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MPEOVNCINOBUE

[IpencraBieHbl TEKCTHI, coepKamue HHHOPMALIUIO O CTPOUTENIHCTBE JOPOT
U aBTOMOOWISIX, a TakXe pa3JIuuyHble KOMMYHUKATUBHbBIC YIPAKHEHUS,
CHOCOOCTBYIOIINE PAa3BUTUIO HABBIKOB PA3TOBOPHOIM peur MO MPEAIOKEHHOM
TEMaTHUKe.

[TocoOue cocTout U3 2-x yacteil: yacTh | nmpeaHazHayeHa JJisd ayAUTOPHOM
paboThl Ha 3aHATUAX MO AucuuIiMHEe «HOCTpaHHBIN S3BIK B Ipodeccuo-
HaTbHOU 1 Hay4dHOU cepax» (I[IpakTukym), KOTOpast BBEJieHA B yUCOHBIC IUIAHBI
B CBsI3M C pa3paboTKoi mporpaMm oOydeHus mo roccrangapram I mokonenus;
yacTh Il comepKuT TEKCTHI U 3aAaHus ISl CAMOCTOSITEILHON TPOPAOOTKH.



BBEOEHWE

Yyebnoe mocobue pa3pabOTaHO B COOTBETCTBUU C TPEOOBAHHSAMU TOATO-
TOBKH CIELIMAIUCTOB, YMEIOIIMX OOIIAThCS HA aHIVIMICKOM S3bIKE B Ipodec-
CHOHAJIbHOM M Hay4dHOM cdepax. OHO mpenycmarpuBaer oOy4EHHE COTJIACHO
TpeOOBAHMSM HOBBIX IPOIPAMM, COCTABIEHHBIX B COOTBETCTBUM C IOCCTaHAApP-
tamu I noxonenus.

Yacte I cocront u3 4-x pas3nenos, BKIIOYAIOIIUX TEKCThI IO TEMATHKE
CTPOUTENBCTBA ABTOMOOMIIBHBIX JIOPOT, CIIMCKH KIIFOUEBBIX CJIOB, YIPAKHEHUS
JIEKCUKO-IPAMMaTHYECKOr0 XapakTepa, MPeAyCMAaTPUBAIOIIME HE TOJIBKO IpO-
BEPKY IIOHMMAaHHS NPOYUTAHHOTO, HO W MOATrOTaBIMBAIOIIME CTYJIEHTOB K
OOIICHNIO TT0 M30pPaHHOM CIIENUATbHOCTH U MPOUITIO By3a B OopMe quaiora u
MOHOJIOTa (J0KIaaa, COOOIICHU).

Yacts Il coaepkuT TEKCTHI A1 CaMOCTOSATENbHOU NpopaboTku. OHU MOCBS-
IIEHbl UICTOPUH CO3/IaHMS aBTOMOOUJIEH, XapaKTEepUCTUKE aBTOMOOMIIEH pa3iny-
HBIX MapoK M OCOOEHHOCTSM COBPEMEHHBIX aBTOTPAHCHOPTHBIX CPEACTB. DTH
TEKCTbl MOKHO MPEUIOKUTH KAK CAMOCTOATEIbHbIE MHAUBUAYaJbHbIE 3aJaHUS C
HEJBI0 TIOTyYeHHUsI He0OX0AUMOM MH(GOPMAaLMK U NajJbHEHUIIEro npeacTaBIecHUs
B BUJI€ pedepaToB, yCTHHIX U MUCbMEHHBIX MEPEBOAOB, MEPECKa30B HA aHTJINN-
CKOM M PYCCKOM s3bIKax. VX MOXXHO HMCHOJIb30BaTh MPU NOATOTOBKE K BbI-
CTYIUICHUSM Ha KOH(EPEHIMSIX U MPH CAaue WHIUBUAYAIbHBIX 33aJJaHUI B BUJEC
IIPE3EHTALUN.

ABTOpPBI BBIpaXAIOT OJAr0JapHOCTh PELEH3EHTaM — KaHAUAATy NeJaroru-
YeCKUX HayK, IOICHTY, 3aB. Kadeqpoil MHOCTPAaHHBIX s3bIKOB [leH3eHckoro ¢u-
auana AkazeMuHu MaTepHallbHO-TeXHHUecKoro obecneuenus Cepruesckoi M.JI.
U KaHIWUJATy (PUIOJOTMYECKUX HAyK, JOLUEHTY Kadeapbl HHOCTPaHHBIX S3bIKOB
[MI'YAC Ko3zunoii T.A.



PART I.
ROADS AND THEIR CONSTRUCTION

Unit 1. ROADS

1. H3yuume cneodyrowyro 1eKCuKy.

1) motor road — aBTOMOOWMIIbHAS TOpOTa

2) road sign — TOPOKHBIN 3HAK

3) highway — aBromaructpanb

4) primitive road — HeyJTy4IlIeHHAs! TPYHTOBAs J0pora

5) natural — ecTeCTBEHHBINH

6) passable — mpoOXoAUMBIii

7) carriageway — npoe3xasi 4acTh

8) proper — TOJKHBIH

9) drainage — ocymieHre, BOAOOTBO, IPCHAK

10) stable — mpo4HBIH, YCTOWYNBBINA, CTAOUITILHBIN

11) surfacing — nokpsiTHE

12) traffic — nmxenue

13) speed — ckopocTh

14) improve — ynyd4IiaTh

15) driving — Bo>kieHHE€ aBTOMOOWIIS

16) affect — Bo3nelicTBOBaTH

17) super-elevation — morbeM BUpaka Ha 3aKPYTIACHUSIX TOPOTH

18) curve — kpuBasi, ayra

19) gradient — yxion

20) width — mmpuna

21) landscape — neitzax, manamadT, MECTHOCTh

22) slow traffic road — mopora jj1st THXOXOHOTO TPaHCIIOPTa
one-way motor road — mopora ¢ IBI)KCHHEM B OJTHOM HAaIPaBJICHUH
two-way fast traffic road — qopora, mo3Bosstomas 1ByCTOPOHHEE CKO-

POCTHOE JBUKEHUE

23) infect to — coueTaTbes

24) long-sight distance — 60JbII0€ PacCTOSIHHE BUTAUMOCTH

25) stopping — CTOsSIHKa

26) length — nnmuHa, 0Tpe3ok

27) overtaking — oOron

28) fit into — mpucnocabIMBaTHCSI, BIUCHIBATHCS

29) secure — obecrnieunBaTh

30) car — aBTOMOOWIIb

31) service — oOcy>KUBaHHE
repair service — peMOHT
maintenance service — o0CIIyKuBaHUE
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32) reflector indicator — yka3aresnb ¢ karaporamu
33) guard post — npegoXpaHUTENbHBIN CTOIO
guard barrier — npe1oXpaHUTENbHBIN Oapbep
ferro-concrete guard post — xene300eTOHHBIIN MPeT0XPaHUTEIBHBIN CTOJIO
34) inspection pit — CMOTPOBOI KOJIOJEIT
35) carriageway — poe3Kast 4aCTh

1. Iloobepume onpedenenue K AHIUUCKOMY MEPMUHY, NOIb3YACL Mada. ] u
ungopmayueti uz mexcma.

Tao6n.1

1. Primitive roads

a) They have a specially constructed stable carriageway
with a road surface of an improved type.

2. Seasonal roads

b) They are natural roads where no construction work
is made.

3. Permanent roads of
local transport

c) They have a specially constructed carriageway,
proper drainage being made.

4. Permanent motor-car
roads

d) They have a specially constructed stable carriageway,
proper drainage and road surfacing traffic all the year
round.

5. The slow traffic road

e) It requires long-sight distances for safe stopping but
no additional lengths for overtaking.

6. One-way motor road

f) It affects the width, surface, and super-elevation; the
degree of permissible curves and gradients.

7. The two-way fast
traffic road

g) It inflects to the landscape and serves local needs.

8. Traffic speed

h) It requires both long-sight distances and over-taking
lengths.

TEXT 1
Roads

Answer the questions:

Part 1

1. For what purpose is major road-building work going on all over Russia at

present?

2. What do the highways comply with?
3. What cities do well-appointed highways connect Moscow with?




Part 2
1. What represents the important means of transportation in our country?
2. What types can roads be classified into according to their technical
characteristics?

Part 1

Every year thousands of kilometers of new highways are put into service. At
present major road-building work is going on all over Russia, so as to secure all-
the-year-round transport links between cities, villages and industrial centers. Car
tourists and the need to ensure ready approach to recreation zones are also taken
into account.

There are more cars on the roads and in a wider variety of models. The
repair and maintenance service system operates on the tourist routes, just as it
does on all the other motor highways of the country. The highways comply with
the modern international specifications. They have reflector indicators and road
signs, which can be clearly seen both in the daytime and at night. Ferro-concrete
and metal guard posts and barriers, and inspection pits for cars are placed at the
roadside at definite intervals. The roads also have overnight shelters for cars and
parking zones at regular intervals, so that the drivers and passengers can take a
rest there.

Well-appointed highways connect Moscow with Saint-Petersburg, the
Northern Caucasus, Minsk, Suzdal, Pskov and other ancient Russian cities.
From Moscow one can travel over good highways to Novorossiisk, Sochi, the
foothills of Mt.Elbrus, and the Mineralniye Vody spa. Modern motorways make
it easy for tourists to visit the sightseeing spots of the Northern Caucasus, the
Crimea and other places.

It is difficult to enumerate all the new roads. New bus terminals are being
built on the new highways.

At present the cities of the Russian Federation have a lot of bus routes.

The bus and taxi fleets were considerably expanded in the last few years.



Part 2

Motor Roads or highways represent the important means of transportation in
our country. Road design in our country is regulated by State Plans. According
to their technical characteristics roads can be classified as follows:

Primitive Roads. They are natural roads where no road construction work
has been made. Such roads are only passable for a part of the year.

Seasonal Roads. They have a specially constructed carriageway, proper
drainage being made. Seasonal roads are not passable in certain parts of the year.

Permanent Roads of Local Transport. They have specially constructed
stable carriageways, proper drainage and road surfacing securing traffic all the
year round.

Permanent Motor-Car Roads or Motor Highways. They have a specially
constructed stable carriage way with a road surface of an improved type. They
are constructed for high speed traffic.

The roads are constantly being improved so as to meet all the requirements
of comfortable driving.

Exercises

1. Iloobepume coomeemcmeyrowue omeemsl K CREOVIOWUM BONPOCAM NO
NPOUUMAHHOMY MEKCHY.

1. What operates on the tourist routes?

2. What is road design in our country regulated by?

3. What are the characteristic features of primitive roads?

4. For what purpose are roads constantly improved?

5. What roads have a specially constructed stable carriageway with a road
surface of an improved type?

6. What are the properties of permanent roads of local transport?

a) The roads are constantly improved so as to meet all the requirements of
comfortable driving.

b) Permanent motor-car roads or motor highway have a specially
constructed stable carriageway with a road surface of an improved type.

c¢) The repair and maintenance service system operates on the tourist routes,
the roads also have overnight shelters for cars and parking zones at regular
intervals.

d) Primitive roads are natural where no road construction work is made.

e) Permanent roads of local transport have specially constructed stable
carriageway, proper drainage and road surfacing securing traffic all the year
around.

f) Road design in our country is regulated by State Plans.
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1. Ilepeseoume credyrowue npednioxcenus, noavsysiace maon. 2. Obpamume
BHUMAHUE HA CMPYKMYPY NPEOSIOHCEHUL.

Taox. 2

Thousands of kilo-

into service every

meters of new high- are put
year.
ways
: : : th high-
New bus terminals | are being built on the new g
ways.
Th taxi : : in th t fi
e bus and taxi will be |considerably| expanded m e hextdew
fleets years.
Road construction | has not o
made on primitive roads.
work been
R ign i .
oad design in our 1s regulated | by State Plans.
country
Seasonal roads were improved | in summer.

1. ExxerogHo BBOASTCA B IEMCTBUE THICSAYU KHJIIOMETPOB IOCCEHHBIX 1OPOT.
2. HoBble aBTOOYCHBIE CTAHIIMKM CTPOSITCS HA HOBBIX IIOCCEHMHBIX JOpPOTrax B

HaCTOAIICC BPCMAI.

3. B mocnenytomnme HECKOIBKO JIET MapKu aBTOOYCOB U TaKCH OyIyT 3HAYH-

TCJIBbHO PAaCHIMPCHEI.

4. Ha HeyJly4YlIEHHBIX TPYHTOBBIX JOpPOTax HE MPOBEICHO (BBIITOJIHEHO)
HUKAKUX JIOPOKHO-CTPOUTEIBHBIX pa0OT.
5. JIopokHOE TIPOCKTUPOBAHME B HAUICW CTpaHE PEryJIupyeTcs Trocyaap-

CTBCHHBIMH IIJIaHAMH.

6. Ce30HHBIEC TOPOTH JIETOM OBUTH YITyUIIICHBI.

I1l. Bvibepume npasunivHulll nepesod NpeoiodceHuss ¢ HeonpeoeieHHO-UY-
HbIM MecmoumeHuem ONe.

From Moscow one can travel over good highways to Novorossiisk, Sochi,
the foothills of Mt.Elbrus, and the Mineralniye Vody spa.

1. I3 MOCKBBI OJIUH MOKET IIPOeXaTh M0 XOPOUIUM IIOCCEHHBIM JOPOTaM B
Hosopoccuiick, Coun, K MOAHOXKHUIO TOPBI DNBOPYC U HA KypopT MuHepaabHbIe

Bongr.

2. I3 MockBBI Bbl MOXETE MPOEXaTh MO XOPOIIKUM IIOCCEHHBIM J0pOraM B
Hosopoccuiick, Coun, K MOAHOXKHUIO TOPBI DNBOPYC U HA KypopT MuHepanbHbIe

Bongr.

3. U3 MoOCKBBI 1O XOpPOUIMM IIOCCEHHBIM JOpOraM MOXHO IpOeXaTh B
Hosopoccuiick, Coun, K MOAHOXKHUIO TOPbI DNBOPYC U HA KypopT MuHepanbHbIe

Bongr




1V. llepesedume credyrowee npednodxcenue Ha pyCcCKUll s3blK, 00pamue eHu-
Mawnue Ha 2nazon-3amenumens dOes

The repair and maintenance service system operates on the tourist routes,
just as it does on all the other motor highways of the country.

V. Onpedenume, 6 kaxkom npeonodceHuu YynompeoOieH He3A8UCUMbLU NpU-
yacmmolil 060pom.

1) Permanent roads of local transport have specially constructed stable
carriageways and road surfacing securing traffic all the year round.

2) Seasonal roads have a specially constructed carriageway, proper
drainage being made.

3) The roads are constantly being improved so as to meet all the
requirements of comfortable driving.

VI Bvibepume npeonodcenue, coomgemcmayroujee 0eucmeumenbHoCmu.

1.
a) Primitive roads have a specially constructed stable carriageway.
b) Primitive roads are natural roads where no road construction work has
been made.
c¢) Primitive roads have a specially constructed carriageway.
2.
a) Seasonal roads are passable all the year round.
b) Seasonal roads are passable in all parts of the year.
c¢) Seasonal roads are not passable in certain parts of the year.
3.
a) Permanent roads of local transport have road surfacing securing traffic
all the year round.
b) Permanent roads of local transport have road surfaces of an improved
type.
c¢) Permanent roads of local transport have no surfaces.

VII. Tloobepume nooxoosiuee no cmwiciy ckazyemoe. take a rest; make it
easy, take into account; put into service.

1. Every year thousands of kilometers of new highways ....................

2. Car tourists and the need to ensure ready approach to recreation zones

3. The roads have overnight shelters for cars and parking zones at regular
intervals, so that the drivers and passengers can ..................... there.
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4. Modern motorways ................ for tourists to visit the sightseeing spots
of the Northern Caucasus, the Crimea and other places.

VIII. [lepeseoume Ha anenuticKuil s3vix.

1. B Hacrosiiee BpeMsi JOPOKHO-CTPOUTENbHBIE PadOThl BEAYyTCS MO BCEH
Poccun.

2. ABTOCTpaabl YIOBIETBOPSIOT COBPEMEHHBIM MEXKIyHAPOIHBIM Crieu(u-
KallysiM.

3. Ha noporax uMeroTcs oTpaxkaTesibHble IPUOOPHI U TOPOKHBIE YKa3aTeu.

4. OTpakaTenbHble TPUOOPHI U JOPOXKHBIE yKa3aTeId YETKO BHUIHO KaK B
JTHEBHOE BpEMsi, TaK U HOUBIO.

5. YUepes ompezenieHHbIE TPOMEKYTKA Ha 000YMHAX Pa3MEMIAOTCS KEJIe30-
OCTOHHBIC U METAUTUYECKUE TTPEAOXPAHUTEIbHBIE CTOJIOBI U OaphePHl.

6. [Ipexpacubie aBTOCTpanbl coenuHsroT MockBy ¢ Cankrt-IlerepOyprom,
Cesepnbim KaBkazom, Munckom, IIcCkoBOM U IpyrumMu ropojaamu.

7. TpyaHO MEPEUYUCIUTH BCE HOBBIE JIOPOTH.

8. [locTosiHHBIE TOPOTH MECTHOTO HAa3HAYECHHUSI UMEIOT IMPOUYHYIO MPOE3KYIO
4acTh, JIOJDKHBIA BOJOOTBOJ M TMOKPHITHE, OOECIEUHBAIOIIEE ABUKEHUE KPYT-
JIBIA TOJ.

9. ABTOCTpasbl UMEIOT MPOYHYIO, CICHHAIBLHO COOPYXKAEMYIO0 IPOE3KYIO
YacTh U MOKPHITUE YJIYUYIIICHHOTO THUIIA.

10. ABTOCTpabl COOPYKAIOT JJI1 BBICOKOCKOPOCTHOT'O IBUKEHUS.

TEXT 2
The Character of Roads

Answer the questions:
Part 1
1. What is the governing factor in the road design?
2. What does the traffic speed affect?
3. How many types of roads are there?

Part 2

1. What principles were set out to obtain an easy flow of alignment?
2. What is it necessary to remember?

11
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ABCONKOTHOE KAYECTBO HOPO}K'FI_-I;IX PABOT

Part1

The traffic speed for which the road is intended is the governing factor in its
design. It affects the width, surface and super-elevation; the degree of
permissible curves and gradients which affect the relationship of road to
landscape. The higher the speed for which the road is designed, the flatter the
curves should be. There are three main types of roads, each having a different
landscape character:

The slow traffic road, inflecting to the landscape and serving local needs.

The one-way motor road. It requires long-sight distances for safe stopping,
but no additional lengths for overtaking.

The two-way fast traffic-road. It requires both long-sight distances and
over-taking lengths.

The last is the most difficult to fit into the landscape, and potentially the
most dangerous.

A two-way fast traffic-road is probably an anachronism. The slow traffic-
road does not involve any radical departure from the old pattern of landscape,
but the fast traffic-ways present a set of factors new to landscape design.

Part 2

The principles of easy and continuous flow and the correlation of vertical
and horizontal curves are recognized as the good engineering practice. The
following principles were set out to obtain an easy flow of alignment.

1. Any vertical curve, not on a straight section, should coincide in length
with a horizontal curve.

12



2. A combination of straights with short curves should be avoided.

3. Curves in the same direction should not be connected by straights.

4. Super-elevation greater than one per cent over the general gradient will
cause a visual kink.

5. Transition curves between a straight and a radius, should proceed from
infinity to the radius.

It is necessary to remember the following:

1) A small, angular difference between two tangents may need a longer
curve, for the sake of appearance, than is needed for design-speed.

2) There should be ample length of tangents between two curves in the
opposite direction, and, except in the case of the flattest curves, spirals should be
inserted between straights and radii.

Exercises

1. Iloobepume coomeemcmeyrowue omeemsl K CREOVIOWUM BONPOCAM NO
NPOYUMAHHOM) MEKCMY.

1. What are the properties of the slow traffic road?

2. What road requires long-sight distances for safe stopping but no
additional lengths for overtaking?

3. What road is the most difficult to fit into the landscape?

4. What combination of straights should be avoided?

5. Where spirals should be inserted?

6. What curves should not be connected by straights?

a) Spirals should be inserted between straights and radii.

b) A combination of straights with short curves should be avoided.

c) The one-way motor road requires long-sight distances for safe stopping
but no additional lengths for overtaking.

d) Curves in the same direction should not be connected by straights.

e) The slow traffic road inflects to the landscape and serves the local need.

f) The two-way fast traffic road is the most difficult to fit into the landscape.

1I. Ocnosvigascy Ha cooepicanuu mexkcma, 3aKOHYUMe NPeoloHCeHUs, UC-
NOb3YS NPeOlONHCEHHbLE 8APUAHNMBI.

1. The traffic speed for which the road is intended affects...
a) the width;
b) surface;
c) super-elevation;
d) the degree of permissible curves and gradients.

13



2. The slow traffic road ...
a) inflects to the landscape;
b) serves local needs.
¢) is the most dangerous.

3. The two-way fast traffic road ...
a) requires over-taking lengths;
b) is the most difficult to fit into the landscape;
c¢) is the most dangerous.

III. Onpeoenume gynkyuu -ing opmul enazonos, nepesedume Ha pPyCcCKuil
A3bIK.

1. There are three main types of roads, each having a different landscape
character.

2. The principles of easy and continuous flow and the correlation of vertical
and horizontal curves are recognized as the good engineering practice.

3. One of the types of roads is the slow traffic road, inflecting to the
landscape and serving local needs.

4. The one-way motor road does not require any additional lengths for
overtaking.

V. Onpeoenume @ynkyuu uHurumuea 6 ciedyrowux npeoiodHceHusx, ne-
peeseoume Ha PYCCKULL A3bIK.

1. The two-way fast traffic road is the most difficult to fit into the landscape.
2. It is necessary to remember the following.
3. The following principles were set out to obtain an easy flow of alignment.

V. Bwibepume npeonodicenus, Komopvie COOMEEmMCcmeyiom Oeucmeaumens-
HOCTU.

A.

1) There should be no ample length of tangents between two curves in the
opposite direction.

2) There should be ample length of tangents between two curves in the
opposite direction.

3) There should be additional length of tangents between two curves in the
opposite direction.

B.

1) A small, angular difference between two tangents may need a longer
curve, for the sake of stopping.

2) A small, angular difference between two tangents may need a longer
curve, for the sake of safety.

3) A small, angular difference between two tangents may need a longer
curve, for the sake of appearance.
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C.

1) Curves in the same direction should be connected by straights.

2) Curves in the same direction should not be connected by spirals.

3) Curves in the same direction should not be connected by straights.

D.

1) A combination of straights with short curves should be avoided.

2) A combination of straights with short curves should be preferred.

3) A combination of straights with long curves should be avoided.

E.

1) Any vertical curve on a straight section coincide in length with a
horizontal curve.

2) Any vertical curve, not on a straight section, should coincide in length
with a horizontal curve.

3) Any vertical curve, not on straight section, should differ in length with a
horizontal curve.

VI Ilepeseoume na anenutickutl s3viK.

1. CkopocTh IOBWKEHHSA, IUIsi KOTOPOW IOpOTra IpPEIHAa3HAYEHA, SBIIIETCS
IJIaBHBIM (DAKTOPOM MPH €€ MPOECKTUPOBAHHH.

2. CKOpOCTh NBWKEHMS BIWAET HA IIUPUHY JOPOTH, MOKPBITHE, HA IMOIBEM
BHPa)Ka HA 3aKPYTJICHUIX JOPOTH, a TAKXKE HA CTEIEHb JOIyCTUMBIX KPUBBIX U
YKIJIOHOB.

3. YeM BpIlIE CKOPOCTH, AJIsI KOTOPOW IMPOEKTUPYETCSA IOPOra, TEM POBHEE
JIOJKHBI OBITH KPHUBBIE.

4. Kaxxmast mopora IMeeT OTIMYUTEIbHBIN JTaH A THRIA XapaKTep.

5. CymecTByIOT JOPOTH I TUXOXOAHOTO TPAHCIIOPTA, JOPOTH, ITO3BOJISIO-
1Y€ ABKCHHUE B OJTHOM HANPABIEHUU, JOPOTH I IBYCTOPOHHETO IBUKECHUS.

6. 3aKkpyTJiIeHHs], HIyLIME B OJJHOM M TOM XK€ HAIPaBJIEHUH, HE TOJDKHBI CO-
€OUHATHCS IPSIMBIMU.

TEXT 3
Highway Network Fundamentals
Answer the questions.

1. What makes up traffic streams?

2. What is it necessary to take into account in planning an effective auto-
mobile highway network?

3. What is the framework of a highway network?

Roads which interconnect inhabited localities and industrial and agricultural
centres constitute the basic highway network. Persons and goods requiring to be
transported between specific origins and destinations, the amount of goods
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depending on the requirements of the national economy and established trade
relations, make up traffic streams.

In planning an effective automobile highway network it is essential in the
first instance, to take into account the main freight and passenger traffic streams
in order to keep the costs down and to facilitate the delivery of goods. The
framework of a highway network is a system of trunk roads designed for long-
distance high-speed passenger and goods traffic, and connecting the main
economic regions of the country with its basic economic centres.

When laying out a highway network it is essential to maintain administrative,
cultural and economic communications between various parts of the country.

The location of a highway network is a fundamental element of road
planning, and is determined by the distribution of the country's productive
forces, the further development of which it must promote. However, the
considerable amount of money already invested in road building compels the
designer to make maximum use of the existing metalled roads. In all projects
concerned with the development of highway networks, therefore, considerable
attention must be given to the reconstruction of roads in order to render them
suitable for modern high-speed motor traffic.

Exercises

1. 3axonuume npedﬂo:)fceyuﬂ 6 coomeemcmeuu ¢ codepofcaﬂue/w mekcma.

1. Roads which interconnect inhabited localities and industrial and agri-
cultural centres constitute ... .

2. When laying out a highway network it is essential to maintain ... .

3. The considerable amount of money already invested in road building
compels the designer to make maximum use of ... .

4. Considerable attention must be given to the reconstruction of roads in
order to render them suitable for ... .

1l. Cocmagvme oOuanocu no credylowum memam, UCHOTb3YS AKMUBHbIL
cn08apyb:

1) nBu>xeHue Ha Joporax;
2) knaccuuKanus J0por Mo UX TEXHUYECKUM XapaKTEePUCTUKAM;
3) TypuCTUYECKHE MAPUIPYTHI JJIs1 aBTOJIIOOUTENIEH.

11I. Coenatime coobweHus no cieoyiowum memam, UCHONb3YS Mamepuasl
mekcmos u MumepHem ucmouHuKos:

1) AOpOKHBIEC 3HAKH U WX 3HAUCHUE;
2) HoBbIe aBTOOpOTH Poccuu;
3) 3apyOeKHbIe aBTOCTPAIbI.
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Unit 2. ROADS AND ROAD CONSTRUCTION

1. U3yuume crnedyrowyro 1eKcuKy.

1)
2)
3)
4)
S)
6)

road — mopora

construction — coopyxeHue

subsoil — rpyHT

life — >xu3HB, MPOAOIKUTETLHOCTD CITYKCHUS

stability — mpo4YHOCTH, YCTOMYHUBOCTD, CTAOUIIBHOCTD

surfacing — yCTpOHCTBO TOPOKHOTO MOKPBITHS, OTJENKA MTOBEPXHOCTH,

IIOKPBITHUC

7)
8)
9)
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)
25)
MU

-

26)
27)
28)
29)
30)
31)
32)
KPBITHUC
33)
KPBITHUC
34)
35)

foundation — ocHoBanue, pyHIaAMEHT

riding qualities — e3/10BbIE KauecTBa, IKCILTyaTallMOHHBIE Ka4eCTBa JIOPOTH
maintenance — yXoj, peMOHT

smooth — rimaakui

finishing — 3aKOUUTENBHBINA, OTACIOYHBIN

waviness — BOJIHUCTOCTh, YXaObl

unevenness — HEPOBHOCTh

surface — MOKpBITHE, JOPOKHAS OJSHK A

to roll — ykaTeIBaTh KaTKOM

joint — CTBIK

earth — 3emJs

gravel — rpaBuii

drainage — ocyIieHnue

clay — rinuHa

untreated — HeoOpaboTaHHBII

aggregate — 3aroJIHATEIb, arperar

broken stone — mebeHka, OUTHIN KaMEHb

sand — nmecok

bituminous — OUTYMHHO3HBIN, MPOMUTAHHBIM CMOJIUCTHIMHU BEIECTBA-

OUTYMHBIH

silt — un

traffic — nBUXeHUE

layer — croit

base — ocHOBaHUe

moisture — Bjiara, BIIQ)KHOCTh

compaction — YIJIOTHCHHE

water-bound macadam surface — HeoOpaboTaHHOE IIEOEHOYHOE IO-

traffic-bound surface — ymmoTHeHHOe, ykaTaHHOE ABWIYKEHHEM II10-

concrete — 6eToH
raft — moTo06pa3HbIil (CTPOIUIIO)
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36) tough — Bsi3KMiA, TATYYUH, TPOUHBIN, TIJIOTHBIN, )KECTKUN
37) castiron —yyryH

38) wear — H3HOC, U3HAIIINBATH

39) to treat with — oOpabaThiBaTh

40) strength — npo4HOCTh, KPEMOCTH

41) durability — nosroBe4HOCTh, IPOYHOCTD

42) nonskidding — mepoxoBaTocTh

43) property — CBOHCTBO

44) loam — >xupHas IJIMHA, CYTJIUHOK

45) seams — IIBBI

1. Iloobepume npasunvhblil nepeoo K AHIUUCKUM MEPMUHAM.

1) subsoil a) TIOKPBITHE

2) life b) nBmxeHME

3) riding qualities C) IPOJIOJKUTENBHOCTD CITYKEHHS

4) surface d) mpoYHOCTH, YCTONYHBOCTH

5) unevenness €) CTBIK

6) joint f) ocHoBanue

7) traffic g) TPYHT

8) base h) yniiotnenue

9) stability 1) HEpOBHOCTh

10) compaction ) DKCIUTyaTallMOHHBIE KA4eCTBA IOPOTH

111. Iloobepume npasunbhblil nepesood PycCcKuUM mepMuHam.

1) HeoOpaboTaHHOE 1I€0CHOYHOE TOKPHITHE a) traffic-bound road

2) MpONMMUTAHHBIA CMOJMCTHIMU BELIECTBAMU b) cast iron

3) meOeHka c) clay

4) 3amoJHUTEb d) silt

5) uyryH ¢) water-bound macadam
surface

6) un f) moisture

7) yKaTaHHO€ JIBU’KEHHUEM MOKPBITHE g) layer

8) rimHa h) broken stone

9) cnoit 1) aggregate

10) Bnara J) bituminous

1V. [loobepume npagunvroe onpedenenue K AHIUUCKUM MEPMUHAM.

1) The road
2) Concrete roads
3) Unsurfaced roads
4) Roads with untreated surfaces
18



a) These are constructed of natural aggregates or broken stone without
bituminous or other surfacing.

b) They are roads of natural earth with little or no improvement.

¢) It includes the construction above the subsoil itself.

d) Such roads are often unpleasant for riding as a result of the joint
difficulties.

V. Iloobepume npasuibHvili mepmut K AHSIUUCKUM ONPeOeleHUsIM.

1. They are composed of broken stone and natural binder, such as
cementitous stone, dust or screenings.

2. They are obtained by stabilizing such natural materials as sand-clay
mixtures and gravels by controlling their gradation amount of blinder soil,
moisture content and thoroughness of compaction.

3. They are used where strength durability, nonskidding properties and low
maintenance charges can be offset against high initial cost.

4. They are usually employed to increase or to retain the stability.

a) Stabilised roads

b) Admixtures

¢) Water-bound macadam surfaces
d) Cast iron pavings

VI Ilepeseoume nHa pycckuti s3vlK cledyowue CyuecmeumesibHvle ¢ cygh-
¢uxcom -Ness,

1) wave — waviness

2) uneven — unevenness

3) effective — effectiveness
4) rough — roughness

5) cohesive — cohesiveness
6) thorough — thoroughness
7) light — lightness

8) soft — softness

VII. Ilepegedume cneodyiowjue aHmMoOHUMBbL.

1) even—uneven

2) pleasant — unpleasant
3) surfaced — unsurfaced
4) treated — untreated

5) usual — unusual
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TEXT 1

Answer the questions:
Part 1
1. What does the road include?
2. Why are the riding qualities of road of great importance?
3. What is particularly liable to the waviness and unevenness?

Part 2
1. What are the characteristics of unsurfaced roads?

Part 3
1. What are untreated surfaces constructed of?
2. What do the sand-clay surfaces consist of?
3. Where are gravel surfaces commonly used?

Part 1

The road includes not only construction above the subsoil itself. Its life
depends on the stability of the surfacing, the foundation and the subsoil.

Riding qualities of roads must be considered. This aspect of road
construction and maintenance is of great importance and it is very largely by the
degree in which a road affords smooth or comfortable riding.

Great care therefore should be exercised in the finishing stage of road
construction to prevent waviness or uneveness of surface materials that are
rolled being particularly liable to the former defect.

Part 2

Many miles of rural roads are unsurfaced roads. They are of natural earth
with little or no improvement. These are maintained in usable condition by
occasional dragging and by building up soft spots with earth or gravel. The
condition of such roads depends on the nature of the soil and the effectiveness of
drainage. The surface will be fairly stable only where the natural soil is gravelly
or sand with some clay.
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Part 3

Untreated surfaces are constructed of natural aggregates or broken stone
without bituminous or other surfacing. The sand-clay surfaces consist of
intimate mixture of sand and clay in about the proportions of 12 to 18 per cent
clay, 5 to 15 per cent silt, and 65 to 80 per cent sand. If the natural topsoil occurs
in about these proportions it can be used for the surface; or clay may be added to
a sandy soil or sand to a clay soil. The sand and clay are mixed on the road bed
by harrowing and blading, consolidated by traffic or preferably by rolling and
shaped with blade graders to a crowned section. Gravel surfaces are commonly
used for minor roads where natural gravel is plentiful. The gravel is spread on
the subgrade, compacted by rolling or under traffic and bladed to a crowned
surface. The gravel may be placed in one layer, but better results are obtained if
pit-run gravel is used in the base course and a selected gravel for the surface.
Sizes up to 5 in. may be used in the base. The top course should be screened
gravel under 1% in, and containing 10 to 15 percent binding material, such as
iron oxide, limestone dust, clay or loam.

Exercises

1. Tloobepume coomeemcmeyowue omeemsl K C1eOVIOWUM BONPOCAM NO
NPOYUMAHHOMY MEKCM).

1. What does the road life depend on?

2. What roads are usually unsurfaced roads?

3. What does the condition of unsurfaced road depend on?

4. What gravel is used in the base course?

5. What should the top course be?

6. How many applications of calcium chloride or light oil to the gravel road
are required per season?

a) The top course should be screened gravel under 1% in., and containing 10
to 15 percent binding material, such as iron oxide, limestone dust, clay or loam.

b) The pit-run gravel is used in the base course.

c¢) The road life depends on the stability of the surfacing, the foundation and
the subsoil.

d) The condition of unsurfaced roads depends on the nature of the soil and
the effectiveness of the drainage.

¢) Two or more applications of %2 1b. per square.

1. Ilepeseoume credyrowue npeodnodiceHuss Ha PyCcCcKUll s3ulK, 0o0pawas 6Hu-
Mawuue Ha MOOAIbHbLE 2/1A20bL.

1. Riding qualities of roads must be considered.
2. Great care should be exercised in the finishing stage of road construction
to prevent waviness or uneveness of surface materials.
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3. If the natural topsoil occurs in the proper proportions it can be used for the
surface.

4. Clay may be added to a sandy soil, or sand to a clay soil.

5. Sizes of gravel up to 3 inches may be used in the base of the road.

6. The top should be screened gravel.

IIl. Bcmasbme nooxoosuyue no cmeiciy crosa: must be added; may be
obtained; can be used.

1) If a satisfactory binder is not present in the natural gravel, it ... from
another source.

2) This natural topsoil ... for the surface because it consists of an intimate
mixture of sand and clay in the proper proportions.

3) As the soil is sandy, clay ... .

1V. Ilepeeeoume nHa anenuticKuii A3biK.

1) Hdopora noykHa OBITh TJIAAKON U YIOOHOM JJ1sI KCILTyaTaluu.

2) Eciu 3aech MHOTO €CTECTBEHHOI'O TpaBUsl, TO CJIEAYET HCMOJb30BaTh
rpaBUMHOE MOKPBITUE JIJIS1 JOPOTH.

3) I'paBuii MOKHO 3achInaTh B OJIMH CJIOM.

4) Dta nopora MOXET ObITh MPUTOAHA (MCIOIb30BaHA) ISl SKCILUTyaTalluu
BECh I'O]I.

TEXT 2

Answer the questions:

1) How are stabilized roads and bases obtained?

2) For what purpose are admixtures usually employed?

3) What are traffic and water-bound macadam surfaces composed of?
4) What are the properties of concrete roads?

5) When is cast iron paving used?
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Stabilized roads and bases are obtained by "stabilizing" such natural
materials as sand-clay mixtures and gravels by controlling their gradation,
amount of binder soil, moisture content, and thoroughness of compaction.
Admixtures are usually employed to increase and to retain the stability obtained
by the above controls. Natural gravels are often lacking or overabundant in
certain sizes. The grading is corrected in the stabilizing process by combining
materials from different sources and mixing them thoroughly on the roadbed by
harrowing and blading, or in mechanical mixers which travel along the roadway.
Grading limits for stabilized mixtures have been standardized. The liquid limit
and the plasticity index are also a part of the specifications. The plasticity index
is a measure of the cohesive qualities of the binder soil. In general, dense graded
mixtures, such as sand-clay, require a higher plasticity index than the coarser
mixtures. Likewise more cohesion is desirable in an untreated surface course
than in a base course with a bituminous surface. The upper value of the liquid
limit 1s that at which softening may occur. Common admixtures applied to
stabilized surfaces are calcium chloride, asphaltic coils, tars, and Portland
cement. The calcium chloride, being deliquescent, absorbs moisture from the air,
thus keeping the soil moist and preserving the natural cohesion. Portland cement
sets the mix in a weak concrete. Bituminous materials waterproof the mixtures
and add cohesion. Calcium chloride may be applied to the surface or mixed with
the aggregate; other products are thoroughly mixed into the road during
construction.

Traffic and water-bound macadam surfaces are composed of broken stone
and a natural binder, such as cementitious stone, dust or screenings. In the
traffic-bound process, layers of broken stone I to 2 in. thick are impregnated
with subgrade material or screenings as they are compacted under traffic. In the
water-bound process, common in the preautomobile era, a slurry of stone
screenings and water was pressed into a layer of broken stone under the action
of the roller. Upon drying the slurry set up into a week mortar, binding the
stones together. This type is unsuited to any appreciable motor traffic unless
surface treated with bituminous materials.

Polyvinyl chloride clothing is used for protection from the elements and
chemicals. The apparel is made with welded seams.

The provision of a concrete wearing surface is usually included as the final
operation in the construction of a concrete raft forming the main structure of the
road. Wearing courses are usually made 2 to 3 inches thick. Granite and similar
aggregates are usually preferred for hard wear, and a maximum size of 3/4 inch
is sometimes specified. Concrete wearing surfaces are often treated with silica
soda. Concrete roads are often very unpleasant for riding as a result of joint
difficulties.

Cast iron paving has definitely established a place for itself among road
surfacing materials where strength, durability, nonskidding properties and low
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maintenance charges can be offset against high initial cost. Cast iron sections are
usually bedded upon a film of specially prepared bituminous grout applied to the
surface of a concrete foundation. The sections are fixed while the bitumen is still
hot and the thin joints between sections are filled with the same grouting
medium.

