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43.1. General

By electric traction is meant locomotion in which thedriving (or tractive) forceis obtained from
electric motors. It is used in electric trains, tramcars, trolley buses and diesel-electric vehicles etc.
Electric traction has many advantages as compared to other non-electrical systemsof traction includ-
ing steam traction.

43.2. Traction Systems
Broadly speaking, al traction systems may be classified into two categories:
(a) non-electrictraction systems

They do not involvethe use of electrical energy at any stage. Examplesare: steam engine drive
used in railways and internal -combustion-engine drive used for road transport.

The above picture shows a diesel train engine. These engines are now being
rapidly replaced by electric engines

(b) electrictraction systems

They involve the use of electric energy at some stage or the other. They may be further sub-

divided into two groups :

1. Firstgroup consistsof self-contained vehiclesor locomotives. Examplesare: battery-elec-
tric drive and diesel-electric drive etc.

2. Second group consists of vehicleswhich receive electric power from adistribution network
fed at suitable points from either central power stations or suitably-spaced sub-stations.
Examplesare: railway electric locomotive fed from overhead ac supply and tramways and
trolly buses supplied with dc supply.

43.3. Direct Steam Engine Drive

Though losing ground gradually dueto variousreasons, steam locomotiveisstill themost widely-
adopted means of propulsion for railway work. Invariably, the reciprocating engine is employed
because

1. itisinherently simple.

2. connection between its cylinders and the driving wheelsissimple.

3. itsspeed can be controlled very easily.
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However, the steam locomotive suffers from the following disadvantages :

1. sinceitisdifficult to install a condenser on alocomotive, the steam engine runs non-con-
densing and, therefore, has avery low thermal efficiency of about 6-8 percent.

2. ithasstrictly limited overload capacity.

3. itisavailablefor hauling work for about 60% of itsworking days, the remaining 40% being
spent in preparing for service, in maintenance and overhaul.

43.4. Diesel-electric Drive

It is a self-contained motive power unit which employs a diesel engine for direct drive of adc
generator. Thisgenerator supplies current to traction motors which are geared to the driving axles.

In India, diesel locomotiveswereintroduced in 1945 for shunting service on broad-guage (BG)
sectionsand in 1956 for high-speed main-line operations on metre-guage (MG) sections. It wasonly
in 1958 that Indian Railwayswent in for extensive main-line dieselisation.*

Diesel-€electric traction has the following advantages :

1. nomodification of existing tracksis required while converting from steam to diesel-electric

traction.

2. it providesgreater tractive effort as compared to steam engine which resultsin higher start-

ing acceleration.

3. itisavailablefor hauling for about 90% of its working days.
4. diesel-electric locomotive is more efficient than a steam locomotive (though less efficient

than an electric locomotive).
Disadvantages

1. for same power, diesel-electric locomotiveis costlier than either the steam or electric loco-

motive.

2. overload capacity islimited because diesel engineis aconstant-kW output prime mover.
3. lifeof adiesel engineiscomparatively shorter.

4. diesel-electric locomotive is heavier than plain electric locomotive because it carries the
main engine, generator and traction motors etc.

5. regenerative braking cannot be employed though rheostatic braking can be.

43.5. Battery-electric Drive

In this case, the vehicle carries secondary
batteries which supply current to dc motors used
for driving thevehicle. Suchadriveiswell-suited
for shuntinginrailway yards, for tractionin mines,
forlocal delivery of goodsinlargetownsand large
industrial plants. They havelow maintenance cost
and are free from smoke. However, the scope of
such vehicles is limited because of the small
capacity of the batteries and the necessity of
charging them frequently.

43.6. Advantages of Electric Traction
Ascompared to steam traction, electric trac-

The above picture shows a battery run car. Battery
run vehicles are seen as alternatives for future
transport due to their pollution-free locomotion

*  The Diesel Locomotive Works at Varanasi turns out 140 locomotives of 2700 hp (2015 kW) annually.
Soon it will be producing new generation diesel engines of 4000 hp (2985 kW).
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tion has the following advantages :

1. Cleanliness. Since it does not produce any smoke or corrosive fumes, electric traction is
most suited for underground and tube railways. Also, it causes no damage to the buildings and other
apparatus due to the absence of smoke and flue gases.

2. Maintenance Cost. The maintenance cost of an electric locomotive is nearly 50% of that
for asteam locomotive. Moreover, the maintenance timeis also much less.

3. Starting Time. An electriclocomotive can be started at amoment's notice whereasa steam
locomotive requires about two hoursto heat up.

4. High Starting Torque. Themotorsused in electric traction have avery high starting torque.
Hence, it is possible to achieve higher accelerations of 1.5to0 2.5 km/h/s as against 0.6 to 0.8 km/h/s
in steam traction. Asaresult, we are able to get the following additional advantages:

(i) high schedule speed

(i) increased traffic handling capacity

(i) becauseof (i) and (ii) above, lessterminal spaceisrequired—afactor of great importancein
urban areas.

5. Braking. Itispossibleto useregenerative brakingin electric traction system. It leadsto the
following advantages:

() about 80% of the energy taken from the supply during ascent is returned to it during descent.

(if) goods traffic on gradients becomes safer and speedier.

(iif) sincemechanical brakesare used to avery small extent, maintenance of brake shoes, wheels,
tyres and track railsis considerably reduced because of less wear and tear.

6. SavinginHigh GradeCoal. Steam locomotivesuse costly high-grade coa whichisnot so
abundant. But electric locomotives can be fed either from hydroel ectric stations or pit-head thermal
power stationswhich use cheap low-grade coal. Inthisway, high-grade coal can be saved for metal-
lurgical purposes.

7. Lower Centreof Gravity. Since height of an electric locomotiveis much less than that of
asteam locomotive, its centre of gravity iscomparatively low. Thisfact enables an electric locomo-
tive to negotiate curves at higher speeds quite safely.

8. Absenceof Unbalanced Forces. Electric traction has higher coefficient of adhesion since
there are no unbalanced forces produced by reciprocating masses asisthe case in steam traction. It
not only reduces the weight/kW ratio of an electric locomotive but also improvesitsriding quality in
addition to reducing the wear and tear of the track rails.

43.7. Disadvantages of Electric Traction

1. Themost vital factor against electric traction isthe initial high cost of laying out overhead
electric supply system. Unless the traffic to be handled is heavy, electric traction becomes uneco-
nomical.

2. Power failurefor few minutes can cause traffic dislocation for hours.

3. Communication lineswhich usually run parallel to the power supply lines suffer from elec-
trical interference. Hence, these communication lines have either to be removed away from the rail
track or else underground cables have to be used for the purpose which makes the entire system till
more expensive.

4. Electric traction can be used only on those routes which have been electrified. Obviously,
this restriction does not apply to steam traction.

5. Provision of anegative booster is essential in the case of electric traction. By avoiding the
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flow of return currentsthrough earth, it curtails corrosion of underground pipework and interference
with telegraph and telephone circuits.

43.8. Systems of Railway Electrification

Presently, following four types of track electrification systemsare available:
1. Direct current system—600 V, 750 V, 1500 V, 3000 V

2. Single-phase ac system—15-25kV, 16% , 25 and 50 Hz
3. Threephase ac system—3000-3500 V at 16% Hz
4

Composite system—involving conversion of single-phase ac into 3-phase ac or dc.

43.9. Direct Current System

Direct current at 600-750 V is universally employed for tramways in urban areas and for many
suburban railways while 1500-3000 V dc is used for main line railways. The current collection is
from third rail (or conductor rail) up to 750 V, where large currents are involved and from overhead
wirefor 1500 V and 3000 V, where small currentsareinvolved. Sincein majority of cases, track (or
running) rails are used as the return conductor, only one conductor rail is required. Both of these
contact systems are fed from substations which are spaced 3 to 5 km for heavy suburban traffic and
40-50 km for main lines operating at higher voltages of 1500 V to 3000 V. These sub-stations
themselves receive power from 110/132 kV, 3-phase network (or grid). At these substations, this
high-voltage 3-phase supply is converted into low-voltage 1-phase supply with the help of Scott-
connected or V-connected 3-phase transformers (Art. 31.9). Next, thislow ac voltage is converted
into the required dc voltage by using suitablerectifiers or converters (like rotary converter, mercury-
arc, metal or semiconductor rectifiers). These substations are usually automatic and are remote-
controlled.

The dc supply so obtained is fed via suitable contact system to the traction motors which are
either dc series motors for electric locomotive or compound motors for tramway and trolley buses
where regenerative braking is desired.

It may be noted that for heavy suburban service, low voltage dc system is undoubtedly superior
to 1-phase ac system due to the following reasons :

1. dc motors are better suited for frequent and rapid acceleration of heavy trains than ac mo-

tors.

2. dctrain equipment islighter, less costly and more efficient than similar ac equipment.

3. when operating under similar service conditions, dc train consumes less energy than a
1-phase ac train.

4. theconductor rail for dec distribution system isless costly, both initially and in maintenance
than the high-voltage overhead ac distribution system.

5. dc system causes no electrical interference with overhead communication lines.

The only disadvantage of dc system is the necessity of locating ac/dc conversion sub-stations at
relatively short distances apart.

43.10. Single-Phase Low-frequency AC System

In this system, ac voltages from 11 to 15 kV at 16% or 25 Hz are used. If supply is from a
generating station exclusively meant for the traction system, thereis no difficulty in getting the elec-
tric supply of 16% or 25 Hz. If, however, electric supply istaken from the high voltage transmission
linesat 50 Hz, then in addition to step-down transformer, the substation is provided with afrequency
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converter. Thefrequency converter equipment consists of a 3-phase synchronous motor which drives
al-phase alternator having or 25 Hz frequency.

The 15 kV 162 or 25 Hz supply is fed to the electric locomotor via a single over-head wire
(running rail providing the return path).

A step-down transformer carried by the locomotive reduces the 15-kV voltage to 300-400 V for
feeding the ac series motors. Speed regulation of ac series motorsis achieved by applying variable
voltage from the tapped secondary of the above transformer.

Low-frequency ac supply is used because apart from improving the commutation properties of
ac motors, it increases their efficiency and power factor. Moreover, at low frequency, line reactance
isless so that line impedance drop and hence line voltage drop is reduced. Because of this reduced
line drop, it isfeasible to space the substations 50 to 80 km apart. Another advantage of employing
low frequency isthat it reduces telephonic interference.

41.11. Three-phase Low-frequency AC System

It uses 3-phase induction motorswhich work on a3.3kV, 162 Hz supply. Sub-stationsreceive

power at a very high voltage from 3-phase transmission lines at the usual industrial frequency of
50 Hz. Thishigh voltage is stepped down to 3.3 kV by transformers whereas frequency is reduced

from50Hz to 16% Hz by frequency convertersinstalled at the sub-stations. Obvioudly, this system
employs two overhead contact wires, the track rail forming the third phase (of course, this leads to
insulation difficulties at the junctions).

Induction motors used in the system are quite simple and robust and give trouble-free operation.
They possess the merits of high efficiency and of operating as a generator when driven at speeds
above the synchronous speed. Hence, they have the property of automatic regenerative braking
during the descent on gradients. However, it may be noted that despite all its advantages, this system
has not found much favour and has, in fact, become obsol ete because of its certain inherent limita-
tions given below :

1. theoverhead contact wire system becomes complicated at crossings and junctions.

2. constant-speed characteristics of induction motors are not suitable for traction work.

3. induction motors have speed/torque characteristics similar to dc shunt motors. Hence, they

arenot suitablefor parallel operation because, even withlittle differencein rotational speeds
caused by unequal diameters of the wheels, motors will becomes loaded very unevenly.

43.12. Composite System

Such asystem incorporates good points of two systemswhileignoring their bad points. Two such
composite systems presently in use are :

1. 1-phaseto 3-phase system also called Kando system

2. 1-phaseto dc system.

43.13. Kando System

In this system, single-phase 16-kV, 50 Hz supply from the sub-station is picked up by the loco-
motive through the single overhead contact wire. It is then converted into 3-phase ac supply at the
same frequency by means of phase converter equipment carried on the locomotives. This 3-phase
supply isthen fed to the 3-phase induction motors.
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As seen, the complicated overhead two contact wire arrangement of ordinary 3-phase systemis
replaced by asingle wire system. By using silicon controlled rectifier asinverter, it is possible to get
variable-frequency 3-phase supply at 1/2 to 9 Hz frequency. At this low frequency, 3-phase motors
develop high starting torque without taking excessive current. In view of the above, Kando systemis
likely to be developed further.

43.14. Single-phase AC to DC System

This system combinesthe advantages of high-voltage ac distribution at industrial frequency with
thedc seriesmotorstraction. It employsoverhead 25-kV, 50-Hz supply which is stepped down by the
transformer installed in the locomotive itself. The low-voltage ac supply is then converted into dc
supply by the rectifier which is also carried on the locomotive. This dc supply is finally fed to dc
series traction motor fitted between the wheels. The system of traction employing 25-kV, 50-Hz,
1-phase ac supply has been adopted for all future track electrification in India.

43.15. Advantages of 25-kV, 50-Hz AC System

Advantages of this system of track electrification over other systems particularly the dc system
areasunder :
1. Light Overhead Catenary

Since voltage is high (25 kV), line current for a given traction demand is less. Hence, cross-
section of the overhead conductorsisreduced. Since these small-sized conductors are light, support-
ing structures and foundations are also light and simple. Of course, high voltage needs higher insula-
tion which increases the cost of overhead egquipment (OHE) but the reduction in the size of conduc-
tors has an overriding effect.

2. LessNumber of Substations

Since in the 25-kV system, line current is less, line voltage drop which is mainly due to the
resistance of thelineiscorrespondingly less. Itimprovesthe voltage regulation of thelinewhich fact
makes larger spacing of 50-80 km between sub-stations possible as against 5-15 km with 1500 V dc
system and 15-30 kmwith 3000 V dc sysem. Since the required number of substationsalong thetrack
is considerably reduced, it leads to substantial saving in the capital expenditure on track electrifica-
tion.

3. Flexibility in the L ocation of Substations

Larger spacing of substations leads to greater flexibility in the selection of site for their proper
location. These substations can be located near the national high-voltage grid which, in our country,
fortunately runs close to the main railway routes. The substations are fed from this grid thereby
saving the railway administration lot of expenditure for erecting special transmission lines for their
substations. On the other hand, in view of closer spacing of dc substationsand their far away location,
railway administration hasto erect its own transmission linesfor taking feed from the national gridto
the substations which consequently increases theinitial cost of electrification.

4. Simplicity of Substation Design

In ac systems, the substations are simplein design and layout because they do not haveto install
and maintain rotary convertersor rectifiersasin dc systems. They only consist of static transformers
aongwith their associated switchgear and take their power directly from the high-voltage national
grid running over the length and breadth of our country. Since such sub-stations are remotely con-
trolled, they have few attending personnel or even may be unattended.
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5. Lower Cost of Fixed I nstallations

Thecost of fixed installationsismuch lessfor 25 kV ac system as compared to dc system. Infact,
cost isin ascending order for 25 kV ac, 3000 V dc and 1500 V dc systems. Consequently, traffic
densities for which these systems are economical are also in the ascending order.

6. Higher Coefficient of Adhesion

The straight dc locomotive has a coefficient of adhesion of about 27% whereas its value for ac
rectifier locomotiveisnearly 45%. For thisreason, alighter ac locomotive can haul the sameload as
a heavier straight dc locomotive. Consequently, ac locomotives are capable of achieving higher
speeds in coping with heavier traffic.

7. Higher Starting Efficiency

An ac locomotive has higher starting efficiency than a straight dc locomotive. In dclocomotive
supply voltage at starting isreduced by means of ohmic resistors but by on-load primary or secondary
tap-changer in ac locomotives.

43.16. Disadvantages of 25-kV AC System

1. Single-phase ac system produces both current and voltage unbalancing effect on the supply.

2. It producesinterferencein telecommunication circuits. Fortunately, itispossibleat least to
minimize both these undesirabl e effects.

Different track electrification systems are summarised below :

Track Electrification Systems

\
[ \ \

DC Systems AC Systems Composite System
|
| | |
Both Running Both Power-received
lines rail acting lines on from I-phase ac
overhead as return ground supply and
conductor but converted to dc
insulated supply
Trolley I \ ]
Bus at 1500 V 2400V 3000V
600 V
[ \
Tramcar Main line Single phase Three phase
at 600 V traction
1500V ‘
Two OH contact
] ‘ \ wires, running
15kV 11 kV Kando 25 kV rail as third phase
162 Hz 25Hz System 50 Hz 3600V, 162Hz

43.17. Block Diagram of an AC Locomotive

The various components of an ac locomotive running on single-phase 25-kV, 50-Hz ac supply
arenumbered in Fig. 43.1.

1. OH contact wire
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As seen, power at 25 KV is taken via a !
pantograph from the overhead contact wireand |
fed to the step-down transformer in the loco-
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|
|
verted into pulsating dc voltage by means of Lo O ©° ]l Lo ,/1©l\ o,

motive. Thelow ac voltage so obtainediscon- /\,_|| Jﬁ

. o =S\
the rectifier. The pulsations in the dc voltage - - - -
are then removed by the smoothing choke be-

foreitisfedto dc seriestraction motorswhich
are mounted between the wheels.

Thefunction of circuit breakersisto immediately disconnect the locomotive from the overhead
supply in case of any fault in its electrical system. The on-load tap-changer is used to change the
voltage across the motors and hence regul ate their speed.

Fig. 43.1

43.18. The Tramways

It is the most economical means of transport for very dense traffic in the congested streets of
largecities. It receives power through abow collector or agrooved wheel from an overhead conduc-
tor at about 600 V dc, the running rail forming the return conductor. It is provided with at least two
driving axles in order to (i) secure necessary adhesion (ii) start it from either end and (iii) use two
motorswith series-parallel control. Two drum-type controllers, one at each end, are used for control-
ling the tramcar. Though these controllers are connected in parallel, they have suitable interlocking
arrangement meant to prevent their being used simultaneously.

Tramcars are being replaced by trolley-buses and internal-combustion-engined omnibuses be-
cause of the following reasons:

1. tramcarslack flexibility of operation in congested
aress.

2. the track constitutes a source of danger to other
road users.

43.19. The Trolleybus

It is an electrically-operated pneumatic-tyred vehicle
which needsno track in the roadway. It receivesits power
at 600 V dc from two overhead contact wires. Since adhe-
sion between arubber-tyred wheel and ground issufficiently
high, only asingledriving axle and, hence, asinglemotor is
used. Thetrolleybus can manoeuvre through traffic ametre
or two on each side of the centre line of the trolley wires.

43.20. Overhead Equipment (OHE)

Broadly speaking, there are two systems of current col-
lection by atraction unit : Trolley Bus
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(i) third rail system and (ii) overhead wire system.

