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UNIT 1

Exercise 1. Read and memorize the following words and word
combinations.

vehicle — n. TpancniopTHuU# 3acio,

refer to — v. mocuiarucs Ha, 3raayBaTH,

electric drive — enexkTpryHa NOBIJIHS (CJICKTPUUHUN TPUBI),
propulsion — n. pyx ynepen,

propeller - n. nBUryH, nponenep,

rotary motor — poramiiiauii (o0epTaibHUI) JTBUTYH,
tracked — adj. pelikoBui,

linear — adj. niniitHuiA,

come into existence — BUHUKATH, 3’ SIBJISTHUCH,

gasoline — 7. Ta3omiH,

internal combustion engine — 1BUryH BHYTPIIIIHOTO 3TOPSIHHS;
commonplace — 7. 3BUYaNHE SIBUILIE,

fossil fuel — Bukomnue nanuso,

renewable — adj. BiTHOBIIOBaHUI,

tidal — 3B’s13aHuil 3 IpUIIIMBAMHU Ta BiJIMBAMHU,

wireless — adj. 6e3apoToBuUiA, pasio-... ,

onboard — adj. 6opToBUii, BCTAHOBIICHHI Ha OOPTY,
flywheel — n. MmaxoBUK,

supercapacitor — n. CyliepKoHI€HCaTOoP,

fuel cell — nanuBHMiT eneMeHT (OaTapes),

hybrid — adj. riOpunuuii,

recover — v. IOBEpPTaTH,

braking energy — eHepris raJibMyBaHHS,

grid — n. eJIeKTpUYHA MEpEXKa,

dump — v. cCKuIaT, 3BAIIOBATH,

waste — adj. HenoTp1OHUM, HEMPUJATHUM, BINIPALIbOBAHUM,
concern — n. TypooTa, XBUIIOBaHHS,

peak — v. yaxHyTH, BUCHaKyBaTHUCh,

as such — o cyri.

Exercise 2. Translate the following word-combinations.

An electric vehicle, tracked vehicles, linear motors, electric spacecratft,
preferred methods, a level of comfort, ease of operation, propulsion
method, electric power, fossil fuel-powered vehicles, a wide range of
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sources, nuclear power, renewable sources, tidal power, solar power,
wind power, overhead lines, wireless energy transfer, connection through
an electrical cable, derive their energy, non-renewable fossil fuels, key
advantage, hybrid electric vehicles, waste heat, a greater efficiency gain,
increased concern, environmental impact, petroleum-based transportation
infrastructure, peak oil, renewed interest.

Exercise 3. Match the words and word-combinations in the left
column with their definitions in the right one.

1) vehicle a) any machine designed to convert energy,
especially heat energy, into mechanical work.

2) electric motor b) a heavy wheel that stores kinetic energy and
smoothes the operation of a reciprocating engine
3) propulsion by maintaining a constant speed of rotation over
the whole cycle.

4) engine c) a wire or bundle of wires that conducts
electricity.

5) tidal power d) any conveyance in or by which people or objects
are transported, especially one fitted with wheels.
6) cable e) two or more primary cells connected together,
usually in series, to provide a source of electric
7) flywheel current / another name for accumulator.

f) the act of propelling or the state of being
8) fossil fuel propelled.

g) a machine that converts electrical energy into
9) energy mechanical energy by means of the forces exerted
on a current-carrying coil placed in a magnetic
10) battery field.

h) a source of power.

1) any naturally occurring carbon or hydrocarbon
fuel, such as coal, petroleum, peat, and natural gas,
formed by the decomposition of prehistoric
organisms.

j) the use of the rise and fall of tides involving very
large volumes of water at low heads to generate
electric power.




Exercise 4. Read and translate the following text.

Introduction

An electric vehicle (EV), also referred to as an electric drive vehicle, is a
vehicle which uses one or more electric motors for propulsion. Depending
on the type of vehicle, motion may be provided by wheels or propellers
driven by rotary motors, or in the case of tracked vehicles, by linear
motors. Electric vehicles can include electric cars, electric trains, electric
airplanes, 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 automobile propulsion,
providing a level of comfort and ease of operation that could not be
achieved by the gasoline cars of the time. At one time the internal
combustion engine (ICE) had completely replaced the electric drive as a
propulsion method for automobiles, but electric power has remained
commonplace in other vehicle types, such as trains and smaller vehicles
of all types.

Electric vehicles are different from fossil fuel-powered vehicles in that
they can receive their power 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. However it is
generated, this energy is then transmitted to the vehicle through use of
overhead lines, wireless energy transfer, or a direct connection through an
electrical cable. The electricity may then be stored onboard the vehicle
using a battery, flywheel, supercapacitor, or fuel cell. 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 their
ability to recover braking energy as electricity to be restored to the on-
board battery or sent back to the grid. When fossil fuel vehicles brake,
they simply dump the energy into the environment as waste heat. This
gives electric vehicles a greater efficiency gain in city traffic.

At the beginning of the 2Ist century, increased concern over the
environmental impact of the petroleum-based transportation
infrastructure, along with the spectre of peak oil, led to renewed interest
in an electric transportation infrastructure. As such, vehicles which can



potentially be powered by renewable energy sources, such as hybrid
electric vehicles or pure electric vehicles, are becoming more popular.

Exercise 5. Answer the questions.

1 What is an electric vehicle? 2 By what means may motion be provided,
depending on the type of vehicle? 3 What can electric vehicles include?
4 When did electric vehicles first come into existence? 5 What is the
difference between electric vehicles and fossil-fuel vehicles? 6 What
renewable sources of energy do you know? 7 Through the use of what
means 1s energy transmitted to the vehicle? 8 What is a key advantage of
electric or hybrid electric vehicles? 9 What led to renewed interest in an
electric transportation infrastructure?

Exercise 6. Translate the italicized part of the sentence into English.

1 (Enexmpuunuti mpancnopmuuti 3acio), also referred to as an electric
drive vehicle, i1s a vehicle which uses one or more electric motors for (pyx
ynepeo). 2 Electric vehicles first (3’sasunucy) in the mid-19th century.
3 At one time (osueynu emympiwinvoco 32opsauns) had completely
replaced the electric drive as a propulsion method for automobiles.
4  Electric power (3aruwunaca zsuuatinum seuwem) in other vehicle
types, such as trains and smaller vehicles of all types. 5 Electric vehicles
are different from (mpancnopmuux 3acobie na euxonnomy nanuei) in that
they can receive their power from a wide range of sources. 6 However it
is generated, this energy is then (nepedacmucs) to the vehicle through use
of (naozemna xonmaxkmuna ninis), (bezopomose nepedasarnms ewepeii), or
a direct connection through an (erexmpuunuii kabenv). 7 The electricity
may then be stored onboard the vehicle using a (axymyramop, maxosux,
cynepkonoencamop abo nanusHuil eiemenm). 8 (I'onosua nepesaca) of
electric or hybrid electric vehicles is their ability to (nosepmamu enepeiro
eanvmysants) as electricity to be restored to the on-board battery or sent
back to the (erexkmpuuna mepesrca).

Exercise 7. Write an annotation to the text.



