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First-Year Syllabus for the
Trade Theory—Electrician

The following syllabus is for the first 52 weeks consisting of:

Induction Training 1 week

Allied Trade Training

Fitting :3’. wn:kk.:

C nt wee!

Sha;zl'.eMr:tal Work 2 weeks
{Knowledge of
Making Panel
Board)

Week 1. Introduction (o the trade, scope for training
in the trade. Safety precautions, elementary first'aid,
resascitation and tremtment for electric shock, burns
eic.

Week 2. Description, specification & general care and
maintenance of common hand tools, identificauon
and measurements of bolt, nuts & screws. Electron
theory, miniature solar system elements, atom and
free electron. Fundamental terms, definitions, units,
etc., effects of electric current.

Main Trade Training 42 weeks
Test 1 week

52 weeks

Week 7. Work, power and energy, their inter-relation,
calculation of power & energy in electrical circuits.
Ohm’s law. Simple problems.

Week 8. Chemical effect of electrical current, principle
of electrolysis, Farnday’s law of electrolysis, Electro-
clmmcll equwalﬂlt. Values of E.C.E. for different

of anode, cathode, ete.

Allied Trades
Week 9. Introduction of fitting trade, safety pre-

Week 3. Qualities of good electrical d
common conductors, their shape, size and use of
wire—gauge, etc. Insulated conductors in general
use. Their kinds as regards insutation & voltage.
Grades, low, medium and high voltage.

Week 4. Soldering—its purpose, different percentage
of solder used, use of flux. Different fluxes for
different purpo&esornmais,uuur resin and core

solder. Description of sold Care &
maintenance of the hlou lamp.

Week 5. G 1 1 , specification
& insulati ials used. Ohm's law
and its application. Series ion of appli

of resistances, characteristics and uses. Use of voli-
meter and ammeter.
¢18: 3202—1965/4, 5)

Week 6. Different types ol muum pau!lcl circuit,
its ck istics and i Use of protective
devices like fuses, earthing, etc. Precautions in using
Aluminium conductor cable.

(18: 732—1963] App-D)

to be observed. Descriptions of files,
hammers, chisels, hacksaw frames, blades, their spe-
cification and grades. Care and maintenance of steel
rules, try-square and files.

Week 10. Marking tools, description and use. Types
of drills, descri of drilling proper
use, care and maintenance.

Week 11. Description of taps and dies, types of rivets
and rivetted joints, Use of thread gauge.

Carpentry

Week 12. Description of 's hand

tools, such as saws, planes, chisels, mallet, claw
rking and dividing and holding toals,

their care & maintenance,

Week 13, Timber, its description, scasoning process
and their use for different purposes.

Week 14. Finishing and ishing malerials. Sand
papers—their grades and proper selection.  Prepara-
tion of spirit polish and polishing process.




Sheet Metal

Week 15. Description of marking and cutting tools,
such as snips, shears and punches, eic and other
tools like hammers, mgllets, etc. used by sheet metal
workers. Types of soldering irons—their proper use,
description and proper use of different bench tools
used by sheet metal workers.

Week 16. Description of M.S. tmned l.nd nlumsed
sheets and their ad
fluxes and process of soldering methods of jointing
and soldering.

Week 17. M.wm-tﬂms used, types and shapes of

First-Year Syllabus—Electrician  xiii

Wukﬂ. Muhodlof controlling speed of dcmmur
d and i

and di
twllﬁlmn-

Week 29. Types, grades, sizes of insulated wires and
cables such as rubber insulated, CTS, weather proof,
PVC, multicored, armoured cables, etc.—their selec-
tion as per standards laid down.

Week 30, Principles and description of voltaic cell

del'em nnd r:mediu. I..whndw cell and dry cell
use, care and
mlunmme Gmupmg of celis for different voluage
and current,

of magr (Imrl] elru lmi Week 31. had acid cell, deseription of parts. Methods
hods of ag char P ions 10 be taken and testing
materials. equipment.

Week 18. Electromagnet, advantages end uses. Princi-
ple of clectromagnetism, cork screw rule and
right hand thumb rule, magnetic field of current
carrying conductor and loop. Earth magoetism,
solenoid, its polarity, palm rule, eic. Magnetic 1erms
and equations.

Week [9. Principle of clectromagnetic induction,

Faraday's law, Lenz's law—resistance variation of
i with ial, cross section
& length.

Week 20,  Principle of dc. generator—Fleming's
right hand rule. Use of slip rings and split rings and
the function of commutator. Obm's law and its
application.

Week 21. Parts and functions of dc¢ generator, emf

ion, sell and 1§ excited
their application in practical field. Use of 1 megger.

Week 22. Types and ch istics of de
such as series, shunt and compound, their appli-
cation, Simple problems on electric circuit. Making
a circuit diagram,

Week 23. A
their polarity,

mof

of i

les and

Week 32. General defects and remedies of lead acid
cells, General maintenance and up-keep of lead acid
cells and nickel-alkaline cells. General idea of
growing importance of aliernating current system
with suitable examples.

Week 33, Kirchhofl’s laws and its application, Wheat-
stone bridge and its application.

Week 34. Alternating current related terms viz.,
frequency, rms value, etc. with simple problems.
General ides of standard sizes of casing and cap-
ping.

(15: 732-1963jtable-1)

Week 35, R of i and
Simple definiti S'u'up]c bl [ 18 the
effect of varying | Phase rel hi

power and power factor. Idenuﬂcaum of ac and
dc meters. Use of watt mﬂusandenetm meters.

Week 36. Resi and ind
Simple definiti Simple proving the
effect of varying fi Phase relationshi

power and power factor. Identification of ac and
de meters. Use ol waitl meters and encrgy meters.,

Week 37. Ac curcuir, Simple problems on ac circuits

Week 24. Electromagnetic drag, Fleming's left hand
rule, Principle of dc motor.

Week 25. Terms used in. dc molor such as torque,
speed, back emf, etc. their relation and practical
application.

Week 26. Types and characteristics of de motos. Indus-
triat application of dc motor. Starting methods.

Week 27. Types of dc motor starters, 3 point and 4
points. Protective devices used,

R & XI, R and L and XC. Calculating
current, voltage drop across each and impedance of
circuit. General idea of conduits and its accessories.
1E rules pertaining to conduit pipe wiring.

Week 38, —do—

Week 39. Poly-phase circuits, star-deha connection.
Relation between line and phase voltage, and simple
problems based on it. LLE. rules. Useof reference
book and tables.

Week 40. Al
Phase

, paris, emf i lati

1 Transf{ ion, wark-
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ing principle, cooling method. Conduit capacities
and 1E rules pertaining to conduit pipe installations,
(IS : 3156-Pan 1/1965 APP. C.and E)

Week 41. Alternators, pum, emf equation, regulation.
Phase Ti wark-

meter and megger. Use of shunt and multiplier.
Principle and use of CT and PT.

© Week 46, Ac Winding terms: ac armature winding

terms—coil side, coil end, coil lead, coil group and
connections. Adjacent pole connected armature

ing pnnup!c. Cooling method. Conduit
and IE rules pertaining to conduit pipe. Installations,

Week 42. Working principle of induction motor, Con-
struction and characteristic of squirrel cage and slip
ring induction motor.

Week 43. Single-phase motors. Split phase, capacitor.
Repulsion and  series molor-worhng principle,
parts and ch 1ypes
characteristics.

Week 4. Single-phase motor, Split phase, capacitor.
Repulsion and series motors—working  principle,
parts and characteristics. Starters—types and charac-
teristics, .

Week 45, Electric instruments: Classifications as re-
gards force employed, etc., ional detalls of
MC and MI type meters. Dynamometer and hot
wire instrument, Constructional details of energy-

ing, pole
winding, lap and wave connected.
Week 47, Coil wound armature according |.a their
shapes and single and multi

Week 48. Dc terma:
wmm“hpmd.ins. wave winding pole pitch,
coil pitch or back pitch, front pitch, resultant pitch,

Week 49. Mercury vapour and sodium vapour lamp—
Construction, characteristic and wattage available.
Fluorescent tube—construction, characteristic, size
and wattage available, Types of lighting.

Trntrodeth st

Week 50, —REVISION—
Week 51. —REVISION—
Week 52. —TEST—
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Introduction

1.1 SAFETY PRECAUTIONS

We know electricity is invisible. Therefore,
while working in electrical installations one
should always first take care of one's own
safety. A little carelessnzss can result in
an  accident, which many times can be fatal.
Therefore, electricity needs certain  precau-
tions of handling it to avoid danger. The
following ‘Do Nots” (precautions) should
always be observed before starting work on
electrical equipment and apparatus :

(i) Do not forget that electric shocks are
generally received by the worker and
can be avoided. Be careful.

Do not forget to put off the main
switch (if near it) in the case of a per-
son still in contact with a live conductor
or apparatus
Do not attempt to disengage a person
in contact with a live agpamus which
you cannot switch off immediately.
Insulale yourself from the earth by
standing on a rubber mat or dry board
of wood before attempting to get him
clear. Even then do not touch his
body; push him clear with a piece ol
dry wood.
Do not forget to put off the main
switch and laﬁe away the fuse carrier
along while working on an installation.
Also, then put a caution notice on or
near the main switch inscribing ' Danger,
Men at Work™.
(v} Do not have a false feeling of security
by believing that resuscitation can
always bring a person back to life
after an electric shock. First of all, call
the doctor at once and apply artificial
respiration quickly.
Do not discontinue artificial respira-
tion until recovery or death is certified
by the doctor.
(vii) Do not forget to put on your safety
belt before starting work on a pole. 1f

(i

{iii)

(iv)

(i)

a ladder is used, it must be held by
another man 1o avoid slipping.

(viii) Do not have any sharp tool protruding
from the pocket when working on a
high voltage overhead line. Always
keep one hand in the pocket.

{ix) Do not secure a position where the
head is likely to become a conductor
in overhead lines.

(x) Do not forget to discharge the over-
head lines by earthing or by other
suitable means.

(x/) Do not forget to earth all metallic
coveringsof the electrical wiring instale
lation.

{xii) Do not forget to connect aswilch on
a live conductor.

(xiii) Do not use wires and
poor insulation.

(xi¥) Do not open or close a switch slowly
or hesitatingly. Do it quickly.

(xv) Do not disconnect a plug point by
pulling a flexible cable.

(xvi) Do not work on energised circuils
without taking all precautions, such
as the use of a rubber mat, shoes and
gloves, ete.

(»vii) Do not tamper with an electrical
equipment or a conductor, unless you
are sure thai it is dead and earthed.

(xviii) Do not renew a blown fuse until you
are satisfied as to it cause and have
rectified the fault.

(xix) Do not close any switch unless you are
familiar with the circuit which it
controls and know the reason for it
being open.

(xx) Do not allow unauthorised persons to
touch or handle electrical apparatus
or come within the danger zone of
high voltage apparatus.

{xxi) Do not add water to acid while pre-
paring an electrolyte. Always add acid
1o water.

toals having
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(xxii) Do not bring a naked flame near an
accumulator. Also,” keep the room
where the accumulator is housed well-
ventilated..

(xxiii) Do not th w water on a live i

doctor arrives, artificial respiration should be
continued. ) :

There are many methods of artificial respi-
?tiun and any one of them can be followed

or equipment in the case of a fire.

(xxiv) Do not use afire extingui on electri-
cal equipment unless it is clearly
marked for that purpose. Use only
carbon tetrachloride or liquid carbon
dioxide extinguishers or dry sand. It
is advisable to switch off the main
switch before attempting to put off an
electric fire.

(xxv) Do not forget that saféty depends
upon good ecarthing; so always keep
the earth connections in a good con-

~ 1, dition.

1.2 METHODS FOR RESCUING AN

US PERSON SUFFERING

u 0
© ;, FROM AN ELECTRIC SHOCK

If.a person receives a shock, it is the utmost
duty of the observer to disconnect him imme-
diately from the live supply mains by either
switching off the main switch. The body should
be pushed away with a dry stick or rope. Ifa
stick is not available, then insulate yourself by
standing on a dry wooden board, thick card-
board or rubber (or coconut) matting before
trying to get him clear, and even then do not
touch his body. Pull him with his loose clothes
like hisshirt or coat. Then extinguish the spark
if there is any smouldering on the clothesofthe
victim. If the licart of the victim stops beating
it means death is certain. However, if the
victim becomes tnconscious and stops breath-
ing, but his lzart still beats, he should be
immediately given artificial respiration because
a slight delay may cause death. Artificial res-
piration should be continued till the patient
regains his natural breathing or as the doctor
advises after his arrival.

A slight regaining of natural breathing is not
an indication for stopping the artificial respi-
ration because the victim may stop breathing
again. Therefore, the patient should be care-
fully watched and if the natural breathing
stops again, the artificial respiration should be
followed at once. Before starting the first aid
for resuscitation, the clothes around the
throat, chest and waist should be loosened.
If there are any false teeth or any foreign
body in the mouth, they should be removed.
The doctor should be sent for and till the

p g upon the ity and requirement.
Some of these methods are given below.

First Method It is the best method of

artificial respiration and can be followed as

explained below :

1. Lay the victim on the ground as illustrated
in Fig. 1.1.

2. Pull his arms forward and put his head on
one side resting on an arm so that he can
breath casily.

3. Kneel over the victim, placing your hand
fiat on his back near the lowest rib in such
a manner that the thumbs touch each
other and are parallel to the spine. Now
spread the fingers on each side over his
lower ribs.

4. Lean forward gently over the patient,
exerting a downward pressure for two
seconds. Similarly, relegse the pressure
slowly by moving backward, keeping the
hands in the same position for two seconds
as shown in Fig. 1.2. This expands and
contracts the patient’s lungsso as to
imitate the breathing.

Fig. 1.2 Expiration



5. When the victim starts- breathing, it is
better if the rescuer synchronizes his own
breathing with him so that the victim can
arrive at the natural rate of breathing.

This p hould be repeated 12 to 15
times per minute and should be followed
continuously with great patience because it
can take hours to bring the respiration back.

Second Metbod This method is adopted
only when a victim's body has some burns on
the chest or anywhere on the front side of the
body. The patient must be laid on the floor
as shown in Fig. 1.3 with a pillow or rolled
coat under his shoulder. Then the following
procedure should be followed.

1. The operator should kneel in the p

Introduction 3

5. After two seconds, repeat the process
again. 1t should be done 12 to 15 times a
i till the pati breathing

In this procedure two persons are necessary

for performing the artificial respiration because

it is required to draw the tongue of the

patient out-during each inhalation’ attempt

and release it during each expiration stroke.

For this reason this method is a little bit
difficult and inconvenient to perform.

Third Method (Artificial Respirator Method) It
is the easiest and most hygienic method of arti-
ficial respiration, if the apparatus is available.
When the victim has suffered an electric shock
and is unconscious, and it is required to bring

shown in Fig. 1.3.

Fig. 1.3 Inspiration

2. Tilt the head a little back. It keeps the
tongue out of the throat, thus giving
passage to the air.

3. Hold the victim just below the elbow and

draw his hand over his head until they are

horizontal. Keep them in that state for
about two seconds.

Now bring the victim’s arms down on each

side of his chest, pressing inward on his

arms so as to compress his chest asin

Fig. 1.4.

E ol

Fig. 1.4 Expiration

his respi -back, an artificial respirator is
used. It consists of a rubber-bulb mask and
an air filter along with a transparent celluloid
valve arrangement. Ths air enters through the
holes of rubber bulb and goes out through the
outlet valve. The mask is placed on themouth
and nose of the patient as shown in Fig. 1.5
and the rubber bulb is pressed at the rate of
12 to 15 times per minule to bring his respira-
tion back. This process should bs continued
regularly till the doctor advises to stop. The
operation of the respirator is explained below.

Fig. 1.5 Artificial respirates

The rubber mask is fitted on the mouth and
nose of the victim. When the rubber bulb is
pressed the air of the bulb passes through the
air filter which lifts the inlet valve and closes
the outlet valve. Now this filtered air enters
the lungs of the patient through the mask and
nose. When the pressure on the bulb is relea-
sed, the inlet valve closes and the outlet valve
is opened which now gives path tothe used air
to go out. The detailed diagram of the resus-
citator is shown in Fig. 1.6.
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Fig. 1.6 Resuscitator

Special Instructions

1. Never give any drink to the unconscious
man,

2. Violent operation of the process must be
avoided because an internal injury in the
affected organ may be harmed due to quick
and excessive pressure.

3. If there is a burn on the body, it should be
properly dressed after the recovery of the
patient,

4. The patient should be kept warm.

5. No medicine should be given without the
consent of the doctor.

6. An owner of the factory must provide and
fix a chart explaining the methods of arti-
ficial respiration and carrying, the name
of the nearest doctor, telephone number,
and hospital and residential address so that
he may be contacted immediately in time
of need.

13 COMMON HAND TOOLS, THEIR VISES.
CARE AND MAINTENANCE

For easy performance and good quality of
work, it is always preferred to have standard
tools. Most accidents occur due to the use
of cheap and blunt tools. It is, therefore,
always necessary to take proper care and
naintenance of tools (Table 1.1).

1.4 IDENTIFICATION OF BOLTS, NUTS AND
SCREWS

Bolt Itis a locking device which is used

with the combination of nuts. It is specified

with its diameter and length. It is generally
not fully threaded. (See Fig. 1.7).

G —memn

Fig. 1.7 Bolt

Screw [t is also a type of bolt but its threads
are from the head to the bottom. The size of
the screw is also measured according to its
threaded length and diameter, as shown in

Fig. 1.8

Fig. 1.8 Screw

Namt It is generally used on screws and
bolts for locking purposes. [ts size is specified
by its internal diameier, as shown in Fig. 1.9

Fig. 1.9 Nut
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1.5

GENER

Basic Electrical Engineering

CIRCUI

The list of general symbols is given in Table
1.2

Table 1.2 Generai Syspors

Particulars

'5I'L SYMBOLS USED IN ELECTRICAL

Symibe!

20,

21,

Direct current

Positive ._I.
Negative -_
Alternating current f'\J
Single phase 1P o 1
Three phase 3@ o Iy
Phase sequence R Y B
Meutral i RNorQ
Crossed wires + or +
Connected wires + o -
Earth _L
Fuse (rewirable) Mm-oi
Cariridge fuse ﬂ]
Porcelain connector single way |§|
Neutral Tink R —
Single pole switch - oo

Two-way switch

e
—

-3
LN
Nea%22%2 8

333

Push butten switch
intermediate switch
Lamp

Lamp in series

Lamp in parallel
or lamp load

24,

25,

26.

7.

29.

.

3z,

33

34,

s,

6.

Fan

Fan regulator

Two-pin wall socket
Three-pin wall socket
Two-plate ceiling rose
Tnree-plate ceiling rose
Electric bell

Electric buzzer

Double-pole switch

Triple-pole swilch

Knife blade. double-pole,
double-throw switch

Knife blade triple-pole,
double-throw switch

Double-pole, iron clad
main switch with fuses

J
=@

.

SOORE

I

Triple-pole. iron clad
main switch with fuses

LINE

(contd.)



Table 1. 2.{contd.}

ar.

I8,

41.

42

43.

47.

49,

sl

H
B

“

Qil immersed single-pole switch

0il immersed double-pole swiich

0il immersed
triple-pole switch

Reversing switch
{Double pale)

q-:—
—
Reversing switch iron -
clad (Triple pole) - ]

e

REVERSE OIF FORWARD

Fixed resistance —NN—
Variable resistance oR

Coil —TT—
(inductive coil or reactor)

Variable inductive coil _ru'{;_];\_
Choke coil —fW;l'ﬂﬁ—

Fixed condenser

-
ArH«_

Variable condenser
cell =
Battery Hid =

Ampere meter (i) ac
(iiyde, (i) ac/dc

AOO®

61.

62.

63.

65.

&7.