It has been found that current collection from overhead wireisfar superior to that from the third
rail. Moreover, insulation of third rail at high voltage becomes an impracticable proposition and
endangers the safety of the working personnel.

The simplest type of OHE consists of asingle contact wire of hard drawn copper or silico-bronze
supported either by bracket or an overhead span. To facilitate connection to the supports, thewireis
grooved as shown in Fig. 43.2. Because there is appreciable sag of the wire between supports, it
limitsthe speed of the traction unit to about 30 km/h. Hence, single contact wire system issuitablefor
tramwaysand in complicated yards and terminal stationswhere speeds
are low and simplicity of layout isdesirable.

For collection of current by high-speed trains, the contact (or trol-
ley) wire has to be kept level without any abrupt changesin its height
between the supporting structures. It can be done by using the single
catenary system which consists of one catenary or messenger wire of
steel with high sag and the trolley (or contact) wire supported from
messenger wire by means of droppers clipped to both wires as shown
inFig. 43.3.

Fig. 43.2

43.21. Collector Gear for OHE

The most essential requirement of a collector Catenary
isthat it should keep continuous contact with trol- - [ Droppers
ley wire at all speeds. Three types of gear are in u

common use:
1. trolley collector 2. bow collector | ‘
and 3. pantograph collector. RO Contact
To ensure even pressure on OHE, the gear Wire

equipment must, beflexiblein order to follow varia-

tions in the sag of the contact wire. Also, reason- || RallReads |

able precautions must be taken to prevent the col-

lector from leaving the overhead wire at pointsand

Crossings. — —
Fig. 43.3

43.22. The Trolley Collector

This collector is employed on tramways and trolley buses and is mounted on the roof of the
vehicle. Contact with the OH wire is made by means of either a grooved wheel or a sliding shoe
carried at the end of alight trolley pole attached to the top of the vehicle and held in contact with OH
wire by means of aspring. The pole is hinged to a swivelling base so that it may be reversed for
reverse running thereby making it unnecessary for thetrolley wireto be accurately maintained above
the centre of thetrack. Trolley collectors always operate in the trailing position.

Thetrolley collector is suitable for low speeds upto 32 km/h beyond which thereisarisk of its
jumping off the OH contact wire particularly at points and crossing.

43.23. The Bow Collector

It can be used for higher speeds. Asshown in Fig. 43.4, it consists of two roof-mounted trolley
poles at the ends of which is placed a light metal strip (or bow) about one metre long for current
collection. The collection strip is purposely made of soft material (copper, auminium or carbon) in
order that most of the wear may occur on it rather than on the trolley wire. The bow collector also
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operates in the trailing position. Hence, it requires
provision of either duplicate bows or an arrangement
for reversing the bow for running in the reverse di-
rection. Bow collector is not suitable for railway
work where speeds up to 120 km/h and currentsup to
3000 A are encountered. It is so because theinertia /
of the bow collector istoo high to ensure satisfactory
current collection.

Coﬂtaq ‘ere

43.24. The Pantograph Collector ‘ (G ool ‘

Itsfunctionisto maintain link between overhead
contact wire and power circuit of the electric loco-
motive at different speeds under all wind conditionsand Fig. 43.4
stiffness of OHE. It means that positive pressure has to be
maintained at all times to avoid loss of contact and sparking Pan
but the pressure must be as low as possible in order to mini-
mize wear of OH contact wire.

A ‘diamond’ type single-pan pantographisshownin Fig.
43.5. It consists of a pentagonal framework of high-tensile
aloy-steel tubing. The contact portion consists of a pressed
steel pan fitted with renewable copper wearing strips which
areforced against the OH contact wire by the upward action of
pantograph springs. The pantograph can be raised or lowered
from cabin by air cylinders.

Spring

43.25. Conductor Rail Equipment

The conductor rails may be divided into three classes de-
pending on the position of the contact surface which may belocated at the top, bottom or side of the
rail. Thetop contact rail is adopted universally for 600 V dc electrification. The side contact rail is
used for 1200 V dc supply. The under contact rail has the advantage of being protected from snow,
sleetandice.

Fig. 43.6 showsthe casewhen elec-
tric supply is collected from the top of
an insulated conductor rail C (of special
high-conductivity steel) running paral-
lel to thetrack at adistanceof 0.3t00.4
mfromthe running rail (R) whichforms
thereturn path. L istheinsulator and W
isthewooden protection used at stations
and crossings.

The current is collected from top
surface of the rail by flat steel shoes
(200 mm x 75 mm), the necessary con-
tact pressure being obtained by gravity. = :
Since it is not always possible to pro- The pantograph mechanism helps to maintain a link between
vide conductor rail on the same side of the overhead contact wire and power circuit of the electric
the track, shoes are provided on both locomotive
sides of the locomotive or train. Moreover two shoes are provided on each side in order to avoid
current interruption at points and crossings where there are gapsin the running rail.

Fig. 43.5
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L VA

Fig. 43.6 Fig. 43.7
Fig. 43.7 shows the side contact rail and the method of the mounting. The conductor rail (C)
rests upon awooden block recessed into the top of the procelaininsulator L. Current is collected by
steel shoes (S) which arekept pressed on the contact rail by springs. E and F arethe guardswhich rest
upon ledges on the insulator.

43.26. Types of Railway Services

There are three types of passenger services offered by therailways:

1. City or Urban Service. Inthis case, there are frequent stops, the distance between stops
being nearly 1 km or less. Hence, high acceleration and retardation are essential to achieve moder-
ately high schedul e speed between the stations.

2. Suburban Service. Inthiscase, the distance between stops averagesfrom 3to 5 km over a
distance of 25 to 30 km from the city terminus. Here, aso, high rates of accel eration and retardation
are necessary.

3. Main Line Service. It involves operation over long routes where stops are infrequent.
Here, operating speed is high and accelerating and braking periods are relatively unimportant.

On goodstraffic side also, there are three types of services (i) main-line freight service (ii) local
or pick-up freight service and (iii) shunting service.

43.27. Train Movement

The movement of trains and their energy consumption can be conveniently studied by means of
speed/time and speed/distance curves. As their names indicate, former gives speed of the train at
varioustimes after the start of the run and the later gives speed at various distancesfrom the starting
point. Out of the two, speed/time curve is more important because

1. itsslope gives acceleration or retardation as the case may be.

2. areabetween it and the horizontal (i.e. time) axis represents the distance travelled.

3. energy required for propulsion can be calculated if resistance to the motion of trainisknown.

43.28. Typical Speed/Time Curve

Typical speed/time curve for electric trains operating on passenger services is shown in
Fig. 43.8. It may be divided into the following five parts:

1. Constant Acceleration Period (Otot,)

It isalso called notching-up or starting period because during this period, starting resistance of
the motors is gradually cut out so that the motor current (and hence, tractive effort) is maintained
nearly constant which produces constant accel eration aternatively called ‘ rheostatic acceleration’ or
“accel eration while notching’ .
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2. Acceleration on Speed Curve

(t,tot) Free Running
This acceleration commences after —
. ) C g
the starting resistance has been al cut- B /
out at point t; and full supply voltage has 4 |
been applied to the motors. During this A Acceleration b

period, the motor current and torque de- R

|
|
|
crease as train speed increases. Hence, | | I
|
|
|
|
|

— Speed

acceleration gradually decreases till |
torque devel oped by motors exactly bal- | Rheostatic

Acceleration

|

|
Braking ']/'

|

ances that due to resistance to the train | |

|
motion. The shape of the portion AB of | !

| E
the speed/time curve depends primarily 0 b 2 Y ts
on thetorque/speed characteristics of the

traction motors. Fig. 43.8

3. Freerunning Period (t, tot,)

The train continues to run at the speed reached at point t,. It is represented by portion BC in
Fig. 43.8 and is a constant-speed period which occurs on level tracks.

4. Coasting (t;tot,)

Power to the motors is cut off at point t, so that the train runs under its momentum, the speed
gradually falling due to friction, windage etc. (portion CD). During this period, retardation remains
practically constant. Coasting is desirable because it utilizes some of the kinetic energy of thetrain
which would, otherwise, bewasted during braking. Hence, it helpsto reduce the energy consumption
of thetrain.

5. Braking(t,toty)

At point t,, brakes are applied and the train is brought to rest at point t..

It may be noted that coasting and braking are governed by train resistance and allowableretarda-
tion respectively.

43.29. Speed/Time Curves for Different Services

Fig. 43.9 (a) is representative of city service where relative values of acceleration and retarda-
tion are high in order to achieve moderately high average speed between stops. Due to short

B
B B -
ko] hel
@z | A C @ | A n
f ! .
D D E
2 — Time 0 —> Time 0 — b Time

Fig. 43.9
distances between stops, thereis no possibility of free-running period though a short coasting period
isincluded to save on energy consumption.

In suburban services[Fig. 43.9 (b)], again there is no free-running period but there is compara-
tively longer coasting period because of longer distances between stops. In this case a so, relatively
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high values of acceleration and retardation are required in order to make the service as attractive as
possible.

For main-line service [Fig. 43.9 (c)], there are long periods of free-running at high speeds. The
accelerating and retardation periods are relatively unimportant.

43.30. Simplified Speed/Time Curve

For the purpose of comparative performance for agiven service, the actual speed/time curve of
Fig. 43.8 isreplaced by asimplified speed/time curve which does not invol ve the knowledge of motor
characteristics. Such a curve has simple geometric shape so that simple mathematics can be used to
find the rel ation between accel eration, retradation, average speed and distance etc. Thesimplecurve
would be fairly accurate provided it (i) retains the same acceleration and retardation and (ii) has
the same area as the actual speed/time curve. The simplified speed/time curve can have either of
the two shapes:

(i) trapezoidal shape OA,B,C of Fig. 43.10 where speed-curve running and coasting periods of
the actual speed/time curve have been replaced by aconstant-
speed period.

(ii) quadrilateral shape OA,B,C where the same two N
periods are replaced by the extensions of initial constnat
acceleration and coasting periods.

Itisfound that trapezodial diagram OA,B,C givessimpler
relationships between the principal quantitiesinvolvedintrain
movement and also gives closer approximation of actual
energy consumed during main-lineserviceon level track. On
the other hand, quadrilateral diagram approximates more ¢
closely to theactual conditionsin city and suburban services. — Time

Fig. 43.10

—» Speed
/

43.31. Average and Schedule Speed

While considering train movement, the following three speeds are of importance :
1. Crest Speed. Itisthe maximum speed (V,,) attained by atrain during the run.
distance between stops
actua timeof run
In this case, only running timeis considered but not the stop time.
_ distance between stops

3. ScheduleSpeed = actual time of run + stop time

Obviously, schedule speed can be obtained from average speed by including the duration of
stops. For agiven distance between stations, higher values of acceleration and retardation will mean
lesser running timeand, consequently, higher schedule speed. Similarly, for agiven distance between
stations and for fixed values of acceleration and retardation, higher crest speed will result in higher
schedule speed. For the same value of average speed, increase in duration of stops decreases the
schedule speed.

2. Average Speed

43.32. Sl Units in Traction Mechanics

In describing various quantities involved in the mechanics of train movement, only the latest S
systemwill beused. Since Sl systemisan ‘absolute system’, only absolute unitswill be used while
gravitational units (used hitherto) will be discarded.

1. Force. It is measured in newton (N)

2. Mass. Itsunit iskilogram (kg). Commonly used bigger unitsistonne (t), 1 tonne =

1000 kg
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3. Energy. Its basic unit is joule (J). Other units often employed are watt-hour (Wh)
and kilowatt-hour (kWh).

1Wh :1§X36OOS=3600J:3.GKJ
1kWh = 1OOOX1§><36OOS =36x10°J=3.6MJ

4. Work. Its unit isthe same as that of energy.

5. Power. Its unit is watt (W) which equals 1 J/s. Other units are kilowatt (kW) and
megawatt (MW).

6. Distance. Itsunit ismetre. Other unit often used is kilometre (km).

7. Velocity. Its absolute unit is metre per second (m/s). If velocity isgivenin km/h (or

km.ph), it can be easily converted into the Sl unit of m/s by multiplying it
with a factor of (1000/3600) = 5/18 = 0.2778. For example, 72 km.ph =
72 x 5/18 =72 x 0.2778 = 20 m/s.

8. Acceleration. Itsunit is metre/second’” (m/s”). If acceleration is given in km/h/s (or km-
ph.ps), then it can be converted into m/s? by simply multiplying it by the
factor (1000/3600) = 5/18 = 0.2778 i.e. the same factor as for velocity.

For example, 1.8 km.ph.ps= 1.8 x 5/18 = 1.8 x 0.2778 = 0.5 /s’

43.33. Confusion Regarding Weight and Mass of a Train

Many students often get confused regarding the correct meaning of theterms‘weight’ and ‘ mass
and their unitswhile solving numerical s on train movement particularly when they are not expressed
clearly and consistently in their absolute units. It isprimarily due to the mixing up of absolute units
with gravitational units. There would be no confusion at al if we are consistent in using only
absolute units asrequired by the S| system of units which disallows the use of gravitational units.

Though this topic was briefly discussed earlier, it isworth repeating here.
1. Mass(M). Itisthe quantity of matter contained in abody.
Its absolute unit is kilogram (kg). Other multiple in common useistonne.
2. Weight (W). Itistheforcewith which earth pulls abody downwards.
The weight of abody can be expressed in (i) the absolute unit of newton (N) or (ii) the gravita-
tional unit of kilogram-weight (kg. wt) which is often writing as‘kgf’ in engineering literature.
Another still bigger gravitational unit commonly used in traction work istonne-weight (t-wt)
1t-wt = 1000 kg-wt = 1000 x 9.8 N = 9800 N
(i) Absolute Unit of Weight
It iscalled newton (N) whose definition may be obtained from Newton's Second Law of Motion.
Commonly used multiple iskilo-newton (KN). Obviously, 1 kN = 1000 N = 10°N.

For example, if amass of 200 kg has to be given an acceleration of 2.5 m/s?, force required is
F =200 % 25=500 N.

If atrain of mass 500 tonne has to be given an acceleration of 0.6 m/s’, force required is
F = ma= (500 x 1000) x 0.6 = 300,000 N = 300 kN
(if) Gravitational Unit of Weight
Itis‘g’ timesbigger than newton. Itis called kilogram-weight (kg.wt.)
lkgwt = gnewton=9.81N J9.8N

Unfortunately, the word ‘wt’ is usually omitted from kg-wt when expressing the weight of the
body on the assumption that it can be understood or inferred from the language used.

Takethe statement “abody hasaweight of 100kg”. It looksasif theweight of the body has been
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expressed in terms of the mass unit ‘kg’. To avoid this confusion, statement should be ‘abody hasa
weight of 100 kg. wt.” But thefirst statement isjustified by the writers on the ground that since the
word ‘weight’ has already been used in the statement, it should be automatically understood by the
readersthat ‘kg' isnot the kg’ of massbut iskg-wt. It would be masskg if the statement is*‘abody
hasamassof 100kg’. Oftenkg-wtiswrittenas‘kgf’ where'f’ isthefirst letter of theword force and
is added to distinguish it from kg of mass.

Now, consider the statement “a body weighing 500 kg travels with a speed of 36 km/h..........

Now, weight of the body W = 500 kg.wt. = 500 x 9.8 N

Since we know the weight of the body, we can find its mass from the relation W= mg. But while
using this equation, it is essential that we must consistently use the absolute units only. In this
equation, W must be in newton (not in kg. wt), min kg and g in m/s’.

O 500x9.8=mx9.8; O m=500kg

It means that a body which weighs 500 kg (wt) has a mass of 500 kg.

Asapractical rule, weight of abody in gravitational unitsis numerically equal to its massin
absolute units. Thissimple fact must be clearly understood to avoid any confusion between weight
and mass of a body.

A train which weighs 500 tonne has a mass of 500 tonne as proved below :

trainweight, W = 500 tonne-wt = 500 x 1000 kg-wt = 500 x 1000 x 9.8 N

Now, W = mg; 0 500x 1000%9.8=mx9.8

O m = 500 x 1000 kg = 500 x 1000/1000 = 500 tonne

To avoid thisunfortunate confusion, it would be helpful to change our terminology. For example,

instead of saying “atrain weighing 500 tonneis........ " it isbetter to say “a500-t trainis......... or“a
train having amassof 500tis............. ”

In order to removethisconfusion, Sl system of units hasdisallowed the use of gravitational units.
There will be no confusion if we consistently use only absolute units.

43.34. Quantities Involved in Traction Mechanics
Following principal quantities areinvolved in train movement :

D = distance between stops M = dead mass of thetrain
M, = effective massof thetrain W = dead weight of thetrain
W, = effective weight of thetrain o = accelaration during starting period
B, = retardation during coasting B = retardation during braking
V, = average speed V,, = maximum (or crest) speed.
t = total timefor therun t, = timeof acceleration
t, = timeof freerunning =t — (t; +1t) t; = timeof braking
F, = tractiveeffort T = torque

43.35. Relationship Between Principal Quantities in Trapezoidal Diagram
Asseen from Fig. 43.11.

a =V, or t,=V,/a
B =V, or t;=V,,/B
Aswe know, total distance D between the two stopsis given by the area of trapezium OABC.
O D = areaOABC
= area OAD + area ABED + area BCE
1

1
2 Vil + Vil + 2 Vinls
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= VLV ]+ S Vot
0 t,0 v A 5
=V, pmtt-t —tg +3 L
mfp T Tl TRl | |
- 1 ad = I |
Vi 01, 10 | '
= - + =
Vol 3 ! i |
|
_ 101,10 o D L.
Let, K = Zﬁ BB Substituting thisvalue e e
of K in the above equation, we get N ‘ >
D =V (t—KVm) .—leme
or KV2Z-V t+D=0 Q) Flg. 43.11
2_
0 vo= ti«/tZK 4KD

Rejecting the positive sign which givesimpracticable value, we get

v = [EytP-4KD

m 2K
From Eq. (i) above, we get
t _D_D t
KVZ2 =V, t-D o K= ———2=—2(vm.——1)
Vi, (VA Vi D
Now, va:% 0 K= %%—1&
V, Va O
Obviously, if V., V, and D are given, then value of K and hence of o and B can be found

(Ex. 43.2).

43.36. Relationship Between Principal Quantities in Quadrilateral Diagram

ThediagramisshowninFig. 43.12. Let 3. represent the retardation during coasting period. As
before,

t, = Vi/a,t,=(V,-V)/B.and t; = V,/B
D = areaOABC
= area OAD + area ABED + area BCE
+V,0, 1

= 1V1t1+t B—H+ =Vit,

= v L+t)+ 5 v+t

—> Speed

= V(t—t3)+ v,a-t)

_ '[,l Vt

=5 t(V +V,) - > 2 < t >
1 — Time

= S tVp+Vy) - VV2 B& BB Fig. 43.12

= E t(V, +V,) =~ KV,V,
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_ 101 10_o+p _ V. -V,)
where = 2$+BB 208 Also, B, —tz
O V, =V, - B, =V, - B, (t- 3)

gy EE wai

B.O _ _Vl—BC (t -Vy/a)
or VZE“EB ‘Vl‘Bcﬁ‘alﬁ I V2 =T a-pip

Example 43.1. A suburban train runs with an average speed of 36 km/h between two stations
2 km apart. Values of acceleration and retardation are 1.8 kmvh/s and 3.6 knvh/s.