UNIT 2

Exercise 1. Read and memorize the following words and word combinations.
motive power — pyIiiiiHa cuja, TATOBUM pPyXOMMI CKIa,
galvanic cells — ranpBaHIYHUI €JEMEHT,

exhibit — v. moka3yBaTtu, BUCTaBJISTA Ha OTJISI],

prevent — v. 3aro0iraTu, 3amo0IirTy,

reach — v. focsararu,

trolley — n. BaroHetka, Tposnenoyc, (Amer.) TpamBai,

locomotion — v. nepecyBaHHsI, IEPECYHEHHSI, IEPEMIILICHHS,
urban — adj. micbkui,

noxious — MIKIJIJIMBUM, HE3JOPOBUM, OTPYWHUI, 3ryOHMIA,
inclined — adj. cxunpaui,

prompt — v. 30y)KyBaTH; IITOBXATH, IITOBXHYTH,

clause — n. cTarTs, MyHKT,

enabling act — 3aK0H PO HaJaHHS HA/I3BUYAWHUX TOBHOBAXKCHb,
power supply — eHepromocrayaHHs, €JEKTPOIIOCTAYaHHS; KEPEIO
€JICKTPOKUBJICHHS / €HEepTii,

of choice — kpammii, HaliKpamuy,

abet — v. ctuMyroBaTH, 30yJI)KyBaTu, CIIPUATH,

multiple-unit train — MOTOpBaroHHUMU MOTHT,

force — v. 3My1ryBatu, TUCHYTH,

ordinance — n. 3aK0H, yKa3, JICKpET,

recognize — v. BU3BHaBaTH, YCBIIOMJIIOBATH, YCBIJJOMUTH,

public network — mepexa criibHOr0 KOPUCTYBaHHS,

rotary phase converter — 00epToBUii mepeTBOprOBay uncia das,
edge — n. TpaHuI, Kpau,

downtown — n. IIEHTp, JIJIOBA YaCTUHA MICTa,

issue — n. mpobseMa, pe3ysbTar,

public nuisance — mnoOpyIIeHHS TPOMAJCHKOTO TMOPAJIKY, JKEPEOo
HeOe3MeKn a00 HE3PYUHOCTI JJIs1 OTOUCHHS,

collision — n. 3ITKHEHHS,

outlaw — v. OroJ0CUTH NMPOTU3aKOHHUM, 3a00POHSATH,

shift — v. nepemintyBatu, nepecyBaru,

difficult — adj. ckpyTHU, TSKKUHN, BaXKKUH,

readily available — nerkogocrynaui,

steep — adj. kpyTuii,

from scratch — i3 Hyss1, Ha TOPOXKHBOMY MicClIl, O€3 TepeBar.
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Exercise 2. Translate the following word-combinations.

Electric motive power, electric power available from batteries, to be
supplied through a third isolated rail, a stationary dynamo, noxious smoke
from steam locomotives, to be prompted by a clause in an enabling act,
the power supply of choice, to be forced to convert by ordinance, high-
voltage three phase alternating current motors and generators, a rotary
phase converter suitable for locomotive usage, a four-mile stretch, to
require a series of tunnels, a major operating issue and a public nuisance,
to be focused on mountainous regions, to bring a revival of electrification,
to be built from scratch, to be associated with dense urban traffic.

Exercise 3. Find pairs of synonyms among the below given words.
Motor, discomfort, exhibit (v), move (v), outlaw (v), reach (v), constrain
(v), circular, engine, locomotion, achieve (v), noxious, transportation,
incline (v), dispose (v), prohibit (v), round, abet (v), show (v), force (v),
harmful, nuisance, incite (v), shift (v).

Exercise 4. Read and translate the following text.

History
Electric motive power started with a small
railway operated by a miniature electric
motor, built by Thomas Davenport in 1835.
The first known electric locomotive was built
by a Scotsman, Robert Davidson of Aberdeen
in 1837 and was powered by galvanic cells
(‘batteries'). Davidson later built a larger
locomotive named Galvani which was
exhibited at the Royal Scottish Society of
Arts Exhibition in 1841. It was tested on the Edinburgh and Glasgow
Railway in September of the following year, but the limited electric
power available from batteries prevented its general use. The first electric
passenger train was presented by Werner von Siemens at Berlin in 1879.
The locomotive was driven by a 2.2 kW motor and the train which
consisted of the locomotive and three cars reached a maximum speed of
13 km/h. During four months the train carried 90,000 passengers on a 300
meter long circular track. The electricity was supplied through a third
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isolated rail situated between the tracks. A stationary dynamo nearby
provided the electricity. The world's first electric tram line opened in
Lichterfelde near Berlin, Germany, in 1881. It was built by Werner von
Siemens. In the US, electric trolleys were
pioneered in 1888 on the Richmond Union
Passenger Railway, using equipment designed
by Frank J. Sprague.
Much of the early development of electric
locomotion was driven by the increasing use of
tunnels, particularly in urban areas. Smoke
Aleo-GE Prototype Class S-1, NYC & from steam locomotives was noxious, and
e municipalities were increasingly inclined to
prohibit their use within their limits. Thus the first successful working, the
City and South London Railway underground line in the UK, was
prompted by a clause in its enabling act prohibiting use of steam power.
This line was opened in 1890, using electric locomotives built by Mather
and Platt. Electricity quickly became the power supply of choice for
subways, abetted by the Sprague's invention of multiple-unit train control
in 1897. Surface and elevated rapid transit systems generally used steam
until forced to convert by ordinance.
In 1894, the Hungarian engineer Kalman Kandd developed high-voltage
three phase alternating current motors and generators for -electric
locomotives; he is known as "the father of the
electric train". His work on railway
electrification was done at the Ganz electric
works in Budapest. He was the first who
recognised that an electric train system can only
be successful if it can use the electricity from
public networks. After realising that, he also | 4 e sceplecab electric locomotive.
provided the means to build such a rail network | M cempleis fited wih twoley poles
by inventing a rotary phase converter suitable
for locomotive usage.
The first use of electrification on a mainline was on a four-mile stretch of
the Baltimore Belt Line of the Baltimore and Ohio Railroad (B&O) in
1895. This track connected the main portion of the B&O to the newly
built line to New York, and it required a series of tunnels around the
edges of Baltimore's downtown. Parallel tracks on the Pennsylvania

for service on an interurban railroad.




Railroad had shown that coal smoke from steam locomotives would be a
major operating issue, as well as a public
nuisance.

Railroad entrances to New York City required
similar tunnels, and the smoke problems were
more acute there. A collision in the Park
Avenue tunnel in 1902 led the New York State
legislature to outlaw the use of smoke-
The world first AC locomotive in generating locomotives south of the Harlem
Valtellina (1898-1902). Power supply: 3- . .
phase 15 Hz AC, 3000V, (AC motor River after July 1, 1908. In response, electric
Jokm)- I was designed by fKdlmén locomotives began operation in 1904 on the
New York Central Railroad. In the 1930s the
Pennsylvania Railroad, which also had introduced electric locomotives
because of the NYC regulation, electrified its entire territory east of
Harrisburg, Pennsylvania. However, electrification in the United States
was more associated with dense urban traffic, and the center of
development shifted to Europe, where electrification was widespread.

In Europe, electrification projects initially focused on mountainous
regions for several reasons: coal supplies were
difficult and hydroelectric power was readily
available; and electric locomotives gave more
traction on steeper lines. For example, today
100% of Swiss lines are electrified.

Italian railways were the first in the world to
introduce electric traction (designed by | AMilwaukee Road class ES-2, an example
Kalman Kand6é at the Ganz electric works, e epleeel S Ty ervieeen
Budapest) for the entire length of a mainline
rather than just a short stretch.

In 1923, the first electric locomotive with a phase converter was
constructed on the basis of Kandd’s designs in Hungary, and serial
production began soon after.

The 1960s saw the electrification of many European main lines (Eastern
Europe included). European electric locomotives technology had
improved steadily from the 1920s onwards. Locomotives capable of
commercial passenger service at 200 km/h appeared in Germany and
France in the same period. Further improvements resulted from the
introduction of electronic control systems, which permitted the use of
increasingly lighter and more powerful motors.
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In the 1980s, development of very high-speed service brought a revival of
electrification. The Japanese Shinkansen and the French TGV were the
first systems for which devoted high-speed lines were built from scratch.
Similar programs were undertaken in Italy, Germany and Spain; in the
United States the only new mainline service was an extension of
electrification over the Northeast Corridor from New Haven, Connecticut
to Boston, Massachusetts, though new light rail systems, using
electrically powered cars, continued to be built.

On 2 September 2006 a standard production Siemens Electric locomotive
of the Eurosprinter type ES64-U4 (OBB Class 1216) achieved a speed of
357 km/h, the record for a locomotive-hauled train, on the new line
between Ingolstadt and Nuremberg.

Exercise 5. Answer the questions.

1 What did electric motive power start with? 2 Who built the first known
electric motor what was it powered by? 3 When and where was the first
electric passenger train presented? Who did it? 4 What was much of the
early development of electric locomotion driven by? 5 Why was the use
of steam locomotives prohibited by the municipalities? Tell about all the
cases you know. 6 What made the electricity become the power supply of
choice for subways? 7 Who and why is known as “the father of the
electric train”? 8 Where was the first use of electrification on a mainline?
9 What was electrification in the United States more associated with?
10 Why did electrification in Europe initially focus on mountainous
regions? 11 What brought the revival of electrification?