Introduction 17

QO®
®=@r

Volt meter (i) ac,
(i) de, (iii) ac/dc

Watt meter

Ohm meter

Multi-meter

Phase indicator meter

Power factor meter

Frequency meler

Galvanometer

Synchroscope

Single-phase
encrgy meter

Series generator

{or motor)

Shunt generator
{or motor)

Compound generator
{or motor)

Single-phase alternator

Three-phase alternator

Single-phase motor

o 2 BT B o eno0e

i
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Tatle 1. 2icontd.)

1.6 1.5.1. CONVENTIONAL SYMBOLS FOR
ELECTRICAL INSTALLATION.

The 1.S.1. electrical symbols are given in
Table 1.3.

68. Three-phase sq. cage
induction motor

9. Three-phase
slipring motor

TasLe 1.3 LS.). ELecTricAL Sympors
Particulars Symbol

Main fuse board without

switches and lighting

Main fuse board with

switch and lighting

3 Main fuse board withoat
switches { power)

Main fuse board with

switches (power)

5. Distribution fuse board 7
without switches (lighting)

6. Distribution fuse board WM

P

70.  Transformer H-

lenstien)
()

3

7. Auto-transformer

(L]

L]

n
n

. Potential transformer

73.  Current transformer

f {of

74.  Half-wave metal rectifier

5. Full-wave metal

3 with  switches (lighting)
_ rectifier

7. Distribution fuse board
without switches (power)

Distribution fuse board
with switches (power)
76.  Star connection

Main switch ¢light) ._.]L

77.  Delia connection 10.  Main switch (power)

11.  Changeover switch i

12, Meter @
(

7. Rotary convertor

79.  Molor generator set—
mechanically coupled

P

contd.}




Table 1.3 (contd.)

13

21,

B

24,

25,

27.

23,

Pendant light single O
Pendant light counter weight O
Cw
Pendant rod
ndant ro OR

Chain Pendant

O

Light bracket

O

Batten lamp holder

Walterlight titling

£

le

Bulk-head fitting

Light outlet connection
fo an emergency syslem

Switch (general symbol)

One-way swilch
Two-way switch
Intermediate switch
Pendant switch

Pull switch

Socket outlet, 2 pin, 5 A

Socket outlet switch
combined, 2 pin, 5 A

WW*\%\‘%(\.’U,

3n.

1.

34,

35.

ar.

38,

39,

40.

4l.

42

43.

45,
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Socket outlet, 2 pin, 15 A

Socket putlet swiich
vombined, 2 pin, 15 A

Socket nutlet switch
combined, 3 pin, § A

Socket outlet switch
combined 3 pin, 5 A

Socket outlet, 3 pin, 15 A

Socket outlet switch
combined, 3 pin, 15 A

Convection heater

Electric heater unit

Tubular heater

Immersion heater
Thermostat

Immersion heater
with thermostat

@HW?O"'W%W?WW

Self-contained electric water heater

Fan

Bracket fan

Exhanst fan

® &b 86

Fan regulator

i
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‘Table 1.3 (contd),

47, Bell push

48.  Bell

49, Buzzer

50.  Indicator

51, Relay

52, Bell system relay

3.

54.

55.
56.

57.

59.

61.

63,

Indicator and bell

Power factor capacitor

Choke
DC

AC
Positive
Negative
Neutral

Phase

Clock outlet—synchronous -

Master clock

|+8||-:E-'II'T5|FI® KR |-

[+
=z

®®.

65.

67.

73

74,

75,

6.

77,

78.

.

Master clock outlet

Bell connected to fire alarm

Fire alarm indicator
(N=No. of ways)

Amplifier

Control board

Microphone

Loudspeaker
Receiver point
Aerial

Earth

Earth plate

Earth test point

Surge diverter
Pilot or corridor lamp
Siren

Horn or hooter

© PO
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REVIEW QUESTIONS

1.1 What safety precautions would you observe to avoid electrical accidents ?

1.2 How will you remove a person who has received an electric shock from an
electric appliance?

o (NCVT 1966 Elect.)

1.3 Name and cxplain the use of five y/mportant hand tools used by an electrician
giving their sizes, care and maintenance.

14 Draw any 15 general symbols used in electrical circuit from the following:
1. Alternating current; 2. Neutral; 3. Three phase; 4. Earth; 5. Intermediate
swilch; 6. Variable resistance; 7. Coil; 8. Fixed condenser; 9. Cell; 10.
Battery; 11. Energy meter—single phase; 12 Compound motor; 13. Single-
phase alternator; 14, Three-phase slipring motor; 15, Transfprmer; 6.
Metal plate rectifier (full-wave); 17. Star connection; 18. Rotary converter.

1.5 Draw any 15 symbols according to 1.5.1 from the following:
1. Main fuse board with switches (light); 2. Distribution fuse board with
switches (power); 3. Main switch (light); 4. Meter; 5. Light bracket; 6.
Bulk-head fitting; 7. Pull switch: 8. Socket outlet switch combined. 3 pin, 15A;
9.Electric heater unit; 10. Immersion heater with thermostat; 11. Exhaust fan;
12, Fan regulator; 13, Bell push; 14. Bell connzcted to fire alarm; 15, Reiay:
16, Earth plate; 17. Pilot lamp; 18. Siren.

1.6 (a) Explain in brief the action you will take in restoring a person who has suffered

from an electric shock and is unconscious.

(b) Makeout a list of safety equipments that should be available with an electrician/

wireman working on a line electrical installation.
(NCV¥T 1984 Wiman)

1.7 What type of fire extinguisher will you use to extinguish fire due to (i) Electric
short circuit (i} High temperature in an oil reservoir.
(ANl India Skill Competition 1985)
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Wires, Cables and General
Eleetrical Accessories

2.1 CONDUCTOR

conductors. They are used for indoor wiring
installati and underground distribution

A substance which offers low to the
flow of electric current is called a conductor.
Almost all pure metals are good conductors of
electricity. Some important conductors in the
order of their conducting ability are : silver,
copper, aluminium, brass, zine, nickel, iron,
tin, lead, german silver, manganin, eureka,
nichrome, tungsten and mercury.

22 PROPERTIES OF A GOOD CONDUCTOR

The following -are the properties of a good
conductor:

(i} Tt should be of low cost.

(if) It should be easily available in the

market.

(it} It should have sufficient tensile
strength.

{iv) lts joint should easily be made and
soldered.

(v) Iltshould have sufficient mechanical
strength.

{vi) Tt should not be much effected by
changing atmusglhuric conditions.

(vii) 1t should have high conductivity and
low specific resistance to keep the
electrical losses as low as possible.

(viii) It should have flexibility.

2.3 CLASSIFICATION OF CONDUCTORS
Conductors can be classified as under :
(/) Bare conductors, and
(if) Insulated conductors.

Bare Condoctors  Conductors which are not
covered with insulation are known as bare
conductors. They are used in overhead lines
for transmission and distribution.

Insulated Conductors Conductors which are
covered with insulation are called insulated

systems.

24 COMMON CONDUCTORS—THEIR
PROPERTIES AND USES

The following are the best conductors of

electricity.

(i) Silver Silver is the best conductor and
has very low specific resistance. This metal is
very costly and its general use in industry is
limited. However, it is still used in electrical
instruments, relays and contact points of high-
current starters. Iis conductivity is approxi-
mately 98%.

(ii) Copper Copper is the next best conduc-
tor. It is mostly uged for all cominercial
purposes. Its resistivity is a little higher than
silver. Its conductivity is approximately 90%
of that of silver. It has all the properties of a
good conductor and can be exposed to any
weather.

It is generally used in electrical indwstries as
in overhead lines, cables, armature winding,
earthing clectrodes, contact points of starters,
busbars, etc. Nowadays, its use is limited
because of its shortage in India and its high
cost.

Bare copper conductors are of two types :
(i) Hard drawn copper conductor, and

(i) annealed copper conductor.

Hard-drawn Copper Conductor 1t is used in
earthing and overhead lines. Its size varies
from 7/0 to | to 20 5. W.G.

Annealed Copper Co_nduc.ror The hard-drawn
copper  conductor is made soft by heating it
at a high temperature and then cooling it



slowly. The anncaling of copper conductor
also depends upon the purity of copper.

Annealed round copper conductors are
manufactured from 6 to 50 S.W.G. Itis used
as winding wires in electrical apparatuses,
machines and transformers,

Strips and bars of insulated copper wires
are used for winding heavy-duty machines
and transformers, for earthing purposes, etc.

(iil) Alominjum It has 60% electrical con-
ductivity as compared to that of copper and
is light in weight, It is affected by the sur-
rounding atmosphere. Its soldering is some-
what difficult. It can also be made into wires,
but they are not as strong as copper wires. To
make it strong, a steel wire is used in the
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also made into small wires and is used for
making filaments of electric lamps, fluorescent
tubes, radio valves, etc.

(viii) Tin It has low melting point and is
not affected by oxidisation. Owing to its low
melting point it is used in fuse wires and solder
wire in different percentages.

(ix) Zinc 1t is also a good conductor and is
used for making containers for dry cells and
for galvanizing iron.

(x) Lead Its melting point is higher than
that of tin and is not affected by thesurround-
ing atmosy . Itis used as a sheathing in

centre of the stranded injum d
the conductor is then known as aluminium
cored steel reinforced (A.C.S.R.) conductor.
These conductors are used in overhead lines,
cables, etc. where its lightness is an advantage
in reducing the cost of transmission.
‘Nowadays aluminium conductors are also
used in winding chokes of fluorescent tubes
and in the rotor cage winding of a squirrel
cage induction motor. It is specially preferred
to copper for transmission lines because there
is no shortage of it in India. Its sizes are
available from 1.5 to 625 mm.

(iv) Brass Itis a harder alloy of copper and
zinc and is used for making terminals of more
or less all types of electrical accessories, such
as terminals of holders, switches, wall sockets,
cte. It is resistant to corrosion. Its conductivity
is about 489, as compared to silver.

(v) Ironand Steel It has approximately
cight times higher resistance than that of
copper of the same length and area. It can
easily be made into small wires and is used in
automobile chasis and electric traction steel
rails as a return conductor.

(vi) G.I. Wirc Tron oxidises easily. To make
it resistant to corrosion it is coated with zinc,
which is then called galvanised iron (G.L) wire.
It is used for telephone lines and overhead
lines as guard wires, stay wires, earth wires,
etc.

(vil} Tungsten 1t is a good conductor of
electricity and has a high melting point. It is

lead-covered wires and cables.

(xi) Mercory It isa liquid conductor which
on heating, evaporates. It is used in mercury
vapour lamps, mercury floating switches,
mercury arc rectifiers and ferranti-ampere
hour meters.

(xii) Electrolyte It is also a liquid conduc-
tor. Watcr containing some acid is called an
electrolyte. Thus all electrolytes are liquid

ors, Their resi s d with a
rise in temperature. They are used in primary
cells, secondary cells and in vats (i.e. tanks) of
electroplating.

(xiii) Gaseous There are certain gases which
allow current through them, such as helium,
argon, neon, etc. At low temperatures, they
have high resistance and at comparatively
very high temperatures they have less resis-

. tance.

1.5 SEMI-CONDUCTORS

Semi-conductors are special resistance alloys
which offer fairly high resistance to the flow of
current. Alloys and carbon have high resis-
tances and they fall in this category. They are
very valuable for making standard resi

The important ones are given below.,

(i) Eureka or Constantan It is an alloy of 40%,
nitkel and 60% copper. It has very high
resistivity and can be easily made into thin
wires. It is used for making resistances of fan
regulator, starters, etc.
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(ii) Germsn Silver It is also an alloy of
60% copper, 15% nickle and 25% zinc.

(iii) Manganin This material is an alloy of
84%, copper, 129 manganese and 4% nickle.

(iv) Platinoid Platinoid is an alloy of 64%
copper, 15% nickle, 20% zinc and 1% tungs-
ten.

Note : All these above wires are very costly
and have high resistivity. Therefore
they are used as standard resistances
in some costly instruments.

(v) Nichrome It is an alioy of 80% nickle
and 20% chromium. lts specific resistance is
high. Itis made into wires. It is also used for

Conductor Any pure metal which offers low
resistance lo the passage of electric current is
called a conductor. The current is taken from
one place to the other by means of a conduc-
tor. Copper is used as a conductor in overhead
lines, cables, armature windings, etc. How-
ever, due to shonage and nonavailability of
copper at low cost, aluminium is also widely
usedas a conductor in electrical industries.

Insulation Covering It is the covering which
bounds the current to fiow in a definite path.
The insulation of the cable must be strong
enough because a leakage current will start
giving electrical shocks and can cause fire.
The strength of i ion of the insu!
cable depends upon dampness, heat- and
It Damp and heat will reduce the

making elements of heating app such
as the electric press, heater, electric kettle,
furnace, toaster, etc.

(vi) Kantbal Ttis also an alloy of chromium,

nickle, iron, etc. It is prepared in different

percentages of combination for different pur-

Foscs These heating alloys are specially used
or heating coils of furnaces, etc.

(vii) Carbomn It has high specific resistance,
Iis resistance increases with decrease in tem-
perature and vice versa. It is used for making
carbon resistances, brushes of electrical
machines, etc.

2.6 DIFFERENCE BETWEEN A WIRE AND
A CABLE

Any conductor which is composed of a con-
ducting material, and is uniform in diameter
and circular in cross-section is called a wire,
A lengthof a single insulated conductor (solid
or stranded) or two or more such conductors,
each provided with its own insulation which
are laid up together is called a cable. The
insulated conductor or conductors mayor may
not be provided with an overall mechani-
cal, protective covering. In short, any con-
ductor which is provided with insulation is
called a cable,

2.7 PARTS OF A CABLE

A cable consists of the following three main
parts :
X0} Conductor,
(if) insulation covering, and
{iii) protective covering.

insulation. Also, if the electrical pressure is_
increased to more than the normal working
voltage of the insulated cable, it reduces the
strength of the insulation.

Protective Covering It protects the insula-
tion covering against any mechanical injury.

2.8 CURRENT RATING AND FUSING CURRENT
OF CABLE
When a current is passed through a conductor
some heat is produced in it. If more and more
current is passed, more heat will be produced.
This results in melting the conductor of the
cable or damaging its insulation. The rise of
temperature can be controlled by only con-
trolling the current as the resistance is
constant (because heat % I*Rt). The maximum
value of the current that a conductor can pass
safely (without damaging it) at ambient
temperature (i.e. room temperature) is called
the cirrent raung or current wrylng capacity
of the The current at
which the conductor melts is kuown as the
fusing current of the d 8
ing the life of the conductor and for safe
operation, the value of the current passing
through the conductor should never be more
than its current carrying capacity.

2.9 STRANDED CABLE

Electrical energy is supplied from the generat-
ing station to the consumer by means of
overhead lines or underground cables. The
conductor of the cable is of two types :

(i) Solid conductor, and

(if) stranded conductor.



In a solid conductor cable, there is only one
conductor. But in a stranded conductor cable,
it is made of a number of strands of wires of
circular cross-section so that it can become
flexible. -

The number of strands used in a cable are
3, 7,19, 37, 61, 91, 127 or 169. These oumbers
are specifically chosen because they give a
circular shape to the conductor of a cable.+In
a three-strand cable, two strands are twisted
around the third strand. Similarly, in the case
of seven or more strands the arrangements of
the conductor is as given below, '

7 Strands: Six strands are twisted around a

central strand.

19 Strands: Seven strands are twisted as
above and the rest of the 12
strands in a direction opposite to
that of the previous layer.

37 Strands: Nineteen strands as above and the

remaining 18 strands for the
additional layer in the opposite
direction.

2,10 NECESSITY OF STRANDING CABLES

Cables are stranded to increase the current
carfying capacity of the cable. A stranded
cable has a larger current carrying capacity as
compared to a solid condluctor because it _has
larger heat-radiating and conducting surfaces
and therefore allows a higher current for the
same temperature.

Advantages of Stranding Cables The follow-

ing are the advantanges of stranding cables :
(i) As there are many conductors ina

stranded cable, thin wires can be used

which increase the flexibility of the

cable.

It provides ease in handling during

installation and errection work.

It facilitates making of joints.

If a conductor breaks, there are other

conductors to which the current can

pass and thus there is no complete

break down.

(v) It provides ease in soldering joints.

(i)

(ifi)
(iv)

211 CORE OF A CABLE

The core of a cable is single conductor of a
cable with its insulation but not including any
mechanical protective covering.

Core Colour For identification of multi-
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core cables having wires of different polarities,
the cores are alloted different core colours.

In a three-phase, four-wire system, the
three phases 1,2 and 3are given the core
colours red, yellow and blue respectively.
For a neutral wire, the colour of the core
insulation is black, while it is green in the
case of an carth wire. These core colours
should always be kept in mind while connect-
ing conductors of the same colour in multi-
core cables. :

2.12 MEASUREMENT OF SIZE OF CABLE

The size of a cable depends on the size of the
conductor. The following are the methods
by which the size of a cable or conductor is
determined :
(i) With a standard wire gauge,
(ii) according to the diameter of the con-
ductor, and

(iii) according to the cross-sectional area

of the conductor.

2.13 STANDARD WIRE GAUGE

The standard wire gauge (S.W.G.) is an
instrument which is used for"determining the
size of a cable. The wire gauge commonly
used in India is the British standard wire
gauge. It consists of a thin circular plate of
steel with a number of slots on ils circum-
ference as shown in Fig. 2.1. Eachslot is
marked with different numbers. Holes are
provided at the end of each slot for removing
the wires easily.

Fig. 2.1 Standard wire gauge (5.W.G.)
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For determining the gauge of a wire, a
particular’ slot is found by trial. The slot
in which the wire just slides is the slot of the
gauge and the number marked opposite to
the slot is the required gauge of the wire in
S.W.G. Now supposec a wire just slides in
siot No. 22 and does not slide in slot No. 23.
Then the gauge of the wire is said to be 22
S.W.G. The smallest gauge number is 40
with a diameter of 0.0048" and the largest is
0,000,000 (known as seven-zero) and written
as 7/0 with a diameter of 0.5".

It should be kept in mind that as the
number of S.W.G. increases, the diameter of
the wire decreases.

The conductor used in a cable is either of
copper or aluminium. The size of a copper
conductor is found by any one of the above
three mentioned methods. However, the size
of a conductor of a aluminium cable is not
measured in S.W.G. It is éither measured
according to the cross-sectional area in mm?
or by the number and diameter of wires.

If a stranded cable is of 3/22, it means that
the conductor is made of copper and there
are three strands in a cable each of 22 S.W.G.
Similarly, if a r of alumini cable
has a cross-sectional area of 25 mm?, it can
have a 7/2.24 stranded conductor. This
shows that there are seven strands in a cable
:nd cech strand has a cross-sectional area of

mm?.

2.14 TYPES OF CABLES

The following cables are used for different
types of wiring installation :

({) V.LR. (vulcanized insulation rubber)
cable,
C.T.S. (cab tyre sheathed) cable,
P.V.C. (polyvinyl chloride) cable,
(iv) lead-sheathed cable,
{¥) weather-proof cable,
tropodure cable, and
flexible cable.

Vulcanized Insulation Rubber (V.I.LR) Cable

This cable is also known as V.R.l. cable
{vulcanised rubber insulation cable). In this
cable tinned copper or alumini d

are used. The conductor is insulated with
vulcanized rubber. It is then covered with
cotton tape and finally finished with com-
pounded braiding. This cable is available
in single core only, It is used in casing capp-

7116, 19/18, 19/17, 19/16, etc.

4=

ing, and s y light wirings.
The sizes available in copper conductors
are 1/18, 322, 3/20, 7/22,7/20, 7{18, 717,
Similarly, in
aluminium conductors its sizes are given in
mm as 1/1.40 (1.5 mm?®), 1/1.80 (2.5 mm?),
1/2.24 (4 mm?) 1/2.80(6 mm?), 1/3.55 (10 mm®*),
71.70 (16 mm?), 7/2.24 (25 mm®), 7/2.50
(35mm?*), 7/3.00 (50mm?), etc.