Exercises

1. Iloobepume omseemol Ha cledyroujue 80NPOCHL K NPOYUMAHHOMY MEKCHY.

1. How is the grading of natural gravel corrected?

2. What are the common admixtures applied to stabilized surfaces?

3. What are the properties of calcium chloride?

4. What are layers of broken stone, in the traffic-bound process, compacted
under?

5. What are concrete surfaces often treated with?

6. What are cast iron sections usually bedded upon?

a) In the traffic-bound process.

b) Concrete wearing surfaces are often treated with silicate soda.

c¢) Common admixtures applied to stabilized surfaces are calcium chloride,
asphaltic oils, tars and Portland cement.

d) Cast iron sections are usually bedded upon a film of specially prepared
bituminous grout applied to the surfaces of a concrete foundation.

e) The grading is corrected in the stabilizing process by combining
materials from different sources and mixing them thoroughly on the roadbed by
harrowing and blading, or in mechanical mixers which travel along the roadway.

f) The calcium chloride is deliquescent. It absorbs moisture from the air,
keeping the soil moist and preserving the natural cohesion.

11. Ilepeseoume npeonoscenus, noiv3ysice maoi. 3.

Tabn.3
Admixtures may be corrected | with silicate soda.
The grading can be offset to increase and to retain the
stability of roads.
The strength, durability, | may be treated against high initial cost.

nonskidding properties of
the cast iron paving

Concrete wearing surfaces |should be employed | in the stabilizing process by
combining materials from
different sources.
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1. [Ipumecu criemyeT MCHOIB30BATH ISl TOTO, YTOOBI YBEIMYUTh U COXpa-
HUTB IPOYHOCTH JIOPOT.

2. I'panynoMeTpruyecKuii COCTaB MOKET OBITh HUCIHpPaBJICH B MpoIlecce
YKPEIUICHHUS MyTeM CMEIIMBAHMS MAaTEPUAJIOB U3 PA3TMYHBIX HCTOYHUKOB.

3. CBoiicTBa MPOYHOCTH, JOJTOBEYHOCTH, IIIEPOXOBATOCTH UYTYHHOU MOCTO-
BOM MOTYT BO3MECTUTH BBICOKYIO TIEPBOHAUATILHYIO CTOMMOCTb.

4. betoHHBIE HECYIIME MOBEPXHOCTH MOTYT OBITh 00pabOTaHbI KpeMHe-
KHUCIIBIM HaTPUEM.

I1l. Hatioume npuuacmus, onpederume Gopmy u GyHKyuio npuuacmutl,
nepeseoume ux Ha pyccKull s3vlK.

1. The calcium chloride, being deliquescent, absorbs moisture from the air,
thus keeping the soil moist and preserving the natural cohesion.

2. The provision of a concrete wearing surface is usually included as the
final operation in the construction of a concrete raft forming the main structure
of the road.

3. Cast iron sections are usually bedded upon a film of specially prepared
bituminous grout applied to the surface of a concrete foundation.

V. Becmasvme nponywennwviti npeonoe (into; with; between; for; among;
of), nepeseoume na pycckuii s3vix.

1. Grading limits ... stabilized mixtures have been standardized.

2. The liquid limit and the plasticity index are a part ... the specifications.

3. Asphaltic oils and tars are thoroughly mixed ... the road during
construction.

4. Calcium chloride may be mixed ... aggregate.

5. Cast iron paving has definitely established a place for itself ... road
surfacing materials.

6. The cast iron sections are fixed while the bitumen is hot and the thin joints ...
sections are filled with the same grouting medium.

V. [loobepume npasuibHwlii N0 CMbICTY NEPeBOO 0Ji NPEOJIOHCEHHBIX 2ePyH-
OuanvbHouIx Ghopm.

1. Stabilized roads and bases are obtained by stabilizing such natural
materials as sand-clay mixture and gravels.

a) C IIOMOIIBIO YKPETUICHHSI TAKUX €CTECTBEHHBIX MAaTEPUAIIOB,

b) yKkperuieHneM TaKuX eCTECTBEHHBIX MaTepPHAJIOB,

C) MyTeM YKPETUICHHSI TAKAX €CTECTBEHHBIX MaTEPUAIIOB.

2. Upon drying the mixture sets up into a weak mortar.
a) 10 Mepe BhICHIXaHUS,
b) Korja BRICOXHET,
C) MpU BBICBIXaHUU
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3. Concrete roads are often very unpleasant for riding as a result of joint
difficulties.

a) JUTSL OKCILTyaTaIu,

b) mis e3xpl,

C) KaK MOKPBITHE IS SKCILTyaTaIuy (IS TBUKCHHS).

TEXT 3
1. Iloobepume 3a201080K K meKkcmy.
a) Types of highways
b) New type of Dressing
c¢) Rubber highway

1. 3adavime sonpocwi k mexkcmy.

111. Ilepeckasicume mekcm HA AH2IULUCKOM 53bIKe.

Old rubber goods mixed with asphalt have proved to be an excellent paving
for highways. This became clear after an experiment carried out in Georgia. A
section of a road, 25 km northwest of Tbilisi, was coated with the so-called
rubber-asphalt-concrete. Five years of service have not changed its original
condition.

The new dressing has found an extensive application in the country. This
will help to lower the cost of road construction and make tyres last longer.

Exercises

1. Coenaiime coobujenuss Ha aH2AULCKOM 53blKe NO CAeOVIOWUM MeMdaM,
UCNONB3YS AKMUBHBILL CTLOBADD.

1) TUIIBI TOPOKHBIX MOKPBITHIA;
2) cBOICTBA, KOTOPBIE JOJKHBI UMETh JOPOTH;
3) cTpouTeIbHBIE MATEPUAIIBI, UCIIOJIb3YEMbIE JJISI CTPOUTENBCTBA JOPOT.

11.Cocmasvme ouanozu u obcyoume ciedyrowue npooiemol:

1) crpoutensctBO Mopor B Poccuu;
2) NOPOKHBIC MOKPHITUSI, HEOOXOAUMBIE JIJI1 3SMMHETO TIEPUO/Ia;
3) SKOHOMHYHOCTb MPU CTPOUTEIBCTBE TOPOT.

Unit 3. PAVEMENT

1. U3yuume cnedyrowyio nekcuxy.

1) rigidity — >k€CTKOCTb, TPOUYHOCTh, YCTONIMBOCTD
2) uniformity — 0 THOPOAHOCTh
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3) resistance — CONPOTUBIIEHUE, YCTOMUHNBOCTh
resistance to wear — yCTOWYHUBOCTh K U3HOCY
4) wear — U3HOC
5) roadbed — 3eMIIIHOE TTOJIOTHO, €CTECTBEHHOE TPYHTOBOE OCHOBAHHE
6) resist — CONPOTUBIATHCA, BBIAEPKUBATD
7) stress — HanpsKEHUE, HAIPSHKEHHOCTh
8) multilayer — MHOTOCIOMHBII
9) magnitude — BemnunHa
10) abrasion — uctupanue, CTUpaHue
11) impact — TOT4OK, yAap, COTpCEeHHE, JMHAMUYECKOE BO3ACICTBIE
12) expensive — 1oporoi
13) adhesion — cuemnnenue
14) coat — ciioi MOKPHITHS, OOIUIIOBKA
15) sub-base — HY>KHMI CITOM MOKPBITUS
16) impervious — HEMPOHHUIIAEMbIH, BOJIOHETIPOHUIIAEMBII
17) destroy — pa3zpymarbcs
18) treatment — o6paboTka
19) bearing — Hecymuii
20) pl.matrix (matrice) — BsbKyIee
21) protect — 3amuinaTh
22) loam — cyrinuHOK
23) accumulation — HaKoIJICHHE
24) subgrade — ocHOBaHME TOPOKHOM OJEKIbI, TPYHTOBOE OCHOBAHHE
25) loading — Harpy3ka
26) service quality — kauecTBO 00CITy)KHUBaHUS
27) grade — copTupoBaTh
28) interstice — MPOMEXKYTOK, ITyCTOTA, I
29) particle — vactuma
30) inherent — npucymi, NPUPOKICHHBIN
31) slab — 6anka
32) fluctuation — kosie6anue
33) expansion — pacuupeHue
34) contract — cyxaTbcs
35) shrink — cokpamarbcsi, CxXUMaThCA, 1aBaTh YCaKy (OcenaTh)
36) bar — ipyT
37) dowel — ITBIPB, CTBIKOBOM CTEPKEHB, KOCTHLIb
38) chippings — ockoaku
39) wedging — 3akIMHUBaHUE
40) contain — coziepx’aThb
41) quantity — KOTUYECTBO
42) fraction — yactuiia, 00JI0MOK
43) inferior — HU3IIUH
44) strain — HanpsDKeHUE, yeuiue, nedopmarms
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1. Iloobepume npasuivHbll NEPEBOO AH2AULCKUM MEPMUHAM.

1) resistance to wear

a) HM>KHUM CJI0M OCHOBaHUS

2) rigidity

b) HanpsbKeHue

3) roadbed C) MPOMEXKYTOK

4) stress d) Harpyska

5) impervious €) YCTOWYMBOCTh K U3HOCY
6) sub-base f) Hecymmii

7) loading ]) BSDKyIIIEe

8) bearing k) >xecTKOCTh

9) matrice 1) BoJloHETPOHUIIAEMBIT

10) interstice

m) €CTECTBEHHOE I'PYHTOBOE OCHOBAHUE

111. I[loobepume npasunbhblil nepesood PycCKuUM mepMuHam.

1) cyxarbes a) slab

2) HU3MIUN b) expansion
3) CTBIKOBOM CTEP>KEHb c) contact

4) naBaTh yCaaKy d) bar

5) Oanka ¢) dowel

6) yactuia f) chippings
7) npyt g) interior
8) CyrJIMHOK h) particle
9) ockoJiku 1) shrink

10) pacuupenue ]) loam

1V. Iloobepume npasunvHoe onpeodenenue K aH2autiCKumM mepMuHam.

1. Surfacing

a) A strong bearing layer of strong
material or stone with a binding matrix.

2. Pavement base

b) A layer of earth or stone materials,
resistant to moisture, inserted.

3. Sub-base c) Comprises the thoroughly compacted
upper layers or the roadbed, upon which
the layers of the pavement are laid.

4.Subgrade d) The upper and the most rigid layer of

the pavement.
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V.Iloobepume npasunbhblil mepmMut K AH2AULLCKUM ONpeOeneHUsIM.

1. It is the cheapest form of road | a) Cement concrete surfacings
and the simplest from the construc-
tion point of view

2. These surfacings are of high | b) Broken-stone surfacings
resistance to wear

3. Surfaces made of individual | ¢) Surfacings of natural gravel
natural or artificial stones placed
close to each other

4. Such surfacings are made of uni- | d) Pavings
form size chippings

VI. Ilepeseoume ma pycckuil A3vIK cledyrouue cyujecmsumernvhvie ¢ cygh-
guxcom -€f.

1) to lay — layer

2) to bind — binder

3) to roll — roller

4) to work — worker

5) to move — mover
6) to fill — filler

VII. Ilepeseoume ma pycckuil s3vlK ciledyroujue npuideamenvHuvle ¢ Cygh-
Qurxcom -y.

1) silt—silty

2) loam — loamy

3) clay —clayey

4) sand — sandy

5) wind — windy

VIIl. Hatioume cocmasuble uacmu ciedyroujux cios, nepegeoume Ha pyc-
CKUTL SA3bIK.

1) semi-rigid

2) multilayer

3) renewed

4) subgrade

5) overlarge

6) intermediate
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7) sub-base
8) granulometric
9) roadbed

TEXT 1

Answer the questions:

1. What is the carriageway of the road covered with?

2. How many layers does the pavement consist of?

3. What is surfacing?

4. What are the properties of surfacing?

5. What does surfacing usually comprise?

6. What is the pavement base?

7. What is the sub-base?

8. What is the sub-base made of?

9. What does the subgrade comprise?

10. In what conditions can the stability of road pavement be ensured?

The carriageway of the road is covered with a pavement which is a rigid or
semi-rigid structure laid on the surface of the roadbed and resisting traffic
stresses and climatic factors.

The stresses induced in the pavement by motor vehicle wheels become less
with the depth. This enables the pavement to be designed in the form of a
multilayer structure, employing materials whose strengths vary for each layer
and are determined in accordance with the magnitude of the acting forces. The
pavement consists of the following layers:

1. Surfacing is the upper and most rigid layer of the pavement. It is
comparatively thin, but resists well the abrasion and the impacts caused by the
wheels and also the effect of weather conditions. Usually, the surfacing is the
most expensive part of the pavement and, therefore, is laid to the minimum
admissible thickness. The surfacing provides the required service qualities
(surface smoothness, high coefficient of adhesion). Surfacing usually comprises
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two coats or courses — the base course, on which depend the basic qualities of
the surfacing, and a wearing course, which is not regarded in calculations and
which is periodically renewed as it wears out. When the surfacings are made of
weak materials, which are subject to appreciable wear, a special wearing course
made of strong stone material treated with organic binders is necessary, which
may be periodically renewed in the course of road operation. If the surfacing is
not sufficiently impervious to water and may be destroyed during freezing or
drying out in hot arid weather conditions, it is covered with a thin protective or
sealing coat by surface treatment with a binder and a filling of fine sand. Surface
treatment is also used for increasing the roughness of polished surfacings.

2. Below the surfacing base coat is the pavement base, a strong bearing layer
of stony material or stone with a binding matrix. This layer is designed to
distribute the individual wheel-loads over the roadbed or sub-base. The
pavement base is not subject to the direct action of automobile wheels.
Therefore, materials of a lesser strength than those used for the surfacing or the
wearing course can be employed in its construction. When the base is protected
from the action of surface water — in the case of an impervious surfacing — it
may become saturated by water drawn upwards from the roadbed during winter
frost penetration. For this reason, in the northern regions materials used for base
construction have to satisfy certain requirements concerning frost resistance.

3. The sub-base is a layer of earth or stone materials, resistant to moisture,
inserted when necessary between the pavement base and the roadbed to reduce
the required thickness of the pavement base. The sub-base is made of gravel,
slag, soil treated with binding agents, sand, etc.

On sections where the roadbed comprises silty loamy and clayey soils,
inside which winter moisture accumulation may occur, a sub-base of porous
materials is introduced. This consists of a sand or gravel layer which drains
away excess water from the upper layers of the roadbed, drains the pavement
structure and increases the bearing strength of the roadbed. It is termed a
drainage course.

If the roadbed is composed of stable, impervious sand, sandy loam or gravel
soils, a sub-base is not necessary.

4. The subgrade comprises the thoroughly compacted upper layers of the
roadbed, upon which are laid the layers of the pavement. The subgrade receives
all the distributed pressure of traffic loads and, therefore, is a very important
element of the pavement structure. The stability of road pavements can be
ensured only on a heterogeneous, well compacted roadbed with adequate
drainage. The increase of roadbed soil resistance to external loading, its drainage
and the uniformity of water conditions are the best means for ensuring pavement
stability and reducing its cost. No increase in the thickness of the pavement base
can guarantee the strength of a pavement laid on a weak bed soil.
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Exercises

1. Iloobepume omseemsl Ha cledyroujue 80NPOCHL K NPOYUMAHHOMY MEKCHY.

1. What is the pavement laid on?

2. What enables the pavement to be designed in the form of a multilayer
structure?

3. What does the surfacing resist well?

4. For what purpose is the pavement base designed?

5. For what purpose is surface treatment used?

6. Why is the subgrade a very important element of the pavement structure?

a) This layer is designed to distribute the individual wheel-loads over the
roadbed or sub-base.

b) The pavement is laid on the surface of the roadbed.

c¢) Surface treatment is used if the surfacing is not sufficiently impervious to
water and may be destroyed during freezing or drying out and also for
increasing the roughness of polished surfacings.

d) It resists well the abrasion and the impacts caused by the wheels and the
effect of weather conditions.

e) The subgrade receives all the distributed pressure of traffic loads and
therefore is a very important element of the pavement structure.

f) As the stresses induced in the pavement by motor vehicle wheels become
less with the depth, this enables the pavement to be designed in the form of a
multilayer structure.

1I. Ilepesedume npeonodicenus, onpedenume, ¢ KOMOPOM U3 HUX UMeemcs
00beKmHubLL UHBUHUMUBHBLI 0O0POM.

1. This enables the pavement to be designed in the form of a multilayer
structure.

2. The pavement base is designed to distribute the individual wheel-loads
over the roadbed or sub-base.

3. The sub-base is inserted between the pavement base and the roadbed to
reduce the required thickness of the pavement base.

III. Vxaoicume, 6 Kakux npeonoxicenusix cioea ¢ cyggurxcom -ing ssusiomes
Participle 1, nepeseoume npeonosicenuss Ha pyCCKUll sA3bIK.

1. Surfacing is the most expensive part of the pavement.

2. A pavement is a rigid or semi-rigid structure laid on surface of the
roadbed and resisting traffic stresses.

3. If the surfacing is not sufficiently impervious to water and may be
destroyed during freezing or drying out, it is covered with a thin protective or
sealing coat.
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4. Surface treatment is used for increasing the roughness of polished
surfacings.

5. The pavement base is a strong bearing layer of stony material or stone
with binding matrix.

1V. 3amenume npuuacmue npoweoueco epemenu 8 QYHKYuu onpeoeneHus
yenvimM NPUOAMOYHbIM ONPEOeTUMENbHbIM NPEON0HCEHUEM.

OOpasem: A pavement is a rigid or semi-rigid structure laid on the
surface of the roadbed.

A pavement is a rigid or semi-rigid structure which is laid on the surface of
the roadbed.

1. The stresses induced in the pavement by motor vehicle wheels become
less with the depth.

2. Surfacing resists well the abrasion and the impacts caused by the wheels.

3. When the surfacings are made of weak materials a special wearing course
made of strong stone material treated with organic binders is necessary.

4. The northern region materials used for base construction have to satisfy
certain requirements concerning frost resistance.

5. No increase in the thickness of the pavement base can guarantee the
strength of a pavement laid on a weak bed soil.

V. Jlononnume cnedyroujue npeoioxiceHus.

1. The pavement is designed in the form of a multilayer structure, employing
materials whose ... .
a) strengths vary for each layer;
b) strengths are determined in accordance with the magnitude of the acting
forces.
2. Surfacing usually comprises a wearing course, which ... .
a) is not regarded in calculations;
b) is periodically renewed as it wears out.
3. A sub-base of porous materials consists of a sand or gravel layer which ... .
a) drains away excess water from the upper layers of the roadbed;
b) drains the pavement structure;
¢) increases the bearing strength of the roadbed.

V. Ilepesedume npeonodicenuss Ha AH2AUUCKULL A3bIK.

1. lopoxkHast ojexaa — 3TO JKECTKOE WJIM TOJYKECTKOE COOpYKEHHE,
YII0KEHHOE Ha MOBEPXHOCTh 3€MJISIHOTO MOJIOTHA.

2. lopoxHast oexaa — 3TO COOPYKEHHUE, BbIICPKUBAIOIIEE HAMPSKEHHOCTH
NBIKEHUS U (TPOTUBOCTOSIIEE) KiIuMaTuueckue(um) haktopbi(am).
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3. loposkHas ojie’k/1a COCTOUT U3 CIAEAYIOUIUX CIOEB: MOKPHITHS, OCHOBAHUS
JIOPOKHOM OACXKIbl, HUYKHETO CJIOS IIOKPBITUSI, TPYHTOBOTO OCHOBAHMSI.

4. TToKpbITHE — BEPXHUM U CAMbIN JKECTKUU CIION JOPOKHON ONEXKIBI.

5. IlokpeITHE OOBIYHO BKJIFOUAET ABA CJIOSI MOKPBITHSL.

6. Korma mokpeITUsi A€NarOTCAd U3 Clal0blX MaTepuaioB, HEOOXOAUM CIie-
[UAJIbHBIA CJIOM M3HOCA M3 MPOYHOI0 KaMHs, 00paOOTaHHOIO OPraHUYECKUMHU
BSDKYILMMH BEIIECTBAMM.

7. HuokHUM cloil MOKPBITUA JeNlaeTcsl U3 TpaBusi, TpyHTa, 00pabOTaHHOTO
BSDKYIIIMMHM BEIIECTBAMH, IIIJIaKa, MECKa U .

8. Eciin rpyHTOBOE€ OCHOBAHHE COOPYKAETCS W3 MPOUYHBIX, BOJIOHEIPOHU-
[[aeMbIX MaTEpHAJIOB — IMECKa, MEeCYaHOro0 CYIJIMHKA U TPaBUMHBIX T'PYHTOB, B
HIKHEM CJIO€ TTOKPBITUSL HET HEOOXOIUMOCTH.

TEXT 2

Main types of pavement

Answer the questions:

1. What must be the properties of road pavement?

2. What types can the surfacings be divided into?

3. What are the properties of cement concrete and asphalt surfacings?

4. What do cement concrete surfacings usually consist of?

5. What joints are there?

6. What are the properties of bituminous macadam-broken-stone and gravel
surfacing treated with organic binders?

7. What are the properties of broken-stone surfacings?

8. What are the properties of surfacings of natural gravel?

9. What are the properties of paving?

The road pavement must be of an adequate rigidity, uniformity and
resistance to wear. The pavement service qualities are determined mainly by the

nature of the surfacings. The surfacings can be divided into the following basic
structural types.
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Cement concrete and asphalt surfacings. These surfacings are of high
rigidity and of high resistance to loading.

The stone aggregate is thoroughly graded so that the interstices between
large particles are filled with smaller chips, and the material as a whole has a
minimum porosity. Cohesion is provided by the use of cement and organic
binders.

In contrast to asphalt surfacing, cement concrete surfacing has a very
considerable inherent strength and temperature stability. These surfacings
usually consist of separate concrete slabs. The slabs are separated from each
other by joints which are necessary to allow for changes in length owing to
temperature fluctuations. There are expansion joints which contract when the
slab length increases, and contraction joints which expand when the slab
shrinks. Inserted into the joints are steel bars called dowels which transmit
vertical loads from one slab to the other, and, to a lesser degree, flexible
moments.

Bituminous macadam-broken-stone gravel surfacing treated with orga-
nic binders. This surfacing is highly resistant to the destructive action of traffic.
Such pavement is impervious to water.

Broken-stone surfacings and bases made of uniform size chippings. The
strength of broken-stone surfacings is provided by the wedging action which
takes place during rolling. Broken-stone surfacings have a low resistance to
wear under automobile traffic. Such pavements are used only when the traffic
intensity is low.

Surfacings of natural gravel. The gravel road is the cheapest form of road
and the simplest from the construction point of view. It has high strength and
stability when it does not contain an overlarge quantity of fine fractions, which
make the mixture plastic in wet conditions.

Pavings are surfaces and bases made of individual natural or artificial stones
placed close to each other.

Earth road pavements stabilized with granulometric additions consist of
local soils.

Natural earth roads actually have no pavement. The -carriageway
comprises the upper layers of the natural ground compacted by traffic. These
roads can only serve for carrying traffic of low intensity in dry seasons of the
year.

Depending on the riding quality road pavements are classified as high-
quality, intermediate and inferior. When classifying road pavements the decisive
factors are the permissible traffic speed and the rate of strain accumulation in
them.
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Exercises
1. [loobepume omeemwi Ha cliedyroujue 80ONPOCHL K NPOYUMAHHOM) MEKCHL) .

1. What are the pavement service qualities determined by?

2.How is the stone aggregate of cement concrete and asphalt surfacings
graded?

3. Why are the slabs of cement concrete surfacings separated from each
other by joints?

4. What are broken-stone surfacings and bases made of?

5. When are broken-stone surfacings used?

6. How are road pavements classified depending on the riding quality?

a) The slabs are separated from each other by joints to allow for changes in
length owing to temperature fluctuations.

b) Such pavements are used only when the traffic intensity is low.

c) The stone aggregate is thoroughly graded, so that the interstices between
large particles are filled with smaller chips.

d) Depending on the riding quality road pavements are classified as high-
quality, intermediate and inferior.

e) Depending on the riding quality road pavements are classified as high-
quality, intermediate and inferior.

f) Broken-stone surfacings and bases are made of uniform size chippings.

1. 3axonuume credyroujue NpeonoNHceHUs:

1. The stone aggregate is thoroughly graded, so that ...
a) the interstices between large particles are filled with smaller chips;
b) the material as a whole has a minimum porosity.
2. Cohesion is provided by ...
a) the use of cement;
b) the use of organic binders.
3. Bituminous macadam-broken stone surfacings treated with organic
binders are ...
a) highly resistant to the destructive action of traffic;
b) impervious to water.
4. The gravel road is ...
a) the cheapest form of road;
b) the simplest form of road from the construction point of view.
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III. Onpedenume epammamuyueckyio ¢gopmy cnos ¢ cygguxcom -iNg, ux
@dyuKyuIo 8 npednodceruu u nepedeoume Ha pyCccKull s3vlkK.

1. Natural earth roads can only serve for carrying traffic of low intensity in
dry seasons of the year.

2. Depending on the riding quality road pavements are classified as high-
quality, intermediate and inferior.

3. When classifying road pavements the decisive factors are the permissible
traffic speed and the rate of strain accumulation in them.

4. Asphalt surfacings are of high rigidity and of high resistance to loading.

1V. I[Toobepume no cmwlcity nponyujerHbslil coro3 uiu corsnoe cioso: Which;
so that; when.

1. The stone aggregate is thoroughly graded .... the interstices between the
large particles are filled with smaller chips.

2. The contraction joints expand .... the slab shrinks.

3. The strength of broken-stone surfacings is provided by the wedding action ....
takes place during rolling.

V. Umobwl 3anomuums evipadxcenue «OWING tOy, nepeseoume credyiouue
npeododiCeHUst N0 00PaA3YY:

O6pasen. The slabs are separated from each other by joints which are
necessary to allow for changes in length owing to temperature fluctuations.

bajku oTnensiroTcs ApyT OT ApyTa rna3amu (IIBaMH), KOTOPbIE HEOOXOINMBI,
€CJIM MPUHATh BO BHUMAHWE W3MEHEHUS B JIJIMHE IO MPUYMHE TEMIIePaTypPHBIX
KOJIeOaHUI.

1. The expansion joints are used owing to the increase of the slab length.
2. Contraction joints expand owing to the shrinking of the slab.

VI. [loobepume nooxoosuwuii no cmwiciy npeonoe: in; for; of; from; into;
with; by.

1. Cement concrete surfacings are .... high rigidity.

2. Inserted .... the joints are steel bars called dowels.

3. Bituminous macadam-broken-stone surfacings are treated .... organic
binders.

4. Bituminous macadam-broken stone surfacings are impervious .... water.

5. The carriageway of the natural earth roads comprises the upper layers of
the natural gravel compacted .... traffic.

6. Natural earth roads can only serve .... carrying traffic of low intensity.

7. Dowels transmit vertical loads .... slab to the other.
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TEXT 3

Choice of pavement type

1. ITpounTaiite TEKCT.

2.CocTaBbTe IUIAH K TEKCTY W BBINMUIINTE KIIOYEBBIC CJIOBA U CJIOBOCO-
YCeTaHUS.

3. IlepeckakuTe TEKCT HA AHTJIUUCKOM SI3bIKE.

Various types of road pavement construction may be used for the same
traffic intensity. In the planning stage the choice should be made from several
possible types and the most appropriate pavement should be selected. The traffic
requirements, local natural conditions, availability of local building materials,
and of the facilities offered for organizing construction work are of great
importance.

When making the final choice of pavement construction from several
possible types, preference should be given to the most economical.

The best type of pavement is the one which provides during the assumed
repayment period the minimum cost per ton-kilometre.

The final choice of the type of pavement is made by comparing the periods
necessary for repayment of the capital cost of construction with the economy in
the relevant operation cost.

Exercises

1. Cocmagvme ouanozu no cieoyiowum memam:

1) camble my4iine 10pory;

2) TOCTOWHCTBA U HEJIOCTATKH JOPOT C PA3TMYHBIMU TUTIAMU TTOKPBITUIA;
3) mpoOeMBbI TPYHTOBBIX JTOPOT.

11. Coenatime coobweruss Ha AHSTULCKOM 5A3bIKe N0 caedyroujell memamuxe:

1) npuMeHeHue eMeHTa U OUTyMa JUIsi CTPOUTENIBCTBA JOPOT;
2) TOPO>KHBIC TTOKPHITUS U3 ICOHS.

11l. Tloocomosvme npezenmayutro no meme «Cmpoumenbcmeo 00poe 8
Poccuu u 3a pybescomy», ucnonvzys Unmepuem pecypceoi.

Unit 4. ROAD, ROAD MATERIALS

1. H3yuume cnedyrowyro 1eKCuKy.

1) slurry — mutam, sKuaKast TIIMHA, KUJIKANH TIEMEHT
2) seal coat — 3amMTHBIN CJIOH, MMOKPBHIBAIOIINN CIIOH, CJI0M M3HOCA (TOPOXK-
HOM OJICKIbI)
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3) quick-set — OBICTPOCXBATHIBAOIIUICS, OBICTPO OCEIAIOIINIMA
4) aggregate — 3aM0JTHUTED

5) contain — cogepkathb

6) suspended — B3BeIICHHBII

7) dissolve — pacTBOpsTBHCS

8) stable — mpouHbIi

9) coalesce — cpactarbcsi, COETUHATHCS

10) charge — 3apsin

11) lattice — pemerka

12) attach — mpuKkpersiTh, CBI3bIBATH

13) strength — npounocTh

14) cohesive — cBs3aHHBIN

15) sustain — BeIIEp)KHBATh

16) resistance — yCTOHYHBOCTH, COTPOTHUBIICHUE

17) extent — IIUTETHLHOCTH

18) adsorption — morsomnieHre, MOTIAOTUTENbHAS CIIOCOOHOCTh
19) cationic — NOJIOXKUTEBHO 3aPSAKEHHBIN

20) anionic — OTPHUIIATEILHO 3aPSKEHHBIN

21) exchange — oomen

22) solution — pacTBop

23) filler — 3anonHuUTEND

24) fluid — )KUAKOCTH, PACTBOP; KUAKUHN, TEKYIHH, THAPABINIECKUAN
25) pavement — MOCTOBasI

26) convert — mpeBpaiarh, o0paiaTh, NpeodpPa3oBbHIBATH

27) multivalent — MHOTOBaJICHTHBIN

28) droplet — kams

29) emulsion — sMymbcus

30) segregation — pacciioeHuUE, BbIJICTICHUE

31) excess — U30BITOK

32) delay — 3amennarthb

33) ambient temperature — TeMIiepaTypa OKpy>KaroImiei cpeabl
34) hydrated — ramenas

35) lime — u3BeCTh

36) tar — ryapoH, cMoOJa, 1eTOTh

37) rock — ecTecTBEHHBIN KaMEHb, CKaJlMCTast Mopojaa

38) pebble — mebenb

39) broken stone — OuThIif KaMeHb, IICOCHKA

40) dehydration — yaneHue BoJIbI, IeTHIPAIIHS
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11. Tloobepume npasunvhblil nepesood aH2IUUCKUM MEPMUHAM.

1) slurry a) MOJIOKUTEIBHO 3apsKEHHbBIN

2)seal coat 0) KOMHaTHas TeMIepaTypa

3)cationic B) pacciIOC€HHE, BbIICICHUE

4)anionic T') IPOYHOCTh, CTAOMIBHOCTH

5)adsorption 1) 1J1aM, )KUJKas TIIMHA, )KUJIKUN IEMEHT
6)segregation €) YCTOMYUBOCTb, COIPOTUBIICHUE

7)stability ) pacTBOP

8)solution 3) OTPULIATEIBHO 3aPsHKCHHBIN

9)ambient 1) TIOTJIOIICHUE, TIOTJIOTUTEIbHAS CTIOCOOHOCTh
10)resistance K) 3alIUTHBIN CJIOW, MOKPBIBAIOIIUN CJIOH, CIION

HN3HOCa

111. Iloobepume npasunbhblil nepesood PycCcKUM mepMuHaM.

1) pemetka a) aggregate
2) pacTBOPSTHCS b) dissolve
3) sMysbcus c) suspend
4) mpeBpamiaThb d) pebble

5) B3BEIICHHBIN e) tar

6) 3aIOJIHUTEIIb f) lattice

7) OBICTpPOCXBATHIBAIOIIUNACS | g) convert
8) 3amoJIHUTEIIb h) filler

9) ryapon

1) emulsion

10) me6eHn

j) quick-set

1I1. Tloobepume npasuivHoe onpeodeneHue K AH2AULCKUM MEPMUHAM.

1. Natural gravel

a) It is generally used in the form of crushed
stone.

2. Rock b) It is a mixture of complex organic compounds.

3. Asphalt c) It is a product of the manufacture of coke from
bituminous coal.

4. Tar d) It is a mixture of sand and pebbles.
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V. Iloobepume anenutickuii mepmur K OAGHHbIM ONPeOeaeHUsIM.

1. Small particles of asphalt suspended
in water, in which emulsifier moleculars
are partially dissolved.

a) Calcium chloride.

2. The lower the ambient temperature,
the more mineral filler is needed to
achieve quickset.

b) Asphaltic oils and Portland cement.

3. It is deliquescent.

c) Cationic  quick-setting  asphalt
emulsion.

4. They are common admixtures to be
applied to stabilized surfaces.

d) For the anionic quick-setting slurry
mix.

5. The length of the time during which a
mix remains fluid.

e) Mixing time.

VI Ilepeseoume na pycckuii A3blK cledyoujue cyujecmeumenvhvie ¢ cyg-

Gurcom -ty.

1) capable — capacity

2) stable — stability

3) flexible — flexibility

4) durable — durability

5) difficult — difficulty

6) proper — property

7) local — locality

8) continuous — continuity

VII. Ilepeeeoume na pycckutl A3vIK clledyroujue npuiazamesibivie ¢ cypoux-

com -IC.

1) economy — economic
2) cation — cationic

3) anion — anionic

4) ion — ionic

5) asphalt — asphaltic

6) organ — organic
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TEXT 1

Road materials

Answer the questions:

Part 1
1. What materials are used in construction of road surfaces?
2. What are common admixtures applied to stabilized surfaces?

Part 2
1. What emulsion has been announced, to meet quick-set needs in slurry seal
work?
2. How may the cationic quick-setting asphalt emulsion be described?
3. What properties does a cationic quick-setting slurry emulsion have?

Part 1

The materials of which road surfaces are composed are the following: the
natural gravel of the region.

Natural gravel is a mixture of sand and pebbles. Rock is of different kinds.
Rock is generally used in the form of crushed stone.

Asphalt is a mixture of complex organic compounds.

Tar 1s a product of the manufacture of coke from bituminous coal.

Cement, sand, clay and other materials are used in construction of road
surfaces. Common admixtures applied to stabilized surfaces are calcium
chloride, asphaltic oils, tars and Portland cement.

The calcium chloride is deliquescent; it absorbs moisture from the air, thus
keeping the soil moist and reserving the natural cohesion.

Part 2
Two new quick-set emulsions developed for slurry seal coats

Two new asphalt emulsions designed to meet quick-set needs in slurry seal
work have been announced.
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The objective of the new quick-set methods is to provide economic slurry
seal coats that can be constructed rapidly to perform under a broad range of
traffic and weather conditions.

Cationic Quick-set (QS-kh), one of the new emulsions, is available on a
limited marketing basis in the East, Midwest and South, consistent with
manufacturing and supply limitations, available only in the West at San Diego,
California.

Anionic Quick-set (QS-h), the second new emulsion, is available generally
in the West, consistent with the same limitations. Available in the East, Midwest
and South on an experimental basis only.

How cationic QS-kh system works:

The cationic quick-setting asphalt emulsion (Bitumils QS-kh) is a unique
mixing type emulsion. The cationic emulsifiers in QS-kh react chemically with
the aggregate. An aggregate may be thought of as a surface containing many
chemically reactive sites.

An emulsion may be described as small particles of asphalt suspended in
water, in which emulsifier moleculars are partially dissolved. It is postulated that
the reactive emulsifier heads protrude from the asphalt particle into the
emulsions water phase. The proper amount of emulsifier in an emulsion imparts
stability to it, but a lower emulsifier concentration will make the emulsion
unstable, and the asphalt particles will coalesce. When an aggregate and a
cationic emulsion are mixed together, a reaction occurs.

As the emulsifier reacts chemically with the aggregate, some of the electrical
charges are neutralised. This lowers the stability of the emulsion. The asphalt
particles then coalesce, forming lattices of asphalt attached to the aggregate.
These lattices impart cohesive strength to the chemically broken slurry mix.

To develop full strength, however, the water of the slurry mix still must be
removed. Beyond this initial chemical set, then, the rapid-setting system depends
on dehydration for further cohesive strength development. Note the initial
development of cohesive strength with the quick setting system.

Thus, a cationic quick-setting slurry seal emulsion has two unique properties
which provide a basis for its characterisation.

First, it is capable of being mixed with an aggregate for a short time. After a
few minutes the emulsion on the mix breaks by chemical action, and the mix
begins to set. The length of time during which a mix remains fluid is referred to
as «mixing timey.

Secondly, a properly designed, rapid-setting system, in contrast to a SS-type
slurry, quickly develops some cohesive strength — enough to sustain rolling
traffic.
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Exercises

1. Iloobepume omseemvl Ha cledyroujue 80NPOCHL K NPOUUMAHHOMY MEKCHY.

1. What is the objective of the new quick-set method?

2. What is the aggregate with which the cationic emulsifiers in the quick-
setting emulsion react chemically?

3. Why must the amount of emulsifier in an emulsion be proper?

4. What occurs when an aggregate and a cationic emulsion are mixed?

5. Where can the cationic quick-set system be used?

6. What has very high exchange capacities?

a) When an aggregate and a cationic emulsion are mixed together, a reaction
occurs.

b) Clay has very high exchange capacities.

c) The aggregate may be thought of as a surface containing many chemically
reactive sites.

d) The cationic quick-set system can be used in critical areas, such as high
bridges and high traffic areas where only limited barricade time can be tolerated.

e) The objective of the new quick-set method is to provide economic slurry
seal coats that can be constructed rapidly to perform under a broad range of
traffic and weather conditions.

f) The proper amount of emulsifier in an emulsion imparts stability in it, but
a lower emulsifier concentration will make the emulsion unstable, and the
asphalt particles will coalesce.

11. Onpeodenume @ynkyuro unghunumuea, nepesedume NPeoroNHCeHuUs Ha pyc-
CKUU 5A3bIK.

1. Two new asphalt emulsions designed to meet quick-set needs in slurry
seal, work have been announced.

2. The objective of the new quick-set methods is to provide economic slurry
seal coats that can be constructed rapidly to perform under a broad range of
traffic and weather conditions.

3. To develop full strength, the water of the slurry mix must be removed.

4. After a few minutes, the emulsion in the mix breaks by chemical action,
and the mix begins to set.

5. A properly designed rapid-setting system quickly develops some cohesive
strength — enough to sustain rolling traffic.

6. The more reactive the aggregate, the more emulsifier needed to obtain a
specific mixing time.

7. It 1s necessary to add a specially formulated chemical solution capable of
reacting with the aggregate.
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IIl. Onpeodenume mun npudamoyHo20 NPeodNoAHCeHUs, nepegeoume Ha
DPYCCKUU SA3bIK.

1. The objective of the new quick-set methods is to provide economic slurry
seal coats that can be constructed rapidly.

2. An emulsion may be described as small particles of asphalt suspended in
water, in which emulsifier moleculars are partially dissolved.

3. It is postulated that the reactive emulsifier heads protrude from the asphalt
particle into the emulsion's water phase.

4. When an aggregate and a cationic emulsion are mixed together, a reaction
occurs.

5. As the emulsifier reacts chemically with the aggregate, some of the
electrical charges are neutralized.

6. Since a chemical reaction is involved, utilization of the cationic quick-set
system is largely independent of weather.

7. Limestone has more exchange absorption sites than does silica.

8. If an aggregate contains clay, its total reactivity is greatly increased.

1V. Iloobepume npasuivHblil nepedod K 8bl0eNeHHbIM CLOBAM.

