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Chapter 1 Introduction 1

Chapter 1 Introduction

Railway consists of two steel rails which are held a fixed distance apart upon a road bed.
Vehicles, guided and supported by flanged steel wheels, and connected into trains, are
propelled as a means of transportation.

Within this definition there are many different forms, such as driving mode, details of
the track structure, train composition, traffic, etc. are all within the category of the term
“railway”.

The railway definition is composed of three critical factors:

(1) It reduced friction to an extent that let the heavy locomotive not only move itself
across the land but have enough power left over to move a good load at an unprecedented
speed.

(2) It reduced the cost of a low-friction railway, making it possible for the railway to
penetrate any area of the country where raw materials were found or people lived and worked.

(3) It provided a guideway, eliminating the limitation of transporting everything in
single vehicles. This distributes the cost of motive power and crew over a number of practical
loads.

Railways have usually been built for economic reasons, but some railways were also
constructed as part of their country’s military establishment. In many countries railways
were constructed to store of raw materials such as forests, coal deposits, oil fields, iron mine
and copper ore.

Railways have built-in degradation, tracks, rolling stock, and motive power must be

maintained and renewed.

Power supply

The electric locomotive is supplied externally with electric power, either through an
overhead contact line or through a third-rail.

Early locomotives had a variety of forms. Generally they were designed according to the
current supply mode, so locomotives with a direct current (DC) supply had DC motors while
alternating current (AC) supplied locomotives operate with AC motors. AC can be either
single or three phase. While the former requires two wire supply, one overhead the other
being the track, three phase requires three supply wires. Three phase locomotives therefore
had two lines as overhead supplies, and one as the track.

DC supplies were either overhead or by means of track level supply, commonly called



2 RENEERLT W RE

the third rail.
Now a stable electric control system means the motor does not need to match the supply.
This means multi-voltage cross border locomotives are now quite common. Drive motors are

generally DC, but there are more and more 3 phase drive motors.
Railway track

A rail is a long piece of iron. A railway track always has two rails. They always have to
keep the same separation distance, otherwise the train will fall off. If a train fall off, people
say that it is derailed.

Today most railways have rolling stock with hard steel flanged wheels running on two
rails set at or about 1,435 mm standard gauge, supported in some way to spread loads to the
ground below.

The function of the track structure is to transform the intense load of the wheel on the
head of the rail to a moderate, distributed pressure under which the earth underneath can
sustain under all weather conditions without settling. At present, the main elements of typical
track structure include rails, crossties, fasteners, ballast, turnout, etc. The basic structure of

railway components is shown in Fig.1.1.

Rail 4741
Sleeper 4Lt
Trackbed i &

Fig.1.1 Railway structure

The term “subgrade” refers to the natural soil stratum, or embankment soil, after
trimming off organic topsoil and made ground, upon which the track bed is constructed.

The “trackbed” comprises the ballast and any subballast layers to support the track, to
drain water from the bottom of the sleepers and to distribute the imposed load on track to
such a degree that the subgrade can resist the imposed bearing pressure adequately.

Various other civil engineering technology were also involved in the construction of
railways. These included the building of bridges, tunnels and gravity wall as well as extensive
earthworks and drainage.

Train

In order to form a train, locomotives and cars (freight cars, passenger cars or other
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rolling stock) must be coupled together by couplers.
Today there is a very wide range of rolling stock used throughout the world on different
railways. This range includes the following basic types:
+ Locomotives.
* Freight wagons.
+ Passenger coaches.
* Multiple units (with motive power in-built).
+ Metro cars (usually multiple units).
+ Light rail / Trams (usually articulated units).
+ Railway service cars (cranes, tampers and trolleys).
Combining the vehicles into trains is important in increasing the capacity of a narrow

transportation corridor, is particularly important in providing needed mobility without
wasting vast areas of real estate.

Signals and communication

The diagram (Fig.1.2) shows the main technology interface of high-speed train, the
railway is classified as a “single degree of freedom” mode of transport, that is, rail vehicles
can only go back and forth along the “guideway”. With only this one degree of freedom in
which to maneuver, attaining high unit capacity and safety on an all-weather basis depends on
a control system that keeps its vehicles in proper relation to each other. If paths cross or
vehicles overtake each other from the same or opposite directions, a collision is inevitable.

traction power supply
25| (RAITHE) multiple unit power

S
¥ \(BF, Bt e ¥/%g%§
communication signals

> |

HAEEE '\Power supply
(BedFr A ) T 3
! clearance (R )
; ~ L5 4 IR
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civil engineering\r

TR T
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Fig.1.2 Technology interface of high-speed train

The purpose of signal systems is not so much to increase safety as it is to step up the

efficiency and capacity of a line in handling traffic. Nevertheless, it is convenient to discuss
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signal system principles in terms of the three types of collisions they must prevent (rear-end,
side-on, and head-on).