Compute the maximum speed of the train assuming trapezoidal speed/time curve.
(Electric Traction, Punjab Univ. 1994)

Solution. Now, V, = 36 km/h =36 x 5/18 = 10 m/s

a = 1.8km/h/s=1.8x5/18=0.5m/s’, = 3.6 km/h/s= 3.6 x 5/18 = 1.0 m/s*

t = D/V,=2000/10=200s; K = (a + B)/2ap = (0.5+1.0)/2x05%x 1=15

v, = Loy -akD _ 200 ~\[200? -4 x1.5 x2000
2K 2x15

11 m/s=11x18/5
=39.6 km/h

Example43.2. Atrainisrequired
to run between two stations 1.5 kmapart
at a schedule speed of 36 knvh, the du-
ration of stops being 25 seconds. The
braking retardation is 3 knvh/s. Assum-
ing a trapezoidal speed/time curve, cal-
culate the acceleration if the ratio of
maximum speed to average speed is to
be 1.25

(Elect. Power, Bombay Univ. 1980)

Solution. Here, D = 1500 m;

— _ _ Electric traction provides high starting torque and low
SCthUIESpeed =36km/h=36x5/18= maintenance costs making it the best choice for trains

10m/s
B = 3km/h/s=3x 5/18 = 5/6 m/s’
Scheduletimeof run =1500/10=150s; Actual timeof run=150-25=125s
O V, = 1500/125—12 m/s; V,=125x12=15m/s
O 1500
Now, K = ZEV 1,3 1.25 - ])——
101, 10 5_1 6

Al K== + = Tl =+=

. sGa o 573(ad)
O o = 047m/s° =047 x 18/5=1.7 km/h/s

Example 43.3. Find the schedule speed of an electric train for a run of 1.5 kmiif the ratio of
its maximum to average speed is 1.25. It has a braking retardation of 3.6 km/h/s, acceleration of
1.8 kmyh/s and stop time of 21 second. Assume trapezoidal speed/time curve.
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Solution. o = 1.8x5/18=05m/s% B =3.6x5/18 = 1.0 m/s?
D = 15km=1500m

1(1 ,1)_3 D OV, .0
K = —(—+—)—— Now, K= 2 m-17
2\05 1) 2 v B, H
> _ DOV, 0O 2 _ 1500 P N —
or Vo= RGETH 0 Va=Tgp 025-1=250;V,=158ms

V, =V, /125=15.8/1.25=12.6 m/s
Actual time of run 1500/12.6 = 119 seconds
119 + 21 = 140 second

Scheduletime
O Schedule speed 1500/140 = 10.7 m/s=38.5 km/h

Example43.4. Atrain runs between two stations 1.6 km apart at an average speed of 36 km/h.
If the maximum speed isto be limited to 72 knvh, acceleration to 2.7 knvh/s, coasting retardation to
0.18 knvh/s and braking retardation to 3.2 kmvh/s, compute the duration of acceleration, coasting
and braking periods.

Assume a simplified speed/time curve.

Solution. Given: D = 1.6km=1600 m, V, =36 km/h =10 m/s
V, = 72km/h=20m/s; o = 2.7 km/h/s=0.75 m/s’
B. = 0.18km/h/s=0.05m/s”; B=3.6km/hs=10m/s

With reference to Fig. 43.12, we have
Duration of acceleration, t; =V,/a =20/0.75=27s
Actual timeof run,t = 1600/10 = 160 s
Duration of braking, t; = V,/1.0 =V, second
Duration of coasting, t, = (V; = V,)/B, = (20 - V,)/ 0.05 = (400 - 20 V,) second
Now, t =t +t,+t; or 160=27+(400-20V,)+V, O V,=14m/s
0 t, = (20-14)/0.05=120s;t,=14/1.0=14s

43.37. Tractive Effort for Propulsion of a Train

Thetractive effort (F,) isthe force devel oped by the traction unit at the rim of the driving wheels
for moving the unit itself and itstrain (trailingload). Thetractive effort required for train propulsion
onalevel trackis

F, = F,+F,
If gradients are involved, the above expression becomes
Fo = Fa+Fy+F — for ascending gradient
= =y — for descending gradient
where F, = forcerequired for giving linear acceleration to the train
Fy = forcerequired to overcome the effect of gravity
F, = forcerequired to overcome resistance to train motion.

(a) Vvalueof F,
If M isthe dead (or stationary) mass of the train and aits linear acceleration, then
F, = Ma
Since atrain hasrotating partslike wheels, axles, motor armatures and gearing etc., its effective
(or accelerating) mass M, is more (about 8 — 15%) than its stationary mass. These parts have to be
given angular acceleration at the same time as the whole train is accelerated in the linear direction.
Hence, F,= M a
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(i) IfM.isinkgandain m/s”, then F,=M,anewton
(ii) If Myisintonneand a in km/h/s, then converting them into absolute units, we have
F, = (1000 M,) x (1000/3600) a = 277.8 M, a newton
(b) Valueof Fq
Asseen from Fig. 43.13, F;=Wsin8=Mgsin6
Inrailway practice, gradient is expressed asthe rise (in metres) atrack distance of 100 mandis
called percentage gradient.

BC  _100BC _.on.
Aci100 ‘%A =100sn6

Substituting the value of sin 8 in the above equation, we
get

O %G =

F, = Mg G/100=9.8 x 10> MG
(i) WhenM isinkg, F,= 9.8 x 10> MG newton
(if) When M isgiven in tonne, then
Fg = 9.8x 1072 (1000 M) G = 98 MG newton Fig. 43.13

(c) valueof F,

Train resistance comprises al those forces which oppose its motion. It consists of mechanical
resistance and wind resistance. Mechanica resistance itself is made up of internal and externa
resistances. Theinternal resistance comprisesfriction at journals, axles, guides and buffersetc. The
external resistance consists of friction between wheels and rails and flange friction etc. Mechanical
resistance is almost independent of train speed but depends on its weight. The wind friction varies
directly asthe square of the train speed.

If r is specific resistance of the train i.e. resistance offered per unit mass of the train, then
F,=M.r.

(i) If risinnewton per kg of train mass and M isthetrain massin kg, then
F, = M.r newton
(if) If risin newton per tonne train mass (N/t) and M isin tonne (t), then
F, = Mtonnexr =M, newton*
Hence, expression for total tractive effort becomes
F, = FyxFy+F =(277.8 a M+ 98 MG + Mr) newton

Please remember that here M isin tonne, a in km/h/s, G isin metres per 100 m of track length

(i.e. % G) and r isin newton/tonne (N/t) of train mass.

The positive sign for F is taken when motion is along an ascending gradient and negative sign
when motion is along a descending gradient.

43.38. Power Output from Driving Axles

If F,isthetractive effort and v is the train velocity, then
output power = F XV
(i) If Fisinnewtonand v inm/s, then
output power = F, x v watt
(ii) If F isinnewtonand v isin km/h, then converting v into m/s, we have

*Ifrisinkg (wt) per tonne train mass and M isin tonne, then F, = M tonne x (r x 9.8) newton/tonne = 9.8
Mr newton.
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Diagram Shows how a DC motor drives the axle
through a pinion and gearwheel

Traction motor schematic diagram

_ 1000 _hkv
output power = F x (_3600) v watt = 3600 kw
If n isthe efficiency of transmission gear, then power output of motorsis
= F,.v/n watt —vinm/s
F v ,
= kW — km/h
36007 v inkm/

43.39. Energy Output from Driving Axles

Energy (likework) is given by the product of power and time.
E = (Fpxv)xt=Fx(vxt)=F xD
where D isthe distance travelled in the direction of tractive effort.
Total energy output from driving axlesfor therunis
E = energy during acceleration + energy during free run
Asseenfrom Fig. 43.11

E =F, xaeaOAD +F, x area ABED = F, x % Vot +F/ X % Vot

where F, is the tractive effort during accelerating period and F,' that during free-running period.
Incidentally, F, will consist of all thethree componentsgivenin Art. 43.37 whereas F, will consist of
(98 MG + Mr) provided there is an ascending gradient.

43.40. Specific Energy Output
It isthe energy output of the driving wheel expressed in watt-hour (Wh) per tonne-km (t-km) of
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the train. It can be found by first converting the energy output into Wh and then dividing it by the
mass of the train in tonne and route distance in km.

Hence, unit of specific energy output generally used in railway work is : Wh/tonne-km
(Wh/t-km).

43.41. Evaluation of Specific Energy Output

Wewill first calculate thetotal energy output of the driving axlesand then divideit by train mass
in tonne and route length in km to find the specific energy output. It will be presumed that :

(i) thereisagradient of G throughout the run and

(if) power remains ON upto the end of freerun in the case of trapezoidal curve (Fig. 43.11) and
upto the accelerating period in the case of quadrilateral curve (Fig. 43.12).

Now, output of the driving axlesis used for the following purposes:

1. foracceleratingthetrain 2. for overcoming the gradient
3. for overcoming train resistance.

(a) Energy required for train acceleration (E,)

As seen from trapezoidal diagram of Fig. 43.11,

E, = F, x distance OAD = 277.8 a M_ % V_t, joules

a

Vi, — YmU
277.8 MGX%VmX—mJOUI% EF _FmH

o L Vi X100 V[0
27780 M . joules
B 300 ap

It will be seen that since V,,,isin km/h, it has been converted into m/s by multiplying it with the
conversion factor of (1000/3600). In the case of (V,, /t), conversion factors for V,,, and a being the
same, they cancel out. Since 1 Wh = 3600 J.

2

(h V., %1000 lej _ Vi
O E, = 277.8a M, @ 3600 o H Wh = 0.01072 M_e Wh
(b) Energy required for over coming gradient (Eg)

E, = F,xD'
where ‘D’’ is the total distance %ver W?wich power remains ON. Its maximum value equals the
distance represented by the area OABE in Fig. 43.11 i.e. from the start to the end of free-running
period in the case of trapezoidal curve [as per assumption (i) above].
Substituting the value of Fq from Art. 43.37, we get
E, = 98 MG. (1000 D) joules = 98,000 MGD' joules
It has been assumed that D' isin km.

When expressed in Wh, it becomes

E, = 98,000 MGD' ﬁ) Wh = 27.25 MGD' Wh
(c) Energy required for overcoming resistance (E,)
E, = F,xD'=M.r x(1000D’) joules —D'inkm
1000 Mr D' ) .
= WWh:0.2778MI’DWh —D"inkm

00 total energy output of the driving axlesis
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E=E+E+ Er
= (0. 01072 V.M, + 27.25 MGD' + 0.2778 Mr D' Wh
Specific energy output
- _E Y
Ego = M <D D isthetotal runlength
= 5301072 —£+27.25 G D'+ o2778¢ —EWh/t km

It may be noted that if thereisno gradlent then

5301072 Vm '\'\/l/le +0.2778r —ﬁWh/t -km

Alternative M ethod

As before, we will consider the trapezoidal speed/time curve. Now, we will calculate energy
output not for ce-wise but period-wise.

(i) Energy output during accelerating period
E, = F, xdistancetravelled during accelerating period

= F, x area OAD —Fig. 43.11
= th%vmtl:;ﬁ.vm.\%

= %.Ft (%.Vm).\% joules

= %.Ft (%. m).\%.ﬁ Wh

Substituting the value of F, , we get

E, = 10002 Vm (277.8 a M, + 98 MG + Mr) Wh
(3600)° 2a

It must be remembered that during this period, all the three forces are at work (Art. 43.37)

(if) Energy output during free-running period

Here, work isrequired only against two forcesi.e. gravity and resistance (as mentioned earlier).
Energy E, = F/ xaea ABED —Fig. 43.11

1 _ 1 1 1
F/ x (Vi xt) =F/x (3288\/ ) .t,joules

m

, {1000 1 1000 1
_ 1000 h Wh
I:tx(3eoovm)xt2 3600 (3600)F Vint2 - 3500
_ {1000\ ., 1000
- (3600) F/xD, Wh = (3600)(98MG+Mr) D, Wh

where Dy, isthe distance in km travelled during the free-running period*
Total energy required isthe sum of the above two energies.

0 E=E+E,
_ 1000 Vi (27780 . M_+ 98 MG + Mr) + 1288 (98 MG + Mr) D, Wh
(3600)% 20 3
« D, = veodityinkmhxtimeinhous

=V, x(t,/ 3600) because times are always taken in seconds.
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2 2
_ 1000 Vq 1000 Vi
= (3600)2 20 277.8a M+ (3600)2 T (98 MG + Mr) + 3600 (98 MG+ Mr) . D, Wh

1000 0 Va
0.01072V.2. M_+ 3600 (98 MG +Mr) B5-—rs

Vrﬁ 10V IZIVm_lDVD
2ax3600 2 E560 Ha 24 60@
distance travelled during accelerating periodi.e. D,

0.01072V;2 . M, + 2000 (98 MG + Mr) (D, + D) Wh

0.01072 sz .M.+ (27.25 MG + 0.2778 Mr) D' Wh
It isthe same expression as found above.

0
. DfﬁWh

Now,

O
m
Il

43.42. Energy Consumption

It equalsthe total energy input to the traction motors from the supply. Itisusualy expressedin
Whwhich equals 3600 J. It can befound by dividing the energy output of the driving wheelswith the
combined efficiency of transmission gear and motor.
output of driving axles

O energy consumption =
r]motor x r1gear
43.43. Specific Energy Consumption

It isthe energy consumed (in Wh) per tonne mass of the train per km length of the run.
Specific energy consumption,

_ total energy consumed in Wh _ specific energy output
Ese train mass in tonne x run length in km n
where n = overal efficiency of transmission gear and motor = g, X Ny

Asseen from Art. 43.41, specific energy consumptionis

s
D = whit-km
o]

01072 e+27 25G D' 402778t .
n' D n

If no gradient isinvolved, then specmc enrgy consumption is

g) 01072 e +02778 L _E Whi/t-km

The specific energy consumption of atrain running at a given schedule speed isinfluenced by

1. Distancebetweenstops 2. Acceleration 3. Retardation 4. Maximumspeed 5. Type
of train and equipment 6. Track configuration.

43.44. Adhesive Weight

Itis given by the total weight carried on the driving wheels. ItsvalueisW, = x W, where Wis
dead weight and x is afraction varying from 0.6 to 0.8.

43.45. Coefficient of Adhesion

Adhesion between two bodies is due to interlocking of the irregularities of their surfaces in
contact. The adhesive weight of atrain is equal to the total weight to be carried on the driving
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wheels. Itislessthan the dead weight by about 20 to 40%.
adhesive weight, W,

If X = dead waight W then, W,=xW
Let, F, = tractive effort to slip the wheels
or
= maximum tractive effort possible without wheel slip

Coefficient of adhesion, = F /W,
O Fo = B, W, = 1, XW =, xMg
If Misin tonne, then

=
o
|

F, = 1000 x 9.8 x i, M = 9800 |, X M newton

It has been found that tractive effort can be increased by increasing the motor torque but only
upto a certain point. Beyond this point, any increase in motor torque does not increase the tractive
effort but merely causesthedrivingwheelsto dlip. Itis C
seen fromthe aboverelation that for increasing F,, itis
not enough to increase the kW rating of the traction
motors alone but the weight on the driving wheels has
also to beincreased.

Adhesion also plays an important role in braking.
If braking effort exceedsthe adhesive weight of theve-
hicle, skidding takes place.

43.46. Mechanism of Train Movement

Theessentials of driving mechanisminan electric
vehicle are illustrated in Fig. 43.14. The armature of
the driving motor has a pinion which meshes with the
gear wheel keyed to the axle of the driving wheel. In
this way, motor torque is transferred to the wheel Fig. 43.14
through the gear.

Let, T = torque exerted by the motor
F, = tractiveeffort at the pinion
F, = tractiveeffort at the wheel
gear ratio
, = diameters of the pinion and gear wheel respectively
D = diameter of the driving wheel
n = efficiency of power transmission from the motor to driving axle
Now, T = F,xd,/2 or F,=2T/d;
Tractive effort transferred to the driving wheel is

0d, 0 2rad 2\0d,0
F. = nF20=n.5 %ﬂ]T(— z
N ol B D/ o,
For obtaining motion of the train without slipping, F, < p, W, where |, is the coefficient of

adhesion (Art. 43.45) and W, is the adhesive weight.

Example 43.5. The peripheral speed of a railway traction motor cannot be allowed to exceed
44 /s, If gear ratio is 18/75, motor armature diameter 42 cm and wheel diameter 91 cm, calculate
the limiting value of the train speed.

Solution. Maximum number of revolutions per second made by armature

o
<< ~
[l

Here, d,,

p
2vn5
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amaturevelocity  _ 44 -100 o
armature circumference 0421 3 ps.

Maximum number of revolutions per second made by the driving wheel
_ 100,18 _
= 3 x 75 8 rps.
Maximum distance travelled by the driving wheel in one second
= 8x 091 mm/s=22.88 m/s
Hence, limiting value of train speed
= 22.88 m/s=22.88 x 18/5 =82 km/h
Example 43.6. A 250-tonne motor coach driven by four motors takes 20 seconds to attain a
speed of 42 knvh, starting from rest on an ascending gradient of 1 in 80. The gear ratio is 3.5, gear
efficiency 92%, wheel diameter 92 cmtrain resistance 40 N/t and rotational inertia 10 percent of the
dead weight. Find the torque devel oped by each motor.
Solution. F, = (277.8 x Ma+ 98 MG + Mr) newton

Now, a =V, /t;=42/20=2.1km/h/sSincegradientis1in 80, it becomes 1.25in
100. Hence, percentage gradient G = 1.25. Also, M, = 1.1 M. The
tractive effort at the driving wheel is

F, =277.8x (1.1x250) x 2.1+ 98 x 250 x 1.25 + 250 x 40
= 160,430 + 30,625 + 10,000 = 201,055 N
Now, F, =2ynT/D or 201,055=2x35x092xT/0.92 [ T=28744N-m
Torque developed by each motor = 28,744/4 = 7,186 N—m
Example43.7. A 250-tonne motor coach having 4 motors, each devel oping a torque of 8000 N-m
during acceleration, starts fromrest. If up-gradient is 30 in 1000, gear ratio 3.5, gear transmission

efficiency 90%, wheel diameter 90 cm, train resistance 50 N/t, rotational inertia effect 10%, compute
the time taken by the coach to attain a speed of 80 kim/h.

