY
nepeaavy,

override system — cucremMa py4HOIO
YIOPaBIiHHS;

Text B. How automatic transmissions work.

Most modern automatic gearboxes have a set of gears called a planetary or
epicyclic gear train. A planetary gear set consists of a central gear called the
sun gear, an outer ring with internal gear teeth (also known as the annulus, or
ring gear), and two or three gears known as planet gears that rotate between the
sun and ring gears.

The drive train is coupled to a mechanism known as a torque converter,
which acts as a fluid drive between the engine and transmission. If the sun gear
is locked and the planets driven by the planet carrier, the output is taken from
the ring gear, achieving a speed increase.

If the ring gear is locked and the sun gear is driven, the planet gears transmit
drive through the planet carrier and speed is reduced. With power input going
to the sun gear and with the planet carrier locked, the ring gear is driven, but
transmits drive in reverse. To achieve direct drive without change of speed or
direction of rotation, the sun is locked to the ring gear and the whole unit turns
as one.

The same effect can also be achieved by locking the planet gears to the
planet carrier. Most automatic gearboxes have three forward speeds, and use two
sets of epicyclic gears. The locking sequences of the epicyclic gear train are
achieved by hydraulic pressure operating brake bands or multi-plate clutches.
The bands are tightened round the ring gear to prevent turning, and the clutches
are used to lock the sun gear and planets. The correct sequence of pressure
build-up and release is controlled by a complex arrangement of hydraulic
valves in conjunction with sensors that respond to engine load, road speed and
throttle opening.

A mechanism linked to the throttle - known as a kickdown - is used to effect
a change-down for rapid acceleration. When you press down the accelerator
suddenly to its full extent, a lower gear is selected almost instantly. Most
automatic gearboxes have an override system so that the driver can hold a low
gear as required.

Exercise 6. Render the following terms and phrases into Ukrainian.
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modern automatic gearboxes, planetary gear, coupled to a mechanism, to
transmit drive, planet carrier, to lock the planet gears, forward speeds, epicyclic
gears, hydraulic valves, throttle, rapid acceleration, press down the accelerator ,
brake bands, direction of rotation

Exercise 7. Translate the following terms and word combinations into
English.

3’€lHAHUNA 3 MEXaHI3MOM, TIApaBIiyHUN TpuBiA (TigpoMydTa), 301IbIICHHS
MIBUKOCTI, MepeAaBaTH TATOBE 3YCHILIS, HAMpsIMOK oOepTaHHS, OJOKyBaTH
IUTAHETapHI IIEeCTEpHi, TIAPaBIIYHUA THUCK, TMpaBUJbHA TMOCIIIOBHICTb,
BIAKPUTTS APOCENbHOI 3acliHKM, THUCHYTM Ha TMenaidb akceleparopa,
riaporpanchopmMaTop 00epTaIbHOTO MOMEHTY, 0araTOJMCKOBE 3UETIICHHS

Exercise 8. Match the term with its Ukrainian equivalent.

1. gear train a) mepexij Ha HIDKYY nepenavy

2. sun gear b) miABiA MOTYKHOCTI

3. ring gear C) BIHIIEBA LIECTEPHSI

4. output d) riapoTpancpopmarop 00epTaIHLHOTO
MOMEHTY

5. power input €) epeKTHBHA MOTYKHICTh

6. locking sequences f) onopa maHeTapHOI MECTEpHI

7. kickdown g) OJIOK 1IecTepeHb

8. change-down h) nuenTpanbpHa mecTepHs

9. torque converter 1) MOCITIIOBHICTh OJIOKYBAaHHS

10.planet carrier j) ME€XaH13M MMOHIKEHHS Nepeaayi

Exercise 9. Fill in the blanks with appropriate terms.
Transmission

A machine consists of a power source and a power transmission system,
which provides controlled application of the power. Often transmission refers
simply to the gearbox that uses gears and gear 1) ... to provide speed and torque
conversions from a rotating power source to another device.

The most common use is in motor 2)... , where the transmission adapts the
output of the internal combustion engine to the drive wheels. Such engines need
to operate at a relatively high 3) ... speed, which is inappropriate for starting,
stopping, and slower travel. The transmission reduces the higher engine speed to
the slower wheel speed, increasing 4) ... in the process. Transmissions are also
used on pedal bicycles, fixed machines, and anywhere rotational speed and
torque must be adapted.

Often, a transmission has multiple gear 5) ... (or simply "gears"), with the
ability to switch between them as speed varies. This switching may be done 6)...
(by the operator), or automatically. Directional (forward and reverse) control
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may also be provided. Single-ratio transmissions also exist, which simply
change the speed and torque (and sometimes direction) of motor 7)... .

In motor vehicles, the transmission generally is connected to the engine
crankshaft via a 8) ... and/or clutch and/or fluid coupling, partly because
internal combustion engines cannot run below a particular speed. The output of
the transmission is transmitted via 9) ... to one or more differentials, which in
turn, drive the wheels. While a differential may also provide gear reduction, its
primary purpose is to permit the wheels at either end of an 10) ... to rotate at
different speeds (essential to avoid wheel slippage on turns) as it changes the

direction of rotation.

1). a)planes b) trains

2). a)cycles b) boats

3). a)turning b) rotational

4). a)drive b) strength

5). a)ratios b) correspondence
6). a)electronically b) automatically
7). a) exhaust b) intake

8). a) crankcase b) flywheel

9). a)speedshaft b)camshaft

10). a) tyre b) steering wheel

Lesson 7. The Suspension

Vocabulary notes:

Spring — nNpy»xuHa;

shock absorber — amoptusarop;
linkage — Tsra;

bump
IIOJIIIEHChKUH;

rolling — nonepeyHe po3XUTyBaHHS;
pitching — 10310BXHE PO3XUTYBAHHS;
tyre — 1uHa,

damper — nemndep/amopTuzaTop (TYT
— OyIb-SIKUWA MPUCTPINA JJIs1 3MEHILEHHS

JIeKaUnM

HEPIBHICTb,

MEXaHIYHUX KOJINBAHb);

anti-roll bar - cTabimizaTop
MOTNEPEYHOI CTINKOCTI;

torsionspring — TOpCIOH, MpYyXHHA
KpYy4YeHHS;

body roll (motions) — kpeHu Ky30Ba;
mounting point — Touka KpirJieHHS;
to twist — ckpy4yBaTucs;

leaning — Haxuu;
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c) teeth d) shafts

c) vehicles d) apparatuses
c¢) revolving d) spinning

c) power d) torque

c) powers d) ability

¢) manually d) electrically
¢) input d) output

c¢) camshaft d) rotor

c¢) driveshaft d) crankshaft
c) axle d) driveshaft

lever — BaxiJib, ryieue (Baxkens);

magnitude — BEJIMYMHA, cuia,
IHMEHCUBHICMY;

rubber bushing — caitnenT 6110k;
oscillations — xkoimBaHHS;

twin tube design - 1BOTpyOHa
KOHCTPYKL1s/0y10Ba;

axle— Bich;

borehole — oTBip;
compression valve

KJIalaH XoJ1y

CTHCKaAHHSI;
pressure tube— BHyTpilIHA TpyOKa
aMOpTH3aTOpa;

suspension strut — criiika TIIIBICKH,
IT1BICKA;

suspension arm — BaXxiJb I1JIBICKH;
McPherson strut — nijgBicka MmakgepcoH,
nigBicka Mak®epcona;

single unit — oxpemuii By301;



rough-road — gopora 3 mnoranuMm tuning ability — HanamTyBaHHs;

MOKPHUTTSIM; trailing arm — Mo310BXHIN BaXKiJib;

coil spring — cnipanpHa/rBuHTOBa mMulti-link— Garato BaxkisibHa (MMiABICKA);
NpYy>KHHa,; hub — ctynuns (koseca);

leaf spring — pecopa; hub carrier — ctiiika cTynuii;

torsion bar — TopcionHa 6anka; steering knuckle — nmoBopoTHHII Kynak,
air spring — IMHEeBMAaTHYHA IIOBOPOTHA Ianda;
pecopa/THeBMaTUIHHUN aMOPTH3ATOD; double-wishbone suspension -
frame — pama; JIBOBaK1JIbHA ITIABICKA;

wishbone — nonepeunuii Baxiib;
The Suspension.

The suspension includes the system of springs, shock absorbers and
linkages which connect a vehicle to its wheels. The suspension supports the
weight of the vehicle body and also protects the vehicle and any cargo from
damage and wear. The purpose of an automobile's suspension system is two-
fold: passenger comfort and vehicle control, i.e. the suspension system is the
determining factor for active safety and driving pleasure. Comfort is provided by
isolating the vehicle's passenger cabin from road bumps, vibrations, road noise,
etc. Control is achieved by keeping the car body from excessively rolling and
pitching, and maintaining good contact between the tyre and the road surface.

Apart from the linkages, the fundamental components of any suspension are
springs, dampers and stabilizer (also called anti-roll) bars.

Stabilizers A stabilizer is usually a torsion spring that resists body roll
motions. Its purpose is to prevent the car's body from "rolling" in a sharp turn. A
stabilizer is generally constructed out of a U-shaped piece of steel that connects
to the body at two points. If the left and right wheels move together, the bar just
rotates about its mounting points and does not bend. If the wheels move
relative to each other, the bar is subjected to torsion and forced to twist. Some
high-priced cars have also begun to use "active" anti-roll bars that can be
automatically adjusted by a suspension-control computer. The result is a reduced
leaning of the body in turns while the rough-road ride quality of the vehicle is
significantly improved.

Springs Today's automotive spring systems are based on one of four basic
designs: coil springs, leaf springs (seldom used today), torsion bars, air
springs

Torsion bar systems are most often found in the automobile. Torsion bars
use the twisting properties of a steel bar to provide a coil spring-like
performance. One end of the torsion bar is attached to the frame of the vehicle,
the other end to a wishbone, which acts like a lever that moves perpendicular to
the torsion bar.
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Air springs consist of a cylindrical air chamber that is positioned between
the wheel and the car body. Air suspension systems, which are typically found
in the premium car segment, use compressed air as a spring.

Air suspension systems The air suspension replaces the conventional steel
spring system. Air suspension systems are able to automatically adapt the
damping and spring characteristics of the suspension according to the
preferences of the driver. Due to their many advantages, air suspensions systems
are more and more specified for future platforms.

Dampers Unless there is a damping structure, mechanical springs would
release the absorbed energy at an uncontrolled rate. In practice, the unwanted
spring motion is dampened by shock absorbers which slow down and reduce the
magnitude of the vibratory motions by absorbing or dissipating the kinetic
energy of the suspension movement. Rubber bushings then absorb the rest of
the vibrations. The sole purpose of the damper in any suspension system is to
control the oscillations of the springs, the weight of the vehicle is supported by
the spring system.

There are many types of shock absorbers, but the most commonly used is the
twin tube design which works with a hydraulic fluid (oil). It can be adapted to
all types of suspension. The upper mount of the shock absorber connects to the
frame of the car (i.e. the sprung weight), while the lower mount connects to the
axle, near the wheel (i.e. the unsprung weight). The energy of the spring is
transferred to the shock absorber through the upper mount into a piston which
sits in the inner (pressure) tube filled with hydraulic fluid. Boreholes through
the piston allow the fluid to leak through a series of compression valves as the
piston moves up and down in the pressure tube.

An automotive suspension strut combines the primary function of a shock
absorber with the ability to support sideways loads not along its axis of
compression, thus eliminating the need for an upper suspension arm. The most
common suspension strut in an automobile is the McPherson strut. Each wheel
is attached to the car body by a McPherson strut which combines a shock
absorber and a spring in a single unit. Such an integrated shock-and-spring
module offers better suspension tuning abilities and a lower vehicle step-in
height(nocanouna Bucota) because of the altered suspension geometry.

Suspension control arms The typical design elements of any modern
suspension system — be it of the McPherson strut, trailing arm, multi-link or
wishbone type - are the suspension control arms. The number of control arms in
a vehicle depends on the type of suspension.

The McPherson suspension system, for example, consists of a wishbone (or
a lower control arm stabilized by a secondary link) which provides a bottom
mounting point for the hub of the wheel. This lower arm system controls both
the lateral and longitudinal location of the wheel. The upper part of the hub
carrier (or steering knuckle) is rigidly fixed to the strut. The strut suspension
includes also a steering arm which connects to the knuckle. The whole assembly
is very simple and, since it eliminates the upper control arm, also allows for
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more width in the engine compartment. Another common type of a front
independent suspension is the double-wishbone suspension. While there are
several different possible configurations, this design typically uses two
wishbone-shaped arms (BuikomomioHi Baxkeni) to locate the wheel. Double-
wishbone suspensions allow for more control over the motion of the wheel.
Because of these characteristics, the double-wishbone suspension is common on
the front wheels of larger cars.

Exercise 1.Answer the following questions.

1. What components does the suspension include? 2. What function does the
suspension carry? 3. What is the purpose of car’s suspension? 4. What are the
fundamental parts of the motor vehicle’s suspension? 5. What is a stabilizer and
what function does it carry out? 6. What are the four common designs for the
spring system? Which one is mostly used on modern automobiles? 7. What
components does the air spring system consist of? 8. Which suspension system
can be adapted to the driver’s preference? 9. What devices dampen the
unwanted or excessive spring motion? 10. How does the twin tube shock
absorber work? 11. What is the most common suspension strut used on most
vehicles nowadays? 12. What is a control arm, and what function does it serve?
13. What are the basic components of MacPherson suspension system? 14. What
system of suspension is typical for front wheels of larger cars?

Exercise 2. Translate the following terms and word combinations into
Ukrainian.

supports the weight of the vehicle body, active safety, driving pleasure, road
surface, the fundamental components of any suspension, sharp turn, anti-roll
bars, suspension-control computer, rough-road ride quality, steel bar, attached to
the frame, cylindrical air chamber, compressed air, release the absorbed energy,
vibratory motions, dissipating the kinetic energy, attached to the car body, shock
absorber, integrated shock-and-spring module, control arms, secondary link,
bottom mounting point, upper part, engine compartment

Exercise 3. Translate the following terms and phrases into English using the
text.

pY>KWHA, aMOPTU3ATOP, TATH, KOHTAKT MK ITUHAMU Ta TIOPOKHIM TOKPHUTTSIM,
OCHOBHI  KOMMOHEHTH;Stabilizers:  KpeH  Ky30Ba, KpyTUH  TOBOPOT,
CKpy4JyBaTHCS, aBTOMAaTUYHO HAJAIITOBYBATH, i3[a MO JOpPOTax 3 IOTAHUM
HOKPUTTAM; Springs: pecopa, TOpcioHHa Oalika, 3’€IHYBATHCSI 3 PaMolo,
NOBITpsSIHA Kamepa, Konieco; Dampers: BUBUIBHATH TOTJIMHYTY €HEpTIilo,
HeOa)kaHl MPYKUHHI KOJWBaHHS, 3MEHIIWTU CHJIy BiOparliid, BepXHS TouKa
KPITUICHHS, MOTJIMHATA KOJWBAaHHS, HAUMOIIMPEHIIIUN TUI IMiABICKH, €IUHUM
BY30J1; Suspension control arms: KiIbKICTh BaXKENIB IiJIBICKH, MOMEPEUHUMA
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BaX1Jb, CTYNHI, PYJbOBUNM Baxilh (COIIKa), MOTOPHHM BIiJICIK (BiICIK

JIBUT'YHA), BUJIKOTIOIIOHI BaXKei

Exercise 4. Match the terms with their Ukrainian equivalents.

a)

1) spring

2) shock absorber

3) suspension arm

4) compression valve
5) twintube design
6) oscillations

7) linkage

8) rubber bushing

9) trailing arm

10) double-wishbone suspension

b)
1)  rolling
2)  tyre

3)  pitching

4)  body roll (motions)
5) anti-roll bar

6)  wishbone

7)  torsion spring

8)  coil spring

9) axle

10) leaf spring

a)
b)

g)

h)

)

Tsra
Ba)KUIb ITIJABICKHA
aMOpTH3aTOP
IBOTPYOHA KOHCTPYKIis
JIBOBAXIJIbHA M1IBICKA
KOJIMBaHHS

[IO3I0BXKHIA BaX1JIb
npy>KWHA

KJIaIlaH X0y CTHCKAHHS
caiisienT OJIOK

KpPEHH Ky30Ba
CIipajbHa/TBUHTOBA MPYKMHA
IHA

BIChH
cTabim3aTop

CTIAKOCTI
TOPCIOH, IPY)KWHA KPyUCHHSI

MONEPEYHO]T

MOTNIEPEYHUIN BaXK1JIIb
TIOTIEPEYHE PO3XUTYBAHHS
pecopa

MO3JI0BXKHE PO3XUTYBaHHS

Exercise 5. Fill in the blanks with the appropriate words.

A car's suspension system allows for a smooth ride over 1) ... roads, while
ensuring the tires remain in contact with the ground and that body 2) ... is
minimized. It allows the car to travel smoothly over bumps in the road by 3) ...
and dissipating kinetic energy from the point of contact. Furthermore, a
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suspension system allows the car to turn 4) ... without rolling by shifting the
car's center of gravity to maintain balance. A key part of the suspension system
is the 5) ... absorber. Its job is to convert kinetic energy into heat that can be
absorbed by the shock's hydraulic 6)... .

Another key component of the suspension is the anti-sway bar (also known
as an anti-roll bar), which connects the two sides of a car's suspension along the
7)... . If one side of the car moves up or down to any extent, the anti-sway bar is
able to 8) ... the roll of the car by distributing the movement to the other side of
the car. This means the car won't sway too much in either direction and will
remain more level. The anti-sway bar is of particular use when going around
corners, especially sharp ones.

1. a)tough b) rough c) extreme d) dnagerous
2. a)jump b) build c) roll d) break

3. a)releasing b) emitting ¢) producing d) absorbing
4. a)corners b) sides c) streets d) angles

5. a)risk b) shock ¢) motion d) speed

6. a)fluid b) water c¢) metal d) body

7. a) wheel b) axle c) spring d) damper

8. a)increase b) maximize ¢) minimize d) widen

Exercise 6.Complete the sentences using the correct word.

1. Suspension is the system of springs, shock absorbers and ... that connects a
vehicle to its wheels and allows relative motion between the two.
a) shafts b) flywheels c) tyres d) linkages

2. The design of front and ... suspension of a car may be different.
a) back b) rear c) side d)upper

3. The job of a car suspension is to maximize the friction between the ... and the
road surface, to provide steering stability with good handling and to ensure the
comfort of the passengers.

a) hub b)car body c) tyres d)damper

4. Coil .. .compress and expand to absorb the motion of the wheels.
a) absorbers b)linkages C) springs d)frames

5. Torsion ... use the twisting properties of a steel bar to provide coil-spring-like

performance.
a) hubs b)knuckles c) axles d)bars
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6. When a car wheel encounters a bump in the road and causes the spring to coil
and uncoil, the energy of the spring is transferred to the ... through the upper
mount, down through the piston rod and into the piston.

a) shock absorber b)steering wheel ) bushing d)suspension

7. Dependent front suspensions have a rigid front ... that connects the front
wheels.
a) wheel b)lever c) axle d)borehole

8. The MacPherson ... combines a shock absorber and a coil spring into a single
unit.

a) linkage b)strut c) tyre d)leaf spring

9. Rubber bushings ... the rest of the vibrations.
a) absorb b)take over ¢) maximize d)block

10. A stabilizer is usually a torsion spring that resists body ... motions.
a) jerk b)shake c) dance d)roll

Lesson 8. Steering

Vocabulary notes:
rack and pinion steering mechanism stub axle— noBopotna nanda;

— pEeUKOBHI KEPMOBUI1 MEXaH13M; tie rod — nonepeyHa pyiabOBa TATa;
rack and pinion steering— kepMoBuli steering arm — pyJibOBa COIIIKA;
MeXaHi3M PEHKOBOTO THUITY; feedback — 3BopoTHIil 3B'S130K;
steering wheel — kep™mo; lash — 3a3op, modr;

pinion gear — Beayya mectepHs-Bait;  recirculating ball mechanism —
rack — 3ybuacra peiika; TBUHTOBUIN MEXaHI3M;

linear gear — 3y0Ouacta mnepemauda utility vehicle —
HIECTEPHSA-PENKA; BAaHTAXXOIMACAKUPCHKUI TPAHCIOPTHUIA
to mesh — 3uirunroBaTHCH; 3acio;

circular motion — oGepranpuuii pyx;  steering column — pynboBa KOJIOHKA;
linear motion — npsMONiHIAHUI pyX; WOrm gear — 4epBsiyHa ILIECTEPHS;

transverse axis — rorepeyHa BiCb; Pitman arm — 3’e1HyBasbHa TAra;
steering torque — moBopoTHe steering linkage— pynboBuii mpuBiz;
3YCHJLIA; friction — Tepts;

swivel pin — noBopotHuii mikBopeHb;  ball bearing— IAPUKOBUM
ball joint — mapHipHe 3’ €qHaHHS; H1ITATTHHK;

king pin— nmoBopoTHUI IIIKBOPEHB; dead spot— (TyT) nmodT;
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Steering

Many modern cars use rack and pinion steering mechanisms, where the
steering wheel turns the pinion gear; the pinion moves the rack, which is a
linear gear that meshes with the pinion, converting circular motion into linear
motion along the transverse axis of the car (side to side motion). This motion
applies steering torque to the swivel pinball joints that replaced previously
used kingpins of the stub axle of the steered wheels via tie rods and a short
lever arm called the steering arm.

The rack and pinion design has the advantages of a large degree of feedback
and direct steering "feel". A disadvantage is that it is not adjustable, so that
when it does wear and develop lash, the only cure is replacement.

Older designs often use the recirculating ball mechanism, which is still
found on trucks and utility vehicles. This is a variation on the older worm and
sector design; the steering column turns a large screw (the "worm gear") which
meshes with a sector of a gear, causing it to rotate about its axis as the worm
gear 1s turned; an arm attached to the axis of the sector moves the Pitman arm,
which is connected to the steering linkage and thus steers the wheels. The
recirculating ball version of this apparatus reduces the considerable friction by
placing large ball bearings between the teeth of the worm and those of the
screw; at either end of the apparatus the balls exit from between the two pieces
into a channel internal to the box which connects them with the other end of the
apparatus, thus they are "recirculated".

The recirculating ball mechanism has the advantage of a much greater
mechanical advantage, so that it was found on larger, heavier vehicles while the
rack and pinion was originally limited to smaller and lighter ones; due to the
almost universal adoption of power steering, however, this is no longer an
important advantage, leading to the increasing use of rack and pinion on newer
cars. The recirculating ball design also has a perceptible lash, or "dead spot" on
center, where a minute turn of the steering wheel in either direction does not
move the steering apparatus; this is easily adjustable via a screw on the end of
the steering box to account for wear, but it cannot be entirely eliminated because
it will create excessive internal forces at other positions and the mechanism will
wear very rapidly. This design is still in use in trucks and other large vehicles,
where rapidity of steering and direct feel are less important than robustness,
maintainability, and mechanical advantage.

Exercise 1. Answer the following questions.