Cab Tyre Sheathed (C,T.S.) Cable This cable
is also known as  T.R.5. (tough rubber
sheathed) cable. The conductors are insula-
ted with vulcanized rubber i ion but the
protective covering used on the cable is a
sheath of tough rubber compound. The
cables are resistant to moisture and are used
at damp places, These cables are available
in 1, 2, 3 and 2 core with earth continuity
conductors. These cables are available in
the same sizes as those of V.I.R. cables.

Poly Vinyl Chloride (P.V.C.) Cable The con-
ductor of this cable is covered with poly-
vinyl chloride insulation and serves both the
purposes of insulation covering and mechani-
cal protective covering. It is a very hard
and tough synthetic chemical substance and
resists the action of acid alkali and atms-
pheric variations in temperature. lts use is
restricted where there is a possibility of ‘he
temperature being very  high as it softcns
(being thermoplastic) and at low tempera-
tures where it becomes brittle. This cable
has now replaced the C.T.S. cable,

In this cable aluminium or copper condic-
tors (without tinning) are used because the
P.V.C. insulation itself is very hard. There-
fore, there is no need of adding sulphur to it
for making it hard. It is used for indoor
wiring and panel wiring and is available in
the same sizes as the V.L.R. cable.

Lead Sheathed Cable These cables are also
insulated with vulcanized rubber insulation.
However, the protective covering employed
on these cables is the metallic lead sheathing.
These cables are manufactured in 1, 2, 3 and
2 core with earth continuity conductors. As
these cables ace very costly, they are not used
for house wiring. However, they are used
in -open places for short-distance overhead
lines, service lines and also for indoor wiring
in chemical plants. Lts sizes are the same as
that of V.L.R. cables.




Weather-proof Cable The conductors of
weather-prool cables are also insulated with
vulcanised rubber which is covered with
empire tape to make it non-absorptive of
moisture. It is then again covered witha
braiding of cotton thread. To make the
cable insulation more effective against the
atmospheric moisture, this braiding is dipped
in a waterproof compound. All the above
mentioned cables are availabie in rolls of
hundred metres or yards. They are also
available in thc same sizes as those of V.LR.
cables.

Tropodure Cabic . Trop dure is the trade
mark for thermoplastic compounds on a

Iyvinyl chloride basis. This insulation is
g:rder than the P.V.C. insulation. It is
cmdquved on conductors both as an insulation
and as a sheathing, These cables are suitable
for lighting, power installation as well as
railway signalling. They can also be laid in
water and used as submarine cables or buried
directly in the ground. They are also avail-
able in aluminium and ductors of

Wires, Cables and Accessories 27

irons, heaters, refrigerators, cte.  They must
be durable and very flexible. Flexibility is
required because of the handling of portable
Juif and to p t the wires from
breaking. The following are different types
of flexible cords :
= (i) P.V.C. flexible cord,
(#i) cmc:on or silk-covered flexible caid,

\ an
(iif) workshop flexible cord.
The first two cords are used for light-duty
and the third one for heavy-duty work. These
cords are available in two and three cores.
The sizes and current rating of copper con-
ductor flexible cords arc given in Table 2.1.

2.15 NECESSITY OF TINNING

There is an insulation covering of rubber on
copper conductors. However, rubber in the
pure form is not tough. Therefore, to make
it tough and hard, 5% sulphur is added in
the rubber. This sulphur in the rubber
reacts with the untinned copper, thus forming
copper sylphate which destroys the conductor.
Tinning on the copper conductor prevents

PP

1,2, 3, 3} and 4 cores.

Flexible Cord These flexible cords consists
of two separately insulated flexible stranded
conductors of a thin copper conductor of 36
5.W.G. The insulation used on these wires
is also vulcanized rubber but the protective
covering used is either silk or cotton. These
cords arc used for domestic, portable appli-
ances, such as table fans, table lamps, electric

the cc or from reacting with the sulphur.
It also prevents the rubber to stick to the
conductor.

2.16 VOLTAGE GRADE OF CABLE

By grading means the working voltage of the
cable. The thickness of the rubber insulation
covering of the cable depends upon the
voltage at which a cable is to work. There-
fore, cables are manufactired in two different

TapLe 2.1 Si1zes anp CUrRrENT RaTiNG oF Correr ConpucTor FLexisLe Corps

Size of Conductor Current rating
Nominal area Number and diameter of wire Twin, 3 core, 4 core (skbject (o
voltage drop)
in? mm* in. mm A
0.0006 - 14/0.0076 14/0.193 3
- 0.5 16/0.00787 16/0.200 3
0.001 - 23/0.0076 23/0.193 6
— 075 24000787 24/0.200 6
— 1.00 32/0,00787 32/0.200 10
0.0017 — 40/0,00787 40/0.193 13
_ 1.5 48/0.0076 48/0.200 15
0.003 - 70/0.0076 70/0.193 18
- 2.5 80/0.00787 80/0.200 20
0.0048 —_ 110/0.0076 110/0.193 24
—_ 4.0 125/0.00787 128/0.200 25
0.007 — 162/0.0076 162/0.200

L P
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grades, namely 230/400 V and 650/1100 V
rades. The 230/400 V grade cables are used
for domestic, power wiring installation and
650/1100 V grade cables are used for indus-
trinl power wiring. The insulation on the
wire of grade 650/1100 V is comparatively
thicker than the 230/400 V grade cable (as the
working voltage is higher in the former).

2.17 SELECTION OF CABLE FOR WIRING
INSTALLATION

The following points should be considered

while selecting a cable for a wiring installa-

tion:

(i) Effect of Atmosphere The insulationof
cable should not be affected by the surround-
ing atmosphere condition. For example, a
weather-proof cable is used for open places, a
Tropodure cahle is used for oil millsand a

lead-covered cable isused in chemicai plants
as the acid fumes can destroy the insulation of
other cables.

(ii) Maximum Voltage of the Circuit The
grading of the cable should be equal to the
maximum working voltage of the circuit.

(iil) Foll Load Curreat of the Circuit The
current rating of the cable must be at Jeast
such that it can pass the full load current of
the circuit. Table 2.2 gives the current carry-
inilcupm:iiy of V.ILR and P.V.C insulated
cables.

2.18 INSULATION AND PROTECTIVE COVER-
ING OF DIFFERENT CABLES ALONG WITH
THEIR USES

Table 2.3 gives a summary chart of insulation

and protective covering of different cables

along with their uses.

TasLe 2.2 Curment CaRRYING Capacity ofF V.LR anp P.V.C. InsuLatep CanLes

Stranded copper condictor Stranded alumini g Current rating of twe
T single core cable in
SI. No. Strand (i) Area (in%) Strand(mm) Areaimm®) amperes
i 2 3 4 5 6
1. 170,044 (1/18) 0.0015 = = 5
2. 30,029 (3/22y 0.002 1/1.40 1.5 10
3, 3,0.036 (3/20) 0.023 14180 2.5 is
4. 7/0.02% (7/22) 0.0045 - — 20
3 _ _— 1/2.24 4 20
6. —_ — 1/2.80 6 7
7. 7/0.036 (7/20) 0.007 _ —_ 28
5. - - 1/3.55 10 ey
9. 7/0.044 (7/18) 0.01 — .- 36
10. 7/0.052 (7/17) 0.0145 T/LT0 16 43
11, 7/0.064 (7/16) 0.0225 — - 53
12. — - 7/2.24 25 59
. 19/0.044 (19/18) 0.03 = — P
14, —_ -_— 7/2.50 35 69
15. 19/0.052 (19/17) 0.04 — — 74
16. —_ — 7/3.00 or 50 91
19/1.80
17. 19/0.064 (19/16) 0.06 — — 97
18, 19/0.072 (19{15) 0.075 e — 123
19. - — 19/2.24 70 134
20. - - 19/2.50 95 153
21. 19/0.083 (19/14) 0.1 -— — 160
2. 37/0.064 (37/16) 0.12 — — 17
23, - — 37/2.06 120 184
4. 37/0.072 (37/15) 0.15 — — 205
25. - — 37/2.24 150 210 (contd.)
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Table ,2{(Contd.)

1 2 3 4 5 6

26. — 37/2.50 185 246

. 37/0.083 0.2 _ —_ 250

28, - - 37/2.80 225 290

29. 37/0.093 025 —_ — 295

30, 37/0.103 0.3 - — 335

IR —_ —_ 61/2.50 300 354

32, 61/0.093 0.4 — _ 425

33 -_ — 61/3.00 400 435

34, 610,103 0.5 91/2.65 500 480

as, — — 91/3.00 625 565

36, 91/0.103 0.75 — — 610

37. 127/0.103 1.0 — 740

Taste 2.3 InsuLaTION AND ProTECTIVE COVERING OF DIFFERENT CABLES

51, Ne. Types of cable Insul ng Protecti ing Uses
1. V.LR. cable Vulcanized insulation Compounded cotton Used for general elec-
rubber (i.e. ¥.LR) braiding irification casing capp-
ing, conduit and cleat

wirinz,
2. C.T.8. cable Vulcanised insulation Cab tyre Sheath Does not  absorb
rubber moisture; used in teak
wood batten wiring,
. elc,

3. P.V.C. cable B.V.C. Nil Suitable for general
wiring and teak wood
batten wiring.

4. Lead-covered Vulcanized Lead sheathing Used at open places

cable insulation for short distances, like
rubber service lines, indoor
wiring of chemical

plants, etc.

5. Weather-proof V.IL.LR. ‘Water-proof cover- Used at damp places

cable ings of empire tape, and for short-distance
cotton braiding service lincs.
compounded with
moisture-resistant
insulating material
6. P.V.C, flexible V.LR. Nil Used with domestic
cord portable appliances like
table lamp, table fan
ete.
1. Cotton covered V.LR. Cotton braidi Suitable for electri
flexible cable press, heater, soldering
iron, refrigerator, etc.

L8 Workshop Rexible V.L.R. Tough rubber Used with heavy duty

cord portable electrical
machines  like drill

_ machine, portable

grinder, etc.
(Contd)
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1. No. Types of cable Tnsulati i

P, i "
F

Uses

9, Tropodure cable PV.C

10. Armoured cable Impregnated cable

Torpodure thermo-
plastic compound

Suitable for lighiing
power. railway signal-
ling and can be buried
directly in  ground.
Special cable of this
type can also be used
for submarine purposes.

Lead sheath, gal-
vanized steel, tape
and jute coated with
tar and chattertan
compound

Used in under-ground
systems for distribution
purposes, elc.

2.19 SOLDERING

Soldering is the act of uniting two picces of
similar or dissimilar metals by an alloy called
solder, the melting point of which is lower
than that of the metal to be united. When two
surfaces of the metal are soldered together,
the solder penetrates the pores of the metal
and thus makes a firm grip with permanent
electrical continuity and strength.

2.20 SOLDER

In electrical engineering, solder is an alloy of
tin and lead in differem  proportions for
different purposes.. Sometimes, other metals
are also added to lower the melting point.
There are two classes of solder : soft solder
and hard solder.s However, for electrical jobs
only soft solder is generally used and the
compositions of this solder for different pur-
poses are given in Table 2.4.

2.20 NECESSITY OF SOLDERING

In order to make the joint 95% mechanically
strong and 100%; electrically continuous, it is
necessary to solder a joint.

221 FLUX

When a metal is heated in free air, it is im-
mediately affected by oxygen. A layer of
oxide is formed over the surface which is a
hindrance during soldering. This layer of
oxygen can be removed with chemical com-
pounds called fluxes. They are deoxidizing
agents and are used to keep the surface clean
from oxide, increase the fluidity of the solder
and help the joint to adhere perfectly. The
melting temperature of the flux is always less
than that of the solder used. The flux must
not contain any corrosive substances which
react on the metal. Resin is the safest for
electrical jobs such as soldering on a commu-
tator, ete. Flux is also available in the form

~ Tawie 2.4 Composimion of SoLner For Various Purroses

Types of soft Tin Lead Antimony Melting Nature of work

solder point
1 2 i 4 5 3

Fine solder 607, 407, —_ 190°C Suitable for radio, T.V
and electronics.

Soft solder 509, 0%, - 205°C Suitable for electrical
purposes.

Cheap solder 40%, 6075, - 230°C Suitable for general
purposes such as sheet
metal works.

(Hard Solder 337, 667, 19, 243°C For plumber’s purposes.
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TapLe 2.2 Vartous Types oF FLUXES
51. No. Metal Type of flux Corrosive or noncorrosive
1. Electrical goods Resin or fluxite - Noncorrosive
2 Copper and its Resin or tallow Noncorrosive
alloys
1, Aluminium Aluminium flux, Eyre MNoncorrosive
No. 7
4. Mild Iron sheet Zinc chloride Corrosive
5. G.1. Sheet. Dilute hydrochloric Corrosive

acid

of a paste which is also quite safe to use for
electrical jobs. A single flux is not suitable
for all metals and hence different kinds of
fluxes are used for different purposes as given
in Table 2.5.

2.22 GENERAL ELECTRICAL ACCESSORIES

These electrical accessoties are used in wiring
installation. They are of many types according
to their function, such as controlling acces-
sories (e.g. switches), safety accessories (e.g.
fuses), supply distribution accessories and
general accessories. Each electrical accessory
is composed of conducting and - insulating
materials.

Conducting Material It is the part of the
accessory through which the current passes.
It is usually made of copperor brass. Its
current rating depends on the maximum
current that can flow through it without pro-
ducing any harm. For example, ifa switch is
designed for 15 A, it means that we can easily
pass 15 A through its conducting material,
but on passing higher current then specified,
say 15 A, it will be overheated and may burn
due to sparking, etc. Thus, the use of a parti-
cular accessory is limited only for the current
rating specified.

Insulating Material It is the substance
which binds the current to flow in a definite
direction, or in other words, the substance
which does not allow the leakage current to
flow through. Their rating is considered
according to the maximum safe working
voltage at which no leakage of current can
take place through the insulation. If the
rating of the switch is 250 V, it means the
insulation can withstand 250 V and there will
be no leakage current, but at a higher value of
voltage, the current could leak through the
insulation. The insulating material thatis used

for electrical accessories is either Bakelite or
porcelain.

Main Switches  Double-pole  iron-clad
(D.P.1.C) main switches with the fuses fitted
in iron covers are used for lighting and power
wiring installation for a working voltage of
250/500 V. For ac three-phase, four-wire
supply systems, triple-pole iron-clad (T.P.I.C)
main switches with fuses are used. The work-
ing voltage of these main switches is 400/440
V. The current ratings of all the above
mentioned switches are 15, 30, 60. 100. 200
and 300 A.

Fig. 2.2 main switches

A double-pole iron-clad switch is so named
because it controls two different polarities of
supply mains, whereas a triple pole main
switch has three different polarities of mains
and controls.

Distribution Busbar Chamber A busbar cham

ber consists of heavy thick copper strips insu-
lated from each other and from the en-
closed metallic covering chamber (Fig. 2.3).
Cable lugs of different distribution fuse boards
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a1 I

——

Fig. 2.3 Distribution basbar chamber

are screwed to these busbars. The supply from
the main switch is fed direct to these bus-
bars, from where the supply mains are taken
to the distribution fuse board.

Distribution Fuse Board It consists of a
rectangular iron box with 2 number of carrier-
type fuses fitted in it (Fig. 2.4). The number

Fig. 2.4 Distribution fuse board

of fuses in it depends upon the number of
circuits (or ways) of the wiring to which itis
to be installed. The supply from the main
switch is given direct to the distribution fuse
board in the case of a small distribution of
supply, and from there the supply mains are
taken independently for each circuit. If there
is any fault in any one of the circuits, the
other circuit will not be affected. These are
availablein 2, 4, 6, &, 10 and 12 ways and are
designed for carrying 15, 30, 60, 100, 200 and
300 A.

Single-Pole (S.P.) One-way Tumbler Switch,
5A,250V TheS.P. one-way switch is made

Fig. 2.5 Single-pole one-way tumbler switch

of Bakelite and in some durable switches jts
base is made of porcelain (Fig. 2.5). It is used
in domestic wiring for controlling the circuit.
The single-pole switch is so named because it
only controls a single polarity of wire, i.e.
phase (live) wire. They are also known by
their appearance and shape, i.e. tumbler shape,
oblong shape, ete.

Single-Pole (S.P.) One-way Tumbler Switch
15A,250 ¥V 1Itis biggerin size than the S.P.
one-way swilch of 5 A, 250 V as it has to
pass 15 A of current in the circuit. Its base
i1s made of porcelain and its cover is of
Bakelite. 1t isused to control the current of
water heaters, refrigerators, etc. in domestic
power wiring.

Single-pole (S.P.) Two-way Switch 5 A, 250V
It is made of Bakelite and controls a single
polarity of the mains but gives two paths for
the current to flow. It is generally used in the
staircase wiring circuit where a lamp has to.be
controlled from two different locations.

Intermediate Switch 5A, 250 V It is used in
staircase wiring where a bulb is to be con-
trolled-from more than two locations. It is
made of Bakelite but it is available with a
porcelain base and a brass metallic cover,

Two-Pin Wall Socket 5 A, 250 V Its cover
and base are also made of Bakelite. Two
hollow pins of equal size are used in it for
roviding supply to the table lamp, fan, etc.
rFis, 2.6). It is not generally used nowadays
as it has no provision for earth connection.
Every socket is controlled by a switch.

Fig. 2.6 Two-pin wall socket, 5 A, 250 V

Three-Pin Wall Socket 5 A, 250 V All por-
table appliances, such as table fans, radios,
etc. are connected to the supply mains by
these wall sockets made of Bakelife (Fig. 2.7).



Fig. 2.7 Three-pin wall socket 5 A, 250V

Sometimes its base is also made of porcelain.
It is used in domestic lighting wiring. There
are three hollow pins in it. Two pins are of
equal size and the third one is longer and
thicker than the other two. The two equal pins
are connected to the live and neutral wire of
the circuit and the third pin is meant for
connecting the earth wire.

Three-Pin Wall Socket 15 A, 250V It is
bigger in size and similar in construction than
the three-pin wall socket of 5 A because it is
to pass a higher value of current (say 15 A).
It is also called the three-pin power socket.
It is used in domestic power circuits for pro-
viding supply for heaters, refrigerators, room
coolers, etc.

For neat and attractive appearance, all
single pole switches and wall sockets are
%a:nurnctured in flush type also (Fig.2.8).

ey are available as given below:

(i) S.P.one-way flush mounting switch 5
orl5A,250V, and

Fig. 2.8 Flush-type switch and wall socket
(ii) S.P. two-way flush mounting switch 5
AL250 V

They are also known as piano switches or
tinny switches. Two or three-pin flush mount-
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ing wall socket 5 A, 250 V and three-pin wall
;o;llgzt flush type 15 A, 250 V are also avai-
able.

Push Batton Switch It is also known as the
bell push and is used for switching oN the
electric bell, (Fig. 2.9). 1t is made of plastic
or Bakelite.

Fig. 2.9 Bell push

Bed Switch It is either made of Bakelite or
plastic and is used for switching oN and
ofF the bed lamp (Fig. 2.10).

Fig. 2.10 Bed switch

Table Lamp Switch It is also a type of push
button switch which is used to operate the
table lamp. It is made of Bakelite.

Plug Tops These are made of Bakelite and
are used to supply currentto various appli-
ances (Fig. 2.11)

The following types are available:

Two-;in plug top Both these are used
5A,25V for feeding supply to
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Fig. 2.1 Two- and three-pin plug top

the appliances from
two- and three-pin
lighting wall sockets
respectively.

Three-pin plug top
5A,250V

Three-pin plug top It is only meant for
154,250V the power wall
sockel.