If supply voltage is 3000 V and motor efficiency 85%, calculate the current taken during the
acceleration period.

Solution. Tractive effort (Art. 43.46) at the wheel

= 2y nT/D =2 x 3.5x 0.9 x (8000 x 4)/0.9 = 224,000 N
Also, F, = (277.8 aM,+ 98 MG + Mr) newton

= (277.8x(1.1x250) xa+ 98 x 250 x 3+ 250 x 50 N

= (76,395 a + 86,000) N
Equating the two expression for tractive effort, we get

224,000 = 76,395a + 86,000 ; a = 1.8 km/h/s
Time taken to achieve a speed of 80 km/his
t, = V,,/a=80/1.8=44.4 second

Power taken by motors (Art. 41.36) is

Foxv _RxV, _ F _(1000)_\5 watt
n n 3600

22,000 x 0.2778 x 80/0.85 = 58.56 x 10° W

55.56 x 10°/3000 = 1952 A

1952/4 = 488 A.

Total current drawn
Current drawn/motor
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Example43.8. A goodstrain weighing 500 tonneisto be hauled by alocomotive up an ascend-
ing gradient of 2% with an acceleration of 1 kmvh/s. If coefficient of adhesion is 0.25, train resis-
tance 40 N/t and effect of rotational inertia 10%, find the weight of locomotive and number of axles
if load is not to increase beyond 21 tonne/axie.

Solution. It should be clearly understood that a train weighing 500 tonne has a mass of 500
(Art. 43.33).

Tractive effort required is

M O
F, = (277.8aM,_+ 98 MG + Mr) newton= M %77-8a-ve +98G +rg newton

M (277.8%x 1 x 1.1+ 98 x 2 + 40) = 541.6 M newton
If M, isthe mass of the locomotive, then
F, = 541.6 (M + M) = 541.6 (500 + M, ) newton
Maximum tractive effort (Art. 43.45) is given by
F, = 1000 p, M, .g=1000x 0.25M, x 9.8 —x=1
O 541.6 (500 + M) = 1000 x 0.25M, x 9.8 0 M, =142tonne

Hence, weight of the locomotiveis 142 tonne. Since, weight per axle is not to exceed 21 tonne,
the number of axlesrequired is= 142/21 = 7.

Example 43.9. An electric locomotive weighing 100 tonne can just accelerate a train of 500
tonne (trailing weight) with an acceleration of 1 knvh/s on an up-gradient of 0.1%. Train resistance

is45 N/t and rotational inertiais 10%. If thislocomotiveis helped by another locomotive of weight
120 tonne, find :

(i) thetrailing weight that can now be hauled up the same gradient under the same conditions.
(i) the maximum gradient, if the trailing hauled load remains unchanged.

Assume adhesive weight expressed as percentage of total dead weight as 0.8 for both locomo-
tives. (Utilization of Elect. Power ; AMIE, Summer)

Solution. Dead weight of the train and locomotive combined = (100 + 500) = 600 tonne. Same
isthe value of the dead mass.

0 F, = (277.8aM_+ 98 MG + Mr) newton

= 277.8 x 1 x (1.1 x 600) + 98 x 600 x 0.1 + 600 x 45 = 216,228 N
Maximum tractive effort (Art. 43.45) of thefirst locomotive

= 9800x LM, = 9800 x 0.8 x |1, x 1000 = 784,000 {1,

O 784,000, = 216,288 ; u, =0.276
With two locomotive, M, " = (100 + 120) = 220 tonne
O F, = 9800 x pM," =9800 x 0.8 x 0.276 x 220 = 476,045 N

(i) Let trailing load which the two combined locomotives can haul be M tonne. In that case,
total dead mass becomes M = (100 + 120 + M) = (220 + M) tonne. Tractive effort required is

= (277.8 M. + 98 M'G + M'r) newton

= M (277.8x1x 1.1+ 98 x 0.1 + 45) = 360.4 M' newton
O 3604 M' = 476,045, M' =1321tonne [ trailingload, M = 1321 - 220 = 1101 tonne
(if) Total hauled load = 500 + 100 + 120 = 720 tonne
Let G be the value of maximum percentage gradient. Then

M
F, = (277.8aM,+ 98MG + Mr) newton = M %77.8ave +98G + rE newton
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= 720 (277.8 x 1 x 1.1 + 98G + 45) newton = (252,418 + 70,560 G) newton
Equating it with the combined tractive effort of the two locomotive as cal culated above, we have,
476,045 = 252,418 + 70,560 G .. G=3.17 percent
Example43.10. The average distance between stops on a level section of arailway is1.25 km.
Motor-coach train weighing 200 tonne has a schedul e speed of 30 knvh, the duration of stops being
30 seconds. The acceleration is 1.9 km/h/s and the braking retardation is 3.2 knvh/s. Train resis-
tance to traction is 45 N/t. Allowance for rotational inertia is 10%. Calculate the specific energy
output in Wh/t-km. Assume a trapezoidal speed/time curve. (Elect. Power, Bombay Univ.)
Solution. o = 19x5/18=9518m/s’: P = 3.2x5/18=8/9 m/s’
K = (a+B)2ap=15; D = 1.25km=1250 m
Scheduletime = 1.25x 3600/30 =150 s. Running time=150-30=120s
t—t?—4KD 120- 1207 - 4x1.5x1250
m = 5K = 5x15 =10.4m/s=37.4km/h
Brakmg distance D =V /26 10.42/2 x (8/9) = 0.06 km
D’ = D -braking distance=1.25-0.06 = 1.19 km

2 ’
001072 Y~ Me | 50778, D
D M D

Y/

Specific energy output

2
0.01072 x 37.4 119 Wh/t-km
105 x 1.1+ 0.2778x 50 108

16.5+ 13.2=29.7 Wh/t-km
Example. 43.11. A 300-tonne EMU is started with a uniform accel eration and reaches a speed
of 40 knvh in 24 seconds on a level track. Assuming trapezoidal speed/time curve, find specific
energy consumption if rotational inertia is 8%, retardation is 3 knvh/s, distance between stops is
3 km, motor efficiency is 0.9 and train resistance is 40 N/tonne.
(Elect. Traction, AMIE Summer)
Solution. First of al, let us find D’ — the distance upto which energy is consumed from the
supply. It isthe distance travelled upto the end of free-running period. It isequal to thetotal distance
minus the distance travelled during braking.
Braking time, t, = V,/ B =40/3=13.33 second
Distance travelled during braking period
1 _1 13.33
= Vmla =5 40x (3600
D’ = D —braking distance = 3—- 0.074 = 2.926 km
Since, MJ/M = 1.08, using the relation derived in Art. 43.43, we get the value of specific energy
consumption as

) 0.074 km

2
0.01072 1 Vin
nb

M,
V +0. 2778 T] ] Wh/t-km

40° 49 2926 ) _
. 1.08+ 0.2778x 22 y £:920 | = 21 6 \Wh/t-km.
(001072X0.9><3X + XO.QX 3 J

Example 43.12. An electric train accelerates uniformly from rest to a speed of 50 kmvh in 25
seconds. It then coasts for 70 seconds against a constant resistance of 60 N/t and is then braked to
rest with uniform retardation of 3.0 knvh/sin 12 seconds. Compute

(i) uniform acceleration (if) coasting retardation
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(iii) schedule speed if station stops are of 20-second duration

Allow 10% for rotational inertia. How will the schedul e speed be affected if duration of stopsis
reduced to 15 seconds, other factors remaining the same ?

Solution. (i) Asseenfrom Fig. 43.15, a = V,/t; = 50/25 = 2 km/h/s
(if) The speeds at points B and C are connected by the relation
0 =V,+Bt; or 0=V,+(-3)x12 0O V,=36kmh
Coasting retardation, .= (V, — V,)/t,= (36 - 50)/70 = = 0.2 km/h/s
(iii) Distancetravelled during acceleration
EVl'[l:%XSOkTmX%h 50_;:%55_—3— 70s 12s 4—
= 0.174km

Distance travelled during coasting can be
found from the relation

V-V, = 2B.D or
D = (362-502)/2x 0.2 %3600
= 0.836 km 0 C
Distance covered during braking [Cue—— ¥ & [
1 1 Kkm 12 — Time-seconds
2Y27 2% 3600 " Fig. 4315
0.06 km
Total distance travelled from start to stop
= 0.174 + 0.836 + 0.06 = 1.07 km
Total time taken including stop time
= 25+ 70+ 12 + 20 = 127 second
Schedule speed = 1.07 x 3600/127 = 30.3 km/s
Schedule speed with a stop of 15 sis=1.07 x 3600/122 = 31.6 km/h
Example 43.13. A 350-tonne electric train runs up an ascending gradient of 1% with the
following speed/time curves :
1. uniformacceleration of 1.6 knvh/s for 25 seconds
2. constant speed for 50 seconds 3. coasting for 30 seconds
4. braking at 2.56 km/h/s to rest.

Compute the specific energy consumption
iftrain regi stance?g 50 N/t, eﬁggt of rotatiponal 4_255_’|'_505_’|'_3OS 10s
inertia 10%, overall efficiency of transmission 40V, A
gear and motor, 75%.

Solution. AsseenfromFig.43.16,V, =qa
.1, =1.6x25=40km/h

Tractive force during coasting is

F, = (98 MG+ Mur)

M (98 x 1 + 50) 0 D
= 148 M newton |<— t1—>|<—tz—>|<— t3—>| by |<—

Also, F, = 277.8 M, B, during coasting. — Time
Equating the two expressions, we get 277.8 M, Fig. 43.16

— Speed km / h

N W
wn
|

R e F——C

20—

—» Speed km / h
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.B,=148M
B .= 148 M _ 148 1 .
€ 2778 M 2778 11°
B, 048km/h/s
Now, V, = Vi+ Bt
40 + (-0.48) x 30
25.6 km/h
V/B—256/256—10%Cond

t4
h =0.139km

km 25
Distance travelled during acceleration period = = x 40 e X 3600

Distance travelled during constant speed perlod is=V,; xt, =40 x 50/3600 = 0.555 km
+V, D _40+256 _ 30
Distance travelled during coasting = E > H ty = 5 * 3600

Distance travelled during braking = E Vi, = % x 25.6 x 33380 =0.035km

Total distance between stops = 0.139 + 0.555 + 0.273 + 0.035 = 1.002 km
Distance travelled during acceleration and free-running period is

D' = 0.139+0.555=0.694 km
Specific energy consumption (Art. 43.43) is

=0.273km

D V2 M G Dl D
_ 0.01072-m e 427258 P 4102778~
_ 0 40° . 0.694 50 ,0.694 694D
= [0.01072x — ___x1.1+27.25 +0.2778 x

01072 G5 x 002 *0.75 " 1.002 0.75 1.0023

25.1+252+12.8=63.1 Wh/t-km

Example43.14. Anore-carrying train weighing 5000 tonneisto be hauled down a gradient of
1: 50 at a maximum speed of 30 knvh and started on a level track at an acceleration of 0.29 km/h/s.
How many locomotives, each weighing 75 tonne, will have to be employed ?
Train resistance during starting = 29.4 N/t, Train resistance at 30 kmvh = 49 N/t
Coefficient of adhesion = 0.3, Rotational inertia = 10%
(Utilization of Elect. Power, AMIE)

Solution. Downward force due to gravity
= Mg sin 6 = (5000 x 1000) x 9.8 x 1/50 = 980,000 N
Trainresistance = 49 x 5000 = 245,000 N

Braking force to be supplied by brakes = 980,000 — 245,000 = 735,000 N
Max. braking force which one locomotive can provide

1000 p,Mgnewton —M intonne

1000 x 0.3 x 75 x 9.8 = 220,500 N

No. of locomotives required for braking = 735,000/220,500 = 3.33
Since fraction ismeaningless, it means that 4 locomotives are needed.

Tractive effort required to haul the train on level track
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(277.8 a M, + Mr) newton
277.8 x (5000 x 1.1) x 0.29 + 5000 x 29.4 = 590,090 N

No. of locomotives required = 590,090/220,500 = 2.68 [ 3

It meansthat 4 locomotives are enough to look after braking as well as starting.

Example43.15. A 200-tonneeélectric train runsaccording to the following quadrilateral speed/
time curve:

1. uniformacceleration fromrest at 2 knvh/s for 30 seconds

2. coasting for 50 seconds

3. duration of braking : 15 seconds

If up-gradient is = 1%, train resistance = 40 N/t, rotational inertia effect = 10%, duration of
stops = 15 sand overall efficiency of gear and motor = 75%, find

(i) schedule speed (ii) specific energy consumption (iii) how will the value of specific energy
consumption change if there is a down-gradient of 1% rather than the up-gradient ?
(Electric Traction Punjab Univ. 1993)
Solution. V, = a.t;=2x30=60km/h/s
During coasting, gravity component and train resistance will cause coasting retardation 3.
Retarding force = (98 MG + Mr) newton = (98 x 200 x 1.0 + 200 x 40) = 27,600 N
Asper Art, 43.37, 277.8 M. B,=27,600 or 277.8x (200 x 1.1) x 3. = 27,600
0 B. = 0.45km/h/s
Now, V, =V, + B.t, or V,=60+ (-0.45)x50=375km/h
Braking retardation B = V./t;=37.5/15= 2.5 km/h/s
Distance travelled during accel eration (area OAD in Fig. 43.17)

1 30\
1t1 X 60 x (3600) =0.25km

Distancetravelled during coasting

B +Vo0  _[60+37.50 50 _
= area ABED = B—H =300 = 0677 km

Distancetravelled during braking

:areaBCE— Voty = ; 375x3é00—0078km

Total distance travelled, D = 0.25 + 0.677 + 0.078 = 1.005 km
Total scheduletime =30+50+15+15=110s

1.005
110/3600
(if) Asper Art. 43.43, specific energy consumption

O V2 M G D r DID
- 0.01072 0 —& +2725= .= +0.2778.—. _
=f DM N D n " DH Whitkm

(i) O Schedule speed = =32.9km/h

2
60" 1142725 x-L x025 02778 x40 0255\ ym

0.75%x1.005 075 1005 0.75 1 0050

(iii) the speed/time curvefor thiscaseisshowninFig. 43.18. Asbefore, V, = 60km/h. Here, we
will take G = -1%

0
= [.01072x
0
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= 60-V,— — A 695 (V- — — — — — — — B
< [ = A
g I ~ 604V,—— |
2 g
5] W, e = = = L)
2 2 I S 40 [ I
%) | | 2 | |

| | T 20 | |

| | | |

0 D |E C 0 |D |E C
|<—t1—>|<—t2 —>|<-t3—>| |4—t1—5|4—t2—’| t |‘_
—p Time-seconds —pTime-seconds
Fig. 43.17 Fig. 43.18

0 Retarding force = (98 MG + Mr) newton = 98 x 200 x (-1.0) + 200 x 40 = -11,600 N

The negative sign indicates that instead of being a retarding force, it is, in fact, an accelerating
force. If a_isthe acceleration produced, then

11,600 = 277.8x (200 x 1.1) x a
o, = 0.19km/h/s

Also, V, =V, + agt,=60+0.19 x 50 = 69.5 km/h
B = V,/t;=69.5/15 = 4.63 km/h/s
Distance travelled during acceleration = 0.25 km —as before
: , _60+695_ 50
Distance travelled during coasting = > x 3600 — 0.9 km
. . o1 15 _
Distance travelled during braking = 5 % 69.5 x 3600 ° 0.145 km
O D = 0.25+09+0.145=1.295 km
Hence, specific energy consumptionis
O 60 1,025 40 0250
= 0.01072%X ————x1.1-27.25 +0.2778 x—— x=== -
01072 75 <125 “0.75 1295 *0.75 12050 VNtkm

43.7 - 7.01 + 2.86 = 39.55 Wh/t-km
As seen, energy consumption has decreased from 69 to 39.55 Wh/t-km.

Example 43.16. An electric train has an average speed of 45 kmph on a level track between
stops 1500 mapart. It isaccelerated at 1.8 kmphps and is braked at 3 kmphps. Draw the speed - time
curve for the run.

Solution.
Acceleration o = 1.8 kmphps
Retardation B = 3.0 kmphps
Distanceof run S = 1.5km
Averagespeed  V, = 45kmph

S

—
1

_15 _
v x 3600 = 45 x 3600 = 120 seconds.

a

_ T _|T? _3600S
m 2K\ 4k ? K

Time of run,

Using equation 'V



Where

0 Maximum speed,

O

Acceleration period,

Braking period,

Free running period,

—>

Speed in Km per hour
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1.1 1 1

_— 4+ =" 4+
20 2B 2x1.8 2x3.0

V., =52.0241
kmph

|

[t Pl 1, =86.2945
28.9022

—bl— 1, >
17.3414

Time in seconds ———»

Fig. 43.19
v - 120 _ (120>  3600x15
m 2x0.4444 \(2x04444)° 04444
V,, = 52.0241 kmph
t, = Ym-520241 _ 589025 seconds
a 1.8
t, = Vim _ 52,0241 _ 173414 seconds
B 30

T-(t, +t;) =120 — (28.9622 + 17.3414) = 86.2945 seconds

Example43.17. Atrain has schedule speed of 60 km per hour between the stopswhich are 9 km
apart. Determine the crest speed over the run, assuming trapezoidal speed —time curve. The train
accelerates at 3 kmphps and retards at 4.5 kmphps. Duration of stopsis 75 seconds.

Solution.
Acceleration
Retardation
Distance of run,
Schedule speed, V, =

Scheduletime, T.

S

a
B:
S =

Actua timeof run, T =
Using the equation

where

0 Maximum speed, V, =

3 kmphps
4.5 kmphps
9km

60 kmph
\% x 3,600 seconds = %
T, — Time of stop = 540 — 75 = 465 seconds

x 3,600 = 540 seconds

T _ | T* _3600S
2K 4K 2 K
1 1_1,1
— + —=—==+= =
20 "B 69 0.2777
465 | (465°  3600%x9
2x02777 \ 4ax(0.2777)> 0.2777
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\Y/ 837 — /700569 —116640

O V., = 72.8475kmph

Example 43.18. An electric train is to have acceleration and braking retardation of 1.2 km/
hour/sec and 4.8 km/hour/sec respectively. If the ratio of maximum to average speed is 1.6 and time
for stops 35 seconds, find schedule speed for a run of 3 km. Assume simplified trapezoidal speed-
time curve.

m

Solution.