1. What type of the steering mechanism is used in modern cars? 2. How does the
rack and pinion steering work? 3. What converts circular motion into linear
motion? 4. What are some advantages of the rack and pinion design?
Disadvantages? 5. What steering mechanisms are mostly used on trucks?
6. Describe the operating principle of the recirculating ball mechanism. 7. What
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mechanical device reduces the considerable friction within the recirculating ball
mechanism? 8. What are some advantages and disadvantages of the recirculating
ball mechanism?

Exercise 2. Provide Ukrainian equivalents for the following terms and
phrases.

modern cars, to convert circular motion into linear motion, stub axle, lever arm,
rack and pinion design, replacement, rotate about its axis, steering linkage, to

steer the wheels, mechanical advantage, excessive internal forces, tie rod,
feedback

Exercise 3. Translate the following terms and phrases into English using the
text.

[TpuBoguT B pyx 3yOuacTy pelKy, 3’€IHYBaTHCS 3 BEAY4YOIO LIECTEPHEIO,
IOBOPOTHE 3YCWJUIA, BaXldb, BEIMKUH CTYIIHb 3BOPOTHOIO 3B SI3KY,
3HOUIYBAaTUCS, 3MEHLIYBATU TEPTs, KEPMOBUM MEXaHI3M 3 MIJCUIIOBAYEM,
JNONMYCTUMHMM  JIIOQT, HaWMEHIIMM TOBOPOT KepMa, KOpOOKa/peryKTop
KEPMOBOT'O MEXaHI3My, €KCIUTyaTalliiiHa HalIiHICTh

Exercise 4. Match the terms with their equivalents.

f)) steering wheel a) MPAMOJIIHINHUN PyX

2) stub axle b) 3y0Ouacra peiika

3) rack C) TMOBOPOTHHI IIKBOPEHb
4) linear motion d) mapHipHe 3’€THAHHS
5) transverse axis €) TOBOPOTHE 3yCHILIA

6) steering torque f) xepmo

7) swivel pin g) ToIepeyHa pyiboBa Tsra
8) ball joint h) modr

9) lash 1) momepeyHa BICh

10) tie rod j)  moBopoTHa manda

B)

1) pinion gear a) IIApPUKOBUMN MiAIINITHUK
2) to mesh b) pynapoBa KOJIOHKA
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3) circular motion C) uepBAYHA LIECTEPHS

4) steering arm d) 3uimuroBatucs

5) steering column €) o0epTanbHul pyx

6) worm gear f) 3ybOuacta mepemaua IIEeCTEpHS-
perka

7) ball bearing g) pyJbOBa COLIKA

8) linear gear h) Benmyua mecrepHs-Bal

Exercise 5. Fill in the blanks with appropriate terms.

Rack-and-pinion 1) ... is quickly becoming the most common type of
steering on cars, small trucks and SUVs. It is actually a pretty simple 2)... . A
rack-and-pinion 3) ... is enclosed in a metal tube, with each end of the rack
protruding from the tube. A rod, called a tie rod, connects to each end of the
rack.

The 4) ... gear is attached to the steering shaft. When you turn the steering
5)... , the gear spins, moving the rack. The tie 6) ... at each end of the rack
connects to the steering arm on the spindle.

The rack-and-pinion gearset carries two functions:

» It converts the rotational motion of the steering wheel into the 7) ...
motion needed to turn the wheels.
» It provides a gear reduction, making it easier to 8) ... the wheels.

On most cars, it takes three to four complete revolutions of the steering

wheel to make the wheels turn from lock to lock (from far left to far right).

1. a)driving b) motion C) suspension d) steering

2. a)device b) mechanism c) block d) thing

3. a) wheel b) stub c) gearset d) suspension
4. a)pinion b) satellite c¢) planetary d) worm

5. a)tyre b) wheel c) lever d) shaft

6. a) shaft b) linkage c) bar d) rod

7, a)circular b) linear ¢) oscillation d) vibration
8. a)rotate b) turn ¢) spin d)move
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Exercise 6. Look at the picture and describe the car suspension design.

Damper

Damper Spring

Stabilizer Damper
Bar Bushing Upper

Trailing Arm [ = j Stabilizer Bar Control Arm

Damper
Spring

Stabilizer Bar
Bracket/Bushing

Control
Arm Lower Control

Arm B

Trailing Arm
Bushing

Compensator Arm

Lower Control
Arm A

Stabilizer Bar

Trailing Arm
Bracket

. Trailing Arm
Lesson 9.The Braking System.

Vocabulary notes:

master cylinder — ronoBuuit uuninap; partial vacuum -  gacTkoBe
slave cylinder — po6ouuii numiHAp; PO3PIKEHHS;

pipe — TpyOka; inlet manifold — ByckHuii KOJIEKTOD;
hydraulic circuit — TrigpaBiiyHa servounit — cepBOMEXaHi3M;

CUCTEMA; rod — mTOK, BaX1Jib;

skid — 3aHOC, 6710KyBaHHS KOJIIC; to trigger — NpUBOAUTH B JII10

Exercise 1. Read and translate the text. Answer the questions that follow.

Text A. The Braking System

Modern cars have brakes on all four wheels, operated by a hydraulic system.
The brakes may be disc type or drum type.

The front brakes play a greater part in stopping the car than the rear ones,
because braking throws the car weight forward on to the front wheels. Many
cars therefore have disc brakes, which are generally more efficient, at the front
and drum brakes at the rear.

All-disc braking systems are used on some expensive or high-performance
cars, and all-drum systems on some older or smaller cars.

Brake hydraulics
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A hydraulic brake circuit has fluid-filled master and slave cylinders
connected by pipes. When you push the brake pedal it depresses a piston in the
master cylinder, forcing fluid along the pipe. The fluid travels to slave cylinders
at each wheel and fills them, forcing pistons out to apply the brakes. Fluid
pressure distributes itself evenly around the system. The combined surface
'pushing' area of all the slave pistons is much greater than that of the piston in
the master cylinder.

Consequently, the master piston has to travel several inches to move the
slave pistons the fraction of an inch it takes to apply the brakes. This
arrangement allows great force to be exerted by the brakes, in the same way that
a long-handled lever can easily lift a heavy object a short distance.

Most modern cars are fitted with twin hydraulic circuits, with two master
cylinders in tandem, in case one should fail. Sometimes one circuit works for the
front brakes and one for the rear brakes; or each circuit works both for front
brakes and one for the rear brakes; or one circuit works for all four brakes and
the other for the front ones only. Under heavy braking, so much weight may
come off the rear wheels that they lock, possibly causing a dangerous skid. For
this reason, the rear brakes are deliberately made less powerful than the front.

Power-assisted brakes

Many cars also have power assistance to reduce the effort needed to apply
the brakes. Usually the source of power is the pressure difference between the
partial vacuum in the inlet manifold and the outside air. The servo unit that
provides the assistance has a pipe connection to the inlet manifold.

A direct-acting servo is fitted between the brake pedal and the master
cylinder. The brake pedal pushes a rod that in turn pushes the master-cylinder
piston. But the brake pedal also works on a set of air valves, and there is a large
rubber diaphragm connected to the master-cylinder piston. When the brakes are
off, both sides of the diaphragm are exposed to the vacuum from the manifold.

Pressing the brake pedal closes the valve linking the rear side of the
diaphragm to the manifold, and opens a valve that lets in air from outside. The
higher pressure of the outside air forces the diaphragm forward to push on the
master-cylinder piston, and thereby assists the braking effort.

If the pedal is then held, and pressed no further, the air valve admits no more
air from outside, so the pressure on the brakes remains the same. When the pedal
is released, the space behind the diaphragm is reopened to the manifold, so the
pressure drops and the diaphragm falls back. If the vacuum fails because the
engine stops, for example, the brakes still work because there is a normal
mechanical link between the pedal and the master cylinder. But much more
force must be exerted on the brake pedal to apply them. Some cars have an
indirect-acting servo fitted in the hydraulic lines between the master cylinder
and the brakes. Such a unit can be mounted anywhere in the engine
compartment instead of having to be directly in front of the pedal. It, too, relies
on manifold vacuum to provide the boost. Pressing the brake pedal causes
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hydraulic pressure build up from the master cylinder, a valve opens and that
triggers the vacuum servo.

1. What are the main types of brakes used on motor vehicles? 2. Why is it
important to supply front wheels with disc brakes? 3. Which type of brakes is
more efficient? Why? 4. What elements does a hydraulic brake circuit consist
of? 5. Describe the operating principle of a hydraulic brake system. 6. What
creates pressure in the hydraulic brake system? 7. Why are the rear brakes made
less powerful than the front brakes? 8. What is a power assisted braking system?
9. Describe the operating principle of the power assisted braking system. 10.
What function does the servo unit carry out?

Exercise 2.Find Ukrainian equivalents in the text for the following terms
and phrases.

hydraulic system, front brakes, more efficient, high-performance cars, to force
fluid along the pipe, to apply the brakes, heavy braking, dangerous skid, to
reduce the effort needed to apply the brakes, master-cylinder piston, to open a
valve, to release the pedal, engine compartment, to provide the boost

Exercise 3.Provide English equivalents for the following terms and phrases
using the text.

rajibMa JMCKOBOTO THUITy, JIETKOBUH aBTOMOOLIb MPEMiyM CETMEHTY (BHCOKOTO
KJIacy), TOJIOBHUH UWIIHAP, poOOYMI LMIIHAP, THUCK PIAMHA PIBHOMIPHO
PO3MOIUISIETECA Y BCIM CHCTEMI, IHTEHCUBHE TaJbMyBaHHS, PO3MIIIEHUN MIXK
NeAaJUTI0 TaabM 1 OCHOBHUM ULWIIHAPOM, HIMedb (TMOBITPSHUM KJiamaH),
MeXaHIYHe 3’€JHaHHS, MOTOPHUU BIJCIK, IIJICWIIOBATH, MPUBOAUTH B IO
(3amyckaTu) cepBOMexaHi3M

Exercise 4. Match the terms with their Ukrainian equivalents.

master cylinder YaCTKOBE PO3PIJKEHHS
slave cylinder riipaBliiyHa CUCTEMA
pipe HITEIb

hydraulic circuit BITYCKHUU KOJIEKTOP
partial vacuum poOoUnit UITIHIP
inlet manifold IITOK, BaX1JIb
servounit 3aHOC

rod CepBOMEXaHI3M

air valve TOJIOBHUH IIWTIHAP
skid TpyOKa
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Exercise 5. Read and translate the text.

Some more terms to remember:

to straddle — oxormutoBaTy; rubber sealing ring —
caliper — cynopr; YIIUIbHIOBAJIbHE PE3NHOBE KUIBLIE;
braking pad — rasibMiBHa KOJI0/IKa; gap— 3a30p;

friction pads — ¢ppukiiiini HaKIaAKKA;,  Wear Sensor— JaT4uK 3HOITYBaHHS;

to clamp — 3atuckaru; leads — enekTponpoBoay;

dual-circuit brakes — nBokonTypHa to short-circuit — pobGutu KopoTke
rajJibMiBHa CUCTEMA; 3aMHUKaHHSI

return spring — BIATSDKHA NIPYXKUHA,;
Text B. Disc brakes

A disc brake has a disc that turns with the wheel. The disc is straddled by a
caliper, in which there are small hydraulic pistons worked by pressure from the
master cylinder.

The pistons press on friction (braking) pads that clamp against the disc
from each side to slow or stop it. The pads are shaped to cover a broad sector of
the disc. There may be more than a single pair of pistons, especially in dual-
circuit brakes. The pistons move only a tiny distance to apply the brakes, and
the pads barely clear the disc when the brakes are released. They have no return
springs.

Rubber sealing rings round the pistons are designed to let the pistons slip
forward gradually as the pads wear down, so that the tiny gap remains constant
and the brakes do not need adjustment.

Many later cars have wear sensors embedded in the pads. When the pads
are nearly worn out, the leads are exposed and short-circuited by the metal
disc, illuminating a warning light on the instrument panel.

Exercise 6. Answer the following questions.

1. Where a disc brake is positioned? 2. What components does the disc brake
consist of? 3. How do the disc brakes work? 4. Do braking pads have return
springs? 5. What are rubber sealing rings used for? 6. How can wear sensors be
helpful to a driver?

Exercise 7. Say whether the following statements are true or false.

1. A disc brake employs a disc that spins with the wheel.

2. There are small hydraulic pistons within the caliper.

3. The pistons press the braking pads to slow down or stop the vehicle.
4. Dual-circuit brakes have two pistons.

5. The braking pads have return springs.
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6. Wear sensors embedded into the pads alert the driver to stop and change the
wheel.

Exercise 8. Provide English equivalents for the following terms and phrases.
OXOIUIEHUH CynOpTOM, FOJIOBHUM LUIIHAP, GPUKIIIHI HAKIaJAKH, IBOKOHTYpHA
rajibMiBHa CHCTEMa, 3a/isTH TrajibMa, 3HOIIYBAaTHUCS, HE3HAYHUU 3a30p, HE
noTpeOyBaTH PETyJIOBAaHHS, HOBIII aBTOMOO1Ti, BMOHTOBAaHWHA Yy, CHUTHAJIbHA

JaMIOYKa, MaHeIb IHCTPYMEHTIB

Exercise 9. Match the terms with their Ukrainian equivalents.

1) caliper a) JaT4YMK 3HOLIYBAHHS

2) braking pad b) BIATSHKHA IPYXKUHA

3) to clamp C) JBOKOHTYpHA rajibMiBHA CUCTEMA
4) rubber sealing ring d) 3aruckatu

5) wear sensor €) 3azop

6) dual-circuit brakes f) cynopr;

7) return spring g) YIIUIbHIOBAJIbHE PE3UHOBE KUIbLIE
8) gap h) ranpmiBHaA KOJIO/IKA

Study the picture of a conventional disc brake. Describe the operating
principle of the disc brake system.
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Exercise 10. Read and translate the text.

Terms to remember:

hollow — mycToTinmii; leading edge — po6oya cTopoHa;
backing plate — onopuuii mur trailing shoe — BTOpuHHa rampMiBHA
rajJlbMiBHOTO MEXaHI3MY; KOJIOJIKa;
shoe — rajipMiBHA KoJiogka adjuster — HaTSKHUM TBUHT;
OapabaHHUX rajibM; ratchet — xpanoBuii MexaHi3Mm;
friction lining — ¢ppukuiiina Haknaaka; to fade— Brpauatu eeKTUBHICT;
pivot — nasneiip; to be prone to— MaTu CXUJILHICTH J10
leading shoe — nmepBuHHA rajgbpMiBHA
KOJIOJIKA;

Text C. Drum brakes

A drum brake has a hollow drum that turns with the wheel. Its open back is
covered by a stationary backing plate on which there are two curved shoes
carrying friction linings.

The shoes are forced outwards by hydraulic pressure moving pistons in the
brake's wheel cylinders, so pressing the linings against the inside of the drum to
slow or stop it. Each brake shoe has a pivot at one end and a piston at the other.
A leading shoe has the piston at the leading edge relative to the direction in
which the drum turns.
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The rotation of the drum tends to pull the leading shoe firmly against it when
it makes contact, improving the braking effect.

Some drums have twin leading shoes, each with its own hydraulic cylinder;
others have one leading and one trailing shoe - with the pivot at the front. This
design allows the two shoes to be forced apart from each other by a single
cylinder with a piston in each end. It is simpler but less powerful than the two-
leading-shoe system, and is usually restricted to rear brakes.

In either type, return springs pull the shoes back a short way when the brakes
are released. Shoe travel is kept as short as possible by an adjuster. Older
systems have manual adjusters that need to be turned from time to time as the
friction linings wear. Later brakes have automatic adjustment by means of a
ratchet.

Drum brakes may fade if they are applied repeatedly within a short time -
they heat up and lose their efficiency until they cool down again. Discs, with
their more open construction, are much less prone to fading.

Exercise 11. Translate the following terms and phrases into Ukrainian.
hollow drum, stationary backing plate, curved shoes, hydraulic pressure, braking
effect, twin leading shoes, return springs, pull the shoes back, manual adjusters,
cool down, prone to fading, relative to the direction, hydraulic cylinder

Exercise 12. Provide English equivalents for the following terms and
phrases using the text.

HEPYXOMUI OMOPHUN IIUT TAJIbMIBHOTO MEXaHi3My, BITHOCHO pyXy OapabaHa,
CHapeHi MEpBHHHI TaJbMIBHI KOJOJIKH, €(eKT TaJbMyBaHHS, 3a/HI TajbMa,
BIATSDKHA TPYKHWHA, X1 TaldbMIBHOI KOJIOJKH, aBTOMAaTHYHE pEryIIOBaHHS,
BTpayaTu €(eKTUBHICTb, OXOJIOKYBaTHCA

Exercise 13. Match the terms with their Ukrainian equivalents.

1) hollow a) TajgbMIBHA KOJIOJKA

2) backing plate b) maneup

3) shoe C) XparoBH MEXaHI3M

4) pivot d) omopHUI MUT raJbMIBHOTO MEXaHI3MY
5) leading shoe €) MepBHUHHA raJlbMiBHA KOJIOKA

6) leading edge f) BTOpHMHHA raJbMiBHA KOJIOAKA

7) ratchet g) MyCTOTUIUM

8) trailing shoe h) poGoua cropona
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Exercise 14. Study the picture and describe drum brake design and
operating principle.

Return Slave
Spring Cylinder
Hold Down Adjustment
Pin Link

Hold Down

Part Brake Pad
Adjustment

Spring

Adjustment Caliper Bolt
Screw

Part 11
Lesson 1.The Anti-lock Braking System

Anti-lock braking system (ABS) — aHTHOJIOKYBaJIbHA CUCTEMA TajibM;
tractive contact — 3uernieHHs, KOHTaKT (HaIp. 3 IOPOKHIM TTOKPUTTSIM);
threshold braking — ontumasnbHe rajaibMyBaHHS;
cadence braking — nepepuByacTe raJbMyBaHHs;
loose surface — puxiie (10pOKHE) NOKPUTTS;
wheel lock — 6;10kyBanHs KONTECA;
front-to-rear brake bias — po3noain raabMIiBHOTO 3yCHJUIA MiX MEpPEeIHIMU 1
3aJHIMH KOJIECaMU,
electronic brake force distribution (EBD) — cuctema po3noiiay rajgbMiBHOTO
3yCHILIS,
emergency brake assist — cucrtema KOHTPOJIO MiJA 4Yac EKCTPEHOIo
raJibMyBaHHS;
electronic stability control (ESC) — cucrema auHaMiuHOi cTaduIi3aIii pyxy;
rotational speed — KUIbKICTh 00€PTIB (32 OJAMHUITIO YaCY);
pedal pulsation — mysnbcanis nexani (i yac CrpaitoBaHHs aHTHOJIOKYBAJIbHOI
CHUCTEMH TaJIbM);
hub-mounted sensor — cTynuyHui JaT4YMK;
steering wheel angle sensor — gaT4uk KyTa NOBOPOTY Py
gyroscopic sensor — ripoJaT4uK;
individual wheel — okpeme koneco;
cornering brake control (CBC) — cucrema KOHTPOJIIO TaJbMyBaHHS B
MOBOPOTI;
traction control system (TCS) — cucrema peryitoBaHHS TSITOBOTO 3YCHILIS;
aHTUNPOOYKCOBYBaJIbHA CUCTEMA;
to lose traction — BTpauatu 34erieHHs, KOHTAKT; MPOOYKCOBYBATH;
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throttle level — kibKICTH O1aY1 TTAJIBHOTO

ABS

Anti-lock braking system (ABS) is an automobile safety system that
allows the wheels on a motor vehicle to maintain tractive contact with the road
surface according to driver inputs while braking preventing the wheels from
locking up (ceasing rotation) and avoiding uncontrolled skidding. It is an
automated system that uses the principles of threshold braking and cadence
braking which were practiced by skillful drivers with previous generation
braking systems. It does this at a much faster rate and with better control than a
driver could manage.

ABS generally offers improved vehicle control and decreases stopping
distances on dry and slippery surfaces for many drivers; however, on loose
surfaces like gravel or snow-covered pavement, ABS can significantly increase
braking distance, although still improving vehicle control.

Since initial widespread use in production cars, anti-lock braking systems
have evolved considerably. Recent versions not only prevent wheel lock under
braking, but also electronically control the front-to-rear brake bias. This
function, depending on its specific capabilities and implementation, is known as
electronic brake force distribution (EBD), traction control system, emergency
brake assist, or electronic stability control (ESC).

Typically ABS includes a central electronic control unit (ECU), four
wheel speed sensors, and at least two hydraulic valves within the brake
hydraulics. The ECU constantly monitors the rotational speed of each wheel; if
it detects a wheel rotating significantly slower than the others, a condition
indicative of impending wheel lock, it actuates the valves to reduce hydraulic
pressure to the brake at the affected wheel, thus reducing the braking force on
that wheel; the wheel then turns faster. Conversely, if the ECU detects a wheel
turning significantly faster than the others, brake hydraulic pressure to the wheel
is increased so the braking force is reapplied, slowing down the wheel. This
process is repeated continuously and can be detected by the driver via brake
pedal pulsation. Some anti-lock systems can apply or release braking pressure
15 times per second.

The ECU is programmed to disregard differences in wheel rotative speed
below a critical threshold, because when the car is turning, the two wheels
towards the center of the curve turn slower than the outer two. For this same
reason, a differential is used in virtually all roadgoing vehicles.

If a fault develops in any part of the ABS, a warning light will usually be
illuminated on the vehicle instrument panel, and the ABS will be disabled until
the fault is rectified.

Modern ABS applies individual brake pressure to all four wheels through
a control system of hub-mounted sensors and a dedicated micro-controller.
ABS is offered or comes standard on most road vehicles produced today and is
the foundation for electronic stability control systems, which are rapidly
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increasing in popularity due to the vast reduction in price of vehicle electronics
over the years.

Modern electronic stability control systems are an evolution of the ABS
concept. Here, a minimum of two additional sensors are added to help the
system work: these are a steering wheel angle sensor, and a gyroscopic sensor.
The theory of operation is simple: when the gyroscopic sensor detects that the
direction taken by the car does not coincide with what the steering wheel sensor
reports, the ESC software will brake the necessary individual wheel(s) (up to
three with the most sophisticated systems), so that the vehicle goes the way the
driver intends. The steering wheel sensor also helps in the operation of
Cornering Brake Control (CBC), since this will tell the ABS that wheels on
the inside of the curve should brake more than wheels on the outside, and by
how much.

ABS equipment may also be used to implement a traction control system
(TCS) on acceleration of the vehicle. If, when accelerating, the tire loses
traction, the ABS controller can detect the situation and take suitable action so
that traction is regained. More sophisticated versions of this can also control
throttle levels and brakes simultaneously.

Exercise 1.Answer the following questions.

1. What is an ABS? 2. What are the underlying operating principles of the anti-
lock braking system? 3. What are the advantages of the ABS? Disadvantages?
4. Name some modern motor car electronic systems that assist or are engaged
with the ABS. 5. What physical and electronic components does the ABS
consist of? 6. How does the anti-lock braking system work? 7. What is an ECU
and how does it operate? 8. Name some of the electronic assistants that are
enabled in pair with the ABS.