Exercise 6. Find some information about the following people, whose
names you have already met in the text.

Thomas Davenport, Robert Davidson, Werner von Siemens, Frank J.
Sprague, Peter Mather and John Platt, Kalman Kando.

Exercise 7. Translate the italicized part of the sentence into English.

1 (Enexmpuuna pywitina cuna) started with a small railway. 2 (Ilepuuu
sioomuti) electric locomotive was built by a Scotsman, Robert Davidson
of Aberdeen in 1837 and (naoasascs pyx 6i0 eanveaniuHux enemenmis
(6amaperr)). 3 The electricity (nodasanacs uepes izonvosany mpemio
peitixy) situated between the tracks. 4 A (cmayionapna ounamo mawuna)
nearby provided the electricity. 5 (Jum)from steam locomotives was
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(wkionueuti). 6 The first successful working underground line in the UK
was prompted by a (nymkmom y 3axoHi npo HAOAHHA HAO3BUYAUHUX
nogrnosaxcenv) prohibiting use of steam power. 7 Electricity (wusuoxo
cmana Hauxkpawum Oxcepenrom enepeii) for subways. 8 Kalman Kando
was the first who (yceidomnrosas) that an (cucmema enekmpuunozo
nomsea) can only be successful if it (3wmooce kopucmysamucs
eneKmpuKoro 3 mepedxci cnitbHo2o kopucmysanws). 9 The first use of
electrification on a (macicmpani) was on a (vomupumunvHomy 6i0pisky) of
the Baltimore Belt Line of the Baltimore and Ohio Railroad (B&O) in
1895. 10 It (sumacana cepiro mymnenig) around the edges of Baltimore's
(0inosoi wacmunu micma). 11 Coal smoke from steam locomotives was a
(conoenor excniyamayiinor npobaemoro), as well as a (dowcepenom
Hebe3neku 0asa omouenus). 12 (3anacu eyeinnsa 6ynu ckpymuumu) and
hydroelectric  power was  (neeckodocmynnoro). 13 (Ilooanvuui
B800CKOHANeHHs 8UHUKAU 6Hacliook) the introduction of (erexmpomnnux
cucmem peeynosanns). 14 In the 1980s, development of very
(WBUOKICHO20 00C1Y208)8aHHS1) brought a (8i0po0s#ceH s
enekmpugikayii).

Exercise 8. Project. Find out the information about the history of
electrification on our Ukrainian railways. Use the Internet or some

other sources of information and make a presentation.

Exercise 9. Write an annotation of the text.
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UNIT 3

Exercise 1. Read and memorize the following words and word
combinations.

energy storage system — eHEproakyMyJIlOBaJIbHA CUCTEMA
overhead wire — KOHTaKTHUI IPOB1A, MOBITPSIHUIN MTPOBIJ,
alternating current — 3MiIHHUH CTpPyM,

direct current — nocTiiHU# CTPyM,

couple — v. 3uirTrOBaTH,

driving wheels — TsroBe Koseco, moBigHe KOJIECO,

large currents — CTpymMu BEJIMKO1 CHJIH,

high current — criibHMI CTpyM; ant. low current — cnaOKuii cTpyM,
transformer — n. nepeTBoproBady,

voltage — n. enexTpuyHa HaNpyra; eIeKTPOpYyIliifHa cHa,

regenerative braking — pekyneparuBHe rajabMyBaHHS, JIWHAMIYHE
rajJbMyBaHHS,
descend — v. cnoyckatucs, cxoauTu (BHM3); ant. ascend — V.

ITHIMATHUCS, CXOJIUTH Ha,

sliding shoe — nvxa ctpymonpuiiMaya,

pickup — n. cTpyMo3HiIMay; 3aXOIUTIOBAIbHUIN MPUCTPIH,
accommodate — v. MIAraHsATH, IPUIAIITOBYBATH,

trackwork — n. xomniiiHi mpaii,

clearance — n. IpoMi>XXOK, IPOCBIT, KIIIPEHC, TabapuT,

catenary — n. KOHTaKTHUW MPOBIJ /M1JIBICKA,

trolley pole — mrtanra ctpymonpuiimaya,

bow collector — nyroBuii ctpymonpurimad,

hinged frame — cyctaBHa pama,

collecting shoe — KOHTaKTHUH MIIKIAJEHB; JIM>Ka CTpPyMONpUiiMaua,
fixed geometry — He3mMiHHA reomMeTpist MOCTIHHOI HopMHU,

drive system — cucTtema npuBoja,

devise — v. po3po0JItOBaTH, BUHAXOJIUTH,

output — 7. B1101#,

jackshaft — n. npoMixxuwmit/cninuit Bai,

gear — mecTipHs (Tpu0); nepegaBaibHUN MEXaH13M, TPUOOBA Mepeaya,
mature — v. yJJOCKOHaJIOBaTH; JOBOJUTH JI0 JOBEPIICHOCTI,

quill drive — BTyJIKOBO-NIPYKMHHHMI NOpPUBIJ; THy4YKa MOBIIHS; TMPUBIA
TATOBOIO JIBUTYHA 3 HOPOKHUCTUM BaJiOM,

reduction gear — yroBUIbHIOIOUA/3HWKYBaJIbHA Nepe/iaya,
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motor armature — sKip ABUTYHA, POTOP €JIEKTPUYHOTO JABUTYHA,

field assembly — MmoHTa)xHE CKJ1aJjaHHS,

field pole — nosroc 30y KeHHS,

counterpart — n. 1yoiikar, KOs,

journal — n. muiika oci/Bana,

protuberance — 7. BUITYKJIICTh, BUCTYTI,

bogie bolster — konrckoBa 0ajika MOBOPOTHOI'O Bi3Ka,

torque reaction — peakifisi Bii KPYTWJIBHOTO MOMEHTY, PEaKTHUBHHI
MOMEHT,

spur gearing — HIWIIHAPUYHA TPUOOBA Tepeaaya,

pinion — n. mecTipHs (Tpuo),

bull gear — 3y0uacte kosieco (Tpub) st 6araTo MOTOKOBOI TpUOOBOI
nepenayl; TpuO NI BAXKKUX YMOB TIpaill,

liquid-tight — adj. repmeTnunmii,

gear ratio — koeilieHT nepeaayl.

Exercise 2. Translate the following word-combinations.

Rechargeable energy storage system, a stationary source, a marked
contrast, an onboard diesel engine, a distinguishing design feature, to
couple the traction motors to the driving wheels (drivers), the most
fundamental difference, run at relatively low voltage, relatively massive
equipment, to transmit sufficient power, large transmission system losses,
to become the predominant type, to be proportional to, the use of
regenerative braking, to feed back into the lines, to be particularly
advantageous in mountainous operations, multiple pickups, to
accommodate the breaks in the third rail, to prefer overhead lines, in a
fixed geometry, both overhead and third rail collection, a number of drive
systems, to mount directly on the axles, a fully-spring loaded system,
disconnected from the driving wheels, to be coupled to the axle through a
reduction gear and a semi-flexible shaft (the quill), to fall out of favour, to
be attached to the truck (bogie) in a fixed position, to be of limited value,
to compensate for the problem, axle-hung traction motors, plain bearings,
to be integral to the axle, a tongue-shaped protuberance, a liquid-tight
housing.
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Exercise 3. Match the terms in the left column with their definitions in the right column.

1) third rail

2) voltage

3) alternating current
4) direct current
5) driver

6) electric current
7) brakes

8) generator

9) catenary

10) pantograph
11) bogie

12) gear

a) a continuous electric current that flows in one
direction only, without substantial variation in
magnitude.

b) a flow of electric charge through a conductor.
c) a method of providing electric power to a
railway train, through a continuous rigid
conductor placed alongside or between the rails of
a railway track.

d) any device for converting mechanical energy
into electrical energy by electromagnetic
induction, especially a large one as in a power
station; a device for producing a voltage
electrostatically; any device that converts one
form of energy into another form.

e) a sliding type of current collector, esp a
diamond-shaped frame mounted on a train roof in
contact with an overhead wire.

f) a continuous electric current that periodically
reverses direction, usually sinusoidal.

g) a toothed wheel that engages with another
toothed wheel or with a rack in order to change
the speed or direction of transmitted motion.

h) a device for slowing or stopping a vehicle,
wheel, shaft, etc., or for keeping it stationary, esp
by means of friction.