Acceleration a = 1.2kmphps
Retardation B = 4.8kmphps
Distance of run, S = 3km

L et the actual time of run be T seconds
3,600S _ 3,600x 3 _ 10800

Average speed, Vv, = T T T kmph
Maximumspeed, V., = 16 X@ =17.|2_ﬁ kmph
! 201 10
+—0-V, T+3600S=0
Since V,, BZ_G ZBB '
17280
2 _ V,T-3600S_~ | ~3600x3
O v, = - =
1.1 1, 1
20 2B 2x12 2x48
or V., = 111.5419 kmph
and v, = Ym 1115419 _ 7/ 3613 kmph
15 15
: _ 3600S_3600%x3 _
Actual timeof run T = A = 43613 - 145.2369 seconds
Scheduletime, T, = Actual timeof run + Time of stop = 145.2369 + 35] 180 seconds
0 Schedulespeed, V, = Sx?’ 600 _ 3"12200 =60 kmph

S

Example 43.19. An electric train has a schedule speed of 25 kmph between stations 800 m
apart. The duration of stop is 20 seconds, the maximum speed is 20 percent higher than the average
running speed and the braking retardation is 3 kmphps. Calculate the rate of acceleration required
to operate this service.

Solution.

Schedule speed, V., = 25kmph

Distance of run, = 800 metres=0.8 km

Retardation, = 3 kmphps

Schedule time of run, = 36019 xS = 3603; 0.8 =115.2 seconds

T, — duration of stop = 115.2 - 20 = 95.2 seconds

3,600xS _ 3600x0.8
T %52

1.2 V,=1.2x30.25=36.3 kmph

Average speed,

s
S
B
TS
Actual time of run, T
V, =30.25 kmphs

Vm

Maximum speed,
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Since sz(z—t+%)—VmT+3\6OOS =0

i.,.i _ V,T-3600S

20 B A
or i + 2%3 _ 36.3><95(.§6—3§,2600><0.8 — 0.4369
or o = 185 kmphpé

Example 43.20. A suburban electric train has a maximum speed of 80 kmph. The schedule
speed including a station stop of 35 seconds is 50 kmph. If the acceleration is 1.5 kmphps, find the
value of retardation when the average distance between stopsis 5 km.

Solution.
Schedule speed, V, = 50kmph
Distance of run, S = 5km
Acceleration, o = 1.5 kmphps
M aximum speed, V,, = 80kmph
Duration of stop = 35 seconds
Schedule time of run, T, = 3,600x S _3600x5 _ 360 seconds
\A 50
T, — duration of stop
Actual time of run, T = V2 = 360 — 30 = 330 seconds

m

Since v2(1+1) ~V_T+3600S=0

m| 2 aﬁ
or 1.1y T_asoos=80><330_3600><5 =1.3125
20 P m (80)
1 _1_ N
or % " 1.3125 %0 1.3125 5% 15 =0.9792
_ 1 -
or p = 5% 09790 0.51064 kmphps

Example 43.21. A train is required to run between two stations 1.6 km apart at the average
speed of 40 kmph. The run isto be made to a simplified quadrilateral speed-time curve. If the maxi-
mum speed isto be limited to 64 kmph, acceleration to 2.0 kmphps and coasting and braking retar-
dation to 0.16 kmphps and 3.2 kmphps respectively, deter mine the duration of acceleration, coasting
and braking periods.

Solution.

Distance of run, S =16 km
Average speed, V, = 40kmph
Maximum speed, V., = 64kmph
Acceleration, o = 2.0 kmphps
Coasting retardation, Bc = 0.16 kmphps
Braking retardation, B = 3.2kmphps

. . V
Duration of acceleration, t; = Em = % = 32 seconds
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3600S _3600x1.6

Actual time of run, T = v, 20 = 144 seconds
L et the speed before applying brakes be V,
then duration of coasting, t, = “m V2 - %4V, d
en duration of coasting, t, = B, =015 Seconds
Duration of braking, t; = V—é:% seconds
Sinceactua timeof run, T = t;+t,+1,
144 = 32+ %V Vo
016 3.2
V. (i—i) = 32 + 400- 144
or 2 \016 32/ ~ -
288
V, = — 222 ___ =485kmph
o 2 = §25-03125  (ookmp
_ . V-V, 64-485
Duration of coasting, t, = B. =7 016 = 96.85 seconds
Duration of braking, t, = E:@ =15.15 seconds
3 B 32

43.47. General Features of Traction Motor

Electric Features
- High starting torque
- Series Speed - Torque characteristic
Simple speed control
Possibility of dynamic/ regenerative braking
- Good commutation under rapid fluctuations of supply voltage.
Mechanical Features
- Robustness and ability to withstand continuous vibrations.
- Minimum weight and overall dimensions
- Protection against dirt and dust

No type of motor completely fulfills all these requirements. Motors, which have been found
satisfactory are D.C. seriesfor D.C. systemsand A.C. seriesfor A.C. systems. Whileusing A.C. three
phase motorsare used. With the advent of Power Electronicsit isvery easy to convert single phase
A.C. supply drawn from pantograph to three phase A.C.

43.48. Speed - Torque Characteristic of D.C. Motor
V = E+I,R,
V.l = .1, + 1°R,
where E; |, = Power input to armature = Electrical power converted into mechanical power at the
shaft of motor.

Mechanical Power =T.m = Tx 27N
2nNT ] _60E, I, E, I,
50 = E, .l T= 5m N =955 N
® ZNP

But %= 60a
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@ZNP I, _ @ZP |,
9.55—60A N 9.55—60 A

1,0
0.1592 x @ x AE P Nw-m

O TorqueT = 0.1592 x flux per pole x armature amp. conductors x Number of poles
Also speed ‘N’ can be calculated as:

_ QZNP _ &)
B = “6oa . N‘<|>ZP60A
(V-I1,R)60A V-1, R
N = ©ZP O NO 0
I
But T=9.55 <p6_ZOP 7? from the equation of torque
T 9559zP 0 9551, 60A . ) )
.= 60A T ©ZP Put this value in the above equation of N
0 N = V-1,R)*x9551,
T
955V -1, R)
Speed N = #

Thetorque - current and speed - torque curves for D.C. motors are shown in Fig. 43.20 (a) and
(b) respectively.

A ’ A
&0 \ Shunt
%QA // &
z N
! i !
Torque Speed
Series
Armature Current ——> Torque ——
(@) (b)
Fig. 43.20

43.49. Parallel Operation of Series Motors
with Unequal Wheel Diameter

An electric locomotive uses more than one mo- Nyfp====---
tor. Each motor drivesdifferent set of axlesand wheels. Ny F=mmm - F=
Due to wear and tear the diameter of wheels become
different, after along service. But the linear speed of T
locomotive and wheels will be the same. Therefore,
motor speedswill be different due to differencein di-
ameter of wheels driven by them as shown in Fig.
43.21. Therefore, when the motors are connected in
paralel they will not share the torques equally, asthe
current shared by them will be different.

Fig. 43.21
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Let themotor wheelsratiois1.04 : 1i.e. speed of rotation of motor-1is1.04 timesthat of motor-
2, asshownin Fig. 43.21.

Let motor 1 drives whee! with 100 c.m. dia. and motor 2 drives wheel with 104 c.m. dia. Then

104 _ 1 04 timesthat of 2i.e. N, = 1.04N,, for agiven speed

speed of rotation of motor -1 will be 100

of locomotive.

43.50. Series operation of Series Motor with unequal wheel diameter

Let the motors ‘A’ and ‘B’ be identical having armature resistance R in series, as shown in
Fig. 43.22.

Since they arein series, the same current ‘1’ will flow through both. But due to unequal wheel
diameter; they deliver different loadsi.e. voltage across each will be different

Vo=V +V, and NOV-IR
0 Na _ VaZIR
Ns  Vg-IR

N
0  V,-IR = N—BA(\/B—IR)
N
V, = N—BA(\/B—IR)+IR

N
V, = N—:(\/—VA—IR)HR

Na

NA
= —~V-IR+IR- \Y)
Vy NB(V ) Ng A
N N
Vo+ 2V, = A (V-IR+IR
A NB A NB ( )
N
Vit Nag = A (V-IR)+IR
0 NsO B Series operation of series motors
Na v - IR +IR Fig. 43.22
v, = N
A
1+&
B
Similarly,
Moy i eie T
Vg = —A ‘A
N
1+ B
NA
\Y% S R —
43.51. Series Operation of Shunt
Motors with Unequal Vg
Wheel Diameter
It issimilar to the case of series opera-

tion of series motors, and hence the same

equation holds good. Fig. 43.23
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43.52. Parallel Operation of Shunt Motors with Unequal Wheel Diameter

As seen from the Fig. 43.24, a small difference in speeds of two motors, causes motors to be
loaded very unequally dueto flat speed current curve of D.C. shunt motor.

A

Speed

—————————

I, —
Fig. 43.24
Example 43.22. The torque-armature current characteristics of a series traction motor are
given as:
Armature Current (amp) : 5 10 15 20 25 30 35 40
Torque (N-m) : 20 50 100 155 215 290 360 430

The motor resistanceis0.3Q. If thismotor is connected across 230V, deduce the speed arma-
ture current characteristics.

Solution.
Supply voltage, V = 230 V.
Total Resistance of seriessmotor R = R, +R_= 0.3Q.

Armature current,

I, in amperes 5 10 15 20 25 30 35 40
Torque, T in N-m 20 50 100 155 215 290 360 430
Backemf., E =

(V-1,R,) involts 2285 | 2270 | 2255 | 2240 | 2225 | 2210 | 2195 218.0
Speed, N,

9B5( — & e,)

&

in R.RPM.

c. 545 434 323 276 247 218 204 194

The deduced speed-armature current characteristic is shown in Fig. 43.25.

Example 43.23. The following figures give the magnetization curve of d.c. series motor when
working as a separately excited generator at 600 rpm.:

Field Current (amperes) : 20 40 60 80

E.M.F. (volts) : 215 381 485 550

The total resistance of the motor is 0.8 ohm. Deduce the speed — torque curve for this motor
when operating at a constant voltage of 600 volts.

Solution.

Voltage applied across the motor, V = 600 volts
Resistance of the motor, R, = (R,+R,) = 0.8Q
Speed, N, = 600 r.p.m.
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Field Current (amperes) 20 40 60 80

Back em.f., E; (Volts) at speed N;
(600 r.p.m.) = em.f. generated by
the armature (given)

215 381 485 550

Back em.f., E (Volts) at speed N
(to be determined) =V -1, R,

Speed, N (to be determined in
rp.m.)=N/E, x(V-1,R)

584 568 552 536

1,630 895 683 585

955(V — | I
Torque, T = % N-m 68.4 240 462 700

The deduced speed-torque curve for the motor is shown in Fig. 43.26.
700

600

500

400

300

2,000

1,600

1,200

SpeedinRPM. ——————

800

200

N

Speed in RPM. —»

400

100

0 10 20 30 40 0 200 400

Armature current, I in amps —

600

—— Torque T in N-m ——

800

Fig. 43.25 Fig. 43.26

Example 43.24. Two d.c. traction motors run at a speed of 900 r.p.m. and 950 r.p.m. respec-
tively when each takes a current of 50 A from 500 V mains. Each motor has an effective resistance of
0.3 W. Calculate the speed and voltage across each machine when mechanically coupled and elec-

trically connected in series and taking a current of 50 A from 500 V mains, the resistance of each
motor being unchanged.

Solution.

L et the two motors be A and B of speed N, = 900 rpm. And Ng = 950 r.p.m. respectively.
Resistance of each motor R, = 0.3 Q
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Applied voltage across each motor, V =500 V.
Back em.f. of motor A when taking a current of 50 A

B, =v-lI R,=500-50x0.3=485V

A

Back em.f. of motor B when taking a current of 50 A
B, =v-i R,=500-50x0.3=485V

When the machines are mechanically coupled and connected in series, the speed of each motor
will be same, say N, current will be same and equal to 50 A (given) and the sum of voltage acrossthe
two motors will be equal to 500 V.

L et the voltage across motors A and B be V, and V respectively

Now V, + Vg = 500 (i)
Back em.f.of motor A, By = B, x N _485, N
A A N, 900
_ _ 485 _ 485
Voltageacrossmotor A, V, = By +IR = 900 X N+50x 03=g57 xN+15
Back emf.of motor B, By, = Ep x N =485
Ng 950
Voltageacrossmotor B, Vg = By, + IR = 3?88 N +15
- 485 485 , o
Substituting V= g0 N +15 and v, = 950 N +15 inexpression (i) we get
485 485 -
- —= = 500
900 N +15+950 N +15
or (4_85+4_85)N = 470
900 950
1 1 470
N[|— + —— = ¥
o (900 950) 485
O N = 447.87r.p.m.
. 485N
PD. acrossmachineA, V, = 900 +15=256.35V
485N

P.D. across machine B, Vg = 950 +15=24365V

Example 43.25. Atram car isequipped with two motors which are operating in parallel. Cal-
culate the current drawn from the supply main at 500 volts when the car isrunning at a steady speed
of 50 kmph and each motor is devel oping a tractive effort of 2100 N. The resistance of each motor is
0.4 ohm. The friction, windage and other losses may be assumed as 3500 watts per motor.

Solution.

Voltage across each motor, V = 500 volts
Maximum speed, V., = 50kmph
Tractive effort, F, = 2100 Newtons
Motor resistance, R, = 04W
Losses per motor = 3500 waetts
F xV,, x1000

Power output of each motor = watts

3600



1740 Electrical Technology

2100 x 50 x1000
= 30 watts = 29166.67 watts.

Constant losses = 3500 watts
Copper losses = I°R_=0.41°
Where | isthe current drawn from supply mains
Input to motor = Motor output + constant losses + copper |osses

VI = 2916667 + 3500 + 0.41°
0.41%-500 | + 32666.67 = 0
. 500+ |/ (500)7 — 4 x 0.4 x 32666.67
- 2x0.4
| = 6916A  or 118084 A

Current drawn by each motor = 69.16A
(E 1180.84 A being unreasonably high can not be accepted
Total current drawn from supply mains = 69.16 x 2 = 138.32 A

Example 43.26. Amotor coach isbeing driven by two identical d.c. series motors. First motor
isgeared to driving wheel having diameter of 90 cm and other motor to driving wheel having diam-
eter of 86 cm. The speed of the first motor is 500 r.p.m. when connected in parallel with the other
across 600 V supply. Find the motor speeds when connected in series across the same supply.
Assume armature current to remain same and armature voltage drop of 10% at this current.

Solution.
Speed of first motor, N, = 500r.p.m.
Back emf., E, = 600- 19 x600 v,
100
= 540 volts.
When the motors are connected in series across 600 V supply, V=600
asshownin Fig. 43.27. Volts
Let the supply voltage across motors | and Il be V, and V,
voltsand speed N] and N, respectively. v,
Since speed, N O V;(le
Current through the motors remains the same, therefore flux =
produced by it a'so remainsthe sameand N O (V - IR) Fig. 43.27
- 10
. N V- IR _ V17400 %600 v, -60 0
N V,-IR 10 V., —60
Andaso N, D, = N',D, = N',D,
. N, _ D,_86
N_’2 - D 90
V,-60 _ 86 Y . .
v, ~60 = 90 (if) Since peripheral speed isequal
or 0V,-5400 = 86V, -5,160
or 90V, -86V, = 5400 - 5,160 = 240 . (iii)

and dso V,+V, = 600V (i)
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V, = 29455V
And V, = 30545V
Now the speeds of the motors can be calculated as follows :

N, e

N, T 7,

B, 294,55 - 60
or N1 = leFbZSOO x—600—60 =217 r.p.m
' oDy _ 90

and N, = leﬁi—ﬂ?x%:z??r.p.m

Example 43.27. Two similar seriestype motors are used to drive a locomotive. The supply fed
to their parallel connectionis650 V. If thefirst motor ‘A’ isgeared to drive wheels of radius 45 cms.
and other motor ‘B’ to 43 cms. And if the speed of first motor ‘A" when connected in parallel to 2"
motor ‘B’ across the main supply lines is 400 rpm., find voltages and speeds of motors when con-
nected in series. Assume |, to be constant and armature voltage drop of 10% at this current.

Solution.

N OV -IR asflux @isconstant, sincel, is constant

N,=V,-IR Ng=Vz;-IR  Also V=V, +V,
A Ny
ssume Ng - p
V. = p(V-IR) +IR
A 1+p
Armature voltage drop = 10% of 650 V 0O IR=65
Na _ Ig_43_
But Ny rA—45—p
_ 43/45(650 - 65) +65 _
Vi = 1+43/45 =320V
Vg = V-V,=650-320=330 V

Speed N, of motor A is 400 rpm with asupply of 650 V.
O Speed N', of motor A with supply voltage of 320 V will be

Na

NA
0 N,
Na

NB
N'g

43.53. Control of D.C. Motors

320- IR _320-65 _ 255
650- IR 650-65 585
255 \ =255

LR, =2
585 A 585

x400 = 175r.p.m.

45
43

=45175 - 184 r.p.m.

Na=23

The starting current of motor islimited to itsnormal rated current by starter during starting. At
the instant of switching on the motor, back em.f. E;=0

O Supply voltage = V = IR + Voltage drop across R,
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At any other instant during starting
V = IR + Voltage across R, + E,
At the end of accelerating period, when total R, is cut-off

V = E+IR

_________ Ll B C_ —— e ——

| . t :

Voltage Vis | Vis !
I 1

|

g/ : !
-8 !

& ! v v

3 Full E, I |

& i l !

E, I : E, L

1 o8 I I )

AeT >
(a) Voltage during starting of D.C. motor (b) Voltage during starting neglecting IR drop
Fig. 43.28

If Tisthetimein sec. for starting and neglecting IR drop, total energy supplied = V.I.T. watt-sec

From Fig. 43.28 (b) Energy wasted in R, = Areaof triangle ABC x | =% T.V.l. watt - sec. =¥%2
VIT watt - sec. But total energy supplied = V.I.T watt - sec.

O Half theenergy iswasted in starting

O n starting =50%

43.54. Series - Parallel Starting

With a 2 motor equipment %2 the normal voltage will be applied to each motor at starting as
shown in Fig. 43.29 (a) (Series connection) and they will run upto approximate ¥z speed, at which
instant they are switched on to parallel and full voltageis applied to each motor. R, isgradually cut-
out, with motorsin series connection and then reinserted when the motors are connected in parallel,
and again gradually cut-out.

—— — W e e MWW ’
oL - + 20 -

Rg Rg

1
(a) Motors in series (b) Motors in parallel

Fig. 43.29
In traction work, 2 or more similar motors are employed. Consider 2 series motors started by
series parallel method, which resultsin saving of energy.

(a) Seriesoperation. The2motors, arestarted in serieswith the help of R. The current during
starting is limited to normal rated current ‘I’ per motor. During series operation, current ‘1’ isdrawn
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from supply. Attheinstant of starting OA = AB = IRdrop in each motor. OK = Supply voltage'V'.

The back em.fs. of 2 motorsjointly develop along OM as shown in Fig. 43.30 (a). At point. E,

supply voltage V = Back em.fsof 2 motors+ IRdrops of 2 motor. Any point on theline BC represents

the sum of Back em.fs. of 2motors+ IR drops of 2 motors + Voltage across resistance R, of 2 motors
OE = timetakenfor seriesrunning.