Exercise 2.Provide Ukrainian equivalents for the following terms and word
combinations.

automobile safety system, dry and slippery surfaces, skillful drivers, road
surface, uncontrolled skidding, braking distance, four wheel speed sensors,
hydraulic valves, brake hydraulics, vehicle instrument panel, brake pressure,
electronic stability control systems , steering wheel sensor, acceleration of the
vehicle, sophisticated versions

Exercise 3.Find English equivalents for the following words and word
combinations using the text.

ONTUMAaJIbHE TaJIbMYBaHHS, HEKEPOBaHE MPOOYKCOBYBAaHHS, OJIOKYBaHHS KoJeca,
cucTeMa pO3MOJIiIYy TaldbMIBHOTO 3yCWJUIS, Ali BOJMISA, CHUCTEMa IWHAMIYHOI
crabumizamii  pyxy, CTYNMYHUN JaT4YMK, PYJbOBE  KOJIECO, CHCTEMa
KOHTPOJIbOBAHOTO TaJbMYBaHHS B TIOBOPOTI, TOPOKHE TOKPUTTS, KEPOBAHICTh
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aBTOMOO1JIA, MIBUAKICTh OOEpTaHHS, aKTMBYBATH KJalaH, MaHeNIb MNPUOOPIB,
IIMHA, IPUTaJIbMOBYBATH KoJieco, Audepeniiai, nonepeaKyBaabHIN CBITIOBHMA
cUrHaj (CUTHaJbHA JlaMIla Ha IUTKY NMpUOOPiB)

Exercise 4. Match the terms with their equivalents.

1) to maintain tractive contact a) JaTYMKH IIBUAKOCTI

2) to lock up b) 3MEHIIUTH TUCK PIAUHU

3) to decrease stopping distance C) KpUTHUYHA MeXa

4) electronic control unit d) 3abmoxyBaTu

5) hydraulic valve €) aHTHUNPOOYKCOBYBAJIbHA CUCTEMA

6) critical threshold f) mokpammrTu KEpPOBaHICTh
aBTOMOOLIIS

7) speed sensors g) MIATPUMYBATH 3YEIUICHHS (KOJIIC)

8) to improve vehicle control h) rigpaBniuHMii K1anad

9) traction control system 1) eJEeKTPOHHUU OJIOK KEpYBaHHS

10) to reduce hydraulic pressure J) 3MEHUIMTH rajJbMiBHUM HIISX

Exercise 5.Find pairs of synonyms.

1) vehicle a) turn

2) tolock up b) instrument panel

3) to monitor c) to block

4) curve d) grip

5) dashboard €) to minimize

6) traction f) to apply

7) to implement g) automobile

8) to reduce h) to check

Exercise 6.Insert the necessary words to complete the text.

Emergency brake assist

Many drivers are not prepared for the relatively high efforts required for
maximum braking, nor are they prepared for the "buzzing" feedback through the
brake pedal during ABS operation. If an 1) ...develops, a slow reaction and less
than maximum braking input could result in insufficient time or distance to stop
before an accident occurs.

EBA is designed to 2) ...such "panic stops" and apply maximum braking
effort within milliseconds. It interprets braking behaviour by assessing the 3)
...that the brake pedal is activated.

If the system 4) ...an emergency, it automatically initiates full braking
faster than any driver can move their foot. Emergency stopping distances can be
shortened, reducing the likelihood of 5) ...— especially the common "nose to
tail" incident. An electronic system designed to 6) ... emergency braking
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operation and automatically enhance braking effort, and can 7) ...stopping
distances by up to 70 ft (21 m) at 125 mph (201 km/h).

Brake Assist detects circumstances in which emergency braking is
required by 8) ...the speed with which the brake pedal is depressed. Some
systems additionally take into account the rate of which the 9) ... pedal is
released, pre-tensioning the brakes when a "panic release" of the accelerator
pedal is noted. When panic braking is detected, the Brake Assist system
automatically develops maximum brake 10) ...in order to mitigate a drivers
tendency to brake without enough force.

1. a)problem b) accident C) emergency d) fault

2. a)inspect b) detect c) protect d) reject

3. a) moment b) velocity c) frequency d) rate

4. a)identifies b) spots c¢) marks d) finds

5. a)crises b) disturbances c) confrontations  d) accidents
6. a) find out b) recognise c) value d) sense

7. a)reduce b) increase c) develop d) slow

8. a) calculating b) computing c) decreasing d) measuring
9. a)brake b) clutch c) accelerator d) manual
10. a) acceleration b) boost c) turbine d) power

Lesson 2. The Electronic Stability Program

Vocabulary notes:

Electronic stability control — cucrema auHamiuHOi cTabinizamii pyxy;
Electronic stability program — enekrponna cuctema KypcoBoi CTIHKOCTI,
eJIEKTPOHHA CUCTEMa CcTablmi3amii pyxy;

oversteer — HaJIMipHa KEPOBaHICTh, CTEPHYBAaHHS (TOBOPOTHICTB);
understeer — HeJOCTATHSI KEPOBAHICTh, CTEPHYBaHHS;

vehicle's cornering performance — npoxoKeHHS BipaXKiB, MOBEI1HKA
aBTOMOO1JIS TI1JT Yac MPOXOKEHHS ITOBOPOTY;

vehicle rotation (yaw) — o6epTanHsi aBTOMOO1JIs1 HABKOJIO BEPTUKAJIBHOT OCI,
BIIXUJICHHS B1J] HANIPSIMKY PyXY (pUCKaHHS);

lateral acceleration — 60kOBe IPUCKOPEHHSI;

evasive swerve — 00'13H1I1 MaHEBD;

hydroplaning — akBariaHyBaHHS;

high-performance driving — exkctpemaibHe BOAIHHS,

vehicle's handling limits — me>xa KkepoBaHOCT1 aBTOMOOLIIS;

cornering — MpoOXo/>KEHHsI IOBOPOTIB;

over-ride control — npumycoBe BIIKITIOYEHHS QYHKIIIT
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Text A. The ESP

Electronic stability control (ESC), also referred to as electronic
stability program (ESP) or dynamic stability control (DSC), is a
computerized technology that improves the safety of a vehicle's stability by
detecting and reducing loss of traction (skidding). When ESC detects loss of
steering control, it automatically applies the brakes to help "steer" the vehicle
where the driver intends to go. Braking is automatically applied to wheels
individually, such as the outer front wheel to counter oversteer or the inner rear
wheel to counter understeer. Some ESC systems also reduce engine power until
control is regained. ESC does not improve a vehicle's cornering performance;
instead, it helps to minimize the loss of control. According to Insurance Institute
for Highway Safety and the U.S. National Highway Traffic Safety
Administration, one-third of fatal accidents could have been prevented by the
technology.

During normal driving, ESC works in the background and continuously
monitors steering and vehicle direction. It compares the driver's intended
direction (determined through the measured steering wheel angle) to the
vehicle's actual direction (determined through measured lateral acceleration,
vehicle rotation (yaw), and individual road wheel speeds).

ESC intervenes only when it detects a probable loss of steering control,
1.e. when the vehicle is not going where the driver is steering. This may happen,
for example, when skidding during emergency evasive swerves, understeer or
oversteer during poorly judged turns on slippery roads, or hydroplaning. ESC
may also intervene in an unwanted way during high-performance driving,
because steering input may not always be directly indicative of the intended
direction of travel (i.e. controlled drifting). ESC estimates the direction of the
skid, and then applies the brakes to individual wheels asymmetrically in order to
create torque about the vehicle's vertical axis, opposing the skid and bringing the
vehicle back in line with the driver's commanded direction. Additionally, the
system may reduce engine power or operate the transmission to slow the vehicle
down.

ESC can work on any surface, from dry pavement to frozen lakes. It reacts
to and corrects skidding much faster and more effectively than the typical
human driver, often before the driver is even aware of any imminent loss of
control. In fact, this led to some concern that ESC could allow drivers to become
overconfident in their vehicle's handling and/or their own driving skills. For this
reason, ESC systems typically inform the driver when they intervene, so that the
driver knows that the vehicle's handling limits have been approached. Most
activate a dashboard indicator light and/or alert tone; some intentionally allow
the wvehicle's corrected course to deviate very slightly from the driver-
commanded direction, even if it is possible to more precisely match it.

Indeed, all ESC manufacturers emphasize that the system is not a
performance enhancement nor a replacement for safe driving practices, but
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rather a safety technology to assist the driver in recovering from dangerous
situations. ESC does not increase traction, so it does not enable faster cornering
(although it can facilitate better-controlled cornering). More generally, ESC
works within inherent limits of the vehicle's handling and available traction
between the tires and road. A reckless maneuver can still exceed these limits,
resulting in loss of control. For example, in a severe hydroplaning scenario, the
wheels that ESC would use to correct a skid may not even initially be in contact
with the road, reducing its effectiveness.

Due to the fact that stability control can sometimes be incompatible with
high-performance driving (i.e. when the driver intentionally loses traction as in
drifting), many vehicles have an over-ride control which allows the system to
be partially or fully shut off. In simpler systems, a single button may disable all
features, while more complicated setups may have a multi-position switch or
may never be turned fully off.

Exercise 1.Answer the following questions.

1. What is electronic stability control designed (ESC) for? 2. When is the ESC
enabled? 3. Does ESC improve a vehicle’s cornering performance? 4. How
many fatal accidents could have been prevented with the help of ESC
technology according to Insurance Institute for Highway Safety and the U.S.
National Highway Traffic Safety Administration? 5. How does ESC work
during normal driving? 6. In what road circumstances does the electronic
stability control system intervene? 7. Describe the operation of ESC in critical
scenario. 8. Why could ESC make drivers overconfident in vehicle’s driving? 9.
Do you think ESC increase traction or enable faster cornering? 10. What is an
over-ride control?

Exercise 2. Translate the following terms and word combinations into
Ukrainian.

dynamic stability control (DSC), skidding, loss of steering control, inner rear
wheel, understeer, to reduce engine power, vehicle's cornering performance,
wheel angle, yaw, slippery roads, hydroplaning, vehicle's handling limits,
imminent loss of control, dashboard indicator light, alert tone, safety technology,
traction between the tires and road, reckless maneuver, to disable all features

Exercise 3.Find English equivalents for the following words and word
combinations using the text.

OOKOBE TMPHUCKOPEHHS, AaKBaIUIAHyBaHHS, €KCTpeMalbHE BOJIIHHA, BTpaTa
KEpPOBAHOCTI, aBTOMAaTUYHO MPUTaIbMOBYBATH, KyT MMOBOPOTY KOJIeCa, CTEKUTHU
3a KEpYBAHHSM 1 HAPSIMKOM PYyXy TPAHCIIOPTHOTO 3aco0y, BTpy4yaTHCs, 3aHOC,
CTBOPIOBATH TSTOBE 3YCHIUIS, 3MEHIIUTH IMOTYXHICTh NBUTYHA (0OepTalbHUI
MOMEHT), HaBUYKH BOJIIHHS, HAOJU3UTHCH JI0 KPUTHYHOI MEX1 KEPOBAHOCTI
aBTOMOO1JIEM,  TIOTIEPEDKYBAIBHUNA  3BYKOBHM  CHUTHAN,  TOKpAIICHHS
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XapaKTEPUCTHK, IMIBUIIE MTPOXOKCHHSI TOBOPOTIB, 3YETUICHHSI IIIUH 3 IOPOTO¥0,
HE0OJyMaHU MaHEeBp, 0AraToNnoO3UIINHUN TepeMUKay

Exercise 4. Match the terms with their equivalents.

1) loss of steering control a) OOKOBE MPUCKOPEHHS

2) understeer b) kopoOka nmepenay, TpaHCMICist

3) vehicle direction C) CHUTHaJIbHA JJaMIla Ha IMIUTKY MPUOOPIB
4) lateral acceleration d) momomaraTtu BOIi€BI

5) skidding €) HampsMOK PyXy aBTOMOOLIS

6) transmission f) mnokparmeHHs XapaKTepUCTUK

7) applies the brakes g) BTpaTa KepyBaHHS

8) dashboard indicator light h) HemocTaTHsS KEpOBaHICTh

9) performance enhancement 1) raibMyBaTu

10) to assist the driver j) 3aHOC, MPOOYKCOBYBaHHS

Exercise 5.Find pairs of:

a) synonyms

1) dynamic stability control
2) to reduce

3) vehicle rotation

4) to intervene

5) toswerve

6) to monitor

7) dashboard

8) to deviate

b) antonyms

1) oversteer

2) inner wheel

3) to regain control
4) to reduce

5) to slow down

6) safe driving

7) to activate

8) to shut off

a) to interfere

b) to minimize

c) tooversee

d) to manecuver

e) instrument panel

f) electronicstabilityprogram
g) to differ

h) yaw

a) to lose control

b) to accelerate

c) to disable

d) dangerous driving
€) toturn on

f) understeer

g) to enhance

h) outer wheel

Make up sentences with some of the words and phrases.

Text B. Components and design of the ESC.

ESC incorporates yaw rate control into the anti-lock braking system (ABS).
Yaw is a rotation around the vertical axis; i.e. spinning left or right. Anti-lock
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brakes enable ESC to brake individual wheels. Many ESC systems also
incorporate a traction control system (TCS or ASR (Antriebsschlupfregelung —
HiM.)), which senses drive-wheel slip under acceleration and individually brakes
the slipping wheel or wheels and/or reduces excess engine power until control is
regained. However, ESC achieves a different purpose than ABS or traction
control.

The ESC system uses several sensors to determine what the driver wants
(input). Other sensors indicate the actual state of the vehicle (response). The
control algorithm compares driver input to vehicle response and decides, when
necessary, to apply brakes and/or reduce throttle by the amounts calculated
through the state space (mpocTtip craniB — ¢i3.,(set of equations used to model
the dynamics of the vehicle)). The ESC controller can also receive data from and
put instructions to other controllers on the vehicle such as an all-wheel drive
system or an active suspension system to improve vehicle stability and
controllability.

The sensors used for ESC have to send data at all times in order to detect
possible vehicle’s misbehaviour as soon as possible. The sensors have to be
resistant to possible forms of interference. The main sensors come as:

» Steering wheel angle sensor: determines the driver's intended rotation; i.e.
where the driver wants to steer. This kind of sensor is often based on
AMR-elements (aH130TpOIHI MarHeTOOMIPHI €IEMEHTH);

» Yaw rate sensor: measures the rotation rate of the car; i.e. how much the
car is actually turning. The data from the yaw sensor is compared with the
data from the steering wheel angle sensor to determine regulating action;

» Lateral acceleration sensor: often an accelerometer;

» Wheel speed sensor: measures the wheel speed.

Other sensors can include:

» Longitudinal acceleration sensor: similar to the lateral acceleration sensor
in design, but can offer additional information about road pitch and also
provide another source of vehicle acceleration and speed;

» Roll rate sensor: similar to the yaw rate sensor in design but improves the
fidelity of the controller's vehicle model and correct for errors when
estimating vehicle behavior from the other sensors alone.

ESC uses a hydraulic modulator to assure that each wheel receives the
correct brake force. A similar modulator is used in ABS. ABS needs to reduce
pressure during braking, only. ESC additionally needs to increase pressure in
certain situations and an active vacuum brake booster unit may be utilized in
addition to the hydraulic pump to meet these demanding pressure gradients
(OGapuuHUi TPAIIEHT).

The brain of the ESC system is the electronic control unit (ECU). The
various control modules are embedded in it. Often, the same ECU is used for
diverse systems at the same time (ABS, Traction Control System, climate
control, etc.). The input signals are sent through the input-circuit to the digital
controller. The desired vehicle state is determined by the steering wheel angle,
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its gradient and the wheel speed. Simultaneously, the yaw sensor measures the
actual state. The controller computes the needed brake or acceleration force for
each wheel and operates the valves of the hydraulic modulatorvia the driver
circuits.

Exercise 1.Read and translate the statements below. State whether they are
true or false.

1. Yaw is a rotation of a vehicle around its vertical axis.

2.A great number of ESC systems also incorporate a Traction Control System.

3. The ESC system prevents the vehicle from overturning.

4. If emergency develops the ESC system can apply brakes and/or reduce engine
power.

5. The ESC controller can also receive data from and direct commands to other
controllers on the vehicle such as an all-wheel drive system or an active
suspension system to improve vehicle stability.

6. The ESC sensors must be resistant to all forms of interferences.

7. Yaw rate sensor measures the speed of the car.

8. Wheel speed sensor measures the rotation rate of the car.

9. ESC uses a hydraulic modulator to assure that each wheel receives the correct
brake force.

10. The electric control unit lies in the core of the ESC system.

11. The same electronic control unit is rarely used for diverse systems at the
same time like the ABS, Traction Control System, climate control, etc.

12. ESC uses a hydraulic modulator to assure that each wheel receives the
correct brake force.

Exercise 2.Match the term with its Ukrainian equivalent.

1) yaw rate control a) 3MEHIIUTHU MoAavy najiuBa/o0epTu

2) drive-wheel slip b) anmantuBHa miABICKa

3) vehicle’s response C) JaT4MK M03/10BXHBOTO
PUCKOPEHHS

4) reduce throttle d) (BakyymHUI) TiACHIIOBAY TabM

5) all-wheel drive system €) JaT4YMK MOJIO)KEHHS KepMma

6) steering wheel angle sensor f) nmaT4yuk monepevYHoOro HaXMiIy

7) active suspension system g) cHCTeMa  KOHTPOJIIO  KYTOBOIO
MIPUCKOPECHHS

8) vacuum brake booster h) cucrema MOBHOTO MPUBOIY

9) roll rate sensor 1) TpoOYKCOBYBaHHS BEJIYy4OTO
Koseca

10) longitudinal acceleration sensor  j) peakiiisi aBToM0OLIs
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Exercise 3. Translate the following words and word combination susing the
text.

o0epTaHHS HABKOJIO BEPTHUKAJIBHOI OCi, Jii BOJIisA, peakilis aBTOMOO1S,
3MEHIIUTA  ToAady  NajauBa/o0epTH,  PEryssITOp/KOHTpONep,  MiABICKa
aBTOMOO1JIsI, TMOBHUH TMpHUBIJ, OOKOBE NPUCKOPEHHS, PO3TiH, YXWJI JOPOTH,
TiIPOMOAYJSTOP, BaKyyMHHH MiACHIIOBAaY TallbM, €JIEKTPOHHUH  OJOK
KepyBaHHs, KJIallaH, CHJIa MPUCKOPEHHSI.

Ex. 4. Fill in the blanks with the appropriate words given after the text.

Active Yaw Control

Active Yaw Control is a dynamic 1) ...control system that sustains
longitudinal acceleration and improves lateral stability by controlling torque-
bias (mepeposnoniyl obepTaqbHOr0 MOMEHTY) between the rear wheels. Active
yaw control increases cornering and traction 2) ...using a computer controlled
rear differential. The torque difference between the rear wheels generates a
yawing moment in the proper direction and corrects the yaw-dynamics of the
vehicle in motion. The result is a stable 3) ...with improved handling
performance and improved cornering capability. These systems are sometimes
referred to as active differentials or vector drives.

The torque variation is controlled by the ECU and is 4) ...to the wheels
through several mechanical components in the differential. The three major
components in the computer controlled differential are the 5) ...mechanisms, the
main differential, and the speed increasing/reducing gear train. The clutches are
utilized to control the amount of 6) ...being transferred through the
increasing/decreasing gear train, and determine the amount of torque applied to
each of the two7) ... . The torque-bias is a function of clutch pressure and the
amount of clutch pressure is 8) ...by the processor in the ECU and actuated
using hydraulic or electromagnetic components.

The active yaw control strategy is based on the relative wheel speeds. The
optimum wheel speed difference is determined by the ECU in order to maintain
the 9) ...wheel position.

If a vehicle with active yaw control begins to 10) ...in a manner inconsistent
with the steering wheel position, torque from the outside wheel will be
transferred to the inside wheel. This torque difference will produce a yawing
motion in the direction necessary to correct the car's rotation.

1. a) instability b) stability ¢) equilibrium d) durability
2. a)performance b) conduct c) action d) behaviour
3. a)cruiser b) ship c) engine d) vehicle

4. a)taken b) applied c) put d) conducted
5. a)grasp b) clinch c) clutch d) grip

6. a) moment b) torque c) touch d) speed
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7. a)rings b) tyres c) circles d) wheels

8. a) determined b) defined c) refined d) measured
9. a)controlling b) steering c) directing d) managing
10. a) accelerate b) revolve c) rotate d) turn

Lesson 3.The Electronic Valve Timing Control

Vocabulary notes:

Electronic Valve Timing Control — enektponHa cucrema 3MiHH a3
ra3opo3mnoiy;

camshaft — po3noainpHUN/KYTauKOBUN BaT,

lobe— kyna4ox po3moAiILHOTO Bally;

RPM (Revolutions per minute) — 06epTu 3a XBUIUHY;
Engine power output — KopricHa NOTY>KHICTb JABUTYHA;
actuator — npuBiJ, MEXaHI3M;

valve timing — ¢a3u razopo3noainy;

spring-loaded valve — nnpyxuHHUI KJ1anax;
crankshaft — koaiHUacTH Ban, KOJIHBA;

electric solenoid— enexTpomarHir;

lifter — mTOBXay KjanaHa, KyJ1adok;

timing chain — naHIror ra30po3MOAIBHOTO MEXaHI3MY;
intake valve — BnyckHuUl Ki1anas;

exhaust valve — BunyCkHui KJarnas

Electronic Valve Timing Control
The valves in an internal combustion engine open and close to both allow
the fuel-air mixture to enter the cylinder prior to combustion, as well as to allow
the exhaust gases to exit the cylinder after combustion. In most engines, the
valves are opened by lobes connected to the camshaft. The shape of these lobes
determines the lift, timing and duration of each valve opening. In an engine with
fixed valve timing, the timing is not optimal for all engine speeds. For example,
if a camshatft is designed to operate the valves for optimal timing at low RPMs,
then at higher RPMs each cylinder would be deprived of sufficient fuel and air
mixture, limiting the engine power output. Conversely, if optimized for high
RPMs, the vehicle would experience rough idling at low RPMs. There are
several methods for changing the valve timing, such as using multiple camshafts
or eliminating the camshaft altogether; altering the timing of the intake
camshaft; and controlling the valve timing with electronic, hydraulic or
pneumatic actuators. Variable valve timing can significantly increase both the

power and fuel efficiency of an internal combustion engine.
Electronic valve control (EVC) systems attempt to optimize the valve timing
over the entire range of possible engine speeds. Most existing systems
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manipulate the valve timing using a computer controlled actuator attached to the
camshaft. Sometimes two camshafts are used, one to control the intake valves
and the other to control the exhaust valves. The camshaft may have two sets of
lobes, where one set is designed for low and the other for high RPMs. As the
camshaft rotates, the lobes push open the spring-loaded valves, which are then
closed by the force of springs. An electronic control unit (ECU) selects which
set of lobes to use based on the engine speed. Another approach to variable
valve timing employs a cam phasing mechanism to monitor and adjust the
rotation of the camshaft relative to the rotation of the crankshaft.