There are three solid pins in it. Two pins are
of equal size and third pin is longer and
thicker than the other two. The third pin is
connected to the earth wire and the other two
are connected to the phase and neutral wire
in the socket outlet. While fixing a three pin
plugtop with a three-core flexible cord, always
connect the red wire to the live terminal,
black with the neutral and green with the earth
terminal. In case there is leakage from the
element to the metallic body of the appliance,
a heavy current will start to flow through the
earth pin. The following are the advantages of
keeping the third (earth) pin thicker and lon-
gec:

(i) 1tdoes not allow incorrect plugging in
the three-pin sockets.

(i) It provide sufficient contact area with
the hollow pin of the socket which
reduces the contact resistance of the
earth wire.

(ifi) While inserting in the socket, the
longer pin makes contact much earlier

than the other pins. Thus the metallic
body of the appliance makes contact
with the earth wire before energizing.
Similarly, when disconnecting it from
the socket, it loses contact last.

Lamp Holder It is used to hold the lamp.
Earlier brass holders were most commonly
used but nowadays these have been replaced
by Bakelite-insulated holders. These holders
have solid or hollow spring contact terminals.
Two types of lamp holders are available :

(i) Bayonet cap lamp holder, and

(if) Edison screw-type cap-lamp holder.

ik
(b) Edision screw type holder

Fig. 2.12 Bayonet cap and screw-type holder

In the bayonet cap lamp holder, the bulb is
fitted into the slots provided in the skirt and
is held in position by means of two pins in
the lamp cap. These lamp holders have two
solid or hollow spring contact terminals. The
supply mains through the switchare connected
to these contacts.

In the Edison screw- type lamp holder, the
cap is provided withscrew threads and the
lamp used also has a screw-type cap. It hasa
cenire contact which is connected to the live
wire and the screwed cap is connected to the



neutral wire. Thescholders are used with those
lamps whose wattage exceeds 150 W.

The following types of bayonet lamp holders
are available (Fig. 2.13).

Bracket ho
Fig. 2.13 Different types of lamp holders

Angle bolder

(i) batten holder,

(ii) pendant holder,

(iii) angle batten holder, and

(i¥) bracket holder.
Bayonet cap lamp holders are used for lamps
of wattages below 200 W. For lamps with
wattages above 200 W and not exceeding 300
W, Edison screw-type holders are used.
Goliath screw-type lamp holders are used in
lamps with wattages above 300 W,

Wall Bracket There are many types of wall
brackets in use and the use of a particular one
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depends upon the nature of light required. If
a light point is required to be installed at an
angle, then an angle-type wall bracket is
used (Fig. 2.14). Similarly, if light outlets are
to be installed projecting from the wall at
angles of 90°, then L-type wall brackets are
used. Fancy brackets are used for interior
decoration.

Fig. 2.14 Angle wall bracket

Note : According to Indian Electricity Rules,
the height of a lamp from the ground
level should not be less than 2.5 m.

Ceiling Rose Ceiling roses are used as tap-
ping points from the wiring for supplying
power to fans, pendant holders, tube lights,
etc. by means of flexibility wires. Their use
is restricted to those circuits whose voltage

3-plate Ceiling Rose .2-plate Ceiling Rose

Fig. 2.15 Two- and three-plate ceiling rose

Ll_l__@i’\ 5
TN

Fig. 2.15 (a): Uses of Ceiling Rose

-z
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exceeds 250 V. These are also made of Bake-
lite. Two types of ceiling roses are in use,
namely two-plate and three-plate ceiling
rosés. The two-plate ceiling rose is used for
a single light point, whereas a three-plate ceil-
ing rose is used for a bunch of lights. Its uses
are illustrated in Fig. 2.15(a).

Note ; Ceiling fans should be installed at a
height not less than 2.75 m from the
floor level according to I. E. Rules,

Porcelain Connectors These are made of
porcelain clay and are of single, two and
three ways. These serve as tapping points from
electrical installations for supplying power to
he circuit and are available in different
?%rim carrying capacities: 15, 30, 60 and

Adapter Lamp Holder It is used for taking
supply for small portable appliances from the
lamp holder (Fig. 2.16). Its use is generally

Fig. 2.16 Adapter lamp holder

not reco ded. It should never be used

in damp places such as bathrooms, ete.

Iron C. tors or Press C t These
are used as female connectors to supply
current to electric kettles, presses, heaters,

Fig. 2.17 Iron connectors

etc. These connectors are provided with
two-pin sockets and an earth connection
strip (Fig. 2.17). They are available in flat
or round shape with top or side entry for
the cable.

Reflectors and Shades The main idea of using
these shades or reflectors is to give even
illumination and prevent direct glare from
the filament. Different types of reflectors are
available to svit the different types of lamps
and illumination required (Fig. 2.18).

=2

(b)-lamp shade
(a) tube reflector (c) fancy lamp
shade
Fig. 2.18 Types of shades and reflectors,

Lamp Holder of Fluorescent Tube The fluores-
cent tube lamp holder are of two types:

(i) Two-pin, and

(ii) bayonet cap type.

Fig. 2.19 Flourescent tube holder

Pin-type holders are generally used with 20
and 40 W tubes ; for 80 W tubes, bayonet cap
type holders are used as their caps also gene-
rally of this type.

Fuses A fuse is a safety device which is
connected in series 1o the circuit and protects
the appliance or apparatus from possible
damage when abnormal current flows through
it (Fig. 2.20).

A kit-kat fuse is commonly used in domestic
installation for this purpose. It consists of a
porcelain base having fixed contacts to which



Fig. 2.20 Fuse kit-kat

are connected the incoming and outgoing
cables of the live wire. The carrier is also
made of porcelain and carries the fuse element.
The following are the main advantages of this
design.

1) It facilitates easy renewal of the fuse
wire and does not involve any danger
of coming in contact with it.

(ii) 1t is very cheap to replace the fuse
wire.

(iii) It does not involve any
coming in contact wit
covering. .

It, however, suffers from unreliable operation
owing to the use of an incorrect size of the
fuse wire' and owing to oxidation. These
fuses are meant for low rupturing capacity
and are not employed for the power circuit.

ssibilities of
the metallic

Iron-Clad Cut-out The general practice is
not to use semi-enclosed fuse holders unless
they are provided with an iron cover. These
fuse holders are known as iron-clad cut-outs
(Fig. 2.21).

Fig. 2.21 Iron-clad cut-out
2.23 INSULATOR

A substance which (at a particular voltage)
does not allow the flaw of electrons (current)
through them is called an insulator. For
example, some of the good insulators are
mica, porcelain, glass, rubber, Bakelite, etc.
In insulators the electrons are closely and
strongly bound to the nucleus. There are
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very few free electrons in them and the
interchange between atoms is little. Therefore,
insul s do not conduct any electric current
or conduct very little if a very high potentiai
difference is applicd acress them.

2.24 QUALITIES OF INSULATING MATERIALS
The following are the main qualities of good
insulating materials which should be consider-
ed while selecting a particular one for use :
(i) Itshould be flexible.
(ii) Itshould have good mechanical streng-

th.
(iii) Tt should be nonabsorptive of moisture,
(iv) It should be easily moulded to any

shape.
(v) It should be noninflammable.
(vi) It should not be affected by acids or
alkalies.
(vii) 1t should have high specific resistance
to reduce the possibilities of leakage
current. It should be capable of
working at high temperature because
insulators lose their insulating proper-
ties as the temperature increascs,
It should have high dielectric strength,
i.e. the valye of the voltage at which
the breakdown. takes place ina plate
of insulator 1 mm thick should be
high. Dielectric strength of an insu-
lator is measured in kilovolts per
millimetre thickness.

(viii)

The majority of insulating materials available
for use in the construction of electrical machi-
nes and apparatus have only a few of the
above mentioned properties. It is, therefore,
the work of the designer to select a particular

insulation for the purpose for which it is
required,

2.25 COMMON INSULATING MATERIALS—
THEIR PROPERTIES AND USES

The following are the common insulators

which are extensively used in electrical and

electronic industries.

Mica It is a very good insulator and is
widely used as an insulating material in elec-
trical and electronic industries. It has very
high specific resistance and dielectric strength.
It is fireproof and does not absorb moisture.
Mica is obtained from mines in big solid
sheets. Thin sheets can be obtained of thick-
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ness (,0005 in. On account of it being avail-
able in thin sheets, it can be rolled and used
where the spage is limited. Mica starts soft-
ening at | C. However, at 600°C it is
very stable. Therefore, it can be used as an
insulating material where the temperature is
not to increase beyond 600°C. In between
600° and 1200°C mica starts disassociating.
Therefore, it cannot be used at an insulator
beyond 600°C. For temperatures above
600°C it is mixed with shellac or a resin adhe-
sive known as micanite, which can withstand
higher temp ixture of mica and
adhesive pasted on paper or cloth is known
as micanile paper or micanite cloth. Micanite
can be bent into any shape when it is heated.
Mica is used as an insulator in electric irons,
between slot linings
for high voltage machines, condensers and
for many other electrical and electronics work.

ature.

Rubber Rubber in the pure form is very soft
and to make it tough and hard, 5% sulphur
and other mineral materials, such as zinc
oxide, red Iead and some colour are added to
it. Tt is then known as vulcanized rubber.
It does not absorb moisture up to a certain
limit and serves as a good insulation and
protective covering for conductors for low
and medium voltages. It melts easily and
can be moulded into any shape. 1t is flexible,
resistant to abrasion, chemicals and the
affects of oxygen. It is inflammable but has
low conductivity. Therefore, it is used as an
insulating material in various electrical appli-
ances, insulation on wires, rubber gloves,
hard rubber hattery containers, etc.

Polyvinyl Chloride (P.V.C.) Itis a synthetic
chemical substanee which is used as a sheath-
ing on insulated cables or flexible cords to
form an outer protective covering. This
protective covering makes the cable reason-
ably resistant to decay, mechanical abrasion,
acid alkalies and other corrosive materials.
It has very ‘good insulating properties and has
now superseded the cab-type insulation of
the cable. It can be moulded into any shape.
It is available in many colours. 1t does not
absorb moisture and is unaffected by oil,
grease and acid. P.V.C. has very good
insulating properties and nowadays it is
replacing rubber for cable insulation.

ure It is a hard, tough and excellent
insulation like P.V.C. and is not affected by
the atmosphere. It does not easily get damag-
ed by mechanical injury. It is used on cables
which are subjected to work at damp places,
chemical plants and oil factories. Tropodure
is the trade mark for the thermoplastic com-
pound on a polyvinyl chioride. This insula--
tion is also employed on submarine cables.

Ebonite or Vulcanite Itis a good insulator
and can be moulded into any shape. Itis
manufactured by mixing 30 to 50% sulphur
with vulcanized rubber and then heating it 3
to 4 h at about 150°C. It is a hard substance
and becomes soft at 70°C. It is used for
making covers for resistance boxes, con-
tainers of lead acid batteries, panel frames,
ete.

Bakelite It is a synthetic material of brown
colour. It can be moulded to make rods,
tubes, sheets and to any shape to suit a parti-
cular purpose. lis working temperature is
higher “than ebonite and is not affected by
moisture, oil and acid. It is a very good
insulating material and is used for making
electrical accessories, such as switches, wall
sockets, ceiling roses, holders, etc.

Asbestos It is a white fibrous material and
is incombustible. It is a good conductor of "
heat. It is manufactured into ropes, tapes,
sheets and sleeves. Tt is used in the form of
sheets -for lining in ovens, electric irons,
kettles, arc shields in circuit breakers, etc.

Glass It is a transparent insulator and is not
affected by chemical fumes. It can also be
moulded into any shape and is brittle. It is
nonhygroscopic and can withstand high tem-
peratures. It is used in making the glass bulb
of electric lamps, tubes, mercury arc rectifiers,
overhead line insulators, etc, It-is also used
in making glass tapes, sleeves for armature
winding, etc.

Porcelain It is made from china clay and
quartz stone and can be moulded into any
shape. It is white or brown in colour and
is not as brittle as glass. It is not aflected by
chemical fumes and the atmosphere. Por-
celain is glazed to make it nonabsorptive of
moisture. It is used for making low, medium-



and high-tension insulators of overhead lines,
bases of switches, kit-kat fuses, holders,
transformer  bushings, etc.

Paper It is hygroscopic, but when treated
with insulating oil or wax, it becomes a good
insulator. It is cheaper than rubber and has
replaced rubber insulation in oil-filled power
cables. It is used as a dielectric in conden
sers and insulating strands of cables.

Leatheroid or Film Leatheroid 1t is a type of
tough grey paper, chemically prepared from
cotton rags in the form of sheets. It is not
influenced by oil and grease. When leathe-
roid is pasted with an insulating film, it is
called a film leatheroid. They are mainly
used for insulating slots, bobbins, etc.

Polyester Milky Film It is also known as
millinex film. It is a synthetic product and
is used in the armature rewinding of electrical
machines. lis sizes are 5, 7, and 10 mils and
is available in kilogram rolls.
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Cotion and Silk They serve as good insula-
tors when varnished. They are used on
conductors required for low voltage instru-
ment wires and motor windings.

Enamelled Insulation [t is an insulation pre-
pared chemically to insulate winding wires.
It is cheaper than cotton and silk but is
liable to crack with rough handling.

Tnsulating Varnish Itisa very good insula-
tor. It is a of r bst ]
(resin, bitumen, drying oil, etc.) in a solvent.
Ondrying, the solvent evaporates, leaving the
“base’* which hardens and becomes a varnish
film.

Dry Air  Dry air is also a good insulator but
wel air is not. The dry air in between the
conductors of overhead lines acts as an
insulator,

Water It should be noted that water is
neither a good conductor nor a good insula-

TanLe 2.6 CLASSIFICATION OF InsuLATORS (As Per 1S : 1271-1958)

51. No. Class
(74} @

Max. safe temp.,
2]

Description of insulation
)

1 V (Formerly 0)

€°C

105°C

1200C

130°C

155°C

180°C

Above
180°C

The insulation of this class consists
of malterials such as cotton, silk,
paper without impregnation, etc.
Class A insulation consists of mater-
jals such as colton, silk, paper im-
mersed with oil, elc.

The insulation of this class consists
of materials of better quality than
Class A materials such as leatheroid,
paper, empire cloth, fibre, ete.

Class B insulation consists of mater-
jalssuch as mica, glass fibre, asbes-
tos, elc.

The insulation of this class consists
of materials of better quality than
Class B insulation, such as glass
fibre, mica, asbestos, ete.

The insulation of this group consists
of materials such as silicone elasto-
mer, and combinations of materials
such as mica, glass fibre, asbestos,
ctc. .
Class C consists of materials, such
as mica, porcelain, glass, quartz,
elc.
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tor. Water when pure (i.c. fres from impuri-
ties) is a very poor conductor of electricity.
However, when slight impurities are added io
waler, it becomes a partial conductor. When
an acid or salt is added to water, it becomes a
good conductor of electricity.

Gutta Percha It is a chemical substance and
has properties similar to rubber. It becomes
soft at about 65°C. It does not absorb mois-
ture even if dipped in water. Therefore, it
is used as an insulation for submarine cables
and for telegraphic and telephone purposes.

Shellac It is a very good insulator. Itisa
natural product obtained from some varieties
of trees in India. It is a main constituent of
many insulating varnishes and is dissolved in
spirit or alcohol to form shellac varnish.

Mineral Qil  Mineral oils are excellent insula-
tors when free from moisture, Itis a liquid
insulator and is incombustible. It reduces
sparking. It is used for filling transformer
tanks, cable boxes, circuit breakers, starters
and in oil-filled paper insulated cables.

Marble and Slate They are also noninflamm.
able mineral insulators and do not absorb
moisture. They are going out of use nowa-
dlrys due to the possibility of metallic veins in
them.

Empire Cloth Empire cloth is an insulating
cloth and is used in slot linings, machines,
coils, etc. It is resistant to moisture. Tape
made from empire cloth is called empire tape
and is used on the conductors of the cables
that are subjected to work at damp places.

Wood Dry wood is an insulator. However,
it absorbs moisture and becomes a conductor,
Wood when treated with oil or varnish serves
as a good insulator for low and medium
voltages. Therefore, it is used as wooden
poles for overhead lines as cross-arm separa-
tors in lead acid batteries, for wiring boards,
ete.

127 CLASSIFICATION OF INSULATING
MATERIALS
Insulation may be grouped

into recognized
classes as given in Table 2.6.

REVIEW QUESTIONS

used in 1

2.1 Name three types of

d lines and briefly compare

them, regading their use for medium pressure, H.T. and E.H.T. lines.

(NCVYT 1974 WiMan)

2.2 What is the difference belween a wire and a cable 7
2.3 What are the conducting materials used in cables for internal house wiring ?
Bricfly explain any five conductors in the order of their conductivity.

2.4 Explain any five | i t that are ly used in the electri-
cal industry,

2.5 ‘What are the p that an insul must have which is used
in the manufacture of a cable 7

2.6 Give 1he difference b d and insulators, naming a few com-

mon malterials used. Expluin the use of a few different types of insulators that

are commonly used,
2.7 (&) Why are cables stranded ?

(b) Describe the use of the following types of wire :
(f) Vulcanised insulation rubber cables

(i1} eureka wire,
(#ify nichrome wire,

(iv) hard-drawn copper conductor, and

(v} aluminium conductor.

2.8 What is a standard wire gauge? Why is it used 7 Explain in brief.
2.9 What is the term used for comparing the insulation properties of insulating

substances., Give the names of

six insulating materials that are used in

electrical machines. Put them in the order of good te bad insulation strengths.

(NCVT 1962 Elec 1984 Wjman )



3

Nature of Electricity
and its Fundamental Laws

3.1 NATURE OF ELECTRICITY

-Just like heat and light, electricity is also a
kind of energy which is not visible but whose
presenc: can be determined from its effects.

3.2 TYPES OF ELECTRICITY

Electricity is of two kinds:
(i) Static electricity, and
(ii) dynamic electticity.

Static Electricity This type of electricity is
produced by friction and caonot be taken
[rom one place to another. This kind of
electricity cannot be produced in bulk quanti-
ties.

The Greek philosopher Thales (about 600
B.c.) observed that when amber (a yellow-
brown resin) is rubbed with a piece of silk
cloth, it attained the property of attracting
small pieces of paper, pith ball, ete. In Greek,
amber is known as “elektron”. Therefore
the agency which produces such a property in
amber was first called electricity by Dr. Gilbert
in  A.D. 1600 and the substances possess-
ing this property were known as electrified
substances or charged with electricity. He
showed that this property was not peculiar
to amber alone; many other substances could
also be electrified.

Dynamic Electricity Dynamic electricity is
also known as current electricity and can
easily be taken from the genecrating station to
far-off places by means of wires and cables.
This type of electricity is generated in power
houses in bulk quantities at high voltages and
can be produced by the following methods :

(1) Electromagnetic Induction The magnetic
effect of electric current is used in generating
dynamic electricity in all yypes of dc and ac
" generators.

(if} Chemical Effect  Current electricity is
also generated by means of cells and batteries
but cannot be produced in huge quantities.

(iii) Heating Effect In a thermocouple
(junction of two dissimilar metals) electricity
is also produced by heating the junction of it
but its value is also very small.

(iv) Lighting Effect In solar cells. and
photo cells, light rays are used for developing
current electricity. Now we know that all
bodies can be electrified if proper precautions
are taken. Substances in their normal state
are called neutral substances.

Benjamin Franklin called the charge acqui-
red by the glass rod rubbed with silk as
positive and the charge attained by the amber
rod rubbed with lannel as negative. Benja-
min Franklin also advanced a fluid theory of
electricity which stated that the current Aowed
from the positive to negative terminal of a
current source. Unfortunately, he made a
wrong assumption regarding the direction of
current flow. Franklin's mistake was not
discovered until the modern electron theory
had been developad and by then it had
become a convention to say that current flows
from positive to negative.