At pt ‘E’ at the end of series running period, each motor has developed a back e.m.f.

-V _
=5 -IR
EL = ED-LD

(b) Parallel operation. The motors are switched on in parallel at the instant ‘E’, with R,
reinserted as shown in Fig. 43.29 (b). Current drawn is 2l from supply. Back em.f. across each
motor = EL. Sothe back em.f. now developsaong LG. At point ‘H’ when the motorsarein full
parallel, (R, = 0 and both the motors are running at rated speed)

Supply voltage = V = HF = HG + GF
= Normal Back em.f. of each motor + IR drop in each motor.

43.55. To find t,, t; and n of starting

The values of time t, during which the motors remain in series and t during which they arein
parallel can be determined from Fig. 43.30 (@), (c). From Fig. 43.30 (a), triangles OLE and OGH are
similar

OE _LE .t DE-DL Y5-IR

el == [ &=
. OH GH T FH-FG V-IR
1LV - 2IR0O
= = T
. = 2Bv-IrRH
T- h OV - 2IRO
tp_T_ts_ % V -IR 0
10V - 2IRO
t = T%l—— 0
b g 2HV-IRH g
K C
F
// M G T
/77
/7
/7
/7
//// D
/77
v ol a f
/7 7/
V72 ///// L 1
14 ]
H
(0] E (0]
——re— (—> —t—re— >
(a) Voltage built-up in series-parallel starting (b) Variation of current in series-parallel starting

Fig. 43.30
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To calculate n of starting, neglect IR drop in armature circuit.

This modifies Fig. 43.30 (a) to Fig. 43.30 (c). ‘D’ is midpoint of CE and back e.m.f. develops
along DF in parallel combination. KC = CF i.e. timefor series combination = timefor parallel com-
bination

ie t = ty = t and average starting current = | per motor.

Energy lost in R, = Areaunder triangle OKC + Areaunder triangle CDF

_ (1 1V —
= (EVI)xt+(EEZI)xt = VIt -
But total energy supplied
=1Vt + 21Vt
(Series) (Paralel)

Vv
= 3VIt _T_

VIt - VIt
Vit

= % = 66.6%

0 n isincreased by 16.66% as com- < T e

pared to pervious case. If thereare 4 motors (¢) Efficiency of starting by series-parallel method
then Nging = 73%. Sothereissaving of en-
ergy lost inR,, during starting period as com-
pared with starting by both motorsin parallel.

0 n of starting =

Fig. 43.30

Example 43.28. Two motors of a motor coach are started on series - parallel system, the cur-
rent per motor being 350 A (Considered as being maintained constant) during the starting period
which is 18 sec. If the acceleration during starting period is uniform, the line voltage is 600 V and
resistance of each motor is 0.1 W. Find (a) the time during which the motors are operated in series.
(b) the energy lossin the rheostat during starting period. [Nagpur University, Summer 2002]

Solution.

Time during which motors arein seriesis given by

_ 10v-21 RO, _10600-2x350 x0.1]
s~ 2HV-1TRH ~2H e00-350x01H
t, = 8.44 sec.
Time during which motors arein parallel.
t, = T-T,=18-844=9.56sec.
Back em.f. E, of each motor, in series operation (from Fig. 43.30a)

E, = Y-1R=5%9_350(00) =265V.

t

s T 2 2
When 2 motors arein series,
Total E, = 265+ 265=530V
By, = V-I1R=600-350(0.1) = 565 V

Energy lost when motors are connected in series
= 1€, 11,=2 x530x350
Energy lost when motors are connected in parallel

1E, 1,565 9.56
5 2t = X757 x2x350x 3554

8.44

3600 - 217 watt - hours

= 262.5 watt - hour
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j 263 watt - hours
O Tota energy lost = (217 + 263) watt - hours = 480 watt - hours

43.56. Series Parallel Control by Shunt Transition Method

The various stages involved in this method of series— parallel control are shown in Fig. 43.31

Insteps1, 2, 3, 4themotorsarein seriesand are accel erated by cutting out the R in steps. Instep
4, motorsarein full series. During transition from seriesto parallel, R isreinserted in circuit—step 5.
One of the motors is bypassed -step 6 and disconnected from main circuit — step 7. It is then con-
nected in parallel with other motor -step 8, giving 1% parallel position. R,is again cut-out in steps
completely and the motors are placed in full parallel.

1W@—m—©—\

3 Series

; Positions

6 W@}m@l
¢ Shunt

Transition

8 First
Parallel/
‘ shunt

Position

Fig. 43.31

The main difficulty with series parallel control isto obtain a satisfactory method of transition
from seriesto parallel without interrupting the torque or allowing any heavy rushes of current.
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In shunt transition method, one motor is short circuited and the total torque is reduced by about
50% during transition period, causing a noticeable jerk in the motion of vehicle.

The Bridge transition is more complicated, but the resistances which are connected in parallel
with or ‘bridged’ across the motors are of such avalue that current through the motorsis not altered
in magnitude and the total torque is therefore held constant and hence it is normally used for rail-
ways. Sointhismethod it is seen that, both motors remain in circuit through-out the transition. Thus
the jerks will not be experienced if this method is employed.

43.57. Series Parallel Control by Bridge Transition
(a) Atstarting, motorsarein serieswith R;i.e. link P in position = AA'
(b) Motorsinfull serieswith link P in position = BB' (No R;in the circuit)
The motor and R, are connected in the form of Wheatstone Bridge. Initially motors arein series

with full R;asshownin Fig. 43.32 (a). Aand A’ are moved in direction of arrow heads. In position
BB’ motorsarein full series, as shown in Fig. 43.32 (b), with no R, present in the circuit.

B

Ar

+ Starting position -
A of link P
B B
(@)
AI
* Link P —
A
Transition Step First Parallel
position
B/
) (c)

Fig. 43.32
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Intransition step the R, is reinserted.

In1¥ parallel step, link P is removed and motors are connected in parallel with full R, as shown
in Fig. 43.32 (c). Advantage of this method isthat the normal acceleration torque is available from
both the motors, through - out starting period. Therefore acceleration is smoother, without any jerks,
which isvery much desirable for traction motors.

43.58. Braking in Traction

Both electrical and mechanical braking is used. Mechanical braking provides holding torque.
Electric Braking reduces wear on mechanical brakes, provides higher retardation, thus bringing a
vehicle quickly to rest. Different types of electrical braking used in traction are discussed.

43.59. Rheostatic Braking

(a) Equalizer Connection (b) CrossConnection
(a) Equalizer Connection

For traction work, where 2 or more motors are employed, these are connected in paralel for
braking, because series connection would produce too high voltage. K.E. of the vehicleisutilized in
driving the machines as generators, which is dissipated in braking resistancein the form of heat.

To ensurethat the 2 machines share theload equally, an equalizer connectionisused asshownin
Fig. 43.33 (a). If itisnot used, the machine whose acceleration builts-up first would send a current
through the 2™ machine in opposite direction, causing it to excite with reverse voltage. So that the
2 machines would be short circuited on themselves. The current would be dangerously high. Equal-
izer prevents such conditions. Hence Equalizer connection isimportant during braking in traction.

:Q): OO O—
Field-1
@ OSSO @ T
Field-2
R R
— AMWW———— L AMWWW—————
(a) (b)

Fig. 43.33
(b) CrossConnection

In cross connection the field of machine 2 is connected in serieswith armature of machine 1 and
thefield of machine 1 is connected in series with armature of machine 2 as shown in Fig. 43.33 (b).
Supposethe voltage of machine 1isgreater than that of 2. Soit will send greater current through field
of machine 2, causing it to excite to higher voltage. At the same time machine 1 excitation is low,
because of lower voltage of machine 2. Hence machine 2 will produce more voltage and machine
1 voltage will be reduced. Thus automatic compensation is provided and the 2 machines operate
satisfactorily.

Because of cross - connection during braking of traction motors, current in any of the motor will
not go to avery high value.
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43.60. Regenerative Braking with D.C. Motors

In order to achieve the regenerative braking, it is essential that (i) the voltage generated by the
machine should exceed the supply voltage and (ii) the voltage should bez kept at thisvalue, irrespec-
tive of machine speed. Fig. 43.34 (a) shows the case of 4 series motors connected in parallel during
normal running i.e. motoring.

One method of connection during regenerative barking, is to arrange the machines as shunt
machines, with series fields of 3 machines connected across the supply in series with suitable resis-
tance. One of thefield winding isstill kept in seriesacrossthe 4 parallel armaturesas shown infigure
43.34 (b).

The machine acts as a compound generator. (with slight differential compounding) Such an ar-
rangement isquiet stable; any changein line voltage produces a change in excitation which produces
corresponding change in em.f. of motors, so that inherent compensation is provided e.g. let theline
voltage tends to increase beyond the em.f. of generators. The increased voltage across the shunt
circuit increases the excitation thereby increasing the generated voltage. Vice-versaisalsotrue. The
arrangement istherefore self compensating.

+

Trolley wire

+

Trolley wire

TITTTTTITITITITITT TITTTTTITITITITITT
Motoring Generating
(a) (®)

Fig. 43.34

D.C. series motor can't be used for regenerative braking without modification for obvious rea-
sons. During regeneration current through armature reverses; and excitation has to be maintained.
Hence field connection must be reversed.
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Example43.29. Two 750V D.C. series motors each having a resistance of 0.1 W are started on
series - parallel system. Mean current through - out the starting period is 300 A. Starting period is
15 sec. and train speed at the end of this period is 25 kmvhr. Calculate

(i) Rheostatic losses during series and parallel combination of motors

(if) Energy lost in motor

(iif) Motor output
(iv) Sartingn

(v) Train speed at which transition from seriesto parallel must be made.

[Nagpur University, Summer 2000]

Solution.
0 (= 1V-21R0.
s~ 2Hv-TRH
_ 1[750-2(300) 010, _
t. = = 15 =7.1875 rec.
s~ 2H750-(300)0.1H 5
0 t, = T—t,=7.8125sc,
. _ 1 1 Eb
Energy lostin Rheostat = 5 By I+ ETP 21t

%%x%—l%l L +2IV -IR/Z 2 8,

- % x 5&20 300 (0.1)%300 x7.1875 +% gwg x2(300) x7.1825
— 743006.25 + 843750

= 1587656.25 watt — Sec.

_ 1587656.25

3600 = 441.00 watt - hrs.

(ii) Total Energy supplied = VI.t,+21.V .t
750 x 300 (7.1875) + 2 (300) 750 (7.8125)
1617187.5 + 3515625
5132812.5 watt-sec = 1425.7812 watt — hrs.
Energy lostin 2 Motors = (I % x R) x2x15
= (300" x 0.1) x 2 x 15 = 270000 watt - sec. = 75 watt - hrs.
(iif) Motor O/P = Total Energy supplied — Energy lost in Rheostat — Energy lost in armature
1425.7812 — 441 - 75
909.7812 watt — hrs.
Tota Energy Supplied — Energy lost in Rheostat
Tota Energy Supplied
_ 14257812 -441.00
1425.7812
= 69.0605%
(V) Accelerationisuniform during starting period of 15 sec. Therefore speed after which series
to parallel transition must be madeis given as—
_ Speed after starting period xt
Total starting period s

(iv) n starting =

100
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_ 2
= 15><7.1875

= 11.9791 km/hr.

Example 43.30. Two 600-V motors each having a resistance of 0.1Q are started on the series-
parallel system, the mean current per motor throughtout the starting period being 300A. The starting
period is 20 seconds and the train speed at the end of this period is 30 km per hour. Calculate (i) the
rheostatic losses (in kwh) during (a) the series and (b) the parallel combinations of motors (ii) the
train speed at which transition from series to parallel must be made.

Solution.

Number of motors operating = 2
Linevoltage, V = 600 volts
Current per motor, | = 300 amperes
Starting period, T, = 20 seconds
Motor resistance, R =01Q

M aximum speed, V,, = 30kmph.

Back em.f. of each motor in full series position,

B, = %— IR:%0 —- 300 x 0.1 = 270 volts.

Back em.f. of each motor in full parallel position,

E, = V-1R-300x0.1=570volts

p
Assuming smooth acceleration, back em.f. will be built up at constant rate.

Since motors take 20 seconds to build up 570 volts, therefore time taken to build up 270 volts
em.f. will be:

Tewies = 20 % % = 9.4737 seconds
Tparalle| = 20 - 9.4737 = 10.5263 seconds

(i) (&) Voltage drop in the starting rheostat in series combination at the starting instant
= V-2IR=600 -2 x 300 x 0.1 = 540 volts,

which reducesto zero in full series position

Energy dissipated in starting resistance during series combination

_V-2IR+0 | Tries 54040 o0 94737
2 3600 2 3600
= 213.1579 watt - hours
(b) Voltage drop across the starting resistance in first parallel position is equal to V/2 i.e
300 volts which gradually reduces to zero.
Energy dissipated in starting resistance during parallel combination
Y 600
—+0 T =+
2 paalld _ 2 10.5263
7 XX gg00 T 20T
263.1579 watt — hours
Maximum speed _ V., _ 30

(if) Acceleration, a = W = T_ —2—0 = 1.5 kmphps.

S

Speed at the end of seriesperiod = o T;=1.5x9.4737 = 14.21 km/hour

Example 43.31. Two d.c. series motors of a motor coach have resistance of 0.1 W each. These
motors draw a current of 500 A from 600 V mains during series — parallel starting period of
25 seconds. If the acceleration during starting period remains uniform, determine:
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(i) time during which the motors operate in (a) series (b) parallel.
(i) the speed at which the series connections are to be changed if the speed just after starting
period is 80 kmph.

Solution.
Number of motors operating = 2
Linevoltage, V = 600V
Current per motor, I = 500A
Motor resistance, R =01Q
Maximum speed, V., = 80kmph.
Back em.f. of each motor in full series position.
&, = %—I :% ~500x 0.1=250V

Back em.f. each motor in full parallel operation,

E, = V-IR=600-500x0.1=550V

p

Since motors take 25 seconds to build up 550 V, therefore, time taken to build up 250 V, will be;
(assuming smooth acceleration and building up of em.f. at constant rate.)

(i) Period of seriesoperation, T =25 X% % = 11.3636 seconds

Period of parallel operation,T, =T-T,=25-11.3636 = 13.6363 seconds

parallel

(i) Speed at which the series connections are to be changed

= O Toies ™ \% Tegries = g—g x 11.3636 = 36.3636 kmph

Example 43.32. The following figures refer to the speed-current and torque — current charac-
teristics of a 600 V d.c. series traction motor.

Current, amperes : 50 100 150 200 250
Speed, kmph : 73.6 43 41.1 37.3 35.2
Torque, N-m: 150 525 930 1,335 1,750

Determine the braking torque at a speed of 48 kmph when operating as self excited d.c. genera-
tor. Assume resistance of motor and braking rheostat to be 0.6Q and 3.0 Q respectively.

Solution.

Asmotor :

Terminal voltage, V = 600 volts.

The motor current at a speed of 48 kmph (from speed-current characteristic curve),

| = 100A

Back e.m.f. developed by the motor, E,=V —IR_=600-100 x 0.6 =540 V

AsGenerator:

At the instant of applying rheostatic braking at speed of 48 kmph, the terminal voltage of
machine will be equal to em.f. devel oped by the machinei.e. 540 volts.

Total resistanceinthe circuit = R + Ry 44 =0.6+3=3.6Q

Current delivered by the machine, | = % = 150 amps
The braking torque (the torque corresponding to 150 amperes from torque-current curve)

= 930 N-m



1752

Electrical Technology

10.

1.

12.