There are other mechanical/electrical methods that come one step closer to
eliminating the camshaft altogether. Three of these methods are electro-
pneumatic valves (EPV), electro-hydraulic valves (EHV), and electromagnetic
valves (EMV). EPV and EHV use clectric solenoids to control the flow of
compressed air or hydraulic fluid to the valves at the appropriate time. Existing
EPV and EHV systems generally eliminate the spring mechanism but still
employ the cam. EPV systems are commonly found on Formula One engines
and EHV systems are being employed by the engines on all new BMW vehicles.
Electromagnetic valves control the valve opening directly with a solenoid and
thus eliminates camshafts as well as many other related components including
lifters and timing chains. Engines of this design as under currently undergoing
development have only made it into prototype stages. Engines with EMV
systems and are commonly referred to as "camless engines". EMV systems have
yet to come to market because of the expense as well as the power required to
operate the actuator. EMV systems as opposed to other variable valve timing
systems allow for nearly infinite combinations of duration, lift, and phase of
both the intake and exhaust valves allowing for greatly improved control over
engine performance characteristics reducing emissions, increasing low end
torque and increasing peak horsepower.

Exercise 1. Answer the following questions.

1. What are the two types of valves used in the internal combustion engine?
2. What parts of the camshaft are valves opened by? 3. What is fixed valve
timing, variable valve timing? Which is better option for a vehicle driving
performance and why? 4. What is an electronic valve control system? 5. What
solutions are typically used in electronic valve control systems to optimize the
valve timing? 6. What is a cam phasing mechanism used for? 7. What are some
methods to partially eliminate the camshaft/s? 8. Why could the EMV systems
be a revolutionary solution to variable valve timing?

Exercise 2.Translate the following words and word combinations into
Ukrainian.

combustion, exhaust gases, fixed valve timing, camshaft, optimal timing, low
RPMs, high RPMs, engine power output, rough idling, pneumatic actuator, fuel
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efficiency, engine speed, intake valves, exhaust valves, rotation of the camshaft
relative to the rotation of the crankshaft, electric solenoid, lifter, timing chain,
engine performance characteristics, to reduce emissions, low end torque, peak
horsepower

Exercise 3. Translate the following words and word combinations into
English using the text.

JIBUTYH BHYTPILIIHBOTO 3TOPaHHA, MajbHAa CyMIll, €JIEKTPOHHA CHUCTeMa 3MiHU
da3 razopo3moalTy, HEPIBHOMIPDHUN XOJOCTHH XiJ, PO3MOMIIBHUN Bal
BITYCKHHMX KJIaNaHiB, IMHEBMATHYHHUA TPUBIM, 00epTAaTHUCS, KOJTIHYACTHIA Bal,
JAHIIOT Ta30pO3MOAUIBHOIO MEXaHI3My, MaKCUMaJIbHUN 00epTalbHUI MOMEHT
Opu HU3BKHX o00epTax [ABUTYHAa, €KOHOMiS NalvBa, MNPYKUHHUN KIalaH,
IITOBXa4 KJamaHa, eNeKTPOHHUH OJOK KepyBaHHs, BIZHOCHO 00epTiB
KOJIIHYACTOTO BaJly, BITyCKHUH KJIamaH, BUITyCKHUH KJlamaH

Exercise 4.Match the terms with their Ukrainian Equivalents.

1) fuel-air mixture a) (as3u razoposnoainy

2) crankshaft b) HH3BKI 00epTH

3) actuator C) JAHIJIOT Ta30pO3MOALIBHOIO
MEXaHI3My

4) electric solenoid d) komHYacTu# Bal

5) low RPM €) eKCIUTyaTallliiHl  XapaKTepUCTUKU
JBUTYHA

6) fuel efficiency f) emexkTpomarHiT

7) timing chain g) eIEeKTPOHHUN MEXaHi3M

8) engine performance h) exkoHoMis manuBa

characteristics
9) valve timing 1) TajabHa CyMIIll
10) electronic actuator j) TPHUBII, MEXaHI3M

Exercise 5.Insert the necessary words to complete the sentences.

1. In a ... engine, the valve timing is the precise timing of the opening and
closing of the valves.
a) electric b) piston c) jet d) rotor

2. In four-stroke cycle engines and some two-stroke cycle engines, the valve
timing is controlled by the ... .
a) crankshaft b) piston c) driver d) camshaft

3. The ... valve is opened before the exhaust gases have completely left the
cylinder.
a) exhaust b) intake c) drive d) ignition
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4. VTEC (Variable Valve Timing and Lift Electronic Control) was initially
designed to increase the power ... of an engine to 100 HP/litre.
a) output b) input ¢) production d) development

5. VTEC is an electronic and mechanical system in some Honda engines that
allows the engine to have ... camshafts.
a) single b) triangle c) turbo-charged  d) multiple

6. As the camshaft spins, the ... open and close the intake and exhaust valves in
time with the motion of the piston.
a) actuators b) lobes c¢) switch d) crankshaft

7. In single and double overhead cam engines cams are driven by the ... via a
belt or chain (called the timing belt or timing chain).
a) piston b) valve ¢) pushrod d) crankshaft

8. The motion of the camshaft controls the action of the engine valves, which
then regulates the amount of the air/fuel mixture that ... the engine.
a) powers b) deforces c) forces d) charges

9. The valves within an internal combustion engine are used to control the flow
of the intake and exhaust gases into and out of the combustion... .
a) room b) tank ¢) chamber d) camera

10. The camshaft is driven by the crankshaft through ... belts, gears or chains.
a) time b) timing ¢) timed d) timeless

Lesson 4. Cylinder Deactivation Systems

Vocabulary notes:

peak performance— MmakcuManbH1 €KCIUTyaTallliiHI XapaKTEPUCTUKH;
combustion pressure — THCK B KaMepi 3TOPSHHS;

to disable the cylinder — neakTuByBaTH ITUITIHAD;

engine displacement — po6ouuii 00’eM IBUTYHA;

throttle valve — npocenbHa 3aciiHka;

hydraulic lifter — rinpokommnencaTop;

line-up — MmoaenbHUIM psf;

rocker arm — KopoMHcIIO KJanaHa;

pushrod-— mroBxau/mranra KjiamnaHa;

to push/put into a backburner — Biki1acTH B JOBIUH SIIHUK;
variable compression — 3MiHa CTyleHs CTUCHEHHS,

pushrod engines — IBUTYHU 3 HI>KHIM pO3TalllyBaHHSM PO3MOAUIBHOIO BaJla;
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overhead cam engines — TBUTYHU 3 BEPXHIM PO3TALIyBaHHIM PO3MOIIILHOTO
Baja
Cylinder Deactivation Systems

Cylinder deactivation systems selectively disable some of the cylinders in an
internal combustion engine to improve fuel economy when the full power of the
engine is not required. When power requirements from the engine are low, the
engine does not run at its peak performance level. The throttle air intake is
minimal and the intake of air to the cylinders is more difficult. Not only is more
force required to overcome the internal vacuum, but the cylinders are not
completely filled with air. With less air in the cylinder, the combustion pressure
is reduced. This situation is commonly referred to as pumping loss and can
significantly reduce the efficiency of the engine.

Cylinder deactivation effectively decreases the displacement of the engine.
As a result, for a given load on the engine, the throttle valve is more open
allowing better air flow. Allowing the cylinder pressure to be closer to the
optimal level increases the efficiency of the engine.

Cylinder Deactivation History

The first production cars to implement cylinder deactivation for increased
fuel efficiency were from the 1981 Cadillac lineup. GM, in conjunction with
Eaton Corporation, designed a six liter engine that had the ability to change from
eight to six to four cylinders. Controlling the deactivation of the cylinders was a
microprocessor that determined, based on throttle input, which and how many of
the cylinders to shut off.

The microprocessor then controlled a solenoid that moved the desired
cylinder's valve rocker arms. The arms were moved to a position where the
pushrod would not actuate the valves forcing them to remain closed. The
microprocessor would also stop the fuel delivery and spark to the deactivated
cylinder.

Soon after, Mitsubishi implemented their own type of cylinder deactivation,
known as modulated displacement. Based on the same principles as Cadillac's
design, Mitsubishi designed a four cylinder engine that was capable of
deactivating two of its cylinders. Both designs were not well received by the
public and cylinder deactivation was pushed to a back burner. Now, companies
including Mercedes-Benz (and DCX), GM, and Honda have brought back the
idea of cylinder deactivation along with new ideas that include variable valve
timing and variable compression.

Cylinder Deactivation Today

Engines today have two main designs: the pushrod design and overhead cam
design. For both designs, the function of cylinder deactivation is to close both
the intake and exhaust valves and stop the fuel injection into the deactivated
cylinder. Control over all components of cylinder deactivation comes from the
engine control module (ECM). The ECM acquires information from many
sensors to decide when to initiate cylinder deactivation.
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In pushrod engines, similar to the Cadillac V8 - 6 - 4, the valve rocker or
lifter arms are either moved or not allowed to function. Both options are
actuated by solenoids to control either the hydraulic lifters or mechanical lifter
arms. This control stops the actuation of both the intake and exhaust valves.

On the overhead cam engines, a solenoid regulates the oil pressure to allow
separate movement of the two rockers for a single valve. In a standard overhead
cam engine, one set of rocker arms controls one valve with the input from the
camshaft. Therefore, when cylinder deactivation takes place, the connection
between the two hydraulically locked arms are separated.

The U.S. Dept. of Energy estimates that cylinder deactivation systems
improve fuel efficiency by about 7.5%. This technology has quickly grown in
popularity. Honda has its own system for certain V6 powered Odysseys,
Accords, and Pilots. GM has introduced cylinder deactivation on the V6 engines
of the Chevrolet Uplander and Impala.

Exercise 1. Answer the following questions.

1. What is the main function of the cylinder deactivation system? 2. When does
the engine run at its peak performance level? 3. When does the decompression
in the cylinder occur? 4. What may optimize the efficiency of the 6 -12 cylinder
engine? 5. What automobile companies were the first to introduce the cylinder
deactivation system? 6. What company introduced a modulated displacement as
a new type of cylinder deactivation? 7. What are the two types of camshaft
arrangement in the internal combustion engine? 8. How does the cylinder
deactivation system work in pushrod engines? Overhead engines? 9. What can
be the fuel efficiency provided the cylinder deactivation system is enabled?

Exercise 2.Translate the following words and word combinations into
Ukrainian using the text.

peak performance, to disable some of the cylinders, throttle air intake, to
overcome the internal vacuum, the combustion pressure, pumping loss, the
throttle valve, efficiency of the engine, fuel efficiency, six liter engine, throttle
input, fuel delivery

Exercise 3. Translate the following words and word combinations into
English.

MakCUMajbHI  €KCIUTyaTalliiHI  XapaKTepUCTHKH  JABUTYHA,  BHYTpIIIHE
PO3pIKEHHS, TUCK Yy IHJIIHAPI, KOPOMHUCJIO KiamaHa, O-TH LHIIHAPOBUMN
JIBUTYH, KUTBKICTh MTOa4i MajvBa (IMKIJIOBA M0/1a4a), ITOBXAa4/IITaHra KJanaHa,
MOJEIBHUM  psifi, BIYCKHUI/BUIYCKHUN  KJamaH, CTYHiHb CTHUCHEHHS,
BIIOPCKYBAaHHS NaJMBa, JBUILYH 3  HWKHIM/BEPXHIM  pO3TalllyBaHHSIM
PO3MOIBHOIO Bajia
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Exercise 4. Match the term with its Ukrainian equivalent.

1) throttle valve a) poOounii 06’eM IBUTYHA
2) combustion pressure b) ickpa 3ananaroBaHHS

3) engine displacement C) KOpPOMMCIIO KJanaHa

4) rocker arm d) BHmopckyBaHHS MajquBa
5) pushrod €) WITOBXay/IITaHra KJiaraHa
6) fuel efficiency f) xnaman

7) throttle input g) MOJAEIbHHUM psf

8) fuel injection h) exoHoMmis manuBa

9) spark 1) IMKIJIOBA IO/a4a MajanBa
10) valve j) IpocenbHA 3aciiHKa

11) lineup k) Tuck B kamepi 3ropsiHHS

Exercise 5. Insert the necessary words to complete the sentences.

1. Cylinder deactivation is used to reduce the fuel ... and emissions of an
internal combustion engine.
a) resolution b) consumption c) efficiency d) economy

2. Cylinder deactivation is achieved by keeping the intake and exhaust ... closed
for a particular cylinder.
a) stroke b) fuel ¢) manifolds d) valves

3. Cylinder deactivation is applied to relatively large ... engines that are
particularly inefficient at light load.
a) atmospheric b) displacement c) supercharged d) cylinder

4. There are currently two main types of cylinder ... used today, depending on
the type of engine.
a) displacement b) detonation c¢) deactivation d) disintegration

5. When a cylinder is deactivated, solenoid-controlled oil pressure releases a
locking pin between the two ... arms.
a) rocker b) fore c) breaker d) variable

6. After the price of oil surged in 2008, consumers were looking for a more fuel

... car without sacrificing peak power.
a) effective b) consuming ¢) reducing d) efficient

7. An overhead engine uses ... to actuate rocker arms above the cylinder head.
a) pushrods b) pistons c) pins d) bars

67



8. In a fuel-injected engine, the throttle ... is placed on the entrance of the intake
manifold, or housed in the throttle body.
a) hose b) cap c) valve d) bar

9. The function of cylinder deactivation is to close both the intake and exhaust
valves and stop the ... injection into the deactivated cylinder.
a) air b) fuel c) direct d) common rail

10. A hydraulic ... is operated either by a rocker mechanism, or in the case of
one or more overhead camshafts, directly by the camshaft.
a) elevator b) lifter c) brake d) pump

Exercise 6.Fill in the blanks with the appropriate words.

In a nutshell, cylinder deactivation is simply keeping the intake and exhaust
1) ... closed through all cycles for a particular set of cylinders in the engine.
Depending on the design of the engine, valve actuation is controlled by one of
two common methods:

For pushrod designs the hydraulic valve 2) ... are collapsed by using
solenoids to alter the oil pressure delivered to the lifters. In their collapsed state,
the lifters are unable to elevate their companion 3) ... under the valve rocker
arms. The valves cannot be 4) ... and remain closed.

For overhead cam designs, generally a pair of locked-together rocker arms
is employed for each valve. One rocker follows the 5) ... profile while the other
actuates the valve. When a cylinder is deactivated, solenoid controlled oil
pressure releases a locking pin between the two rocker arms. While one arm still
follows the camshaft, the unlocked arm remains 6) ... and unable to activate the
valve.

By forcing the engine valves to remain closed, an effective “spring” of air is
created inside the deactivated cylinders. Trapped 7) ... gasses (from previous
cycles before the cylinders were deactivated) are compressed as the pistons
travel on their upstroke and then decompressed and push back on the pistons as
they return on their down stroke. Because the deactivated cylinders are out of
phase, (some pistons traveling up while others are traveling down), the overall
effect is equalized.

To complete the process, fuel delivery for each deactivated cylinder is cut-
off by electronically disabling the appropriate fuel injection8)... . The transition
between normal operation and deactivation is smoothed by subtle changes in
ignition and camshaft 9) ... as well as throttle position all managed by
sophisticated electronic control systems. In a well-designed and executed
system, the switching back-and-forth between both modes is seamless — you
really don’t feel any difference and have to consult the 10) ... gauges to know
that it's happened.
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1. a)strokes b) valves ¢) manifolds d) lines

2. a)devices b) elevators c) openers d) lifters

3. a)pushrods b) pins c) stiffs d) pistons

4. a)introduced b) involved c) deactivated d) actuated
5. a)cam b) crank c) come d) can

6. a) speechless b) motionless c) still d) static

7. a)input b) intake c) exhaust d) output

8. a)plugs b) nozzles c) tanks d) openings
9. a)timing b) steering c) directing d) managing
10. a) trash b) hash c) dash d) brush

Lesson 5. Electric Power Steering

Vocabulary notes:

torque — o6epTaTbHUN MOMEHT;

electric power steering — eleKkTpomiACHIIOBaY KepMma (CUCTeMa IiJCHUIICHHS
KEpYBaHHS 3 €JIEKTPUYHUM IT1JICUITIOBAYEM);

hydraulic power steering — rimpo mifcwIOBad KepMa;(cucTeMa TiACHICHHS
KEepPYBaHHSI 3 T1PaBIIYHUM ITiICUITIOBAYEM);

hose — nmnianr, naTpyook, pykas;

drive belt — peminb npuBomy;

pulley — mikis;

variable power assist— migcumoBau (kepma) 31 3MIHHUM KOE(IIIEHTOM
I CHIICHHS,

steering gear — 1ecTepHs pyJIbOBOIO MEXaHI3MY, PYJIbOBUM MEXaHI3M;

forms of EPS: 1) column assist type (C-EPS); 2) pinion assist type (P-EPS);
3) direct drive type (D-EPS); 4) rack assist type (R-EPS) — Bapiantu
KOHCTPYKIIi €JEeKTPOIiJICUIIoBaYa KepMa: 1) 3 po3ranryBaHHSIM IPHUBOAY Ha
KEpMOBIN KOJOHIN; 2) pelkoBoro Tumy; 3) OesnocepeaHboro tumy; 4) 3
pO3TallyBaHHSIM MPUBOIY Ha KEPMOBIN peiili;

power assist unit — miacumoBay;

pinion shaft — Ban 3y6uaroro kosneca (mectepHi KOHIYHOTO THITY);

fail-safe mechanism — 3amo0ikHUI MeXaHI3M;

steer-by-wire — cepBomnpusiz;

Electric Power Steering
Power steering systems supplement the torque that the driver applies to the
steering wheel. Traditional power steering systems are hydraulic systems, but
electric power steering (EPS) is becoming much more common. EPS eliminates
many HPS components such as the pump, hoses, fluid, drive belt, and pulley.
For this reason electric steering systems tend to be smaller and lighter than
hydraulic systems.
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EPS systems have variable power assist, which provides more assistance as
the speed of a vehicle decreases and less assistance at higher speeds. They do
not need any significant power to operate when no steering assistance is
required. For this reason, they are more energy efficient than hydraulic systems.

How the system works

The EPS electronic control unit (ECU) calculates the assisting power needed
based on the torque being applied to the steering wheel by the driver, the
steering wheel position and the vehicle’s speed. The EPS motor rotates a
steering gear with an applied force that reduces the torque required from the
driver.

There are four forms of EPS based on the position of the assist motor. They
are the column assist type (C-EPS), the pinion assist type (P-EPS), the direct
drive type (D-EPS) and the rack assist type (R-EPS). The C-EPS type has a
power assist unit, torque sensor, and controller all connected to the steering
column. In the P-EPS system , the power assist unit is connected to the steering
gear's pinion shaft. This type of system works well in small cars. The D-EPS
system has low inertia and friction because the steering gear and assist unit are a
single unit. The R-EPS type has the assist unit connected to the steering gear. R-
EPS systems can be used on mid- to full-sized vehicles due to their very
relatively low inertia from high reduction gear ratios.

Unlike a hydraulic power steering system that continuously drives a
hydraulic pump, the efficiency advantage of an EPS system is that it powers the
EPS motor only when necessary. This results in reduced vehicle fuel
consumption compared to the same vehicle with an HPS system. These systems
can be tuned by simply modifying the software controlling the ECU. This
provides a unique and cost effective opportunity to adjust the steering "feel" to
suit the automotive model class. Additional advantages of EPS is its ability to
compensate for one-sided forces such as a flat tire. It is also capable of steering
in emergency maneuvers in conjunction with the electronic stability control.

In current-day systems, there is always a mechanical connection between the
steering wheel and the steering gear. For safety reasons, it is important that a
failure in the electronics never result in a situation where the motor prevents the
driver from steering the vehicle. EPS systems incorporate fail-safe mechanisms
that disconnect power from the motor in the event that a problem with the ECU
is detected.

The next step in electronic steering is to remove the remaining mechanical
components and to convert to pure electronic steering, which is referred to as
steer-by-wire (SBW). This functions by transmitting digital signals to one or
more remote electric motors instead of a rack and pinion assembly, which in-
turn steers the vehicle. The 2014 Infinity Q50 is the first commercial vehicle to
implement SBW. Although there is normally no direct mechanical linkage, the
Q50 has a mechanical back-up. Under a failure, a clutch engages to restore the
driver's mechanical control. As with throttle control systems, it is likely that
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SBW will become the standard once the electronic controls prove to be safer and
more reliable than the current hybrid systems.

Exercise 1. Answer the following questions.

1. What are the two types of power steering? Which system is smaller, lighter
and more energy efficient? 2. How does the EPS system work? 3. What are the
forms of EPS based on the position of the assist motor? 4. What are the
operating principles of column assist type, direct drive type, rack assist type of
electric power steering? 5. How is the EPS system different from the HPS
system? 6. What are some other advantages of EPS over HPS? 7. Does a driver
lose control of a vehicle should any failure in electronics occur? 8. What is
steer-by-wire option? Do you think it is advantageous? Why?

Exercise 2. Sate whether the following sentences are true or false.

1. Power steering systems boost the torque that the driver applies to the steering
wheel.

2. EPS systems are considered to be traditional ones.

3. EPS systems do not need any significant power to operate when no steering
assistance is required.

4. There are four forms of EPS based on the position of the assist motor.

5. In the P-EPS system, the power assist unit is connected to the steering gear's
pinion steering column.

6. The D-EPS system has low inertia and friction because the steering gear and
assist unit are a single unit.

7. R-EPS systems can be used on mid- to full-sized vehicles.

8. In current-day systems there is not a mechanical connection between the
steering wheel and the steering gear.

9. For safety reasons the EPS systems incorporate fail-safe mechanisms that
disconnect power from the motor in the event that a problem with the ECU is
detected.

10. Introduction of steer-by-wire option will eliminate the mechanical
components within steering mechanism.

11. SBW will become the standard as soon as the electronic controls become
safer and more reliable than the current hybrid systems.

Exercise 3. Translate the following words and word combinations into
Ukrainian.

power steering systems, steering wheel, hose, fluid, drive belt, pulley, variable
power assist, energy efficient, electronic control unit, steering wheel position,
steering gear, torque sensor, steering column, single unit, vehicle fuel
consumption, emergency maneuvers, mechanical connection, failure in the
electronics, to result in, to transmit digital signals, commercial vehicle
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Exercise 4. Find English equivalents for the following terms in the text.
TiApaBIIYHUN TiACUIIOBAY KepMa, peMiHb MPUBOY, IIKIB, €eHEProe(heKTUBHUMI
(6eKOHOMHHUI), TIACKUIIOBAY 31 3MIHHUM KOE(IIIEHTOM TiJICUJIEHHS, IaTYUK
00€pTOBOr0 MOMEHTY, BHCOKHUM CTYIiHb CHJIOBOTO 3YCHJUIS, TiJpaBlIiuHUM
Hacoc, CHyIlleHa IIWHA, CEePBOIPHUBIA, 3amOODLKHUN MeXaHi3M,Bajl 3yOdaToro
KoJieca, TiepejaBaTH CUTHAN, MEXaHiuHe IIeTJICHHS BAKUTLHOTO THITY

Exercise 5.Match the terms with their Ukrainian equivalents.