The terms “railway” generally refers to the track and other closely associated items, i. e.,
signals, crossings, bridges, etc. Railway is a typical mode of land transport, which can only
sell service. The traffic department is the department of operation & management and
marketing of railroad, and its job is to sell transportation. It obtains profits from

administering traffic.

Words and Expressions

roadbed ['roudbed] n. 5

turnout ['ts:navt] n. 1875

crosstie ['krozs,tar] n. FLA
subgrade ['sabgreid] n. HiFE, BEIE
crossing ['krosig] n. F3ZiE [
embankment [1m'ba&nkm(o)nt; em-] n. S
trackbed ['trek'bed] n. E K

ballast ['balost] n. iBAE

subballast [sab'bzlost] n. Ji&/ZEHE
sleeper ['slizpa] n. HLHL

earthworks ['3:0wsiks] n. 1+ 5 T
drainage ['dremnid3] n. HEZK

Notes

1. Vehicles, guided and supported by flanged steel wheels, and connected into trains, are
propelled as a means of transportation.

ey —Fh il TR, i S i se S S m), wdlisty.

2. It provided a guideway, eliminating the limitation of transporting everything in single
vehicles.

BREEARME T — 28 ve I B R A0z i SR BR A9 i A2

3. Railways have built-in degradation, tracks, rolling stock, and motive power must be
maintained and renewed.

BRESAE A IS, BUE . L4 R EE 5] 3h S5tk y 4idr 5 508 .

4. The “trackbed” comprises the ballast and any subballast layers to support the track, to
drain water from the bottom of the sleepers and to distribute the imposed load on track to

such a degree that the subgrade can resist the imposed bearing pressure adequately.

R EAEM P A RZE AN, T SOERIE, SRR, I Bl
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HEINPERUIE bR, LR B EE R IURSZ R R T .

Exercises

1. Translate the following phrases into Chinese.

locomotive freight wagon passenger coach multiple units metro car light rail railway
service cars

2. Translate the following sentences into Chinese.

(1) At present, the main elements of typical track structure include rails, crossties,
fasteners, ballast, turnout, etc.

(2) The purpose of signal systems is not so much to increase safety as it is to step up the
efficiency and capacity of a line in handling traffic.

3. Translate the following paragraphs into Chinese.

The terms “railway” generally refers to the track and other closely associated items, i. e.,
signals, crossings, bridges, etc. Railway is a typical mode of land transport, which can only
sell service. The traffic department is the department of operation & management and
marketing of railroad, and its job is to sell transportation. It obtains profits from

administering traffic.
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Chapter 2 Locomotive

Unit 1 Introduction of Locomotive

A locomotive is a railway vehicle that provides the motive power for a train, and has no
payload capacity of its own, its sole purpose is to move the train along the tracks. Many trains
feature self-propelled payload-carrying vehicles, these are not normally considered
locomotives, and may be referred to as multiple units or railcars (railcar here refers to
non-passenger railway vehicles with power to transport personnel and material), the use of
these self-propelled vehicles is increasingly common for passenger trains, but very rare for
freight. Vehicles, which provide the motive power to haul an unpowered train, are not
generally considered locomotives but known as power cars because they have payload space
or are rarely detached from their trains.

Traditionally, locomotives haul their trains. Increasingly common these days in
passenger service is push-pull operation, where the locomotives push the trains in one
direction, and are controlled from a control cab at the opposite end of the train. The
locomotives are often subdivided into three main categories according to their usage in rail
transport operations. They are passenger locomotives, freight locomotives and switcher (or
shunter) locomotives. These categories mainly depend on manoeuvrability, traction power

and speed. Some locomotives are designed to work in mountain railways.

Power plant HYV transmission line Traction substation
B R A 25| R W BT
[aY @)
¢ 4>
u Feed cable
V-8 Lk
wEE FE Bmos  Fx | e
Arrester Switch % E%Handwheel Switch
Catenary #: i Transformer

Al=======sle WMWMWMWM
/000 OO\ OO [OXON OXO) OO0 000

Fig.2.1 Schematic diagram of power supply system for electric locomotive

Locomotives may generate mechanical work from fuel, or they may get power from an
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outside source. It is common to classify locomotives by the means of providing motive work
— one common classification is: steam locomotives, diesel-mechanical locomotives,
diesel-electric locomotives, diesel-hydraulic locomotives, gas turbine locomotives, electric
locomotives, electro-diesel locomotives, magnetic levitation locomotives. This diagram
(Fig.2.1) shows a simplified schematic for electric locomotive power supply system.

The traditional train comprises a collection of coaches (or freight wagons) with suitable
motive power attached in the form of a locomotive. The train is made up of sufficient vehicles
to carry the traffic offering and is provided with enough power for the job. For passenger
operations, one locomotive is usually sufficient. For heavy freight operations, this number
might go up to four locomotives on the front and at some other places along the train.