3.3 ELFCTRONIC THEORY

The modern electron theory is also called the
electronic theory. For understanding this
theory let us ider that the ! uni-
verse is made of matter and energy, Matter
may be defined as any substance which occu-
pies space, possesses weight and can be in any
of the three forms : solid, liquid or gaseous.
Matter consists of small particles called
molecules which still retain the property of
that substance, A further sub-division of the
molecule results in particles of matter knowr
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as atoms. An atom may be. again further
sub-divided into its constituents (i.e. clectrom,
proton, etc), arranged in a particular fashion
known as atomic structure, The fund 1

These revolving electrons rotate on their own
axis. They are held to the nucleus by an
attractive force between the electrons and
the 1 Thus the atomic structure of an

particles of matter are given below.

Electrons These particles possess negative
charge and are of negligible weight. The mass
of an electron is about 1/1837 times that of
the mass of a hydrogen atom.

Protons These particles have positive charge
which is equal to the negative charge of the
electron. The mass of the proton is about
1837 times greater than that of the electron.

Nentrons These particles are neutral and
have no charge.

Structore of an Atom  An atom consists of a
central portion called the nucleus which con-
tains protons and neutrons.

FIRST ORBIT OF
ELECTRONS

Fig. 3.1 Electrons revolving Ia orbits

Around this nucleus there are a number of
electrons revolving in orbits (Fig, 3.1). The
number of electrons present in an atom vary
with the atoms of different substances. For
example, if the structure of aluminium is
examined, it will be found to have a certain
specified numiber of electrons and protons
arranged in a definite manner, and if the
structure of iron is examined, it will also be
found to have electrons and protons but their
number will be different and also arranged in
a different manner. Under normal conditions,
the number of electrons are equal to the
number of protons and the atom as a whole
is electrically uncharged, ie. it is neutral.

atom resembles the solar system with the
plancts revolving on their own axis.

If the atomic structure of an hydrogen atom
is examined (Fig. 3.2), it will be found that
there is one proton in the nucleus around
which a single electron revolves. The nucleus
of helium gas consists of two protons and
two ncutrons around which two electrons
revolve.  Similarly, if the structure of copper
is studied, it will be observed that there
arc 29 protons and 35 neutrons in the nucleus,
and 29 orbital electrons. Therefore, all
matter according to this theory is basically
the same. Thus all metals, such as silver,
aluminium, copper, iron, ete. have electrons
and protons but arranged in a different
manner. The electrons in the outermost orhits
of all pure metals are not strongly bound
to the nucleus and are called free electrons.
The clectrons in the outermost orbits are
farther away Trom the nucleus, and hence
the attraction between elecirons and protons
is less.

The free electrons of an atom can be easily
removed by applying a suitable amount of
energy. This is what exactly happens when
a glass rod is rubbed with a piece of silk
cloth. The electrons are passed from the
glass rod to the silk due to friction (i.e. heat
energy). Thus the glass rod is left witha
deficit of electrons and becomes positively
charged and the silk which gains electrons
becomes negatively charged.

(a) Hydrogen atom (b) Helium atom (':)Ci;'ﬂvl'l" atom
Fig. 3.2

3.4 FLOW OF ELECTRIC CURRENT

As discussed earlier in Sec. 3.3, as the elec-
trons in the outermost orbit of all pure metals
are not strongly bound to the nucleus; they are
called free electrons. These free electrons of
metals (conductors) move in a haphazard
manner from atom to atom as shown in
Fig. 3.3.
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Fig. 3.3 Haphazard movement of electrons in
conductor

When a suitable force. i.c. potential differ-
ence (P.D.) is applied between the ends A
and B of a conductor, end A at positive
potential and end B at negative potential, as
shown in Fig. 3.4, the haphazard movement
of electrons assumes steady flow along the
conductor. This flow of electrons in one direct

ion in a conductor is called elecirie current.

[OZGER0]
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Fig. 3.4 Movement of elecirons from —ve to
+ve when polential difference is
applicd

The flow of electrons is from end B to end
A because electrons have negative charge and
are attracted by the positive end A. The
drift of electrons is from negative to positive,
i.c. opposite to the conventional direction of
current (assumed before the modern electron
theory was advanced) which always flows
from positive to negative difection (Fig. 3.5).

3.5 ELECTRON DRIFT

The steady flow of free electrons under the
arpliumion of potential difference is known as
electron drift.  The followings are the differ-

DIRECTION OF CURRENT
-—— -
+

-]
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ent ways by which free clectrons can be made
to drift in a circuit.

(i) By Friction The free electrons of an atom
can be made to drift by means of friction.
When a glass rod is rubbed with a piece of
silk cloth, the electrons are passed from the
glass rod to silk due to friction. Thus the
glass rod is left with a deficit of electrons and
becomes positively charged and the silk which
gains electrons becomes negatively charged.

(ii) By Heating If the junction of two dis-
similar metals is heated, and a galvanometer
is connected in between the two free ends,
the necdle of the meter deflects. This indi-
cates that the electrons are flowing in the
circuit.

(i) By Mag Ifa conductor is moved
in a magnetic field, an electric current starts
flowing in it. This method is used for pro-
ducing electricity from dc and ac generators.

{iv) By Chemical Effect If copper and zinc
plates are immersed in dilute H;S0,, an emf
(electromotive force) is induced.  On connect-
ing a lamp at the terminals of copper and zinc
plates. it will start glowing due to the flow of
electrons. This type of electricity is produced
from cells and batteries,

3.6 ELECTRICAL CIRCUIT

The path taken by eleciric current to flow
through a consuming device shown in Fig.
3.6 is called an electiical cirewir, It comprises
the following parts :
(i) Sources of supply, such as generators,
cells, ete.;
(ii) conducting devices, such as wires,
cables etc.:

+—8 =—a -=-——QELECTRON FLOW

Fig. 3.5 Electron flow and conventional direction of current
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Fig. 3.6 Electrical circuit

(iii) safety devices, such as fuses etc ;

(ir} controlling devices, such as switches
etc.: and

() consuming deviges, such as lamps,
heaters, fans, etc.

3.7 PATH OF ELECTRIC CURRENT

Figure 3.6 shows the path of current from the

source of supply to an electric bulb. From

the figure it is clear that the current starts

from the dynamo (source of supply), flows to

the bulb, and after flowing through the bulb

it returns back to the supply source. The

wire or conductor through which the current

starts from the dynamo to the bulb is called

the positive wire, main wire or live wire (in

ac it is called the phase wire) and the wire

through which the current returns back to

the source of suplfly after passing through

the bulb is called the negative wire or return

wire (in ac it is called the neutral wire). The

two conductors through which the current
is taken from the supply source and returns

back are known as supply mains. Here we
have consideted the conventional direction
of flow of current but in reality theclectronic
current always flows from negative to positive
(reverse of the conventional current) us
discussed earlier in this chapter.

3.8 TYPES OF ELECTRIC CIRCUITS .
An electric circuit can be divided into four
classes as given below,

(i) Closed circuit,

(ii) open circuit,

(iii) short circuit,.and

(iv) earth or leakage circuit.

(i) Closed Circait The complete path for the
flow of electric current through the load is
called a closed circuit, such as the glowing of

a lamp, heating of a press, ete.

(i} Open Circuit If any one of the supply
wires is disconnected or the fuse burns out,
then the current willnot flow through the
b].lIb._ The circuit is then called an open
circuit.

(iii) Short Circuit 1f the supply mains are
connected directly by a piece of wire without
any load, it is called u short circuit.  Since in
this circuit the value of the current is much
greater than in the closed circuit, the fuse gets
blown off.

(iv) Earth or Leakage Circuit If uny wire of
supply mains touches the body of an applian-
ce, then it is called earth circuit or leakage
circuit.

3.9 ANALOGY BETWEEN FLOW OF WATER
AND ELECTRIC CURRENT

The flow of electric current is similar to the
flow of water. If there are two tanks 4 and 8
containing water, no water will flow from
tank A to tank B unless they are connecled
through a pipe. Moreover, no water will flow
till there is a difference of level between the
surfaces of water in the two tanks.

Fig. 3.7 Similarity in Aow of water and
electric curreat

In Fig 3.7 two tanks A and B containing
water are shown connected by a pipe. Water
will flow fram tank A containing water at the
higher level 1o tank B which is at the lower
level. Water flows from tank A to tank B
because the levelor p e at A isg
than at B. If we want 1o increase the rate
of flow of water from tank A to tank B, it is
necessary to reduce the frictional resistance
offered to the flow of water. This can be dons




by increasing the diameter of the pipe. A
pipe of small length gives less resistance
than a pipe of larger length of the same
diameter.

The manner in which water flows under
these conditions is similar to what oceurs in the
case of an electric circuit.

Consider an electrical conductor which is
nothing but a metal wire by which current is
taken from one place to another place just
like water is taken through pipes. For electric
current to flow from one end of the conduc-
tor, say A to the other end of conductor B,
the electrical pressure at A must be greater
than B. The conductor offers some resistance
to the flow of current and the difference in
pressure between 4 and B causes the current
to flow against resistance. The bigger the
conductor in diameter, the less is the resis-
tance offered to the electric current. The
longer the conductor, the greater is the
resistance.

3.10 DEFINITIONS OF ELECTRICAL TERMS

Electrical Resistance The property of a con-
ductor which opposes the flow of electric
current through it is known as resistance. lts
symbol is R and its unit of measurement is
ohm represented by Q (omega). The instru-
ment that measures resistance is known as an

f er. Good ¢ ors have small resis-
tances and insulators have large resist

Electrici
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volts (V). It can be calculated as:
emf = voltage at the terminal of source
of supply + voltage drop in the
source of supply
or emf = Vr-+ IR

Electrical Potential Difference (P.D.) Itis
the difference of electrical potential (i.e. pres-
sure) between the lwo points in an electric
circuit. It is always less than the emf. lis
symbol is ¥ and the unit of mcasurement is
volts, The instrument that measures the poten-
tial difference is called a voltmeter. It is always
connecled in parallel with the circuit whose
voltage is to be measured.

Voltage It is the electrical potential (i.e.
pressure) between any two live wires or bet-
ween one live wire and earth. Its symbol is
¥ and the unit of measurement is volts. It is
also measured by a voltmeter.

Voltage Drop 1t is the voltage developed across
a component or conductor by the flow of
current through the resi e (or impedence)
of that component or conductors. Its unit is
the volt and is measured by a voltmeter.

Terminal Voltage It is the voltage available
at the terminal of the source of supply. Its
symbol is V. Tts unit is also the volt and is

Conductance The property of a conductor
which conducts the flow of current through
it is called conductance. In other words,
conductance is the reciprocal of resistance.
Its symbol is G (G=1/R) and its unit is mho
represented by 1. Good conductors have
large conductances and insulators have small
conductances. Thus if a wire has a resistance
of R 1, its conductance will be 1/R 17,

Electric Current The flow of (electricity)
electrons in one direction along any path or
around any circuit is called electric current.
Yts symbol is [ and its unitis ampere (A). The
instrument by which the current is measu-
rved is called an ampere meter which is always
connected in series with the circuit.

Electro Motive Force (emf) The force which
causes current to flow in the circuit is called
emf. [s symbol is E and is measured in

also ed by a voltmeter. Itis given by
the emf minus the voltage drop in the source
of supply, i.e.

Vr= emf — IR
where [ is the current and R the resistance.

311 CLASSIFICATION OF YOLTAGE

Voltage is classified in the following manners.
(i) Low voltage: Normally notexceeding
250 V, i.e. from 0 to 250 V
(i) Medium voltage: Exceeding 250 V but
not exceeding 650 V, i.e. from 250 to
650 V
(iii) High voltage: Exceeding 650 V but
not exceeding 33,000 V
(i*) Extra high voltage : All vollages above
33,000V comes under this categary.

3.12 DIRECT CURRENT

1t is the current which always flows in one
direction. It is also known as continuous
current or unidirectional current. It is denoted
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by *“de”. This type of current is obtained
from a cell, battery, de generator, de rectifier,
ete. Itis used for battery charging, electro-
plating work, etc.

313 ALTERNATING CURRENT

Alternating current is that current which
alters both in value and direction periodically.
It is denoted by “ac™. This current increases
from zero to the maximum value and then
decreases to zeroin one direction and again
increases from zero to the maximum value
and then decreases to zero in the opposite
direction,

314 OHM'S LAW

G.S. Ohm established this law which gives
the relation between current, vollage and
resistance in a closed eleciric circuit.

Ohm’s law states that in a closed circuit
the strength of the current flowing through a
solid conductor at ¢ Lt ature is
directly proportional to the voltage across
the conductor and inversely proportional to
its resistance.

It'is expressed in the form of an equation as:

<V (i)

(i)

where V = electrical potential difference in V,

R = resistance of the conductor in
ohms (£2).

I = electric current in A,
From Eqs. (i) and (ii), we have

I
fﬂ'k-‘

V
II—R‘
or I=%xk

where K is a constant.
We thus have from ohm’s Law,

14
I= % A 3.0

From the above equation, if any two quan-
tities are known, the third can be Tound:

v
R= 0 (3.2)

and V=IRV 3.3

For example, if the voltage applied to a
heater coil of 25 & resistance is 250 V, then
the current flowing in the coil is given by '

Vo250

!=R___-—2?—IDA

Again, to send a current of 10 A through a
coil of 25 () resistance, the voltage required is
given by

V=IR=10%25=1250V
Once again, if a current of 10 A passes through
the coil when the potential difference across
the coil is 250 V, then the resistance of coil is
given by

Vv 250

e = 2= 250
10 25

7=
3.15 DEFINITIONS OF OHM. AMPERE, AND

VOLT WITH THEIR INTERNATIONAL
STANDARD DEFINITIONS

Obm It is the unit of resistance. Itis defin-
ed asthat resistance offered by a conductor
which will allow one ampere of current o
flow if one volt is applied across its terminals.

Internatiopal Obm It is defined as that re-

‘sistance offered toan unvarying current (de)

by a tolumn of mercury at the temperature
of melting ice (i.c. 0°C), 14.4521 g in mass,
of constant cross-sectional area (1 sg. mm) and
106.3 cm in length.

Ampere It is the unit of current and is
defined as that current which is produced by
a pressure of one volt in a circuit having a
resistance of one ohm.

International Ampere One international amp-
ere may be defined as that unvarying cur-
rent (dc) which when passed through a solu-
tion of silver nitrate in water, deposits silver
at the rate of I.118mg per second at the
cathode.

Volt  One volt is that electromotive force
{emf) or electrical p e which prod a
current of one ampere in a conductor having
a resistance of one ohm,

International Volt It is defined as that
potential difference which when applied to a
conductor whose resistance is one international
ohm produces a current of one international
ampere. Its valueis equal to 1,00049 V.

Multiples and Submultiples of Volt
1. 1 megavolt (MV) = 1000000 == 10° V



2. 1 kilovolt
3. 1 milivolt

(kV) = 1000
(mV) = 1/1000

v

1o
1072V

[N}

4. 1 microvolt (pV) = 1/1000000
= 1f10* =10V
5. 1 picovolt (ppV) = 1/10" = 10°*V

3.16 QUANTITY OF ELECTRICITY

As the current is measured in terms of the
rate of flow of electricity, another unit is
necessary to denote the quantity of electricity
(Q) passing through any part of the circuitin
a certain time. This unit is called the
coulomb (C). It is denoted by the letter Q.

us
Quantity of electricity = current in amperes
X time in scconds
or Q=1IxTC

Coulomb It is the quantity of electricity
transferred by a current of one ampere in one
- second. Apother name for the above unit is
the ampere-second. A larger unit of the quan-
tity of electricity is the ampere-hour (A.h) and
is obtained when the time unit is in hours:
1 A.h = 3600 A.s or 3600 C

3.17 DIFFERENCE. BETWEEN RESISTOR,
RHEOSTAT, AND POTENTIAL DIVIDER

Resistor A fixed resistance connected per-
manently in the circuit for limiting the current
to a definite value is called a resisror. It
should be capable of witt ding the tem-
perature developed in it.

Rheostat A variable resistanceby sliding con-
tact on it is called a rheostar. The current
flowing through the circuit is controlled by
inserting and varying this resistance with the
help of a sliding contact.

Potential Divider When a resistance is used
to develop a voltage drop, it is called a poten-
tial divider.

Exameie 3.1 An electric heater takes 10 A when con-
mected across a supply mains of 230 V. Find the
resistance of the heating element.

Solution : Voltage = 230 Y
Current = 10 A

¥V
We know e-g |

Electricity and its Fund, a7

.. Resistance of clement, R ——}:

1
230
B8

ExaMpLE 3.2 The maximum resistance of a rheostat
i3 20 Q and minimum value of it is 0.5 Q. Find for each
conditions the voliage across the rheostat when the
current passing through it is 1.2 A.

Selution :  Mini value of of
=050
M value of r =200

Current passing = lL2A
Voltage drop in first case when resistance is minimum,
Vo fxR=12x05=06V Ans.
Similarly, voltage drop in second case when resistance
is maximum,
FelxR=12x20=24YV Ans

3.18 LAWS OF RESISTANCE

As already discussed in Sec. 3.9, longer the
length of the conductor, greater will be the

i of the ductor, and greater the
of the ¢ , lower will be the
resistance to the flow of electrons and wvige
versa. It may be also mentioned here that the
resistance of each metal is different owing to
the difference in atomic structure. .

The above facts can be well-summarized to
form the laws of resistance as under:

(i) The resistance of a conductor is direc-

tly proportional to the length of the
conductor, i.e. R« L. Thusif a 10
5.W.G copper conductor of length
300 m has 14} resistance, the resistance
of the same size of wire 600 m long
will be 2 Q.
The resistance of a conductor is inver-
sely proportional to the area of cross-
section {a), i.e. R eclfa. If a copper
wire of 0.25 cm® cross-section and
given length, has a resistance of 10 £,
the resistance of copper wire of
0.125 cm® cross-section and of the
same length will be 206k In usual
round wires it isinversely proportional
tc;dthe square of the diameter, i.e.
I ]

(i)

(iii) The resistance of a conductor depends
upon the material. Thus a nichrome
wire has about sixty-six times more
resistance than a copper wire of the
same dimensions.
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(iv) The resistance of a conductor depends
upon the temperature. In a pure
metal conductor, when the tempera-

ture es the e also
increases.
From the above, we have
R L
a
or R =P%'- (3.49)
where ¢ is constant and is called ﬁ'le speclﬁc
tance of the d

upon the third law which stau:s that
the resistance depends upon the nature
of material

L is the length of the conductor in m

a is the area of cross-section in em?

R is the of the conductor in Ll

3.19 SPECIFIC RESISTANCE OF A CONDUCTOR

The speclﬁc resistance of a material may be
as the offered to a current
if passcd between the opposite faces of the
unit cube of the material (Fig. 3.8). It is also
known as the resistivity of the material.
Specific resistance or resistivity is therefore
measured in ohm-centimetre or usually
micro-ohm-centimetre. (pQ-cm). It should be
noted that if the specific resistance is in
{psil-cm) the rest of the units must be changed
to-cm while solving the problems.

E‘

-4
£
=1

-1

Fig. 3.8 Specific resistance

Examrre 3.3 if llswnf Evrcka wire 0.4 em in
diameter bas the resistance of 2.5 Q. Find the specific
resistance of the material.

L=10m =10 x 100
cm

Diameter of wire, d = 0,14 cm

Resistance, R=250=25x100pQ

- Solution:  Length of wire,

Cross-sectional area,

_omdt 22 x (D, I-ﬂ'
L e T I
weknow, R = l{'
.*. Soecific rﬁisl.lnce,
_ Rxa_ 2.5 x 22 % (0.14p
e Al o e R

2.5 x 22 x (D.04)* x 10*
1000 % 7 % 4 # Qecm

= 38.5uf-cm Ans.