1) drive belt a) IIeCTepHS PyIHOBOTO MEXaHI3MY
2) steering gear b) cepBomnpuBiz

3) power assist unit C) pYJIbOBa KOJOHKA

4) fail-safe mechanism d) perymnsTop

5) steer-by-wire €) 3MEHIIUTH 00epTOBE 3yCHILIA

6) fluid f) Tepta

7) to reduce the torque g) PpeMiHb NPUBOY

8) steering column h) 3anoOixHUIT MexaH13M

9) controller 1) (poboua) piguHa

10) friction j) miacuioBay

Exercise 6.Insert the necessary words to complete the sentences.

1. The steering ... is the part of the steering system that is manipulated by the
driver.
a) gear b) wheel c) shaft d) controller

2. Modern vehicles are fitted with a steering ... which is an anti-theft device.
a) lock b) timer c) dog d) actuator

3. Power steering provides some ... of forces acting on the front wheels to give
an ongoing sense of how the wheels are interacting with the road.
a) feel b) backup c) reaction d) feedback

4. The power-steering system ... still permits the vehicle to be steered using
manual effort alone.
a) failure b) break ¢) corruption d) collision

5. Many modern cars use rack and ... steering mechanisms.
a) beam b) pinion c) bar d) crankshaft

6. A hydraulic power steering (HPS) uses hydraulic pressure supplied by an
engine-driven ... to assist the motion of turning the steering wheel.

a) pump b) servomechanism c¢) belt d) pulley
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7. Four-wheel steering is a system employed by some vehicles to improve

steering... , increase vehicle stability while maneuvering at high speed, or to
decrease turning radius at low speed.
a) response b) feedback c) answer d) reaction

8. In EPS the amount of ... is easily tunable to the vehicle type, road speed, and
even driver preference.
a) addition b) help c) torque d) assistance

9. Sensors detect the position and torque of the steering... , and a computer
module applies assistive torque via the motor, which connects to either the
steering gear or steering column.

a) rack b) column c) spoke d) assistance

10. The aim of steer-by-... technology is to completely do without as many
mechanical components (steering shaft, column, gear reduction mechanism, etc.)
as possible.

a) rack b) column c) wire d) sense

Exercise 7. Fill in the blanks with appropriate terms.

Passive rear wheel steering

Many modern vehicles have passive rear steering. On many vehicles, whenl)...
, the rear wheels tend to steer slightly to the outside of a turn, which can reduce
stability. The passive steering system uses lateral forces generated in a turn
(through suspension geometry) and the bushings to correct this tendency and 2)
... the wheels slightly to the inside of the corner. This 3) ... the stability of the
car, through the turn. This effect is called compliance understeer and it is present
on all suspensions. Typical methods of achieving compliance understeer are to
use a Watt's Linkage on a live rear axle, or the use of toe control bushings on a
twist beam suspension. On an independent 4) ... suspension it is normally
achieved by changing the rates of the rubber bushings in the suspension. Some
suspensions typically have compliance oversteer due to geometry, such as
Hotchkiss live axles or a semi-trailing arm but may be mitigated by revisions to
the pivot points of the leaf spring or trailing5)... .

Passive rear wheel steering is not a new concept, as it has been in use for many
years, although not always recognised as such.

1) a) cornering b) overtaking c) swerving d) accelerating
2) a)rotate b) brake c) steer d) curve

3) a) decreases b) corrupts Cc) approves d) improves
4) a)back b) front c) side d) rear

5) a)bar b) couple c) rack d)arm
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Lesson 6. The Hill Hold Control

Vocabulary notes:

Hill Hold Control — cuctema KOHTPOJIIO yTpUMaHHS aBTOMOO1ISI HA CXUJII;
steep incline — kpyTuii cXu;

brake pedal travel sensor — 1aTuuk X0y TaJIbMiBHOI IealIi;

master cylinder pressure sensor — 1aT4YUK TUCKY B TOJIOBHOMY IIMUTIH/PI;
gradient of the incline — xpyTu3sHa cxuiy;

exit criteria of the system— xputepiii feakTuBaIlii cCUCTEMHU;

entrance criteria — kpuTepiil akTuBaIlii;

two-position clutch switch — nBono3uniiinuii nepeMmukay 34eryieHHS;
longitudinal acceleration sensor — 1aTYMK MO310BXHBOI0 IPUCKOPEHHS;
rolling — ckouyBaHH;

gear engagement — BKJIFOUECHHS IIepe/iayi,

The Hill Hold Control

When starting a vehicle from a stationary position on a steep incline, a
driver has to coordinate the application and release of the clutch, brake and
accelerator pedals in a manual transmission car. This unsafe situation can be a
frustrating experience. Hill hold control systems assist the driver in these
situations by keeping the brakes activated until torque from the engine is applied
to wheels.

There are basically three types of hill-hold systems used in vehicles today.

Basic-Level System:

The sensors used in the most basic hill-hold systems are a brake pedal
travel sensor, a master cylinder pressure sensor, wheel speed sensors and
throttle position sensor. Hill hold takes place after the vehicle comes to a
complete stop with the driver’s foot on the brake which is determined by the
brake pedal travel sensor. The required torque to be applied for the hill hold
function is calculated based on the amount of torque required to keep the vehicle
stationary. The torque applied is a function of the pressure applied to the brakes,
which is determined by the master cylinder pressure sensor. When the brake
pedal is released, Hill Hold Control is activated maintaining the appropriate
brake pressure until the throttle is applied.

The limitation of the basic-level system is that it’s independent on the
gradient of the incline. Therefore, if the conditions required to activate Hill
Hold Control (entrance criteria) are satisfied, then the system will be activated
whether the surface has a positive, negative or zero gradient. The ‘exit criteria’
of the system is based only on throttle position.

Medium-Level System

This 1s a balance between a basic-level system and an up-level system. The
sensors used in this system are a brake pedal travel sensor, two-position clutch
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switch (for manual transmission vehicles), longitudinal acceleration sensor
and wheel speed sensor. The system also requires inputs when the driver
activates reverse gear as well as the throttle position, both of which are obtained
from the vehicle.

The entrance criteria of a mid-level system is different when the vehicle is
on an incline and when it’s on a decline. In the case, when a vehicle 1s on an
incline, 4 conditions must be satisfied:

1. The vehicle must come to a complete stop;

2. The incline must be sufficiently steep to require the use of hill hold
control as determined by the longitudinal acceleration sensor;

3. The clutch must be completely depressed or close to full travel
(manual transmissions only).

When on a decline, an additional condition is required. The reverse gear
must be engaged. This indicates to the system that the driver is trying to back up
a hill without rolling forward. The exit criteria or deactivation of hill hold
control is based on either of two independent conditions. The first is an
indication that the driver wants to move the vehicle. This may be indicated by
the following:

1. The clutch pedal being released to the point of gear engagement
(which is detected by the second clutch switch);

2. An appropriate amount of throttle being applied for the vehicle to
start moving (a higher amount of throttle must be applied when the
vehicle is moving up a steeper incline).

The second is the brake being applied in any of the following conditions:

1. When the vehicle is stopped on a positive incline and the clutch is
released (indicating neutral is engaged);

2. The clutch is pressed and reverse gear is engaged while the vehicle
is stopped on an incline;

3. The vehicle is stopped on a decline and the clutch is released.

If the brake is applied in any of the above conditions, it means that the driver
wants to let the vehicle roll in the direction of the slope. Hill hold control is
deactivated by reducing the torque applied on the wheels to stop the car at a rate
proportional to the slope. This gives the mid-level system a very natural feel.

Up-Level System

The up-level system is similar to the mid-level system, except that it has the
following extra features:

1. A clutch travel sensor for determining the speed with the clutch
pedal is pressed or released (to allow the system apply and release the
brakes accordingly);

2. An additional hill-descent feature that enables the system to reverse
the vehicle when going downhill.

Different manufacturers implement hill hold in different ways. Subaru has a
mechanical version of hill hold control on their cars. Bosch has an electronic
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control that activates the brakes for 2 seconds to give the driver time to start the
vehicle.

Exercise 1. Answer the following questions.

1. What is the Hill Hold Control System used for? 2. What types of hill-hold
systems are used in vehicles today? 3. What sensors are used in the most basic
hill-hold systems? 4. When is the hill-hold control system activated? 5. Is the
system dependent on the gradient of the incline? 6. When is the hill-hold system
deactivated? 7. What sensors does the medium-level hill-hold system include?
8. What conditions must be met for the medium-level system to be activated?
9. When is the medium-level system disengaged? 10. What is the up-level hill-
hold system different from medium-level one?

Exercise 2. Say whether the following statements are true or false.

1. There are four types of hill-hold systems used in vehicles today.

2. The sensors used in the most basic hill-hold systems are a brake pedal travel
sensor, a master cylinder pressure sensor, wheel speed sensors and a throttle
position sensor.

3. The limitation of the basic-level system is that it’s dependent on the gradient
of the incline.

4. The ‘exit criteria’ of the basic-level system is based only on throttle position.
5. To activate the middle level system a driver has to stop the vehicle, make sure
that the slope is steep enough and depress the clutch pedal.

6. The up-level system is similar to the mid-level system but it has two extra
features.

7. Different manufacturers implement the hill hold control system in different
ways.

Exercise 3. Translate the following words and word combinations into
Ukrainian.

stationary position, release of the clutch pedal, wheel speed sensors, brake pedal
travel sensor, pressure applied to the brakes, master cylinder, manual
transmission, reverse gear, to back up a hill, rolling forward, slope, hill-descent
feature, to start the vehicle.

Exercise 4. Translate the following words and word combinations into
English using the text.

KPYTUH CITyCK, 3aHs Tiepeada, meAaib akceaeparopa, JaTYuK X0y TajJbMiBHOI
neaani, JaTYMK TUCKY B TOJOBHOMY LMJIHAPI, KPyTH3HA CXUIY, aBTOMOOLI 3
MEXaHIYHOI0 KOPOOKOIO Tepenad, JaTYMK MIBUAKOCTI 00epTaHHs Kojeca, 3aHs
nepeaaya, I€aKTUBAIlisl CHCTEMH, CKOTUTHCS, TOJaTKOBI OIIIii, 3aA15ITH TaJIbMa.

Exercise 5.Match the terms with their Ukrainian equivalents.

1. rolling a) JBOMO3UIIAHUI NepeMuKay
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34YCIIJICHHSA

2. reverse gear b) BiAMyCTUTHU NEeab 3YETIICHHS

3. to keep the vehicle stationary C) CKOYYBaHHS

4. master cylinder d) BriIIOYEHHS mepenayi

5. two-position clutch switch €) PYXaTUCh 3aJIHIM XOJIOM

6. to back up f) xpytuii cxun

7. gear engagement g) TOJOBHUU IWIIHAP

8. to release the clutch pedal h) 3amus mepenaua

9. steep slope 1) JaT4MK X0y TaJbMIiBHOI Meaami
10. brake pedal travel sensor j) yTpuMmyBatu aBTOMOO1JTb B

HEPYXOMOMY TOJIOKEHHI1
Exercise 6. Fill in the blanks with the appropriate words.

1. Hill Descent Control is an electronically controlled feature that assists drivers
during certain off road manoeuvres by controlling the speed at which a vehicle
proceeds down ... hills.

a) flat b) steep c) step d) mountainous

2. The driver can speed up or slow down the vehicle with the ... pedal or brake
pedal respectively.
a) reverse b) hand c) clutch d) throttle

3. Hill Descent Control works in sync with the vehicle’s Anti-lock Braking
System (ABS) and Traction Control System (TCS) to ensure that no individual

wheel loses ... on loose or slippery surfaces and prevents the wheels from
locking if you jam the brakes.
a) friction b) traction c) control d) tyre

4. The job of the wheel speed sensor is to constantly monitor and report the ...
speed of each tire to the ABS control module.

a) rotational b) torque c) acceleration d) rolling

5. ... transmissions often feature a driver-operated clutch and a movable gear
stick.

a) Automatic b) Manual c¢) Variable d) Semi-automatic

6. The term ... refers to any mechanism by which the power or speed of an
engine is regulated.
a) energy b) torque c) throttle d) booster

7. Sensors may ... when a vehicle is following too closely and slow down the
vehicle, straighten up seat backs, and tighten seat belts, avoiding and/or
preparing for a crash.
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a) detect b) calculate c) evaluate d) investigate

8. The term 4x4 was in use to describe North American military ...-wheel-drive
vehicles as early as the 1940s.
a) two b) five c) four d) single

9. The more weight presses on a tire, the more ... it has.
a) traction b) torque ¢) speed d) acceleration

10. Accelerator pedal is a pedal that controls the ... valve.
a) throttle b) torque c) intake d) exhaust

Lesson 7. Four-wheel-drive System

Vocabulary notes:

drivetrain — TpaHncMicisi, cuioBa nepejaya;

simultaneously — ogHo4acHoO;

off-road vehicle — mo3anmaxoBuK;

transfer case— po3naBanbHa KOpoOKa

locking hub — crynuus

drive shaft — xapgannuii Ban

to spin — kpyTuTHcs, odepTarucs;

traction— TsroBe 3yCHIUISA

viscous coupling — Bickomydra

front-axle — mepeHs BiCh, IEpeHIN MICT;

gear set — peIyKTop

concrete — 6eTOH

jerky turn — pi3kuii moBOpoT

drivetrain — TpaHcMicis, peIyKTOpHA Mepeiaya, IpuBiJl Ha BeAyUl KoJieca,
low range — noHmwkeHa nepeaaya, HUHKYUN J1aMa3oH repeaay;
gear ratio — nepeaBajgbHe YHUCIIO;

output speed — MIBUIKICTH HA BIOMOMY Baiy;

hub — crynuug;

half-shaft —niBBics;

wear and tear— 3HOILIEHHS, CIPALIOBAaHHS,

sliding collar— mydTa BimbHOTO X0/Y; TOB3ar04Ya 00o¥Ma (IecTepHi);

Four-wheel-drive System
Four-wheel drive, all-wheel drive, AWD, 4WD, or 4x4 ("four by four") is a
four-wheeled vehicle with a drivetrain that allows all four wheels to receive
torque from the engine simultaneously.
While many people typically associate the term 4x4 with off-road vehicles
and Sport utility vehicles, powering all four wheels provides better control than
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normal road cars on many surfaces and is an important part in the sport of
rallying.

The main parts of any four-wheel-drive system are the two differentials
(front and rear) and the transfer case. In addition, part-time systems have
locking hubs and both types of systems may have advanced electronics that
help them make even better use of the available traction.

Differentials A car has two differentials, one located between the two front
wheels and one between the two rear wheels. They send the torque from the
driveshaft or transmission to the drive wheels. They also allow the left and right
wheels to spin at different speeds when you go around a turn.

When you go around a turn, the inside wheels follow a different path than
the outside wheels, and the front wheels follow a different path than the rear
wheels, so each of the wheels is spinning at a different speed. The differentials
enable the speed difference between the inside and outside wheels.

There are several different kinds of differentials used in cars and trucks. The
types of differentials used can have a significant effect on how well the vehicle
utilizes available traction.

Transfer Case This is the device that splits the power between the front and
rear axles on a four-wheel-drive car.

While the differentials handle the speed difference between the inside and
outside wheels, the transfer case in an all-wheel-drive system contains a device
that allows for a speed difference between the front and rear wheels. This could
be a viscous coupling, center differential or other type of gearset. These devices
allow an all-wheel-drive system to function properly on any surface.

The transfer case on a part-time four-wheel-drive system locks the front-
axle driveshatft to the rear-axle driveshaft, so the wheels are forced to spin at the
same speed. This requires that the tires slip when the car goes around a turn.
Part-time systems should only be used in low-traction situations in which it is
relatively easy for the tires to slip. On dry concrete, it is not easy for the tires to
slip, so the four-wheel drive should be disengaged in order to avoid jerky turns
and extra wear on the tires and drivetrain.

Some transfer cases, more commonly those in part-time systems, also
contain an additional set of gears that give the vehicle a low range. This extra
gear ratio gives the vehicle extra torque and a super-slow output speed. In first
gear in low range, the vehicle might have a top speed of about 5 mph (8 kph),
but incredible torque is produced at the wheels. This allows drivers to slowly
and smoothly creep up very steep hills.

Locking Hubs

Each wheel in a car is bolted to a hub. Part-time four-wheel-drive trucks
usually have locking hubs on the front wheels. When four-wheel drive is not
engaged, the locking hubs are used to disconnect the front wheels from the front
differential, half-shafts (the shafts that connect the differential to the hub) and
driveshaft. This allows the differential, half-shafts and driveshaft to stop
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spinning when the car is in two-wheel drive, saving wear and tear on those
parts and improving fuel-economy.

Manual locking hubs used to be quite common. To engage four-wheel drive,
the driver actually had to get out of the truck and turn a knob on the front wheels
until the hubs locked. Newer systems have automatic locking hubs that are
engaged when the driver switches into four-wheel drive. This type of system can
usually be engaged while the vehicle is moving.

Whether manual or automatic, these systems generally use a sliding collar
that locks the front half-shafts to the hub.

Advanced Electronics

On many modern four-wheel and all-wheel-drive vehicles, advanced
electronics play a key role. Some cars use the ABS system to selectively apply
the brakes to wheels that start to skid — this is called brake-traction control.

Exercise 1. Answer the following questions.

1. What is an All-Wheel Drive vehicle? 2. What are the main parts of any four-
wheel-drive system? 3. How many differentials does a typical personal car
have? 4. What function do differentials carry out? 5. Does a differential allow
the individual wheels to spin at different speed? 6. What is a transfer case? 7.
What are some devices within the transfer case of a four-drive vehicle that allow
wheels to spin at different speed and to function properly on any road surfaces?
8 What device allows drivers to slowly and smoothly creep up very steep hills?
9. What are locking hubs used for? 10. What is a brake-traction control?

Exercise 2. Say whether the following statements are true or false.

1. Four-wheel drive is a four-wheeled vehicle with a drivetrain that allows all
four wheels to receive torque from the engine at the same time.

2. The main parts of any four-wheel-drive system are the three differentials and
the transfer case.

3. The differentials transmit the torque from the driveshaft or transmission to the
drive wheels.

4. The types of differentials used in a car can have a significant effect on how
well the vehicle utilizes available traction.

5. A transfer case is the device that splits the power between the front and rear
axles on a two-wheel-drive car.

6. The transfer case on a part-time four-wheel-drive system locks the front-axle
driveshaft to the rear-axle driveshaft, so the wheels are forced to spin
simultaneously.

7. Some transfer cases also contain an additional set of gears that give the
vehicle a low range.

8. Each wheel in a car is bolted to a driveshaft.
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9. When four-wheel drive is not engaged, the locking hubs are used to
disconnect the front wheels from the front differential, half-shafts and
driveshaft.

10. With manual locking hubs the driver actually had to get out of the truck and
turn a knob on the front wheels to engage four-wheel drive.

11. All-wheel-drive system can usually be engaged while the vehicle is moving.
12.Some cars use the ABS system to selectively apply the brakes to wheels that
start to skid

Exercise 3. Translate the following words and phrases into Ukrainian.

four-wheeled vehicle, to receive torque, advanced electronics, better use of the
available traction, rear wheels, drive wheels, to go around a turn, truck, gearset,
to function properly on any surface, rear-axle driveshaft, to avoid jerky turns,
extra wear, additional set of gears, gear ratio, to disconnect the front wheels
from the front differential, to turn a knob

Exercise 4. Translate the following words and phrases into English.

[ToBHMI1 mpuBim, TpaHCMICig, OOEPTOBHI MOMEHT, TITOBE 3YCHIUIS, BEAyYi
Kojieca, BaHTaXiBKa, TNepeAHs/3aaHs BiCh, HaMIB-BICh, IEHTPAJIbLHUM
mudepeHItiaig, KapjaH, MOHMKCHA Iepeaada, IepelaTodHe YUCIO0, CTYIHII;
MOBHUM TPUBIJI, IO IMIKIIOYAETHCS; aKTUBYBATH CUCTEMY, IMOCTIMHUNA TOBHHM
MIPUBIJ

Exercise 5. Translate the following sentences into English.

1. TloBHmii mpuBiL — 1€ KOHCTPYKIS TpaHCMICii aBTOMOOLIS, KOJIH
obepTaabHUIl MOMEHT, 1[0 CTBOPIOETHCS JBUTYHOM, TEPETAETHCS HA BC1 KoJieca.
2. IloBHuii mpuBIA MOKpallye KEpOBaHICTh aBTOMOOUIS Ha YyCIX BHIAX
JOPOKHBOTO TIOKPHUTTS, a TaKOX J03BOJIAE€ €()EKTUBHINIE BUKOPHUCTOBYBATH
TaroBe 3ycwuist. 3. Po3gaBaibHa KkopoOKa — CIYyXHTb IS PO3MOILTY
00epTaTbHOTO MOMEHTY MiX BEIyYMMH MOCTAaMU 1 BKJIIOYCHHS-BUKIIOUCHHS
nepeaHporo Bemaydoro mocra. 4. Kapaanuuii Ban 3aCTOCOBYEThCS I Mepenadi
00epTAJIBHOTO MOMEHTY BiJl KOpOoOKM mepenad (po3aaBajibHOI KOPOOKH) [0
Beydux MOCTIB. 5. Bickomy(dra — 116 MexaHi3M, 110 BUKOPUCTOBYETHCS JIsI
aBTOMAaTHUYHOTrO OJIoKyBaHHS AudepeHniiany. 6. [liBBick — 1€ BaJl, 110 Mepenae
o0epTalbHUN MOMEHT BeAy4YHM KojecaM. 7. SIK MpaBWJIO MOHIKEHA Iepenadya
Ma€ HU3bKE TMepenaBajbHE YHCIO, IO JO03BOJISE TPAHCIOPTHOMY 3acoly
MaKCHMaJbHO BUKOPHCTOBYBATH 00CpTaTbHUI MOMEHT JBUTYHA.

Exercise6.Match the terms with their equivalents.

1) drivetrain a) TepeaHiil MicT
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2) simultaneously b) noHmwkeHa nepexaya

3) off-road vehicle C) mnepeaaBajbHE YUCIO

4) driveshaft d) mpuBiz Ha Bexydi KoJieca

5) front-axle €) MIBUIKICTb HA BIJIOMOMY Bally
6) gear ratio f) miBBich

7) output speed g) KapJaHHUU Bal

8) rear axle h) 3aaniit micT

9) half-shaft 1) OJHOYACHO

10) low range J) TIO3aIUISTXOBHK

Exercise 7. Insert the appropriate words into the text.

Difference between 4WD and AWD

4WD is selected manually and is commonly used on Pickup 1)... .Under normal
driving conditions a 4WD vehicle is 2) ... by2WD (two-wheel drive); i.e. the 3)

.. 1s being transferred from the engine to the transmission, 4)... , differential,
and to the rear wheels. The front wheels of the vehicle are just being pushed
along by the 5) ... wheels which are being driven. When you manually press
4WD button, it activates a mechanism called a transfer 6)... . It allows traction
to be 7) ... from the engine to the transmission through its own driveshaft and to
the front wheels. In 4WD the front wheels are now being driven just the same as
the rear wheels are. In an AWD vehicle it operates under the same basic
principles as the 4WD system, but with the AWD system all 8) ... wheels are
driven all the time without you having to activate it.