1) an assembly of four or six wheels forming a
pivoted support at either end of a railway coach. It
provides flexibility on curves.

j) an electromotive force or potential difference
expressed in volts.

k) a mechanical component that exerts a force on
another to produce motion.

1) the hanging cable between pylons along a
railway track, from which the trolley wire is
suspended.

Exercise 4. Read and translate the following text.
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Power supply of electric locomotives
An electric locomotive can be supplied with power from:
e Rechargeable energy storage systems (RESS), as battery or
ultracapacitor-powered mining locomotives.
e A stationary source, such as a third rail or overhead wire.
This 1s in marked contrast to a diesel-electric locomotive, which combines
an onboard diesel engine with an electrical power transmission or store
(battery, ultracapacitor) system.
The distinguishing design features of electric locomotives are:
e The type of electrical power used, either alternating current or direct
current.
e The method for store (batteries, ultracapacitors) or collecting
(transmission) electrical power.
e The means used to mechanically couple the traction motors to the
driving wheels (drivers).
Direct or alternating current. The most fundamental difference lies in
the choice of direct (DC) or alternating current (AC). The earliest systems
used direct current as, initially, alternating current was not well
understood. Direct current locomotives typically run at relatively low
voltage (600 to 3,000 volts); the equipment is therefore relatively massive
because the currents involved are large in order to transmit sufficient
power. Power must be supplied at frequent intervals as the high currents
result in large transmission system losses.
As alternating current motors were developed, they became the
predominant types, particularly on longer routes. High voltages (tens of
thousands of volts) are used because this allows the use of low currents;
transmission losses are proportional to the square of the current (e.g.
twice the current means four times the loss). Thus, high power can be
conducted over long distances on lighter and cheaper wires. Transformers
in the locomotives transform this power to a low voltage and high current
for the motors. A similar high voltage, low current system could not be
employed with direct current locomotives because there is no easy way
for DC to do the voltage/current transformation so efficiently achieved by
AC transformers.
Electric traction allows the use of regenerative braking, in which the
motors are used as brakes and become generators that transform the

16



motion of the train into electrical power that is then fed back into the
lines. This system 1is particularly advantageous in mountainous
operations, as descending locomotives can produce a large portion of the
power required for ascending trains.
While recently designed systems invariably operate on alternating current,
many existing direct current systems are still in use.
Power transmission. The original Baltimore and Ohio Railroad
electrification used a sliding shoe in an overhead channel, a system
quickly found to be unsatisfactory. It was replaced with a third rail
system, in which a pickup (the "shoe") rode underneath or on top of a
smaller rail parallel to the main track, somewhat above ground level.
There were multiple pickups on both sides of the locomotive in order to
accommodate the breaks in the third rail required by trackwork. This
system is preferred in subways because of the close clearances it affords.
However, railways generally tend to prefer overhead lines, often called
"catenaries" after the support system used to hold the wire parallel to the
ground. Three collection methods are possible:
o Trolley pole: a long flexible pole, which engages the line with a
wheel or shoe.
e Bow collector: a frame that holds a long collecting rod against the
wire.
e Pantograph: a hinged frame that holds the collecting shoes against
the wire in a fixed geometry.
Of the three, the pantograph method is best suited for high-speed
operation. Some locomotives are equipped to use both overhead and third
rail collection (e.g. British Rail Class 92).
Driving the wheels. During the initial development of railroad electrical
propulsion, a number of drive systems were devised to couple the output
of the traction motors to the wheels. One of the earliest methods was the
jackshaft drive. In this arrangement, the traction motor is mounted within
the body of the locomotive and drives the jackshaft through a set of gears.
This system was employed because the first traction motors were too
large and heavy to be mounted directly on the axles. Due to the number of
mechanical parts involved, frequent maintenance was necessary.
Several other systems were devised as the electric locomotive matured.
The Buchli drive” was a fully-spring loaded system, in which the weight
of the driving motors was completely disconnected from the driving
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wheels. It was first used in electric locomotives from the 1920s. The quill
drive was also developed about this time, and mounted the traction motor
above or to the side of the axle and coupled to the axle through a
reduction gear and a semi-flexible shaft (the quill). Again, as traction
motors continued to shrink in size and weight, quill drives gradually fell
out of favour.

Another drive example was the "bi-polar" system, in which the motor
armature was the axle itself, the frame and field assembly of the motor
being attached to the truck (bogie) in a fixed position. The motor had two
field poles, which allowed a limited amount of vertical movement of the
armature. This system was of limited value since the power output of each
motor was limited. The EP-2 bi-polar electrics used by the Milwaukee
Road compensated for this problem by using a large number of powered
axles.

Modern electric locomotives, like their Diesel-electric counterparts,
almost universally use axle-hung traction motors, with one motor for each
powered axle. In this arrangement, one side of the motor housing is
supported by plain bearings riding on a ground and polished journal that
is integral to the axle. The other side of the housing has a tongue-shaped
protuberance that engages a matching slot in the truck (bogie) bolster, its
purpose being to act as a torque reaction device, as well as a support.
Power transfer from motor to axle is effected by spur gearing, in which a
pinion on the motor shaft engages a bull gear on the axle. Both gears are
enclosed in a liquid-tight housing containing lubricating oil. The type of
service in which the locomotive is used dictates the gear ratio employed.
Numerically high ratios are commonly found on freight units, whereas
numerically low ratios are typical of passenger engines.

Wheel arrangements. The Whyte notation system” for classifying steam
locomotives is not adequate for describing the varieties of electric
locomotive arrangements. The UIC™ classification system was typically
used for electric locomotives, as it could handle the complex
arrangements of powered and unpowered axles, and could distinguish
between coupled and uncoupled drive systems.

"Buchli drive - is a transmission system used in electric locomotives. It
was named after its inventor, Swiss engineer Jakob Buchli.

“The Whyte notation system - The Whyte notation for classifying steam
locomotives by wheel arrangement was devised by Frederick Methvan
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Whyte and came into use in the early XX" century encouraged by an
editorial in "American Engineer and Railroad Journal" (December 1900).
"“UIC - International Union of Railways (Union Internationale des

Chemins de fer).

Exercise 5. Answer the questions.

I What sources of electric locomotive power supply do you know?
2 What is the difference between a diesel-eclectic and an electric
locomotive? 3 What are the distinguishing design features of electric
locomotives? 4 What does the most fundamental difference lie in?
5 Why did alternating current motors become predominant? 6 What is a
third rail system? 7 What methods of collecting power from ‘catenaries’
do you know? 8 What method is the best suited for high-speed operation?
9 What drive systems do you know? Characterize them. 10 What notation
systems for classifying locomotives do you know? What system was
typically used for electric locomotives?

Exercise 6. Translate the italicized part of the sentence into English.

I The most fundamental difference lies (v eubopi nocmitinoco abo
sminnoeo cmpymy). 2 High voltages (tens of thousands of volts) are used
because (ye doszsonse euxopucmosysamu cirabkuti cmpym). 3 Electric
traction (0o3eosie uxKopucmosysamu peKynepamusHe 2albM)EaAHHS).
4 Motors are used as brakes and become generators (sixi nepemesoproroms
PYX nomsiea 8 eleKmpuiHy enepeito, AKa Nomim no8epmaemscsi 00 NiHil).
5 This system was employed because (nepwi mseosi momopu Oynu
3aHA0MO  GeIUKUMU MA  BANCKUMU, wob Oymu 8CMAHOBIEHUMU
npAMICiHbKO Ha ocsx). 6 (Momop mas 0ea nontocy 36yo0xcenns), which
allowed a limited amount of vertical movement of the armature. 7 The
EP-2 bi-polar electrics used by the Milwaukee Road (supiwus yro
npobnemMy BUKOPUCMOBYIOUU  8ElUKY KILIbKICMb ocell 3 CUN08UMU
osuzcynamu). 8 Both gears are enclosed in a (eepmemuunuti kopnyc, axutu
micmums macmunvhy oausy). 9 The type of service in which the
locomotive is used (suznauae xoegiyienm nepeoaui, SAKUl NOBUHEH
suxopucmogysamucs). 10 The Whyte notation system for classifying
steam locomotives (rHe npunycmuma 0na 6I000PAMNCEHHA VCbOSO
pizHOMaHImMmsL 6008 eleKMPUUHUX TOKOMOMUBIB).