The cationic quick-setting slurry seal emulsion is capable of being mixed
with an aggregate for a short time.

1) cmemmBaThCS;
2) 0051amaTh CIIOCOOHOCTHIO CMENTUBATHCS;
3) cnocoOHa CMEIIMBATHCH.

V. Ucnonw3ys evluenepeyuciiennvie ci08d, 60CCMAHOBUMeE NPeOloNHCeHUS.
1) emulsion, chemically, emulsifier, cationic

The -ic -ers in the quick-setting asphalt -sion react -ly with the aggregate.
2) particles, described, emulsion, suspended.

An -sion may be -ed as small -s of asphalt -ed in water.

3) emulsifier, electrical, chemically, reacts, neutralized, charges

As the -er -s -ly with the aggregate, some of the -al -s are -ed.

VI. Bvlbepume npeonodicenus, KOmMopvle cOOMEEMCmeEYIom Oelcmseumeib-
HOCMU.

A.

1. Natural gravel is a mixture of clay and pebbles.

2. Natural gravel is a product of complex organic compounds.

3. Natural gravel is a mixture of sand and pebbles.

4. Natural gravel is a mixture of broken stone and lime.
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. Asphalt is a product of the manufacture of coke from bituminous coal.
. Asphalt is a mixture of complex organic compounds.
. Asphalt is a mixture of sand and pebbles.

. Asphalt is a mixture of complex inorganic compounds.

AW~

@)

1. Tar is an admixture.

2. Tar is deliquescent.

3. Tar is a product of the manufacture of asphaltic oils.

4. Tar is a product of the manufacture of coke from bituminous coal.

VII. 3axonuume npeodnoxceHus nooxXo0auumu no CMbICLy CLOBAMU.

1. The cationic emulsifiers in the quick-setting asphalt emulsion react
chemically ... .

2. An emulsion may be described ... .
3. The asphalt particles coalesce, forming ... .

4. A cationic quick-setting slurry seal emulsion is capable of being mixed ... .

5. A properly designed, rapid-setting system develops some cohesive
strength ... .
6. The extent of chemical reaction between the aggregate and the emulsion
is dependent ... .

a) enough to sustain rolling traffic.

b) with an aggregate.

c) with the aggregate for a short time.

d) on both the generic nature of the aggregate and its fine content.
e) lattices of asphalt attached to the aggregate.

f) as small particles of asphalt suspended in water, in which emulsifier
moleculars are partially dissolved.

TEXT 2

Anionic Quick-set Emulsion
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Answer the questions:

1. What causes the slurry mix set quickly?

2. What changes the properties of the anionic quick-setting asphalt
(emulsion) mix?

3. What do the ions react with?

How anionic QS-h system works:

In this way the Bitumuls QS-h-asphalt emulsion breaks by reaction with the
mineral filler and the slurry quickly. When mixed with pre-wetted aggregate a
stable mix is formed similar to the conventional slurry made with SS-Ch or SS-
kh asphalt emulsion.

Controlled addition of Portland cement or hydrated lime in the machine
mixer changes the properties of the anionic Bitumuls QS-h mix in minutes, the
fluid slurry on the pavement converts to a water and traffic resistant seal.

The mechanism involved depends on the release of multivalent cations by
the mineral filler. These ions react with the special emulsifiers in the asphalt
emulsion. The electrical surface charge that kept the emulsified asphalt droplets
separated 1s neutralized by this reaction, allowing the asphalt droplets attach to
the aggregate to form a lattice of asphalt which gives cohesive strength to the
slurry seal mix.

Beyond this initial chemical set, however, the quick-setting system with
either QS-kh or QS-h emulsion depends on dehydration for further strength
development.

General comments: All slurry seal mixes should be properly designed. This
1s particularly true of quick-setting slurry mixes. Pretesting of the job aggregate,
mineral filler and asphalt emulsion in the laboratory is essential. The job
variables cause little difficulty in the field if the mix is properly designed.
Sufficient water is needed in the slurry to obtain the desired consistency — a
creamy, homogeneous mixture which does not segregate on standing.

Minor variations in water from the mix design do not noticeably change the
setting characteristics of the quick-set slurry.

Large differences in mix water however, do affect the slurry. Too little water
will make the slurry too thick to handle, and it will set very fast. Too much
water will cause segregation and should be avoided. Excess water also delays
setting. The best quality quick-setting slurry is obtained by using as dry a mix as
the machine will handle and apply.

Field experience shows that high ambient temperature presents no unusual
problem in controlling the characteristics of the quick-setting slurry. In hot
weather the mix will set up fast on the road because of accelerated chemical
setting and rapid dehydration.
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Correspondingly less mineral filler is needed for the anionic Qp-h slurry in
hot weather than in cooler weather successful application of quick-set has been
made at ambient temperatures up to 100°F.

Bitumals QS-kh is formulated to design slurry seals with quick-set
characteristic at temperatures down to 50°F. For the anionic QS-h slurry mix,
the lower the ambient temperature the more mineral filler is needed to achieve
quickset, Portland cement, however, is not sufficiently active as a chemical set
initiator at low temperatures. Hydrated lime is usually recommended for 60° and
colder weather.

Exercises

1. Iloobepume omseemol Ha cledyroujue 80NPOCHL K NPOUUMAHHOMY MEKCHY.

1. Under what condition does the anionic quick-setting asphalt emulsion
break?

2. When is a stable mix formed?

3. What changes the properties of the anionic quick-setting mix?

4. What does the fluid slurry on the pavement convert into?

5. What keeps the emulsified asphalt droplets separated?

6. What does the quick-setting system with both emulsions depend on?

a) Controlled addition of Portland cement or hydrated lime in the machine
mixer changes the properties of the anionic quick-setting asphalt mix.

b) The quick-setting system with either QS-kh or QS-h emulsions depends
on dehydration for further strength development.

c) The electrical surface charge keeps the emulsified asphalt droplets
separated.

d) The anionic quick-setting asphalt emulsion breaks by reaction with the
mineral filler and the slurry mix sets quickly.

e) The fluid slurry on the pavement converts to a water and traffic resistant
seal.

f) When mixed with pre-wetted aggregate a stable mix is formed similar to
the conventional slurry made with SS-Ch or SS-kh asphalt emulsion.

1I. IToobepume nooxooswuii no cmviciy npeonoz: 0n; by; with; to; in; for;
of .

1. When mixed ... pre-wetted aggregate a stable mix is formed.

2. Controlled addition of Portland cement or hydrated lime ... the machine
mixer changes the properties of the anionic slurry mix.

3. The fluid slurry on the pavement converts ... a water and traffic resistant
seal.

48



4. The mechanism involved depends ... the release of multivalent cations by
the natural filler.

5. The electrical surface charge that kept the emulsified asphalt droplets
separated is neutralized ... the reaction of ions with the emulsifiers.

6. The asphalt droplets attach to the aggregate to form a lattice ... asphalt.

7. The quick-setting system with either QS-kh or QS-h emulsion depends on
dehydration ... further strength development.

111. Ilepesedume na anenuiiCKul A3vIK.

1. ITonmoxxuTenbHO 3apsKEHHAss OBICTPOCXBATHIBAIONIASICS IMYJIbCUS TPE-
CTaBJISIET COOOM MeNKue YacTuilbl acgaibTa, B3BEIICHHBIE B BOJE, B KOTOPOMA
YaCTUYHO PAaCTBOPEHBI MOJIEKYJIbI 3MYJIbraTopa.

2.3anonMHUTENb TPEACTaBiIseT CcOOON TMOKPBITHE, COAEpIKaIee MHOTO
XUMHUYECKU CIIOCOOHBIX K PEAKIIMH YaCTHII.

3. Koraa sMynbsratop BCTyNaeT B XMMHUYECKYIO PEAKIUIO C 3aMOJHUTENEM,
HEKOTOPBIE U3 JIEKTPUUECKUX 3apsAI0B HEUTPATIU3YIOTCHA.

4. KatuonHasi OBICTPOCXBATHIBAIOIIASCA CYCIICH3MOHAIbHASI AMYJIbCHSI CITO-
coOHa CMEIIUBATHCSA C 3aMOTHUTENIEM Ha KOPOTKOE BpeMsl.

5.B pe3ynbTaTe peakuuMu C MHUHEPAIbHBIM 3alOJIHUTEIEM aHHOHHAs
OBICTPOCXBATHIBAIOIIAS SMYJIBCHS Pa3pyIIACTCs, U CMECh OBICTPO CXBATHIBACTCS.

6. OnpeneneHHoe n100aBIeHUE MOPTIAH] [IEMEHTA WM TallleHOW W3BECTH B
CMECUTENIh U3MEHSET CBONCTBA AaHMOHHOM OBICTPOCXBATHIBAIOIICH YMYIIBCUH.

TEXT 3

1. I[loobepume 3a201080K K meKCMY U3 NPeONIOAHCEHHBIX HUNCE.

1. Seal Mixes.
2. Properties of Quick-Setting Emulsions.
3. Quick-set Emulsions for Slurry Seal Coats.

1I. Cocmasgbme 6 60npocos Kk mexcmy u omeemvme Ha HUX.

Cationic Quick-set system is largely independent of weather. Early rain
resistance and capability to accept traffic are achieved. The workday can be
extended. Instead of stopping operations in the early afternoon on days when
dehydrating conditions are poor, a full workday can be utilized with traffic
restored before darkness. This means that minimum barricade equipment and
traffic control personnel are required.

In addition, the cationic quick-set system can be used in critical areas, such
as bridges and high traffic areas, where only limited barricade time can be
tolerated.
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Cationic QS-kh is formulated to set rapidly with most commercially
available aggregates. However, the extent of chemical reaction between the
aggregate and the emulsion is dependent on both the generic nature of the
aggregate and its fine content. The more reactive the aggregate, the more
emulsifier needed to obtain a specific mixing time.

The amount of emulsifier needed is dependent on the cationic exchange
adsorption capacity of the aggregate. Limestone type aggregates are generally
more reactive than silica types; i.e. limestone has more exchange adsorption
sites than does silica.

The number of reactive sites increases also as the aggregate fine content
increases due to the additional surface area. Clays have very high exchange
capacities. If an aggregate contains clay, then, its total reactivity is greatly
increased.

It is obvious that no single set ionic asphalt emulsion can be formulated to
react equally well with a broad range of aggregate types or even with one source
since some variation will occur in commercially produced aggregates.

Therefore, it is necessary to add a specially formulated chemical solution
capable of reacting with the aggregate. This solution is a mixing additive which
will permit the slurry machine operator to control the mixing and setting rate of
the slurry mix. Sufficient mixing additive is used to obtain adequate mixing time
yet to achieve a rapid setting rate.

Exercises

1. Coenaiime cneoyowue coobujeHust Ha AHeTUUCKOM sI3bIKe:

1. CnenasibHbIE IMYJIbCUU ISl IOPOKHBIX MTOKPBITHA.
2. [IpupoHbie MaTepuanbl ISl JOPOKHBIX MOKPBITHIA.

1l. Iloocomosbme npezenmayuro no meme. «/[opodxcHvlie noKpvimus U O08u-

JHCeHUe MPAHCNOPMA 8 PA3IUYHbIX NO20OHbIX YC08UAXy. Mcnonv3yiime Unmep-
Hem-pecypcbl.
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PART II.
CARS: HISTORY, TECHNICAL CHARACTERISTICS

Unit 1. ELECTRIC CARS

1. IlpounTaiiTe TEKCT U O3HAKOMBTECH C €0 OOLIUM COJEPKAHUEM.

2. CocTaBbTe CHUCOK M3 KJIIOUEBBIX CJIOB U ciloBOcouyeTaHuil. Bribepure u3
3TOr0 CHKMCKa Ha3BaHUs (UpM U mpeAcTaBbTe WX No-pyccku. IlepeBemute
AHITIMMCKHUE CII0BA U CJIIOBOCOYETAHUS HA PYCCKUU SI3BIK I10 CJIIOBAPIO U C YYETOM
KOHTEKCTA.

3. Pacckaxute 00 31EKTPOMOOWIISIX Ha PYCCKOM f3bIKE, HUCHOJIb3Yys HH-
dbopmaruio TeKcTa.

Electric car

From Wikipedia, the free encyclopedia http://en.wikipedia.org/wiki/Electric Car

An electric car is an automobile which is
propelled by electric motor(s), using electrical
energy stored in batteries or another energy
storage device. Electric cars were popular in
the late-19th century and early 20th century,
until advances in internal combustion engine |
techology and mass production of cheaper
gasoline vehicles led to a decline in the use of
electric drive vehicle. The energy crises of the -
1970s and 80s brought a short lived interest in  The REVAI/G-Wiz i electric car
electric cars, but in the mid 2000s took place a charging frqm an on-street station
renewed interest in the production of electric in London
cars due mainly to concerns about rapidly
increasing oil prices and the need to curb greenhouse gas emissions. As of
October 2011 series production models available in some countries include the
Tesla Roadster, REVAi, Renault Fluence Z.E., Buddy, Mitsubishi i MiEV,
Tazzari Zero, Nissan Leaf, Smart ED, Wheego Whip LiFe, Mia electric, and
BYD e6. The Leaf and the 1-MiEV, with worldwide cumulative sales of more
than 16,000 units each, are the top selling highway-capable electric cars by
October 2011.

Electric cars have several potential benefits as compared to conventional
internal combustion automobiles that include a significant reduction of urban air
pollution as they do not emit harmful tailpipe pollutants from the onboard source
of power at the point of operation (zero tail pipe emissions); reduced greenhouse
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gas emissions from the onboard source of power depending on the fuel and
technology used for electricity generation to charge the batteries; and less
dependence on foreign oil, which for the United States, other developed and
emerging countries is cause of concerns about their vulnerability to price shocks
and supply disruption. Also for many developing countries, and particularly for
the poorest in Africa, high oil prices have an adverse impact on their balance of
payments, hindering their economic growth.

Despite their potential benefits, widespread adoption of electric cars faces
several hurdles and limitations. As of 2011 electric cars are significantly more
expensive than conventional internal combustion engine vehicles and hybrid
electric vehicles due to the additional cost of their lithium-ion battery pack.
However, battery prices are coming down with mass production and expected to
drop further. Other factors discouraging the adoption of electric cars are the lack
of public and private recharging infrastructure and the driver's fear of the
batteries running out of energy before reaching their destination (range anxiety)
due to the limited range of existing electric cars. Several governments have
established policies and economic incentives to overcome existing barriers, to
promote the sales of electric cars, and to fund further development of electric
vehicles, more cost-effective battery technology and their components. The U.S.
has pledged US$2.4 billion in federal grants for electric cars and batteries. China
has announced it will provide US$15 billion to initiate an electric car industry
within its borders. Several national and local governments have established tax
credits, subsidies, and other incentives to reduce the net purchase price of
electric cars and other plug-ins.

Etymology

Electric cars are a variety of electric vehicle (EV); the term «electric
vehicle» refers to any vehicle that uses electric motors for propulsion, while
«electric car» generally refers to road-going automobiles powered by electricity.
While an electric car's power source is not explicitly an on-board battery,
electric cars with motors powered by other energy sources are generally referred
to by a different name: an electric car powered by sunlight is a solar car, and an
electric car powered by a gasoline generator is a form of hybrid car. Thus, an
electric car that derives its power from an on-board battery pack is a form of
battery electric vehicle (BEV). Most often, the term "electric car" is used to refer
to pure battery electric vehicles.
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History

Electric cars enjoyed popularity between |
the mid-19th century and early 20th century, '
when electricity was among the preferred =~
methods for automobile propulsion, providing a |
level of comfort and ease of operation that
could not be achieved by the gasoline cars of
the time. Advances in internal combustion
technology, especially the electric starter, soon
rendered this advantage moot; the greater range
of gasoline cars, quicker refueling times, and
growing petroleum infrastructure, along with
the mass production of gasoline vehicles by companies such as the Ford Motor
Company, which reduced prices of gasoline cars to less than half that of
equivalent electric cars, led to a decline in the use of electric propulsion,
effectively removing it from important markets
such as the United States by the 1930s.
However, in recent years, increased concerns
over the environmental impact of gasoline
cars, higher gasoline prices, improvements in
battery technology, and the prospect of peak
oil, have brought about renewed interest in
electric cars, which are perceived to be more
' environmentally friendly and cheaper to

Detroit Electric car charging ~ Maintain and run, despite high initial costs.

Electric cars currently enjoy relative popularity
in countries around the world, though they were absent from the roads of the
United States, after they briefly re-appeared in the late 90s.

German electric car, 1904,
with the chauffeur on top

1890s to 1900s: Early history

Before the pre-eminence of internal combustion engines, -electric
automobiles held many speed and distance records. Among the most notable of
these records was the breaking of the 100 km/h (62 mph) speed barrier, by
Camille Jenatzy on April 29, 1899 in his «rocket-shaped» vehicle Jamais
Contente, which reached a top speed of 105.88 km/h (65.79 mph). Before the
1920s, electric automobiles were competing with petroleum-fueled cars for
urban use of a quality service car.
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Thomas Edison and an electric car Tribelhorn 1908
in 1913 (courtesy of the National
Museum of American History)

Proposed as early as 1896 in order to overcome the lack of recharging
infrastructure, an exchangeable battery service was first put into practice by
Hartford Electric Light Company for electric trucks. The vehicle owner
purchased the vehicle from General Electric Company (GVC) without a battery
and the electricity was purchased from Hartford FElectric through an
exchangeable battery. The owner paid a variable per-mile charge and a monthly
service fee to cover maintenance and storage of the truck. The service was
provided between 1910 to 1924 and during that period covered more than 6 million
miles. Beginning in 1917 a similar service was operated in Chicago for owners of
Milburn Light Electric cars who also could buy the vehicle without the batteries.

In 1897, electric vehicles found their first commercial application in the U.S.
as a fleet of electrical New York City taxis, built by the Electric Carriage and
Wagon Company of Philadelphia. Electric cars were produced in the US by
Anthony Electric, Baker, Columbia, Anderson, Edison, Fritchle, Studebaker,
Riker, Milburn, and others during the early 20th century.

Despite their relatively slow speed, electric vehicles had a number of
advantages over their early-1900s competitors. They did not have the vibration,
smell, and noise associated with gasoline cars. They did not require gear
changes, which for gasoline cars was the most difficult part of driving. Electric
cars found popularity among well-heeled customers who used them as city cars,
where their limited range was less of a disadvantage. The cars were also
preferred because they did not require a manual effort to start, as did gasoline
cars which featured a hand crank to start the engine. Electric cars were often
marketed as suitable vehicles for women drivers due to this ease of operation.

In 1911, the New York Times stated that the electric car has long been
recognized as «ideal» because it was cleaner, quieter and much more economical
than gasoline-powered cars. Reporting this in 2010, the Washington Post
commented that «the same unreliability of electric car batteries that flummoxed
Thomas Edison persists today».
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The Henney Kilowatt,
a 1961 production electric car based on the Renault Dauphine

1990s to present: Revival of mass interest

The energy crises of the 1970s and 80s brought about renewed interest in the
perceived independence that electric cars had from the fluctuations of the
hydrocarbon energy market. In the early 1990s, the California Air Resources
Board (CARB), the government of California's began a push for more fuel-
efficient, lower-emissions vehicles, with the ultimate goal being a move to zero-
emissions vehicles such as electric vehicles. In response, automakers developed
electric models, including the Chrysler TEVan, Ford Ranger EV pickup truck,
GM EV1 and S10 EV pickup, Honda EV Plus hatchback, Nissan lithium-battery
Altra EV miniwagon and Toyota RAV4 EV. These cars were eventually
withdrawn from the U.S. market.

The global economic recession in the late 2000s led to increased calls for
automakers to abandon fuel-inefficient SUVs, which were seen as a symbol of
the excess that caused the recession, in favor of small cars, hybrid cars, and
electric cars. California electric car maker Tesla Motors began development in
2004 on the Tesla Roadster, which was first delivered to customers in 2008. As
of January 2011 Tesla had produced more than 1,500 Roadsters sold in at least
31 countries. The Mitsubishi 1 MiEV was launched for fleet customers in Japan
in July 2009, and for individual customers in April 2010, followed by sales to
the public in Hong Kong in May 2010, and Australia in July 2010 via leasing.

Retail customer deliveries of the Nissan
Leaf in Japan and the United States began in
December 2010, though initial availability is
restricted to a few launch markets and in limited
quantities. As of September 2011 other electric
automobiles, city cars, and light trucks available
in some markets included the REVAi, Buddy,
Citroen C1 ev'ie, Transit Connect Electric,
Mercedes-Benz Vito E-Cell, Smart ED, Wheego
Whip LiFe, and several neighborhood electric vehicles.
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Comparison with internal combustion engine vehicles

An important goal for electric vehicles is overcoming the disparity between
their costs of development, production, and operation, with respect to those of
equivalent internal combustion engine vehicles (ICEVs).

Unit 2. GASOLINE AND ELECTRIC CARS

1. [IpounTaiiTe TEKCT U O3HAKOMBTECH C €r0 OOIIKUM COJCPKAHUEM.

2. CocraBbTe CIHUCOK M3 KIIIOUEBBIX CJIOB U CIIOBOcodeTaHui. BriGepure u3
3TOr0 CHHUCKa Ha3BaHus (upM U mpencraBsre uMX mo-pyccku. llepeBenute
AHIVIMICKUE CJI0BA U CIIOBOCOYETAHUS HA PYCCKHI SI3bIK 110 CJIOBAPIO U C YUYETOM
KOHTEKCTA.

3. [lepeBenute MUCEMEHHO TEKCT MO/ 3ar0JIOBKOM «Price».

4. O0cyauTe Ha AHIVIMIICKOM S3BIKE CIIEAYIOLIUE MPOOJIEMBbL: 3arps3HEHHE
BO3/yXa, BOMPOCKI 3HEProcOepekeH s, 0€30MTaCHOCTh ABUKCHUS aBTOMOOWIIS.

Price

Sales of the Mitsubishi 1 MIEV to the
public began in Japan in April 2010, in Hong
Kong in May 2010 and in Australia in July
2010.

Electric cars are generally more expensive
than gasoline cars. The primary reason is the
high cost of car batteries. US and British car
buyers seem to be unwilling to pay more for an
electric car. This prohibits the mass transition
from gasoline cars to electric cars. A survey taken by Nielsen for the Financial
Times has shown that 65 percent of Americans and 76 percent of Britons are not
willing to pay more for an electric car above the price of a gasoline car. Also a
report by J.D. Power and Associates claims that about 50 percent of U.S. car
buyers are not even willing to spend more than US$5,000 on a green vehicle
above the price of a petrol car despite their concern about the environment.

The Nissan LEAF is the most affordable five door family electric car in the
U.S. at a price of US$32,780 going down to US$25,280 after federal tax rebate
of US$7,500, going further down to US$20,280 after the US$5,000 tax rebate in
California and similar incentives in other states.

The Renault Fluence Z.E. five door family saloon electric car will be priced
at less than US$20,000 before any U.S. federal and state tax rebates are applied.
It will be sold without the battery thus the significant price difference. The
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customer will buy the Renault Fluence Z.E. with a contract to lease the battery
from the company Better Place.

The electric car company Tesla Motors is using laptop battery technology
for the battery packs of their electric cars that are 3 to 4 times cheaper than
dedicated electric car battery packs that other auto makers are using. While
dedicated battery packs cost $700-$800 per kilowatt hour, battery packs using
small laptop cells cost about $200. That could potentially drive down the cost of
electric cars that are using Tesla's battery technology such as the Toyota RAV4
EV and the Smart ED as well as their own upcoming 2014 models such as the
Model X.

A study published in 2011 by the Belfer Center, Harvard University, found
that the gasoline costs savings of plug-in electric cars over the vehicles’
lifetimes do not offset their higher purchase prices. This finding was estimated
comparing their lifetime net present value at 2010 purchase and operating costs
for the U.S. market, and assuming no government subsidies. According to the
study estimates, a PHEV-40 is US$5,377 more expensive than a conventional
internal combustion engine, while a battery electric vehicle is US$4,819 more
expensive. The study also examined how this balance will change over the next
10 to 20 years, assuming that battery costs will decrease while gasoline prices
increase. Under the future scenarios considered, the study found that BEVs will
be significantly less expensive than conventional cars (US$1,155 to US$7,181
cheaper), while PHEVs, will be more expensive than BEVs in almost all
comparison scenarios, and only less expensive than conventional cars in an
scenario with very low battery costs and high gasoline prices. The reason for the
different savings among plug-in cars is due to the fact that BEVs are simpler to
build and do not use liquid fuel, while PHEVs have more complicated
powertrains and still have gasoline-powered engines.

Running costs and maintenance

The Tesla Roadster is sold in the US and
Europe and has a range of 245 miles per |
charge.

Most of the running cost of an electric
vehicle can be attributed to the maintenance
and replacement of the battery pack because
an electric vehicle has only around 5 moving
parts in its motor, compared to a gasoline car
that has hundreds of parts in its internal combustion engine. Electric cars have
expensive batteries that must be replaced but otherwise incur very low
maintenance costs, particularly in the case of current Lithium based designs.
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To calculate the cost per kilometer of an electric vehicle it is therefore
necessary to assign a monetary value to the wear incurred on the battery. This
can be difficult due to the fact that it will have a slightly lower capacity each
time it is charged and is only considered to be at the end of its life when the
owner decides its performance is no longer acceptable. Even then an 'end of life'
battery is not completely worthless as it can be re-purposed, recycled or used as
a spare.

Since a battery is made of many individual cells that do not necessarily wear
evenly periodically replacing the worst of these can retain the vehicle's range.

The Tesla Roadster's very large battery pack is expected to last seven years
with typical driving and costs US$12,000 when pre-purchased today. Driving 40
miles (64 km) per day for seven years or 102,200 miles (164,500 km) leads to a
battery consumption cost of US$0.1174 per 1 mile (1.6 km) or US$4.70 per 40
miles (64 km). The company Better Place provides another cost comparison as
they anticipate meeting contractual obligations to deliver batteries as well as
clean electricity to recharge the batteries at a total cost of US$0.08 per 1 mile
(1.6 km) in 2010, US$0.04 per mile by 2015 and US$0.02 per mile by 2020. 40
miles (64 km) of driving would initially cost US$3.20 and fall over time to
US$0.80.

In 2010 the U.S. government estimated that a battery with a 100 miles
(160 km) range would cost about US$33,000. Concerns remain about durability
and longevity of the battery.

Nissan estimates that the Leaf's 5 year operating cost will be US$1,800
versus US$6,000 for a gasoline car. The documentary film Who Killed the
Electric Car? shows a comparison between the parts that require replacement in
a gasoline powered cars and EV1s, with the garages stating that they bring the
electric cars in every 5,000 mi (8,000 km), rotate the tires, fill the windshield
washer fluid and send them back out again.

Electricity vs. hydrocarbon fuel

«Fuel» cost comparison: the Tesla Roadster sport car's plug-to-wheel energy
use is 280 W-h/mi. In Northern California, the local electric utility company
PG&E says that «The E-9 rate is mandatory for those customers that are
currently on a residential electric rate and who plan on refueling an EV on their
premises». Combining these two facts implies that driving a Tesla Roadster 40
miles (64 km) a day would use 11.2 kW-h of electricity costing between
US$0.56 and US$3.18 depending on the time of day chosen for recharging. For
comparison, driving an internal combustion engine-powered car the same 40
miles (64 km), at a mileage of 25 miles per US gallon (9.4 L/100 km; 30 mpg.
imp)> would use 1.6 US gallons (6.1 I; 1.3 imp gal) of fuel and, at a cost of US$4
per 1 US gallon (3.8 1; 0.83 imp gal), would cost US$6.40.
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The Tesla Roadster uses about 17.4kW-h/100km (0.63 MJ/km;
0.280 kW-h/mi), the EV1 wused about 11kW-h/100km (0.40 MJ/km;
0.18 kW-h/mi). Other electric vehicles such as the Nissan Leaf are quoted at
21.25 kW-h/100 km (0.765 MJ/km; 0.3420 kW-h/mi1) by the US Environmental
Protection Agency. These differences reflect the different design and utility
targets for the vehicles, and the varying testing standards. The actual energy use
is greatly dependent on the actual driving conditions and driving style.

Range and refuelling time

Cars with internal combustion engines can be considered to have indefinite
range, as they can be refuelled very quickly almost anywhere. Electric cars often
have less maximum range on one charge than cars powered by fossil fuels, and
they can take considerable time to recharge. This is a reason that many
automakers marketed EVs as «daily drivers» suitable for city trips and other
short hauls. The average American drives less than 40 miles (64 km) per day; so
the GM EV1 would have been adequate for the daily driving needs of about
90 % of U.S. consumers. Nevertheless, people can be concerned that they would
run out of energy from their battery before reaching their destination, a worry
known as range anxiety.

The Tesla Roadster can travel 245 miles (394 km) per charge; more than
double that of prototypes and evaluation fleet cars currently on the roads. The
Roadster can be fully recharged in about 3.5 hours from a 220-volt, 70-amp
outlet which can be installed in a home.

One way automakers can extend the short range of electric vehicles by
building them with battery switch technology. An EV with battery switch
technology and a 100 miles (160 km) driving range will be able to go to a
battery switch station and switch a depleted battery with a fully charged one in
59.1 seconds giving the EV an additional 100 miles (160 km) driving range. The
process is cleaner and faster than filling a tank with gasoline and the driver
remains in the car the entire time, but because of the high investment cost, its
economics are unclear. As of late 2010 there are only 2 companies with plans to
integrate battery switching technology to their electric vehicles: Better Place and
Tesla Motors. Better Place operated a battery-switch station in Japan until
November 2010 and announced a commitment to open four battery switch
stations in California, USA.

Another way is the installation of DC Fast Charging stations with high-
speed charging capability from three-phase industrial outlets so that consumers
could recharge the 100 mile battery of their electric vehicle to 80 percent in
about 30 minutes. A nationwide fast charging infrastructure is currently being
deployed in the US that by 2013 will cover the entire nation. DC Fast Chargers
are going to be installed at 45 BP and ARCO locations and will be made
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available to the public as early as March 2011. The EV Project will deploy
charge infrastructure in 16 cities and major metropolitan areas in six states.
Nissan has announced that 200 of its dealers in Japan will install fast chargers
for the December 2010 launch of its Leaf EV, with the goal of having fast
chargers everywhere in Japan within a 25 mile radius.

In July 2011, there are hints that Whole Foods, Walmart, etc. will be adding
various charging stations.

Air pollution and carbon emissions

2009 U5, Electricity Generation by Source
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Sources of electricity in the U.S. in 2009

Electric cars contribute to cleaner air in cities because they produce no
harmful pollution at the tailpipe from the onboard source of power, such as
particulates (soot), volatile organic compounds, hydrocarbons, carbon
monoxide, ozone, lead and various oxides of nitrogen. The clean air benefit is
usually local because, depending on the source of the electricity used to recharge
the batteries, air pollutant emissions are shifted to the location of the generation
plants. The amount of carbon dioxide emitted depends on the emission intensity
of the power source used to charge the vehicle, the efficiency of the said vehicle
and the energy wasted in the charging process.

For mains electricity the emission intensity varies significantly per country
and within a particular country it will vary depending on demand, the
availability of renewable sources and the efficiency of the fossil fuel-based
generation used at a given time. Charging a vehicle using off-grid renewable
energy yields very low carbon intensity (only that to produce and install the oft-
grid generation system e.g. domestic wind turbine).

An EV recharged from the existing US grid electricity emits about
115 grams of CO, per kilometer driven (6.5 0z(CO,)/mi), whereas a conventional
US-market gasoline powered car emits 250 g(CO,)/km (14 0z(CO,)/mi) (most
from its tailpipe, some from the production and distribution of gasoline). The
savings are questionable relative to hybrid or diesel cars (according to official
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British government testing, the most efficient European market cars are well
below 115 grams of CO, per kilometer driven, although a study in Scotland gave
149.5gCO,/km as the average for new cars in the UK), but would be more
significant in countries with cleaner electric infrastructure. In a worst-case
scenario where incremental electricity demand would be met exclusively with
coal, a 2009 study conducted by the World Wide Fund for Nature and IZES
found that a mid-size EV would emit roughly 200 g(CO,)/km (11 0z(CO,)/mi),
compared with an average of 170 g(CO,)/km (9.7 0z(CO,)/mi) for a gasoline-
powered compact car. This study concluded that introducing 1 million EV cars
to Germany would, in the best-case scenario, only reduce CO, emissions by
0.1 %, if nothing is done to upgrade the electricity infrastructure or manage
demand.

In France, which has a clean energy grid, CO, emissions from electric car
use would be about 12g per kilometer.

A study made in the UK in 2008 concluded that electric vehicles had the
potential to cut down carbon dioxide and greenhouse gas emissions by at least
40 %, even taking into account the emissions due to current electricity
generation in the UK and emissions relating to the production and disposal of
electric vehicles.

A 2011 report prepared by Ricardo found that hybrid electric vehicles, plug-
in hybrids and all-electric cars generate more carbon emissions during their
production than current conventional vehicles, but still have a lower overall
carbon footprint over the full life cycle. The initial higher carbon footprint is due
mainly to battery production. As an example, the study estimated that 43 percent
of production emissions for a mid-size electric car are generated from the battery
production.

Acceleration and drivetrain design

Electric motors can provide high power-to-weight ratios, and batteries can
be designed to supply the large currents to support these motors.

Although some electric vehicles have very small motors, 15 kW (20 hp) or
less and therefore have modest acceleration, many electric cars have large
motors and brisk acceleration. In addition, the relatively constant torque of an
electric motor, even at very low speeds tends to increase the acceleration
performance of an electric vehicle relative to that of the same rated motor power
internal combustion engine. Another early solution was American Motors’
experimental Amitron piggyback system of batteries with one type designed for
sustained speeds while a different set boosted acceleration when needed.

Electric vehicles can also use a direct motor-to-wheel configuration which
increases the amount of available power. Having multiple motors connected
directly to the wheels allows for each of the wheels to be used for both
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propulsion and as braking systems, thereby increasing traction. In some cases,
the motor can be housed directly in the wheel, such as in the Whispering Wheel
design, which lowers the vehicle's center of gravity and reduces the number of
moving parts. When not fitted with an axle, differential, or transmission, electric
vehicles have less drivetrain rotational inertia. However, housing the motor
within the wheel can increase the unsprung weight of the wheel, which can have
an adverse effect on the handling of the vehicle.

Transmission

A gearless or single gear design in some EVs eliminates the need for gear
shifting, giving such vehicles both smoother acceleration and smoother braking.
Because the torque of an electric motor is a function of current, not rotational
speed, electric vehicles have a high torque over a larger range of speeds during
acceleration, as compared to an internal combustion engine. As there is no delay
in developing torque in an EV, EV drivers report generally high satisfaction
with acceleration.

The disadvantage of providing high acceleration by high torque from the
motor is lowered efficiency due to higher losses in the form of Joule heating in
the motor windings caused by the high electric current. This energy loss
increases fourfold as the input current is doubled, so the practical limit for
sustained torque from an electric motor depends on how well it can be cooled
during operation. There is always a compromise between torque and energy
efficiency. This limits the top speed of electric vehicles operating on a single
gear due to the need to limit the required torque and maintain efficiency at low
vehicle speeds.

For example, the Venturi Fetish delivers supercar acceleration despite a
relatively modest 220 kW (295 hp) and top speed of around 160 km/h
(100 mph). The Tesla Roadster 2.5 Sport can accelerate from 0 to 60 mph
(97 km/h) in 3.7 seconds with a motor rated at 215 kW (288 hp).

Also the Wrightspeed X1 prototype created by Wrightspeed Inc is the
worlds fastest street legal electric car. With an acceleration of 0-60 mph in 2.9
seconds the X1 has bested some of the worlds fastest sports cars.

Energy efficiency

Internal combustion engines are relatively inefficient at converting on-board
fuel energy to propulsion as most of the energy is wasted as heat. On the other
hand, electric motors are more efficient in converting stored energy into driving
a vehicle, and electric drive vehicles do not consume energy while at rest or
coasting, and some of the energy lost when braking is captured and reused
through regenerative braking, which captures as much as one fifth of the energy
normally lost during braking. Typically, conventional gasoline engines
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effectively use only 15 % of the fuel energy content to move the vehicle or to
power accessories, and diesel engines can reach on-board efficiencies of 20 %,
while electric drive vehicles have on-board efficiency of around 80 %.

Production and conversion electric cars typically use 10 to 23 kW-h/100 km
(0.17 to 0.37 kW-h/mi1). Approximately 20 % of this power consumption is due
to inefficiencies in charging the batteries. Tesla Motors indicates that the vehicle
efficiency (including charging inefficiencies) of their lithium-ion battery
powered vehicle is 12.7 kW-h/100 km (0.21 kW-h/mi) and the well-to-wheels
efficiency (assuming the electricity i1s generated from natural gas) is
24.4 kW-h/100 km (0.39 kW -h/mi).

Safety

The safety issues of BEVs are largely dealt with by the international
standard ISO 6469. This document is divided in three parts dealing with specific
issues:

e On-board electrical energy storage, i.e. the battery

e Functional safety means and protection against failures

e Protection of persons against electrical hazards.

Firefighters and rescue personnel receive special training to deal with the
higher voltages and chemicals encountered in electric and hybrid electric vehicle
accidents. While BEV accidents may present unusual problems, such as fires
and fumes resulting from rapid battery discharge, there is apparently no
available information regarding whether they are inherently more or less
dangerous than gasoline or diesel internal combustion vehicles which carry
flammable fuels.

Vehicle safety

Great effort is taken to keep the mass of
an electric vehicle as low as possible to
improve its range and endurance. However,
the weight and bulk of the batteries them-
selves usually makes an EV heavier than a
comparable gasoline vehicle, reducing range
and leading to longer braking distances; it
also has less interior space. However, in a
collision, the occupants of a heavy vehicle .
will, on average, suffer fewer and less serious ~ Frontal crash test of a Volvo C30
injuries than the occupants of a lighter DRIVe Electric
vehicle; therefore, the additional weight brings {0 assess the safety of the battery

safety benefits despite having a negative pack
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effect on the car's performance. An accident in a 2,000 Ib (900 kg) vehicle will
on average cause about 50 % more injuries to its occupants than a 3,000 Ib
(1,400 kg) vehicle. In a single car accident, and for the other car in a two car
accident, the increased mass causes an increase in accelerations and hence an
increase in the severity of the accident. Some electric cars use low rolling
resistance tires, which typically offer less grip than normal tires. Many electric
cars have a small, light and fragile body, though, and therefore offer inadequate
safety protection. The Insurance Institute for Highway Safety in America had
condemned the use of low speed vehicles and "mini trucks", referred to as
neighborhood electric vehicles (NEVs) when powered by electric motors, on
public roads.

Hazard to pedestrians

At low speeds, electric cars produced less roadway noise as compared to
vehicles propelled by internal combustion engines. Blind people or the visually
impaired consider the noise of combustion engines a helpful aid while crossing
streets, hence electric cars and hybrids could pose an unexpected hazard. Tests
have shown that this is a valid concern, as vehicles operating in electric mode
can be particularly hard to hear below 20 mph (30 km/h) for all types of road
users and not only the visually impaired. At higher speeds, the sound created by
tire friction and the air displaced by the vehicle start to make sufficient audible
noise.

The US Congress and the Government of Japan passed legislation to
regulate the minimum level of sound for hybrids and plug-in electric vehicles
when operating in electric mode, so that blind people and other pedestrians and
cyclists can hear them coming and detect from which direction they are
approaching. The Nissan Leaf is the first electric car to use Nissan's Vehicle
Sound for Pedestrians system, which includes one sound for forward motion and
another for reverse.