1. a) carts b) tricks c) trucks d) tracks

2. a)activated b) shifted c) driven d) moved

3. a) traction b) might c) energy d) torque

4. a) driveshaft b) crankcase c) camshaft d) take-off shaft
5. a) front b) rear c) back d) side

6. a)case b) box c) gear d) bearing

7. a) imported b) passed ¢) transported d) transferred

8. a)two b) four c) rear d) front

Lesson8. The Navigation Systems

Vocabulary notes:

destination— MyHKT npu3HA4YEeHHs, KIHIEBUM MYHKT MApUIPYTY;

Global Positioning System (GPS) — cuctema 17100a715HOTO TTO3HUITIOHYBAHHS,
CyNyTHUKOBA CUCTEMa HaBirariii,

foliage — nucTaHUl NOKPUB;

proximity beacons — pajiouacTOTHUN MasK;

intersection— nepexpecrs;

short range radio signal — HU3bKOYaCTOTHHIA CUTHA,
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top view — BUJ 3BEpXY;

emergency notifications — inbopMyBaHHs Ipo aBapiiiHi cuTyarii
visible — Bumnumumii;

pre-stored map— nomnepeaHb0-3aporpaMoBaHi KapTH;

a locus of points— reomeTpuyHe Miclie TOUOK;

incoming signals — Bxi7qH1 curHanu

Navigation Systems

Navigation systems help the driver of a vehicle to locate a particular
destination and identify the best route for getting to that destination. Most
automotive navigation systems use Global Positioning System (GPS) signals
and electronic maps to identify the vehicle's current position relative to the
desired destination. Portable navigation systems powered through the cigarette
lighter or batteries, can be easily moved from one vehicle to another. Built-in
navigation systems have the advantage that they can access information about
the vehicle's speed and direction to help navigate in situations where a GPS
signal is temporarily blocked by buildings, traffic, foliage, etc.

Although the vast majority of automotive navigation systems rely on GPS
signals, proximity beacons provide another form of radio-positioning.
Proximity beacons are devices installed at key intersections and other strategic
roadside locations that communicate their location along-with other information
to receivers in passing vehicles via very short range radio, microwave or
infrared signals. The reception of a proximity beacon signal provides an
occasional basis for confirming vehicle position.

Vehicle navigation systems generally offer the option of a top view (or
bird's eye view) that shows the position of the vehicle on a traditional map; or a
forward view that shows the road ahead as it would be viewed by the driver.

Some navigation systems are integrated with real-time traffic information
and emergency notifications that are transmitted to the vehicle wirelessly (e.g.
at cell phone or FM radio frequencies).

The Global Positioning System

For instance the U.S. military has 27 satellites orbiting the earth, 24 that are
used for the GPS system and 3 as back-ups in case of a failure. They travel
around the earth twice every day and are arranged in such a way that at least 4
satellites are visible from any point on the earth at any time. To use GPS, a
vehicle must have a GPS receiver. The GPS receiver has a pre-stored map or
almanac of the position of each satellite (which is updated based on information
sent out by the satellite). The GPS receiver finds its distance from one satellite.
Now, the receiver might be at any point on the surface of a sphere (say, Sphere
A) with a radius equal to the distance from this satellite. Now, if the receiver
measures its distance from a second satellite, it obtains another sphere (say,
Sphere B) of probable positions. Sphere A and Sphere B will intersect to form a
locus of points that would be a circle. So, we now have a circle of probable
positions. Now, the receiver does the same with a third satellite. The result is 3

83



spheres that will give only 2 possible locations of the GPS receiver. Only one of
these two positions can be on earth.

The GPS satellite communicates with satellites by high-frequency, low-
power radio signals. Radio signals travel at the speed of light and the GPS
receiver measures the distance between itself and the satellite by finding the
time taken for a radio signal to travel between the satellite and itself. However,
to be able to measure this, the satellite and the receiver require extremely
accurate clocks. The satellites have an atomic clock; most commercial receivers
employ an ordinary quartz clock. The receiver measures incoming signals from
4 or more satellites, which is more information than necessary just to establish
position. The additional information is used to update the receiver's quartz clock
to maximize the accuracy of its position calculations.

Exercise 1. Answer the following questions.

1. How do navigation systems assist drivers nowadays? 2. What advantages do
built-in navigation systems have over portable ones? 3. What do most navigation
systems rely on? 4. What wave ranges do proximity beacons use for sending
signals? 5. What types of view are offered by car navigation systems? Which is
more preferable to you personally? 6. Explain in a just few words how a GPS
work. 7. What devices does one need to locate any object on the earth? 8. What
is a GPS receiver? 9. What purpose is an atomic clock used in a satellite for?

Exercise. 2. Say whether the following statements are true or false.

1. Navigation systems assist the driver of a vehicle to locate a particular
destination and chose the best route for getting to that destination.

2. Most automotive navigation systems use Global Prognostication System
(GPS) signals and electronic maps to figure out the vehicle's current position
relative to the desired destination.

3. GPS signal may be temporarily blocked or screened by buildings, heavy
traffic, tall trees etc.

4. Proximity beacons is another form of radio-positioning.

5. Some navigation systems are integrated with real-time traffic information and
emergency notifications that are transmitted to the vehicle wirelessly.

6. To use GPS, a vehicle must have a GPS receiver.

7. The GPS satellite communicates with satellites by high-frequency, low-power
radio signals.

8. Radio signals travel at the speed of sound and the GPS receiver measures the
distance between itself and the satellite.

9. The satellites employ an atomic alarm clock and most commercial receivers
use an ordinary Swiss sand clock.

10. The receiver takes incoming signals from 4 or more satellites which is more
information than necessary to establish its position on the earth.
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Exercise 3. Translate the following words and phrases into Ukrainian.

to locate a particular destination, to identify the best route, automotive
navigation systems, to identify the vehicle's current position relative to the
desired destination, built-in navigation systems, can access information,
temporarily blocked, the vast majority of automotive navigation systems,
proximity beacons, radio-positioning, strategic roadside locations, real-time
traffic information, 27 satellites orbiting the earth, to travel at the speed of light,
extremely accurate clocks, incoming signals

Exercise 4. Translate the following words and phrases into English.

BU3HAUUTH MiclenepeOyBaHHs, HalKpamui MaplipyT, MOPTaTUBHI CHCTEMH,
OTPUMYBATH JIOCTYN A0 iH(OpMaIlii, HU3bKOYaCTOTHUI CUTHAJI, IEPETUHATHUCH,
TEOMETPUYHE MICIIE TOYOK, BHCOKOYACTOTHI PaJiOCUTHANIHM, HAATOYHUHN
TOJIMHHUK, BX1IHUM CUTHAJ, T0AaTKOBA 1HGOpMaIlis

Exercise 5. Match English words and word combinations with their
Ukrainian equivalents.

1) destination a) CyNYTHHUKOBA CMCTeMa HaBiraiii

2) GPS b) iHdopmyBaHHA Tpo  aBapiiiHi
cuTyarii

3) proximity beacons C) BXITHUUW CUTHAI

4) accuracy d) BuaMMHMiA

5) emergency notification €) NYHKT IPU3HAYEHHS

6) incoming signal f) BuximHu# curHan

7) outgoing signal g) TOYHICTb

8) visible h) paaiouacToTHUMII MasK

Exercise 6. Fill in the blanks with the appropriate words.

An automotive navigation system is a satellite navigation system designed
for use inl)... . It typically uses a GPS navigation 2) ... to acquire position data
to locate the user on a road in the unit's map database. Using the road database,
the unit can give directions to other locations along roads also in its database.

Many systems can give information on nearby points of interest (POls), such
as restaurants, cash machines and gas stations. Some navigation devices use this
3) ... to store the location of known speed traps or speed cameras, and can alert
the driver in much the same way as a radar detector. GPS may also be integrated
into actual radar detection devices to enhance accuracy, and in some cases,
implement a logic system where the system only 4) ... if the driver is traveling
above the speed limit or in the direction to be 'caught.' Unlike radarS)... , GPS-
based speed trap warnings are currently legal in many countries.
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Some systems feature internet connectivity, either via Bluetooth to a mobile
phone (in this case the device can also typically be used for hands-free calling),
or with a built in GSM SIM card. This connectivity can be used to6) ... traffic
information, to find fuel prices, as well as to search for local distances.

The radio dispatching of taxicabs have been phased out in several countries
in favor of GPS technology plus some form of mobile networking with onboard
computers. The central dispatch computer keeps 7) ... of all vehicles in its fleet,
and automatically selects the nearest cab to respond to a passenger8)... .

Advanced car security vehicle tracking systems can relay the vehicle's
location via cellular phone services in case of loss or9)... . The technology can
also be used to manage fleet vehicles known as automatic vehicle location.

In Taipei, GPS receivers have several 10) ... on city buses. They enable
automatic station approach announcements, provides ETA (Electronic Travel
Aid) information for passengers waiting at bus stops or using mobile devices.
Finally, GPS data is recorded along with video surveillance footage, which is
helpful when investigating traffic incidents.

1. a)ships b) automobiles c¢) locomotives d) mobile phones

2. a) instrument b) gauge c) box d) device

3. a) future b) disadvantage c) feature d) thing

4. a)wakes up b) alerts c) alarms d) gets up

5. a) grabbers b) detectors c) trappers d) investigators

6. a)upgrade b) downdate c) update d) upstream

7. a)track b) monitor c) eyes d) search

8. a)ask b) recall c) request d) offer

9. a)robbery b) theft c) burglary d) blackmail

10. a) deviations b) informations c) investigations  d) applications
Part 111

Texts for home reading

Principles of Engine Operation

Engines operate on cycles. There are four strokes of the piston in one cycle
of engine operation. There are two outward strokes toward the crankshaft and
two inward strokes away from the crankshaft. When the piston is at the end of
the stroke away from the crankshaft (inward stroke) this is top dead centre
(TDC). When the piston is at the end of the outward stroke (toward the
crankshaft) this is bottom dead centre (BDC). The piston movement from TDC
to BDC is an engine stroke. The four strokes in a cycle of the internal
combustion engine are: intake, compression, power and exhaust.
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Intake. During the intake stroke the piston moves to BDC and the intake
valve opens. This movement of the piston draws a mixture of air and fuel into
the cylinder(in a diesel this movement of the piston draws in air only)

Compression. When the piston reaches BDC it moves toward the cylinder
head (inward motion). The valves do not open and the piston compresses the
fuel mixture between the piston and the cylinder head (in a diesel the piston
compresses air only).

Power. When the piston reaches TDC, an electric spark ignites the fuel
mixture in the combustion chamber of the gasoline engine (in a diesel engine the
heat of the highly compressed air ignites the fuel).When the air-fuel mixture
burns it moves the piston with great force. There are higher pressures in the
diesel engines and because of these pressures the diesel engines have heavier
piston pins, connecting rods and crankshafts than the gasoline engines.

Exhaust. The exhaust stroke takes place when the piston moves up. The
exhaust valve opens and the piston forces out the gases. The new cycle will
begin in the cylinder. Because of the four strokes we call this engine a four
stroke cycle engine. The four-stroke-cycle engine with spark ignition is the most
common type of the internal combustion engine.

The Thermostat

An additional device usually used in the cooling system is a thermostat. It
controls the temperature of the water near cylinders. It is useful when an engine
is started up or when it has to idle (run slowly) for a long time.

The thermostat is an automatic valve located in the pipe. Connecting the
cylinder head to the top of the radiator the thermostat reduces the flow of water
to the radiator, and so a necessary working temperature is reached in the
cylinder block. When the engine is cold the thermostat prevents circulation
through the radiator. When the engine cooling water reaches a temperature of
about75 °C, the thermostat valve opens and the water can flow into the radiator
for cooling.

The flow of water may be stopped or has limited movement (according to
the temperature of the water).As the volume of water within the cylinder block
is less than that within the whole cooling system, it causes the rapid warming-
upl of the water. The water in the cylinder block is circulated by means of the
water pump. When the thermostat is closed there is a by-pass in the system
allowing this internal circulation. On some engines the thermostat opens and
closes this by-pass. This internal circulation prevents engine damage.

The thermostat is an important unit in the cooling system and it should be
checked at least once a year. A faulty thermostat must be replaced with a new
one. A cold or overheated engine cannot work properly. The necessary working
temperature of an engine is about 90 °C.
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The Fall of the Carburetor

For most of the existence of the internal combustion engine, the carburetor
has been the device that supplied fuel to the engine. On many other machines,
such as lawnmowers and chainsaws, it still i1s. But as the automobile evolved,
the carburetor got more and more complicated trying to handle all of the
operating requirements. For instance, to handle some of these tasks, carburetors
had five different circuits:

Main circuit - Provides just enough fuel for fuel-efficient cruising;

Idle circuit - Provides just enough fuel to keep the engine idling;

Accelerator pump - Provides an extra burst of fuel when the accelerator
pedal is first depressed, reducing hesitation before the engine speeds up;

Power enrichment circuit - Provides extra fuel when the car is going up a
hill or towing a trailer;

Choke - Provides extra fuel when the engine is cold so that it will start

In order to meet stricter emissions requirements, catalytic converters were
introduced. Very careful control of the air-to-fuel ratio was required for the
catalytic converter to be effective. Oxygen sensors monitor the amount of
oxygen in the exhaust, and the engine control unit (ECU) uses this information
to adjust the air-to-fuel ratio in real-time. This is called closed loop control -- it
was not feasible to achieve this control with carburetors. There was a brief
period of electrically controlled carburetors before fuel injection systems took
over, but these electrical cars were even more complicated than the purely
mechanical ones.

At first, carburetors were replaced with throttle body fuel injection systems
(also known as single point or central fuel injection systems) that incorporated
electrically controlled fuel-injector valves into the throttle body. These were
almost a bolt-in replacement for the carburetor, so the automakers didn't have to
make any drastic changes to their engine designs.

Gradually, as new engines were designed, throttle body fuel injection was
replaced by multi-port fuel injection (also known as port, multi-point or
sequential fuel injection). These systems have a fuel injector for each cylinder,
usually located so that they spray right at the intake valve. These systems
provide more accurate fuel metering and quicker response.

Turbochargers

A turbocharger, or turbo (colloquialism), from the Greek "toppn"
("turbulance") is a forced induction device used to allow more power to be
produced by an engine of a given size. A turbocharged engine can be more
powerful and efficient than a naturally aspirated engine because the turbine
forces more air, and proportionately more fuel, into the combustion chamber
than atmospheric pressure alone.

Turbochargers were originally known as turbo superchargers when all forced
induction devices were classified as superchargers; nowadays the term
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"supercharger" is usually applied to only mechanically driven forced induction
devices. The key difference between a turbocharger and a conventional
supercharger is that the latter is mechanically driven from the engine, often from
a belt connected to the crankshaft, whereas a turbocharger is powered by a
turbine that is driven by the engine's exhaust gas. Compared to a mechanically-
driven supercharger, turbochargers tend to be more efficient but less responsive.
Twin charger refers to an engine which has both a supercharger and a
turbocharger.

In most piston engines, intake gases are "pulled" into the engine by the
downward stroke of the piston (which creates a low-pressure area), similar to
drawing liquid using a syringe. The amount of air which is actually inhaled,
compared with the theoretical amount if the engine could maintain atmospheric
pressure, is called volumetric efficiency. The objective of a turbocharger is to
improve an engine's volumetric efficiency by increasing density of the intake
gas (usually air).

The turbocharger's compressor draws in ambient air and compresses it
before it enters into the intake manifold at increased pressure. This results in a
greater mass of air entering the cylinders on each intake stroke. The power
needed to spin the centrifugal compressor is derived from the kinetic energy of
the engine's exhaust gases.

A turbocharger may also be used to increase fuel efficiency without
increasing power. This is achieved by recovering waste energy in the exhaust
and feeding it back into the engine intake. By using this otherwise wasted
energy to increase the mass of air, it becomes easier to ensure that all fuel is
burned before being vented at the start of the exhaust stage.

The control of turbochargers is very complex and has changed dramatically
over the 100-plus years of its use. Modern turbochargers can use wastegates,
blow-off valves and variable geometry, as discussed in later sections.

The reduced density of intake air is often compounded by the loss of
atmospheric density seen with elevated altitudes. Thus, a natural use of the
turbocharger is with aircraft engines. As an aircraft climbs to higher altitudes,
the pressure of the surrounding air quickly falls off. At 5,486 metres (17,999 ft),
the air 1s at half the pressure of sea level, which means that the engine will
produce less than half-power at this altitude.

Wankel Engine.

The Wankel engine is a type of internal combustion engine using an
eccentric rotary design to convert pressure into rotating motion. Over the
commonly used reciprocating piston designs the Wankel engine delivers
advantages of: simplicity, smoothness, compactness, high revolutions per
minute and a high power to weight ratio. The engine is commonly referred to as
a rotary engine, though this name applies also to other completely different
designs. Its four-stroke cycle occurs in a moving combustion chamber between
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the inside of an oval-like epitrochoid-shaped housing and a rotor that is similar
in shape to a Reuleaux triangle with sides that are somewhat flatter.

The engine was invented by German engineer Felix Wankel. He received his
first patent for the engine in 1929, began development in the early 1950s at NSU
and completed a working prototype in 1957. NSU subsequently licensed the
design to companies around the world, who have continually improved the
design.

Thanks to the compact design and unique advantages, over the most
common internal combustion engine in use employing reciprocating pistons,
Wankel rotary engines have been installed in a variety of vehicles and devices
including: automobiles, motorcycles, racing cars, aircraft, go-karts, jet skis,
snowmobiles, chain saws, and auxiliary power units.

In the Wankel engine, the four strokes of a typical Otto cycle occur in the
space between a three-sided symmetric rotor and the inside of a housing. In each
rotor of the Wankel engine, the oval-like epitrochoid-shaped housing surrounds
a rotor which is triangular with bow-shaped flanks (often confused with a
Reuleaux triangle, a three-pointed curve of constant width, but with the bulge in
the middle of each side a bit more flattened). The theoretical shape of the rotor
between the fixed corners is the result of a minimization of the volume of the
geometric combustion chamber and a maximization of the compression ratio,
respectively. The symmetric curve connecting two arbitrary apexes of the rotor
1s maximized in the direction of the inner housing shape with the constraint that
it not touch the housing at any angle of rotation (an arc is not a solution of this
optimization problem).

The central drive shaft, called the eccentric shaft or E-shaft, passes through
the center of the rotor and is supported by fixed bearings. The rotors ride on
eccentrics (analogous to crankpins) integral to the eccentric shaft (analogous to a
crankshaft). The rotors both rotate around the eccentrics and make orbital
revolutions around the eccentric shaft. Seals at the corners of the rotor seal
against the periphery of the housing, dividing it into three moving combustion
chambers. The rotation of each rotor on its own axis is caused and controlled by
a pair of synchronizing gears. A fixed gear mounted on one side of the rotor
housing engages a ring gear attached to the rotor and ensures the rotor moves
exactly 1/3 turn for each turn of the eccentric shaft. The power output of the
engine is not transmitted through the synchronizing gears. The force of gas
pressure on the rotor (to a first approximation) goes directly to the center of the
eccentric, part of the output shaft.

The best way to visualize the action of the engine in the animation at left is
to look not at the rotor itself, but the cavity created between it and the housing.
The Wankel engine is actually a variable-volume progressing-cavity system.
Thus there are 3 cavities per housing, all repeating the same cycle. Note as well
that points A and B on the rotor and e-shaft turn at different speeds—Point B
circles 3 times as often as point A does, so that one full orbit of the rotor equates
to 3 turns of the e-shaft.
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As the rotor rotates and orbitally revolves, each side of the rotor is brought
closer to and then away from the wall of the housing, compressing and
expanding the combustion chamber like the strokes of a piston in a reciprocating
engine. The power vector of the combustion stage goes through the center of the
offset lobe.

While a four-stroke piston engine makes one combustion stroke per cylinder
for every two rotations of the crankshaft (that is, one-half power stroke per
crankshaft rotation per cylinder), each combustion chamber in the Wankel
generates one combustion stroke per driveshaft rotation, i.e. one power stroke
per rotor orbital revolution and three power strokes per rotor rotation. Thus,
power output of a Wankel engine is generally higher than that of a four-stroke
piston engine of similar engine displacement in a similar state of tune; and
higher than that of a four-stroke piston engine of similar physical dimensions
and weight.

Wankel engines also generally have a much higher redline than a
reciprocating engine of similar power output. This is in part because the
smoothness inherent in circular motion, but especially because they do not have
highly stressed parts such as a crankshaft or connecting rods. Eccentric shafts do
not have the stress-raising internal corners of crankshafts. The redline of a rotary
engine is limited by tooth load on the synchronizing gears. Hardened steel gears
are used for extended operation above 7000 or 8000 rpm. Mazda Wankel
engines in auto racing are operated above 10,000 rpm. In aircraft they are used
conservatively, up to 6500 or 7500 rpm. However, as gas pressure participates in
seal efficiency, racing a Wankel engine at high rpm under no load conditions
can destroy the engine.

National agencies that tax automobiles according to displacement and
regulatory bodies in automobile racing variously consider the Wankel engine to
be equivalent to a four-stroke engine of 1.5 to 2 times the displacement; some
racing series ban it altogether.

Engine Lubrication System Technology

There are basically two types of oil systems in vehicles, both of which sound
like types of walruses or something: wet sump and dry sump.

Most cars use a wet sump system. (The more you say it, the weirder it
sounds. Wet sump.) That means the oil pan is at the bottom of the engine, and
the oil is stored there. Remember Oliver the oil molecule's lounge? It's kind of
like he has a table next to the dance floor at the club. And in this strange
metaphor, the dancers are pistons and bearings.

The advantage of a wet sump system is its simplicity. The oil is close to
where it will be used, there aren't too many parts to engineer or repair, and it's
relatively cheap to build into a car.

Some cars, especially high-performance cars, use a dry sump system. That
means the sump isn't underneath the engine -- in fact, it can be located anywhere
within the engine compartment. After Oliver does his job in the engine, he
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doesn't just drip into the lounge. He goes to the VIP room away from the dance
floor.

A dry sump system gets you a couple of bonuses: First, it means the engine
can sit a little lower, which gives the car a lower center of gravity and improves
stability at speed. Second, it keeps extra oil from soaking the crankshaft, which
can lower horsepower. And, since the sump can be located anywhere, it can also
be any size and shape.

Two-stroke engines, by the way, use a completely different type of
technology. Scooters, lawn mowers and other two-stroke machines have the oil
mixed right in with the gasoline. When the gasoline evaporates in the
combustion process, the oil is left behind to do its slick business.

Sometimes you have to do this yourself, measuring the correct amounts
before filling the tank. But sometimes, as in most motor scooters, there's an
injection system that takes oil from the reservoir and mixes it with the gasoline
for you in just the right proportions.