Exercise 7. Complete the following sentences. Find the necessary
information in the text.
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1 A diesel-electric locomotive combines ... . 2 ... typically run at
relatively low voltage. 3 ... were developed, they became the
predominant types. 4 The system of regenerative braking is particularly
advantageous ... . 5 This system is preferred in subways because ... .
6 Railways generally tend to prefer ... . 7 ... is best suited for high-speed
operation. 8 Some locomotives are equipped to use both ... . 9 One of the
earliest drive systems was ... . 10 Modern electric locomotives almost
universally use ... .

Exercise 8.

a) Make reports about the people mentioned in the text.

b) Find the information and tell the group about the classification
systems of locomotives by wheel arrangement. Consult the Internet
or all the other sources.

Exercise 9. Write an annotation to the text.

UNIT 4
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Exercise 1. Read and memorize the following words and word combinations.
wiring — 7. eJeKTpONpOBiIHS,

feeder station — >xuBMJIbHA CTAHIIIA,

from above — adv. 3Bepxy,

messenger wire — HECy4uil Tpoc,

dropper — n. CTpyHa KOHTaKTHOT'O IPOTY; syn. — drop wire,
pulley — n. 1mIKiB, OJIOK, POJIHK,

link — n. cycraB, nepegaTHuil Baxiib, KUIbIIE,

clamp — n. 3aTuckad, cko0a, Kjiema,

subject — v. miasratu, miji1aBaTH,

tension — n. Harsaruenns,

carbon — adj. Byrnenesuii,

insert — . BKJIaJicHb, IEPEKJIIA/IKA,

even — adj. piBHUMN, pIBHOMIPHUH,

notch — n. kap0, 6opo3Ha, mepoOuHa,

successive — adj. HACTYITHUN, MOAATBIINMN,

simple equipment — oguHapHa miaABICKa,

conceive — v. 3aJyMyBaTH,

stitched equipment — poMOormno1i0Ha pecopHa mijBicKa,
compound equipment — 1o/BiitHa MMiABICKA,

auxiliary wire — tonomixuuii Tpoc,

oscillation — adj. konuBaHHs,

standing wave — cTosiua (Hepyxoma) XBUJIA,

virtually — adv. ¢paktuuHo,

sag — v. IPOrMHATUCH, IPOBUCATH,

hog — v. BUrnHarucsi, >k0J100UTUCH,

transition — . cioyiyueHHs, iepexijHa JIIITHKa,

section break — xinenp cexiii,

neutral section — HeiliTpaiibHA BCTaBKa,

phase break — o6puB ¢a3u,

back-to-back — adj. Tol, mo cnigye 6e3nepepBHO; adv. IIBLHO, BIPUTYII,
jar —v. cTpsicaru.

at full throttle — na moBHI¥M MBUIKOCTI,

coast — v. pyXxaTHCsl HAKOTOM, MO 1HepIIii,

level — adj. piBHUIA, TOPU3OHTAIBHUM,

short circuit — KOpoTKe 3aMUKaHH,

Exercise 2. Translate the following word-combinations.

21



Energy supply point, overhead wires, feeder stations, high-voltage
electrical grid, the contact wire geometry, to be subjected to a mechanical
tension, the carbon surface of the insert on top of the pantograph, going
around a curve, to tend to have, to enable higher speeds, more conductive
but less wear-resistant metal, the pantograph causes oscillations,
electrically separated portions, to prevent arc damage to the insulator,
different voltages or frequencies, to consist of two section breaks back-to-
back, to belong to neither grid, the sudden loss of power, parallel to the
rail tracks, to be especially suited to high-speed operations, bipolar
overhead lines, high risk of short circuits.

Exercise 3. Find pairs of synonyms among the words given below.
Catenary n., straining n., overhead wiring, following adj., expose v.,
tension n., cramp ., successive adj., sheave n., even adj., horizontal adj.,
vibration n., subject v., clamp n., secondary adj., uniform adj., pulley n.,
back-to-back adj., oscillation n., consecutive adj., auxiliary adj., level
adj..

Exercise 4. Read and translate the following text.

Overhead lines

Overhead lines or overhead wires are used to transmit electrical energy to
trams, trolleybuses or trains at a distance from the energy supply point.
These overhead lines are known variously as

» Overhead contact system (OCS)—Europe, except UK

» Overhead line equipment (OLE or OHLE)—UK

» Overhead wiring (OHW)—Australia

» Catenary—United States, Singapore (North East MRT Line) and

Canada.

Overhead line is designed on the principle of one or more overhead wires
situated over rail tracks, raised to a high electrical potential by connection
to feeder stations at regular intervals. The feeder stations are usually fed
from a high-voltage electrical grid.
Construction. To achieve good high-speed current collection it is
necessary to keep the contact wire geometry within defined limits. This
is usually achieved by supporting the contact wire from above by a
second wire known as the messenger wire (UK & Europe) or catenary
(US & Canada). This wire is attached to the contact wire at regular
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intervals by vertical wires known as droppers or drop wires. The
messenger wire is supported regularly at structures, by a pulley, link, or
clamp. The whole system is then subjected to a mechanical tension.

As the contact wire makes contact with the pantograph, the carbon surface
of the insert on top of the pantograph is worn down. Going around a
curve, the "straight" wire between supports will cause the contact wire to
cross over the whole surface of the pantograph as the train travels around
the curve, causing an even wear and avoiding any notches. On straight
track, the contact wire is zigzagged slightly to the left and right of centre
at each successive support so that the pantograph wears evenly.

Depot areas tend to have only a single wire. Such equipment is known as
simple equipment. When overhead line systems were first conceived,
good current collection was possible only at low speeds, using a single
wire. To enable higher speeds, two additional types of equipment were
developed:

o Stitched equipment uses an additional wire at each support structure,
terminated on either side of the messenger wire.

o Compound equipment uses a second support wire, known as the
auxiliary, between the messenger wire and the contact wire.
Droppers support the auxiliary from the messenger wire, and
additional droppers support the contact wire from the auxiliary. The
auxiliary wire can be constructed of more conductive but less wear-
resistant metal, increasing the efficiency of power transmission.

Dropper wires traditionally only provide physical support of the contact
wire, and do not join the catenary and contact wires
electrically. Contemporary systems use current-
carrying droppers, which eliminate the need for
separate wires.

Tensioning. Catenary wires are kept at a mechanical
tension because the pantograph causes oscillations in
the wire, and the wave must travel faster than the
train to avoid producing standing waves that would
cause the wires to break. Tensioning the line makes
waves travel faster.

For medium and high speeds the wires are generally tensioned by means
of weights, or occasionally by hydraulic tensioners. Either method is
known as auto-tensioning (AT), and ensures that the tension in the
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equipment is virtually independent of temperature. Tensions are typically
between 9 and 20 kN per wire.

For low speeds and in tunnels where temperatures are constant, fixed
termination (FT) equipment may be used, with the wires terminated
directly on structures at each end of the overhead line. Here the tension is
generally about 10 kN. This type of equipment will sag on hot days and
hog on cold days.

Breaks. To allow maintenance to sections of the overhead line without
having to turn off the entire system, the overhead line system is broken
into electrically separated portions known as sections. The transition from
section to section is known as a section break and is set up so that the
locomotive's pantograph is in continuous contact with the wire.

For bow collectors and pantographs, this is done by having two contact
wires run next to each other over a length about four wire supports: a new
one dropping down and the old one rising up until the pantograph
smoothly transfers from one to the next. The two wires never touch
(although the bow collector/pantograph is briefly in contact with both
wires). In normal service the two sections are electrically connected, but
this can be broken for servicing.

On overhead wires designed for trolley poles this is done by having a
neutral section between the wires, requiring an insulator. The driver of the
tram or trolleybus must turn off the power when the trolley pole passes
through, to prevent arc damage to the insulator.