Tutorial Problem No. 43.1

A train weighs 500 tonnes. What isits massin (i) tonnes and (ii) kilograms.
[(i) 500 (ii) 500,000 kg]
A train has amass of 200 tonnes. What isitsweight in (i) newtons and (ii) kg-wt (iii) tonnes-wt.
[(i) 19.6 x 10° N (ii) 200,000 kg. wt (iii) 200 t-wt )]
A train has a speed of 100 km/h. What isits valuein m/s ? [27.78 m/g]
A certain express train has an acceleration of 3.6 km/h/s. What isitsvalueinm/s®?  [1.0 m/s’]
If there is an ascending gradient of 15 min atrack length of 1 km, what is the value of percentage
gradient ? [1.5%]
A train runs at an average speed of 45 km per hour between stations 2.5 km apart. The train acceler-
atesat 2 km/h/s and retards at 3 km/h/s. Find its maximum speed assuming atrapezoidal speed/time
curve. Calculate also the distance travelled by it before the brakes are applied.
[50.263 km/h, 2.383 km] (Elect. Traction and Utilization B.H.U. )
The schedule speed with a 200 tonne train on an electric railway with stations 777 metres apart is
27.3 km/h and the maximum speed is 20 percent higher than the average running speed. The braking
rateis 3.22 km/h/s and the duration of stopsis 20 seconds. Find the acceleration required. Assume a
simplified speed-time curve with free running at the maximum speed.
[2.73 km/h/s] (Traction and Utilization of Elect. Power, Agra Univ.)
A suburban electric train has amaximum speed of 65 km/h.. The schedule speed including a station
stop of 30 secondsis43.5 km/h. If the acceleration is 1.3 km/h/s, find the value of retardation when
the average distance between stopsis 3 km.
[B =1.21 km/h/s] (Utilization of Elect. Power and Traction, Gorakhpur Univ.,)
An electric train is accelerated uniformly from rest to a speed of 40 km/h, the period of acceleration
being 20 seconds. If it coasts for 60 seconds against a constant resistance of 50 N/t and is brought to
rest in afurther period of 10 seconds by braking, determine :
(i) theacceleration (ii) the coasting retardation (iii) the braking retardation (iv) distance travelled
and (V) schedule speed with station stops of 10 seconds duration.
Allow 10 percent for rotational inertia. (Elect. Traction, Punjab Univ.)
[a =2km/h/s, B,=0.1636 km/h/s, B =3 km/h/s, D =0.736 km., V = 27.5 km/h]
The speed-time curve of an electric train on a uniform rising gradient of 1 in 100 comprises :
(i) uniform acceleration from rest at 2 km/h/s/ for 30 seconds.
(if) coasting with power off for 70 seconds.
(iif) braking at 3 km/h/sto a standstill.
The weight of thetrain is 250 tonnes, the train resistance on level track being 49 N/tonne and allow-
ance for rotary inertia 1%.
Cal culate the maximum power devel oped by traction motors and total distancetravelled by thetrain.
Assume transmission efficiency as 97%.
[3,3258 kW, 1.12 km] (Traction and Utilization of Elect. Power, Agra Univ.)
A 400-tonne goods train is to be hauled by alocomotive up agradient of 2% with an acceleration of
1 km/h/s. Co-€fficient of adhesion is 20%, track resistance 40 N/tonne and effective rotating masses
10% of the dead weight. Find the weight of the locomotive and number of axlesif the axleload is not
increased beyond 22 tonnes.[152.6 tonnes, 7] (Traction and Utilization of Elect. Power, Agra Univ.)
A 500-tonne goodstrain isto be hauled by alocomotive up agradient of 20% with an accel eration of
1.2 km/h/s. Co-efficient of adhesion is 25%, track resistance 40 N/ tonne and effective rotating
masses 10% of dead weight. Find the weight of thelocomotive and number of axlesif axleload isnot
to exceed 20 tonnes. [160 tonnes, 8] (Utilization of Elect. Power, A.M.|.E. Winter)
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Determine the maximum adhesive weight of aloco required to start a 2340 tonne weight (inclusive
of loco) on 1 : 150 gradient and accelerateit at 0.1 km/h/s. Assume co-efficient of adhesion as 0.25,
train resistance 39.2 N/tonne and rotary inertia as 8%. [128.5 tonnes]
(Elect. Traction, A.M.1.E., May)
Ore carrying trains weighing 5000 tonne each are to be hauled down a gradient of 1 in 60 at a
maximum speed of 40 km/h and started on alevel track at an acceleration of 0.1 m/s”. How many
locomotives, each weighing 75 tonne, will have to be employed ?
Trainresistance during starting = 29.4 N/tonne
Train resistance at 40 km/h 56.1 kg/tonne
Co-efficient of adhesion 1/3 ; Rotationa inertia= 1/10
[3 Loco] (Engg. Service Examination U.RS.C.)
A locomotive accelerates a 400-tonne train up a gradient of 1 in 100 at 0.8 km/h/s. Assuming the
coefficient of adhesion to be 0.25, determine the minimum adhesive weight of the locomotive.
Assume train resistance of 60 N/tonne and allow 10% for the effect of rotational inertia.
[65.7 t] (Elect. Traction and Utilization, Nagpur Univ.)
Calculate the specific energy consumption if amaximum speed of 12.20 metres/sec and for a given
run of 1525 m an acceleration of 0.366 m/s” are desired. Train resistance during acceleration is52.6
N/1000 kg and during coasting is 6.12 N/1000 kg, 10% being alowable for rotational inertia. The
efficiency of the equipment during the acceleration period is 50%. Assume a quadrilateral speed-
time curve. [3.38 Wh/kg-m] (Util. of Elect. Power, A.M.I.E. Sec. B)
An electric locomotive of 100 tonne can just accelerate atrain of 500 tonne (trailing weight) with an
acceleration of 1 km/h/s on an upgradient of 1/1000. Tractive resistance of thetrack is45 N per tonne
and the rotational inertiais 10%. If thislocomotive is helpled by another locomotive of 120 tonnes,
find, (i) the trailing weight that can be hauled up the same gradient under the same conditions and
(ii) the maximum gradient, the trailing weight hauled remaining unchanged.
Assume adhesive weight expressed as percentage of total dead weight to be the same for both the
locomotive. [(i) 11201 (ii) 3.15%] (Util. of Elect. Power, A.M.I.E. Sec. B.)
An electric train has quadrilateral speed-time curve asfollows:
(i) uniform acceleration from rest at 2 km/h/s for 30 sec,
(i) coasting for 50 sec.
(iii) uniform braking to rest for 20 seconds.
If the train is moving uniform upgradient of a 10/1000, train resistance is 40 N/tonne, rotational
inertia effect 10% of dead weight and duration of stop 30 seconds, find the schedul e speed.
[28.4 km/h] (Util. of Elect. Power, A.M.I.E. Sec. B.)
The schedule speed with a 200 tonne train on an electric railway with stations 777 metres apart is
27.3 km/h and the maximum speed is 20% higher than the average running speed. The braking rate
is 3.22 km/h/s and the duration of stops is 20 seconds. Find the acceleration required. Assume a
simplified speed-time curve with the free running at the maximum speed.
[2.73 km/h/s] (Traction & Util. of Elect. Power, Agra Univ.)
An electric train has an average speed of 42 km/h on alevel track between stops 1,400 metre apart. It
is accelerated at 1.7 km/h/s and is braked at 3.3 km/h/s. Draw the speed-time curve for the run.
Estimate the sp. energy consumption. Assume tractive resistance as 50 N/t and allow 10% for rota-
tiond inertia. [39.48 Whit-km] (Util. of Elect. Power, A.M.| .E. Sec. B.)
An electric train weighing 200 tonne has eight motors geared to driving wheels, each wheel is90 cm
diameter. Determine the torque devel oped by each motor to accel erate the train to a speed of 48 km/
h in 30 seconds up a gradient of 1 in 200. The tractive resistance is 50 N/t, the effect of rotational
inertiais 10% of the train weight, the gear ratio is 4 to 1 and gearing efficiency is 80%.
[2,067 N-m] (Traction & Util. of Elect. Power, Agra Univ.)
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An electric train accelerates uniformly from rest to a speed of 48 km/h in 24 seconds. It then coasts
for 69 seconds against a constant resistance of 58 N/t and is braked to rest at 3.3 km/h/s in 11
seconds.
Calculate (i) the acceleration (i) coasting retardation and (iii) the schedul e speed, if the station stops
are of 20 seconds duration. What would be the effect on schedul e speed of reducing the station stops
to 15 second duration, other conditions remaining the same? Allow 10% for the rotational inertia.
[(i) 2 km/h/s (i) 0.19 km/h/s (iii) 30.25 km/h]
(Util. of Elect. Power, AM.I.E. Sec. B.)
An electric train accelerates uniformly from rest to a speed of 50 km/h in 25 seconds. It then coasts
for 1 minute 10 seconds against a constant resistance of 70 N/t and isbraked to rest at 4 km/h/sin 10
seconds. Calculate the schedul e speed, if the station stops are of 15 second duration.
[31.125 km/h] (Util. of Elect. Power, A.M.I.E. Sec. B)
An electric train has a quadrilatural speed-time curve asfollows:
(i) uniform acceleration from rest at 2.5 km/h/s for 25 second
(if) coasting for 50 second (iii) duration of braking 25 second.
If the train is moving along a uniform upgradient of 1 in 100 with a tractive resistance of 45 N/t,
rotational inertia 10% of dead weight, duration of stops at stations 20 second and overall efficiency
of transmission gear and motor 80%, cal culate the schedule speed and specific energy consumption
of run. [69 km/h, 26.61 Wh/t-km] (Util. of Elect. Power, A.M.I.E. Sec. B)
An ore-carrying train weighing 5000 tonneisto be hauled down agradient of 1 in 50 at a maximum
speed of 30 km/h and started on alevel track at an acceleration of 0.08 m/s’. How many locomotives,
each weighing 75 tonne, will have to be employed ?
Train resistance during starting =3 kg/t
Train resistance at 30 km/h = 5 kg/t
Co-efficient of adhesion = 0.3, Rotational inertia= 10%.
[41oco] (Util. of Elect. Power, AM.1.E. Sec. B.)

A train with an electric locomotive weighing 300 tonneisisto be accelerated up agradient of 1in 33
at an acceleration of 1 km/h/s. If the train resistance, co-efficient of adhesion and effect of rotational
inertiaare 80 N/t, 0.25 and 12.5% of the dead weight respectively, determine the minimum adhesive
weight of the locomotive. [88t] (Util. of Elect. Power, A.M.I.E. Sec. B.)
A train weighing 400 tonne has speed reduced by regenerative braking from 40 to 20 km/h over a
distance of 2 km at a down gradient of 20%. Calculate the electrical energy and average power
returned to theline. Tractiveresistanceis40 N/t and allow rotational inertiaof 10% and efficiency of
conversion 75%. [324 kW/h, 4860 kW] (Util. & Traction Power, Agra Univ.)

A 250-tonne motor coach having 4 motors, each developing 5,000 N-m torque acceleration, starts
from rest. If upgradient is 25 in 1000, gear ratio 5, gear transmission efficiency 88%, wheel radius
44 cm, train resistance 50 N/t addition of rotational inertia 10%, calculate the time taken to reach a
speed of 45 km/h.

If the supply voltagewere 1500 V d.c. and efficiency of motor is83.4%, determinethe current drawn
per motor during notching period. [27.25 s, 500 A] (Util. of Elect. Power, A.M.|.E. Sec. B.)

An electric train weighing 100 tonne has a rotationa inertia of 10%. This train while running be-
tween two stations which are 2.5 km apart has an average speed of 50 km/h. The acceleration and
retardation during braking are respectively 1 km/h/s and 2 km/h/s. The percentage gradient between
these two stationsis 1% and the train isto move up the incline. The track resistance is 40 N/t. If the
combined efficiency of the electric train is 60%, determine (i) maximum power at driving axle (ii)
total energy consumption and (iii) specific energy consumption. Assume that journey estimation is
being made in simplified trapezoidal speed-time curve.

[(i) 875 kW (ii) 23.65 kW/h (iii) 94.6 Wh/t-km] (Util. of Elect. Power, A.M.I .E. Sec. B.)
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A 500-tonne goodstrain isto be hauled by alocomotive up agradient of 1in 40 with an acceleration
of 1.5 km/h/s. Determine the weight of the locomotive and number of axles, if axle load is not to
exceed 24 tonne. Co-efficient of adhesion is 0.31, track resistance 45 N/t and effective rotating
masses 10% of dead weight. [7] (Util. of Elect. Power, A.M.I.E. Sec. B.)

Two d.c. series motors of amotor coach have resistance of 0.1 W each. These motorsdraw acurrent
of 500 A from 600V mains during series-parallel starting period of 20 seconds. If the acceleration
during starting period remains uniform, determine :

(i) time during which motor operatesin (a) series, (b) parallel
(i) the speed at which the series connections are to be changed if the speed just after starting period
is 70 km/h.
[(i) 9.098, 10.971 Sec. (ii) 31.82 km/h] (Utili. of Elect. Power and Traction, Agra Univ.)

Explain how series motors are ideally suited for traction service.
(Nagpur University, Summer 2004)
Explain any one method for regenerative braking of D.C. motor for traction.
(Nagpur University, Summer 2004)
Discuss the effect of unequal wheel diameters on the parallel operation of traction motors.
(Nagpur University, Summer 2004)
Explain the various modes of operation in traction services with neat speed-time curve.
(Nagpur University, Summer 2004)
A 100 tonne motor coach is driven by 4 motors, each developing a torque of 5000 N-m during
acceleration. If up-gradient is 50 in 1000, gear ratio a = 0.25, gear transmission efficiency 98%,
wheel radius 0.54 M, train resistance 25 N/tonne, effective mass on account of rotational inertia
is 10% higher, calculate the time taken to attain a speed of 100 kmph.
(Nagpur University, Summer 2004)
What are the requirements of an ideal traction system?
(J.N. University, Hyderabad, November 2003)
What are the advantages and disadvantages of electric traction?
(J.N. University, Hyderabad, November 2003)
Write abrief note on the single phase a.c. series motor and comment upon it's suitability for traction
services. How does it compare in performance with the d.c. Services motor.
(J-N. University, Hyderabad, November 2003)
Draw the speed-time curve of a main line service and explain.
(J.N. University, Hyderabad, November 2003)
A train hs a scheduled speed of 40 km/hr between two stops, which are 4 kms apart. etermine
the crest speed over the run, if the duration of stops is 60 sec and acceleration and retardation
both are 2 km/hr/sec each. Assume simplified trapezoidal speed-time curve.
(J.N. University, Hyderabad, November 2003)
What are the various electric traction systems in India? Compare them.
(J.N. University, Hyderabad, November 2003)
Give the features of various motors used in electric traction.
(J.N. University, Hyderabad, November 2003)
Draw the speed-time curve of a suburban service train and explain.
(J.N. University, Hyderabad, November 2003)
A train accelerates to a speed of 48 km/hr in 24 sec. then it coasts for 69 sec under a constant
resistance of 58 newton/tonne and brakes are applied at 3.3 km/hr/sec in 11 sec. Calculate (i) the
acceleration (ii) the coasting retardation (iii) the scheduled speed if station stoppage is 20 secs.
What is theeffect of scheduled speed if station stoppage is reduced to 15 sec duration, other
conditions remaining same. Allow 10% for rotational inertia.
(J.N. University, Hyderabad, November 2003)
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Derive an expression for specific energy output on level track using a simplified speed-time curve.
What purpose is achieved by this quantity?  (J.N. University, Hyderabad, November 2003)
A 400 tonne goods train is to be hauled by a locomotive up a gradient of 2% with acceleration
of 1 km/hr/sec, coefficient of adhesion 20%, track resistance 40 newtons/tonne and effective rotating
masses 10% of the dead weight. Find the weight of the locomotive and the number of axles if the
axle load is not to increase beyond 22 tonnes.
(J.N. University, Hyderabad, November 2003)
A motor has the following load cycle :
Accelerating period 0-15 sec Load rising uniformly from 0 to 1000 h.p.
Full speed period 15-85 sec Load constant at 600 h.p.
Decelerating period 85-100 sec h.p. returned to line fals uniformly from 200 to zero
Decking period 100-120 sec Motor stationary. Estimate the size of the motor.
(J.N. University, Hyderabad, November 2003)

Explain the characteristics of series motorsand also explain how they are suitable of electric traction
work? (J:N. University, Hyderabad, November 2003)
For a trapezoidal speed-time curve of a electric train, derive expression for maximum speed and
distance between stops. (J:N. University, Hyderabad, November 2003)
A mail isto berun between two stations 5 kms apart at an average speed of 50 kmv/hr. If the maximum
speed is to be limited to 70 km/hr, acceleration to 2 km/hr/sec, braking retardation to 4 km/hr/sec
and coasting retardation to 0.1 km/hr/sec, determine the speed at the end of coasting, duration of
coasting period and braking period. (J:N. University, Hyderabad, November 2003)
Discuss the merits and demerits of the D.C. and 1—p A.C. systems for the main and suburban line
electrification of the railways. (J.N. University, Hyderabad, April 2003)
Which system do you consider to be the best for the suburban railways in the vicinity of large
cities? Given reasons for your answer. (J.N. University, Hyderabad, April 2003)
Derive expression for the tractive effort for a train on a level track.

(J.N. University, Hyderabad, April 2003)
The maximum speed of a suburbanelectric train is 60 km/hr. Its scheduled speed is 40 km/hr and
duration of stopsis 30 sec. If the acceleration is 2 km/hr/sec and distance between stops is 2 kms,
determine the retardation. (J:N. University, Hyderabad, April 2003)
What are various types of traction motors? (J:N. University, Hyderabad, April 2003)
What are the advantages of series parallel control of D.C. motors?

(J.N. University, Hyderabad, April 2003)
Describe about duplication of railway transmission lines.

(J.N. University, Hyderabad, April 2003)
Write a note on feeding and distributing system on A.C. Traction and for d.c. tram ways.

(J.N. University, Hyderabad, April 2003)
For a quadrilateral speed-time curve of a electric train, derive expression for the distance between
stops and speed at the end of the coasting period. (J.N. University, Hyderabad, April 2003)
A train is required to run between stations 1.6 kms apart at an average speed of 40 km/hr. The
runisto be made from aquadilateral speed-time curve. The acceleration is 2 km/hr/sec. The coasting
and braking retardations are 0.16 km/hr/sec and 3.2 km/hr/sec respectively. Determine the duration
of acceleration, coasting and braking and the distance covered in each period.

(J.N. University, Hyderabad, April 2003)
Explain the characteristics of D.C. compound motors and explain its advantage over the series
motor. (J.N. University, Hyderabad, April 2003)
What are the requirements to be satisfied by an ideal traction system?

(J.N. University, Hyderabad, April 2003)
What are the advantages and disdvantages of electrification of track?

(J.N. University, Hyderabad, April 2003)
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Discuss why a D.C. series motor is ideally suited for traction services.

(J.N. University, Hyderabad, April 2003)
An electric locomotive of 100 tonnes can just accelerate a train of 500 tonnes (trailing weight)
with an acceleration of 1 km/hr/sec on an up gradient 1 in 1000. Tractive resistance of the track
is 45 newtonsg/tonne and the rotational inertia is 10%. If this locomotive is helped by another
locomotive of 120 tonnes, find (i) the trailing weight that can be hauled up the same gradient, under
the same condition (ii) the maximum gradient, the trailing hauled load remaining unchanged.
Assume adhesive weight expressed as percentage of total dead weight to be same for both the

locomotives. (J.N. University, Hyderabad, April 2003)
Explain how electric regeneration braking is obtained with a D.C. locomotive. How is the braking
torque varied? (J.N. University, Hyderabad, April 2003)

Explain why a series motor is preferred for the electric traction.
(J.N. University, Hyderabad, April 2003)
The characteristics of a series motor at 525 — V are as follows :
Current (A) 50 100 150 200
Speed (RPM) 1200 952 840 745
Determine the current when working as a generator at 1000 R.PM. and loaded with a resistance
of 3 ohms. The resistance of the motor is 0.5 ohms. (J.N. University, Hyderabad, April 2003)
Briefly explain the a.c. motors used in traction. (J.N. University, Hyderabad, April 2003)
The scheduled speed of atrolley service is to be 53 km/hr. The distance between stops is 2.8 km.
Thetrack is level and each stop is of 30 sec duration. Using simplified speed-time curve, calculate
the maximum speed, assuming the acceleration to be 2 km/hr/sec, retardation 3.2 km/hr/sec, the
dead weight of the car as 16 tonnes, rotational inertia as 10% of the dead weight and track resistance
as 40 newtong/tonne. If the overall efficiency is 80%, calculate (i) the maximum power output from
the driving axles (ii) the specific energy consumption in watt-hr/tonne-km.
(J.N. University, Hyderabad, April 2003)

Discuss various traction systems you know of ?

(J.N. University, Hyderabad, December 2002/January 2003)
Explain the requirementsfor ideal traction and show which drive satisfiesalmost all the requirements.

(J.N. University, Hyderabad, December 2002/January 2003)
Define the adhesive weight of a locomotive which accelerates up a gradient of 1 in 100 at 0.8
kmphps. The self weight of locomotive is 350 Tonnes. Coefficient of adhesion is 0.25. Assume
a trainresistance of 45 N—m/Tonne and allow 10% for the effect of rotational inertia.

(J:N. University, Hyderabad, December 2002/January 2003)
State Factors affecting specific energy consumption.

(J:N. University, Hyderabad, December 2002/January 2003)
Explain with the help of a diagram, the four quadrant speed-torque characteristic of an induction
motor when running in (i) forward direction (ii) reverse direction.

(J:N. University, Hyderabad, December 2002/January 2003)
Explain the general features of traction motors.

(J:N. University, Hyderabad, December 2002/January 2003)
A 250 tonne electric train maintains a scheduled speed of 30 kmph between stations situated 5
km apart, with station stops of 30 sec. The acceleration is 1.8 kmph ps and the braking retardation
is 3 kmph ps. Assuming a trapezoidal speed-time curve, calculate (i) maximum speed of the train
(ii) energy output of the motors if the tractive resistance is 40 NW per tonne.