Differences in controls

Presently most EV manufacturers do their best to emulate the driving
experience as closely as possible to that of a car with a conventional automatic
transmission that motorists are familiar with. Most models therefore have a
PRNDL selector traditionally found in cars with automatic transmission despite
the underlaying mechanical differences. Push buttons are the easiest to
implement as all modes are implemented through software on the vehicle's
controller.
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Even though the motor may be permanently connected to the wheels through
a fixed-ratio gear and no parking pawl may be present the modes "P" and "N"
will still be provided on the selector. In this case the motor is disabled in "N"
and an electrically actuated handbrake provides the "P" mode.

In some cars the motor will spin slowly to provide a small amount of creep
in "D", similar to a traditional automatic.

When the foot is lifted from the accelerator of an ICE, engine braking causes
the car to slow. An EV would coast under these conditions, and applying mild
regenerative braking instead provides a more familiar response. Selecting the L
mode will increase this effect for sustained downhill driving, analogous to
selecting a lower gear.

Cabin heating and cooling

Electric vehicles generate very little waste heat and resistance electric heat
may have to be used to heat the interior of the vehicle if heat generated from
battery charging/discharging can not be used to heat the interior.

While heating can be simply provided with an electric resistance heater,
higher efficiency and integral cooling can be obtained with a reversible heat
pump (this is currently implemented in the hybrid Toyota Prius). Positive
Temperature Coefficient (PTC) junction cooling is also attractive for its
simplicity — this kind of system is used for example in the Tesla Roadster.

Some electric cars, for example the Citroen Berlingo Electrique, use an
auxiliary heating system (for example gasoline-fueled units manufactured by
Webasto or Eberspacher) but sacrifice "green" and "Zero emissions" credentials.
Cabin cooling can be augmented with solar power, most simply and effectively
by inducting outside air to avoid extreme heat buildup when the vehicle is closed
and parked in the sunlight (such cooling mechanisms are available as
aftermarket kits for conventional vehicles). Two models of the 2010 Toyota
Prius include this feature as an option.

Unit 3. THE USE OF BATTERIES IN CARS

1. [IpounTaiiTe TEKCT M O3HAKOMBTECH C €T0 OOIINM COACPIKAHUEM.

2. CocTaBbTe CIHMCOK U3 KIIOUEBBIX CIIOB U CIIOBOCOUYETaHUU. Bribepure u3
ATOTO CHOHCKa Ha3BaHUs (UpM U mpeAcTaBbTe WX MoO-pyccku. IlepeBemute
AHIJIMHCKUE CIIOBA U CJIIOBOCOYETAHUS HA PYCCKUU SI3BIK IO CJIOBAPIO U C YYETOM
KOHTEKCTA.

3. PacckaxuTe Ha PYCCKOM SI3bIKE OO HCIOIB30BAHUU AKKYMYISTOPHBIX
Oarapeil B aBTOMOOMJISAX, UX 3aMEHE M CPOKaX CITy>KOBI.
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Batteries

Prototypes of 75 watt-hour/kilogram
lithium-ion polymer battery. Newer lithium-
ion cells can provide up to 130 W-h/kg and
last through thousands of charging cycles.

Finding the economic balance of range
against performance, energy density and
accumulator type versus cost challenges every
EV manufacturer.

While most current highway-speed electric
vehicle designs focus on lithium-ion and other
lithium-based variants a variety of alternative batteries can also be used. Lithium
based batteries are often chosen for their high power and energy density but
have a limited shelf-life and cycle lifetime which can significantly increase the
running costs of the vehicle. Variants such as

Lithium-iron phosphate and Lithium-titanate attempt to solve the durability
issues with traditional lithium-ion batteries.

Other battery technologies include:

e | ead acid batteries are still the most used form of power for most of the
electric vehicles used today. The initial construction costs are significantly lower
than for other battery types, and while power output to weight is poorer than
other designs, range and power can be easily added by increasing the number of
batteries.

e NiCd — Largely superseded by NiIMH

e Nickel metal hydride (NiMH)

e Nickel iron battery — Known for its comparatively long lifetime and low
power density

e Several battery technologies are also in development such as:

e Zinc-air battery

e Molten salt battery

e Zinc-bromine flow batteries or Vanadium redox batteries can be refilled,
instead of recharged, saving time. The depleted electrolyte can be recharged at
the point of exchange, or taken away to a remote station.

Travel range before recharging

The range of an electric car depends on the number and type of batteries
used. The weight and type of vehicle, and the performance demands of the
driver, also have an impact just as they do on the range of traditional vehicles.
The range of an electric vehicle conversion depends on the battery type:
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Replacing

The Renault Fluence Z.E. will be the first
electric car within the Better Place network,
with sales scheduled to begin in Israel and ..
Denmark by late 2011. '

An alternative to quick recharging is to
exchange the drained or nearly drained
batteries (or battery range extender modules)
with fully charged batteries, similar to how
stagecoach horses were changed at coaching
inns. Batteries could be leased or rented instead of bought, and then maintenance
deferred to the leasing or rental company, and ensures availability.

Renault announced at the 2009 Frankfurt Motor Show that they have
sponsored a network of charging stations and plug-in plug-out battery swap
stations. Other vehicle manufacturers and companies are also investigating the
possibility.

Replaceable batteries were used in the electric buses at the 2008 Summer
Olympics.

Lifespan

Battery life should be considered when calculating the extended cost of
ownership, as all batteries eventually wear out and must be replaced. The rate at
which they expire depends on the type of battery technology and how they are
used — many types of batteries are damaged by depleting them beyond a certain
level. Lithium-ion batteries degrade faster when stored at higher temperatures.

Future

The future of battery electric vehicles depends primarily upon the cost and
availability of batteries with high specific energy, power density and long life, as
all other aspects such as motors, motor controllers and chargers are fairly mature
and cost-competitive with internal combustion engine components. Diarmuid
O'Connell, VP of Business Development at Tesla Motors, estimates that by the
year 2020 30 % of the cars driving on the road will be battery electric or plug-in
hybrid.

Nissan CEO Carlos Ghosn has predicted that one in 10 cars globally will run
on battery power alone by 2020. Additionally a recent report claims that by 2020
electric cars and other green cars will take a third of the total of global car sales.

It is estimated that there are sufficient lithium reserves to power 4 billion
electric cars.
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Unit 4. METHODS OF ENERGY STORAGE

1. [IpounTaiiTe TEKCT M O3HAKOMBTECH C €T0 OOIINM COACPIKAHUEM.

2. CocTaBbTe CHHMCOK M3 KJIIOYEBBIX CJIOB U CIOBOcodeTaHuil. Bribepure u3
3TOr0 CHHUCKa Ha3BaHus (upM U npenactaBbTe HUX Mo-pyccku. [lepeBenute
AHITIMMCKHUE CIIOBA U CJIIOBOCOYETAHUS HA PYCCKUU SI3BIK T10 CJIOBAPIO U C YYETOM
KOHTEKCTA.

3. Boinonnure pedepaTuBHBIN epeBOI TEKCTOB.

Other methods of energy storage

Experimental supercapacitors and flywheel energy storage devices offer
comparable storage capacity, faster charging and lower volatility. They have the
potential to overtake batteries as the preferred rechargeable storage for EVs. The
FIA included their use in its sporting regulations of energy systems for Formula
One race vehicles in 2007 (for supercapacitors) and 2009 (for flywheel energy
storage devices).

Solar cars

Solar cars are electric cars that derive most or all of their electricity from
built in solar panels. After the 2005 World Solar Challenge established that solar
race cars could exceed highway speeds, the specifications were changed to
provide for wvehicles that with little modification could be used for
transportation.

Charging

Charging station at Rio de Janeiro,
Brazil. This station is run by Petrobras
and uses solar energy.
' Unlike vehicles powered by fossil
fuels, BEVs are most commonly and
conveniently charged from the power
grid overnight at home, without the
: inconvenience of having to go to a filling
i station. Charging can also be done using
a street or shop charging station.

The electricity on the grid is in turn generated from a variety of sources;
such as coal, hydroelectricity, nuclear and others. Power sources such as roof top
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photovoltaic solar cell panels, micro hydro or wind may also be used and are
promoted because of concerns regarding global warming.

Level 1, 2 and 3 charging

Around 1998 the California Air Resources Board classified levels of
charging power that have been codified in title 13 of the California Code of
Regulations, the U.S. 1999 National Electrical Code section 625 and SAE
International standards.

Level 1, 2, 3 charging
Coulomb
Level Original definition Technologies Connectors
definition
AC energy to the vehicle's|120 V AC; 16 A [SAE J1772 (16.8 kW),
on-board charger; from the|(=1.92 kW) ordinary household
most common U.S. grounded 120 volt outlet
Level 1
household receptacle, com-
monly referred to as a 120
volt outlet
AC energy to the vehicle's208-240 V AC; |SAE J1772 (16.8 kW),
on-board charger;208 — 240(12 A...80 A IEC 62196 (44 kW),
volt, single phase. The[(=2.5...19.2 kW)Magne Charge
maximum current specified (Obsolete), Avcon,
is 32 amps (continuous) with IEC 60309 16 A (3.8 kW)
Level 2 |2 branch circuit breaker| IEC 62198-2 Type 2
rated at 40 amps. Maximum same as VDE-AR-E

continuous input power is
specified as 7.68 kW
(= 240V x 32A%)

2623-2-2, also known|
as the Mennekes con-
nector (43.5 kW) IEC
62198-2 Type 3 also
known as Scame

Level 3

DC energy from an off-
board charger; there is no
minimum energy require-
ment but the maximum cur-
rent specified is 400 amps
and 240 kW  continuous

power supplied

very high voltages
(300-600 V DC);
very high currents

(hundreds of
Amperes)

Magne Charge
(Obsolete) CHAdeMO
(62.5 kW)
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Or potentially 208V x 37A, out of the strict specification but within circuit
breaker and connector/cable power limits. Alternatively, this voltage would
impose a lower power rating of 6.7 kW at 32A.

More recently the term «Level 3» has also been used by the SAE J1772
Standard Committee for a possible future higher-power AC fast charging
standard. To distinguish from Level 3 DC fast charging, this would-be standard
is written as «Level 3 AC». SAE has not yet approved standards for either AC or
DC Level 3 charging.

For comparison in Europe the IEC 61851-1 charging modes are used to
classify charging equipment. The provisions of IEC 62196 charging modes for
conductive charging of electric vehicles include Mode 1 (max. 16A / max. 250V
a.c. or 480V three-phase), Mode 2 (max. 32A / max. 250V a.c. or 480V three-
phase), Mode 3 (max. 63A (70A U.S.) / max. 690V a.c. or three-phase) and
Mode 4 (max. 400A / max. 600V d.c.).

Connectors

Most electric cars have used conductive coupling to supply electricity for
recharging after the California Air Resources Board settled on the SAE J1772-
2001 standard as the charging interface for electric vehicles in California in June
2001. In Europe the ACEA has decided to use the Type 2 connector from the
range of IEC 62196 plug types for conductive charging of electric vehicles in
the European Union as the Type 1 connector (SAE J1772-2009) does not
provide for three-phase charging.

Another approach is inductive charging using a non-conducting "paddle"
inserted into a slot in the car. Delco Electronics developed the Magne Charge
inductive charging system around 1998 for the General Motors EV1 and it was
also used for the Chevrolet S-10 EV and Toyota RAV4 EV vehicles.

Regenerative braking

Using regenerative braking, a feature which is present on many hybrid
electric vehicles, approximately 20 % of the energy usually lost in the brakes is
recovered to recharge the batteries.
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Charging time

More electrical power to the car reduces
charging time. Power is limited by the capacity
of the grid connection and, for level 1 and
2 charging, by the power rating of the car's on-
board charger. A normal household outlet is
between 1.5 kW (in the US, Canada, Japan and
other countries with 110 volt supply) to 3 kW
(in countries with 230V supply). The main
connection to a house may sustain 10, 15 or
even 20 kW in addition to «normal» domestic
loads — though it would be unwise to use all the
apparent capability — and special wiring can be
installed to use this. As examples of on-board
chargers, the Nissan Leaf at launch has a
3.3 kW charger and the Tesla Roadster appears
to accept 16.8 kW (240V at 70A) from the
Tesla Home Connector. These power numbers Smart ED charging from a Level
are small compared to the effective power 2 station
delivery rate of an average petrol pump, about
5,000 kW. Even if the electrical supply power can be increased, most batteries
do not accept charge at greater than their charge rate ("1C"), because high
charge rates have an adverse effect on the discharge capacities of batteries.
Despite these power limitations, plugging in to even the least-powerful
conventional home outlet provides more than 15 kilowatt-hours of energy

overnight, sufficient to propel most electric cars more than 70 kilometres
(43 mi).

Faster charging

Some types of batteries such as Lithium-titanate, LiFePO4 and even certain
NiMH variants can be charged almost to their full capacity in 10-20 minutes.
Fast charging requires very high currents often derived from a three-phase
power supply. Careful charge management is required to prevent damage to the
batteries through overcharging.

Most people do not usually require fast recharging because they have
enough time, six to eight hours (depending on discharge level) during the work
day or overnight at home to recharge. BEV drivers frequently prefer recharging
at home, avoiding the inconvenience of visiting a public charging station.
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Hobbyists, conversions and racing

Eliica prototype The full electric Formula Student car of
the Eindhoven University of Technology

Hobbyists often build their own EVs by converting existing production cars
to run solely on electricity. There is a cottage industry supporting the conversion
and construction of BEVs by hobbyists. Universities such as the University of
California, Irvine even build their own custom electric or hybrid-electric cars
from scratch.

Short-range battery electric vehicles can offer the hobbyist comfort, utility,
and quickness, sacrificing only range. Short-range EVs may be built using high-
performance lead—acid batteries, using about half the mass needed for a 100 to
130 km (60 to 80 mi) range. The result is a vehicle with about a 50 km (30 mi)
range, which, when designed with appropriate weight distribution (40/60 front to
rear), does not require power steering, offers exceptional acceleration in the
lower end of its operating range, and is freeway capable and legal. But their EVs
are expensive due to the higher cost for these higher-performance batteries. By
including a manual transmission, short-range EVs can obtain both better
performance and greater efficiency than the single-speed EVs developed by
major manufacturers. Unlike the converted golf carts used for neighborhood
electric vehicles, short-range EVs may be operated on typical suburban
throughways (where 60—-80 km/h / 35-50 mph speed limits are typical) and can
keep up with traffic typical on such roads and the short "slow-lane" on-and-off
segments of freeways common in suburban areas.

Faced with chronic fuel shortage on the Gaza Strip, Palestinian electrical
engineer Waseem Othman al-Khozendar invented in 2008 a way to convert his
car to run on 32 electric batteries. According to al-Khozendar, the batteries can
be charged with US$2 worth of electricity to drive from 180 to 240 km (110 to
150 mi). After a 7-hour charge, the car should also be able to run up to a speed
of 100 km/h (60 mph).

Japanese Professor Hiroshi Shimizu from Faculty of Environmental
Information of the Keio University created an electric limousine: the Eliica
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(Electric Lithium-Ion Car) has eight wheels with electric 55 kW hub motors
(8WD) with an output of 470 kW and zero emissions, a top speed of 370 km/h
(230 mph), and a maximum range of 320 km (200 mi) provided by lithium-ion
batteries. However, current models cost approximately US$300,000, about one
third of which is the cost of the batteries.

In 2008, several Chinese manufacturers began marketing lithium iron
phosphate (LiFePO4) batteries directly to hobbyists and vehicle conversion
shops. These batteries offered much better power-to-weight ratios allowing
vehicle conversions to typically achieve 75 to 150 mi (120 to 240 km) per
charge. Prices gradually declined to approximately US$350 per kW-h by mid
2009. As the LiFePO, cells feature life ratings of 3,000 cycles, compared to
typical lead acid battery ratings of 300 cycles, the life expectancy of LiFePO,
cells 1s around 10 years. This has led to a resurgence in the number of vehicles
converted by individuals. LiFePO, cells do require more expensive battery
management and charging systems than lead acid batteries.

Electric drag racing is a sport where electric vehicles start from standstill and
attempt the highest possible speed over a short given distance. Organizations such
as NEDRA keep track of records world wide using certified equipment.

Highway capable

As of late 2011 the number of mass production highway-capable models
available in the market is limited. Most electric vehicles in the world roads are
low-speed, low-range neighborhood electric vehicles, led by the Global Electric
Motorcars (GEM) vehicles, which as of December 2010 had sold more than
45,000 units worldwide since 1998. The Nissan Leaf and the Mitsubishi
1-MiEV, with worldwide cumulative sales of more than 16,000 units each, are
the top selling highway-capable electric cars by October 2011. The 1 MiEV sales
include units rebadged as Peugeot 10n and Citroen C-ZERO for sale in Europe.

The GEM neighborhood electric vehicle is the world's top selling electric vehicle,
with 45,000 units sold through 2010
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As of October 2011, Japan and the United States are the largest highway-
capable electric car markets in the world, followed by several European
countries. In Japan, more than 10,000 electric cars have been sold by July 2011,
including more than 6,000 Nissan Leafs and more than 4,000 Mitsubishi i
MiEVs. In the U.S. electric car sales are led by the Nissan Leaf with 8,066 units
sold through October 2011. As of September 2011, Norway had almost 4,750
electric cars, the largest fleet of PEVs in Europe and the largest EV ownership
per capita in the world. By mid 2011, the UK had a fleet of almost 2,500 electric
cars, and Germany 2,307 units registered by January Ist, 2011.

In the original 15 member states of the European Union, 5,222 electric cars
were sold during the first half of 2011. For year 2011 sales, the leading
European countries are France and Norway, with 1,428 and 1,425 electric cars
sold correspondingly through September, followed by Germany with 1,020 units
sold through June, the UK with 812 units until August, and Austria with 347,
Denmark with 283, and the Netherlands with 269 electric cars sold through June
2011.

There are also several pre-production models and plug-in conversions of
existing internal combustion engine models undergoing field trials or are part of
demonstration programs, such as the Mini E, Volvo C30 DRIVe Electric, Ford
Focus Electric, and the RAV4 EV second generation.

Government subsidy

Several countries have established grants and tax credits for the purchase of
new electric cars depending on battery size. The U.S. offers a federal income tax
credit up to US$7,500, and several states have additional incentives. The U.K.
offers a Plug-in Car Grant up to a maximum of GBJ5,000 (US$7,600) beginning
in January 2011. As of April 2010, 15 European Union member states provide
tax incentives for electrically chargeable vehicles, which consist of tax
reductions and exemptions, as well as of bonus payments for buyers of plug-ins
and hybrid vehicles.

Unit 5. HYBRID VEHICLES

1. [IpounTaiiTe TEKCT U O3HAKOMBTECH C €r0 OOIIMM COACPKAHUEM.

2. CocTaBbTe CNHMCOK M3 KJIIOYEBBIX CJIOB U CIOBOcodeTaHuil. Beibepure u3
9TOr0 CHHCKa Ha3BaHUs (UpM U mpeicTaBbTe UX No-pyccku. IlepeBemute
aHIJINHCKHE CJI0BA U CJIOBOCOUYETAHUS HA PYCCKUH S3BIK 110 CJIIOBApPIO U C YYETOM
KOHTEKCTA.

3. Pacckaxkure 00 aBTOMOOMIISIX-TUOpHIaX HA AHTIIMICKOM SI3bIKE.
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Plug-in hybrid

From Wikipedia, the free encyclopedia http://en.wikipedia.org/wiki/Plug-
in_hybrid

The Chevrolet Volt is the first mass production plug-in hybrid available
in the United States

A plug-in hybrid electric vehicle (PHEV), plug-in hybrid vehicle (PHV), or
plug-in hybrid is a hybrid vehicle which utilizes rechargeable batteries, or
another energy storage device, that can be restored to full charge by connecting
a plug to an external electric power source (usually a normal electric wall
socket). A PHEV shares the characteristics of both a conventional hybrid
electric vehicle, having an electric motor and an internal combustion engine
(ICE); and of an all-electric vehicle, having a plug to connect to the electrical
grid. Most PHEVs on the road today are passenger cars, but there are also PHEV
versions of commercial vehicles and vans, utility trucks, buses, trains,
motorcycles, scooters, and military vehicles.

The cost for electricity to power plug-in hybrids for all-electric operation
has been estimated at less than one quarter of the cost of gasoline in California.
Compared to conventional vehicles, PHEVs reduce air pollution locally and
dependence on petroleum. PHEVs may reduce greenhouse gas emissions that
contribute to global warming, compared with conventional vehicles. PHEVs also
eliminate the problem of range anxiety associated to all-electric vehicles,
because the combustion engine works as a backup when the batteries are
depleted, giving PHEVs driving range comparable to other vehicles with
gasoline tanks. Plug-in hybrids use no fossil fuel during their all-electric range
and produce lower greenhouse gas emissions if their batteries are charged from
renewable electricity. Other benefits include improved national energy security,
fewer fill-ups at the filling station, the convenience of home recharging,
opportunities to provide emergency backup power in the home, and vehicle-to-
grid (V2G) applications.

Chinese battery manufacturer and automaker BYD Auto released the
F3DM PHEV-62 (PHEV-100 km) to the Chinese fleet market in December 2008
and began sales to the general public in Shenzhen in March 2010. General
Motors began deliveries of the Chevrolet Volt PHEV-35 (PHEV-56 km) in the
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U.S. in December 2010. Deliveries of the Fisker Karma PHEV-50 (PHEV-
80 km) began in the U.S. in July 2011. Other plug-in vehicles ongoing
demonstration trials or slated to the market for 2011 and 2012 are the Toyota
Prius Plug-in Hybrid, Ford C-Max Plug-in Hybrid, Volvo V70 Plug-in Hybrid,
Suzuki Swift Plug-in, and Audi A1 e-tron.

Until 2010 most PHEVs on the road in the US are conversions of
conventional hybrid electric vehicles, and the most prominent PHEVs are
conversions of 2004 or later Toyota Prius, which have had plug-in charging and
more batteries added and their electric-only range extended. Several countries,
including the United States and several European countries, have enacted laws
to facilitate the introduction of PHEVs through grants and tax credits, emissions
mandates, and by financing research and development of advanced batteries and
other related technologies.

Terminology

Hybrids Plus plug-in hybrid Toyota Prius conversion
with PHEV-30 (30 mile or 48 km all-electric range) battery packs

A plug-in hybrid's all-electric range is designated by PHEV-[miles] or
PHEV[kilometers]km in which the number represents the distance the vehicle
can travel on battery power alone. For example, a PHEV-20 can travel twenty
miles (32 km) without using its combustion engine, so it may also be designated
as a PHEV32km.

The Energy Independence and Security Act of 2007 defines a plug-in
electric drive vehicle as a vehicle that:

e draws motive power from a battery with a capacity of at least 4 kilowatt
hours;

e can be recharged from an external source of electricity for motive power;
and

e is a light-, medium-, or heavy-duty motor vehicle or nonroad vehicle.
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This distinguishes PHEVs from regular hybrid cars mass marketed today,
which do not use any electricity from the grid.

The Institute of Electrical and Electronics Engineers (IEEE) defines PHEVs
similarly, but also requires that the hybrid electric vehicle can drive at least ten
miles (16 km) in all-electric mode (PHEV-10; PHEV16km), while consuming
no gasoline or diesel fuel.

The California Air Resources Board uses the term "off-vehicle charge
capable" (OVCC) to mean having the capability to charge a battery from an off-
vehicle electric energy source that cannot be connected or coupled to the vehicle
in any manner while the vehicle is being driven.

Other popular terms sometimes used for plug-in hybrids are "grid-connected
hybrids", "Gas-Optional Hybrid Electric Vehicle" (GO-HEV) or simply "gas-
optional hybrids". General Motors is calling its Chevrolet Volt series plug-in
hybrid an "Extended-Range Electric Vehicle".

Lithium-ion battery pack, with cover Several plug-in hybrid converted Toyota
removed, in a CalCars "PRIUS+" plug-in Prius at Professorville, Palo Alto. The
hybrid converted Toyota Prius converted right side car is a Prius + converted by

by EnergyCS CalCars with a fuel economy
of over 100 miles per gallon

The Lohner-Porsche Mixte Hybrid, produced as early as 1899, was the first
hybrid electric car. Early hybrids could be charged from an external source
before operation. However, the term "plug-in hybrid" has come to mean a hybrid
vehicle that can be charged from a standard electrical wall socket. The term
itself was coined by UC Davis Professor Andrew Frank, who has been called the
"father of the plug-in hybrid." The July 1969 issue of Popular Science featured
an article on the General Motors XP-883 plug-in hybrid. The concept commuter
vehicle housed six 12-volt lead-acid batteries in the trunk area and a transverse-
mounted DC electric motor turning a front-wheel drive. The car could be
plugged into a standard North American 120 volt AC outlet for recharging.

77



In 2003, Renault began selling the Elect'road, a plug-in series hybrid version
of their popular Kangoo, in Europe. It was sold alongside Renault's "Electri'city"
electric-drive Kangoo battery electric van. The Elect'road had a 150 km (93 mi)
range using a nickel-cadmium battery pack and a 500 cc (31 cu in), 16 kilowatt
liquid-cooled gasoline '"range-extender" engine. It powered two high
voltage/high output/low volume alternators, each of which supplied up to 5.5
kW at 132 volts at 5000 rpm. The operating speed of the internal combustion
engine—and therefore the output delivered by the generators—varied according
to demand. The fuel tank had a capacity of 10 liters (2.6 U.S. gal; 2.2 imp gal)
and was housed within the right rear wheel arch. The range extender function
was activated by a switch on the dashboard. The on-board 3.5 kilowatt charger
could charge a depleted battery pack to 95 % charge in about four hours from a
240 volts supply. Passenger compartment heating was powered by the battery
pack as well as an auxiliary coolant circuit that was supplied by the range
extender engine. After selling about 500 vehicles, primarily in France, Norway
and the UK, at a price of about €25,000, the Elect'road was redesigned in 2007.

In September 2004, CalCars converted a 2004 Toyota Prius into a prototype
of what it called the PRIUS+. With the addition of 130 kg (300 Ib) of lead-acid
batteries, the PRIUS+ achieved roughly double the fuel economy of a standard
Prius and could make trips of up to 15 km (9 mi) using only electric power. The
vehicle, which is owned by CalCars technical lead Ron Gremban, is used in
daily driving, as well as a test bed for various improvements to the system.

On July 18, 2006, Toyota announced that it "plans to develop a hybrid vehicle
that will run locally on batteries charged by a household electrical outlet before
switching over to a gasoline engine for longer hauls." In April 2007 Toyota said it
planned to migrate to lithium-ion batteries in future hybrid models, but not in the
2009 model year Prius. Lithium-ion batteries are expected to significantly
improve fuel economy, and have a higher energy-to-weight ratio, but cost more to
produce, and raise safety concerns due to high operating temperatures.

On November 29, 2006, GM announced plans to introduce a production
plug-in hybrid version of Saturn's Greenline Vue SUV with an all-electric range
of 10 mi (16 km). The model's sale is anticipated by third quarter 2009, and GM
announced in January 2007 that contracts had been awarded to two companies to
design and test lithium-ion batteries for the vehicle. GM has said that they plan
on introducing plug-in and other hybrids "for the next several years".

In January 2007, GM unveiled the prototype of the Chevrolet Volt, which
was expected to feature a plug-in capable, battery-dominant series hybrid
architecture called E-Flex. Future E-Flex plug-in hybrid vehicles may use
gasoline, diesel, or hydrogen fuel cell power to supplement the vehicle's battery.
General Motors envisions an eventual progression of E-Flex vehicles from plug-
in hybrids to pure electric vehicles, as battery technology improves.

78



On July 25, Japan's Ministry of Land, Infrastructure and Transport certified
Toyota's plug-in hybrid for use on public roads, making it the first automobile to
attain such approval. Toyota plans to conduct road tests to verify its all-electric
range. The plug-in Prius was said to have an all-electric range of 13 km (8 mi).
But later prototypes shown at the 2008 Paris Auto Show had an electric-only
range of "just a little over six miles".

President Bush with A123Systems CEO President Barack Obama behind the

on the White House South Lawn wheel of a Chevy Volt plug-in during his
examining a Toyota Prius converted to tour of the General Motors Auto Plant in
plug-in hybrid with Hymotion technology Hamtramck, Michigan

Demonstration Ford Escape plug-in hybrid in New York City

On August 9, 2007, General Motors vice-president Robert Lutz announced
that GM is on track for Chevrolet Volt road testing in 2008 and production to
begin by 2010. Announcing an agreement with A123Systems, Lutz said GM
would like to have their planned Saturn Vue plug-in on the roads by 2009. The
Volt was designed with all-electric range of 40 mi (64 km). On September 5,
Quantum Technologies and Fisker Coachbuild, LLC announced the launch of a
joint venture in Fisker Automotive. Fisker intended to build a US$80,000 luxury
PHEV-50, the Fisker Karma, initially scheduled for late 2009. In September,
Aptera Motors announced their Typ-1 two-seater. They plan to produce both an
electric 2e and a plug-in series hybrid 2h with a common three-wheeled,
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composite body design. As of 2009, over two thousand hybrid pre-orders have
been accepted, and production of the hybrid configuration is expected to begin
in 2010.

On October 9, 2007, Chinese manufacturer BYD Automobile Company
(which is owned by China's largest mobile phone battery maker) announced that
it would be introducing a production PHEV-60 sedan in China in the second half
of 2008. BYD exhibited it January 2008 at the North American International
Auto Show in Detroit. Based on BYD's midsize F6 sedan, it uses lithium iron
phosphate (LiFeP0,4)-based batteries instead of lithium-ion, and can be recharged
to 70 % of capacity in just 10 minutes.

On December 2007 Ford delivered the first Ford Escape Plug-in Hybrid of a
fleet of 20 demonstration PHEVs to Southern California Edison. As part of this
demonstration program Ford also developed the first ever flexible-fuel plug-in
hybrid SUV, which was delivered in June 2008. This demonstration fleet of
plug-ins has been in field testing with utility company fleets in the U.S. and
Canada, and during the first two years since the program began, the fleet has
logged more than 75,000 miles. On August 2009 Ford delivered the first Escape
Plug-in equipped with intelligent vehicle-to-grid (V2G) communications and
control system technology, and Ford plans to equip all 21 plug-in hybrid
Escapes with the vehicle-to-grid communications technology. Sales of the
Escape PHEV are scheduled for 2012.

In January 2008, a privately run waiting list to purchase the Chevy Volt
reached 10,000 members. The list, administered by Lyle Dennis, was started one
year prior. Dr. Yi Cui and colleagues at Stanford University's Department of
Materials Science and Engineering have discovered that silicon nanowires give
rechargeable lithium ion batteries 10 times more charge. On January 7, Bob
Lutz, the Vice Chairman of General Motors said, "The electrification of the
automobile is inevitable". On January 14, Toyota announced they would start
sales of lithium-ion battery PHEVs by 2010, but later in the year Toyota
indicated they would be offered to commercial fleets in 2009.

On March 27, the California Air Resources Board modified their
regulations, requiring automobile manufacturers to produce 58,000 plug-in
hybrids during 2012 through 2014. This requirement is an asked-for alternative
to an earlier mandate to produce 25,000 pure zero-emissions vehicles, reducing
that requirement to 5,000. On June 26, Volkswagen announced that they would
be introducing production plug-ins based on the Golf compact. Volkswagen uses
the term '"TwinDrive' to denote a PHEV. In September, Mazda was reported to
be planning PHEVs. On September 23, Chrysler announced that they had
prototyped a plug-in Jeep Wrangler and a Chrysler Town and Country mini-van,
both PHEV-40s with series powertrains, and an all-electric Dodge sports car,
and said that one of the three vehicles would go into production.
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The Chevrolet Volt concept car
at North American International Auto Show 2007

On October 3, the U.S. enacted the Energy Improvement and Extension Act
of 2008. The legislation provided tax credits for the purchase of plug-in electric
vehicles of battery capacity over 4 kilowatt-hours. The federal tax credits were
extended and modified by the American Clean Energy and Security Act of 2009,
but now the battery capacity must be over 5 Kwh and the credit phases out after
the automaker has sold at least 200,000 vehicles in the U.S.

On December 15, 2008 BYD Auto began selling its F3DM PHEV-60 in
China, becoming the first production plug-in hybrid sold in the world, though
initially was available only for corporate and government customers. Sales to the
general public began in Shenzhen in March 2010, but because the F3DM nearly
doubles the price of cars that run on conventional fuel, BYD expects subsidies
from the local government to make the plug-in affordable to personal buyers.

A global demonstration program involving 600 Toyota Prius Plug-in pre-
production test cars began in late 2009 in Japan and by mid 2010 field testing
had began in France, Germany, the United Kingdom, Canada, and the United
States.

Volvo Cars, in a joint venture with Vattenfall, a Swedish energy company,
began a demonstration project with two Volvo V70 Plug-in Hybrids in
Geteborg, Sweden since December 2009. As reported by the test drivers, the
V70 Plug-in Hybrid demonstrators have an all-electric range between 20
kilometres (12 mi) to 30 kilometres (19 mi). The test plug-in hybrids were built
with a button to allow test drivers to manually choose between electricity or
diesel engine power at any time. Volvo announced series production of plug-in
diesel-electric hybrids as early as 2012. Volvo claimed that its plug-in hybrid
could achieve 125 miles per US gallon (1.88 L/100 km; 150 mpg i), based on
the European test cycle.

On October 2010 Lotus Engineering unveiled the Lotus CityCar at the 2010
Paris Motor Show, a plug-in series hybrid concept car designed for flex-fuel
operation on ethanol, or methanol as well as regular gasoline. The lithium
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battery pack provides an all-electric range of 60 kilometres (37 mi), and the 1.2-
liter flex-fuel engine kicks in to allow to extend the range to more than 500
kilometres (310 mi). GM officially launched the Chevrolet Volt PHEV-35
(PHEV-100 km) in the U.S. on November 30, 2010, and deliveries began in
December 2010. Deliveries of the Fisker Karma PHEV-50 (PHEV-80 km)
began in the U.S. in July 2011. Other plug-in vehicles ongoing demonstration
trials or slated to the market for 2011 and 2012 are the Toyota Prius Plug-in
Hybrid and Ford C-Max Plug-in Hybrid.

Unit 6. PROBLEMS OF TECHNOLOGY

1. [IpounTaiiTe TEKCT U O3HAKOMBTECH C €r0 OOIIKUM COJCPKAHUEM.

2. CocTaBbTe CIMCOK M3 KIIOUEBBIX CIIOB U CIOBOCOYeTaHWi. Beibepure u3
ITOTO CIHUCKAa Ha3BaHWS (UPM M TpeacTaBbTe WX MO-pyccku. I[lepeBemute
AHIIMHACKHUE CJIOBA M CJIOBOCOUYETAHUS HA PYCCKHI S3BIK 110 CIIOBAPIO U C YIETOM
KOHTEKCTA.

3. Pacckaxute 00 aBTOMOOUIISIX pa3NUYHBIX 3apYOEKHBIX (PUPM Ha PyCCKOM
SI3BIKE.

Technology

Powertrains

Toyota Prius plug-in hybrid The Toyota Prius converted plug-in
demonstration program vehicle at the hybrid is a series-parallel hybrid
2010 Washington Auto Show

PHEVs are based on the same three basic powertrain architectures as
conventional electric hybrids:

Series hybrids use an internal combustion engine (ICE) to turn a generator,
which in turn supplies current to an electric motor, which then rotates the
vehicle’s drive wheels. A battery or supercapacitor pack, or a combination of the
two, can be used to store excess charge. Examples of series hybrids include the
Renault Kangoo Elect'Road, Toyota's Japan-only Coaster light-duty passenger
bus, Daimler AG's hybrid Orion bus, Chevrolet Volt, Fisker Karma, Opel
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Flextreme concept car, Swissauto REX VW Polo prototype and many diesel-
electric locomotives. With an appropriate balance of components this type can
operate over a substantial distance with its full range of power without engaging
the ICE. As is the case for other architectures, series hybrids can operate without
recharging as long as there is liquid fuel in the tank.

Parallel hybrids, such as Honda's Insight, Civic, and Accord hybrids, can
simultaneously transmit power to their drive wheels from two distinct sources-
for example, an internal combustion engine and a battery-powered electric drive.
Although most parallel hybrids incorporate an electric motor between the
vehicle's engine and transmission, a parallel hybrid can also use its engine to
drive one of the vehicle's axles, while its electric motor drives the other axle
and/or a generator used for recharging the batteries. (This type is called a road-
coupled hybrid). The Audi Duo plug-in hybrid concept car is an example of this
type of parallel hybrid architecture. Parallel hybrids can be programmed to use
the electric motor to substitute for the ICE at lower power demands as well as to
substantially increase the power available to a smaller ICE, both of which
substantially increase fuel economy compared to a simple ICE vehicle.

Series-parallel hybrids have the flexibility to operate in either series or
parallel mode. Hybrid powertrains currently used by Ford, Lexus, Nissan, and
Toyota, which some refer to as “series-parallel with power-split,” can operate in
both series and parallel mode at the same time. As of 2007, most plug-in hybrid
conversions of conventional hybrids utilize this architecture.

Charging systems

Batteries are DC devices while grid power is AC. In order to charge the
batteries, a DC charger must be utilized. The charger can be located in several
locations:

On-board chargers are mounted inside the vehicle. Since the charger takes
up space and adds weight, its power capacity is generally limited by practical
considerations, avoiding carrying a more powerful charger that can only be fully
utilized at certain locations. However, carrying the charger along with the
vehicle ensures that power will be available anywhere a power connection can
be found.

Off-board chargers can be as large as needed and mounted at fixed locations,
like the garage or dedicated charging stations. Built with dedicated wiring, these
charger can handle much more power and charge the batteries more quickly.
However, as the output of these chargers is DC, each battery system requires the
output to be changed for that car. Modern charging stations have a system for
identifying the voltage of the battery pack and adjusting accordingly.

Using electric motor's inverter allows the motor windings to act as the
transformer coils, and the existing high-power inverter as the AC-to-DC charger.
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As these components are already required on the car, and are designed to
handle any practical power capability, they can be used to form a very powerful
form of on-board charger with zero additional weight or size. AC Propulsion
uses this charging method, which they refer to as "reductive charging".

Modes of operation

Regardless of its architecture, a plug-in hybrid may be capable of charge-
depleting and charge-sustaining modes. Combinations of these two modes are
termed blended mode or mixed-mode. These vehicles can be designed to drive
for an extended range in all-electric mode, either at low speeds only or at all
speeds. These modes manage the vehicle's battery discharge strategy, and their
use has a direct effect on the size and type of battery required:

Charge-depleting mode allows a fully charged PHEV to operate exclusively
(or depending on the vehicle, almost exclusively, except during hard
acceleration) on electric power until its battery state of charge is depleted to a
predetermined level, at which time the vehicle's internal combustion engine or
fuel cell will be engaged. This period is the vehicle's all-electric range. This is
the only mode that a battery electric vehicle can operate in, hence their limited
range.

oy L The redesigned Renault Kangoo
hm ' Elect'road operates in blended mode, using
engine and battery power simultaneously.

Blended mode is a kind of charge-
depleting mode. It is normally employed
by vehicles which do not have enough
electric power to sustain high speeds
without the help of the internal combus-
tion portion of the powertrain. A blended
control strategy typically increases the
distance from stored grid electricity compared to a charge-depleting strategy.
The Renault Kangoo and some Toyota Prius conversions are examples of
vehicles that use this mode of operation. The Electri'city and Elect'road versions
of the Kangoo were charge-depleting battery electric vehicles: the Elect'road had
a modest internal combustion engine which extended its range somewhat.
Conversions of 2004 and later model Toyota Prius can only run without using
the ICE at speeds of less than about 42 mph (68 km/h) due to the limits dictated
by the vehicle's powertrain control software. However, at faster speeds electric
power can still be used to displace gasoline, thus improving the fuel economy in
blended mode and generally doubling the fuel efficiency.