3.20 VARIAT!DN IN RESISTANCE OF METAL:
LOY, ELECTROLYTE AND GASES WITH
VAIUATION IN TEMPERATURE

(i) Metals The resistance of all pure metals,
such as iron, brass, copper, tungsten, etc.
increases with a rise in temperature.

(i) Alloys Alloys arc mixtures of metals.
Most alloys increase very slightly in resistance
with a risz in temperature. Some alloys
possess practically constant resistance at all
temperatures, such as German silver, eureka
(an alloy of 60% copper and 40% nickel}
and Manganin (an alloy of 65% copper, 30%
ferro-mangansse and 5% nickel). They are
very valuable for making standard resistances

zyheumm used extensively with instru-
ments for multipliers and shunts.

(iii) Electrolyte The value of resistance of
carbon, electrolytes and insulators decreases
as temperature increases. Their insulating
properties are not as good at high tempera-
tures as at low temperatures, i.e. at high tem-

tures they become extremely bad
nsulators.

(iv) Gases The gases which are wused in
some vacuum/tubes or in discharge lamps,
such as argon, neon, helium, etc. decrease in
resistance with a rise in temperature.

321 TEMPERATURE COEFFICIENT OF
RESISTANCE

In Sec. 3.10 it has been seen that the resis-
tance of a conductor increases with an increase
in temperature. However, the resistance does
not increase haphazardly but increases accord-
ing to a linear law.

Suppose a conductor has a resistance of
Roat 0"C. Let this resistance be increased
by Rea per degree celsius rise in temperature.



- Resistance at 0°C = R, 0
Increase in resistance at 1°C = Ry i)
Total increase in resistance
at 1°C = resistance at 0°C + increase
at1°C= Ro+ RoaQl
.. Total resistance at 1°C == R -+ Rout
= Ro(l + ar) (3.5)
Ratio of increase in resistance per °C to the
resistance at o'c= B
Ry
=
where a is known as the temperature coeffici-
ent of the resistance of the material. It can
be defined as the ratio of change in resistance
of a material per ohm when its temperature
is increased per degree celsius from 0°C to its
actual resistance at 0°C. It can also be
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Solution: Ry = Ry (1 + at}
<. Attemperature t,, Ry, = Ry(l +at,) )
Similarly at temperature ¢,, R, =R, (1+aty) iy

Dividing Eq. (if) by Eq. (i), we have
R
a_ Ry(l4ary)
R;‘ KT+ar;) "

R <R U4en) 543 (140.0043 x40)
T ey T TR0

o RGCa B3I g0 xn,

COMBINATION OF RESISTANCES
Resistances can be connected in three ways
as follows: o
(i) Series combination,
121 e

simply defined as the change in 1Q r
of a material when its temperature is increas-
ed to 1°C from 0°C.

The temperature coefficient of resistance is
positive for all those substances whose resis-
tances increase with a rise in temperature and
negative for substances whose resistances
decrease with a rise in temperature,

In most practical cases, the initial tempera-
ture of the conductor will not be 0°C. It
will have the same temperature as its surround-
ing. However, when it is heated owing to the
passage of current, its final temperature will
be greater. Let R, be the cold resistance at
temperature #; °C and Riy be the hot resis-
tance at temperature 1,°C.

‘Then, we have
R, = Rl + ats) @

R, = Re(l + ut)) i)

Dividing the above Eq. (if) by Eq. (i), we
have
R Ra(l+aty)

I
?f:_: Rol(L-tan)
R, (e
R, (I+an)
R, (1+at)
= () (3.6)

ExamrLE 3.4 A copper choke coil has a resistance of
54.3Q ar 20°C. What will be its resistance at 46°C.
The resistance temperature coefficient of copper ir
0.0043 per °C ar 0°C.

(i} paral ion, and
(iir) series parallel combination.

Series Combination of Resistance If two or
more resi are d in such a way
that there is only one path for the current to
flow, it is known as the series combination of
resistances. In & series combination, resis-
tances are connected end-to-end, and the
beginning of the first and the end of the last
are taken as two supply terminals as shown in
Fig. 3.9

- t
ooy TV '
Y DR DUV T
1 ] 3
! n 31 grz 13!I Erg 2

: ;

Fig. 3.9 Fall in potential across each
resistance

=TTy

>

Current The current passing through each
resistance in a series circuit remains the same
as there is only one path for the cuarrent to
flow.

Voltage When current passes through a series
circuit there is a drop of voltage in each
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sistance, The voltage drops across the
resistances are proportional to their individual
resistances as the current passing through
cach of them is the same and is equal to the
total current of the circuit. Therefore, the
supply voltage is equal to the sum of all the
Foltag: drops across the resistances. There-
ore,

Voltage drop across resistance, ry=p,=Ir,

Voltage drop across resistance, ry=v,=/r,

Voliage drop across resistance, ry=vy=/r;
where 7 is the curreat flowing in the series
circuit.

Calculation of Total Resistance in Series
Combination Consider the three resistances,
1, s, r; connected inseries shown in Fi% 39,
Let the poteatial difference across all of them

be ¥ which causes the same current I amperes*

to flow in cach resistance. Now the potential
difference across each of them will be differ-
ent. Let the voltage drops across each resis-
tance be ¥, ¥y, and v V respectively, so that the
applied potential difference will be the sum of
all the voltages drops, i.c.
V=w 4+ 0]
By applying ohm's law, we have
= f.l’],
vy = lIry
vy = Iry
Putting these values of v, ¥; and v;in Eq. (i)
V=1lri+ Iry + Ir, (i)
If R is the total resistance of the series circuit,
then V=IR
Putting this value in Eq. (ii), we have
IR =Iry 4+ Iry + Iy
or R=ri+ry, + ry (Ibeing
commaon) (3.7
Therefore, the total resistance in a series

circuit is equal fo the sum of the individual
resistances.

Uses of Series Combination We know that in
a series circuit there is only one path for the
current to flow, but in an open circuit no
current will flow through the circuit. There-
fore, series connections are not generally
used for house wiring. These connections are
used as given below:
(i) Wherea variable voltage is to be given
to the load, a variable resistance is
connected in series with the load, e.g.

a fan regulator is connected in series
with the fan.

Where many lamps of low voltage are
to be operated on the main supply, they
are all connected in series with each
other.

Where a load of low voltage is to be
operated on a higher supply voltage, o
fixed value of resisiance is connected
in serics with the load.

@i

(iii)

ExaMmpiE 3.5 Three resistors 30, 35 and 459 are
connected in series across 220 V mains (Fig. E 3.5).
Calenlate (i) total resistance of the circuit (#i) current
flowing through the circuit.

300 350 4511
RS ¥Y YV — Y R—— T

20V

Fig. E3.5

Total resistance = ry 1y + 7y
=30 4 35 + 43
=110 Aps.

We knowPD across the circuit = 220 V

.+. Current flowing through circuit,

LA~
I:TJW 2A Ans.

Solution:

As it is a series circuit, the current of 2 A will flow
through cach resistance.

ExampLe 3.6 A generator supplies 75 Aafr 200V
through a pair of feeders each having a resistance of
.13 Q (Fig. E36). What is the voltage at the
penerating station 7

A B
TSA 1501
G 220V
754
754 oI5
[

Fig. E3.6



Selution : There is alto some voltage drop due to
the resistance of the fecder.
By Ohm's Law; V' = IR
. Voltage drop of feeder in section AR
=75 %015 = 11.25 V
Similarly.
Voltage drop of the feeder in section CD
=T5%x 005 =1125V
Total vollage drop in the lead and return feeder
=10L25 4 1125 = 25V
Vollagc at the generating station
=220 4 225 = 2425V  Ans.

Parallel Combination of Resist If two

Electricity and its F iLaw &1

—_— 4

Current inresistance, ra3 = iy = ™
The line current will be equal to the sum of
the current flowing through each resistance,

ie.

I'=iy+iy+ iy
If equal values of resist are d
in parallel, equal currents will flow through
each resistance and the total current will be
the sum of all currents flowing through the
circuit.

Cafcufa:.‘nn of Total Resistances in Parallel
i Circuit Now consider three

or more than two are ct
in such a way that all the entry ends are
joined together at one _‘]unctmn and all t.he
exit ends are o ther at
junction and these twojum:llum are taken as
terminals for supply as shown in Fig. 3.10,
thcn such an al_rrangernent iscalled a parallel
ion olr

Ina parallel combination there are more

than one paths for the current to flow.

o g, N a2
) bide, 12 YEAN]
€ i 3 €2
I
v
- VLTS

Fig. 3.10 Parallel combination of resistance

Voltage Tn a parallel circuit the voltage
across each resistance is the same as each
is ted across the supply

msms.

Current The current flowing through each
resistance in a circuit is inversely proportional
to the value of individual resistances as the
voltage applied at each resistance is same.
Hence the greater the resistance, the less will
be the current flowing through it.

. . . v
Current in resistance, rn = iy = i
1

- . L4
Current in resistance, ry = iy = .
2

restslanm r1, rg and ry connecied in parallel
as shown in Fig. 3.10. Let the potential
difference of V¥ be applied across the two
junctions x and ¥ so that the potential is the
same across each resistance. Let the supply
current be /A and thecurrent flowing through
the individual resistance be iy, iy and i3, i.c.

T=iy+is+is (0]
Applying Ohm's law, we have

=

=

z r’

Vv

Iy =—
ra
Putting these values iy, iy and iy in Eq. (i),
B h V: v 2 in Eq. (

I=—q4—4— (i)
fs I3

If R is total resistance of the parallel combina-
tion circuit, then

Total current, f = —-;-

Putting the value of I'in Eq. (ii), we have
V V Vv ¥V

":

1++

Ty ra

R~
.
R~
(3.8)
The reciprocal resistance i/ R is also known as

conductance represented by G and is measured
in mhos (r1).

(¥ being common)

Therefore, in a parallel circuit, the reciprocal
of the total resistance is equal to the recipro-
cal of the sum of the individual resistances.
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Use of Parallel Connection Parallel connec-
tions are used in all types of house and power
wiring because in this connection the working
voltage of the load is equal lo the supply
voltage.

Egqual Resistances in Parallel 1f three resis-
tances each cqual to r £ are connected in
parallel, then

1 1 I 1
RevtE oty
L+ 1 +1 3
- " =';U
R-—-;

- Value of one resistance (3.9)
No. of resistances connected in parallel "~

It means that the total resistance will be one-
third the resistance of one of them. Hence
if n number of equal resist are d
in parailel, then

1 "
Total resistance = < X resistance of one of
them.

Unequal Resistances in Paraliel 1f there are
only two resistances connected in parallel,
then
Lt
7=

r Ty

- rs +n
Firy
. R=-T1T3
o el (3.10)
" product of two resistances
Total resistance = o Fihie two resistances

When there are three resistances connected in
paraliel, then

.1

1
E=ntanin
< Trst ran +
Firsry
Firgls
Fafs + rary 4+ Farg

R = @an

Examvre 3.7 Three resistances of 6, 10 and 15 Q are
conmected in parallel. Find out the total resistance
of the circuir,

Solation: 'We know,

|-
W
|
+
|

.. Equivalent resistance,

R=2-300 Am.

Series-Parallel Combination of Resistances
Figure 3.11 shows the arrangement of series-
parallel combinations of resistances. In this
circuit the current divides itself into two
branches as shown in Fig. 3.11.

More complicated circuits of series-parallel
combinations are also called network circuits.
The current and vollage drops of various
branches can be more easily calculated with
the help of Kirchhofl's laws which are
explained in Chapter 9.

Fig. 3.11 Series parallel combination of
resistance

3.23 AMMETER

An ammeter is required to measure the current.
Therefore, it must be connected in series to
the load of which the current is to be measu-
red. As itis connected in series, it must have
low resistance, otherwise the resistance of the

Fig. 3.12 Ammeter in series



instrument will appreciably change the current
through the load. For connecting it in series
with the load, open the circuit at one place
and connect the meter in the circuit as shown
in Fig. 3.12.

NoTe: An ter should neverbe led
in parallel with the load otherwise it
can get damaged.

324 VOLTMETER

A voltmeter is used to measure the potential
difference. Therefore it must be connected
in parallel to the circuit of which the potential
difference is to be measured. A volimeter
must have high resistance otherwise it will
take heavy current. When a volimeter is
connected in series, it measures the voltage
drop across its own terminals. For connecting
the voltmeter in parallel 10 the circuit, the
meter should be connected across the load
resistance as shown in Fig. 3.13.

Fig. 3.13 Veltmeter in parallel

Examrie 18 Find rhe equivalemt resistance of the
cirenit showm in Fig. E3.8. If the curremt paising
througk the cirewif is 5 A, find the voltage of supply.

P ;c D
b

!

— -

Fig E 3.8
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Solurion: Equivalent resistance of section BC

__wvalue of one resistance

= fo. of resistances in paralicl

(3]

=== 2a
Equivalent resistance of section CD

- Firsfs

#irg — FiFy - Faly

- 15 % 20 « &0

= (15 x 200 - (20 x 60) + (60 x 13}

INTET EXRC
Equivalent resistance of section 4D

=252 32~ 15=420
-, Vohage acress the circuit = /R
- = §wd2

= 210V Ans.

Examrir 2.9 Caleulate the effeciive resisiance of
the circuit skawn in Fig. E 3.9 and the voltage drops af
cach resistance when o potential differemce of M0 Vis
applicd between AB.  Also calcalate the current flow-
ing through 2 and 3 Q resistances connected in parallel
in comhination.

mn -}
Fig. E39
ol Equival of liel branch
I P I
A T
312 5
[
R ==-:—= .20
Equivalent resistance of section ABC=1.2+8.8= wa
1 1
R R
AL
Tie T io
112
=6 "W F0
" R=59Q

Total resistance of section AD = 53 = 80 Ans.
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“Total current of the circuit,

4
I= i~ w30 A
Voltage drop across 32 resisiance
=I%R=230x3 =90V Aps.
Voltage drop across section ABC
= 240 — 90 = 150 V Anms.

Current lowing through 10 R resistance,

V
R A = 15 A
! R 150/10
Current in 8.8 Q resistance = 30 — 15 = 154
Yoltzge drop across 8.8 § resistarce, Section ABC
=] % R=15x88 =132V Ans.
Voltage drop between section A8 = 150 — 132
=18V Ans
Current flowing through 2 Q resistance,
¥ 18
I= =5 =9A Anms.

Similarly current flowing through 3 Q resistance,

¥ i8
I= = 5= 6A Am.

ExampLE 3.10  Three resistors of 6, 12and 18 D are
joined in parallel. If the total current taken by the
circuit is 44 A, find the current through each resis-
fance,

Solution:  lst Method 1In a parallel circuit the
current passing through each resistance is different.
Greater the resistance, lesser the current flowing
through it and the total current is given by
Teiy—ig+ 1y
The current is shared in the ratio
1 11
IR 36
Total number of shares = 11
Current flowing through 6 £ resistance
L& ’]‘1“= 4A Ans.
Current flowing through 12 & resistance

=358 A Am.

Current in 18 @ resistance
_2x 4
T

=8 A Ans.

2nd Method First find the equivalent resistance of
the complete circuit,

LA 1L 6342 M1

CCRTETIRTE 36 36
36

e R-n—n

Potential difference across the parailel cireuit

36 w 44
=1x R - T

Applying Ohm's law to each circuit, we have
Current in 6 £ resistance

= 144 ¥

Vo144
“R®REE 24 A
Current in 12 £ resistance
FaRCE
“E T 12A
Current in 18 £ resistance
Vo144
“ K 18 = § A

.
Exampie 311 In the parallel circuit shown in Fig.
E 3.il, the current throngh the resistor x is 2 A and
the total current taken from the supply mains is 15 A.
Find (i) rhe value of the unknown resistance x,
(if) the PD across the eircuit, (1ii) the current in ecach
resistance, and (iv¥the toral resistance of the circuit,

FL .

L r—
A 4

154Y

Fig. E 3.11

Solution: Let the potential difference across the
circuit be V when the current through x @ resistance
is 2 4, then:

Voltage acting across the circuit ¥ = JR = 2x V
Current through the 50 £ resistance,

Current in 15 £ resistance,

h=g=p A
Total current of the circuit =4, -

IF_

5
3x 4+ 10x
—m - 975,

13x = 975
.. Valuc of unknown resistance,

975
X 759 Ans,




P.D. of the circuit,
Folr=2x75=150V Ans.
Current through 50 £ resistance,
50
C e b BT 3A A

¥
Current through 15 Q resistance, §, = B

10

= 10A Ass.

For total resistance of the circuit,

I 1 i
LI + —_

a 3 3

i )

Electricity and its Fund

1 1 I
“EtaoOs
24310 150

50 150
<. Total resistance, R

150
-5 - 109 Ans.

=

3.25 COMPARISON OF SERIES AND PARALLEL
CIRCUITS

A comparison of the two circuits is given in Table 3.1

TasLe 3.1 CoMpantson of Series aND ParaLLer Circuits

S.No.

Serivs Circufr

FParallel Circuir

There is only one path for the current (o flow.
Total resistance is equal to the sum of irs indi-
vidual resistances i.e.

Recty—py—ry—...

The curren: passirg through all the resistances
will be the same and egual to the main current.

The voltage in a series circuit is divided across

each resistance according to the value of resist-

ance. Greater the value of resistance, greater

will be the voliage drop across ir.

The total voltage applied is equal to the sum of

the voltage drops in individual resisiances, i.e.
Ve en 40+

The total resistance is greater than the greatest
resistance cannected in the series circuit.

There is more than one path for the current to flow.
The reciprocal of the total resistance is equal to the
reciprocal of the sum of individual resistances, i.e.

3
The current passing through each resistance is differ-
ent (if not equal). Greater the resistance, lesser the
current flowing through it.
The voltage across each resistance is the same.

The total current of the circuit is equal to the sum of
all the currents flowing through various resistances
connected in parallel, i.e.

P=iy = iyt iy 4o
The total resistance isless than the least resistance
connected in the parallel circuit.

NUMERICAL EXERCISES

{Ans. 0.B§ A)

(Ans. 440 V)
(Ans. 2948 m)

(Aas, 200 m}.

(Ans. 42 0)

{Ans. 50 ML)

3.1 The resistance of a 220V incandescent lamp is 250 L. Calculate the current
taken by the lamp. .

3.2 The resistance of the motor is 220 @ and the maximum Current that it can
take is 2 A. Find the miin supply voliage on which it works effectively.

3.3 A 670 m long eureka wire has a resistance of 250 ©. What Jength of the same
wire will have a resistance of 110 Q7

34 A500mlong wire has a resistance of 20 2. How much must be cut off 1o
reduce its resistance to 1207

3.5 A cable has a resistance of 10.5 . Whart will be the resistance of anather cable
of the same material twice as long and half the cross-sectional area?