Electrical system

The electrical system comprises a storage battery, generator, starting
(cranking) motor, lighting system, ignition system, and various accessories and
controls. Originally, the electrical system of the automobile was limited to the
ignition equipment. With the advent of the electric starter on a 1912 Cadillac
model, electric lights and horns began to replace the kerosene and acetylene
lights and the bulb horns. Electrification was rapid and complete, and, by 1930,
6-volt systems were standard everywhere.

Increased engine speeds and higher cylinder pressures made it increasingly
difficult to meet high ignition voltage requirements. The larger engines required
higher cranking torque. Additional electrically operated features—such as
radios, window regulators, and multi-speed windshield wipers—also added to
system requirements. To meet these needs, 12-volt systems replaced the 6-volt
systems in the late 1950s around the world.

The ignition system provides the spark to ignite the air-fuel mixture in the
cylinders of the engine. The system consists of the spark plugs, coil, distributor,
and battery. In order to jump the gap between the electrodes of the spark plugs,
the 12-volt potential of the electrical system must be stepped up to about 20,000
volts. This is done by a circuit that starts with the battery, one side of which is
grounded on the chassis and leads through the ignition switch to the primary
winding of the ignition coil and back to the ground through an interrupter
switch. Interrupting the primary circuit induces a high voltage across the
secondary terminal of the coil. The high-voltage secondary terminal of the coil
leads to a distributor that acts as a rotary switch, alternately connecting the coil
to each of the wires leading to the spark plugs.

Solid-state or transistorized ignition systems were introduced in the 1970s.
These distributor systems provided increased durability by eliminating the
frictional contacts between breaker points and distributor cams. The breaker
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point was replaced by a revolving magnetic-pulse generator in which
alternating-current pulses trigger the high voltage needed for ignition by means
of an amplifier electronic circuit. Changes in engine ignition timing are made by
vacuum or electronic control unit (microprocessor) connections to the
distributor.

The source of energy for the various electrical devices of the automobile is a
generator, or alternator, that is belt-driven from the engine crankshaft. The
design is usually an alternating-current type with built-in rectifiers and a voltage
regulator to match the generator output to the electric load and also to the
charging requirements of the battery, regardless of engine speed.

A lead-acid battery serves as a reservoir to store excess output of the
generator. This provides energy for the starting motor and power for operating
other electric devices when the engine is not running or when the generator
speed is not sufficiently high for the load.

The starting motor drives a small spur gear so arranged that it automatically
moves into mesh with gear teeth on the rim of the flywheel as the starting-motor
armature begins to turn. When the engine starts, the gear is disengaged, thus
preventing damage to the starting motor from overspeeding. The starting motor
is designed for high current consumption and delivers considerable power for its
size for a limited time.

Headlights must satisfactorily illuminate the highway ahead of the
automobile for driving at night or in inclement weather without temporarily
blinding approaching drivers. This was achieved in modern cars with double-
filament bulbs with a high and a low beam, called sealed-beam units. Introduced
in 1940, these bulbs found widespread use following World War II. Such units
could have only one filament at the focal point of the reflector. Because of the
greater illumination required for high-speed driving with the high beam, the
lower beam filament was placed off centre, with a resulting decrease in lighting
effectiveness. Separate lamps for these functions can also be used to improve
illumination effectiveness.

Dimming is automatically achieved on some cars by means of a photocell-
controlled switch in the lamp circuit that is triggered by the lights of an
oncoming car. Lamp clusters behind aerodynamic plastic covers permitted
significant front-end drag reduction and improved fuel economy. In this
arrangement, steerable headlights became possible with an electric motor to
swivel the lamp assembly in response to steering wheel position. The regulations
of various governments dictate brightness and field of view requirements for
vehicle lights.

Signal lamps and other special-purpose lights have increased in usage since
the 1960s. Amber-coloured front and red rear signal lights are flashed as a turn
indication; all these lights are flashed simultaneously in the “flasher” (hazard)
system for use when a car is parked along a roadway or is traveling at a low
speed on a high-speed highway. Marker lights that are visible from the front,
side, and rear also are widely required by law. Red-coloured rear signals are
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used to denote braking, and cornering lamps, in connection with turning, provide
extra illumination in the direction of an intended turn. Backup lights provide
illumination to the rear and warn anyone behind the vehicle when the driver is
backing up. High-voltage light-emitting diodes (LEDs) are under development
for various signal and lighting applications.

Suspension Types

Dependent Rear Suspensions

If a solid axle connects the rear wheels of a car, then the suspension is
usually quite simple -- based either on a leaf spring or a coil spring. In the
former design, the leaf springs clamp directly to the drive axle. The ends of the
leaf springs attach directly to the frame, and the shock absorber is attached at the
clamp that holds the spring to the axle. For many years, American car
manufacturers preferred this design because of its simplicity.

The same basic design can be achieved with coil springs replacing the
leaves. In this case, the spring and shock absorber can be mounted as a single
unit or as separate components. When they're separate, the springs can be much
smaller, which reduces the amount of space the suspension takes up.

Independent Rear Suspensions

If both the front and back suspensions are independent, then all of the
wheels are mounted and sprung individually, resulting in what -car
advertisements tout as "four-wheel independent suspension." Any suspension
that can be used on the front of the car can be used on the rear, and versions of
the front independent systems described in the previous section can be found on
the rear axles. Of course, in the rear of the car, the steering rack -- the assembly
that includes the pinion gear wheel and enables the wheels to turn from side to
side -- is absent. This means that rear independent suspensions can be simplified
versions of front ones, although the basic principles remain the same.

Specialized Suspensions: Formula One Racers.

The Formula One racing car represents the pinnacle of automobile
innovation and e-volution. Lightweight, composite bodies, powerful V10
engines and advanced aerodynamics have led to faster, safer and more reliable
cars.

To elevate driver skill as the key differentiating factor in a race, stringent
rules and requirements govern Formula One racecar design. For example, the
rules regulating suspension design say that all Formula One racers must be
conventionally sprung, but they don't allow computer-controlled, active
suspensions. To accommodate this, the cars feature multi-link suspensions,
which use a multi-rod mechanism equivalent to a double-wishbone system.

Recall that a double-wishbone design uses two wishbone-shaped control
arms to guide each wheel's up-and-down motion. Each arm has three mounting
positions -- two at the frame and one at the wheel hub -- and each joint is hinged
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to guide the wheel's motion. In all cars, the primary benefit of a double-
wishbone suspension is control. The geometry of the arms and the elasticity of
the joints give engineers ultimate control over the angle of the wheel and other
vehicle dynamics, such as lift, squat and dive. Unlike road cars, however, the
shock absorbers and coil springs of a Formula One racecar don't mount directly
to the control arms. Instead, they are oriented along the length of the car and are
controlled remotely through a series of pushrods and bell cranks. In such an
arrangement, the pushrods and bell cranks translate the up-and-down motions of
the wheel to the back-and-forth movement of the spring-and-damper apparatus.

The Future of Power Steering

Since the power-steering pump on most cars today runs constantly, pumping
fluid all the time, it wastes horsepower. This wasted power translates into
wasted fuel.

You can expect to see several innovations that will improve fuel economy.
One of the coolest ideas on the drawing board is the "steer-by-wire" or "drive-
by-wire" system. These systems would completely eliminate the mechanical
connection between the steering wheel and the steering, replacing it with a
purely electronic control system. Essentially, the steering wheel would work like
the one you can buy for your home computer to play games. It would contain
sensors that tell the car what the driver is doing with the wheel, and have some
motors in it to provide the driver with feedback on what the car is doing. The
output of these sensors would be used to control a motorized steering system.
This would free up space in the engine compartment by eliminating the steering
shaft. It would also reduce vibration inside the car.

General Motors has introduced a concept car, the Hy-wire, that features this
type of driving system. One of the most exciting things about the drive-by-wire
system in the GM Hy-wire is that you can fine-tune vehicle handling without
changing anything in the car's mechanical components -- all it takes to adjust the
steering is some new computer software. In future drive-by-wire vehicles, you
will most likely be able to configure the controls exactly to your liking by
pressing a few buttons, just like you might adjust the seat position in a car today.
It would also be possible in this sort of system to store distinct control
preferences for each driver in the family.

In the past fifty years, car steering systems haven't changed much. But in the
next decade, we'll see advances in car steering that will result in more efficient
cars and a more comfortable ride.

Traction Control System (TCS)

A Traction Control System (TCS), in German known as
Antriebsschlupfregelung (ASR), is typically (but not necessarily) a secondary
function of the anti-lock braking system (ABS) on production motor vehicles,
designed to prevent loss of traction of driven road wheels. When invoked it

95



therefore enhances driver control as throttle input applied is mismatched to road
surface conditions (due to varying factors) being unable to manage applied
torque.

Intervention consists of one or more of the following:

» Reduces or suppress spark sequence to one or more cylinders;

» Reduce fuel supply to one or more cylinders;

» Brake force applied at one or more wheels;

» Close the throttle, if the vehicle is fitted with drive by wire throttle;

» In turbo-charged vehicles, a boost control solenoid can be actuated to

reduce boost and therefore engine power.

Typically, traction control systems share the electro-hydraulic brake actuator
(but does not use the conventional master cylinder and servo), and wheel speed
sensors with the anti-lock braking system.

The basic idea behind the need of a traction control system is the difference
between traction of different wheels evidencing apparent loss of road grip that
compromise steering control and stability of vehicles. Difference in slip may
occur due to turning of a vehicle or differently varying road conditions for
different wheels. At high speeds, when a car tends to turn, its outer and inner
wheels are subjected to different speed of rotation that is conventionally
controlled by using a differential. A further enhancement of the differential is to
employ an active differential that can vary the amount of power being delivered
to outer and inner wheels according to the need (for example, if, while turning
right, outward slip (equivalently saying, 'yaw') is sensed, active differential may
deliver more power to the outer wheel, so as to minimize the yaw (that is
basically the degree to which the front and rear wheels of a car are out of line.)
Active-differential, in turn, is controlled by an assembly of electromechanical
sensors collaborating with a traction control unit.

When the traction control computer (often incorporated into another control
unit, like the anti-lock braking system module) detects one or more driven
wheels spinning significantly faster than another, it invokes the ABS electronic
control unit to apply brake friction to wheels spinning with lessened traction.
Braking action on slipping wheel(s) will cause power transfer to wheel axle(s)
with traction due to the mechanical action within a differential. All-wheel drive
AWD vehicles often have an electronically controlled coupling system in the
transfer case or transaxle engaged (active part-time AWD), or locked-up tighter
(in a true full-time set up driving all wheels with some power all the time) to
supply non-slipping wheels with (more) torque.This often occurs in conjunction
with the powertrain computer reducing available engine torque by electronically
limiting throttle application and/or fuel delivery, retarding ignition spark,
completely shutting down engine cylinders, and a number of other methods,
depending on the vehicle and how much technology is used to control the engine
and transmission. There are instances when traction control is undesirable, such
as trying to get a vehicle unstuck in snow or mud. Allowing one wheel to spin
can propel a vehicle forward enough to get it unstuck, whereas both wheels
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applying a limited amount of power can't get the same effect. Many vehicles
have a traction control shut off switch for just such circumstances.

Traction control is not just used for improving acceleration under slippery
conditions. It can also help a driver to corner more safely. If too much throttle is
applied during cornering, the drive wheels will lose traction and slide sideways.
This occurs as understeer in front wheel drive vehicles and oversteer in rear
wheel drive vehicles. Traction control can prevent this from happening by
limiting power to the wheels. It cannot increase the limits of grip available and
is used only to decrease the effect of driver error or compensate for a driver's
inability to react quickly enough to wheel slip.

Automobile manufacturers state in vehicle manuals that traction control
systems should not encourage dangerous driving or encourage driving in
conditions beyond the drivers' control.

Airbag Deployment Systems

Airbags are passive safety devices that are mandatory on all vehicles sold in
the United States. Airbags are a critical part of the Supplemental Restraint
System (SRS) in most vehicles. The objective of the airbag, which is deployed
when the vehicle suddenly decelerates (as in a collision), is to prevent the
vehicle occupants from hitting any rigid surfaces and cushion the forces on their
heads and upper or lower bodies. Airbags are typically made of nylon fabric and
are hidden behind panels at various locations in the vehicle, including the
steering wheel.

Depending on the crash severity, the rate at which the airbags are deployed
is decided by the airbag control unit. In event of a crash, the crash sensor (an
accelerometer) sends a signal to the airbag control unit. This control unit triggers
the inflation device, which generates nitrogen gas by igniting a mixture of
sodium azide (NaN3) and potassium nitrate (KNO3). From crash detection to
complete deployment of the airbag, takes about 0.05 seconds. The airbag speed
is about 200 mph, which itself can be harmful in certain cases, this has given
rise to adaptive airbag systems that employ multiple inflators to produce either
low-level or high-level deployments. These systems can adjust the airbag
pressure depending on factors such as seat position, size of passenger, crash
severity and seat belt use.

In the front passenger seat, most systems use a weight sensor to determine if
the seat is unoccupied in which case deployment of the passenger air bag will be
inhibited. The weight sensor can also discriminate between children and adults
who may be occupying the seat. The U.S. Federal Motor Vehicle Safety
Standard 208 requires airbag deployment systems to detect whether a child is
seated in the front passenger seat. Typically, air bag deployment will be
suppressed if a sensor identifies a low-weight condition. Additionally some
systems can detect child's safety seats that are equipped with special sensors as
defined by the technical specification ISO/TS 22239.
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In 2010, 20% of all new vehicles sold in the U.S. were required to have side
impact protection. This target increases 20% each year and will be 100% in
2014. Side-curtain airbags are likely to play a major role in helping vehicles to
meet these requirements. The required response time for side-impact airbags is
0.005 to 0.010 seconds. Some car makers install pressure sensors in the door
cavities that instantly detect deformations caused by side impact collisions.

In 2013, Volvo was the first automotive manufacturer to introduce a
Pedestrian Airbag System in its V40 model. It uses a pedestrian contact sensing
system. When impact with a pedestrian is sensed, the hood opens from the back
and an airbag is inflated over the windshield-wiper area.

Variable Valve Timing

There are a couple of novel ways by which carmakers vary the valve timing.
One system used on some Honda engines is called VTEC.

VTEC (Variable Valve Timing and Lift Electronic Control) is an electronic
and mechanical system in some Honda engines that allows the engine to have
multiple camshafts. VTEC engines have an extra intake cam with its own
rocker, which follows this cam. The profile on this cam keeps the intake valve
open longer than the other cam profile. At low engine speeds, this rocker is not
connected to any valves. At high engine speeds, a piston locks the extra rocker
to the two rockers that control the two intake valves.

Some cars use a device that can advance the valve timing. This does not
keep the valves open longer; instead, it opens them later and closes them later.
This is done by rotating the camshaft ahead a few degrees. If the intake valves
normally open at 10 degrees before top dead center (TDC) and close at 190
degrees after TDC, the total duration is 200 degrees. The opening and closing
times can be shifted using a mechanism that rotates the cam ahead a little as it
spins. So the valve might open at 10 degrees after TDC and close at 210 degrees
after TDC. Closing the valve 20 degrees later is good, but it would be better to
be able to increase the duration that the intake valve is open.

Ferrari has a really neat way of doing this. The camshafts on some Ferrari
engines are cut with a three-dimensional profile that varies along the length of
the cam lobe. At one end of the cam lobe is the least aggressive cam profile, and
at the other end is the most aggressive. The shape of the cam smoothly blends
these two profiles together. A mechanism can slide the whole camshaft laterally
so that the valve engages different parts of the cam. The shaft still spins just like
a regular camshaft -- but by gradually sliding the camshaft laterally as the
engine speed and load increase, the valve timing can be optimized.

Several engine manufacturers are experimenting with systems that would
allow infinite variability in valve timing. For example, imagine that each valve
had a solenoid on it that could open and close the valve using computer control
rather than relying on a camshaft. With this type of system, you would get
maximum engine performance at every RPM. Something to look forward to in
the future...
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Cylinder Deactivation Reborn

The idea of cylinder deactivation is becoming increasing popular as car
manufacturers strive to reduce fuel consumption. Cylinder deactivation
effectively creates a variable displacement engine, which means you can enjoy
the on-demand power of a large capacity engine together with the fuel economy
of a smaller engine.

Cylinder deactivation is used to reduce the fuel consumption and emissions
of an engine during light load operation.

In typical light load driving you use only around 30 percent of an engine’s
maximum power. In these conditions, the throttle valve is nearly closed and the
engine needs to work to draw air. This causes an inefficiency known as pumping
loss.

Mercedes says that some large capacity engines need to be throttled so much
at light load that the cylinder pressure at Top Dead Centre is approximately half
that of a small 4 cylinder engine. Low cylinder pressure means low fuel
efficiency.

The use of cylinder deactivation at light load means the throttle valve can be
opened further to provide the same power output. This reduces pumping losses
and increases pressure in each cylinder. Fuel consumption can be improved by
around 20 percent in highway conditions.

So how is cylinder deactivation achieved?

Well, put simply, it involves keeping the intake and exhaust valves closed
for a particular cylinder. We will examine ways to keep the valves closed as we
look at each manufacturer’s system. By keeping the intake and exhaust valves
closed, it creates an ‘air spring’ in the combustion chamber — the trapped
exhaust gasses (kept from the previous charge burn) are compressed during the
piston’s upstroke and push down on the piston during its down stroke. The
compression and decompression of the trapped exhaust gasses have an
equalising effect — overall, there is virtually no extra load on the engine.

In the latest breed of cylinder deactivation systems, the engine management
system is also used to cut fuel delivery to the disabled cylinders. The transition
between normal engine operation and cylinder deactivation is also smoothed
using changes in ignition timing, cam timing and throttle position (thanks to
electronic throttle control).

In most instances, cylinder deactivation is applied to relatively large
displacement engines that are particularly inefficient at light load. In the case of
a V12, up to 6 cylinders can be disabled.

The VTEC engine.

VTEC (Variable Valve Timing and Lift Electronic Control) is a valve train
system developed by Honda to improve the volumetric efficiency of a four-
stroke internal combustion engine. The VTEC system uses two camshaft
profiles and hydraulically selects between profiles. It was invented by Honda
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engineer Ikuo Kajitani, and was the first system of its kind.[citation needed]
Different types of variable valve timing and lift control systems have also been
produced by other manufacturers (MIVEC from Mitsubishi, AVCS from
Subaru, VVT-/VVTL-1 from Toyota, VANOS from BMW, VarioCam Plus
from Porsche, NeoVVL from Nissan, etc.).

VTEC was initially designed to increase the power output of an engine to
100 HP/litre or more while maintaining practicality for use in mass production
vehicles. Some later variations of the system were designed solely to provide
improvements in fuel efficiency.

Japan levies a tax based on engine displacement, and Japanese auto
manufacturers have correspondingly focused their research and development
efforts toward improving the performance of smaller engine designs through
means other than displacement increases. One method for increasing
performance into a static displacement includes forced induction, as with models
such as the Toyota Supra and Nissan 300ZX which used turbocharger
applications and the Toyota MR2 which used a supercharger for some model
years. Another approach is the rotary engine used in the Mazda RX-7 and RX-8.
A third option is to change the cam timing profile, of which Honda VTEC was
the first successful commercial design for altering the profile in real-time.

The VTEC system provides the engine with multiple camshaft profiles
optimized for both low and high RPM operations. In basic form, the single cam
profile of a conventional engine is replaced with two profiles: one optimized for
low-RPM stability and fuel efficiency, and the other designed to maximize high-
RPM power output. The switching operation between the two cam lobes is
controlled by the ECU which takes account of engine oil pressure, engine
temperature, vehicle speed, engine speed and throttle position. Using these
inputs, the ECU is programmed to switch from the low lift to the high lift cam
lobes when the conditions mean that engine output will be improved. At the
switch point a solenoid is actuated which allows oil pressure from a spool valve
to operate a locking pin which binds the high RPM cam follower to the low
RPM ones. From this point on, the valves open and close according to the high-
lift profile, which opens the valve further and for a longer time. The switch-over
point is variable, between a minimum and maximum point, and is determined by
engine load. The switch-down back from high to low RPM cams is set to occur
at a lower engine speed than the switch-up (representing a hysteresis cycle) to
avoid a situation in which the engine is asked to operate continuously at or
around the switch-over point.

The older approach to timing adjustments is to produce a camshaft with a
valve timing profile that is better suited to high-RPM operation. The
improvements in high-RPM performance occur in trade for a power and
efficiency loss at lower RPM ranges, which is where most street-driven
automobiles operate a majority of the time. Correspondingly, VTEC attempts to
combine high-RPM performance with low-RPM stability.
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Transmission Control

The Transmission Control Module (TCM) is a device that controls modern
automatic transmissions based on various inputs. The basic function of this unit
is to receive signals from various sensors as well as data provided by engine
control module (ECM), process this input, calculate how and when to shift gears
in the transmission and generate the output signals required to drive the
actuators that accomplish this shifting. The software controlling the TCM is
designed to optimize vehicle performance, shift quality and fuel efficiency.

The electronic sensors monitor the gear position selection, vehicle speed,
throttle position and a number of other parameters. Based on this data, the
control unit adjusts the current supplied to solenoids in the transmission that
control the position of various valves and gears.

The gear position selector switch communicates to the TCM which gear has
been selected by the operator. The crankshaft position sensor provides
information to the TCM to determine the existing rotational speed of the engine.
This information helps the TCM to determine when to change gears. The
Throttle position sensor tells the TCM how far the throttle is open which
indirectly indicates the engine load. This input is used to determine the best time
to change a gear. The turbine speed sensor determines the speed of the torque
converter. The TCM uses this information to find the slippage across the torque
converter, which helps it decide when to activate the torque converter lock-up
clutch. The torque converter lock-up clutch increases the efficiency of the
transmission by eliminating the hydraulic and pumping losses associated with
the torque converter when cruising on the highway. The transmission fluid
temperature sensor is used to ensure that the automatic transmission fluid is at
the correct temperature. If the automatic transmission fluid is hot, then the
transmission is downshifted. The brake pedal position sensor helps to ensure that
the driver has applied the brake before shifting into park or reverse. The TCM
may also downshift the transmission if the vehicle is going downhill in order to
utilize the compression braking of the engine. Inputs from the traction control
system instruct the transmission to downshift when one or more tires are losing
traction.

Thanks to electronic transmission controls, modern automatic transmissions
are much more fuel efficient than their purely mechanical/hydraulic
predecessors. They also exhibit smoother shifting, reduced engine emissions,
greater reliability and improved vehicle handling.

On some vehicles, the functions of the TCM and ECM are combined in a
single module called the Powertrain Control Module or PCM.

Cruise control
Cruise control is a system that automatically controls the speed of an
automobile. The driver sets the speed and the system takes over the throttle of
the car to maintain the speed. The system thereby improves driver comfort in
steady traffic conditions. In congested traffic conditions, where speeds vary
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widely, these systems are no longer effective. Most cruise control systems do
not allow the use of cruise control below a certain speed.