Charge-sustaining mode is used by production hybrid vehicles (HEVs)
today, and combines the operation of the vehicle's two power sources in such a
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manner that the vehicle is operating as efficiently as possible without allowing
the battery state of charge to move outside a predetermined narrow band. Over
the course of a trip in a HEV the state of charge may fluctuate but will have no
net change. The battery in a HEV can thus be thought of as an energy
accumulator rather than a fuel storage device. Once a plug-in hybrid has
exhausted its all-electric range in charge-depleting mode, it can switch into
charge-sustaining mode automatically.

Mixed mode describes a trip in which a combination of the above modes are
utilized. For example, a PHEV-20 Prius conversion may begin a trip with 5
miles (8 km) of low speed charge-depleting, then get onto a freeway and operate
in blended mode for 20 miles (32 km), using 10 miles (16 km) worth of all-
electric range at twice the fuel economy. Finally the driver might exit the
freeway and drive for another 5 miles (8 km) without the internal combustion
engine until the full 20 miles (32 km) of all-electric range are exhausted. At this
point the vehicle can revert back to a charge sustaining-mode for another 10
miles (16 km) until the final destination is reached. Such a trip would be
considered a mixed mode, as multiple modes are employed in one trip. This
contrasts with a charge-depleting trip which would be driven within the limits of
a PHEV's all-electric range. Conversely, the portion of a trip which extends
beyond the all-electric range of a PHEV would be driven primarily in charge-
sustaining mode, as used by a conventional hybrid.

Electric power storage

PHEVs typically require deeper battery charging and discharging cycles
than conventional hybrids. Because the number of full cycles influences battery
life, this may be less than in traditional HEVs which do not deplete their
batteries as fully. However, some authors argue that PHEVs will soon become
standard in the automobile industry. Design issues and trade-offs against battery
life, capacity, heat dissipation, weight, costs, and safety need to be solved.
Advanced battery technology is under development, promising greater energy
densities by both mass and volume, and battery life expectancy is expected to
increase.

The cathodes of some early 2007 lithium-ion batteries are made from
lithium-cobalt metal oxide. This material is expensive, and cells made with it
can release oxygen if overcharged. If the cobalt is replaced with iron phosphates,
the cells will not burn or release oxygen under any charge. The price premium
for early 2007 conventional hybrids is about US$5000, some US$3000 of which
is for their NiIMH battery packs. At early 2007 gasoline and electricity prices,
that would mean a break-even point after six to ten years of operation. The
conventional hybrid premium could fall to US$2000 in five years, with
US$1200 or more of that being cost of lithium-ion batteries, providing for a
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three-year payback. The payback period may be longer for plug-in hybrids,
because of their larger, more expensive batteries.

Nickel-metal hydride and lithium-ion batteries can be recycled; Toyota, for
example, has a recycling program in place under which dealers are paid a
US$200 credit for each battery returned. However, plug-in hybrids typically use
larger battery packs than comparable conventional hybrids, and thus require
more resources. Pacific Gas and Electric Company (PG&E) has suggested that
utilities could purchase used batteries for backup and load leveling purposes.
They state that while these used batteries may be no longer usable in vehicles,
their residual capacity still has significant value. More recently, General Motors
(GM) has said it has been "approached by utilities interested in using recycled
Volt batteries as a power storage system, a secondary market that could bring
down the cost of the Volt and other plug-in vehicles for consumers."

Lithium iron phosphate (LiMPO,) is a class of cathode materials used in
lithium iron phosphate batteries that is getting attention from the auto industry.
Valence Technologies produce a lithium iron manganese phosphate
(LiFeMgPOQO,) battery with LG Chem selling lithium iron phospate (LiFePO,)
batteries for the Chevy Volt and A123 produces a lithium nano-phosphate
battery. The most important merit of this battery type is safety and high-power.
Lithium iron phosphate batteries are one of three major types in LFP family, the
other two being nano-phosphate and nano-cocrystalline-olivine.

In France, Electricity de France (EDF) and Toyota are installing charging
stations for PHEVs on roads, streets and parking lots. EDF is also partnering
with Elektromotive, Ltd. to install 250 new charging points over six months
from October 2007 in London and elsewhere in the UK. Recharging points also
can be installed for specific uses, as in taxicab stands. Project Better Place began
in October 2007 and is working with Renault on development of exchangeable
batteries (battery swapping).

Ultracapacitors (or "supercapacitors") are used in some plug-in hybrids,
such as AFS Trinity's concept prototype, to store rapidly available energy with
their high power density, in order to keep batteries within safe resistive heating
limits and extend battery life. The CSIRO's UltraBattery combines a super-
capacitor and a lead acid battery in a single unit, creating a hybrid car battery
that lasts longer, costs less and is more powerful than current technologies used
in plug-in hybrid electric vehicles (PHEVs).

The optimum battery size varies depending on whether the aim is to reduce
oil consumption, running costs, or emissions, but a recent study concluded that
"The best choice of PHEV battery capacity depends critically on the distance
that the vehicle will be driven between charges. Our results suggest that for
urban driving conditions and frequent charges every 10 miles or less, a low-
capacity PHEV sized with an AER (all electric range) of about 7 miles would be
a robust choice for minimizing gasoline consumption, cost, and greenhouse gas
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emissions. For less frequent charging, every 20—100 miles, PHEVs release fewer
GHGs, but HEVs are more cost effective".

Unit 72 CONVERSIONS OF PRODUCTION VEHICLES

1. [IpounTaiiTe TEKCT U O3HAKOMBTECH C €r0 OOIIKUM COJCPKAHUEM.

2. CocTaBbTe CIHCOK M3 KIIOYEBBIX CJIOB U CIOBOCOYeTaHWH. Bribepure u3
ATOTO CMOHCKAa Ha3BaHUS (UpM W TpeAcTaBbTe WX To-pyccku. IlepeBemute
AHIJIMMICKHUE CIIOBA U CJIOBOCOYETAHUS HA PYCCKUH SI3BIK IO CJIIOBAPIO U C YYETOM
KOHTEKCTA.

3. Chenalite COOOIIECHHE HAa AHIIMHACKOM S3bIKE 00 SKOHOMHHM TOILIMBA H
0€30MacHOCTH JIBI>KEHUS aBTOMOOMIICH, UCTIONB3Yys HH(POPMAITUIO TEKCTA.

Conversion of fossil-fuel vehicles

Retrofit electrification requires only one-fifth the energy required to build a
new vehicle. This is called ACEV-to-PHEV conversion. There are several
companies that are converting fossil fuel non-hybrid vehicles (also called all-
combustion engine vehicles) to plug-in hybrids:

Colorado is going to offer $6,000 credit for PHEV conversions (in addition
to a federal 10 % credit up to $4,000 for qualifying vehicles).

Conversions of production hybrids

15 lead-acid batteries, PFC charger, and regulators installed into WhiteBird,
a PHEV-10 conversion of a Toyota Prius

Aftermarket conversion of an existing production hybrid (a charge-
maintaining hybrid) to a plug-in hybrid (called CHEV-to-PHEV conversion)
typically involves increasing the capacity of the vehicle's battery pack and
adding an on-board AC-to-DC charger. Ideally, the vehicle's powertrain
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software would be reprogrammed to make full use of the battery pack's
additional energy storage capacity and power output.

Many early plug-in hybrid electric vehicle conversions have been based on
the 2004 or later model Toyota Prius. Some of the systems have involved
replacement of the vehicle's original NiMH battery pack and its electronic
control unit. Others, such as A123 Hymotion, the CalCars Prius+, and the
PiPrius, piggyback an additional battery back onto the original battery pack, this
is also referred to as Battery Range Extender Modules (BREMs). Within the
electric vehicle conversion community this has been referred to as a "hybrid
battery pack configuration". Early lead-acid battery conversions by CalCars
demonstrated 10 miles (15 km) of EV-only and 20 miles (30 km) of double
mileage blended mode range.

EDrive Systems use Valence Technology Li-ion batteries and have a
claimed 40 to 50 miles (64 to 80 km) of electric range. Other companies offering
plug-in conversions or kits for the Toyota Prius (some of them also for Ford
Escape Hybrid) include Hymotion, Hybrids Plus Manzanita Micro and OEMtek
BREEZ (PHEV-30). AFS Trinity's XH-150 claims that it has created a
functioning plug-in hybrid with a 40 miles (64 km) all-electric range and that it
has solved the overheating problem that rapid acceleration can cause in PHEVs
and extend battery life.

The EAA-PHEV project was conceived by CalCars and the Electric Auto
Association in October 2005 to accelerate efforts to document existing HEVs
and their potential for conversion into PHEVs. It includes a "conversion
interest" page. The FElectric Auto Association-PHEV "Do-It-Yourself" Open
Source community's primary focus is to provide conversion instructions to help
guide experienced converters through the process, and to provide a common
design that could demonstrate multiple battery technologies. Many members of
organizations such as CalCars and the EAA as well as companies like Hybrids
Plus, Hybrid Interfaces of Canada, and Manzanita Micro participate in the
development of the project.

Plug-In Supply, Inc. of Petaluma, California offers components and
assemblies to build the Prius+, the plug-in conversion invented by CalCars.
Their lead-acid battery box assembly forms a complete install package,
providing access to the spare tire and containing twenty 12 volt lead-acid
batteries and all high voltage components and control electronics. The "PbA
Battery Box Assembly" is also available without batteries. It provides about 10
miles (16 km) of EV mode range. Conversion time was reduced by plug-in
supply to one day.

Oemtek offers a Valence powered lithium iron phosphate conversion that
should provide 50 miles (80 km) of all-electric range. The Motor Industry
Research Association has announced a retrofit hybrid conversion kit that
provides removable battery packs that plug into a wall outlet for charging.
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Poulsen Hybrid is developing a conversion kit that will add through-the-road
plug-in hybrid capability to conventional vehicles by externally mounting
electric motors onto two of the wheels.

Enginer Inc. of Troy, Michigan offers universal plug-in conversion kits with
components and assemblies to build two stage hybrid battery system. Their
lithium-ion battery box assembly forms a complete install package, providing
access to the spare tire and containing 16/32 lithium phosphate battery cells, a
DC/DC converter, a BMS and a charger. It provides about 10 miles (16 km) of
EV mode range for under $2000 (2 kW-h model). Longer range 4 kW-h model
is also available for $1000 more. Conversion time was reduced to two/three
hours.

Advantages
Energy resilience and petroleum displacement

Each kilowatt hour of battery capacity in use will displace up to 50 U.S.
gallons (190 I; 42 imp gal) of petroleum fuels per year (gasoline or diesel fuels).
Also, electricity is multi-sourced and, as a result, it gives the greatest degree of
energy resilience.

Fuel efficiency
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Typical fuel economy label Typical fuel economy label
for series plug-in hybrid for blended or series-parallel plug-in
or extended range electric vehicle hybrid

The actual fuel economy for PHEVs depends on their powertrain operating
modes, their all-electric range, and the amount of driving between charges. If no
gasoline is used the miles per gallon gasoline equivalent (MPG-e) depends only
on the efficiency of the electric system. The only mass production PHEV
available in the market, the Chevrolet Volt, with an EPA rated all-electric range
of 35 miles (56 km), and an additional gasoline-only extended range of 344 miles
(554 km) has an EPA combined city/highway fuel economy of 93 MPG-¢ in all-
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electric mode, and 37 mpg_ys (6.4 L/100 km; 44 mpg.imp) 1n gasoline-only mode,
for an overall combined gas-electric fuel economy rating of 60 mpgys
(3.9 L/100 km; 72 mpg.imp) equivalent (MPG-¢). The EPA also included in the
Volt's fuel economy label a table showing fuel economy and electricity
consumed for five different scenarios: 30, 45, 60 and 75 miles (121 km) driven
between a full charge, and a never charge scenario. According to this table the
fuel economy goes up to 168 mpg ys (1.40 L/100 km; 202 mpg.im,) equivalent
(MPG-¢) with 45 miles (72 km) driven between full charges.

For the more comprehensive fuel economy and environment label that will
be mandatory in the U.S. beginning in model year 2013, the National Highway
Traffic Safety Administration (NHTSA) and Environmental Protection Agency
(EPA) issued two separate fuel economy labels for plug-in hybrids because of
their design complexity, as PHEVS can operate in two or three operating modes:
all-electric, blended, and gasoline-only. One label is for series hybrid or
extended range electric vehicle (like the Chevy Volt), with all-electric and
gasoline-only modes; and a second label for blended mode or series-parallel
hybrid, that includes a combination of both gasoline and plug-in electric
operation; and gasoline only, like a conventional hybrid vehicle.

A further advantage of PHEVs is that they have potential to be even more
efficient than conventional hybrids because a more limited use of the PHEV's
internal combustion engine may allow the engine to be used at closer to its
maximum efficiency. While a Prius is likely to convert fuel to motive energy on
average at about 30 % efficiency (well below the engine's 38 % peak efficiency)
the engine of a PHEV-70 would be likely to operate far more often near its peak
efficiency because the batteries can serve the modest power needs at times when
the combustion engine would be forced to run well below its peak efficiency.
The actual efficiency achieved depends on losses from electricity generation,
inversion, battery charging/discharging, the motor controller and motor itself,
the way a vehicle is used (its duty cycle), and the opportunities to recharge by
connecting to the electrical grid.

The Society of Automotive Engineers (SAE) developed their recommended
practice in 1999 for testing and reporting the fuel economy of hybrid vehicles
and included language to address PHEVs. An SAE committee is currently
working to review procedures for testing and reporting the fuel economy of
PHEVs. The Toronto Atmospheric Fund tested ten retrofitted plug-in hybrid
vehicles that achieved an average of 5.8 litres per 100 kilometre or 40.6 miles
per gallon over six months in 2008, which was considered below the
technology's potential.

In "real world" testing using normal drivers, some Prius PHEV conversions
may not achieve much better fuel economy than HEVs. For example, a plug-in
Prius fleet, each with a 30 miles (48 km) all-electric range, averaged only
51 mpg.ys (4.6 L/100 km; 61 mpg.inp) in a 17,000-mile (27,000 km) test in
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Seattle, and similar results with the same kind of conversion battery models at
Google.org. Moreover, the additional battery pack costs $10,000—11,000.

Operating costs

A 2006 research estimate in California B
found that the operating costs of plug-ins ===
charged at night was equivalent to 75y US per 3 :
US gallon of gasoline. The cost of electricity for
a Prius PHEV is about US$0.03 per mile |
(US$0.019/km), based on 0.26 kilowatt-hours
per mile (0.16 kW-h/km; 0.58 MJ/km) and a i
cost of electricity of US$0.10 per kilowatt hour. Former President George W.
During 2008, government and industry  Bushis shown the PHEV

researchers tried to determine the optimum all- Mercedes-Benz Sprinter van
electric range. in the US Postal Service

Range anxiety elimination

One of the main barriers for the general adoption of all-electric cars is the
range anxiety factor, the driver's fear of being stranded by a depleted battery
before reaching the final destination. Plug-in hybrids, as opposed to pure plug-
ins, eliminate the range anxiety concerns because the gasoline engine serves as a
back-up to recharge the battery, to provide electric power to the electric motor,
or to provide propulsion directly. In the case of the Volt, access to a regular fuel
station guarantees similar driving ranges as conventional gasoline-powered
automobile.

One of the advantages of the PEV design is that the generator can be
completely decoupled from the traction. Unlike a conventional engine, which
operates over a wide variety of power settings and operational conditions, the
range extender can be operated under optimum conditions at all times. High-
efficiency power sources that are not suitable for normal automotive use may be
perfectly suitable for PEV use. These include advanced close-cycle steam
engines, stirling engines, Wankel engines, and microturbines due primarily to
their light weight and small size.

Smog

The Ontario Medical Association announced that smog is responsible for an
estimated 9,500 premature deaths in its province every year. Plug-in hybrids in
emission-free electric mode may contribute to the reduction of smog.
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Vehicle-to-grid electricity

PHEVs and fully electric cars may allow for more efficient use of existing
electric production capacity, much of which sits idle as operating reserve most
of the time. This assumes that vehicles are charged primarily during off peak
periods (i.e., at night), or equipped with technology to shut off charging during
periods of peak demand. Another advantage of a plug-in vehicle is their
potential ability to load balance or help the grid during peak loads. This is
accomplished with vehicle-to-grid technology. By using excess battery capacity
to send power back into the grid and then recharge during off peak times using
cheaper power, such vehicles are actually advantageous to utilities as well as
their owners. Even if such vehicles just led to an increase in the use of night time
electricity they would even out electricity demand which is typically higher in
the day time, and provide a greater return on capital for electricity infrastructure.

In the UK, VTG would need to comply with generation connection standard
"G59/2", which means that it would need an earth rod at the premises, and
would be unable to export more than 17 kW without the network firm's
permission (which feeding onto one phase, i.e. for a normal house, would not be
given — to maintain a balance of load across the three phases).

In October 2005, five Toyota engineers and one Asian AW engineer
published an IEEE technical paper detailing a Toyota-approved project to add
vehicle-to-grid capability to a Toyota Prius. Although the technical paper
described "a method for generating voltage between respective lines of neutral
points in the generator and motor of the THS-II (Toyota Hybrid System) to add
a function for generating electricity", it did not state whether or not the
experimental vehicle could be charged through the circuit, as well. However, the
vehicle was featured in a Toyota Dream House, and a brochure for the exhibit
stated that "the house can supply electricity to the battery packs of the vehicles
via the stand in the middle of the garage", indicating that the vehicle may have
been a plug-in hybrid.

U.S. President Barack Obama examines hybrid vehicles
in the Edison Electric Vehicle Technical Center in Pomona, California
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In November 2005, more than 50 leaders from public power utility
companies across the United States met at the Los Angeles Department of Water
and Power headquarters to discuss plug-in hybrid and vehicle-to-grid
technology. The event, which was sponsored by the American Public Power
Association, also provided an opportunity for association members to plan
strategies that public power utility companies could use to promote plug-in
hybrid technology. Greg Hanssen and Peter Nortman of EnergyCS and EDrive
attended the two-day session, and during a break in the proceedings, made an
impromptu display in the LADWP parking lot of their converted Prius plug-in
hybrid.

In September 2006, the California Air Resources Board held a Zero
Emission Vehicle symposium that included several presentations on V2G
technology. In April 2007, Pacific Gas and Electric Company showcased a
PHEYV at the Silicon Valley Leadership Alternative Energy Solutions Summit
with vehicle-to-grid capability, and demonstrated that it could be used as a
source of emergency home power in the event of an electrical power failure.
Regulations intended to protect electricians against power other than from grid
sources would need to be changed, or regulations requiring consumers to
disconnect from the grid when connected to non-grid sources will be required
before such backup power solutions would be feasible.

Federal Energy Regulatory Commissioner Jon Wellinghoff coined the term
"Cash-Back Hybrids" to describe payments to car owners for putting their
batteries on the power grid. Batteries could also be offered in low-cost leasing or
renting or by donation (including maintenance) to the car owners by the public
utilities, in a vehicle-to-grid agreement.

Unit 8. ADVANTAGES AND DISADVANTAGES OF BATTERIES

1. [IpounTaiiTe TEKCT U O3HAKOMBTECH C €r0 OOIIKUM COJCPKAHUEM.

2. CocTaBbTe CHHMCOK M3 KJIIOYEBBIX CJIOB U CIOBOCOYETaHH. BriOepure u3
ATOr0 CHHUCKa Ha3BaHusi (upM U mpencraBsre MX mo-pyccku. llepeBenute
aHIVIMICKUE CJI0BA U CIIOBOCOYETAHUS HA PYCCKHM SI3bIK 110 CJIOBAPIO U C YUYETOM
KOHTEKCTA.

3. Pacckaxkute 0 mpeuMyniecTBax U HEJOCTAaTKaX MCMHOJb30BaHus Oarapei B
aBTOMOOMJIIX HA aHIJIMMCKOM SI3BIKE.

Disadvantages
Cost of batteries

Disadvantages of plug-in hybrids include the additional cost, weight, and
size of a larger battery pack. According to a 2010 study by the National
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Research Council, the cost of a lithium-ion battery pack is about USD
1,700/kW-h of usable energy, and considering that a PHEV-10 requires about
2.0 kW-h and a PHEV-40 about 8 kW-h, the manufacturer cost of the battery
pack for a PHEV-10 is around USD 3,000 and it goes up to USD 14,000 for a
PHEV-40. According to the same study, even though costs are expected to
decline by 35 % by 2020, market penetration is expected to be slow and
therefore PHEVs are not expected to significantly impact oil consumption or
carbon emissions before 2030, unless a fundamental breakthrough in battery
technologies occur.

Tabn.4
Cost comparison between a PHEV-10 and a PHEV-40 (prices for 2010)
Manufacturer
. additional Cost of |[Expected| Annual
Plug-in| . . . . :
e Similar Tvpe of costcompared|Cost of| electric | gasoline | gasoline
yp production YPCOL 1 45 conven- battery| system | savings | savings
by EV drivetrain| .
ranee model tional non- | pack |upgrade|compared compared
& hybrid mid- at home |to a HEV |to a HEV®
size
More
PHEV-| Prius USD | than o
10 Plug-in Parallel | USD 6,300 3.300 | USD 20 % |70 gallons
1,000
More
PHEV-| Chevy . USD | than o 200
40 | voit | Series |USDISI00, 6501 ysp | 27 | gallons
1,000

N otes: (1) Considers the HEV technology used in the Toyota Prius with a larger battery
pack. The Prius Plug-in estimated all-electric range is 14.5 mi (23 km)
(2) Assuming 15,000 miles per year.

According to the 2010 NCR study, despite the fact that a mile driven on
electricity is cheaper than one driven on gasoline, lifetime fuel savings are not
enough to offset plug-ins high upfront costs, and it will take decades before the
break even point is achieved. Furthermore, hundreds of billions of dollars in
government subsidies and incentives are likely to be required to achieve a rapid
plug-in market penetration in the U.S.

A study published in 2011 by the Belfer Center, Harvard University, found
that the gasoline costs savings of plug-in electric cars over the vehicles’
lifetimes do not offset their higher purchase prices. This finding was estimated
comparing their lifetime net present value at 2010 purchase and operating costs
for the U.S. market, and assuming no government subsidies. According to the
study estimates, a PHEV-40 is US$5,377 more expensive than a conventional
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internal combustion engine, while a battery electric vehicle (BEV) is US$4,819
more expensive. The study also examined how this balance will change over the
next 10 to 20 years, assuming that battery costs will decrease while gasoline
prices increase. Under the future scenarios considered, the study found that
BEVs will be significantly less expensive than conventional cars (US$1,155 to
US$7,181 cheaper), while PHEVs, will be more expensive than BEVs in almost
all comparison scenarios, and only less expensive than conventional cars in an
scenario with very low battery costs and high gasoline prices. The reason for the
different savings among PEVs is due to the fact that BEVs are simpler to build
and do not use liquid fuel, while PHEV's have more complicated powertrains and
still have gasoline-powered engines.

Lithium iron phosphate batteries from Valence Technologies were used in
the first plug-in hybrids from CalCars are providing a conversion for the Toyota
Prius priced at $12,000. Hymotion also offers a conversion for $10,000 US but
their conversion is only 5 kW where Oemtek's is 9 kW.

Recharging outside home garages

RechargelT converted plug-in hybrids at On-street electric charging unit located
Google's Mountain View campus. The  at the Hillsboro Civic Center in Hillsboro,
garage has recharging facilities powered Oregon
by solar panels

Three plug-in converted Toyota Prius
recharging at San Francisco City Hall
public charging station

95



Many authors have assumed that plug-in recharging will take place
overnight at home. However, residents of cities, apartments, dormitories, and
townhouses do not have garages or driveways with available power outlets, and
they might be less likely to buy plug-ins unless recharging infrastructure is
developed. Electrical outlets or charging stations near their places of residence,
or in commercial or public parking lots or streets or workplaces are required for
these potential users to gain the full advantage of PHEVs. Even house dwellers
might need to charge at the office or to take advantage of opportunity charging
at shopping centers. However, this infrastructure is not in place today and it will
require investments by both the private and public sectors.

Several cities in California and Oregon, and particularly San Francisco and
other cities in the San Francisco Bay Area and Silicon Valley, as well as some
local private firms such as Google and Adobe Systems, already have deployed
charging stations and have expansion plans to attend both plug-ins and all-
electric cars. In Google's case, its Mountain View campus has 100 available
charging stations for its share-use fleet of converted plug-ins available to its
employees. Solar panels are used to generate the electricity, and this pilot
program is being monitored on a daily basis and performance results are
published in RechargelT website.

Emissions shifted to electric plants in some countries

Increased pollution is expected to occur in some areas with the adoption of
PHEVs, but most areas will experience a decrease. A study by the ACEEE
predicts that widespread PHEV use in heavily coal-dependent areas would result
in an increase in local net sulfur dioxide and mercury emissions, given emissions
levels from most coal plants currently supplying power to the grid. Although
clean coal technologies could create power plants which supply grid power from
coal without emitting significant amounts of such pollutants, the higher cost of
the application of these technologies may increase the price of coal-generated
electricity. The net effect on pollution is dependent on the fuel source of the
electrical grid (fossil or renewable, for example) and the pollution profile of the
power plants themselves. Identifying, regulating and upgrading single point
pollution source such as a power plant—or replacing a plant altogether—may
also be more practical. From a human health perspective, shifting pollution away
from large urban areas may be considered a significant advantage.

According to a 2009 study by The National Academy of Science, "Electric
vehicles and grid-dependent (plug-in) hybrid vehicles showed somewhat higher
nonclimate damages than many other technologies." Efficiency of plug-in
hybrids is also impacted by the overall efficiency of electric power transmission.
Transmission and distribution losses in the USA were estimated at 7.2 % in

96



1995 and 6.5 % in 2007. By life cycle analysis of air pollution emissions, natural
gas vehicles are currently the lowest emitter.

Tiered rate structure for electric bills

Electric utility companies generally do not utilize flat rate pricing. For
example, Pacific Gas and Electric (PG&E) normally charges $0.10 per kilowatt
hour (kW-h) for the base tier, but additional tiers are priced as high as $0.30 per
kW-h to customers without electric vehicles. Some utilities offer electric vehicle
users a rate tariff that provides discounts for off-peak usage, such as overnight
recharging. PG&E offers a special, discounted rate for plug-in and other electric
vehicle customers, the "Experimental Time-of-Use Low Emission Vehicle rate."
That tariff gives people much cheaper rates if they charge at night, especially
during the summer months.

The additional electrical utilization required to recharge the plug-in vehicles
could push many households in areas that do not have off-peak tariffs into the
higher priced tier and negate financial benefits. Without an off-peak charging
tariff, one study of a certain PHEV-20 model having an all-electric range of 20
miles, gasoline-fueled efficiency of 52.7 mi/gal U.S., and all-electric efficiency
of 4 mi/kW-h, found that household electricity customers who consumed
131 %200 % of baseline electricity at $0.220/(kW-h) would see benefits if
gasoline was priced above US$2.89/US gal; those that consumed 201 %-300 %
of baseline electricity at $0.303/(kW-h) would only see benefits if gas was
priced above $3.98; and households consuming over 300 % of baseline
electricity at $0.346/(kW-h) would only see benefits if gasoline was priced
above $4.55 (USD/gal). Off-peak tariff rates can lower the break-even point.
The PG&E tariff would change those break-even gasoline prices to USD $1.96,
$3.17 and $3.80 per gallon, respectively, for the given PHEV and usage pattern
in question.

Customers under such tariffs could see significant savings by being careful
about when the vehicle was charged, for example, by using a timer to restrict
charging to off-peak hours. Thus, an accurate comparison of the benefit requires
each household to evaluate its current electrical usage tier and tariffs weighed
against the cost of gasoline and the actual observed operational cost of electric
mode vehicle operation.

The Salar de Uyuni in Bolivia is one
of the largest known lithium reserves
in the world
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Unit 9. ELECTRIC POWER CARS

1. IlpounTaiiTe TEKCT U O3HAKOMBTECH C €T0 OOILIUM COAECPKAHUEM.

2. CocTaBbTe CHHMCOK M3 KJIIOYEBBIX CJIOB U CIOBOCOYETaHH. BriOepure u3
ATOr0 CHHMCKa Ha3BaHus (upM U npencraBbTe UX Ho-pyccku. [lepeBenute
AHITIMMCKHUE CJI0BA U CIIOBOCOYETAHUS HA PYCCKUU SA3BIK MO CJIOBAPIO U C YYETOM
KOHTEKCTA.

3. TloGecenyiite B popme auanora 0 MPOU3BOJICTBEHHBIX U KOMMEPUYECKHUX
npobiemMax UCIOIb30BaHUSI COBPEMEHHBIX aBTOMOOMJIEH HA aHIVIMICKOM SI3BIKE.

Lithium availability and supply security

Current technology for plug-ins is based on the lithium-ion battery and an
electric motor, and the demand for lithium, heavy metals and other rare elements
(such as neodymium, boron and cobalt) required for the batteries and powertrain
is expected to grow significantly due to the incoming market entrance of plug-
ins and electric vehicles in the mid and long term. Some of the largest world
reserves of lithium and other rare metals are located in countries with strong
resource nationalism, unstable governments or hostile to U.S. interests, raising
concerns about the risk of replacing dependence on foreign oil with a new
dependence on hostile countries to supply strategic materials.

Currently, the main deposits of lithium are found in China and South
America throughout the Andes mountain chain. In 2008 Chile was the leading
lithium metal producer, followed by Australia, China, and Argentina. In the
United States lithium is recovered from brine pools in Nevada. Nearly half the
world's known reserves are located in Bolivia, and according to the US
Geological Survey, Bolivia's Salar de Uyuni desert has 5.4 million tons of
lithium, which can be used to make lithium batteries for hybrid and electric
vehicles. Other important reserves are located in Chile, China, and Brazil.
Regarding rare earth elements, most reserves are located in China, which
controls the world market for these elements.

Greenhouse gas emissions

The effect of PHEVs on greenhouse emissions is complex. Plug-in hybrid
vehicles operating on all-electric mode do not emit harmful tailpipe pollutants
from the onboard source of power. The clean air benefit is usually local because
depending on the source of the electricity used to recharge the batteries, air
pollutant emissions are shifted to the location of the generation plants. In the
same way, PHEVs do not emit greenhouse gases from the onboard source of
power, but from the point of view of a well-to-wheel assessment, the extent of
the benefit also depends on the fuel and technology used for electricity
generation. From the perspective of a full life cycle analysis, the electricity used
to recharge the batteries must be generated from renewable or clean sources such
as wind, solar, hydroelectric, or nuclear power for PEVs to have almost none or
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zero well-to-wheel emissions. On the other hand, when PEVs are recharged
from coal-fired plants, they usually produce slightly more greenhouse gas
emissions than internal combustion engine vehicles. In the case of plug-in
hybrid electric vehicle when operating in hybrid mode with assistance of the
internal combustion engine, tailpipe and greenhouse emissions are lower in
comparison to conventional cars because of their higher fuel economy.

There has been much debate over the potential GHG emissions reductions
that can be achieved with PHEV. A study by the Electric Power Research
Institute reports that a 338 TW-h or 5.8 % increase in power generation needed
as a result of PHEV. In the same report the EPRI also states that CO, emissions
could increase by 430 million metric tons. The article concludes:

"In summary, the addition of PHEVs as a significant transportation option
adds approximately 6 % to the total national electricity demand in 2030
compared to the base case with no PHEVs. Due to the charging profile that
results in most of this additional demand occurring during off-peak hours (late
night/early morning) there is an increase in the need for baseload generation.
The addition of coal-fired generation to meet this need for more baseload
generation does not result in any significant differences in annual emissions of
SO,, NO, and Hg because of the caps on those pollutants. Therefore, any
reductions in emissions of SO,, NO, or Hg from non-electric generating sources
would result in a net national decline in these emissions. However, it does result
in an appreciable increase in CO, and PM emissions as this analysis has not
assumed any limits on CO, or PM emissions."

A study by the American Council for an Energy Efficient Economy
(ACEEE) predicts that, on average, a typical American driver is expected to
achieve about a 15 % reduction in net CO, emissions compared to the driver of a
regular hybrid, based on the 2005 distribution of power sources feeding the US
electrical grid. The ACEEE study also predicts that in areas where more than
80 % of grid-power comes from coal-burning power plants, local net CO,
emissions will increase, while for PHEVs recharged in areas where the grid is
fed by power sources with lower CO, emissions than the current average, net
CO, emissions associated with PHEVs will decrease correspondingly.

A 2007 joint study by the Electric Power Research Institute (EPRI) and the
Natural Resources Defense Council (NRDC) similarly found that the
introduction of PHEVs into America’s consumer vehicle fleet could achieve
significant greenhouse gas emission reductions. The EPRI-NRDC report
estimates that, between 2010 and 2050, a shift toward PHEV use could reduce
GHG emissions by 3.4 to 10.4 billion metric tons. The magnitude of these
reductions would ultimately depend on the level of PHEV market penetration
and the carbon intensity of the US electricity sector. In general, PHEVs can be
viewed as an element in the "Pacala and Socolow wedges" approach which
shows a way to stabilize CO, emissions using a portfolio of existing techniques,
including efficient vehicles. A 2008 study at Duke University suggests that for
PHEV's to reduce greenhouse gas emissions more than hybrids a carbon pricing
signal that encourages the development of low carbon power is needed. RAND
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also in 2008 studied the questions of a carbon tax, carbon cap and trade systems,
increasing gasoline tax, and providing renewable energy subsidies under various
economic conditions and vehicle type availabilities. RAND found that subsidies
were able to provide a smoother transition to new energy sources, especially in
the face of energy source price volatility, because subsidies can be structured
according to relative costs between renewables and fossil fuel, while taxes and
carbon trading schemes alone do not take relative prices of energy into account.
The Minnesota Pollution Control Agency found that if Minnesota's fleet of
vehicles making lengthy trips were replaced by plug-in hybrids, CO, emissions
per vehicle would likely decrease. However, unless more than 40 % of the
electricity used to charge the vehicles were to come from non-polluting sources,
replacing the vehicles with non plug-in hybrids would engender a larger
decrease in CO, emissions. Plug-in hybrids use less fuel in all cases, and
produce much less carbon dioxide in short commuter trips, which is how most
vehicles are used. The difference is such that overall carbon emissions would
decrease if all internal combustion vehicles were converted to plug-ins.

In 2009 researchers at Argonne National Laboratory adapted their GREET
model to conduct a full well-to-wheels (WTW) analysis of energy use and
greenhouse gas (GHG) emissions of plug-in hybrid electric vehicles for several
scenarios, considering different on-board fuels and different sources of
electricity generation for recharging the vehicle batteries. Three US regions were
selected for the analysis, California, New York, and Illinois, as these regions
include major metropolitan areas with significant variations in their energy
generation mixes. The full cycle analysis results were also reported for the US
generation mix and renewable electricity to examine cases of average and clean
mixes, respectively. This 2009 study showed a wide spread of petroleum use and
GHG emissions among the different fuel production technologies and grid
generation mixes. The following table summarizes the main results:

Tabun.5
PHEV well-to-wheels Petroleum energy use and greenhouse gas emissions for
an all-electric range between 10 and 40 miles (16 and 64 km)
with different on-board fuels.
(as a % relative to an internal combustion engine vehicle
that uses fossil fuel gasoline)

Reformulated gasoline |pos o1 from comn| Fuel cell

Analysis and Ultg?:;:{v sulfur and switchgrass |hydrogen
Petroleum energy use 0o o0 o more than
reduction 40-60% 70-90% 90 %

GHG emissions
reduction

Source: Center for Transportation Research, Argonne National

Laboratory (2009). See Table 1. Notes: (1) Simulations for year 2020 with

PHEV model year 2015. (2) No direct or indirect land use changes
included in the WTW analysis for bio-mass fuel feedstocks.
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The Argonne study found that PHEVs offered reductions in petroleum
energy use as compared with regular hybrid electric vehicles. More petroleum
energy savings and also more GHG emissions reductions were realized as the
all-electric range increased, except when electricity used to recharged was
dominated by coal or oil-fired power generation. As expected, electricity from
renewable sources realized the largest reductions in petroleum energy use and
GHG emissions for all PHEVs as the all-electric range increased. The study also
concluded that plug-in vehicles that employ biomass-based fuels (biomass-E85
and -hydrogen) may not realize GHG emissions benefits over regular hybrids if
power generation is dominated by fossil sources.

A 2008 study by researchers at Oak Ridge National Laboratory analyzed oil
use and greenhouse gas (GHG) emissions of plug-in hybrids relative to hybrid
electric vehicles under several scenarios for years 2020 and 2030. Each type of
vehicle was assumed to run 20 miles (32 km) per day and the HEV was assumed
to have a fuel economy of 40 miles per US gallon (5.9 L/100 km; 48 mpg_imp).
The study considered the mix of power sources for 13 U.S. regions, generally a
combination of coal, natural gas and nuclear energy, and to a lesser extend
renewable energy. A 2010 study conducted at Argonne National Laboratory
reached similar findings, concluding that PHEVs will reduce oil consumption
but could produce very different greenhouse gas emissions for each region
depending on the energy mix used to generate the electricity to recharge the
plug-in hybrids. The following table summarizes the main results of the Oak
Ridge National Laboratory study for the 2020 scenario:

Tabn.6

Comparison of carbon emissions and oil consumption by plug-in hybrids relative to hybrid
electric vehicles (HEVs)
by U.S. regional power generation sources on 2020

Carbon emissions ) )
Oil consumption

Main Share total tf)eﬁt};\/fs relative to HEVs States
Region electricity | generation included in
sources 2020 Plug-in AH_. Plug-in AH', the region(z)
hybrid electric hybrid electric
mode mode
1 2 3 4 5 6 7 8
Includes ID,
MT, NV,

0
Northwest Sﬁfl‘;fgar f;‘? (;’ 20.0% | —=37.2% |—47.0%| —99.6 % | OR, UT,
g e SD, WA

and WY.

Natural gas |  99.0 %

Renewable 1.0 % -15.3 % | —26.5 % |—47.0 %| —99.6 %
. 0

California

Texas Natural gas 100 % —15.0% | —25.7 % |—47.0 %| —99.6 %

0
Florida I;;St‘gj‘ll 92641;’ —14.8% | =253 % |—45.6 %| —96.4 %
. 0
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OkoH4YaHue Tabdm. 6

1 2 3 4 5 6 7 8
Includes CT,
New Natural gas | 70.3 % 0 0 0 o, | MA, ME,
England Coal 15.5 % —114% | 174 % | -44.3 % —93.5 % NH, RI and
VT.
Includes
AR, KS
0 9 )
Lower | Natural gas | - 88.6% | ) 5o/ | 16400 | 469%| -99.4% | LA, NM,
Midwest Coal 11.4 % OK
and TX.
Includes
Natural gas |  83.6 % 0 0 o o, | AZ,CO,
Southwest Coal 16.1 % —9.40% | —12.8% |—46.9 %| —99.4 % NM. NV
and TX.
Includes
. . | Natural gas | 60.6 % o 0 o DC, DE,
Mid—Atlantic Coal 37.0 % -1.2% +6.1 |-45.4%| -95.9 % MD. ME,
NJ and PA.
Includes IA,
Upper Natural gas | 47.6 % neo o o/ | o, | MN, MT,
Midwest Coal 46.0% | O8% | ¥72% |46.7%) 99.0% \\n NE, SD
and WI.
Includes
AL, GA
0 ’ )
Southeast | 04! 19 040 | +144% |-46.7%| -98.9% | LA, MS,
Natural gas | 44.9 %
NC, SC
and TN.
Oil 67.2 % 0 o o o
New York Natural gas 9.4 % +4.3% | +19.0% | 8.6 % | —10.9 %
Includes IN,
: Coal 65.7 % . . o/l 0e o, | KY,ML
Greater Ohio Natural gas 328 % +7.8% | +27.0 % |—46.6 %| —98.7 % OH. VA
and WV.
Includes IA,
Greater Coal T34% 1 1179% | 436.0 % |-46.5 %| —98.6 % | 1L, MI, MO
[llinois Natural gas 24.6 % a’ln d \’VI

Notes: Regions as defined by the North American Electric Reliability Corporation. Some
states appear in more than one region because parts of them belong to different
regions.
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Production and commercialization

Launched in December 2008, the BYD  Deliveries of the Chevrolet Volt began in
F3DM became the world's first mass the U.S. in December 2010
produced plug-in hybrid automobile

The Bright IDEA plug-in hybrid delivery truck is available
for fleet customers in the U.S.