Sometimes on a larger electrified railway, tramway or trolleybus system it
1s necessary to power different areas of track from different power grids,
the synchronisation of the phases of which cannot be guaranteed.
(Sometimes the sections are powered with different voltages or
frequencies.) There may be mechanisms for having the grids synchronised
on a normal basis, but events may cause desynchronisation. This is no
problem for DC systems, but for AC systems it is undesirable to connect
two unsynchronised grids. A normal section break is insufficient to guard
against this since the pantograph briefly connects both sections.

Instead, a phase break or neutral section is used. This consists of two
section breaks back-to-back so that there is a short section of overhead
line that belongs to neither grid. If the two grids are synchronized, this
stretch of line is energized (by either supply) and trains run through it
normally. If the two supplies are not synchronized, the short isolating
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section 1s disconnected from the supplies, leaving it electrically dead,
ensuring that the two grids cannot be connected to each other.

The sudden loss of power over the phase break would jar the train if the
locomotive was at full throttle, so special signals are set up to warn the
crew. When synchronization is lost and the phase break is deenergized,
the train's operator must put the controller (throttle) into neutral and coast
through an isolated phase break section.

Overhead catenary. A catenary is a system of overhead wires used to
supply electricity to a locomotive, streetcar, or light rail vehicle which is
equipped with a pantograph.

Unlike simple overhead wires catenary systems use at least two wires.
One wire, called the catenary or messenger wire, is hung at a specific
tension in the shape of a mathematical catenary between line structures.
The second wire is held in tension by the messenger wire, and is attached
to it at frequent intervals by clamps and connecting wires. The second
wire is straight and level, parallel to the rail tracks, suspended over it as
the roadway of a suspension bridge is over water.

Simple wire installations are common in light rail applications, especially
on city streets, while more expensive catenery systems are especially
suited to high-speed operations.

Multiple overhead lines. There are and were some railways that used
two or three overhead lines, usually to carry three-phase current to the
trains. On these railways the two conductors of the overhead lines are
used for two different phases of the three-phase AC, while the rail was
used for the third phase. The neutral was not used.

On DC systems bipolar overhead lines were sometimes used to avoid
galvanic corrosion of metallic parts near the railway.

All systems of multiple overhead lines have the disadvantage of high risk
of short circuits at switches and therefore tend to be impractical in use,
especially when high voltages are used or when trains run through the
points at high speed.

Exercise 5. Answer the questions.

1 What are overhead lines are used for? 2 What other names of overhead
lines do you know? 3 What principle is overhead line designed on?
4 How to achieve good high-speed current collection? 5 What is to be
done with contact wire to make the pantograph wear evenly? 6 Which
two additional types of equipment were developed to enable higher
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speeds? 7 Why are catenary wires kept at a mechanical tension?
8 Why is the overhead line broken into separated portions known as
sections? 9 What is a section break? 10 Why is a phase break or neutral
section used? 11 What 1s the difference between simple overhead
lines and catenary systems? 12 Why are multiple overhead lines used?

Exercise 6. Complete the sentences.

1 ... are used to transmit electrical energy to trams, trolleybuses or trains
at a distance from the energy supply point. 2 The feeder stations are
usually fed from ... 3 ... it is necessary to keep the contact wire geometry
within defined limits. 4 ... is attached to the contact wire at regular
intervals by vertical wires known as ... 5 ... uses an additional wire at
each support structure, terminated on either side of the messenger wire.
6 ... uses a second support wire, known as the auxiliary, between the
messenger wire and the contact wire. 7 Catenary wires are kept at a
mechanical tension because ... 8 For medium and high speeds the wires
are generally tensioned by means of ... 9 To allow maintenance to
sections of the overhead line without having to turn off the entire system,
... 10 ... 1s known as a section break. 11 A catenary is ... 12 Unlike
simple overhead wires catenary systems use ... 13 All systems of multiple
overhead lines have the disadvantage of ...

Exercise 7. Scan the text and give definitions of the following notions:
Overhead lines (overhead wires), feeder station, messenger wire
(catenary), dropper (drop wire), stitched equipment, compound
equipment, auxiliary wire, weight (hydraulic tensioner), section break,
neutral section, phase break.

Exercise 8. Write an annotation to the text.

UNIT 5§
26



Exercise 1. Read and memorize the following words and word
combinations.

rigid — adj. *xopcTKuii, HEPYXOMO 3aKPITLIICHHUI],

additional rail — nonaTkoBa, nomOMI>KHA pelika,

conductor rail — KOHTakTHa pelika,

mass transit — rpoMaJCbKU TPAHCIIOPT,

rapid transit — mBuaKICHUN TpaHCTIOPT (0COOIMBO MICBKHI — METPO abo
MOHOPEWKOBI IOPOTH),

alignment — ». po3TairyBaHHS 110 OJIHIM JIiH11, BUPIBHIOBAHHS,
segregated — adj. 130150BaHUM,

running rail — po6oua pelika,

insulator — n. 1305TOp; 130JISIIHHUI MaTepiall,

bracket — n. kpoHiTelH, cko0a (kpinunvHa),

shoe — n. xonoaka; Oammax,

diversity — n. po3MaiTiCTh; pI3HOMAHITT,

affect — v. BrumBatu (Ha wo-rebyow),

build-up — n. HarpoMamKEHHS; HAPOILYyBaHHs,

generating station — eJIeKTpOCTaHIIis,

leakage — n. BUTIKaHHs, TPOCOYYBaHH,

rubber tyre — rymoBa 11Ha, IOKPHILIKA,

live — adj. nmiag Hanpy>XeHHAM, T1JKIIOYEHUN 10 JPKepena KUBJICHHS,
guide bar — HanpsMHA IITaHTa,

feed — v. ’xxuBUTH, TOCTAUYATH,

effect — v. 3a1licHIOBaTH; pOOUTH; BUKOHYBATH; 3alIPOBAJI)KYBaTH,
conventional track — Tpaauiiiina, 3Bu4aiiHa Kois,

wire bond — 1poToBe 3’€1HaHHS,

spacing — n. IHTE€pBaJl, BIJICTaHb; PO3MIIIICHHS,

composite — adj. ckIag0BUM, CKIATHUMN,

running face — xozoBa/poboya nMoBepxHs,

wear — 7. 3HOIIIYBaHHS,

level crossing — cxpelieHHsa JOpIr Ha OJIHIM IJIOIIMHI; TIepexpectsa 0e3
TYHEJII0; TIepei3 ] 31 IIaroaymMmom,

Crossover — n. epexija; MUISXOIpPOoBi,

ramp — 7. aHaycC, paMIia,

transition — n. nmepexin,

cost-effective — adj. pentadenbHu,

power unit — GJI0K KUBJICHHS,
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traffic density — IHTEHCUBHICTb JTOPOKHBOTO pYyXYy;
BAHTAXKOHAIMPYKEHICTD,

overbridge — n. nUIIXOMPOBIJ, IEPEXi] HAJL JOPOroko ad0 3aTi3HUIIEIO,
clearance — 7. 3a30p, POCBIT, KJIIPEHC,

intrusion — n. BTOprHeHHs,

hazard — n. pusuk, HeOe3neka,

feasible — adj. migxoasuuyii, MOXIUBUH,

at-grade — Ha OJTHOMY pIBHI,

grade crossing — mepeTUHaHHS 3aII3HUYHOI KOJIII 3 II0CE€ HAa OJHOMY
pI1BHI,

to be prone to — v. 0yTu CXUJIBHUM JI0 YOT0-HEOY/Ib,

stranded — adj. y ckpyTHOMY CTaHOBHIII, SIKUW CUIUThH HA MUJIMHI,
obsolete — adj. 3actapinuii, SIKUi BUIIIOB 13 B)KUTKY,

people mover (PM) — mnacaxupcbkuili MapuIpyTHUW TPAaHCIOPT
(eckanartop),

revive — v. BIJIpOJI’)KyBaTH, MIOYKBABTIOBATH; BOCKPEIIATH,

arcing — n. ICKpiHHSI; YTBOPEHHs 00 TOPIHHS AYTH,

exacerbate — v. mocuiaroBaTH,

main — n. MaricTpa’s.

Exercise 2. Translate the following word-combinations.