In modern designs, the cruise control may need to be turned on before use —
in some designs it is always "on" but not always enabled (not very common),
others have a separate "on/off" switch, while still others just have an "on" switch
that must be pressed after the vehicle has been started. Most designs have
buttons for "set", "resume", "accelerate", and "coast" functions. Some also have
a "cancel" button. Alternatively, depressing the brake or clutch pedal will
disable the system so the driver can change the speed without resistance from
the system. The system is operated with controls easily within the driver's reach,
usually with two or more buttons on the steering wheel spokes or on the edge of
the hub like those on Honda vehicles, on the turn signal stalk like in many older
General Motors vehicles or on a dedicated stalk like those found in, particularly,
Toyota and Lexus. Earlier designs used a dial to set speed choice.

The driver must bring the vehicle up to speed manually and use a button to
set the cruise control to the current speed. The cruise control takes its speed
signal from a rotating driveshaft, speedometer cable, wheel speed sensor from
the engine's RPM, or from internal speed pulses produced electronically by the
vehicle. Most systems do not allow the use of the cruise control below a certain
speed (normally around 40 km/h (25 mph)). The vehicle will maintain the
desired speed by pulling the throttle cable with a solenoid, a vacuum driven
servomechanism, or by using the electronic systems built into the vehicle (fully
electronic) if it uses a 'drive-by-wire' system.

All cruise control systems must be capable of being turned off both
explicitly and automatically when the driver depresses the brake, and often also
the clutch. Cruise control often includes a memory feature to resume the set
speed after braking, and a coast feature to reduce the set speed without braking.
When the cruise control is engaged, the throttle can still be used to accelerate the
car, but once the pedal is released the car will then slow down until it reaches
the previously set speed.

On the latest vehicles fitted with electronic throttle control, cruise control
can be easily integrated into the vehicle's engine management system. Modern
"adaptive" systems (see below) include the ability to automatically reduce speed
when the distance to a car in front, or the speed limit, decreases. This is an
advantage for those driving in unfamiliar areas.

The cruise control systems of some vehicles incorporate a "speed limiter"
function, which will not allow the vehicle to accelerate beyond a pre-set
maximum; this can usually be overridden by fully depressing the accelerator
pedal. (Most systems will prevent the vehicle accelerating beyond the chosen
speed, but will not apply the brakes in the event of overspeeding downhill.)

On vehicles with a manual transmission, cruise control is less flexible
because the act of depressing the clutch pedal and shifting gears usually
disengages the cruise control. The "resume" feature has to be used each time
after selecting the new gear and releasing the clutch. Therefore cruise control is

102



of most benefit at motorway/highway speeds when top gear is used virtually all
the time.

Idle Stop-Start Systems

The Idle Stop-Start System is a low cost method for increasing fuel economy
and decreasing emissions. The system turns off an internal combustion engine
when the vehicle stops at a stop light or during stop and go traffic where the
vehicle would normally idle for a minimum of three to five seconds, then the
engine is restarted when the driver is ready to proceed. An electronic control
unit determines an appropriate time to turn off the engine based on data from
various sensors. An auto start/stop system can reduce CO2 emissions by up to
3.5%. The system is currently available on most hybrid vehicles and on BMW's
EfficientDynamics vehicles.

In hybrid vehicles, the system works very efficiently due to the availability
of the large rechargeable battery used to assist in powering the engine. The
picture below demonstrates how the system works on a full hybrid 2007 Toyota
Prius. When the vehicle comes to a complete stop at a stop; the engine is turned
off. Notice how the energy monitoring computer shows no flow of energy.
When the brake pedal is released, the electric power from the battery is used to
start the engine and assist in the initial acceleration. The yellow arrows show the
flow of the electric energy to the wheels. When engine power is required, the
engine is quickly started and assists the electric motor in powering the vehicle.

The concept is simple; however numerous parameters must be monitored
and controlled in order to ensure the driver's comfort whenever the engine turns
off. The system must monitor the state of charge (SOC) of the battery, so that
the engine can be started again. Also, the air conditioning system must be shut
down when the engine is off or being started. The system monitors the cabin
climate to ensure the driver's thermal comfort. If the cabin temperature has not
reached the operator's set value the auto start/stop system will not initiate. In
addition, the engine temperature is monitored to avoid cold starts. This ensures
complete combustion and optimal operation of the catalytic converter, thus
reducing emissions.

Automatic Braking Systems

A study conducted by the German Association of Insurance revealed that
50% of rear-end collisions occur without any braking and as much as 70%
percent occur with braking that is insufficient to stop the vehicle in time.
Furthermore, nearly 75% of all accidents that result in injuries happen within
city limits at speeds below 20 mph. Active braking systems are well suited for
avoiding or minimizing the damage caused by accidents under these conditions.

Active braking systems monitor conditions ahead of the vehicle. If a crash
appears to be imminent, these systems will automatically apply an appropriate
braking pressure. Continental’s Emergency Brake Assist system, for example,
uses three laser beams level with the rear-view mirror to scan the road for
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obstacles up to eight meters ahead. The system is capable of preventing
collisions if the speed differential between the two vehicles is less than 10 mph.
At speeds greater than 10 mph, the system can reduce the severity of impact.

The Volvo XC60 implements a dual-mode detection technology from
Continental that is capable of detecting pedestrians as well as other vehicles and
applying full brake pressure at 2 to 18 mph. The system uses an infrared laser
located behind the rear-view mirror and high resolution cameras for image
detection. The combination of the two sensing technologies enables the system
to more accurately assess the situation to further aid in accident prevention. The
Highway Loss Data Institute found that Volvo XC60s equipped with this feature
had 27% fewer claims, and were involved in fewer claims valuing up to $6,999
compared to other midsize luxury SUVs. This shows that the system appears to
be effective at reducing the number of low speed collisions.

Most of the automatic braking systems do not brake until the last minute,
after warning the driver using acoustic as well as visual warning. This braking is
usually activated later than a normal driver who is concentrating on the road
would brake. Hence the system is less likely to interfere with normal driving and
drivers are less likely to become dependent on the system for braking.

Blind Spot Detection

A person seated in the driver's seat of a typical car or truck depends on the
rear view mirror and two side mirrors to see vehicles approaching from behind.
However, vehicles or other objects on either side and slightly behind a car may
be in an area that is outside the field of view of the these mirrors. This region is
called the wvehicle's blind spot. Driver's education classes emphasize the
importance of checking for vehicles in the blind spot before attempting to make
a lane change. Nevertheless, hundreds of thousands of collisions occur every
year during lane changes.

Blind spot detectors use radar or image sensors to monitor a vehicle's blind
spots and alert the driver when other vehicles are present. The alert indication is
normally a yellow or red light located in or near the side mirrors that illuminates
when a vehicle enters the blind spot associated with that particular side of the
vehicle. Some models will provide an additional haptic warning that vibrates the
driver's seat and/or steering wheel should he use the turn signals to indicate his
intention to change lanes even though there is a vehicle in his blind spot.

With the 2011 model year, Infiniti introduced two models offering a feature
called "Blind Spot Intervention". In addition to warning the driver about a
vehicle in the blind spot, this system actually helps to prevent the car from
changing lanes when a collision is likely to occur. The system applies mild
braking to the wheels on the opposite side of the vehicle to pull the vehicle back
to its original lane when it determines that changing lanes is likely to cause a
collision with a vehicle in the blind spot.

Other Blind Spot Detection Methods. Bosch's "Side View Assist" uses
ultrasonic sensors for blind spot detection.
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Multi-radius mirrors having a 40-degree field of view have been a popular
option for consumers in Europe and Japan for more than 20 years. But in the
US, this cannot be the solution, since government regulations permit only flat
mirrors, having a 15-degree field of view.

A different blind-spot detection device has been developed by Advanced
Technology Products of Toronto, Ontario. The system uses a patented passive
infrared sensor technology, which the company claims can sense thermal energy
radiating from the tires of a moving vehicle. This temperature difference is used
to trigger a flashing red light to warn the driver of the hazard.

Michigan-based Magna Donnelly Corp. has developed panoramic vision
displays involving three cameras, which can give an image of both sides and of
the back of the vehicle, covering a 70-degree field of view with almost no blind
spots. The three cameras replace the exterior and interior rear-view mirrors.

Navigation Systems

Navigation systems help the driver of a vehicle to locate a particular
destination and identify the best route for getting to that destination. Most
automotive navigation systems use Global Positioning System (GPS) signals
and electronic maps to identify the vehicle's current position relative to the
desired destination. Portable navigation systems powered through the cigarette
lighter or batteries, can be easily moved from vehicle to another. Built-in
navigation systems have the advantage that they can access information about
the vehicle's speed and direction to help navigate in situations where a GPS
signal is temporarily blocked by buildings, traffic, foliage, etc.

Although the vast majority of automotive navigation systems rely on GPS
signals, proximity beacons provide another form of radio-positioning. Proximity
beacons are devices installed at key intersections and other strategic roadside
locations that communicate their location along-with other information to
receivers in passing vehicles via very short range radio, microwave or infrared
signals. The reception of a proximity beacon signal provides an occasional basis
for confirming vehicle position. One such system is described here.

Vehicle navigation systems generally offer the option of a top view (or bird's
eye view) that shows the position of the vehicle on a traditional map; or a
forward view that shows the road ahead as it would be viewed by the driver.

Some navigation systems are integrated with real-time traffic information
and emergency notifications that are transmitted to the vehicle wirelessly (e.g. at
cell phone or FM radio frequencies).

The Global Positioning System
The U.S. military has 27 satellites orbiting the earth, 24 that are used for the
GPS system and 3 as back-ups in case of a failure. They travel around the earth
twice everyday and are arranged in such a way that at least 4 satellites are
visible from any point on the earth at any time. To use GPS, a vehicle must have
a GPS receiver. The GPS receiver has a pre-stored map or almanac of the
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position of each satellite (which is updated based on information sent out by the
satellite). The GPS receiver finds its distance from one satellite. Now, the
receiver might be at any point on the surface of a sphere (say, Sphere A) with a
radius equal to the distance from this satellite. Now, if the receiver measures its
distance from a second satellite, it obtains another sphere (say, Sphere B) of
probable positions. Sphere A and Sphere B will intersect to form a locus of
points that would be a circle. So, we now have a circle of probable positions.
Now, the receiver does the same with a third satellite. The result is 3 spheres
that will give only 2 possible locations of the GPS receiver. Only one of these
two positions can be on earth.

The GPS satellite communicates with satellites by high-frequency, low-
power radio signals. Radio signals travel at the speed of light and the GPS
receiver measures the distance between itself and the satellite by finding the
time taken for a radio signal to travel between the satellite and itself. However,
to be able to measure this, the satellite and the receiver require extremely
accurate clocks. The satellites have an atomic clock; most commercial receivers
employ an ordinary quartz clock. The receiver measures incoming signals from
4 or more satellites, which is more information than necessary just to establish
position. The additional information is used to update the receiver's quartz clock
to maximize the accuracy of its position calculations.

"Sure-footed all-wheel-drive handling."

That's the kind of lingo you're likely to hear in car ads and marketing
material, and it has prompted me to shout at televisions, print ads, and the
occasional car-company rep: All-wheel drive doesn't help handling!

It's disingenuous to say or infer that AWD enhances cornering prowess, or
that 1t'll help a driver avoid a fallen tree or dodge Bambi. When it comes to
handling, all-wheel drive is overrated (not to mention heavy and gas-sucking),
especially in foul weather.

"I'd rather have a Camry on four new snow tires than the best all-wheel-
drive vehicle on all-season tires," said one tester who requested anonymity.

Before you start flaming, I'm not anti-AWD. Rather, I'm just incensed by
those who fudge its ability beyond all recognition. AWD is great at aiding
accelerating on slick surfaces and keeping a vehicle moving on snowy roads.
Rally racers like AWD because it helps their over-powered cars accelerate on
gravel and dirt paths. I co-drove an AWD car to victory in a 24-hour race, and in
the rain I enjoyed how the car accelerated off the corners.

However, my experience—hard-earned from wrecking more than one AWD
vehicle during snow-handling tests for a tire company—is that AWD is counter-
productive when the roads are slick. At the same time AWD doesn't improve
your handling, it does offer an overly optimistic sense of available traction, and
it provides the potential to be going so much faster when you need to stop. (Note
to those from warm climes: Snowbanks are not puffy and cushiony.) The laws of
physics mean a vehicle's cornering power is the job of the tires and suspension.
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"In the snow, it is all about the tires," says automotive engineer Neil
Hannemann, whose resume includes helping to develop the original Dodge
Viper, creating a proof-of-concept vehicle for the original all-wheel-drive
Chrysler minivan, and driving ice racers on frozen lakes. Having power to four
wheels rather than two sounds like it would help the car handle, which is why
you see those ads that infuriate me. But good tires beat AWD.

Some disagree, saying AWD helps bad-weather handling because it quells
power on oversteer, the fishtailing rear-drive cars experience when a ham-footed
driver is too rough on the accelerator. It is true that AWD is excellent at
preventing the tail from stepping out under power. But this is not "improving
handling." It's really aiding acceleration.

And it's true that some advanced AWD systems now on the market help the
car turn a little bit if the driver is assertively pushing the accelerator; they do it
by dragging the inside wheel and diverting more force to the outside wheel. But
my experience, and that of the test drivers I consulted, found little more than a
small benefit. Once the tires' grip limit is reached, no more can be created. (For
nitpickers and engineers: Yes, more aerodynamic downforce will increase grip,
but I'm talking about road-going vehicles at highway-legal speeds, where that
kind of performance edge isn't really applicable.)

There are more advanced AWD systems on the horizon. These torque-
vectoring differentials are advanced versions of the current systems that cause
one or more tires to turn faster or slower. The goal of these systems is to harness
the grip all four tires have to offer.

Even so, we're talking about minor improvements. If you're looking for the
peace of mind in knowing that you'll be able to get home if an unexpected
snowstorm hits, AWD may be a good choice for you. However, if you think that
AWD will help your car better grip slippery corners or dodge an indecisive
squirrel, you're sadly mistaken. A good set of snow tires is a better investment if
you live where it snows frequently or if the highway department is poor at
plowing roads.

Transmission

In a front-engined rear-wheel-drive car, power is transmitted from the engine
through the clutch and the gearbox to the rear axle by means of a tubular
propeller shaft.The rear axle must be able to move up and down on the
suspension according to variations of the road surface.The movement causes the
angle of the propeller shaft, and the distance between the gearbox and the rear
axle, to change constantly.

To allow for the constant movement, splines on the front end of the propeller
shaft slide in and out of the gearbox as the distance changes; the shaft also has
universal joints at each end, and sometimes in the middle.The universal joints
allow the propeller shaft to be flexible, while constantly transmitting power.The
last part of the transmission is the final drive, which incorporates the differential
and 1s sometimes called the differential. The differential has three functions: to
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turn the direction of drive through 90 degrees to the rear wheels; to allow either
rear wheel to turn faster than the other when cornering; and to effect a final gear
reduction.

A pinion gear inside the differential is driven by the propeller shaft and has
its gears bevelled - cut at an angle. It meshes with a bevelled crown wheel so
that the two gears form a 90 degree angle.The crown wheel usually has about
four times as many teeth as the pinion gear, causing the wheels to turn at a
quarter the propeller-shaft speed.The drive is transmitted from the differential to
the rear wheels by means of half shafts, or drive shafts.

At the differential end of each half shaft, a bevelled pinion gear is connected
to the crown wheel by means of an intermediate set of bevel pinions.

Driving through the front wheels

Front-wheel-drive cars use the same transmission principles as rear-
wheeldrive cars, but the mechanical components vary in design according to the
engine and gearbox layout.

Transverse engines are normally mounted directly above the gearbox, and
power is transmitted through the clutch to the gearbox by a train of gears.In-line
engines are mated directly to the gearbox, and drive passes through the clutch in
the normal manner.In both cases, drive passes from the gearbox to a final-drive
unit.In a transverse-mounted engine, the final-drive unit is usually located in the
gearbox. In an in-line engine, it is usually mounted between the engine and the
gearbox.

Power is taken from the final-drive unit to the wheels by short drive shafts.
To cope with suspension and steering movement in the wheels, the drive shafts
use a highly developed type of universal joint called a constant-velocity (CV)
joint. A CV joint uses grooves with steel ball bearings in them instead of the
‘spider' found in a universal joint, and transmits power at a constant speed,
regardless of the angle and the distance between the final-drive unit and the
wheels.

Some cars, such as earlier Minis, also have drive-shaft couplings which are
'spider’ joints, and do the same job as universal joints in rear-wheel-drive cars,
allowing up-and-down movement of the suspension. They are usually made of
rubber bonded to metal.

Rear engine driving rear wheels

Some cars, such as VW Beetles and smaller Fiats, have rear-mounted
engines and gearboxes, driving the rear wheels.Power is transmitted through the
clutch to the gearbox, passing to the wheels through drive shafts.The layout is
similar to some frontwheel-drive cars, except that no allowance need be made
for steering movement of the wheels.Sometimes the shafts are connected to the
flanges at the gearbox by "doughnut' couplings.The shafts and flanges are bolted
on either side of the couplings, and drive is transmitted through the flexible
rubber.
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Quiz

1. Almost all cars convert gasoline into motion with a -stroke combustion
cycle.
| a) two | b) three | ¢) four | d) six

2. In a multi-cylinder car engine, what are the three ways in which the cylinders
can be arranged?

a) Inline, V and b) Stacked, Z and | ¢) Flat, T and d) Opposite, S and
flat inline parallel flat

3. The "big three" engine problems are: lack of spark, lack of compression and

a) cracked | b) bad fuel mix c) oil leak d) misfiring
cylinder pistons

4. What's one component a gasoline engine has that a diesel engine doesn't?

| a) turbine | b) intercooler | ¢) alternator | d) spark plugs

5. What's the system that opens and closes a car's valves?

| a) rotor | b) camshaft | ¢) carburetor | d) timing belt

6. What are the two components of a car's cooling system?

a) carburetor and | b) coil and ¢) radiator and d) oil and turbine
water pump radiator water pump

7. What engine component is absent in a fuel-injected car?

| a) muffler | b)turbocharger | ¢) carburetor | d) muffler
8. The catalytic converter is part of which engine system?
a) Air-intake b)Valve train c) Cooling d) Emission
control

9. The three most important factors in car aerodynamics are drag, lift and

| a) down force | b)up force | ¢) side force | d) roll force

10. What's the drag coefficient of most cars today?

| a) down force ‘ b)up force | c) side force ‘ d) roll force

11. What does ABS stand for?
a) Anti-hijack braking system;
b) American braking system;
c) Awesome braking system;
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d) Anti-lock braking system

12. Where are drum brakes typically located?
a) front brakes b)rear brakes c) truck brakes d) fork lift brakes

only

13. What prevents or reduces injury to passengers?
| a) ABS | b)ESP | ¢) Traction control | d) Rigid frames

14. What's the primary advantage of anti-lock braking systems (ABS)?
a) They allow you to stop easier;

b) They allow you to steer while braking;

c¢) They prevent locking;

d) None of the above

15. What kind of gas inflates an airbag?
| a) Hydrogen | b)Nitrogen | ¢) Helium | d) Oxygen |

16. Which type of engine has the highest compression ratio?
| a) Infinite | b)Petrol | ¢) Steam | d) Diesel |

17. A bump or imperfection on the roadway causes the vehicle's wheel to move
up and down perpendicular to the road surface. What is this motion called?

a) Horizontal acceleration;

b) Lateral acceleration;

c) Vertical acceleration;

d) Roll acceleration

18. What is the most common type of spring used in modern car suspensions?
| a) Leaf springs | b)Coil springs | ¢) Air springs | d) Water springs |

19. What term describes the ability of a vehicle to travel a curved path?

| a) Acceleration | b)Road holding | ¢) Angling | d) Cornering
20. What is loosely defined as the mass between the road and the suspension
springs?

| a) Unsprung mass | b)Sprung mass | ¢) Spring mass | d) Leaf mass

21. A car engine's job is to:
a) Convert fuel into heat;

b) Convert fuel into motion;
c¢) Convert fuel into exhaust;
d) Convert fuel into flame
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22. A car uses a four-stroke engine. The

four strokes are:

a) Compression, decompression and
exhaust

b) Injection, burning, decompression,
exhaust

c) Injection, rotation, ignition and
exhaust

d) Intake, compression, ignition and
exhaust

23. A crankshaft's job in an engine is to:

a) Deliver fuel to the cylinders

b) Change linear motion into

rotational motion

c) Deliver a person from point A to
point B

d) Keep cylinder heads in place

24. In a car engine's cylinder, valves let fuel in and exhaust out. The

moves these valves.

| a) camshaft | b)timing belt

| ¢) distributor | d) silencer

25. A turbocharger is:

a) A set of gears that makes the wheels
turn faster

b) A turbine that compresses the air
traveling into the engine

c) A pair exhaust pipes that thrust the
vehicle ahead

d) An injector that delivers fuel to the
engine faster

26. What are the key parts of the camshaft?

| a)Pistons b)Lobes

| ¢) Cylinders | d) Valves

27. Which of these is not a type of camshaft?

a) Pushrod

b)A single overhead crank

c) A single overhead cam

d) Platinum overhead cam

28. In single and double overhead cam engines, what keeps the cams rotating?

| a)Timing belt | b)Timing chain

| ¢) Crankshaft | d) Wheels

29. How do pushrod engines differ from overhead engines?

a) Pushrod valves are located in the
head.

b)The valves are spring loaded.

c) The camshaft is located inside the
engine block.

d) The valves are positioned upside
down

30. Why is the camshaft important to en

ine performance?

a) It regulates the amount of fuel and
air that enters the engine.

b)It monitors the pistons.

c) It controls the action of the engine
valves.

d) It rotates the crankshaft
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31. What's the most persistent flaw in camshaft design?

a) Corrosion b) Imperfect timing

c)Valve clogging d) Metal fatigue

32.To make the best use of the fuel, the spark should occur before the piston
reaches the top of the stroke.

| a)exhaust | b)intake | ¢) compression | d) power

33. A manual transmission is connected to the engine through the: :

| a)differential | b)clutch | ¢) belt | d) gear stick

34. What connects the gears to the drive shaft in a manual transmission?

| a)layshaft | b)clutch | ¢) belt | d) collar
35. In a manual transmission, how does the collar engage a gear?
a) with magnets b) with dog teeth
c) with electronics d) with hydraulics

36. What do manual transmissions in modern passenger cars use to eliminate the
need for double-clutching?

| a)elite motor oil | b)synchronizers | c)equalizers | d) flywheel

37. What two things do automatic transmissions lack that manual transmissions
have?

a) clutch pedal and gears b) clutch pedal and gear shift

c) clutch pedal and steering wheel d) clutch pedal and gear stick

38. What creates the different gear ratios in an automatic transmission?

a) a series of four gears b) planetary gearset

c) a series of two gears d) planetary hydraulics

39. When the piston reaches a point just before top dead center, the ... ignites
the fuel mixture.

| a) alternator | b)spark plug | ¢) valve | d) flywheel

40. The connecting rod connects the piston to the... .

| a)crankcase | b)camshaft | ¢) valve | d) crankshaft
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