A survey from Pike Research shows 22 % of 1,041 consumers extremely
and 26 % very interested in buying a PHEV-40-(like the Volt), with 17 %
willing to pay 20-50 % more than a standard vehicle and half willing to pay 5-
10 % more. Another 34 % have some interest for a total of 82 %. Pike projects
1.7 million PHEVs on the world's roads by 2015 and half a million annual sales.

Unit 10. NEW PRODUCTION CAR MODELS

1. [IpounTaiiTe TEKCT U O3HAKOMBTECH C €r0 OOIINUM COACPKAHUEM.

2. CocTaBbTe CNHMCOK M3 KIIOYEBBIX CJIOB U CIOBOcodeTaHuil. Beibepure u3
JTOr0 CHHMCKa Ha3BaHUs (uUpM U mpeicTaBbTe WX No-pyccku. IlepeBemute
aHIIMICKUE CI0BA U CIIOBOCOYETAHUS HA PYCCKUM SI3bIK 1O CJIOBAPIO U C YUYETOM
KOHTEKCTA.

3.Pacckaxxute o cOBpeMEHHOM mpou3BojAcTBe aBToMoOmieir B CIHIA wu
Kutae Ha aHIIUIICKOM SI3BIKE.
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Current production models

The BYD F3DM became the world's first mass produced plug-in hybrid
compact sedan as it went on sale in China to government agencies and
corporations on December 15, 2008. Sales to the general public began in
Shenzhen in March 2010 but because the F3DM nearly doubles the price of cars
that run on conventional fuel, BYD Auto is counting on subsidies from the local
government to make the plug-in attractive to personal buyers. The F3DM is sold
for 149,800 yuan (about USD 21,900) and during its first year in the market the
F3DM only sold 48 vehicles. The F3DM has an all-electric range of 100
kilometers (60 mi) and is slated to go on sale in Europe and the U.S. in 2011.

General Motors introduced the first Chevrolet Volt off the assembly line on
November 30, 2010. Sales and deliveries began in December 2010. The Volt
will be sold initially only in California, Washington Metropolitan Area,
Michigan, Texas, New York, New Jersey and Connecticut. The first cars will be
available in Washington D.C., the New York City metropolitan region,
California and Austin, Texas. During the first quarter of 2011 the market will
expand to Michigan, the rest of Texas and to all of New York, New Jersey and
Connecticut. The restricted roll-out is due to limited production, as GM planned
production for 2011 is only 10,000 units. Nationwide availability in the U.S. and
Canada 1s scheduled to begin in late 2011 until mid 2012.

In the United States, the Toyota Prius can now be commercially converted
(using aftermarket kits and tax incentives) to a plug-in hybrid by CalCars and a
number of third-party companies. On a smaller scale, PHEVs have been sold as
commercial passenger vans, utility trucks, general and school buses, motorcycles,
scooters and military vehicles. Hybrid Electric Vehicle Technologies, Inc
converts diesel buses to plug-in hybrids under contract for the Chicago Transit
Authority. Fisher Coachworks is developing a plug-in hybrid, the Fisher GTB-
40, which 1s expected to get about twice the mileage of a regular hybrid electric
bus.

Future production

At least fourteen car companies of all sizes are exploring or planning to offer
a plug-in, including a modular kit car model (XR-3 Hybrid). Conversion kits and
services are available to convert production model hybrid vehicles to plug-ins.
Other plug-in vehicles ongoing demonstration trials or slated to the market for
2011 and 2012 are the Fisker Karma, Toyota Prius Plug-in Hybrid, Ford Escape
Plug-in Hybrid, Volvo V70 Plug-in Hybrid, Suzuki Swift Plug-in and the Ford
C-Max Energi. A startup in California named Aptera Motors is creating a series
drivetrain PHEV version of its concept electric car, the Aptera 2h.
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Unit 11. GOVERNMENT SUPPORT
AND PUBLIC DEPLOYMENT

1. [IpounTaiiTe TEKCT M O3HAKOMBTECH C €T0 OOIINM COACPIKAHUEM.

2. CocTaBbTe CIHCOK U3 KIIOUEBBIX CIIOB U CIIOBOCOUYETaHUU. Bribepure u3
ATOTO CHOHCKa Ha3BaHUs (UpM U mpeacTaBbTe WX ToO-pyccku. IlepeBemute
AHIJIMMCKHUE CIIOBA U CJIOBOCOYETAHUS HA PYCCKUM A3BIK 110 CIIOBAPIO U C YYETOM
KOHTEKCTA.

3. Pacckaxkute O TMPaBUTEIbCTBEHHOW NOIJEPKKE MPH HCIOIb30BAHUU
AIIEKTPOMOOUIIEH B Pa3HbIX CTpaHAX HA aHITIUHCKOM U PYCCKOM SI3bIKaX.

Subsidies and economic incentives

Several countries have established grants and tax credits for the purchase of
new plug-in electric vehicles (PEVs) including plug-in hybrid electric vehicles,
and usually the economic incentive depends on battery size. The U.S. offers a
federal income tax credit up to US$7,500 and several states have additional
incentives. The U.K. offers a Plug-in Car Grant up to a maximum of GBJS5,000
(US$7,600). As of April 2011, 15 of the 27 European Union member states
provide tax incentives for electrically chargeable vehicles, which include all
Western European countries plus the Czech Republic and Romania. Also 17
countries levy carbon dioxide related taxes on passenger cars as a disincentive.
The incentives consist of tax reductions and exemptions, as well as of bonus
payments for buyers of all-electric and plug-in hybrid vehicles, hybrid vehicles,
and some alternative fuel vehicles.

Other government support
United States

Incentives for the development of PHEVs are included in the Energy
Independence and Security Act of 2007. The Energy Improvement and
Extension Act of 2008, signed into law on October 3, 2008, grants a tax credit
for the purchase of PHEVs. President Barack Obama's New Energy for America
calls for deployment of 1 million plug-in hybrid vehicles by 2015, and on March
19, 2009 he announced programs directing $2.4 billion to electric vehicle
development.

The American Recovery and Reinvestment Act of 2009 modifies the tax
credits, including a new one for plug-in electric drive conversion kits and for 2
or 3 wheel vehicles. The ultimate total included in the Act that is going to
PHEVs is over $6 billion.

In March 2009, as part of the American Recovery and Reinvestment Act, the
US Department of Energy announced the release of two competitive
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solicitations for up to $2 billion in federal funding for competitively awarded
cost-shared agreements for manufacturing of advanced batteries and related
drive components as well as up to $400 million for transportation electrification
demonstration and deployment projects. This announcement will also help to
meet the President Barack Obama's goal of putting one million plug-in hybrid
vehicles on the road by 2015.

Public deployments also include:

e USDOE's Freedom CAR. US Department of Energy announced it would
dole out $30 million in funding to three companies over three years to further
development of plug-in hybrids.

e USDOE announced the selection of Navistar Corporation for a cost-
shared award of up to $10 million to develop, test and deploy plug-in hybrid
electric (PHEV) school buses.

e DOE and Sweden have a MOU to advance market integration of plug-in
hybrid vehicles.

e PHEV Research Center.

e San Francisco Mayor Gavin Newsom, San Jose Mayor Chuck Reed and
Oakland, California Mayor Ron Dellums announced a nine-step policy plan for
transforming the Bay Area into the "Electric Vehicle (EV) Capital of the U.S."
and of the world. There are partnerships with Coulomb, Better Place and others
are also advancing. The first charging stations went up in San Jose.

e Washington State PHEV Pilot Project.

e Texas Governor Rick Perry's proposal for a state $5,000 tax credit for
PHEVs in "non-attainment" communities.

e Scattle, that includes City's public fleet converted vehicles, the Port of
Seattle, King County and the Puget Sound Clean Air Agency.

GM's roadmap for plug-in ready communities includes: consumer incentives
to make this early technology more affordable; public and workplace charging
infrastructure; consumer-friendly electricity rates and renewable -electricity
options; government and corporate vehicle purchases; supportive permitting and
codes for vehicle charging and other incentives such as high-occupancy-vehicle
(HOV) lanes access

European Union

Electrification of transport (electromobility) is a priority in the European
Union Research Programme. It also figures prominently in the European
Economic Recovery Plan presented in November 2008, in the frame of the
Green Car Initiative. DG TREN will support a large European "electromobility"
project on electric vehicles and related infrastructure with a total budget of
around € 50 million as part of the Green Car Initiative.
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Supportive organizations

Organizations that support plug-in hybrids include the World Wide Fund for
Nature, its International Director General James Leape remarked, "the cars of
the future ... should, increasingly, be powered by electricity".

Also National Wildlife Federation has done a strong endorsement of
PHEVs.

CalCars (with their PHEV news service and "What car makers are saying
about PHEVs") is dedicated only to the PHEV and has proposed a Prepayment
Plan, where buyers would pay $1,000 to reserve a plug-in car and the federal
government would match each payment with $9,000, all of which would go to
carmakers. CalCars is also promoting public funds for conversion of internal
combustion engines to plug-in vehicles.

Other supportive organizations are Plug In America, the Alliance for
Climate Protection, Friends of the Earth, the Rainforest Action Network, Rocky
Mountain Institute (Project Get Ready), the San Francisco Bay Area Council,
the Apollo Alliance, the Set America Free Coalition, the Silicon Valley
Leadership Group, and the Plug-in Hybrid Electric School Bus Project, FPL and
Duke Energy has said that by 2020 all new purchases of fleet vehicles will be
plug-in hybrid or all-electric.

NiMH battery patent encumbrance

Some battery formats and chemistries (nickel-metal hydride batteries)
suitable for use in PHEVs are tightly patented and have not been licensed for use
by PHEV manufacturers, thereby slowing the development of electric cars and
PHEVs, particularly before the 2008 Oil Crisis.

—

An Italian Carabinieri GEM e2, called the GEM e2 NEV used by the Tourist Police
Ovetti (egg), used for patrolling urban in Playa del Carmen, Mexico, being
areas recharged
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Australia and New Zealand

In 2008 Australia started producing its first commercial all-electric vehicle.
Originally called the Blade Runner, its name was changed to Electron, and is
already being exported to New Zealand with one purchased by the Environment
Minister Dr. Nick Smith. The Electron is based on the Hyundai Getz chassis and
has proven popular with government car pools.

Canada

British Columbia is the only place where it is legal to drive a LSV electric
car on public roads, although it also requires low speed warning marking and
flashing lights. Quebec is allowing LSVs in a three year pilot project. These cars
will not be allowed on the highway, but will be allowed on city streets.

China

The Chinese government adopted a plan with the goal of turning the country
into one of the leaders of all-electric and hybrid vehicles by 2012. The
government's intention is to create a world-leading industry that will produce
jobs and exports, and to reduce urban pollution and its oil dependence.
However, a study found that even though local air pollution would be reduced
by replacing a gasoline car with a similar-size electric car, it would reduce
greenhouse gas emissions by only 19 %, as China uses coal for 75 % of its
electricity production. A 19 % reduction is, however, a substantial reduction and
all cars being electric would be a larger incentive not only for more investment
in renewable electricity generation, but also make a home solar system more
economical.

The government is providing subsidies for electric car research and also
subsidies of up to $8,800 US for each hybrid or all-electric vehicle purchased by
taxi fleets and local government agencies in 13 Chinese cities. Electricity
utilities have been ordered to set up electric car charging stations in Beijing,
Shanghai and Tianjin. China wants to raise its annual production capacity to
500,000 hybrid or all-electric cars and buses by the end of 2011, from 2,100 in
2008.

As intercity driving is rare in China, electric cars provide several practical
advantages because commutes are fairly short and at low speeds due to traffic
congestion. These particular local conditions make the range limitation of all-
electric cars less of a problem, especially as the latest Chinese models have a top
speed of 100 km/h (60 mph) and a range of 200 km (120 mi1) between charges.

As of May 2010, Chinese automakers have developed at least 10 models of
high-speed, all-electric cars with plans for volume production.
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Croatia

A small city car called XD assembled by Croatian company DOK-ING. The
name XD comes from oddly shaped rear lights ("X" shaped) and "D" beginning
letter of the company's name. The XD can travel over 250 km on a single charge
with Lithium-ion batteries. Car's base-cost will be only 10.000€. Serial
production is predicted to start mid-2012.

Finland

There is a lot of knowledge about electric cars in Finland, with companies
such as Valmet Automotive (Fisker Karma and Garia A/S electric golf cart
production) and also agreement of Think City (car production), Fortum (concept
cars and infrastructure), Kabus (hybrid buses; part of Koiviston Auto Oy), BRP
Finland (part of Bombardier Recreational Products), Lynx (snowmobile), Patria
(military vehicles), European Batteries (Li-ion battery plant in Varkaus), Finnish
Electric Vehicles (battery control systems), ABB, Efore, Vacon (electric motor
technology production), Ensto (production of charging units), Elcat (electric
vehicle production since the 1980s), production of electric car accessories,
Suomen Sahksauto Oy (produces small electric cars), Oy AMC Motors Ltd.
(produces and designs small electric cars), Raceabout (specialist electric sport
car with very few sales), Gemoto scooters from Cabotec, Resonate's Gemini and
Janus Scooters, Moto Bella Oy, Axcomotors, Randax, Visedo.

Research related to electric cars is in progress at the VTT Technical
Research Centre of Finland.

Electric Motor Show

Sharing knowledge is also in progress: in Helsinki the Electric Motor Show
will be held from 10 to 12 September 2010. The show will feature only cars,
motorcycles, scooters, mopeds and microcars and components for them. Year
2010 is second year for Helsinki Electric motor show. The plan is to hold the
show annually.

Infrastructure

Basic charging infrastructure is already available all over Finland, used for
engine pre-warming in the cold winters. Because of its climate — cold winters
and warm summers — Finland is considered a convenient "test laboratory" for
electric cars and many companies have made field tests in Finland. It has been
said in Autobild 08/09 magazine that Fortum is developing the high-speed
charging system. With a new kind of three-phase charging method electric cars
can be charged in four minutes. A commercial product should be ready by 2011.
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There are also mines and metal refineries for lithium alloy in Finland. At the
moment there are several mining projects under way such as the Keliber project.

Support organizations

There are several electric car organisations in Finland, such as the Electric
Vehicle Association of Finland and Electric Vehicles of Finland.

Electric Cars — Now!

There is also a non-commercial electric car conversion organisation called
Electric Cars — Now! that converts standard Toyota Corollas into Li-ion battery-
powered electric cars. As of August 2009, more than 1,700 pre-orders for
conversion Toyotas have been placed. The speciality in the Electric Cars — Now!
project is that it is an open source project: anyone can start similar production
anywhere they want, the benefits for the customer being open-source spare part
coding and so on. The ideas and design are freely available from the Electric
Cars — Now! organisation.

France

France's largest energy provider, EDF is currently working with Toyota to
develop charging stations throughout France. Toyota is also leasing a fleet of
100 plug-in hybrid vehicles through selected partners in France.

Iceland

2012 — New beginning; A group in Iceland is planning to convert all
vehicles in the country to electric by 2012, the first to do so.

Israel

Shai Agassi, CEO of Better Place, has reached agreements with Renault-
Nissan and the government to begin the first phases of the company’s efforts to
make Israel the world’s first integrated electric car network. Better Place will
start importing and distributing Renault's first passenger electric vehicle — the
Fluence ZE, five-seat sedan — to Israel in the first half of 2011. The battery for
the Fluence ZE can be re-charged by means of a standard charge in four to eight
hours or switched for a charged battery in under five minutes.

Better Place, whose aim is to reduce global dependency on oil by creating an
infrastructure to support the implementation of a worldwide network of electric
vehicles, was started in 2007 with the encouragement of President Shimon
Peres. Israel is considered a viable site for this ground breaking endeavour due
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to the country’s relatively small size and the fact that approximately 90 % of the
nation’s car owners drive less than 40 mi (60 km) a day.

Israel has enacted policies that create a tax differential between zero-
emission vehicles and traditional cars, to accelerate the transition to electric cars.

Agassi has designed an infrastructure consisting of 500,000 charging
stations and almost 200 battery-exchange stations. In December 2008, Better
Place revealed its first plug-in parking lot in Tel Aviv. Additionally, in May
2009, the company unveiled its patented battery swap system, which is designed
for drivers taking longer road trips who lack the time needed to recharge their
own battery.

Better Place has currently opened 17 of the 150,000 charging stations
planned for Israel by 2011.

Ireland

In November 2008, the Department of Transport announced the Electric
Transport Plan which calls for 10 % of all vehicles to be electric by 2020.
Government officials reached agreements with French car maker Renault and its
Japanese partner Nissan to boost the use of electric cars. Eamon Ryan Ireland's
Minister for Communications, Energy and Natural Resources has repeatedly
emphasised the importance of the electric car within the Irish context. The
Electricity Supply Board has actively supported this call and sees electric
vehicles as a key part of its strategy with regard to wind power in the Republic
of Ireland. Sustainable Energy Ireland (SEI) is currently looking at a number of

pilot projects. More information on incentives is expected to come to light in the
2010 Irish Budget.

Japan

In mid 2009, Mitsubishi and Subaru respectively released electric cars for
corporate lease in Japanese market, for price range of approximately
US$32,000-34,000 (government tax relief and subsidy inclusive). Mitsubishi
plans to extend it for consumer use in 2010. Nissan also announced its plan for
the electric car "Leaf" in 2010.

Poland

Poland is developing charging station infrastructure in Gdansk, Katowice,
Krakyw, Mielec and Warsaw. Funds for the project come from the European
Union. The biggest organization in Poland in the area of electric vehicles is
Klaster Green Stream.  The Polish company 3xE — samochody elektryczne
(3xE — electric cars) offer electric vehicle conversions of small city cars such as
the Smart ForTwo, Citroen C1, Fiat Panda, Peugeot 107, Audi A2. The
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converted cars have a range of about 100 km (60 mi), using lithium iron
phosphate (LiFePO4) batteries and brushless DC electric motors and the
conversion can cost less than €12,000.

Philippines

The first electric car in the country was launched at Silliman University by
Insular Technologies in August 2007. In some major urban cities in the
Philippines like Makati, E-Jeepneys or Electric Jeepneys are used as well as
Electrical Tricycles (Rickshaws). Eagle G-Car a Philippine all-electric car was
made available for purchase in the Philippines as low as $33,000-$66,000), the
car is made out of fiber glass. While E-Jeepneys are expected to be available in
many other cities in the Philippines and hope to be revolutionize and made into
an icon of the Philippines, it is a venture of Renewable Independent Power
Producer Inc., which sprang from Greenpeace and other groups, and Solarco,
which in turn is a part of GRIPP.

Portugal

Portugal has also reached agreements with French car maker Renault and its
Japanese partner Nissan to boost the use of electric cars by creating a national
recharging network. The aim is to make Portugal one of the first countries to
offer drivers nationwide charging stations.

Spain
On 8 September 2009 the Spanish Industry Minister Miguel Sebastian

Gascyn announced that in late 2010 electric cars will be relisted in Spain,
Madrid, Barcelona and Seville and will provide charging points.

Unit 12. AUTOMOBILE AND ITS HISTORY

1. IlpounTaiiTe TEKCT ¥ MIO3HAKOMBTECH C €T0 OOIIUM COJIEP)KAHHEM.

2. Beinuiiere TepMUHBI aBTOMOOMIIECTPOCHHS U MEPEBEIUTE UX HA PyCCKUN
A3BIK.

3. CocraBbTe pedepar TeKCTa Ha PYCCKOM S3BIKE.

Automobile

Automobile is a wheeled motor vehicle used for transporting passengers,
which also carries its own engine or motor. Most definitions of the term specify
that automobiles are designed to run primarily on roads, to have seating for one
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to eight people, to have typically four wheels and to be constructed principally
for the transport of people rather than goods.

The term motorcar has also been used in the context of electrified rail
systems to denote a car which functions as a small locomotive but also provides
space for passengers and baggage. These locomotive cars were often used on
suburban routes by both interurban and intercity railroad systems.

There are approximately 600 million passenger cars worldwide (roughly one
car per eleven people). Around the world, there were about 806 million cars and
light trucks on the road in 2007; the engines of these burn over a billion cubic
meters (260 billion US gallons) of petrol/gasoline and diesel fuel yearly. The
numbers are increasing rapidly, especially in China and India.

History

The first working steam-powered vehicle was likely to have been designed
by Ferdinand Verbiest, a Flemish member of a Jesuit mission in China around
1672. It was a 65 cm-long scale-model toy for the Chinese Emperor, that was
unable to carry a driver or a passenger. It is not known if Verbiest's model was
ever built.

Nicolas-Joseph Cugnot is widely credited with building the first self-
propelled mechanical vehicle or automobile in about 1769; he created a steam-
powered tricycle. He also constructed two steam tractors for the French Army,
one of which is preserved in the French National Conservatory of Arts and
Crafts. His inventions were however handicapped by problems with water
supply and maintaining steam pressure. In 1801, Richard Trevithick built and
demonstrated his Puffing Devil road locomotive, believed by many to be the
first demonstration of a steam-powered road vehicle. It was unable to maintain
sufficient steam pressure for long periods and was of little practical use.

In 1807 Nicéphore Niépce and his brother Claude probably created the
world's first internal combustion engine which they called a Pyréolophore, but
they chose to install it in a boat on the river Saone in France. Coincidentally, in
1807 the Swiss inventor Frangois Isaac de Rivaz designed his own 'de Rivaz
internal combustion engine' and used it to develop the world's first vehicle, to be
powered by such an engine. The Niépces' Pyréolophore was fuelled by a mixture
of Lycopodium powder (dried Lycopodium moss), finely crushed coal dust and
resin that were mixed with oil, whereas de Rivaz used a mixture of hydrogen
and oxygen. Neither design was very successful, as was the case with others,
such as Samuel Brown, Samuel Morey, and Etienne Lenoir with his
hippomobile, who each produced vehicles (usually adapted carriages or carts)
powered by clumsy internal combustion engines.
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In November 1881, French inventor Gustave Trouvé demonstrated a
working three-wheeled automobile powered by electricity at the International
Exposition of Electricity, Paris.

Although several other German engineers (including Gottlieb Daimler,
Wilhelm Maybach and Siegfried Marcus) were working on the problem at about
the same time, Karl Benz generally is acknowledged as the inventor of the
modern automobile.

An automobile powered by his own four-stroke cycle gasoline engine was
built in Mannheim, Germany by Karl Benz in 1885 and granted a patent in
January of the following year under the auspices of his major company, Benz &
Cie., which was founded in 1883. It was an integral design, without the
adaptation of other existing components, and included several new technological
elements to create a new concept. He began to sell his production vehicles in
1888. In 1879, Benz was granted a patent for his first engine, which had been
designed in 1878. Many of his other inventions made the use of the internal
combustion engine feasible for powering a vehicle.

His first Motorwagen was built in 1885, and he was awarded the patent for
its invention as of his application on January 29, 1886. Benz began promotion of
the vehicle on July 3, 1886, and about 25 Benz vehicles were sold between 1888
and 1893, when his first four-wheeler was introduced along with a model
intended for affordability. They also were powered with four-stroke engines of
his own design. Emile Roger of France, already producing Benz engines under
license, now added the Benz automobile to his line of products. Because France
was more open to the early automobiles, initially more were built and sold in
France through Roger than Benz sold in Germany.

In August 1888 Bertha Benz, the wife of Karl Benz, undertook the first road
trip by car, to prove the road-worthiness of her husband's invention.

In 1896, Benz designed and patented the first internal-combustion flat
engine, called boxermotor. During the last years of the nineteenth century, Benz
was the largest automobile company in the world with 572 units produced in
1899 and, because of its size, Benz & Cie., became a joint-stock company.

Daimler and Maybach founded Daimler Motoren Gesellschaft (DMG) in
Cannstatt in 1890, and sold their first automobile in 1892 under the brand name,
Daimler. It was a horse-drawn stagecoach built by another manufacturer, that
they retrofitted with an engine of their design. By 1895 about 30 vehicles had
been built by Daimler and Maybach, either at the Daimler works or in the Hotel
Hermann, where they set up shop after disputes with their backers. Benz,
Maybach and the Daimler team seem to have been unaware of each others' early
work. They never worked together; by the time of the merger of the two
companies, Daimler and Maybach were no longer part of DMG.

Daimler died in 1900 and later that year, Maybach designed an engine
named Daimler-Mercedes, that was placed in a specially ordered model built to
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specifications set by Emil Jellinek. This was a production of a small number of
vehicles for Jellinek to race and market in his country. Two years later, in 1902,
a new model DMG automobile was produced and the model was named
Mercedes after the Maybach engine which generated 35 hp. Maybach quit DMG
shortly thereafter and opened a business of his own. Rights to the Daimler brand
name were sold to other manufacturers.

Karl Benz proposed co-operation between DMG and Benz & Cie. when
economic conditions began to deteriorate in Germany following the First World
War, but the directors of DMG refused to consider it initially. Negotiations
between the two companies resumed several years later when these conditions
worsened and, in 1924 they signed an Agreement of Mutual Interest, valid until
the year 2000. Both enterprises standardized design, production, purchasing, and
sales and they advertised or marketed their automobile models jointly, although
keeping their respective brands. On June 28, 1926, Benz & Cie. and DMG
finally merged as the Daimler-Benz company, baptizing all of its automobiles
Mercedes Benz, as a brand honoring the most important model of the DMG
automobiles, the Maybach design later referred to as the 1902 Mercedes-35 hp,
along with the Benz name. Karl Benz remained a member of the board of
directors of Daimler-Benz until his death in 1929, and at times, his two sons
participated in the management of the company as well.

In 1890, Emile Levassor and Armand Peugeot of France began producing
vehicles with Daimler engines, and so laid the foundation of the automobile
industry in France.

The first design for an American automobile with a gasoline internal
combustion engine was made in 1877 by George Selden of Rochester, New
York. Selden applied for a patent for an automobile in 1879, but the patent
application expired because the vehicle was never built. After a delay of sixteen
years and a series of attachments to his application, on November 5, 1895,
Selden was granted a United States patent (U.S. Patent 549,160) for a two-stroke
automobile engine, which hindered, more than encouraged, development of
automobiles in the United States. His patent was challenged by Henry Ford and
others and overturned in 1911.

In 1893, the first running, gasoline-powered American car was built and
road-tested by the Duryea brothers of Springfield, Massachusetts. The first
public run of the Duryea Motor Wagon took place on September 21, 1893, on
Taylor Street in Metro Center, Springfield. To construct the Duryea Motor
Wagon, the brothers had purchased a used horse-drawn buggy for $70 and then
installed a 4 HP, single cylinder gasoline engine. The car had a friction
transmission, spray carburetor, and low tension ignition. It was road-tested again
on November 10, when the The Springfield Republican newspaper made the
announcement. This particular car was put into storage in 1894 and stayed there
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until 1920 when it was rescued by Inglis M. Uppercu and presented to the
United States National Museum.

In Britain, there had been several attempts to build steam cars with varying
degrees of success, with Thomas Rickett even attempting a production run in
1860. Santler from Malvern is recognized by the Veteran Car Club of Great
Britain as having made the first petrol-powered car in the country in 1894
followed by Frederick William Lanchester in 1895, but these were both one-
offs. The first production vehicles in Great Britain came from the Daimler Motor
Company, a company founded by Harry J. Lawson in 1896, after purchasing the
right to use the name of the engines. Lawson's company made its first
automobiles in 1897, and they bore the name Daimler.

In 1892, German engineer Rudolf Diesel was granted a patent for a "New
Rational Combustion Engine". In 1897, he built the first Diesel Engine. Steam-,
electric-, and gasoline-powered vehicles competed for decades, with gasoline
internal combustion engines achieving dominance in the 1910s.

Although various pistonless rotary engine designs have attempted to
compete with the conventional piston and crankshaft design, only Mazda's
version of the Wankel engine has had more than very limited success.

Unit 13. MASS PRODUCTION OF AUTOMOBILES

1. [IpounTaiiTe TEKCT U MO3HAKOMBTECH C €0 OOIIHUM COACPKAHUEM.

2. Bpinuiiere TepMUHBI aBTOMOOMIIECTPOCHMS U TIEPEBEUTE UX HA PYCCKUI
A3BIK.

3. PacckaxuTte Ha aHTJIMICKOM A3BbIKE O MACCOBOM IPOM3BOJICTBE ABTOMOOU-
Jeil, BUAaX TOIJIMBA U CUCTEME O€30ITaCHOCTH JIBUIKEHHUS.

Mass production

The large-scale, production-line manufacturing of affordable automobiles
was debuted by Ransom Olds at his Oldsmobile factory in 1902 based on the
assembly line techniques pioneered by Marc Isambard Brunel at the Portsmouth
Block Mills, England in 1802. The assembly line style of mass production and
interchangeable parts had been pioneered in the U.S. by Thomas Blanchard in
1821, at the Springfield Armory in Springfield, Massachusetts. This concept was
greatly expanded by Henry Ford, beginning in 1914.

As a result, Ford's cars came off the line in fifteen minute intervals, much
faster than previous methods, increasing productivity eightfold (requiring 12.5
man-hours before, 1 hour 33 minutes after), while using less manpower. It was
so successful, paint became a bottleneck. Only Japan black would dry fast
enough, forcing the company to drop the variety of colors available before 1914,
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until fast-drying Duco lacquer was developed in 1926. This is the source of
Ford's apocryphal remark, "any color as long as it's black". In 1914, an assembly
line worker could buy a Model T with four months' pay.

Ford's complex safety procedures — especially assigning each worker to a
specific location instead of allowing them to roam about — dramatically reduced
the rate of injury. The combination of high wages and high efficiency is called
"Fordism," and was copied by most major industries. The efficiency gains from
the assembly line also coincided with the economic rise of the United States.
The assembly line forced workers to work at a certain pace with very repetitive
motions which led to more output per worker while other countries were using
less productive methods.

In the automotive industry, its success was dominating and quickly spread
worldwide seeing the founding of Ford France and Ford Britain in 1911, Ford
Denmark 1923, Ford Germany 1925; in 1921, Citroen was the first native
European manufacturer to adopt the production method. Soon, companies had to
have assembly lines, or risk going broke; by 1930, 250 companies which did
not, had disappeared.

Development of automotive technology was rapid, due in part to the
hundreds of small manufacturers competing to gain the world's attention. Key
developments included electric ignition and the electric self-starter (both by
Charles Kettering, for the Cadillac Motor Company in 1910-1911), independent
suspension and four-wheel brakes.

Since the 1920s, nearly all cars have been mass-produced to meet market
needs, so marketing plans often have heavily influenced automobile design. It
was Alfred P. Sloan who established the idea of different makes of cars
produced by one company, so buyers could "move up" as their fortunes
improved.

Reflecting the rapid pace of change, makes shared parts with one another so
larger production volume resulted in lower costs for each price range. For
example, in the 1930s, LaSalles, sold by Cadillac, used cheaper mechanical parts
made by Oldsmobile; in the 1950s, Chevrolet shared hood, doors, roof and
windows with Pontiac; by the 1990s, corporate powertrains and shared
platforms (with interchangeable brakes, suspension and other parts) were
common. Even so, only major makers could afford high costs, and even
companies with decades of production, such as Apperson, Cole, Dorris, Haynes,
or Premier, could not manage: of some two hundred American car makers in
existence in 1920, only 43 survived in 1930, and with the Great Depression, by
1940, only 17 of those were left.

In Europe much the same would happen. Morris set up its production line at
Cowley in 1924, and soon outsold Ford, while beginning in 1923 to follow
Ford's practice of vertical integration, buying Hotchkiss (engines), Wrigley
(gearboxes), and Osberton (radiators), for instance, as well as competitors, such
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as Wolseley: in 1925, Morris had 41 % of total British car production. Most
British small-car assemblers, from Abbey to Xtra had gone under. Citroen did
the same in France, coming to cars in 1919; between them and other cheap cars
in reply such as Renault's 10CV and Peugeot's SCV, they produced 550,000 cars
in 1925, and Mors, Hurtu and others could not compete. Germany's first mass-
manufactured car, the Opel 4PS Laubfrosch (Tree Frog), came off the line at
Russelsheim in 1924, soon making Opel the top car builder in Germany, with
37.5 % of the market.

Weight

The weight of a car influences fuel consumption and performance, with
more weight resulting in increased fuel consumption and decreased
performance. According to a research conducted by Julian Allwood of the
University of Cambridge, global energy use could be heavily reduced by using
lighter cars, and an average weight of 500 kg has been said to be well
achievable.

In some competitions such as the Shell Eco Marathon, average car weights
of 45 kg have also been achieved. These cars are only single-seaters (still falling
within the definition of a car, although 4-seater cars are more common), but it
nevertheless demonstrates the huge degree in which car weights can still be
reduced, and the forthfluing lower fuel use (i.e. up to a fuel use of 2560 km/I).

Seating

Most cars are 4-seaters built using a 2 by 2 arrangement, also known as
"mainstream". Other setups 2-seaters built using a 1 by 1 arrangement and
single-seater cars. In the beginning, 4-seaters have been the most popular type of
car, mostly due to the fact that the setup was similar to that of carriages. They
have remained the most popular setup for cars upto today.

Fuel and propulsion technologies

Most automobiles in use today are propelled by an internal combustion
engine, fueled by deflagration of gasoline (also known as petrol) or diesel. Both
fuels are known to cause air pollution and are also blamed for contributing to
climate change and global warming. Rapidly increasing oil prices, concerns
about oil dependence, tightening environmental laws and restrictions on
greenhouse gas emissions are propelling work on alternative power systems for
automobiles. Efforts to improve or replace existing technologies include the
development of hybrid vehicles, plug-in electric vehicles and hydrogen vehicles.
Vehicles using alternative fuels such as ethanol flexible-fuel vehicles and natural
gas vehicles are also gaining popularity in some countries.
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Safety

Result of a serious automobile accident

While road traffic injuries represent the leading cause in worldwide injury-
related deaths, their popularity undermines this statistics.

Mary Ward became one of the first documented automobile fatalities in
1869 in Parsonstown, Ireland and Henry Bliss one of the United States' first
pedestrian automobile casualties in 1899 in New York. There are now standard
tests for safety in new automobiles, like the EuroNCAP and the US NCAP tests,
and insurance industry-backed tests by the Insurance Institute for Highway
Safety (ITHS).

Unit 14. COSTS AND BENEFITS OF AUTOMOBILE USAGE

1. [IpounTaiiTe TEKCT U TO3HAKOMBTECH C €r0 OOILIUM CO/IEPKAHUEM.

2. Beinuiiere TepMUHBI aBTOMOOUIIECTPOCHUS U TIEPEBEANTE X HA PYyCCKUMN
SA3BIK.

3. [lepeBeauTe MUCHMEHHO CO CIOBapeM OTphIBOK «Driverless carsy.

4. Hanumivre nepeBoi-aHHOTAIUIO BCETO TEKCTA.

Costs and benefits

The costs of automobile usage, which may include the cost of: acquiring the
vehicle, repairs, maintenance, fuel, depreciation, injury, driving time, parking
fees, tire replacement, taxes, and insurance, are weighed against the cost of the
alternatives, and the value of the benefits — perceived and real — of vehicle
usage. The benefits may include on-demand transportation, mobility,
independence and convenience.

Similarly the costs to society of encompassing automobile use, which may
include those of: maintaining roads, land use, pollution, public health, health
care and of disposing of the vehicle at the end of its life can be balanced against
the value of the benefits to society that automobile use generates. The societal
benefits may include: economy benefits, such as job and wealth creation, of
automobile production and maintenance, transportation provision, society
wellbeing derived from leisure and travel opportunities and revenue generation
from the tax opportunities. The ability for humans to move flexibly from place
to place has far reaching implications for the nature of societies.

Criticism
Transportation is a major contributor to air pollution in most industrialised

nations. According to the American Surface Transportation Policy Project nearly
half of all Americans are breathing unhealthy air. Their study showed air quality
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in dozens of metropolitan areas has worsened over the last decade. In the United
States the average passenger car emits 11,450 pounds (5,190 kg) of the
greenhouse gas, carbon dioxide annually, along with smaller amounts of carbon
monoxide, hydrocarbons and nitrogen.

Animals and plants are often negatively impacted by automobiles via habitat
destruction and pollution. Over the lifetime of the average automobile the "loss
of habitat potential" may be over 50,000 square meters (540,000 sq ft) based on
primary production correlations.

Fuel taxes may act as an incentive for the production of more efficient,
hence less polluting, car designs (e.g. hybrid vehicles) and the development of
alternative fuels. High fuel taxes may provide a strong incentive for consumers
to purchase lighter, smaller, more fuel-efficient cars, or to not drive. On average,
today's automobiles are about 75 percent recyclable, and using recycled steel
helps reduce energy use and pollution. In the United States Congress, federally
mandated fuel efficiency standards have been debated regularly, passenger car
standards have not risen above the 27.5 miles per US gallon (8.55 L/100 km;
33.0 mpg-imp) standard set in 1985. Light truck standards have changed more
frequently, and were set at 22.2 miles per US gallon (10.6 L/100 km; 26.7 mpg-
imp) in 2007. Alternative fuel vehicles are another option that is less polluting
than conventional petroleum powered vehicles.

Oil consumption in the twentieth and twenty-first centuries has been
abundantly pushed by automobile growth; the 1985-2003 oil glut even fuelled
the sales of low economy vehicles in OECD countries. The BRIC countries
might also kick in, as China briefly was the first automobile market in December
2009.

Residents of low-density, residential-only sprawling communities are also
more likely to die in car collisions which kill 1.2 million people worldwide each
year, and injure about forty times this number. Sprawl is more broadly a factor
in inactivity and obesity, which in turn can lead to increased risk of a variety of
diseases. Millions of animals are also killed every year on roads by automobiles
so-called Roadkill.

Driverless cars

A robotic Volkswagen Passat shown at Stanford University is a driverless
car. Fully autonomous vehicles, also known as robotic cars, or driverless cars,
already exist in prototype, and are expected to be commercially available around
2020. According to urban designer and futurist Michael E. Arth, driverless
electric vehicles in conjunction with the increased use of virtual reality for work,
travel, and pleasure could reduce the world's 800 million vehicles to a fraction of
that number within a few decades. This would be possible if almost all private
cars requiring drivers, which are not in use and parked 90 % of the time, would
be traded for public self-driving taxis that would be in near constant use. This
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would also allow for getting the appropriate vehicle for the particular need: a bus
could come for a group of people, a limousine could come for a special night
out, and a Segway could come for a short trip down the street for one person.
Children could be chauffeured in supervised safety, DUIs would no longer exist,
and 41,000 lives could be saved each year in the US alone.

Future car technologies

Automobile propulsion technology under development include gasoline/
electric and plug-in hybrids, battery electric vehicles, hydrogen cars, biofuels,
and various alternative fuels.

Research into future alternative forms of power include the development of
fuel cells, Homogeneous Charge Compression Ignition (HCCI), stirling engines,
and even using the stored energy of compressed air or liquid nitrogen.

New materials which may replace steel car bodies include duraluminum,
fiberglass, carbon fiber, and carbon nanotubes.

Telematics technology is allowing more and more people to share cars, on a
pay-as-you-go basis, through such schemes as City Car Club in the UK,
Mobility in mainland Europe, and Zipcar in the US.

Communication is also evolving due to connected car systems.

Open source development

There have been several projects aiming to develop a car on the principles of
open design. The projects include OScar, Riversimple (through 40fires.org) and
c,mm,n. None of the projects have reached significant success in terms of
developing a car as a whole both from hardware and software perspective and no
mass production ready open-source based design have been introduced as of late
2009. Some car hacking through on-board diagnostics (OBD) has been done so far.