3.6 A piece of underground cable 100 m long has insulation resistance 500 MO,
What is its insulation resisiance per km? (Hint : Insulation resistance is inversely
proportional to the length of the cable)

37

A platinum wire 40 m long. 0.04 cm in diameter has a resistance of 350,

Find the specific resistance of the material. (Ans. 11 pQ-cm)
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3.16

If a piece ofa certain wire 35 m long, 0.07 cm in radius has a resistance of
14 Q. Find the specific resistance of the materijal. {Ans. 61.6 pf-cm)
Find the resistance of a 450 m long tungsten wire 0.05 cm in diameter. The
specific resistance of tungsten is 5.5 pQ-cm. {Ans. 126 )
Find the resistance of copper wire 1100 m long and 0.1 cm in diameter.
The specific resistance of copper is 1.7 pfl-cm. (Ans. 23.30)
Find the length of a piece of nichrome wire 0.5 mm in diameter which has
resistance of 30,52 . The specific resistance of nichrome wire is 109 pfi-cm.
(Ans, 5.5 m)
The specific resistance of manganin wire is 44.5 #@-cm. What is the diameter
of manganin wire 154 m long which has a resistance of 44,5 07 (Aps. 0.14cm)
The field winding of a motor has a resistance of 30 0 at °C. What is the
resistance at 40°C? The temperature coefficient of resistance of winding wire
i 10,0043 per °C at 0°C. (Ams. 3516 Q)
A copper coil has a resistance of 2.43 @ at 50°C. Find its resistance at 60°C.
The resistance lemperature coefficient of copper is 0.0043 per *Cat 0°C.
(Ans. 2516 4)
A shunt field coil has a resistance of 21.29 @ at 15°C. What will be its
resistance at 40°C? The temperature coefficient of copper is 0.0043 per "C
at 0°C. (Aps. 2344 4)
Three resistances 10, 15 and 25 @ are connected in series and the potential
difierence acrass them is 250 ¥, Find (i) the total resistance of the circuit, (ii)
the main current of the circuit, and (iii) the voltage drop across each resjstance.
(Ans. (i) 50 £; (i) § A; (i) SOV, T3V, 123 V)

3.17 Calculate the total resistance in each case of the following:
() Resistances § and 12 (b are joined in parallel. {Ans. 4 @)
(b} Resistances 4, 6 and 16 Q1 are joined in paraliel. (Ans. 2250)
{c) Resistances 4, 6, 8 and 12 8 are joined in parallel. (Ans. 168y
(d) Resistances 1.2, 2.4, 4.8 and 9.6 Q are joined in pareliel. (Ams. 0.64 £)
1.18 Find the equivalent resistance in individual cases of the following :
(#) Resistances 2.5 and 108 are joined in parallel. (Ams. 2 2)
{b) Resistances 3,9 andi8 @ are connecled in parallel. (Ams.20)
{c) Resistances B, 12, 16 and 24 @1 are joined in parallel. 1Ans. 3.2)
(d) Resistances 0.05,0.25 and 1 Q are connected in parallel. (Aps. 0.04 g:
(¢) Ristances 2.1,4.2,12.6 and 2520 are connected in paralict. (Ans. II.I )
3.15 What resistance must be connected in parallel with oneol 8.5Q to:we an
equivalent resistance of 5.1 a? . {Ans. 12354
3.20 Three resistances connected in parallel have an equivalent resistance of 2.58.
The value of the first resistance is 15 2 and the second I8 £
Calculate the value of the third resistance. ) (Ans. 316 8)
3,21 A resistance of 8.55 @ is connected in series with another resistance of 1298,
What resistance must be placed in paraliel to 12.9 @ resistance so that the 1ofal
resistance of the circuil becomes 158 (Ans. 129 0)
3,22 Calculate the eq I i of the circuit shown in Fig. NE 3.22.
(7.8 (Ams. 3 2}
154

Fig. NE 322
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3.23 Find the total resistance of the circuit shown in Fig. NE 3.23. {Ans. 5.20)

«250L
l.l.h'l 'l'l-l'l
5L N I B4L
—uma-l P
e
20v
-3
Fig. NE 323

3.24 Calculate the total revistance of the circuit shown in Fig. NE 3.24. Also find
the current taken hy the circuit if the applied vollage is 220 V.
{Ans. 5.50Q. 40 A)

Fig. NE 3.24

1,25 Find the equivalent resistance of the circunt shown in Fig. NE 3,25,
fAns. 30 @)

Fig. NF 325

3.26 Three resistances of 8, 12 and 24 0 are connected in parallel. If the total
current taken by the circuit is 12 A, find the current through each resistance.

(Ams. 6A, 44, 24)

3.77 Three resistances 6,9 and 18 8 are connecied in parallel and takes a total

current of 15A. Find (i) voltage drop across each resistance and (ii) the
current in each resistance. (Ans.(1M4S V_ (i) 75 A, SA.25A)
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328

329

Four resistances 2.4, 4.8, 9.6 and 19.2 D are connected in parallel and

takes 22.5 A current. Find (i) the voltage drop across each resistance, and
(ii) the current passing through each resistance.

(Ans. () 2BRBV. inI2 A6 A, 3A 15 A)
Three resistances 4, 8 and 12 £ are connected in pnrallel 'ﬂlc current ﬂumu
through the 12 @ resistance is 20 A. Find the h other
and also the total current of the circuit. (Ans. 60 A, 30 A, 110 A)

3.30 Two resistances of 4 and 16 £ are connected in parallel. The group is connected

33

33

31

32

33

34

15

16

kN

38
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inseries with a 19.8 Q resistance. Find (i) the total resistance of the circuit,
(ii) the total current if the applied voltage of the whole circuit is 230 V. (iil}
the current in the parallel branch, and (iv) the voltage across 19.8 £l resistance.
(Ans. 230 10A BA 2A 198 V)
A factory is supplied by #~pair of feeders ul:h'l.lﬂl] m long and 3,54 ¢m® in
cross-section and takes 200 A at 440 V. What voltage must be maintained at
the sub-station if the specific resistance of the copper feeder is 1.77 #-em
(Ans. 442 V)

A certain load takes 100 A at 220 V. This load is supplicd by a pair of fec
ders each 625 m long and 1.25 c¢m?' in cross-section. Find the voltage at
the end of the feeders if the specific resi of the aluminium feeder is
2.83 0. (Ans. 2483 )
A certain factory has a miscell llel load of i 4,8, 10

and 402 connecled across 500 ¥V supply. Find the current taken by the
load. If this load is supplied by a pair of fecders cach 78 m long havinga
cross-sectional area of 1.3 cm® ang specific resistance 1.7 pfl- cm, find the
voltage at the zending end. (Ams. 250 A, 505.1 V)

REVIEW QUESTIONS

What is an clectrical circuit? Explain the essential parts of an electrical circuit
along with their functions,

Define “'resistance™ in dn electrical circuit. On what factors does the resistance
of a substance depend. (NCF'T 1956)

State Ohm's law along with the equations derived from it, indicating what cach
of the symbols used in the ions mean, Give an example showing the use
ol‘elcll of these equllxnm. .

lain the terms *electr iveforee™, *'p ial difference™ and *vollage
drop™ in a circuil,
How does the resistance of the following vary with temperature : (a) copper
wire, (b) cureka wire, () internal resistance of a secondary cell, and (d)
carbon.
In a store there are 200 lamps of 2 V cach. It is desired -that they be operated
on 220 V mains. How would you arrange them so that they can give full
light? Also, state the number of lamps required for the
Three resistances r,, r, and r, are connected in parallel across a circuit between
the terminals of which a potential difference of ¥ Volts is applied. Deduce an
equation giving the value of resistance R in terms of ry, r, and ry, which if
placed in the circuit would allow the same total current / ampere to flow.
Disti ish b the following : (a) Series and parallel circuits; (b)
resistor and rheostat; (c) electric current and electronic current; (d) voltage
and terminal voltage; (e) 1 M Q +and 1 pfd; and ([} alternating current and
direct current.
Define and give the units of the following: Current, conductance, specific
resistance, temperature, cocfficient of resistance and quantity of electricity.




Electricity and its Fundamental Law 69

3.10 Two resistances 8 @ cach are connected in parallel and the group is connected
in series with a 21 & resistance.
(f) What will be the total resistance of the circuit?
(i{) What will be total current of the circuit, if the applied voltage of the
whole group is 100 V?
(i) What will be the current ip each parallel circuit?
(iv) What will be the voltage as mesured acrossa 21 £ resistance? (NCVT
1962 Efect) CAns. (i) 25 9 (ii) 4A (iii) 2A cach (iv) 84V)
3.11 Calculate the effective i of the following binati of resi
and the voltage drops of cach resistance when a potential difference of 100 V is
applied between A and B,
Total r sistance = 13.3 0
Voltage drop across 10 £ resistance = 75.1 V
Voltage drop across 5 £ resistance = 249V
Voltage drop across 7 @ resistance = 171V
Voltage drop across 48 resistance = 719V
Voltage drop across 98 resistance = T.19V¥

(NCVT 1965 Elect)
i
A o Wa B
l an I
R
- 100 VoL
Fig. RQ 3.11

3.12 (ay What is the effect of a rise in temperature upon the resistance of a
metal?
(b} What rise in temperature would be ¥ to i the r
of a conductor from 50 to 51 Q if the temperature coeflicient of resistance
of the conductor material is 0.00268 per °C at initial temperature.
(NCVT 1972 Elect) (Ans. 7.46° C)
3.13 (a) Find the resistance of a copper conductor 1.5 km in length and 6 mm in
diameter. The specific resistance of copper may be taken as 17 i(p—2.
(b) Ifa feeder having two conductors of this length and diameterisused to
transmit 100 A, what is the voltage drop in the feeder?
(NCVWT W Cal Elect. 1987) (Ans. 0.9 2, 180 V)
3.14 A6S resistor and aresistor of unknown value are connected in series to
a 12¥ supply., The P.D. across the 6 £ resistor is measured as 9 V., What
is the value of the unknown resistor?
(NCVT Theory Wiman Prelim. 1982} Ans. 2 )
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Work, Power and Energy

4.1 WORK

Work is said to be done by force F when the
point of its -application moves through a
distance §. Mathematically,
Work = force x distance
=Fx§

The unit force in the mks system is newton
(N). It is defined as the force acling on one
kilogram mass of a body.for one second which
gives an acceleration of one metre per second.

ifin the above equation, force = | N and

time == ] m, then
Work done = 1 N-m or joule (J)

In the mks system of units, work done is
given_in joules. It is defined ss the work done
by a force of one newton when the pointof its
application moves through a distance of one
metre in the direction of the force. Therefore,

1J=1Nm

4.2 POWER

Power may be defined as the rate of doing
work. In other words, we can say that it is the
work done per second. Mathematically,
work done

time
Work done or energy expanded =
power X time,

Ifin time t s a quantity of electricity @ Cis
transferred between the ends of a conductor
when a potential difference is V'V, then

Power =

NotE:

Work done per second __E’Q @
But Q= Ixt
0

Yot

t
Substituting the value of @/t in Eq. (i), we
have

Power =V X I
In the mks system, the unit of power is the
watt. It is denoted by the letter W. In electri-
cal enginecring one watt is equal to one joule

per second or une newlon-metre per second.
1W=1]J/s
=1 N_—'m,l’s.

Wait Itis a unit of electrical power. A watt
is equal to the energy expanded per second
by an unvaryingcurrent of one ampere under
the pressure of one volt. Itis denoted by the
letter W and is measured by an instrument
known as wattmeter.

The electrical power or wattage of a machine
can be obtained by multiplying the current in
amperes by the pressure across the terminals
in volts.

. Wattage = vollage X current
or W=VFx/[ ' “4.1)
(Since ¥ = I ® R by Ohm's law)
Substituting the value of ¥ in Eq. (4.1), we
have

W=IRx1I
W= I'R (4.2)
Again, by Ohm's law,
=X
R
Therefore, by substituting the value of I inEq.
1), v
W=V¥x x
4
. Wt .
AN 7 “4.3)

In practice, the watt is a very small unit of
power. A bigger unit is the kilowatt kW. The
power of electric machines is generally given

in this unit.
kW = 1000 W

Even a bigger unit of power is the megawalt
(MW). :

Also,

I MW = 10°W

746 W = | mechanical horse-
power (standard unit
of horsepower)

or 1000 W = 1.341 hp



However, the horsepower reading obtained by
clectrical means is known as the ihp (indicated
horsepower) or ‘ehp (electrical horsepower).
This is measured in watts.
1ihp = 746 W
The horsepower obtained by mechanical
means is called bhp (brake horsepower) mea-
sured in ft. Ib/min in the British system and is
equal to 33000 ft. 1b/min (or 550 ft Ib/sec).
However the metric unit of horsepower is
equal to 4500 kg-m/min (or 75 kg-m/s).
Therefore,
1 metric horsepower = 75 kg-m's = 75 x 9.8l
= 73535 1/s
= 735.5 W approx.)
= 1 mechanical horse-
ower
== 33000 fr. Ib/min (or
530 ft. Ibfsec in the
British system)
= 4500 kg-m/min {or
75 kg-m/s in the
mks system)

or 1 hp (metric)
Again, 746 W

Exampre 4.1 A carbon arc lamp takes 11 A at 35 V.
() Find the value of the resistance to be connecred
in series so that the lamp may give full fight
acrossa 220 V sup piy.
i) Calcwlate rthe power lost im the resistance,
Refer Fig. E4.1.

55v(TT

R7?
AN

Sofution :
Voltage drop by resistance connected in serics
w4 220 — 55 = 165 Y

Value of resistance, R = —:’- SLLEgS 159 Ans.

11
Fower lost due 1o the
resistanée = [*R
=y« 15 = 1815 W Ans.

Examrie 4.2 Twe coils connecred in parallel  take
6 A from a 300 V supply, The power [ost in one coil is
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ELUNL
E 4.2

Fimd the resistance of cach coil, Refer Fig,

360 W

A

| - 3OV ————

Sofution: Total resistance of the circuit,

v
Re g
300
- = 509
We know, W r—‘;
.. Resistance of 360 W coil, R = Vi,V
300 x 300 2508 Ans
rewin. 1 1
1 tel L = —
n parilel circuit, o + o
1 1 1
then I %
5-1_ 45
. = 250 T 150
The resistance of second 250
coil, o= 6250 Ans.

Exampie 4.3 A J0OW, 10V lamp is-connected in
series with another lamp of 60 W, 110V across 220V
supply mains. Caleulate the value of resistance to be
connected in parallel to a 60 W lamp so that the two
can take their rating power (Fig. E4.9).

|l
oY
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Solution: Current taken by 100 W lamp,

I -F
100 10
“Tio-iT A
Similarly, current taken by 60 W lamp,
;S0 _ 6
I T AT
Valuc of current which will flow through the shunt
=Jv_6
1] 11
10—-6 4
oot A
14 110 110 = ¥1
. Value of shunt, R = T -_=al—l_ —_—
=3259 Ans.

Exampre 4.4 Two lamps of 100 W each are connected
(Vin parallel and (iiy in series to a220 Vsupply

main.Calcalate the power taken in each case.

W

L2

Solution: (i) When lamps are connected in parallel
Refer Fig. E 4.4 (a).

We know, W =;f or R = ;—!
Resistance of the individual lamp,
R - ¥ 220220
W 100
=434 Q

Total resistance of the circuit,
_ value of one resistance
" nao. of resistance in parallel
=% oma
Current flowing through the circuit,
[o¥_ 20 10
R=22°T
Total power when lamps connected in parallel,

we=rr= U0 20

w 200 W Ans.

mm
LBATL

mmw
LBLD

lt———— 20V ———————

(i) When lamps are connected in series
Refer Fig E 4.4 (b).
We know resistance of each' lamp == 484 Q@
.. Total reistance when lamps are connected in series,
R=rybry
= 484 . 484 == 968 Q
Total current Mlowing in the series circuit,

¥ 220 55
Ll

.. Power consumred in teries circuit,
55\
W IR - (iﬂ) X 968
_ 55x 55 » 968
T T247 » 242
= 50 W Ans.
Notwr: From the above we sce that the wattage is
always added in the case of a parallel cireuit
and in this casc itis only 1004 100 = 200 W,
However, in the case of a series cirenit the
o ins only fourth of thatin
the parallel circuit. This is because the
current and veltage remain only half of that
in the paralle! circuit. Therefore, while
calculating power, W{ = IPR = (j)*x R} )
will be one- fourth as that in the case of the
parallel circuit ard in this case it will only
be 50 W.
Therefore, 1n the parallel eircuit the tolal power is

equal to the sum of individual powers of the eircuit,
Le.

W= Vi, Wy = Vi,
But ¥ is constant and J=§, 14,
Again, Voul =W
e Wy = Wyi Wy



Exampie 4.5 A building iz being supplied with power
at 220 ¥. The load consist af 300 lamps of 69 W cach
and 100 fans of 40 W eack. Find : (i) the total load in
kilowatis and (if) the current taken by the load.

Solution; Wattage required for 300 Jamps, 60 W
each =300 6018000 W — 18 kW
Wattage required for 100 fans, 40 W each
= 100 x 40 = 4000 W= 4 kW
-, Total load in kilowatts = 18 -+ 4 « 22kW Ans.
Current taken by the load, *

43 ENERGY

Joule is the smaller unit of energy. It is the
energy used in a circuit when one watt has
been absorbed for one second. One joule is
therefore equal to one watt second.
Watt second or joule = watt X time in seconds
watt-second

wxe

Again, 1000 Wh = 1 kWh or one unit.

The kilowatt hour (KkWh) is a commercial unit
of energy. This is the standard unit on which
charges for electric energy are made. This
practical unit is called the Board of Trade
(BOT) unit.

The BOT unit is measured by an energy
meter or kilowatt-hour meter. Therefore,
1B.OT unit = | kWh = 1000 Wh

= 3,600,000 W(sor J

=

ExaMrLE 4.6 The electrical installation in ahouse
ix wsed in the following manner ;
(a; lamps 100 W each, 12 Nos., 6 ha day,
(b) fan 60 W each, 6 Nos., 5 h day,
() electric cooker 1.5 kW, 2 Nos., 4 h a day, and
(d) electric geyser 1 kW each, 2 Nos., 3 h a day.
Calculate the tatal cost of electric energy for 30 days,
at the rate of 40 paise per writ for light and fans and
35 paise per unit for the cooker and geyser.Also find the
total charges of the bifl
Solution: Wattage of 12 Jamps, 100 W cach
= 100 x 12 == 1200%6 == 7200 Wh
Wattage of 6 fans, 60 W cach
= 60 x 6 — 360 x 5 = 1800 Wh
Total wattage of lamps and fans
= 7200 + 1800 = 9000 Wh
= 9 kWh
Similarly,
Waltage of 2 electric cookers, 1.5 kW each
= 1.5 % 2x4 =~ 12kWh
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Wattage of 2 electric geysers, 1 kWh each
=] x 2x3 ~ 6 kWh
Total kilowatt-hours of cooker and geyser
w1246 = 18 kWh
Energy charges of lighting load & 40 paise per unit
22 80X 0. - Rs. 108.00
Energy charges of power load (i.e., geyser and cooker
@ 35 paise unit)

18x35:30
= T Rs. 189.00

Total charges for light and power
= Rs. 108,00 4 Rs. 189.00
= Rs. 297.00 Ans.

Examrie 4,7 The total resistance of @ pair of Jeeders
through which a factory is being supplied power at
250 V is 0.03. The load of the factary is as follmes:

(a) lighting 400 lamps, 100 W each, 200 wall
sockets of 60 W each awd 100 fans, 40 W each,

by miscellaneous foad taking 20 A,

(c) heating 50 kW furnaces,

() Motars — 50 = Bhp which run at 807, of full

load.

Assume that the lighting load works for a period of 5 b
per day, anid heating load for € h per day, motors 8 ha
day miscellaneous load for 2 b per day. Caleulate @ (i)
the tetal consumption of the factory in kilowatts, (i)
ratal carrent taken, Gty voltage at the sending end of
the feeders, (iv) power wasted in the feeders, (v}
weeklv cast af energy when working six daysin a week
at the rate of 30 paise per wunit for lighting load amd
35 paise per unit for power load.  The meter rent for
lighting load is Rs. 2.00 per metre and for power load
it is Rs. S0.00 per meire whereas the electricity
tax is 2 paise per unit for lighting lead and 3 paise
per unit for power fomd, (vi) Also find the peand
tatal of the bifls.