(J:N. University, Hyderabad, December 2002/January 2003)
Discuss the relative merits of electric traction and the factors on which the choice of traction system
depends. (J:N. University, Hyderabad, December 2002/January 2003)
Explain the terms (i) tractiveeffort (ii) coefficient of adhesion (iii) specific energy consumption of
train (iv) tractive resistance. (J:N. University, Hyderabad, December 2002/January 2003)
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Existing traction systems in India.(J.N. University, Hyderabad, December 2002/January 2003)
Explain the terms tractive effort, coefficient of adhesion, train resistance and specific energy
consumption of train. (J.N. University, Hyderabad, December 2002/January 2003)
An electric train maintains a scheduled speed of 40 kmph between stations situated at 1.5 km apart.
If is accelerated at 1.7 kmph.ps and is braked at 3.2 kmph.ps. Draw the speed-time curve for the
run. Estimate the energy consumption at the axle of the train. Assume tractive resistance constants
at 50 NW per tonne and allow 10% for the effect of rotation inertia

(J.N. University, Hyderabad, December 2002/January 2003)
Explain the advantages of series parallel control of starting as compared to the rheostatic starting
for a pair of dc traction motors. (J.N. University, Hyderabad, December 2002/January 2003)
Discuss the main features of various train services. What type of services correspond to trapezoidal
and quadrilateral speed-time curves.(J.N. University, Hyderabad, December 2002/January 2003)
Existing electric traction system in India.

(J.N. University, Hyderabad, December 2002/January 2003)
Briefly explain the controlling of D.C. Motor. (Anna Univ., Chennai 2003)

OBJECTIVE TESTS —43

. Diesel electric traction has comparatively lim-
ited overload capacity because

(a) diesel eectriclocomotiveisheavier thana
plain electric locomotive

(b) diesel engine has shorter life span
(c) diesel engine is a constant-kW output
prime mover

(d) regenerative braking cannot be employed.

. The most vital factor against electric traction

is the

(a) necessity of providing a negative booster

(b) possibility of electric supply failure

(c) high cost of its maintenance

(d) high initial cost of laying out overhead
electric supply system.

. The direct current system used for tramways

has a voltage of about ............. volt.

(@) 750

(b) 1500

(c) 3000

(d) 2400

. In electric traction if contact voltage exceeds

1500 V, current collection is invariably via a

(a) contact rail

(b) overhead wire

(c) thirdrall

(d) conductor rail.

. For the single-phase ac system of track

electrification, low frequency is desirable

because of the following advantages

(a) it improves commutation properties of ac

motors
(b) it increases ac motor efficiency
(c) itincreases ac motor power factor
(d) &l of the above.

. In Kando system of track electrification,

.................. is converted into .............
(a) 1-phaseac, dc

(b) 3-phase ac, 1-phase ac

(c) 1-phaseac, 3-phase ac

(d) 3-phase ac, dc.

. The main reason for choosing the composite

1-phase ac-to-dc system for al future track

electrification in India is that it

(a) needsless number of sub-stations

(b) combines the advantages of high-voltage
ac distribution at 50 Hz with dc seriestrac-
tion motors

(c) providesflexibility in the location of sub-
stations

(d) requireslight overhead catenary.

. Ordinary, tramway is the most economical

means of transport for

(a) very densetraffic of large city
(b) medium traffic densities

(c) rura services

(d) suburban services.

. Unlike a tramway, a trolleybus requires no

(a) overhead contact wire
(b) driving axles
(c) hand brakes
(d) running rail.



10.

12.

13.

14.

15.

16.

The current collector which can be used at
different speeds under all wind conditions and
stiffness of OHE is called ..............c.......
collector.

(a) trolley

(b) bow

(c) pantograph

(d) messenger.

The speed/time curve for city service has
916 S period.

(a) coasting

(b) free-running

(c) acceleration

(d) braking.
For the same value of average speed, increase
in the duration of stops............. Speed.

(a) increasesthe schedule

(b) increasesthe crest

(c) decreasesthe crest

(d) decreases the schedule.

A train weighing 490 tonne and running at 90
km/h has a mass of ............. kg and a speed
(o] NS m/s.

(& 50,000, 25

(b) 490,000, 25

(c) 490, 25

(d) 50, 324.

A train has a mass of 500 tonne. Its weight is
(a) 500 t.wt

(b) 500,000 kg-wt

(c) 4,900,000 newton

(d) dl of the above

(e) none of the above.

The free-running speed of a train does NOT
depend on the

(a) duration of stops

(b) distance between stops

(¢) running time

(d) acceleration.

A motor coach weighing 100 tonnes is to be
given an acceleration of 1.0 km/h/s on an
ascending gradient of 1 percent. Neglecting
rotational inertia and train resistance, the
tractive force required is .........c...... newton.
(a) 109,800

(b) 37,580

(c) 28,760

(d) 125,780.

17.

18.

19.

20.

21.

22.

23.
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In a train, the energy output of the driving

axles in used for

(a) accelerating thetrain

(b) overcoming the gradient

(c) overcoming train resistance

(d) 4l of the above.

Longer coasting period for a train results in

(a) higher acceleration

(b) higher retardation

(c) lower specific energy consumption

(d) higher schedule speed.

Tractive effort of an electric locomotive can be

increased by

(a) increasing the supply voltage

(b) using high kW motors

(c) increasing dead weight over the driving
axles

(d) both (b) and (c) (e)both (a) and (b).

Skidding of a vehicle aways occurs when

(a) braking effort exceedsits adhesive weight

(b) it negotiatesacurve

(c) it passes over points and crossings

(d) brakeisapplied suddenly.

Which of the following is an advantage of

electrictraction over other methods of traction?

(a) Faster acceleration

(b) No pollution problems

(c) Better braking action

(d) All of the above

Which of the following is the voltage for

single phase A.C. system?

(@ 22V

(b) 440V

(o 5kv

(d) 15kVv

(e) None of the above

Long distance railways use which of the

following?

() 200V D.C.

(b) 25KV single phase A.C.

() 25kV two phace A.C.

(d) 25kV three phase A.C.

The speed of a locomotive is controlled by

(@ flywheel

(b) gear box

(¢) applying brakes

(d) regulating steam flow to engine
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Main traction system used in India are, those
using

(a) electriclocomotives

(b) diesel enginelocomotives

(c) steam engine locomotives

(d) diesel electric locomotives

(e) all of theabove

In India diesel locomotives are manufactured
at

(@ Ajmer

(b) Varanas

(c) Bangalore

(d) Jamalpur
For diesel
horsepower is
() 50to 200
(b) 500 to 1000

(c) 1500 to 2500

(d) 3000 to 5000

....... locomotive has the highest operational
availability.

(a) Electric

(b) Diesel

(c) Steam

The horsepower of steam locomotives is

(a) upto 1500

(b) 1500 to 2000

(c) 2000 to 3000

(d) 3000 to 4000

The overall efficiency of steam locomotive is
around

(a) 5to 10 percent

(b) 15to 20 percent

(c) 25to 35 percent

(d) 35to 45 percent

In tramways which of the following motorsis
used?

(a) D.C. shunt motor

(b) D.C. series motor

(c) A.C. three phase motor

(d) A.C.single phase capacitor start motor

In a steam locomotive electric power is
provided through

(a) overhead wire

(b) battery system

(c) small turbo-generator

(d) diesel engine generator

locomotives the range of

33.

35.

36.

37.

38.

39.

40.

Which of the following drives is suitable for

mines where explosive gas exists?

(a) Steamengine

(b) Diesel engine

(c) Battery locomotive

(d) Any of the above

In case of locomotives the tractive power is

provided by

(@) single cylinder double acting steam
engine

(b) double cylinder, single acting steam
engine

(c) double cylinder, double acting steam
engine

(d) single stage steam turbine

Overload capacity of diesel enginesisusualy

restricted to

(a) 2 percent

(b) 10 percent

(c) 20 percent

(d) 40 percent

In case of steam engines the steam pressure is

(@) 1to4 kgficm?

(b) 5to 8 kgf/cm?

(©) 10to 15 kgf/cm?

(d) 25to 35 kgf/cm?

The steam engine provided on steam

locomotives is

(a) single acting condensing type

(b) single acting non-condensing type

(c) double acting condensing type

(d) double acting non-condensing type

Electriclocomotivesin Indiaare manufactured

at

(&) Jamalpur

(b) Bangalore

(c) Chittranjan

(d) Gorakhpur

Thewheelsof atrain, engine aswell asbogies,

are dightly tapered to

(a) reducefriction

(b) increasefriction

(c) facilitate braking

(d) facilitatein taking turns

Automatic signalling is used for which of the

following trains?



41.

42.

43.

45.

46.

47.

(8) Mail and expresstrains

(b) Superfast trains

(c) Suburban and Urban electric trains

(¢) Alltrains

The efficiency of diesel locomotivesis nearly

(a) 20to 25 percent

(b) 30 to 40 percent

(c) 45to 55 percent

(d) 60 to 70 percent

The speed of a superfast train is

(&) 60 kmph

(b) 75 kmph

(¢) 100 kmph

(d) morethan 100 kmph

The number of passenger coaches that can be

attached to a diesel engine locomotive on

broad gauge is usually restricted to

@ 5

(b) 10

(0 14

(d) 17

Which of the following state capitalsis not on

broad gauge track?

(@) lucknow

(b) Bhopal

(c) Jaipur

(d) Chandigarh

Which of the following is the advantage of

electric braking?

(a) It avoids wear of track

(b) Motor continues to remain loaded during
braking

(o) Itisinstantaneous

(d) More heat is generated during braking

Which of the following braking systemson the

locomotives in costly?

(a) Regenerative braking on electric locomo-
tives

(b) Vacuum braking on diesel locomotives

(c) Vacuum braking on steam locomotives

(d) All braking systems are equally costly

Tractive effort is required to

(a) overcome the gravity component of train
mass

(b) overcome friction, windage and curve
resistance

(c) acceleratethetrain mass

48.

49.

50.

51.

52.

53.
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(d) dodl of the above

For given maximum axle load tractive efforts

of A.C. locomotive will be

(a) lessthan that of D.C. locomotive

(b) more than that of D.C. locomotive

(c) equal tothat of D.C. locomotive

(d) none of the above

Co-efficient of adhesion reduces due to the

presence of which of the following?

(8 Sandonrails

(b) Dew onrails

(c) Oil ontherails

(d) both (b) and (c)

Due to which of the following co-efficient of

adhesion improves?

(@) Rustontherails

(b) Dust on therails

() Sandontherails

(d) All of the above

Quadrilateral speed-time curve pertains to

which of the following services?

(@ Mainlineservice

(b) Urban service

(c) Sub-urban service

(d) Urban and sub-urban service

Which of the following is the disadvantage of

electric traction over other systemsof traction?

(a) Corrosion problems in the underground
pip work

(b) Short time power failure interrupts traffic
for hours

(c) High capital outlay in fixed installations
beside route limitation

(d) Interference with communication lines

(e) All of the above

Co-efficient of adhesion is

(a) highin case of D.C. traction than in the
case of A.C. traction

(b) low in case of D.C. traction that in the
case of A.C. traction

(c) equal inboth A.C. and D.C. traction

(d) any of the above

Speed-time curve of main line service differs
from thoseof urban and suburban services on
following account

() it haslonger free running period

(b) it haslonger coasting period
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(c) accelerating and braking periods are
comparatively smaller

(d) 4l of the above

The rate of acceleration on suburban or urban
services is restricted by the consideration of
(a) engine power

(b) track curves

(c) passanger discomfort

(d) track size

The specific energy consumption of a train
depends on which of the following?

(a) Acceleration and retardation

(b) Gradient

(c) Distance covered

(d) 4l of the above

The friction at the track is proportional to
() L/speed

(b) V(speed)®

(c) speed

(d) none of the above

The air resistance to the movement of thetrain
is proportional to

(a) speed

(b) (speed)’®

() (speed)®

(d) 1/speed

The normal value of adhesion friction is

(@) 0.12

(b) 0.25

(c) 0.40

(d) 0.75

The pulsating torque exerted by steam
locomotives causes which of the following?
(a) Jolting and skidding

(b) Hammer blow

(c) Pitching

(d) All of the above

Which of the following braking systems is
used on steam locomotives?

(a) Hydraulic system

(b) Pneumatic system

(c) Vacuum system

(d) None of the above

Vacuum is created by which of the following?
(&) Vacuum pump

(b) Ejector

63.

65.

66.

67.

69.

() Any of the above

(d) None of the above

The resistance encountered by a train in
motion is on account of

(a) resistance offered by air

(b) friction at the track

(c) frictionat variouspartsof therolling stock

(d) 4l of the above

Battery operated trucks are used in

(a) stee mills

(b) power stations

(c) narrow gauge traction

(d) factoriesfor materia transportation

....... method can bring the locomotive todead

stop.

(8 Plugging braking

(b) Rheostatic braking

(c) Regenerative braking

(d) None of the above

The value of co-efficient of adhesion will be

high when rails are

(a) greased

(b) wet

(c) sprayed with ail

(d) cleaned with sand

The voltage used for suburban trains in D.C.

system is usualy

(@ 12V

(b) 24V

(0 220V

(d) 600 to 750V

For three-phase induction motors which of the

following istheleast efficient method of speed

control?

(a) Cascade control

(b) Pole changing

(c) Rheostatic control

(d) Combination of cascade and pole
changing

Specific energy consumption becomes

(a) more on steeper gradient

(b) morewith high train resistance

(c) lessif distance between stopsis more

(d) 4l of the above

In main line service as compared to urban and

suburban service
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(a) distance between the stopsis more

(b) maximum speed reached is high

(c) acceleration and retardation rates are low
(d) 4l of the above

Locomotive having monomotor bogies

(a) has better co-efficient of adhesion

(b) are suited both for passanger as well as
freight service

(c) has better riding qualities due to the
reduction of lateral forces

(d) hasal above qualities

Series motor is not suited for traction duty due
to which of the following account?

(a) Lesscurrent drain onthe heavy load torque

(b) Current surges after temporary switching
off supply

(c) self relieving property

(d) Commutating property at heavy load

When a bogie negotiates a curve, reduction in

adhesion occurs resulting in sliding. Thus

dliding is acute when

(a) wheel base of axlesismore

(b) degree of curvatureismore

(¢) both (a) and (b)

(c) none of the above

Energy consumption in propelling the train is

required for which of the following?

() Work against the resistance to motion

(b) Work against gravity while moving up
the gradient

(¢) Acceleration

(d) All of the above

An ideal traction system should have ........

(a) easy speed control

(b) high starting tractive effort

(¢) equipment capable of with standing large
temporary loads

(d) 4l of the above

....... have maximum unbalanced forces

(a) Diesel shunters

(b) Steam locomotives

(c) Electric locomotives

(d) Diesel locomotives

Specific energy consumption is affected by
which of the following factors?

(a) Regardation and acceleration values

(b) Gradient

78.
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(c) Distance between stops

(d) All of the above

In case of ... free running and coasting

periods are generaly long.

(8 main-lineservice

(b) urbanwervice

(c) sub-urban service

(d) 4l of the above

Overhead lines for power supply to tramcars

are at a minimum height of

(@ 3m

(b) 6m

(¢ 10m

(d) 20m

The return circuit for tram carsisthrough .......

(&) neutral wire

(b) rails

(c) cables

(d) common earthing

Specific energy consumption is least in ........

service.

(@ mainline

(b) urban

(c) suburban

Locomotives with monometer bogies have

(a) uneven distribution of tractive effect

(b) suitability for passanger as well as freight
service

(c) lot of skidding

(d) low co-efficient of adhesion

....... wasthefirst city in Indiato adopt electric

traction.

(a) Delhi

(b) Madras

(c) Calcutta

(d) Bombay

....... frequency is not common in low

frequency traction system

(@) 40Hz

(b) 25Hz

(c) 16Hz

For 25 kV single phase system power supply

frequency is .......

(@) 60Hz

(b) 50 Hz

(©) 25Hz

2
(@) 16 SHz
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Power for lighting in passenger coach, in a
long distance electric train, is provided
(a) directly through overhead electric

(b) through individual generator of bogie and
batteries

(c) through rails

(d) through locomotive

In India, eectrification of railway track was

done for the first time in which of the

following years?

(a) 1820-1825

(b) 1880-1885

(c) 1925-1932

(d) 1947-1954

Suri transmission is .......

(a) electrical-pneumatic

(b) mechanical-electrical

(c) hydro-mechanical

(d) hydro-pneumatic

In case of a steam engine an average coat

consumption per km is nearly

(a) 150to 175 kg

(b) 100 to 120 kg

(c) 60to 80 kg

(d) 28to30kg

Which of the following happens in Kando

system?

(&) Threephase A.C. isconverted into D.C.

(b) Single phase A.C. is converted into D.C.

(c) Single phase supply isconverted into three
phase system

(d) None of the above

For which of the following locomotives the

maintenance requirements are the least?

(a) Steam locomotives

(b) Diesel locomotives

(c) Electric locomotives

(d) Equal in all of the above

Which of the following methods is used to

control speed of 25 kV, 50 Hz single phase

traction?

() Reduced current method

(b) Tapchanging control of transformer

(c) Seriesparallel operation of motors

(d) All of the above

If the co-efficient of adhesion on dry railsis

0.26, which of thefollowing could bethevalue

for wet rails?

94,

95.

96.

97.

98.

99.

100.

(@) 0.3

(b) 0.26

() 0.225

(d) 0.16

....... watt-hours per tonne km is usualy the
specific energy consumption for suburban
services.

() 1520

(b) 50-75

() 120-150

(d) 160-200

The braking retardation is usualy in the range
(@) 0.15to 0.30 km phps

(b) 0.30to 0.6 km phps

(¢) 0.6to 2.4 km phps

(d) 3to5km phps

() 10to 15 km phps

The rate of acceleration on suburban or urban
service is in the range

(@) 0.2t0 0.5 km phps

(b) 1.6t0 4.0 km phps

() 5to 10 km phps

(d) 15to 25 km phps

The coasting retardation is around

(a) 0.16 km phps

(b) 1.6 km phps

(¢) 16 km phps

(d) 40 km phps

which of the following track is electrified
(a) Delhi-Bombay

(b) Delhi-Madras

() Dehi—Howrah

(d) Delhi—-Ahmedabad

....... is the method of braking in which motor
armature remains connected to the supply and
draws power from it producing torque
opposite to the direction of motion.

(@) Rheostatic braking

(b) Regerative braking

(c) Plugging

For 600 V D.C. line for tramcars, brack is
connected to .......

(a) positive of the supply

(b) negative of the supply

(c) mid voltage of 300 V

(d) none of the above
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