Alternatives to the automobile

Established alternatives for some aspects of automobile use include public
transit such as buses, trolleybuses, trains, subways, tramways light rail, cycling
and walking. Car-share arrangements and carpooling are also increasingly
popular, the US market leader in car-sharing has experienced double-digit
growth in revenue and membership growth between 2006 and 2007, offering a
service that enables urban residents to "share" a vehicle rather than own a car in
already congested neighborhoods. Bike-share systems have been tried in some
European cities, including Copenhagen and Amsterdam. Similar programs have
been experimented with in a number of US cities. Additional individual modes
of transport, such as personal rapid transit could serve as an alternative to
automobiles if they prove to be socially accepted.
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Industry

The automotive industry designs, develops, manufactures, markets and sells
the world's motor vehicles. In 2008, more than 70 million motor vehicles,
including cars and commercial vehicles were produced worldwide.

In 2007, a total of 71.9 million new automobiles were sold worldwide: 22.9
million in Europe, 21.4 million in Asia-Pacific, 19.4 million in USA and
Canada, 4.4 million in Latin America, 2.4 million in the Middle East and 1.4
million in Africa. The markets in North America and Japan were stagnant, while
those in South America and other parts of Asia grew strongly. Of the major
markets, China, Russia, Brazil and India saw the most rapid growth.

About 250 million vehicles are in use in the United States. Around the
world, there were about 806 million cars and light trucks on the road in 2007;
they burn over 260 billion US gallons (980,000,000 m3) of gasoline and diesel
fuel yearly. The numbers are increasing rapidly, especially in China and India.
In the opinion of some, urban transport systems based around the car have
proved unsustainable, consuming excessive energy, affecting the health of
populations and delivering a declining level of service despite increasing
investments. Many of these negative impacts fall disproportionately on those
social groups who are also least likely to own and drive cars. The sustainable
transport movement focuses on solutions to these problems.

In 2008, with rapidly rising oil prices, industries such as the automotive
industry, are experiencing a combination of pricing pressures from raw material
costs and changes in consumer buying habits. The industry is also facing
increasing external competition from the public transport sector, as consumers
re-evaluate their private vehicle usage. Roughly half of the US's fifty-one light
vehicle plants are projected to permanently close in the coming years, with the
loss of another 200,000 jobs in the sector, on top of the 560,000 jobs lost this
decade. Combined with robust growth in China, in 2009, this resulted in China
becoming the largest automobile producer and market in the world. China 2009
sales had increased to 13.6 million, a significant increase from one million of
domestic car sales in 2000.

Unit 15. THE AUTOMOTIVE MARKET

1. [IpounTaiiTe TEKCT U MO3HAKOMBTECH C €0 OOIIHUM COACPKAHUEM.

2. Beinuiiere TepMUHBI aBTOMOOMIIECTPOCHMS U TIEPEBEUTE UX HA PYCCKUI
A3BIK.

3. TlobGecenyiite o mnpobiiemax, MPEACTaBICHHBIX B TEKCTax, B ¢dopme
JIAAJIOra Ha aHTJIMMCKOM SI3BIKE.

4. PacckaxxuTe Ha pyCCKOM SI3bIKE O PbIHKE aBTOMOOMIIEH.
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Market

The automotive market is formed by the demand and the industry. This
article is about the general, major trends in the automotive market, mainly from
the demand side.

The European automotive market has always boasted a higher number of
smaller cars than the United States. With the high fuel prices and the world
petroleum crisis, the United States may see its automotive market become more
like the European market with fewer large vehicles on the road and more small
cars.

For luxurious cars, with the current volatility in oil prices, going for smaller
cars is not only smart, but also trendy. And because fashion is of high
importance with the upper classes, the little green cars with luxury trimmings
become quite plausible.

Automotive design

Automotive design is the profession involved in the development of the
appearance, and to some extent the ergonomics, of motor vehicles or more
specifically road vehicles. This most commonly refers to automobiles but also
refers to motorcycles, trucks, buses, coaches, and vans. The functional design
and development of a modern motor vehicle is typically done by a large team
from many different disciplines included in automotive engineers. Automotive
design in this context is primarily concerned with developing the visual
appearance or aesthetics of the vehicle, though it is also involved in the creation
of the product concept. Automotive design is practiced by designers who usually
have an art background and a degree in industrial design or transportation
design.

Design elements

The task of the design team is usually split into three main aspects: exterior
design, interior design, and color and trim design. Graphic design is also an
aspect of automotive design; this is generally shared amongst the design team as
the lead designer sees fit. Design focuses not only on the isolated outer shape of
automobile parts, but concentrates on the combination of form and function,
starting from the vehicle package.

The aesthetic value will need to correspond to ergonomic functionality and
utility features as well. In particular, vehicular electronic components and parts
will give more challenges to automotive designers who are required to update on
the latest information and knowledge associated with emerging vehicular
gadgetry, particularly dashtop mobile devices, like GPS navigation, satellite
radio, HD radio, mobile TV, MP3 players, video playback and smartphone
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interfaces. Though not all the new vehicular gadgets are to be designated as
factory standard items, some of them may be integral to determining the future
course of any specific vehicular models.

Exterior design

The stylist responsible for the design of the exterior of the vehicle develops
the proportions, shape, and surfaces of the vehicle. Exterior design is first done
by a series of digital or manual drawings. Progressively more detailed drawings
are executed and approved. Clay (industrial plasticine) and/or digital models are
developed from, and along with the drawings. The data from these models are
then used to create a full sized mock-up of the final design (body in white). With
3 and 5 axis CNC Milling Machines, the clay model is first designed in a
computer program and then "carved" using the machine and large amounts of
clay. Even in times of high-class 3d software and virtual models on power walls
the clay model is still the most important tool to evaluate the design of a car and
therefore used throughout the industry.

Interior design

The stylist responsible for the design of the vehicle interior develops the
proportions, shape, placement, and surfaces for the instrument panel, seats, door
trim panels, headliner, pillar trims, etc. Here the emphasis is on ergonomics and
the comfort of the passengers. The procedure here is the same as with exterior
design (sketch, digital model and clay model).

Color and trim design

The color and trim (or color and materials) designer is responsible for the
research, design, and development of all interior and exterior colors and
materials used on a vehicle. These include paints, plastics, fabric designs,
leather, grains, carpet, headliner, wood trim, and so on. Color, contrast, texture
and pattern must be carefully combined to give the vehicle a unique interior
environment experience. Designers work closely with the exterior and interior
designers.

Designers draw inspiration from other design disciplines such as: industrial
design, fashion, home furnishing, architecture and sometimes Product Design .
Specific research is done into global trends to design for projects two to three
model years in the future. Trend boards are created from this research in order to
keep track of design influences as they relate to the automotive industry. The
designer then uses this information to develop themes and concepts which are
then further refined and tested on the vehicle models.

124



Graphic design

The design team also develop graphics for items such as: badges, decals,
dials, switches, kick or tread strips, liveries.

Development process

Includes the following steps:
Concept sketching

Clay modeling

Class A surfaces

Scale model creation
Prototype development
Computer-aided design
Computer modeling
Powertrain engineering
Manufacturing process design

Automobile design

Integration of an automobile involves fitting together separate parts to form
components or units and mounting these onto a frame forming the chassis.

An automobile chassis basically comprises the following:

1. The body shell which forms the skeleton of the vehicle.

2. The motor is the power unit of the vehicle, which in the past has been in
large part, the internal combustion engine.

3. Transmission system which aides in transferring the drive from the engine
to the wheels. Its main components are the clutch, gearbox, final drive and
differential.

4. Suspension system which is used to connect the wheels to the body or
chassis frame.

5. Steering

6. Brakes

7. Electrical equipment

The chassis 1s complete in itself as a road vehicle. It can drive and control
itself just as in case of a complete car and therefore, in many motor works, the
chassis is usually tested on the road before the complete body of the vehicle is
attached as the chassis alone can behave as the propulsion means.
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Unit 16. HISTORY OF AUTOMOBILE DESIGN

1. [IpounTaiiTe TEKCT U MO3HAKOMBTECH C €r0 OOIINM COACPKAHUEM.

2. Brinumiete TepMUHBI aBTOMOOMIIECTPOCHUS U TIEPEBEANTE UX HA PYCCKUN
A3BIK.

3. Pacckaxxure 00 uCTOpUU aBTOMOOMJIBHOIO AM3aifHa Pa3HBIX CTpPaH Ha
AHTJIMHACKOM U PYCCKOM S3bIKaX.

History of automobile design in the U.S.

In the United States, automotive design reached a turning point in 1924
when the American national automobile market began reaching saturation. To
maintain unit sales, General Motors head Alfred P. Sloan Jr. suggested annual
model-year design changes to convince car owners that they needed to buy a
new replacement each year, an idea borrowed from the bicycle industry (though
Sloan usually gets the credit, or blame). Critics called his strategy planned
obsolescence. Sloan preferred the term "dynamic obsolescence". This strategy
had far-reaching effects on the auto business, the field of product design, and
eventually the American economy. The smaller players could not maintain the
pace and expense of yearly re-styling. Henry Ford did not like the model-year
change because he clung to an engineer's notions of simplicity, economics of
scale, and design integrity. GM surpassed Ford's sales in 1931 and became the
dominant company in the industry thereafter. The frequent design changes also
made it necessary to use a body-on-frame rather than the lighter, but less
flexible,[clarification needed] monocoque design used by most European
automakers.

An early example of Forward look design 1956 Plymouth Fury

In the 1930s Chrysler's innovation with aerodynamics made them launch
Chrysler Airflow in 1934, which was quite revolutionary and radical. But lower
acceptance of the car forced Chrysler to re-design its later models of 'Airflow’
made the industry take note of risks involved in taking major design
advancements in short cycles.

One very well known American auto stylist is Harley Earl, who brought the
tailfin and other aeronautical design references to auto design in the 1950s. He is
joined among legendary designers by Gordon Buehrig, responsible for the
Auburn 851 and iconic Cord 810 and 812 (hence also the Hupmobile Skylark
and the Graham Hollywood). Another notable designer who had a markedly
different style was Chrysler group's designer Virgil Exner, an early pioneer of
cab forward (a.k.a.Forward look) design in mid-1950s later adapted by rest of
the industry. He is also credited with introducing the pointed tail fins in the 1956
Plymouth Belvedere later adapted by all other Detroit studios. Personal injury
litigation had a dramatic effect on the design and appearance of the car in the
20th century. Raymond Loewy was responsible for a number of Studebaker
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vehicles, including the Starlight (including the iconic bulletnose). Richard A.
Teague, who spent most of his career with the American Motor Company,
originated the concept of using interchangeable body panels so as to create a
wide array of different vehicles using the same stampings starting with the AMC
Cavalier. He was responsible for such unique automotive designs as the Pacer,
Gremlin, Matador coupe, Jeep Cherokee, and the complete interior of the Eagle
Premier.

In the 1960s Ford's first generation Ford Mustang and Thunderbird marked
another era leading into new market segments from Detroit. The Ford Mustang
achieved record sales in its first year of production and established the pony car
segment.

History of automobile design in Europe
An early radical French Voisin C27

Europe is the continent where the first Automobile was invented, eventually
replacing the Horse Drawn Coaches. Till World War 1 most of the
manufacturers were concerned with mechanical reliability rather than its
external appearance. Later, luxury and aesthetics became a demand and also an
effective marketing tool. Designs from each nation with its own strong cultural
identity, reflected in their exterior and interior designs. World War II slowed the
progress, but after early-1950s, Italian designers set the trend and remained the
driving force until the early part of the 1980s.

France
Citroén DS

In France notable designs came from Bugatti and Avions Voisin. Of the
mass selling cars Citroén, launched their vehicles with innovative designs and
engineering and mostly aided by the Styling of Flaminio Bertoni as evident from
Citroén DS. After World War II with the disappearance of the French coach
building industry, with the exception of Citroén, others stuck to following
British and other popular trends till they gained financial stability. From the
1980s, manufactures like Renault cultivated their own strong design identities
with designers like Patrick Le Quement demanding more freedom from
engineering departments. Peugeot, which was dependent on Pininfarina since
early post-war period, later established its own brand identity from 1980s
onwards. Its other company Citroén still retains it distinctive French innovations
in its designs. Today French designs are known for their innovativeness and
forward looking.
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Great Britain

1981 Ford Sierra with "jelly-mould" or "aero look" (low CD) styling was
advanced for its time.

Great Britain was Europe's leading manufacturer of automobiles until the
late-1960s. During that era there were more British-based automakers than in the
rest of Europe combined. The British automobile industry catered to all
segments ranging from compact, budget, sports, utility and luxury-type cars. Car
design in Britain was markedly different from other European designs largely
because British designers were not influenced by other European art or design
movements, as well as the British clay modelers used a different sweep set.

British cars until World War II were sold in most of the British colonies.
Innovations in vehicle packaging and chassis engineering combined with global
familiarity with British designs meant vehicles were acceptable to public tastes
at that time. British skilled resources like panel beaters, die machinists, and clay
modelers were also available also partly due their involvement with motorsport
industry.

Still during the 1960s British manufacturers sought professional help from
the Italians, Giovanni Michelotti, Ercole Spada and Pininfarina.Notable British
contributions to automobile designs were Morris Mini by Alec Issigonis, Several
Jaguar Cars by Sir William Lyons, Aston Martin DB Series and several cars
from Triumph and MG. Ford Europe based in Great Britain is notable for Ford
Sierra, a creation of Uwe Bahnsen, Robert Lutz and Patrick le Quément. Other
well known British designers were William Towns for Aston Martin designs and
David Bache, for his Land Rover and Range Rover vehicles.

Germany
The 1972 BMW 2002 by Giovanni Michelotti

Germany is often considered the birthplace of industrial design with
Bauhaus School of Design. However, the Nazi regime closed down the design
school. Ferdinand Porsche and his family played a significant role in German
design. Mercedes Benz passenger cars were also in luxury segment and played
more importance to aesthetics. After the 1980s German design evolved into a
distinctive Teutonic style often to complement their high engineered cars suited
to Autobahns. But the early German design clues of present day owes some part
to Italian designers like Giovanni Michelotti, Ercole Spada, Bruno Sacco and
Giorgetto Giugiaro. During Mid and late 20th century one of the most influential
coach builder/designer in Germany was Karmann.

German designs started gaining popularity after the 1980s, notable after the
formation of Audi. Volkswagen, which was dependent on Marcello Gandini and
Giorgetto Giugiaro and Karmann, later formed the contemporary design
language along with Audi. BMW's foray into sports sedan marked a new trend
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in automobile design as it called for a sporty-looking everyday sedan with
Giovanni Michelotti, later enhanced by Ercole Spada right into the 1980s, and
Klaus Luthe till mid-1990s. The American born designer Chris Bangle hired by
BMW in late-1990s to re-define the brand and he used new single press
technology for compound curves adding controversial styling elements in his
designs.

The Porsche family contributions were instrumental in the evolution of
Porsche cars, while the Italian designer Bruno Sacco helped create various
Mercedes Models from the 1960s till the 1990s.

Italy
Ferrari Testarossa from Pininfarina Studios by Leonardo Fioravanti

In Italy, where art is often considered a serious profession since Renaissance
period, companies like Fiat and Alfa Romeo played a major role in car design.
Many coach builders were dependent on these two major manufacturers. Italian
manufacturers had a large presence in Motorsports leading to several sport car
manufacturers like Ferrari, Lancia, Lamborghini, Maserati, etc. During late-
1950s the elegant Italian designs gained global popularity coinciding with the
modern fashion and architecture at that time around the world. Various design
and technical schools in Turin turned out designers in large scale. By the late-
1960s almost all Italian coach builders transformed into design studios catering
to automakers around the world. The trend continued in the 1990s when the
Japanese and Korean manufacturers sourced designs from these styling
studios.One example is Pininfarina.

The most famous Italian designers whose designs services were sought
globally are Giovanni Michelotti, Ercole Spada, Bruno Sacco, Marcello Gandini
and Giorgetto Giugiaro.All the following designers helped to create the design
foundations for most of the European brands in the post-world war II period,
whose influence is still seen in present times.

Sweden (Scandinavian)
Ursaab, an early Saab concept illustrating an advanced headlamp treatment

Sweden has Volvo and Saab and the Scandinavian landscape required that
cars had to be sturdy and withstand Nordic climate conditions. The
Scandinavian design elements are known for their minimalism and simplicity.
One of the early original Scandinavian designs was the Saab 92001 by Sixten
Sason and Gunnar Ljungstrom.
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Czechoslovakia

The 1934 Czechoslovakian Tatra T77 1is the first serial-produced
aerodynamically designed automobile designed by Hans Ledwinka and Paul
Jaray Prior to World War and until early 1990s, Czechoslovakia had strong
presence in the automotive industry with manufacturers like Skoda, Jawa, Tatra,
CZ, and Zetor. Czech automobiles were generally known for their originality in
mechanical simplicity and designs were remarkably Bohemian as evident from
Tatra cars and Jawa motorcycles. During the Communist regime, design started
falling back and ultimately the domestic automakers ended up as subsidiaries of
EU-based companies.

Unit 17. INTERNAL COMBUSTION ENGINE
AND ITS CHARACTERISTICS

1. [IpounTaiite TEKCT U MO3HAKOMBTECH C €0 OOIIHNM COCPKAHUEM.

2. Beinuiiere TepMUHBI aBTOMOOUIIECTPOCHUS M TIEPEBEANTE X HA PYCCKUMN
A3BIK.

3. BeimonHuTe MONHBIA MUCHbMEHHBIN TEpeBOJl OTpbiBKa «Internal combus-
tion engine».

4. BeimonHuTe pepepaTuBHBIN IEPEBOJI BCETO TEKCTA.

Internal combustion engine

The internal combustion engine is an engine in which the combustion of a
fuel (normally a fossil fuel) occurs with an oxidizer (usually air) in a combustion
chamber. In an internal combustion engine, the expansion of the high-
temperature and high-pressure gases produced by combustion apply direct force
to some component of the engine. This force is applied typically to pistons,
turbine blades, or a nozzle. This force moves the component over a distance,
transforming chemical energy into useful mechanical energy.

The term internal combustion engine usually refers to an engine in which
combustion is intermittent, such as the more familiar four-stroke and two-stroke
piston engines, along with variants, such as the six-stroke piston engine and the
Wankel rotary engine. A second class of internal combustion engines use
continuous combustion: gas turbines, jet engines and most rocket engines, each
of which are internal combustion engines on the same principle as previously
described.

The internal combustion engine (or ICE) is quite different from external
combustion engines, such as steam or stirring engines, in which the energy is
delivered to a working fluid not consisting of, mixed with, or contaminated by
combustion products. Working fluids can be air, hot water, pressurized water or
even liquid sodium, heated in some kind of boiler.
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A large number of different designs for ICEs have been developed and built,
with a variety of different strengths and weaknesses. Powered by an energy-
dense fuel (which is very frequently gasoline, a liquid derived from fossil fuels).
While there have been and still are many stationary applications, the real
strength of internal combustion engines is in mobile applications and they
dominate as a power supply for cars, aircraft and boats.

Applications

A 1906 gasoline engine Internal combustion engines are most commonly
used for mobile propulsion in vehicles and portable machinery. In mobile
equipment, internal combustion is advantageous since it can provide high
power-to-weight ratios together with excellent fuel energy density. Generally
using fossil fuel (mainly petroleum), these engines have appeared in transport in
almost all vehicles (automobiles, trucks, motorcycles, boats, and in a wide
variety of aircraft and locomotives).

Where very high power-to-weight ratios are required, internal combustion
engines appear in the form of gas turbines. These applications include jet
aircraft, helicopters, large ships and electric generators.

Nomenclature

At one time, the word, "Engine" (from Latin, via Old French, ingenium,
"ability") meant any piece of machinery—a sense that persists in expressions
such as siege engine. A "motor" (from Latin motor, "mover") is any machine
that produces mechanical power. Traditionally, electric motors are not referred
to as "Engines"; however, combustion engines are often referred to as "motors."
(An electric engine refers to a locomotive operated by electricity.)

Types of internal combustion engine

Engines can be classified in many different ways: by the engine cycle used,
the layout of the engine, source of energy, the use of the engine, or by the
cooling system employed.

Engine configurations

Internal combustion engines can be classified by their configuration.
Common layouts of engines are:

Reciprocating:

Two-stroke engine

Four-stroke engine

Six-stroke engine

Diesel engine

Atkinson cycle

Miller cycle
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Rotary:
Wankel engine

Continuous combustion:
Gas turbine
Jet engine (including turbojet, turbofan, ramjet, Rocket, etc.)

Operation
Four-stroke cycle (or Otto cycle):
1. Intake
2. Compression
3. Power
4. Exhaust

As their name implies, four-stroke internal combustion engines have four
basic steps that repeat with every two revolutions of the engine:

(1) Intake stroke

(2) Compression stroke

(3) Power stroke and

(4) Exhaust stroke.

1. Intake stroke: The first stroke of the internal combustion engine is also
known as the suction stroke because the piston moves to the maximum volume
position (downward direction in the cylinder). The inlet valve opens as a result
of piston movement, and the vaporized fuel mixture enters the combustion
chamber. The inlet valve closes at the end of this stroke.

2. Compression stroke: In this stroke, both valves are closed and the piston
starts its movement to the minimum volume position (upward direction in the
cylinder) and compresses the fuel mixture. During the compression process,
pressure, temperature and the density of the fuel mixture increases.

3. Power stroke: When the piston reaches the minimum volume position, the
spark plug ignites the fuel mixture and burns. The fuel produces power that is
transmitted to the crank shaft mechanism.

4. Exhaust stroke: In the end of the power stroke, the exhaust valve opens.
During this stroke, the piston starts its movement in the minimum volume
position. The open exhaust valve allows the exhaust gases to escape the
cylinder. At the end of this stroke, the exhaust valve closes, the inlet valve opens
and the sequence repeats in the next cycle. Four-stroke engines require two
revolutions.

Many engines overlap these steps in time; jet engines do all steps
simultaneously at different parts of the engines.
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Unit 18. THE PROCESS OF COMBUSTION

1. [IpounTaiiTe TEKCT U MO3HAKOMBTECH C €r0 OOIINUM COACPKAHUEM.

2. Brinumiere TepMUHBI aBTOMOOMIIECTPOCHHUS U TIEPEBEANTE UX HA PYCCKUMN
A3BIK.

3. Pacckaxxute Ha pyCcCKOM SI3bIKE€ O pPabOTe aBTOMOOWIIEH C Y4EeTOM
MCITIOJIb30BaHUS Pa3IMYHbIX BUAOB TOIUIMBA.

Combustion

All internal combustion engines depend on the combustion of a chemical
fuel, typically with oxygen from the air (though it is possible to inject nitrous
oxide in order to do more of the same thing and gain a power boost). The
combustion process typically results in the production of a great quantity of
heat, as well as the production of steam and carbon dioxide and other chemicals
at very high temperature; the temperature reached is determined by the chemical
make up of the fuel and oxidisers (see stoichiometry), as well as by the
compression and other factors.

The most common modern fuels are made up of hydrocarbons and are
derived mostly from fossil fuels (petroleum). Fossil fuels include diesel fuel,
gasoline and petroleum gas, and the rarer use of propane. Except for the fuel
delivery components, most internal combustion engines that are designed for
gasoline use can run on natural gas or liquefied petroleum gases without major
modifications. Large diesels can run with air mixed with gases and a pilot diesel
fuel ignition injection. Liquid and gaseous biofuels, such as ethanol and
biodiesel (a form of diesel fuel that is produced from crops that yield
triglycerides such as soybean oil), can also be used. Engines with appropriate
modifications can also run on hydrogen gas, wood gas, or charcoal gas, as well
as from so-called producer gas made from other convenient biomass. Recently,
experiments have been made with using powdered solid fuels, such as the
magnesium injection cycle.

Internal combustion engines require ignition of the mixture, either by spark
ignition (SI) or compression ignition (CI). Before the invention of reliable
electrical methods, hot tube and flame methods were used. Experimental engines
with laser ignition have been built.

Gasoline Ignition Process

Gasoline engine ignition systems generally rely on a combination of a lead—
acid battery and an induction coil to provide a high-voltage electric spark to
ignite the air-fuel mix in the engine's cylinders. This battery is recharged during
operation using an electricity-generating device such as an alternator or
generator driven by the engine. Gasoline engines take in a mixture of air and
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gasoline and compress it to not more than 12.8 bar (1.28 MPa), then use a spark
plug to ignite the mixture when it is compressed by the piston head in each
cylinder.

Diesel Ignition Process

Diesel engines and HCCI (Homogeneous charge compression ignition)
engines, rely solely on heat and pressure created by the engine in its
compression process for ignition. The compression level that occurs is usually
twice or more than a gasoline engine. Diesel engines will take in air only, and
shortly before peak compression, a small quantity of diesel fuel is sprayed into
the cylinder via a fuel injector that allows the fuel to instantly ignite. HCCI type
engines will take in both air and fuel but continue to rely on an unaided auto-
combustion process, due to higher pressures and heat. This is also why diesel
and HCCI engines are more susceptible to cold-starting issues, although they
will run just as well in cold weather once started. Light duty diesel engines with
indirect injection in automobiles and light trucks employ glowplugs that pre-heat
the combustion chamber just before starting to reduce no-start conditions in cold
weather. Most diesels also have a battery and charging system; nevertheless, this
system is secondary and is added by manufacturers as a luxury for the ease of
starting, turning fuel on and off (which can also be done via a switch or
mechanical apparatus), and for running auxiliary electrical components and
accessories. Most new engines rely on electrical and electronic engine control
units (ECU) that also adjust the combustion process to increase efficiency and
reduce emissions.

Unit 19. TWO-STROKE CONFIGURATION

1. [IpounTaiiTe TEKCT U MO3HAKOMBTECH C €0 OOIIUM COACPKAHUEM.

2. Beinuiiere TepMUHBI aBTOMOOMIIECTPOCHMS U TIEPEBEUTE UX HA PYCCKUIA
A3BIK.

3. Hanummre nepeBoA-aHHOTALMIO BCEX OTPHIBKOB.

Two-stroke cycle

Engines based on the two-stroke cycle use two strokes (one up, one down)
for every power stroke. Since there are no dedicated intake or exhaust strokes,
alternative methods must be used to scavenge the cylinders. The most common
method in spark-ignition two-strokes is to use the downward motion of the
piston to pressurize fresh charge in the crankcase, which is then blown through
the cylinder through ports in the cylinder walls.
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Spark-ignition two-strokes are small and light for their power output and
mechanically very simple; however, they are also generally less efficient and
more polluting than their four-stroke counterparts. In terms of power per cm?, a
two-stroke engine produces comparable power to an equivalent four-stroke
engine. The advantage of having one power stroke for every 360° of crankshaft
rotation (compared to 720° in a 4-stroke motor) is balanced by the less complete
intake and exhaust and the shorter effective compression and power strokes. It
may be possible for a two-stroke to produce more power than an equivalent
four-stroke, over a narrow range of engine speeds, at the expense of less power
at other speeds.

Small displacement, crankcase-scavenged two-stroke engines have been less
fuel-efficient than other types of engines when the fuel is mixed with the air
prior to scavenging allowing some of it to escape out of the exhaust port.
Modern designs (Sarich and Paggio) use air-assisted fuel injection which avoids
this loss, and are more efficient than comparably sized four-stroke engines. Fuel
injection is essential for a modern two-stroke engine in order to meet ever more
stringent emission standards.

Research continues into improving many aspects of two-stroke motors
including direct fuel injection, amongst other things. The initial results have
produced motors that are much cleaner burning than their traditional
counterparts. Two-stroke engines are widely used in snowmobiles, lawnmowers,
string trimmers, chain saws, jet skis, mopeds, outboard motors and many
motorcycles. Two-stroke engines have the advantage of an increased specific
power ratio (i.e. power to volume ratio), typically around 1.5 times that of a
typical four-stroke engine.

The largest internal combustion engines in the world are two-stroke diesels,
used in some locomotives and large ships. They use forced induction (similar to
super-charging, or turbocharging) to scavenge the cylinders; an example of this
type of motor is the Wartsila-Sulzer turbocharged two-stroke diesel as used in
large container ships. It is the most efficient and powerful internal combustion
engine in the world with over 50 % thermal efficiency. For comparison, the most
efficient small four-stroke motors are around 43 % thermal efficiency (SAE
900648); size is an advantage for efficiency due to the increase in the ratio of
volume to surface area.

Common cylinder configurations include the straight or inline configuration,
the more compact V configuration, and the wider but smoother flat or boxer
configuration. Aircraft engines can also adopt a radial configuration which
allows more effective cooling. More unusual configurations such as the H, U, X,
and W have also been used.

Multiple crankshaft configurations do not necessarily need a cylinder head
at all because they can instead have a piston at each end of the cylinder called an
opposed piston design. Because here gas in- and outlets are positioned at
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opposed ends of the cylinder, one can achieve uniflow scavenging, which is, like
in the four-stroke engine, efficient over a wide range of revolution numbers.
Also the thermal efficiency is improved because of lack of cylinder heads. This
design was used in the Junkers Jumo 205 diesel aircraft engine, using at either
end of a single bank of cylinders with two crankshafts, and most remarkably in
the Napier Deltic diesel engines. These used three crankshafts to serve three
banks of double-ended cylinders arranged in an equilateral triangle with the
crankshafts at the corners. It was also used in single-bank locomotive engines,
and continues to be used for marine engines, both for propulsion and for
auxiliary generators.

Wankel

The Wankel cycle. The shaft turns three times for each rotation of the rotor
around the lobe and once for each orbital revolution around the eccentric shaft.

The Wankel engine (rotary engine) does not have piston strokes. It operates
with the same separation of phases as the four-stroke engine with the phases
taking place in separate locations in the engine. In thermodynamic terms it
follows the Otto engine cycle, so may be thought of as a "four-phase" engine.
While it is true that three power strokes typically occur per rotor revolution due
to the 3:1 revolution ratio of the rotor to the eccentric shaft, only one power
stroke per shaft revolution actually occurs; this engine provides three power
'strokes' per revolution per rotor giving it a greater power-to-weight ratio than
piston engines. This type of engine is most notably used in the current Mazda
RX-8, the earlier RX-7 and other models.

Gas turbines

A gas turbine is a rotary machine similar in principle to a steam turbine and
it consists of three main components: a compressor, a combustion chamber and a
turbine. The air after being compressed in the compressor is heated by burning
fuel in it. About % of the heated air combined with the products of combustion is
expanded in a turbine resulting in work output which is used to drive the
compressor. The rest (about ') is available as useful work output.

Jet engine

Jet engines take a large volume of hot gas from a combustion process
(typically a gas turbine, but rocket forms of jet propulsion often use solid or
liquid propellants, and ramjet forms also lack the gas turbine) and feed it
through a nozzle which accelerates the jet to high speed. As the jet accelerates
through the nozzle, this creates thrust and in turn does useful work.
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Unit 20. ENGINE CYCLES

1. [IpounTaiiTe TEKCT U MO3HAKOMBTECH C €r0 OOIINUM COACPKAHUEM.

2. Brinumiere TepMUHBI aBTOMOOMIIECTPOCHHUS U TIEPEBEANTE UX HA PYCCKUMN
A3BIK.

3. CoctaBbTe 10 BOMpPOCOB K TEKCTY M MOMPOCHUTE CBOErO TOBapHIlla OTBE-
TUTh HA HUX.

Two-stroke

This system manages to pack one power stroke into every two strokes of the
piston (up-down). This is achieved by exhausting and recharging the cylinder
simultaneously.

The steps involved here are:

Intake and exhaust occur at bottom dead center. Some form of pressure is
needed, either crankcase compression or super-charging.

Compression stroke: Fuel-air mix is compressed and ignited. In case of
diesel: Air is compressed, fuel is injected and self-ignited.

Power stroke: Piston is pushed downward by the hot exhaust gases.

Two Stroke Spark Ignition (SI) engine:

In a two-stroke SI engine a cycle is completed in two strokes of a piston or
one complete revolution (360°) of a crankshaft. In this engine the intake and
exhaust strokes are eliminated and ports are used instead of valves. In this cycle,
the petrol is mixed with lubricant oil, resulting in a simpler, but more
environmentally damaging system, as the excess oils do not burn and are left as
a residue. As the piston proceeds downward another port is opened, the fuel/air
intake port. Air/fuel/oil mixtures come from the carburetor, where it was mixed,
to rest in an adjacent fuel chamber. When the piston moves further down and the
cylinder doesn't have anymore gases, fuel mixture starts to flow to the
combustion chamber and the second process of fuel compression starts. The
design carefully considers the point that the fuel-air mixture should not mix with
the exhaust, therefore the processes of fuel injection and exhausting are
synchronized to avoid that concern. It should be noted that the piston has three
functions in its operation:

The piston acts as the combustion chamber with the cylinder and compresses
the air/fuel mixture, receives back the liberated energy, and transfers it to the
crankshatft.

The piston motion creates a vacuum that sucks the fuel/air mixture from the
carburetor and pushes it from the crankcase (adjacent chamber) to the
combustion chamber.

The sides of the piston act like the valves, covering and uncovering the
intake and exhaust ports drilled into the side of the cylinder wall.

The major components of a two-stroke spark ignition engine are the:

137



Cylinder: A cylindrical vessel in which a piston makes an up and down
motion.

Piston: A cylindrical component making an up and down movement in the
cylinder.

Combustion chamber: A portion above the cylinder in which the combustion
of the fuel-air mixture takes place.

Intake and exhaust ports: An intake port allows the fresh fuel-air mixture to
enter the combustion chamber and an exhaust port discharges the products of
combustion.

Crankshaft: A shaft which converts the reciprocating motion of the piston
into a rotary motion.

Connecting rod: A rod which connects the piston with the crankshatft.

Spark plug: An ignition-source located at the cylinder head that is used to
initiate the combustion process.

Operation: When the piston moves from bottom dead center (BDC) to top
dead center (TDC) the fresh air and fuel mixture enters the crank chamber
through the intake port. The mixture enters due to the pressure difference
between the crank chamber and the outer atmosphere while simultaneously the
fuel-air mixture above the piston is compressed.

Ignition: With the help of a spark plug, ignition takes place at the top of the
stroke. Due to the expansion of the gases the piston moves downwards covering
the intake port and causes the fuel-air mixture inside the crank chamber to be
compressed. When the piston is at bottom dead center the burnt gases escape
from the exhaust port.

At the time the transfer port is uncovered the compressed charge from the
crank chamber enters into the combustion chamber through the transfer port.
The fresh charge is deflected upwards by a hump provided on the top of the
piston and removes the exhaust gases from the combustion chamber. Again the
piston moves from bottom dead center to top dead center and the fuel-air
mixture is compressed when both the exhaust port and transfer ports are
covered. The cycle is repeated.

Advantages: ¢ It has no valves or camshaft mechanism, hence simplifying its
mechanism and construction ¢ For one complete revolution of the crankshaft, the
engine executes one cycle—the 4-stroke executes one cycle per two crankshafts
revolutions. ¢ Less weight and easier to manufacture. « High power-to-weight
ratio.

Disadvantages: « The lack of lubrication system that protects the engine
parts from wear. Accordingly, the 2-stroke engines have a shorter life. » 2-stroke
engines do not consume fuel efficiently. * 2-stroke engines produce lots of
pollution. * Sometimes part of the fuel leaks to the exhaust with the exhaust
gases. In conclusion, based on the above advantages and disadvantages, the 2-
stroke engines are supposed to operate in vehicles where the weight of the
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engine is required to be small and it is not used continuously for long periods of
time.

Four-stroke

Idealized Pressure/volume diagram of the Otto cycle showing combustion
heat input Qp and waste exhaust output Qo, the power stroke is the top curved
line, the bottom is the compression stroke.

Engines based on the four-stroke ("Otto cycle") have one power stroke for
every four strokes (up-down-up-down) and employ spark plug ignition.
Combustion occurs rapidly and during combustion the volume varies little
("constant volume"). They are used in cars, larger boats, some motorcycles, and
many light aircraft. They are generally quieter, more efficient, and larger than
their two-stroke counterparts.

The steps involved here are:

Intake stroke: Air and vaporized fuel are drawn in.

Compression stroke: Fuel vapor and air are compressed and ignited.

Combustion stroke: Fuel combusts and piston are pushed downwards.

Exhaust stroke: Exhaust is driven out. During the 1st, 2nd, and 4th stroke
the piston is relying on power and the momentum generated by the other pistons.
In that case, a four-cylinder engine would be less powerful than a six- or eight-
cylinder engine.

There are a number of variations of these cycles, most notably the Atkinson
and Miller cycles. The diesel cycle is somewhat different.

Split-cycle engines separate the four strokes of intake, compression,
combustion and exhaust into two separate but paired cylinders. The first cylinder
is used for intake and compression. The compressed air is then transferred
through a crossover passage from the compression cylinder into the second
cylinder, where combustion and exhaust occur. A split-cycle engine is really an
air compressor on one side with a combustion chamber on the other.

Previous split-cycle engines have had two major problems — poor breathing
(volumetric efficiency) and low thermal efficiency. However, new designs are
being introduced that seek to address these problems.

The Scuderi Engine addresses the breathing problem by reducing the
clearance between the piston and the cylinder head through various turbo
charging techniques. The Scuderi design requires the use of outwardly opening
valves that enable the piston to move very close to the cylinder head without the
interference of the valves. Scuderi addresses the low thermal efficiency via
firing ATDC.

Firing ATDC can be accomplished by using high-pressure air in the transfer
passage to create sonic flow and high turbulence in the power cylinder.
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Diesel cycle

P-v Diagram for the Ideal Diesel cycle. The cycle follows the numbers 1-4
in clockwise direction.

Most truck and automotive diesel engines use a cycle reminiscent of a four-
stroke cycle, but with a compression heating ignition system, rather than needing
a separate ignition system. This variation is called the diesel cycle. In the diesel
cycle, diesel fuel is injected directly into the cylinder so that combustion occurs
at constant pressure, as the piston moves.

Otto cycle: Otto cycle is the typical cycle for most of the cars internal
combustion engines, that work using gasoline as a fuel. Otto cycle is exactly the
same one that was described for the four-stroke engine. It consists of the same
four major steps: Intake, compression, ignition and exhaust.

Five-stroke

The British company ILMOR presented a prototype of 5-Stroke double
expansion engine, having two outer cylinders, working as usual, plus a central
one, larger in diameter, that performs the double expansion of exhaust gas from
the other cylinders, with an increased efficiency in the gas energy use, and an
improved SFC. This engine corresponds to a 2003 US patent by Gerhard
Schmitz, and was developed apparently also by Honda of Japan for a Quad
engine. This engine has a similar precedent in a Spanish 1942 patent
(# P0156621 ), by Francisco Jimeno-Cataneo, and a 1975 patent (# P0433850 )
by Carlos Ubierna-Laciana ( www.oepm.es ). The concept of double expansion
was developed early in the history of ICE by Otto himself, in 1879, and a
Connecticut (USA) based company, EHV, built in 1906 some engines and cars
with this principle, that didn't give the expected results.

Six-stroke

First invented in 1883, the six-stroke engine has seen renewed interest over
the last 20 or so years.

Four kinds of six-stroke use a regular piston in a regular cylinder (Griffin
six-stroke, Bajulaz six-stroke, Velozeta six-stroke and Crower six-stroke), firing
every three crankshaft revolutions. The systems capture the wasted heat of the
four-stroke Otto cycle with an injection of air or water.

The Beare Head and "piston charger" engines operate as opposed-piston
engines, two pistons in a single cylinder, firing every two revolutions rather
more like a regular four-stroke.
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Brayton cycle

A gas turbine is a rotary machine somewhat similar in principle to a steam
turbine and it consists of three main components: a compressor, a combustion
chamber and a turbine. The air after being compressed in the compressor is
heated by burning fuel in it, this heats and expands the air, and this extra energy
is tapped by the turbine which in turn powers the compressor closing the cycle
and powering the shatft.