A good deal of flexibility is possible with locomotive haulage. As long as the train
weight remains within the capacity of the locomotive(s), any number of vehicles can be
attached, although limitations will be imposed by platform or siding lengths. Locomotives
themselves can also be flexible, many of them are designed to cover a range of duties.

The advantages of locomotive hauled trains show they are the best option for many
railway operators around the world, particularly freight but, where traffic is dense, i. e.,
where a large number of trains are required, a more rational approach is necessary,
particularly at terminals. In addition, in very predictable operations like commuter services or

metro lines, fixed formation trains will be the most efficient.

Unit 2 Parts of Electric Locomotive

The diagram (Fig.2.2) shows an AC electric locomotive, i. e., a locomotive collecting
AC power from overhead line. The current passes directly from the pantograph (or shoe) to

the main and auxiliary inverters.

Main rectifier Circuit Pantograph
Compressor Loco cooling fans \
\ O I 0o
Battery \
| \ |
Motor Y

blower B[]
e | == ®

Auxiliary Auxiliary Main transformer\ Axle brusN
3-Phase AC motors  rectifier  inverter To other 3-phase 3-Phase AC motors
AC motors

| —

Fig. 2.2 Parts of an AC electric locomotive
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Electronic Controls

Almost every part of the modern locomotive equipment uses electronic control. They are
usually collected in a control cubicle near the cab for easy access. The controls usually
include a maintenance management system which can be used to download data to a portable

or hand-held computer.

Pinion/Gear

The traction motor drives the axle through a reduction gear of a range between 3 to 1

(freight) and 4 to 1 (passenger).

Asynchronous Motor
Modern traction motors use three phase AC electrical supply and this favoured design
can be used on DC and AC electrified railways and electric locomotives, which are equipped

with suitable control electronics.

Axle Brush

The means by which the power supply circuit is completed with the substation once
power has been drawn on the locomotive. Current collected from the overhead line or third

rail is returned via the axle brush and one of the running rails.

Battery
All trains are provided with a battery for start-up current and for supplying essential
circuits, such as emergency lighting in the case of the line supply fails. The battery is usually

connected across the DC control supply circuit.

Circuit Breaker

An electric train is almost always provided with some sort of circuit breaker to isolate
the power supply when there is a fault, or for maintenance. On AC systems they are usually
on the roof near the pantograph. There are two types—the air blast circuit breaker and the
vacuum circuit breaker (VCB). The air or vacuum part is used to extinguish the arc when two

tips of the circuit breaker open.

Converter

Converter is a generic term for any solid state electronic system for converting
alternating current to direct current or vice versa. Where an AC supply has to be converted to
DC it is called a rectifier and where DC is converted to AC it is called an inverter. The word

originated in the US but is now common elsewhere.

Cooling Fans

To keep the thyristors and other electronic power systems cool, the interior of a modern
locomotive is equipped with an air management system, electronically controlled to keep all
systems operating at the correct temperature. The fans are powered by an auxiliary inverter
producing 3-phase AC at about 400 V.
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DC Link
DC link is used on modem electronic power systems between the single phase rectifier
and the 3-phase inverter. It is easy to convert the single phase AC from the overhead line to

the 3-phase required for the motors by rectifying it to DC and then inverting the DC to
3-phase AC.

Inverter
Inverter is a type of electronic power device mounted on trains to provide alternating
current from direct current. It is popular nowadays for DC railways to allow three phase drive

or for auxiliary supplies which need an AC supply.

Line Breaker

Line breaker is a type of electro-mechanical switch in a traction motor power circuit
used to activate or disable the circuit. It is normally closed to start the train and remains
closed all the time while power is required. It is opened by a command from the driving
controller, no-volts detected, overload detected and wheel spin or slide detected. It is linked
to the overload and no-volt control circuits so that it actually functions as a protective circuit

breaker.

Master Controller

Master controller is driver’s power control device located in the cab. The driver moves
the handle of master controller to apply or reduce power of the locomotive or train.

Motor Blowers

Traction motors on electric locomotives get very hot and, to keep their temperature at a
reasonable level for long periods of hard work, they are usually fitted with electric fans called
motor blowers. On a modern locomotive, they are powered by an auxiliary 3-phase AC supply

of around 400 V supplied by an auxiliary inverter.

Rectifier

Rectifier is a type of converter consisting of thyristors and diodes is used to convert AC
to DC. A modern locomotive will usually have at least two rectifiers, one for the power

circuits and one or more for the auxiliary circuits.

Air Compressor

The air compressor is required to provide a constant supply of compressed air for the
locomotive and train brakes. The compressor is usually electrically driven and can therefore

can be mounted anywhere.

Sand Box
Locomotives always carry sand to assist adhesion in bad rail conditions, sand is often

provided on multiple unit train too.