Third-rail electrification system, overhead power supply, through a
continuous rigid conductor, mass transit or rapid transit system, to supply
direct current electricity, metal contact blocks called '"shoes", side
running, bottom running, top running, to be affected by the build-up of
snow or leaves, live guide bars, to minimise resistance in the electric
circuit, to give better wear, relatively cheap to install, less visual intrusion
on the environment, to present the hazard of electric shock, to operate
dedicated de-icing trains, to deposit an oily fluid on the conductor rail, to
prevent the build-up, the positive rail has twice the voltage of the negative
rail, to cause electrolytic damage, the water and gas mains.

Exercise 3. Match word and word combinations with their definitions.
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1) third rail a) a place where a railroad track
crosses a road at the same level

2) grade crossing b) a bridge over a railway or road

c) a point at which a railway and a
3) crossover road cross, especially one with

barriers that close the road when a
4) level crossing train is scheduled to pass

d) an extra rail from which an
5) overbridge electric train picks up current by

means of a sliding collector to feed
6) conductor rail power to its motors

e) any of various automated forms
7) people mover of transport for large numbers of

passengers over short distances,
such as a moving pavement,
driverless cars, etc

f) a rail transmitting current to an
electric train or other vehicle

g) a place at which a crossing is
made a point of transfer between
two main lines

Exercise 4. Read and translate the following text.

Third-rail electrification systems

Third-rail electrification systems are, apart from on-board batteries, the
oldest means of supplying electric power to trains on railways using their
own corridors, particularly in cities. Overhead power supply was initially
almost exclusively used on tramway-like railways, though it also
appeared slowly on mainline systems.

A third rail is a method of providing electric power to a railway train
through a continuous rigid conductor placed alongside or between the
rails of a railway track (they use an additional rail (called a "conductor
rail") for the purpose). It 1s used typically in a mass transit or rapid transit
system, which has alignments in its own corridors, fully or almost fully
segregated from the outside environment. In most cases, third rail systems
supply direct current electricity.
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On most systems, the conductor rail 1s placed on the sleeper ends outside
the running rails, but in some cases a central conductor rail is used. The
conductor rail is supported on ceramic insulators or insulated brackets,
typically at intervals of 10 feet (3 metres) or so.

The trains have metal contact blocks called "shoes" which make contact
with the conductor rail. There is considerable diversity about the contact
position between the train and the rail. Sometimes the shoe is designed to
contact the side (called side running) or bottom (called bottom running) of
the third rail, allowing the protective cover to be mounted directly to its
top surface. When the shoe slides on top, it is referred to as top running.
When the shoe slides on the bottom it is not affected by the build-up of
snow or leaves. On many systems an insulating cover is provided above
the third rail to protect employees working near the track.

The traction current is returned to the generating station through the
running rails and leakage to ground is not considered serious. Where
trains run on rubber tyres, live guide bars must be provided to feed the
current. The return 1s effected through the rails of the conventional track
between these guide bars.

The conductor rail is usually made of high conductivity steel, and the
running rails have to be electrically connected using wire bonds or other
devices, to minimise resistance in the electric circuit. One method for
reducing current losses (and thus increase the spacing of feeder/sub
stations, a major cost in third rail electrification) is to use a composite
conductor rail of a hybrid aluminium/steel design. The aluminium is a
better conductor of electricity, and a running face of stainless steel gives
better wear. The conductor rails have to be interrupted at level crossings
and at crossovers, and ramps are provided at the ends of the sections to
give a smooth transition to the train shoes.

Electric traction systems (where electric power is generated at a remote
power station and transmitted to the trains) are considerably more cost-
effective than diesel or steam units, where the power unit is carried on the
train. This advantage is especially marked in urban and rapid transit
systems with a high traffic density.

So far as first cost is concerned, third-rail systems are relatively cheap to
install, compared to overhead wire contact systems, as no structures for
carrying the overhead contact wires are required, and there is no need to
reconstruct overbridges to provide clearances. There is much less visual
intrusion on the environment.
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However as third rail systems present the hazard of electric shock, higher
system voltages (above 1500 v) are not feasible. Very high currents are
therefore used, resulting in considerable power loss in the system, and
requiring relatively closely spaced feed points (sub-stations).

The presence of an electrified rail also makes it extremely dangerous for a
person to fall into the tracks. This, however, can be avoided by using
platform screen doors. Furthermore, third rail systems must either be fully
grade-separated, or, if they operate at-grade, they must implement some
kind of mechanism to effectively stop pedestrians from walking onto the
tracks at grade crossings.

The end ramps of conductor rails (where they are interrupted, or change
sides) present a practical limitation on speed due to the mechanical impact
of the shoe, and 160 km/h (100 mph) is considered the upper limit of
practical third-rail operation.

Third rail systems using top contact are prone to accumulations of snow,
and ice formed from refrozen snow, and this can interrupt operations.
Some systems operate dedicated de-icing trains to deposit an oily fluid on
the conductor rail to prevent the build-up.

Because of the gaps in the conductor rail (at level crossings and
crossovers) it is possible for a train to stop in a position where all of its
shoes are in gaps, so that no traction power is available. The train is said
to be "gapped". In these circumstances a following train is brought up
behind the stranded train to push it on to the conductor rail. On some
systems this prevents the running of very short trains (which have fewer
shoes).

Third rail i1s not obsolete. There are, however, countries (particularly
Japan, South Korea, India, Spain) more eager to adopt overhead wiring to
their urban railways. But at the same time there were (and still are) many
new third rail systems built elsewhere, including technologically
advanced countries (e.g. Copenhagen Metro, Taipei Metro, Wuhan
Metro). Bottom powered railways (it may be too specific to use the term
'third rail") are also usually those having rubber-tyred trains, whether it is
a heavy metro (except two other lines of Sapporo Subway) or a small
capacity people mover (PM). Practically the type of railways where third
rail is no longer used in new systems is regional and long distance rail,
which require higher speeds and voltages. The third rail technology at
street tram lines has recently been revived in the new system of Bordeaux
(2004).
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The London Underground uses a four-rail system where both conductor
rails are live relative to the running rails, and the positive rail has twice
the voltage of the negative rail.

This scheme was introduced because of the problems of return currents,
intended to be carried by the earthed (grounded) running rails, flowing
through the iron tunnel linings instead. This can cause electrolytic damage
and even arcing if the tunnel segments are not electrically bonded
together. The problem was exacerbated because the return current also
had a tendency to flow through nearby iron pipes forming the water and
gas mains.

Exercise 5. Answer the questions.

1 What is the oldest means of supplying electric power to trains on
railways? 2 What provides electric power through a rigid conductor
placed alongside or between the rails of a railway track? 3 Where is it
typically used? 4 Where is the contact rail placed? 5 How do trains make
contact with the conductor rail? 6 What kinds of contact do you know?
7 What material is the conductor rail made of? 8 What can be done to
reduce current losses? 9 What are the advantages of electric traction and
third rail systems? How to avoid them? 10 What hazards do third rail
systems present? 11 What do some systems do to prevent accumulations
of snow? 12 Prove that the third rail is not obsolete. 13 What is the four-
rail system? Why was it introduced?

Exercise 6. Scan the text and give definitions of the following notions:
Third-rail electrification system, a third rail, conductor rail, "shoes", side
running, bottom running, top running, electric traction system, "gapped"
train, four-rail system.

Exercise 7. Complete the sentences.

1 ...1s amethod of providing electric power to a railway train through a
rigid conductor. 2 In most cases third rail systems supply . . . 3 The
traction current is returned to . . . trough ... 4 ... is usually made of high
conductivity steel. 5 The aluminium is a better conductor of electricity
and . . . of stainless steel gives . . . 6 The conductor rail has to be
interrupted at . . . and ... 7. ... present a practical limitation on speed due
to . . . 8 Third rail systems using top contact . . . to . .. of snow and ice.
9 A train that stops in a position where all its shoes are in gaps is said to
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be ... 10 Return current, flowing through the iron tunnel linings instead
of ...cancause ...andeven. ..

Exercise 8. Scan the text again, find the information concerning
innovations in third rail systems of the countries and cities mentioned
in the text.

Exercise 9. Write an annotation to the text.