Gas turbine cycle engines employ a continuous combustion system where
compression, combustion, and expansion occur simultaneously at different
places in the engine giving continuous power. Notably, the combustion takes
place at constant pressure, rather than with the Otto cycle, constant volume.

Obsolete

The very first internal combustion engines did not compress the mixture.
The first part of the piston down stroke drew in a fuel-air mixture, then the inlet
valve closed and, in the remainder of the down-stroke, the fuel-air mixture fired.
The exhaust valve opened for the piston upstroke. These attempts at imitating
the principle of a steam engine were very inefficient.

Unit 21. FUELS AND OXIDIZERS

1. [IpounTaiite TEKCT U MO3HAKOMBTECH C €0 OOIIUM COCPKAHUEM.

2. Beinuiiere TepMUHBI aBTOMOOUIIECTPOCHUS U TIEPEBEANTE X HA PYyCCKUMN
A3BIK.

3. Pacckaxxute O BHJAaX TOIUIMBA, HUCIOJIb3yEeMbIX B aBTOMOOWJISX Ha
AHTJIMHACKOM SI3BIKE.

Types of fuels and oxidizers

Engines are often classified by the fuel (or propellant) used.

Fuels

Nowadays, fuels used include:
Petroleum:
Petroleum spirit (North American term: gasoline, British term: petrol)
Petroleum diesel.
Autogas (liquified petroleum gas).
Compressed natural gas.
Jet fuel (aviation fuel)
Residual fuel
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Coal:

Most methanol is made from coal.

Gasoline can be made from carbon (coal) using the Fischer-Tropsch process

Diesel fuel can be made from carbon using the Fischer-Tropsch process

Biofuels and vegoils:

Peanut oil and other vegoils.

Biofuels:

Biobutanol (replaces gasoline).

Biodiesel (replaces petrodiesel).

Bioethanol and Biomethanol (wood alcohol) and other biofuels (see
Flexible-fuel vehicle).

Biogas

Even fluidized metal powders and explosives have seen some use. Engines
that use gases for fuel are called gas engines and those that use liquid
hydrocarbons are called oil engines; however, gasoline engines are also often
colloquially referred to as "gas engines" (""petrol engines" in the UK).

The main limitations on fuels are that it must be easily transportable through
the fuel system to the combustion chamber, and that the fuel releases sufficient
energy in the form of heat upon combustion to make practical use of the engine.

Diesel engines are generally heavier, noisier and more powerful at lower
speeds than gasoline engines. They are also more fuel-efficient in most
circumstances and are used in heavy road vehicles, some automobiles
(increasingly so for their increased fuel efficiency over gasoline engines), ships,
railway locomotives and light aircraft. Gasoline engines are used in most other
road vehicles including most cars, motorcycles and mopeds. Note that in
Europe, sophisticated diesel-engined cars have taken over about 40 % of the
market since the 1990s. There are also engines that run on hydrogen, methanol,
ethanol, liquefied petroleum gas (LPG), biodiesel, wood gas & charcoal gas.
Paraffin and tractor vaporizing oil (TVO) engines are no longer seen.

Hydrogen

Hydrogen could eventually replace conventional fossil fuels in traditional
internal combustion engines. Alternatively fuel cell technology may come to
deliver its promise and the use of the internal combustion engines could even be
phased out.

Although there are multiple ways of producing free hydrogen, those
methods require converting combustible molecules into hydrogen or consuming
electric energy. Unless that electricity is produced from a renewable source and
is not required for other purposes hydrogen does not solve any energy crisis. In
many situations the disadvantage of hydrogen, relative to carbon fuels, is its
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storage. Liquid hydrogen has extremely low density (14 times lower than water)
and requires extensive insulation whilst gaseous hydrogen requires heavy
tankage. Even when liquefied, hydrogen has a higher specific energy but the
volumetric energetic storage is still roughly five times lower than petrol.
However, the energy density of hydrogen is considerably higher than that of
electric batteries, making it a serious contender as an energy carrier to replace
fossil fuels. The "Hydrogen on Demand" process (see direct borohydride fuel
cell) creates hydrogen as it is needed, but has other issues such as the high price
of the sodium borohydride which is the raw material.

Oxidizers

Since air is plentiful at the surface of the earth, the oxidizer is typically
atmospheric oxygen which has the advantage of not being stored within the
vehicle, increasing the power-to-weight and power to volume ratios. There are
other materials that are used for special purposes, often to increase power output
or to allow operation under water or in space.

Compressed air has been commonly used in torpedoes.

Compressed oxygen, as well as some compressed air, was used in the
Japanese Type 93 torpedo. Some submarines are designed to carry pure oxygen.
Rockets very often use liquid oxygen.

Nitromethane is added to some racing and model fuels to increase power
and control combustion.

Nitrous oxide has been used with extra gasoline in tactical aircraft and in
specially equipped cars to allow short bursts of added power from engines that
otherwise run on gasoline and air. It is also used in the Burt Rutan rocket
spacecraft.

Hydrogen peroxide power was under development for German World War
IT submarines and may have been used in some non-nuclear submarines and was
used on some rocket engines (notably Black Arrow and Me-163 rocket plane).

Other chemicals such as chlorine or fluorine have been used experimentally,
but have not been found to be practical.

Unit 22. ENGINE STARTING

1. [IpounTaiiTe TEKCT U MO3HAKOMBTECH C €0 OOIIHUM COACPKAHUEM.

2. Beinuiiere TepMUHBI aBTOMOOMIIECTPOCHMS U TIEPEBEUTE UX HA PYCCKUIA
A3BIK.

3. Pacckaxkxute Ha aHTTIMKACKOM SI3BIKE O TOM, KaK HaJl0 3aBECTH JABUTATENb.

4. Coobmute 00 3 PpeKTUBHOCTH pabOTHI ABUTATENSI HA AHTJTIMHCKOM SI3bIKE.
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Ways of engine starting

An internal combustion engine is not usually self-starting so an auxiliary
machine is required to start it. Many different systems have been used in the past
but modern engines are usually started by an electric motor in the small and
medium sizes or by compressed air in the large sizes.

Measures of engine performance

Engine types vary greatly in a number of different ways:

energy efficiency

fuel/propellant consumption (brake specific fuel consumption for shaft
engines, thrust specific fuel consumption for jet engines)

power-to-weight ratio

thrust to weight ratio

Torque curves (for shaft engines) thrust lapse (jet engines)

Compression ratio for piston engines, overall pressure ratio for jet engines
and gas turbines

Energy efficiency

Once ignited and burnt, the combustion products hot gases have more
available thermal energy than the original compressed fuel-air mixture (which
had higher chemical energy). The available energy is manifested as high
temperature and pressure that can be translated into work by the engine. In a
reciprocating engine, the high-pressure gases inside the cylinders drive the
engine's pistons.

Once the available energy has been removed, the remaining hot gases are
vented (often by opening a valve or exposing the exhaust outlet) and this allows
the piston to return to its previous position (top dead center, or TDC). The piston
can then proceed to the next phase of its cycle, which varies between engines.
Any heat that isn't translated into work is normally considered a waste product
and is removed from the engine either by an air or liquid cooling system.

Internal combustion engines are primarily heat engines, and as such their
theoretical efficiency can be calculated by idealized thermodynamic cycles. The
efficiency of a theoretical cycle cannot exceed that of the Carnot cycle, whose
efficiency i1s determined by the difference between the lower and upper
operating temperatures of the engine. The upper operating temperature of a
terrestrial engine 1s limited by the thermal stability of the materials used to
construct it. All metals and alloys eventually melt or decompose, and there is
significant researching into ceramic materials that can be made with greater
thermal stability and desirable structural properties. Higher thermal stability
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allows for greater temperature difference between the lower and upper operating
temperatures, hence greater thermodynamic efficiency.

The thermodynamic limits assume that the engine is operating under ideal
conditions: a frictionless world, ideal gases, perfect insulators and operation for
infinite time. Real world applications introduce complexities that reduce
efficiency. For example, a real engine runs best at a specific load, termed its
power band. The engine in a car cruising on a highway is usually operating
significantly below its ideal load, because it is designed for the higher loads
required for rapid acceleration. In addition, factors such as wind resistance
reduce overall system efficiency. Engine fuel economy is usually measured in
the units of miles per gallon (or fuel consumption in liters per 100 kilometers)
for automobiles. The volume of hydrocarbon assumes a standard energy content.

Most steel engines have a thermodynamic limit of 37 %. Even when aided
with turbochargers and stock efficiency aids, most engines retain an average
efficiency of about 18 %20 %. Rocket engine efficiencies are better still, up to
70 %, because they operate at very high temperatures and pressures and can
have very high expansion ratios.

There are many inventions aimed at increasing the efficiency of IC engines.
In general, practical engines are always compromised by trade-offs between
different properties such as efficiency, weight, power, heat, response, exhaust
emissions, or noise. Sometimes economy also plays a role in not only the cost of
manufacturing the engine itself, but also manufacturing and distributing the fuel.
Increasing the engine's efficiency brings better fuel economy but only if the fuel
cost per energy content is the same.

Measures of fuel/propellant efficiency

For stationary and shaft engines including propeller engines, fuel consump-
tion i1s measured by calculating the brake specific fuel consumption which
measures the mass flow rate of fuel consumption divided by the power
produced.

For internal combustion engines in the form of jet engines, the power output
varies drastically with airspeed and a less variable measure is used: thrust
specific fuel consumption (TSFC), which is the number of pounds of propellant
that is needed to generate impulses that measure a pound force-hour. In metric
units, the number of grams of propellant needed to generate an impulse that
measures one kilonewton-second.

For rockets, TSFC can be used, but typically other equivalent measures are
traditionally used, such as specific impulse and effective exhaust velocity.
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Unit 23. AIR AND NOISE POLLUTION

1. [IpounTaiiTe TEKCT U MO3HAKOMBTECH C €r0 OOIINM COACPKAHUEM.

2. Brinumiete TepMUHBI aBTOMOOMIIECTPOCHUS U TIEPEBEANTE UX HA PYCCKUN
A3BIK.

3. TlobGecenyiite B popme amamora Ha AHTIUHACKOM SI3BIKE O TpoOIeMax
3arpsi3HEHHS OKPY’KaIOIIEH cpeabl aBTOMOOMIISIMHU.

Air pollution

Internal combustion engines such as reciprocating internal combustion
engines produce air pollution emissions, due to incomplete combustion of
carbonaceous fuel. The main derivatives of the process are carbon dioxide CO,,
water and some soot — also called particulate matter (PM). The effects of
inhaling particulate matter have been studied in humans and animals and include
asthma, lung cancer, cardiovascular issues and premature death. There are,
however, some additional products of the combustion process that include
nitrogen oxides and sulfur and some uncombusted hydrocarbons, depending on
the operating conditions and the fuel-air ratio.

Not all of the fuel will be completely consumed by the combustion process;
a small amount of fuel will be present after combustion, some of which can react
to form oxygenates, such as formaldehyde or acetaldehyde, or hydrocarbons not
initially present in the fuel mixture. The primary causes of this is the need to
operate near the stoichiometric ratio for gasoline engines in order to achieve
combustion and the resulting "quench" of the flame by the relatively cool
cylinder walls, otherwise the fuel would burn more completely in excess air.
When running at lower speeds, quenching is commonly observed in diesel
(compression ignition) engines that run on natural gas. It reduces the efficiency
and increases knocking, sometimes causing the engine to stall. Increasing the
amount of air in the engine reduces the amount of the first two pollutants but
tends to encourage the oxygen and nitrogen in the air to combine to produce
nitrogen oxides (NOy) that has been demonstrated to be hazardous to both plant
and animal health. Further chemicals released are benzene and 1,3-butadiene
that are also particularly harmful; and not all of the fuel burns up completely, so
carbon monoxide (CO) is also produced.

Carbon fuels contain sulfur and impurities that eventually lead to producing
sulfur monoxides (SO) and sulfur dioxide (SO,) in the exhaust which promotes
acid rain. One final element in exhaust pollution is ozone (Oj). This is not
emitted directly but made in the air by the action of sunlight on other pollutants
to form "ground level ozone", which, unlike the "ozone layer" in the high
atmosphere, is regarded as a bad thing if the levels are too high. Ozone is broken
down by nitrogen oxides, so one tends to be lower where the other is higher.
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For the pollutants described above (nitrogen oxides, carbon monoxide,
sulphur dioxide, and ozone), there are accepted levels that are set by legislation
to which no harmful effects are observed — even in sensitive population groups.
For the other three: benzene, 1,3-butadiene, and particulates, there is no way of
proving they are safe at any level so the experts set standards where the risk to
health 1s, "exceedingly small".

Noise pollution

Significant contributions to noise pollution are made by internal combustion
engines. Automobile and truck traffic operating on highways and street systems
produce noise, as do aircraft flights due to jet noise, particularly supersonic-
capable aircraft. Rocket engines create the most intense noise.

Idling

Internal combustion engines continue to consume fuel and emit pollutants
when idling so it is desirable to keep periods of idling to a minimum. Many bus
companies now instruct drivers to switch off the engine when the bus is waiting
at a terminus.

In the UK (but applying only to England), the Road Traffic (Vehicle
Emissions) (Fixed Penalty) Regulations 2002 (Statutory Instrument 2002 No.
1808) introduced the concept of a "stationary idling offence". This means that a
driver can be ordered "by an authorised person ... upon production of evidence
of his authorisation, require him to stop the running of the engine of that
vehicle" and a "person who fails to comply ... shall be guilty of an offence and
be liable on summary conviction to a fine not exceeding level 3 on the standard
scale". Only a few local authorities have implemented the regulations, one of
them being Oxford City Council.

Unit 24. ELECTRIC VEHICLES

1. [IpounTaiite TEKCT U MO3HAKOMBTECH C €0 OOIIUM COCPKAHUEM.

2. Beinuiiere TepMUHBI aBTOMOOUIIECTPOCHUS M TIEPEBEANTE X HA PYyCCKUMN
S3BIK.

3. Cuenaiite cooOIIEeHHUE HA AHMJIMICKOM S3bIKE O JOCTOMHCTBAX U HE-
JIOCTAaTKaX dJIEKTPOMOOHIICH.

Electric vehicles and their types
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An electric vehicle (EV), also referred to as an electric drive vehicle, uses
one or more electric motors or traction motors for propulsion. Three main types
of electric vehicles exist, those that are directly powered from an external power
station, those that are powered by stored electricity originally from an external
power source, and those that are powered by an on-board electrical generator,
such as an engine (a hybrid electric vehicle), or a hydrogen fuel cell. Electric
vehicles include electric cars, electric trains, electric lorries, electric aeroplanes,
electric boats, electric motorcycles and scooters and electric spacecraft.

Electric vehicles first came into existence in the mid-19th century, when
electricity was among the preferred methods for motor vehicle propulsion,
providing a level of comfort and ease of operation that could not be achieved by
the gasoline cars of the time. The internal combustion engine (ICE) is the
dominant propulsion method for motor vehicles but electric power has remained
commonplace in other vehicle types, such as trains and smaller vehicles of all
types.

During the last few decades, environmental impact of the petroleum-based
transportation infrastructure, along with the peak oil, has led to renewed interest
in an electric transportation infrastructure. Electric vehicles differ from fossil
fuel-powered vehicles in that the electricity they consume can be generated from
a wide range of sources, including fossil fuels, nuclear power, and renewable
sources such as tidal power, solar power, and wind power or any combination of
those. Currently, though, there are more than 400 coal power plants in the U.S.
alone. However it is generated, this energy is then transmitted to the vehicle
through use of overhead lines, wireless energy transfer such as inductive
charging, or a direct connection through an electrical cable. The electricity may
then be stored on board the vehicle using a battery, flywheel, or supercapacitors.
Vehicles making use of engines working on the principle of combustion can
usually only derive their energy from a single or a few sources, usually non-
renewable fossil fuels. A key advantage of electric or hybrid electric vehicles is
regenerative braking and suspension; their ability to recover energy normally
lost during braking as electricity to be restored to the on-board battery.

In 2003, the first mass-produced hybrid gasoline-electric car, the Toyota
Prius, was introduced worldwide, in the same year GoinGreen in London
launched the G-Wiz electric car, a quadricycle that became the world's best
selling EV, and the first battery electric car produced by a major auto company,
the Nissan Leaf debuted in December 2010. California auto maker Fisker
Automotive was the first to introduce a premium luxury Electric Vehicle with
extended range, the Fisker Karma. Other major auto companies have electric
cars in development, and various nations around the world are building pilot
networks of charging stations to recharge them.
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History

Electric motive power started with a small drifter operated by a miniature
electric motor, built by Thomas Davenport in 1835. In 1838, a Scotsman named
Robert Davidson built an electric locomotive that attained a speed of four miles
per hour (6 km/h). In England a patent was granted in 1840 for the use of rails as
conductors of electric current, and similar American patents were issued to
Lilley and Colten in 1847.

Between 1832 and 1839 (the exact year is uncertain), Robert Anderson of
Scotland invented the first crude electric carriage, powered by non-rechargeable
primary cells.

By the 20th century, electric cars and rail transport were commonplace, with
commercial electric automobiles having the majority of the market. Over time
their general-purpose commercial use reduced to specialist roles, as platform
trucks, forklift trucks, ambulances, tow tractors and urban delivery vehicles,
such as the iconic British milk float; for most of the 20th century, the UK was
the world's largest user of electric road vehicles.

Electrified trains were used for coal transport, as the motors did not use
precious oxygen in the mines. Switzerland's lack of natural fossil resources
forced the rapid electrification of their rail network. One of the earliest
rechargeable batteries — the nickel-iron battery — was favored by Edison for use
in electric cars.

Electric vehicles were among the earliest automobiles, and before the
preeminence of light, powerful internal combustion engines, electric
automobiles held many vehicle land speed and distance records in the early
1900s. They were produced by Baker Electric, Columbia Electric, Detroit
Electric, and others, and at one point in history out-sold gasoline-powered
vehicles.

In the 1930s, National City Lines, which was a partnership of General
Motors, Firestone, and Standard Oil of California purchased many electric tram
networks across the country to dismantle them and replace them with GM buses.
The partnership was convicted of conspiring to monopolize the sale of
equipment and supplies to their subsidiary companies conspiracy, but were
acquitted of conspiring to monopolize the provision of transportation services.
Electric tram line technologies could be used to recharge BEVs and PHEVs on
the highway while the user drives, providing virtually unrestricted driving range.
The technology is old and well established (see : Conduit current collection,
Nickel-iron battery). The infrastructure has not been built.

Experimentation

In January 1990, General Motors' President introduced its EV concept two-
seater, the "Impact", at the Los Angeles Auto Show. That September, the

149



California Air Resources Board mandated major-automaker sales of EVs, in
phases starting in 1998. From 1996 to 1998 GM produced 1117 EV1s, 800 of
which were made available through three-year leases.

Chrysler, Ford, GM, Honda, Nissan and Toyota also produced limited
numbers of EVs for California drivers. In 2003, upon the expiration of GM's
EV1 leases, GM crushed them. The crushing has variously been attributed to 1)
the auto industry's successful federal court challenge to California's zero-
emissions vehicle mandate, 2) a federal regulation requiring GM to produce and
maintain spare parts for the few thousands EV1s and 3) the success of the oil
and auto industries’ media campaign to reduce public acceptance of electric
vehicles.

A movie made on the subject in 2005-2006 was titled Who Killed the
Electric Car? and released theatrically by Sony Pictures Classics in 2006. The
film explores the roles of automobile manufacturers, oil industry, the U.S.
government, batteries, hydrogen vehicles, and consumers, and each of their roles
in limiting the deployment and adoption of this technology.

Ford released a number of their Ford Ecostar delivery vans into the market.
Honda, Nissan and Toyota also repossessed and crushed most of their EVs,
which, like the GM EV1s, had been available only by closed-end lease. After
public protests, Toyota sold 200 of its RAV EVs to eager buyers; they now sell,
five years later, at over their original forty-thousand-dollar price. This lesson did
not go unlearned; BMW of Canada sold off a number of Mini EV's when their
Canadian testing ended.

The production of the Citroén Berlingo Electrique stopped in September
2005.

Reintroduction

With increasing prices of gasoline, electric vehicles are hitting the
mainstream.

Major car makers, such as Ford, Daimler AG, Toyota Motor Corp., General
Motors Corp., Renault SA, Peugeot-Citroen, VW, Nissan and Mitsubishi Corp.,
are developing new-generation electric vehicles.

Electricity sources

There are many ways to generate electricity, of varying costs, efficiency and
ecological desirability.

Connection to generator plants

Direct connection to generation plants as is common among electric trains,
trolley buses, and trolley trucks (See also : overhead lines, third rail and conduit
current collection).

150



Unit 25. HYBRID ELECTRIC VEHICLES

1. [IpounTaiiTe TEKCT U MO3HAKOMBTECH C €r0 OOIINUM COACPKAHUEM.

2. Brinumiere TepMUHBI aBTOMOOMIIECTPOCHHUS U TIEPEBEANTE UX HA PYCCKUMN
A3BIK.

3. IlobecenmyiiTe B popMe MOJMIIOTa HA AHTIUHCKOM SI3BIKE O THOPHIHBIX
aBTOMOOMIISIX.

Onboard generators and hybrid electric vehicle

(See articles on diesel-electric and gasoline-electric hybrid locomotion for
information on electric vehicles using also combustion engines).

e renewable sources such as solar power: solar vehicle

e generated on-board using a diesel engine: diesel-electric locomotive

e generated on-board using a fuel cell: fuel cell vehicle
generated on-board using nuclear energy: nuclear submarines and aircraft
carriers

It is also possible to have hybrid electric vehicles that derive electricity from
multiple sources. Such as:

e on-board rechargeable electricity storage system (RESS) and a direct
continuous connection to land-based generation plants for purposes of on-
highway recharging with unrestricted highway range

e on-board rechargeable electricity storage system and a fueled propulsion
power source (internal combustion engine): plug-in hybrid

Another form of chemical to electrical conversion is fuel cells, projected for
future use.

For especially large electric vehicles, such as submarines, the chemical
energy of the diesel-electric can be replaced by a nuclear reactor. The nuclear
reactor usually provides heat, which drives a steam turbine, which drives a
generator, which is then fed to the propulsion. (See Nuclear Power)

A few experimental vehicles, such as some cars and a handful of aircraft use
solar panels for electricity.

Onboard storage

These systems are powered from an external generator plant (nearly always
when stationary), and then disconnected before motion occurs, and the
electricity is stored in the vehicle until needed.

on-board rechargeable electricity storage system (RESS), called Full Electric
Vehicles (FEV). Power storage methods include:

e chemical energy stored on the vehicle in on-board batteries: Battery
electric vehicle (BEV);
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e static energy stored on the vehicle in on-board electric double-layer
capacitors;

e kinetic energy storage: flywheels.

Batteries, electric double-layer capacitors and flywheel energy storage are
forms of rechargeable on-board electrical storage. By avoiding an intermediate
mechanical step, the energy conversion efficiency can be improved over the
hybrids already discussed, by avoiding unnecessary energy conversions.
Furthermore, electro-chemical batteries conversions are easy to reverse,
allowing electrical energy to be stored in chemical form.

Electric motor

The power of a vehicle electric motor, as in other vehicles, is measured in
kilowatts (kW). 100 kW is roughly equivalent to 134 horsepower, although most
electric motors deliver full torque over a wide RPM range, so the performance is
not equivalent, and far exceeds a 134 horsepower (100 kW) fuel-powered motor,
which has a limited torque curve.

Usually, direct current (DC) electricity is fed into a DC/AC inverter where it
is converted to alternating current (AC) electricity and this AC electricity is
connected to a 3-phase AC motor. For electric trains, DC motors are often used.

Vehicle types

It is generally possible to equip any kind of vehicle with an electric
powertrain.

Hybrid electric vehicle

A hybrid electric vehicle combines a conventional (usually fossil fuel-
powered) powertrain with some form of electric propulsion. Common examples
include hybrid electric cars such as the Toyota Prius.

Unit 26. ON- AND OFF-ROAD ELECTRIC VEHICLES

1. [IpounTaiiTe TEKCT U MO3HAKOMBTECH C €0 OOIIHUM COACPKAHUEM.

2. Beinuiiere TepMUHBI aBTOMOOMIIECTPOCHMS U TIEPEBEUTE UX HA PYCCKUI
A3BIK.

3. IIpencraBpTe NEPEBOA-aHHOTALMIO TEKCTOB.

Types of on- and off-road electric vehicles

Electric vehicles are on the road in many functions, including electric cars,
electric trolleybuses, electric buses, electric trucks, electric bicycles, electric
motorcycles and scooters, neighborhood electric vehicles, golf carts, milk floats,
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and forklifts. Off-road vehicles include electrified all-terrain vehicles and
tractors.

Railborne electric vehicles

The fixed nature of a rail line makes it relatively easy to power electric
vehicles through permanent overhead lines or electrified third rails, eliminating
the need for heavy onboard batteries. Electric locomotives, electric trams/street
cars/trolleys, electric light rail systems, and electric rapid transit are all in
common use today, especially in Europe and Asia.

Since electric trains do not need to carry a heavy internal combustion engine
or large batteries, they can have very good power-to-weight ratios. This allows
high speed trains such as France's double-deck TGVs to operate at speeds of 320
km/h (200 mph) or higher, and electric locomotives to have a much higher
power output than diesel locomotives. In addition they have higher short-term
surge power for fast acceleration and using regenerative braking can put braking
power back into the electrical grid rather than wasting it.

Maglev trains are also nearly always electric vehicles.

Airborne electric vehicles

Since the beginning of the era of aviation, electric power for aircraft has
received a great deal of experimentation. Currently flying electric aircraft
include manned and unmanned aerial vehicles.

Seaborne electric vehicles

Electric boats were popular around the turn of the 20th century. Interest in
quiet and potentially renewable marine transportation has steadily increased
since the late 20th century, as solar cells have given motorboats the infinite
range of sailboats. Submarines use batteries (charged by diesel or gasoline
engines at the surface), nuclear power, or fuel cells to run electric motor driven
propellers.

Spaceborne electric vehicles

Electric power has a long history of use in spacecraft. The power sources
used for spacecraft are batteries, solar panels and nuclear power. Current
methods of propelling a spacecraft with electricity include the arcjet rocket, the
electrostatic ion thruster, the Hall effect thruster, and Field Emission Electric
Propulsion. A number of other methods have been proposed, with varying levels
of feasibility.
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Energy and motors

Most large electric transport systems are powered by stationary sources of
electricity that are directly connected to the vehicles through wires. Electric
traction allows the use of regenerative braking, in which the motors are used as
brakes and become generators that transform the motion of, usually, a train into
electrical power that is then fed back into the lines. This system is particularly
advantageous in mountainous operations, as descending vehicles can produce a
large portion of the power required for those ascending. This regenerative
system is only viable if the system is large enough to utilise the power generated
by descending vehicles.

In the systems above motion is provided by a rotary electric motor.
However, it is possible to "unroll" the motor to drive directly against a special
matched track. These linear motors are used in maglev trains which float above
the rails supported by magnetic levitation. This allows for almost no rolling
resistance of the vehicle and no mechanical wear and tear of the train or track. In
addition to the high-performance control systems needed, switching and curving
of the tracks becomes difficult with linear motors, which to date has restricted
their operations to high-speed point to point services.

Unit 27. PROPERTIES OF ELECTRIC VEHICLES

1. [IpounTaiiTe TEKCT U MO3HAKOMBTECH C €r0 OOIINM COACPKAHUEM.

2. Beinuniere TepMUHBI aBTOMOOMIIECTPOEHHUS U NIEPEBEANTE UX HA PYCCKUHN
A3BIK.

3. Caenaiite cooOllleHUE HAa aHIJIMICKOM SI3bIKE O BUAAX OaTapell B aBTO-
MOOMIISIX.

Types and properties of electric vehicles

Components

The type of battery, the type of traction motor and the motor controller
design vary according to the size, power and proposed application, which can be
as small as a motorized shopping cart or wheelchair, through pedilecs, electric
motorcycles and scooters, neighborhood electric vehicles, industrial fork-lift
trucks and including many hybrid vehicles.

Energy sources

Although electric vehicles have few direct emissions, all rely on energy
created through electricity generation, and will usually emit pollution and
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generate waste, unless it is generated by renewable source power plants. Since
electric vehicles use whatever electricity is delivered by their electrical
utility/grid operator, electric vehicles can be made more or less efficient,
polluting and expensive to run, by modifying the electrical generating stations.
This would be done by an electrical utility under a government energy policy, in
a timescale negotiated between utilities and government.

Fossil fuel vehicle efficiency and pollution standards take years to filter
through a nation's fleet of vehicles. New efficiency and pollution standards rely
on the purchase of new vehicles, often as the current vehicles already on the
road reach their end-of-life. Only a few nations set a retirement age for old
vehicles, such as Japan or Singapore, forcing periodic upgrading of all vehicles
already on the road.

Electric vehicles will take advantage of whatever environmental gains
happen when a renewable energy generation station comes online, a fossil-fuel
power station is decommissioned or upgraded. Conversely, if government policy
or economic conditions shifts generators back to use more polluting fossil fuels
and internal combustion engine vehicles (ICEVs), or more inefficient sources,
the reverse can happen. Even in such a situation, electrical vehicles are still more
efficient than a comparable amount of fossil fuel vehicles. In areas with a
deregulated electrical energy market, an electrical vehicle owner can choose
whether to run his electrical vehicle off conventional electrical energy sources,
or strictly from renewable electrical energy sources (presumably at an additional
cost), pushing other consumers onto conventional sources and switch at any time
between the two.

Electric vehicle battery

Automotive battery.

An electric vehicle battery (EVB) or traction battery is a rechargeable
battery used for propulsion of battery electric vehicles (BEVs). Traction
batteries are used in forklifts, electric Golf carts, riding floor scrubbers, electric
motorcycles, full-size electric cars, trucks and vans, and other electric vehicles.

Electric vehicle batteries differ from starting, lighting, and ignition (SLI)
batteries because they are designed to give power over sustained periods of time.
Deep cycle batteries are used instead of SLI batteries for these applications.
Traction batteries must be designed with a high ampere-hour capacity. Batteries
for electric vehicles are characterized by their relatively high power-to-weight
ratio, energy to weight ratio and energy density; smaller, lighter batteries reduce
the weight of the vehicle and improve its performance. Compared to liquid fuels,
all current battery technologies have much lower specific energy; and this often
impacts the maximum all-electric range of the vehicles.
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Batteries are usually the most expensive component of BEVs. The cost of
battery manufacture is substantial, but increasing returns to scale lower costs.
Since the late 1990s, advances in battery technologies have been driven by
demand for laptop computers and mobile phones, with consumer demand for
more features, larger, brighter displays, and longer battery time driving research
and development in the field. The BEV marketplace has reaped the benefits of
these advances.

Traction batteries are routinely used all day, and fast—charged all night.
Forklifts, for instance, are usually discharged and recharged every 24 hours of
the work week.

The predicted market for automobile traction batteries is over $37 billion in
2020.

On an energy basis, the price of electricity to run an EV is a small fraction of
the cost of liquid fuel needed to produce an equivalent amount of energy (energy
efficiency). The cost of replacing the batteries dominates the operating costs.

Lead-acid

Flooded lead-acid batteries are the cheapest and most common traction
batteries available, usually discharged to roughly 80 %. They will accept high
charge rates for fast charges. Flooded batteries require inspection of electrolyte
level and replacement of water.

Traditionally, most electric vehicles have used lead-acid batteries due to
their mature technology, high availability and low cost (exception: some early
EVs, such as the Detroit Electric, used a nickel-iron battery.) Like all batteries,
these have an environmental impact through their construction, use, disposal or
recycling. On the upside, vehicle battery recycling rates top 95 % in the United
States. Deep-cycle lead batteries are expensive and have a shorter life than the
vehicle itself, typically needing replacement every 3 years.

Lead-acid batteries in EV applications end up being a significant (25-50 %)
portion of the final vehicle mass. Like all batteries, they have significantly lower
energy density than petroleum fuels-in this case, 30-40 Wh/kg. While the
difference isn't as extreme as it first appears due to the lighter drive-train in an
EV, even the best batteries tend to lead to higher masses when applied to
vehicles with a normal range. The efficiency (70-75 %) and storage capacity of
the current generation of common deep cycle lead acid batteries decreases with
lower temperatures, and diverting power to run a heating coil reduces efficiency
and range by up to 40 %. Recent advances in battery efficiency, capacity,
materials, safety, toxicity and durability are likely to allow these superior
characteristics to be applied in car-sized EVs.

Charging and operation of batteries typically results in the emission of
hydrogen, oxygen and sulfur, which are naturally occurring and normally
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harmless if properly vented. Early Citicar owners discovered that, if not vented
properly, unpleasant sulfur smells would leak into the cabin immediately after
charging.

Nickel metal hydride

Nickel-metal hydride batteries are now considered a relatively mature
technology. While less efficient (60-70 %) in charging and discharging than
even lead-acid, they boast an energy density of 30-80 Wh/kg, far higher than
lead-acid. When used properly, nickel-metal hydride batteries can have
exceptionally long lives, as has been demonstrated in their use in hybrid cars and
surviving NIMH RAV4EVs that still operate well after 100,000 miles (160,000
km) and over a decade of service. Downsides include the poor efficiency, high
self-discharge, very finicky charge cycles, and poor performance in cold
weather.

GM Ovonic produced the NiMH battery used in the second generation EV-
1, and Cobasys makes a nearly identical battery (ten 1.2 V 85 Ah NiMH cells in
series in contrast with eleven cells for Ovonic battery). This worked very well in
the EV-1. Patent encumbrance has limited the use of these batteries in recent
years.

Zebra

The sodium or "zebra" battery uses a molten chloroaluminate (NaAlCl4)
sodium as the electrolyte. This chemistry is also occasionally referred to as "hot
salt". A relatively mature technology, the Zebra battery boasts an energy density
of 120Wh/kg and reasonable series resistance. Since the battery must be heated
for use, cold weather doesn't strongly affect its operation except for in increasing
heating costs. They have been used in several EVs. Zebras can last for a few
thousand charge cycles and are nontoxic. The downsides to the Zebra battery
include poor power density (<300 W/kg) and the requirement of having to heat
the electrolyte to about 270 °C (520 °F), which wastes some energy and presents
difficulties in long-term storage of charge.

Zebra batteries have been used in the Modec vehicle, commercial vehicle
since it entered production in 2006.

Lithium ion

Lithium-ion (and similar lithium polymer) batteries, widely known through
their use in laptops and consumer electronics, dominate the most recent group of
EVs in development. The traditional lithium-ion chemistry involves a lithium
cobalt oxide cathode and a graphite anode. This yields cells with an impressive
200+ Wh/kg energy density and good power density, and 80 to 90 %
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charge/discharge efficiency. The downsides of traditional lithium-ion batteries
include short cycle lives (hundreds to a few thousand charge cycles) and
significant degradation with age. The cathode is also somewhat toxic. Also,
traditional lithium-ion batteries can pose a fire safety risk if punctured or
charged improperly. These laptop cells don't accept or supply charge in cold
conditions, and so expensive and energy inefficient systems are necessary to
warm them up. The maturity of this technology is moderate. The Tesla Roadster
uses '"blades" of traditional lithium-ion "laptop battery" cells that can be
replaced individually as needed.

Most other EVs are utilizing new variations on lithium-ion chemistry that
sacrifice energy and power density to provide fire resistance, environmental
friendliness, very rapid charges (as low as a few minutes) and very long
lifespans. These variants (phosphates, titanates, spinels, etc.) have been shown to
have a much longer lifetime, with A123 expecting their lithtum iron phosphate
batteries to last for at least 10+ years and 7000+ charge cycles, and LG Chem
expecting their lithium-manganese spinel batteries to last up to 40 years.

Much work is being done on lithium ion batteries in the lab. Lithium
vanadium oxide has already made its way into the Subaru prototype G4e,
doubling energy density. Silicon nanowires, silicon nanoparticles, and tin
nanoparticles promise several times the energy density in the anode, while
composite and superlattice cathodes also promise significant density im-
provements.

Battery cost and parity

The cost of the battery when distributed over the life cycle of the vehicle
(compared with an up to 10 years life cycle of an internal combustion engine
vehicle) can easily be more than the cost of the electricity. This is because of the
high initial cost relative to the life of the batteries. Using the 7000 cycle or 10
year life given in the previous section, 365 cycles per year would take 19 years
to reach the 7000 cycles. Using the lower estimate of a ten year life gives 3650
cycles over ten years giving 146000 total miles driven. At $500 per kWh an 8
kWh battery costs $4000 resulting in $4000/146000 miles or $0.027 per mile. In
reality a larger pack would be used to avoid stressing the battery by avoiding
complete discharge or 100 % charge. Adding a 2 kWh in battery adds $1000 to
the cost resulting in $5000/146000 miles or $0.034/mile.

Scientists at Technical University of Denmark paid $10,000USD for a
certified EV battery with 25kWh capacity, with no rebates or overprice. Two out
of 15 battery producers could supply the necessary technical documents about
quality and fire safety. Estimated time is 10 years before battery price comes
down to 1/3 of present. Battery professor Poul Norby states that lithium batteries
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will need to double their energy density and bring down the price from $500
(2010) to $100 per kWh capacity in order to make an impact on petrol cars.

A solution to the range problem is detailed in an article on Battery Exchange
and explains how the total battery needs would be reduced by using a battery
exchange or battery swap system http://www.members.cox.net/rdoctors/
evs.html. This requires substantial investment in setting up exchange stations but
would allow for the use of lighter batteries as they would not be required to
provide many miles of use. Lighter batteries make the ecar system far more
efficient and lower overall costs.

The LiFePO4 technology has yielded batteries that have a higher miles/$
over the life of the packs but they require a complex control system. The
manufacture of the batteries is still being developed and is not a reliable source.

Some batteries can be leased or rented instead of bought (see Think Global).

Toyota Prius 2012 plug-in's official page declare 21 kilometres (13 mi)
of autonomy and a battery capacity of 5.2 kWh with a ratio of 4 kilometres
(2.5 mi) /(kW-h).
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SAKIMIOYEHNE

B pesynbraTte u3ydeHus HACTOAIIETO MOCOOUS CTYJIEHThl TO3HAKOMUIIUCH C
uH(pOpMaIMElt O CTPOUTEIBCTBE JOPOT, MCTIOJIB3YEMBIX CTPOHUTEIHHBIX MaTe-
puajgax U METOJIaX COOPYKEHHSI aBTOCTPaJl, a TaK¥Ke C UCTOpHUEil aBTOMOOuIIe-
CTPOCHHUSI U TEXHUYECKHUMHU XapaKTEPUCTHUKAMH aBTOMOOWJIECH pPa3IUYHBIX TH-
noB. Marepuait mocoOus mo3BOJISET ClIeNaTh BBIBOJABI O TOM, KAKHE aBTOMOOWIIH
ABJISIIOTCSI 00JIe€ HAJICKHBIMU U yA00OHBIMU B SKCILTyaTalUu.

BrinonHeHnne 3a1aHnii TPEHUPOBOYHBIX YIIPAKHEHUHN CO3a710 BO3MOKHOCTD
HE TOJHKO HAKOIMUTH HEOOXOJMMBIA JEKCUYECKHA MaTephay, HO W IOMOTJIO
peayM30BaTh €T0 B YCTHOW pedH B BUJE TUATIOTOB Ha MPO(HECCUOHATHHYIO TEMY
Y IIpE3EHTAalMK ¢ ucronb3oBanueM MHrepHera.

Bce 510 B 1eioM co3/1aeT BO3MOKHOCTh aKTUBHOT'O OOIIECHUS C JICTOBBIMHU
napTHEpaMU B Hallle CTpaHe U 3a PyOe:KoM.
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