SUPPLEMENTARY READING

Electricity

Electricity is the set of physical phenomena associated with the presence
and flow of electric charge. Electricity gives a wide variety of well-known
effects, such as lightning, static electricity, electromagnetic induction and
the flow of electrical current. In addition, electricity permits the creation
and reception of electromagnetic radiation such as radio waves.

In electricity, charges produce electromagnetic fields which act on other
charges. Electricity occurs due to several types of physics:

e clectric charge: a property of some subatomic particles, which
determines their electromagnetic interactions. Electrically charged
matter is influenced by, and produces, electromagnetic fields.

e clectric current: a movement or flow of electrically charged
particles, typically measured in amperes.

e clectric field (see electrostatics): an especially simple type of
electromagnetic field produced by an electric charge even when it is
not moving (i.e. there is no electric current). The electric field
produces a force on other charges in its vicinity. Moving charges
additionally produce a magnetic field.

e clectric potential: the capacity of an electric field to do work on an
electric charge, typically measured in volts.

e clectromagnets: electrical currents generate magnetic fields, and
changing magnetic fields generate electrical currents

In electrical engineering, electricity is used for:
e clectric power where electric current is used to energise equipment
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e clectronics which deals with electrical circuits that involve active
electrical components such as vacuum tubes, transistors, diodes and
integrated circuits, and associated passive interconnection
technologies

Electrical phenomena have been studied since antiquity, though advances
in the science were not made until the seventeenth and eighteenth
centuries. Practical applications for electricity however remained few, and
it would not be until the late nineteenth century that engineers were able
to put it to industrial and residential use. The rapid expansion in electrical
technology at this time transformed industry and society. Electricity's
extraordinary versatility as a means of providing energy means it can be
put to an almost limitless set of applications which include transport,
heating, lighting, communications, and computation. Electrical power is
the backbone of modern industrial society, and is expected to remain so
for the foreseeable future.

Electric shock

A voltage applied to a human body causes an electric current through the
tissues, and although the relationship is non-linear, the greater the voltage,
the greater the current. The threshold for perception varies with the supply
frequency and with the path of the current, but is about 0.1 mA to 1 mA
for mains-frequency electricity, though a current as low as a microamp
can be detected as an electrovibration effect under certain conditions. If
the current is sufficiently high, it will cause muscle contraction,
fibrillation of the heart, and tissue burns. The lack of any visible sign that
a conductor is electrified makes electricity a particular hazard. The pain
caused by an electric shock can be intense, leading electricity at times to
be employed as a method of torture. Death caused by an electric shock is
referred to as electrocution. Electrocution is still the means of judicial
execution in some jurisdictions, though its use has become rarer in recent
times.

Electrical phenomena in nature
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Electricity is not a human invention, and may be observed in several
forms in nature, a prominent manifestation of which is lightning. Many
interactions familiar at the macroscopic level, such as touch, friction or
chemical bonding, are due to interactions between electric fields on the
atomic scale. The Earth's magnetic field is thought to arise from a natural
dynamo of circulating currents in the planet's core. Certain crystals, such
as quartz, or even sugar, generate a potential difference across their faces
when subjected to external pressure. This phenomenon is known as
piezoelectricity, from the Greek piezein, meaning to press, and was
discovered in 1880 by Pierre and Jacques Curie. The effect is reciprocal,
and when a piezoelectric material is subjected to an electric field, a small
change in physical dimensions take place.

Some organisms, such as sharks, are able to detect and respond to
changes in electric fields, an ability known as electroreception, while
others, termed electrogenic, are able to generate voltages themselves to
serve as a predatory or defensive weapon. The other Gymnotiformes, of
which the best known example is the electric eel, detect or stun their prey
via high voltages generated from modified muscle cells called
electrocytes. All animals transmit information along their cell membranes
with voltage pulses called action potentials, whose functions include
communication by the nervous system between neurons and muscles. An
electric shock stimulates this system, and causes muscles to contract.
Action potentials are also responsible for coordinating activities in certain
plants and mammals.

Electricity in popular culture
In the 19th and early 20th century, electricity was not part of the everyday
life of many people, even in the industrialised Western world. The
popular culture of the time accordingly often depicts it as a mysterious,
quasi-magical force that can slay the living, revive the dead or otherwise
bend the laws of nature. This attitude is manifest in Mary Shelley's
Frankenstein (1819), which originated the clich¢ of a mad scientist
reviving a patchwork creature with electrical power.
As the public familiarity with electricity as the lifeblood of the Second
Industrial Revolution grew, its wielders were more often cast in a positive
light, such as the workers who "finger death at their gloves' end as they
piece and repiece the living wires" in Rudyard Kipling's 1907 poem The
Sons of Martha. Electrically powered vehicles of every sort featured large
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in adventure stories such as those of Jules Verne or the Tom Swift books.
The masters of electricity, whether fictional or real — including scientists
such as Thomas Edison, Charles Steinmetz or Nikola Tesla — were
popularly conceived of as having wizard-like powers.

With electricity ceasing to be a novelty and becoming a necessity of
everyday life in the latter half of the 20th century, it required particular
attention by popular culture only when it stops flowing, an event that
usually signals disaster. The people who keep it flowing, such as the
nameless hero of Jimmy Webb’s song "Wichita Lineman" (1968), are still
often cast as heroic, wizard-like figures.

Hybrid train
A hybrid train is a locomotive, railcar or train that uses an onboard
rechargeable energy storage system (RESS), placed between the power
source (often a diesel engine prime mover) and the traction transmission
system connected to the wheels. Since most diesel locomotives are diesel-
electric, they have all the components of a series hybrid transmission
except the storage battery, making this a relatively simple prospect.
Surplus energy from the power source, or energy derived from
regenerative braking, charges the storage system. During acceleration,
stored energy is directed to the transmission system, boosting that
available from the main power source. In existing designs, the storage
system can be electric traction batteries, or a flywheel. The energy source
is diesel, liquified petroleum gas, or hydrogen (for fuel cells) and
transmission is direct mechanical, electric or hydrostatic.
Diesel electric locomotives have high potential for energy savings when
using dynamic braking, which use the traction motors as generators to
stop the train. Without a way to recover and store the braking energy,
these engines currently have no option other than to transfer it into the
atmosphere as heat, using large electric heating elements and high
velocity cooling fans.
Using a storage system means that a non-fully electric train can use
dynamic braking, and even shut down the main power source whilst
idling or stationary. Reducing energy consumption provides
environmental benefits and economic savings. A smaller scale version of
the concept is found in hybrid automobiles, such as the Toyota Prius.

Hybrid electric vehicle
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A hybrid electric vehicle (HEV) is a type of hybrid vehicle and electric
vehicle which combines a conventional internal combustion engine (ICE)
propulsion system with an electric propulsion system. The presence of the
electric powertrain 1s intended to achieve either better fuel economy than
a conventional vehicle or better performance. There are a variety of HEV
types, and the degree to which they function as EVs varies as well. The
most common form of HEV is the hybrid electric car, although hybrid
electric trucks (pickups and tractors) and buses also exist.

Modern HEVs make use of efficiency-improving technologies such as
regenerative braking, which converts the vehicle's kinetic energy into
electric energy to charge the battery, rather than wasting it as heat energy
as conventional brakes do. Some varieties of HEVs use their internal
combustion engine to generate electricity by spinning an electrical
generator (this combination is known as a motor-generator), to either
recharge their batteries or to directly power the electric drive motors.
Many HEVs reduce idle emissions by shutting down the ICE at idle and
restarting it when needed; this is known as a start-stop system. A hybrid-
electric produces less emissions from its ICE than a comparably-sized
gasoline car, since an HEV's gasoline engine is usually smaller than a
comparably-sized pure gasoline-burning vehicle (natural gas and propane
fuels produce lower emissions) and if not used to directly drive the car,
can be geared to run at maximum efficiency, further improving fuel
economy.

Ferdinand Porsche in 1901 developed the Lohner-Porsche Mixte Hybrid,
the first gasoline-electric hybrid automobile in the world. The hybrid-
electric vehicle did not become widely available until the release of the
Toyota Prius in Japan in 1997, followed by the Honda Insight in 1999.
While initially perceived as unnecessary due to the low cost of gasoline,
worldwide increases in the price of petroleum caused many automakers to
release hybrids in the late 2000s; they are now perceived as a core
segment of the automotive market of the future.
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