Solution:
Lighting load : Power consumed by loads
(@) Lamps = 400 » 100 = 40,000 = 40 kW
Wall sockets  — 200 » 60 —12,000 = 12 kW
Fan points = 100 » 40 = 4,000 = 4 kW

Total lighting 'oad in kilowatts = 56 kW
(b} Miscellancous load

Vol 250 .20

0o~ tooo o<W
(e} Heating load - 50 kW
() Outputof the motors at 80?;, full load

50 - RP ~ T46

- =500 1000 19,84 kW
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Total load in kilowatt
= 56 & 50 + 29.84..5
~ 140.84 kW Ans.
Total current taken by factory,
I W 140.84 x 1000
VT T
14084
=—z = 563,36 A Ans. [}]
Voltage drop in the cable ¥ = [ » R «~ 563.36 + 0.03
- 169"V

W)

Voltage at the sending end of the cable
= receiving end voltage i voltage drop in
feeders

= 250+ 16,9 — 266.9 V Ans. (1))
Power wasted in the feeders,
W = 'R = (563.36)' x 0.03
= 19.52 kW Ans. (v
Energy :\nn.rurmdpa day by the lighting lead is as
Sfollows:

{4 Lighting load = 56 kW x 5h = 280 kWh
(b) Miscellancous
load =§x2h«10k Wh
Total energy consumed per day
280410 == 290 kWh
Encrgy consumed in 6 days
= 290%6
+ 1710 units
Encrgy charges dr 30 paise per unit

- _‘__”“’U’sm — Rs 522.00

Total lighting load charges including meter rent and
electricity tax i 2 paise per unit

~ Rs 522,00 | Rs2.00 | Rs 3480

++ R& 558,80 Ans. ()
Energy consuned per day by Power load
(¢} Heating load « 50 kW x 4h

= 200 kWh
(¢ Motor load = 29.84 kW< 8h

= 238,72 kWh
Total energy per day

== 200 + 238.77 - 438.72kWh
Energy consumed in 6 days

= 43B.72» 6 == 2632,32 units
Energy charges ae 35 paise per unit

263232 x 35
A 1]
Total power load charges including meter rent and
electricity tax o 3 paise per unit
-~ Rs 921.31 4+ Rs 50.00
-+ Rs T78.96

Rs 921.31

— Rs 1,050.27 Ans. [}
wrand total ofbills == Rs 558.80 + Rs 1050.27
v 1609.07 Ans. (vi)

4.4 EFFICIENCY OF CONVERSION

The efficiency of conversion of energy is the
ratio of the energy dev:loped in a machine by
the energy consumed in driving it and is
represented by the Greek letter eta (1),

energy developed in a machine

Efficiency, n = energy consumed in a machine
_ output 44
or n input @9
In the case of a motor, the efficiency will be
Bhp
= ihp
Bhp X 100 ,,
LA AL ..
ne p T (4.5)
: _ Bhp % 100 x 746 W
v n %
In the case of a generator, the efficiency will
be .
il
Bhp
Thea  n% = I00% ()
. Bhp of a dynamo
_ ihp %100 . .
=% 500 hpin mks system
_ _ihp x 100 -
or = 7% x 33000 hp in British

syslem

ExampLe 4.8 The potential difference at the termi-
nals of 5§ hpmotor is 250V, Find the current taken
by it when the ¢ fficiency of the moror is 86°,.

Solution : Output of the motor at full load
= 5xT46 W
Efficiency of the motor = 807,
output_x 100,
We know, % = Pt %

tput x 100
. Input of the motor - utput x 2

e
5 x T46 x 100 W

BO
... Current taken by the motor,
W5 % 746 % 100
1= ="«
= 18.65 A Ans.

ExampLE4.9 A consumer with 30 hp motors is cher-
ged at Rs, 24.00 per kWh jor the demand load per
month plus the energy charged ar 35 paise per unir.
What will be the amount of his bill in a month when



motors run at 80%, of full load for 8 h a day for 25 days
ina month, The efficiency of the motor is 96%.

Solution: Oulput ul&he motors at 80% of full load
e 30 o4pp
100
Input of motor n"ﬁl-'_?_"}:—w
24" 100 % 746
=~779g x 1000
~ 18,65 kW
Energy consumed in a-month of 25 days, 8 ha day
= 18.65 x 8 x 25kWH
Energy charges @ 35 paise unit
18.65 x 8 x 25 x 35
-

= Rs. 1305.50
Input of motor at demanded (i.e. connected) load
30 x 100 x 746 W
=96 X
Energy charges at demanded load @ Rs. 24.00 per kW
30 x 100 x 746 x 24
= 96 x
= Rs. 559.50
= Rs.1305.50 4 Rs. 559.50
= Rs. 1865.00 Ams.

Total bill

ExAMPLE 4.10 A house has to be wired up with con-
{uit pipe wiring system for three phase 400V (350

cycle) ac supply system with the following points :

(a) light points—50 Nos. of 60 W each,

(B fan points—20 Nos. of 100 W each,

(c) wall plug points—I0 Nes. of 60 W each,

(dy bell points—-3 Nos. of 40 W each, and

(¢) power plug points—8 Nos. of 500 W each.
Calenlate the following :

(i) The total load of lights and fans.

(1) The total load of the pawer connection.

(i) The standard size of the main switch required
for light and fan connections.

(iv) The standard size of main swirch required for
power connéction.

(v) Number of circuits proposed to be provided for
light and fan connections.

(vi) Number of circuits proposed to be provided for
power connection.

(vii) Size of the circuit wire and the main line con-
necting the distribution board with the main
supply meter for light and fan conmections,
Similarly, for the power connection,

(NCFT 1965)
Selution :
{a) Wattage of 50 lamps, 60 W eact = 5060
= 3000 W

(b) Wattage of 20 fans, 100 W each = 20 x 100
= 2000 W

Work Power and Energy 65

{¢) Watage of 10 plug points, 60 W

each = 10 x 60
= 600 W
(d) Wattage of 5 bell points,
40 W each - 5 3% 40
= 200 W

Total wattage of lighting Joad

= 30002000 + 600 + 200 = 5800 W

Ans.
= By 3500
= 4000 W
Tolal wattage of complete circuit
= 3800 + 4000 = 9800 W

Current flowing through lighting
load, 5800

=B B0 sa
Current flowing through power load,

‘Wattage of power plug point

E 400

W _ 4000
f—w-,, =40 _10a
Total load current, fap--%;

=24.5A or say 25A

T0
UIGHTING LOAD
S %
I 70 POWER LOAD 1

I |

|DCSBOX OfS BOX

OIS BOX
B WAYS!

-

6 WAYS LWAYS

LIGHT = POWER

7120 v.m.-—-l I
WIRE

EMERGY MEJER ]

s s )

ENERGY METER
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Refer Fig E 4.10

The load current of 25 A will be supplied by a three-
phase supply system. Therefore, 1o passa current of
25 Ain the circuit, the size of the main circuit wire
from the energy meter to the distribution box will be
7/20 (or 6 mm® of the aluminium conductor) V.L.R.
wire.

A T.P.L.C. main switch of 30 A, 400/440 V with 1
neutral link will be used for controlling the main cir-
cuit of the lighting load and a D.P.I.C. main switch of
I5 A, 250 V is required for the power circuit. Three
separate D.P.I.C. main switches of 15 A, 250V will
be required.

As the total number of light points are 85 and
power points 8, therefore, according to LE. rules there
should be 0.25 kW load on each lighting circujt and
thusa circuit should have 8 points. Similarly, there
should be I kW load on each power circuit and as one
point of power circuit is of 500 W, in a power circuit
there should be at least two points in it. Thus the
total number of circuils to be proposed for the lighting
is 11 or 12 and for the power circuit 4,

Separate distribution boxes for the lighting load and
power load will be used. Two distribution boxes of
15 A, 6 ways each (as the total number of circuits are
12) will be required for the lighting load and one for
the power circuit also of 15 A, 4 ways.

For further distribution of supply from distribution
boxes 1o the load, the size of the wire required for
the lighting load is 3/22 (or 1.5 mm?*} and for power
eircuit it will be 3/20 (or 2.5 mm?*}.

Exampre 4.11  Water is required 1o be raised out of a
tuhe well 30 m deep at the rate of 243t of water per
hour. If the efficiency of the pump is 909, find the
horsepower of the motor. Asswme thar [0% of the
height is [ost in friction. One tonne of waler weighs
1000 kg.

Friction loss = 103

Total height = 30+3=3m
Work done by the pump—force x distance
.. Work done by pump in raising 243 t of water per
hour

= 243 % 1000 x 33 kg-m/h

243 xa;oou w 33 ke-m/min
Output of pump
243 x 1000 = 3¥

—§ % aso0 bP

Input of pump
—output » 100

7l
243 x 1000 x 33 x 100
= E3 4500 x 90
= 33hp
But luput of pump - output of motor

.-. Output of moter ~ 33 hp Ans.

ExampLe 4,12 An electric lift raisesa ."oad' af 7.5¢1
1o a height of 135 m, The cage weight is 0.51. The
balance weight is 31 and the time taken by an either
upward or downward journey is 90 3. Calculate (D) the
Bhp of the motor and (if) the cost of energy when lift
makes 10 double journeys per hour at Hw. muja}'«i
paise per unit, The efficiency of the motor is 80%.

1o o= 1000 kg7

L hp = 746 W !

BALANCE
WEIGHT

WEIGHT

Solution : Refer Fig. E 4.12.

Weight lifted during upward journey
=75+05-3~—5¢

Weight during downward journey
=30 -—-05=25t

Work done by the lift per minute during upward

journey .
o3 1000 x 135 kg-m/min

60
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Output of the mator Output of the motor
5% 1000 x 135 x 60 _ 1php  Ans. 2.5 % 1000 135 < 60 _ sopn ans
90 x 4500 = 90 = 4500 .
Input of the motor Input of the motor

’_mnpmxlm= 100 x 746 = 100

50 > 46 % 100 33 o oo\

T —%0 % 1000 0 x 1000 []
173 “Total consumption of power for one double journey
G T BRW ~93,25 + 46.625 = 119.875 kW
i Energy consumption per hour
Work done by the lift during downward journey = [39.875 x 10 = 1398.75 kW

_25X)000x135
%0

4.1
4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

kg-m/min Cost of energy

» 40
50 — 139875 % 5 = Rs. 559.50 Ass.

NUMERICAL EXERCISES

A 250 V lamp has its hot resistance of 625 Q. Find (i) the current taken by

the Jamp and (ii) the power rating of lamp. (Ans. 0.4 A, 100W)
A dynamo supplies 59.68 A at 250V, What is its power output in kilowatls.
Also express it in horsepower. (Ans. 14.92 kW, 20 hp)

Two lamps 500 W each are connected (i) in parallel and (iiy in series
across 250 V supply. Calculate (i) the total power absorbed in each case and
(ii) total current taken in each. (Ans. (i) 1000 W4 A, (i) 250 W, 1 A)
Two lamps of 200 W each are connected (i)in parallel and (i} in series
across 250 V supply. Calculate (i) the total current in each case and (i) the
power absorbed in both cases. (Ans. (i) 1.64 A, 400 W, (ii) 0.4 A, 100 W)
Calculate the voltage required to pass a current of 30 A through a resis-
tance of 8 Q. Ifa resistance of 48 is connected in series toreduce the
current, find (i) the voltage drop across the original resistance and  (ii) the
power lost in the added resistance. (Ans. 240V, 160V, 1600 W)
A 250 V generator supplies through a pair of feedres 10 a load consisting of 200

tamps of 200 W each, 50 Jamps of 100 W cach and 25 lamps of 40 W each ata

distance of 200 m. The potential difference across the lamps is 230 V. Find the

cross-sectional area of the wire, i the specific resistance of the wire is 1.77 p@-

om., {Ans, 0.708 cm?)
A pair of feeders each half kilometre long has to deliver 100 kW at 500 V.
What cross- section must they have so that the loss in them does not exceed
s2. of the power delivered. The specific resistance  of the feeder is L7
pl-em. {Ans. 1.36 cm?)
A 1210 W, 220 V heater is connected in series with a 100 W, 100V lamp. 1If
this system is connected to a 210 V supply, what would be the voltage drop
across cach and the power consumed by the heater.  (Ans. 60V, 150 V, 90 W)
Find the horsepower of a motor fo run a gencrator supplying 18.65 A at 300
V, the cfficiency being 75%. {Ans. 10hp)
An electric installation consists of the following load :—

(3) 20lamps 100 W each, working 6 h'day

(b) 1500 W heater, working 8 h/day

(<) A 6 hp (metric) motar efficiency 88.26%, , working 4 h/day.

Calculate the total number of units consumed during onc month of 30 days

if all these operate as given above on each day. (Ans. 1320 units)
A hecater of 1000 W is required 1o work for 4ha day. Find the monthiy
cost of energy for 30 days at the rate of 35 paise per unit. {Ans. Rs. 42.00)

The potential difference of a molor is 500 ¥ .On [ull load the motor takes
22.38 A. What is the input of the motor in horsepower and what is the cost
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of energy for a week when the motor runs 8 haday at the rate of 30 paise
per kWh, (Ams. 15 hp, Rs 187.99)
4.13 A factory is supplied a1 250 V through a pair of feeders having a 0.25 0 resist-
ance. The factory load is as follows :
(i) lighting load—250 lamps of 200 W each,
200 lamps of 100 W each, and
150 lamps of 60 W each working 6 h/day
(if) heating load— 130 kW furnaces and ovens working 5 h/day
(fif} motors—60 hg motors working at 50% of full load, working 4 h/day
{iv} miscellaneous load—taking 50 A for 3 h/day.
Calculate : (i) The total consumption of the factory in kilowatts, (ii) the total
current taken by the factory, (iii) the voltage ar the sending end, (iv) power
wasted in the feeders, and (v) monthly cost of encrgy at the rate of 35 paise
per kWh
for lighting load, and 40 paise per unit for power load. The meter rent is
Rs. 2,00 per month for lighting load and for power load it is Rs. 50.00 per
month, whereas the electricity tax is 2 paise per unit for lighting load and
3 paise per unit for power load. Heaters and motors are connected on the
power circuit, (Ans. (i) 143.88 kW ; (ii) 575.52 A ; (i) 39228 V;
(iv) B2.E kW ; (v) Rs. 8,819.45
4,14 Calculate the power and current supplied to a 250 V dc motor coupled
to & pump which delivers 100 tone of water per hour to a tank ata height
[ 17.9 m. The head lost in [riction is I m. Take efficiencies of the pump ana
motor as 70% and 73.55% respectively.{lhp =755 Wi (Aps. 10KW, 30 A)
4.15 An electric hoist liftsa load of 3t 1o a height of 45 m. The cage weight
is 0.5tand the balance weight is2t, The time taken for each upward or
downward journey is one minute.Calculate: (i) hp of the motor. (ii) find
the cost of encrgy forl80 double journeys per day @ 40 paisc per kWh. The
efficiency of the hoist is 759 and that of the motor is 80%, (one tonne= 1000 kg).
1 tone = 1000 kg. (Ans. (i) 20 hp, (ii) Rs44.13)
4.16 An clectric lif raises aload of 9 t 1o a height of 80 m. The cage weight.is
11, the balance weight 5.5 t and the time taken by an cither up journey or down
journcy is 80 s. Calculate : (i)hp of the motor and (ii) the current taken by
a 500 V motor, (iii) Also, find the cost of encrgy when the lift makes 15 double
journeys per hour at the rate of 30 paise per kWh. The efliciency of the
lift and motor are 60 and 73.55%,. (Onetonne--1000kg ; 1 hp—735.5 W)
(Anms. 100 hp, 2000 A, Rs. 900.00)
4.17 An electric elevator makes 20 double journeys per hour. A load of 3.751¢
is lified by it toa height of 90 m in 75 s and it returns empty in 50s. The
weight of the cage is 0.251 and the balance weight is 1.5 1. Calculate:
{i) the horsepower of the motor and (ii) hourly cost of energy @ 30 paise per
unit, The efficiency of the motor i573.55 | hp = 735.5W (Ans. 40 hp, Rs 420.00)
4.18 A pair of dc fecders 500 m long supplies a load of 50 hpat 500 V. If the
voltage drop in the line is not to exceed 5%, of the receiving end voltage, find
the size of the copper conductor used. Take-specific resistance 1.7 pQ-cm.
1Ans. 507.28 10~ cm®)
4.19 A dcload of 54 hpis to be supplied through a pair of feeders 600 m long
from a sub-station maintaining a voltage of 462 V. The declared voltage of
the supply is 450 V but a variation of 4% is permitted to the supply company.
Calculate the size of the conductor if the specific resistance is 1.7 pQ <cm.
(Ans. 0.6314 cm*)
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Work Power and Energy

REVIEW QUESTIONS

Define power and energy in an electrical circuit. State the units in which they
are measured.
(NCVT 1963)
Dafine the BOT unit and explain its importance in daily life.
‘What do you understand by the efficiency of conversion of machine.
‘What is the difference between the terms “power'” and “energy” 7 What are the
names of instruments used for the measurement of each in electrical terms
and the units used for each ?
(NCVT 1980)W/man)
Find the voliage across cach lamp and current through each of them in the
given circuit Fig. RQ 4.5,
(NCVT 1967 W|man)
{Ans. Current in upper branch-=0.303 A,
Current in lower branch =0.2727 A
Voltage drop in 100 W
lamp =146.67 V
Voltage drop in 200 W lamp =73.33 V
Voltage drop in 60 W lamp =220V)

my  2oav

What is the voltage required to pass a current of 35 A througha resistance

of 5.7 If further a 4.3 Q resistance be put inseries to reduce the current,

find the power lost in the added resistance and the vollage across the original
resistance.

(NCVT 1972 Fleet)

(Ams. Firstcase: 199.5V

Second case : 1T1L4 W, 113.7 V)

The lamps A and B when connected in series acress a dc mains of 250V

dissipate a total power of 1.5 kW. The resistance of A is twice that of B. Find

what total current will they take when connected across the same supply
in parallel.

(NCVT 1976 W/cal)

{Ans. 27 A)
A small office building is to be wired up in a conduit wiring system for

3- phase, 400 V supply with the following points .
(@) light points—30 Nos, of 60 W cagh,
(b) fan points—10 Nos. of 100 W each,
(¢) wall plug points—5 Nos. of 60 watts each,
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() bell points—2 Nos. of 40 W each, and
(¢) power plug points—8 Nos. of 1000 W cach.
Calculate the following :
(i) total load of light and fan connections,
(if} total load of power connections,
(fii} standard size of main switches for lights and fans,
(iv) standard size of the main switch for power, and
(v) size of the wire connecting the distribution board with supply for power
connection only.
(NCFT 1966)
An electrical installation consists of 15 light points of 60 W each, 8 light
points of 40 W lamp, 4 fans of 60 W capacity and a pump motor of 0.5 hp.
Assume that 50%, of lights and fans are used for 4 hiday and the waler pump
works for 3 h daily. Find out the monthly consumption and cost of the electric
bill, based on tariff of 35 paise per unit.
(NCVT 1981 Wiman)
(Ans. Rs39.98)
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Chemical and Heating Effects
of Electric Current

5.1 EFFECTS OF ELECTRIC CURRENT

When an electric current flows through a cir-
cuit, its presence is judged by its eflects,
which are given below .

(i) Chemical Effect When an eléctric current
is passed through a conducting liquid (i.c.
acidulated water) called .an clectrolyte, itis
decomposed into its constituents due to
chemical action. The practical application of
this effect is utilized in electroplating, block-
making, battery charging, metal refinery, etc.

(ii) Heating Effect When an electric potential
isapplied to a conductor, the flow of electrons
is opposed by the resi e of the conductor
and thus some heat is produced. The heat
produced may be greater or lesser according

- to the circumstances, but some heat is always
produced. The application of this effect is in
the use of electric presses, heaters, electric
lamps, etc.

(iii) Magnetic Effect When a magnetic com-
pass is placed under a current carrying wire,
it is deflected. It shows that there is some
relation between the current and magnetism.
The wire carrying current does not become
magnet but produces a magnetic ficld in the
space. I this wire is wound on an iron core
(1.c. bar), it becomes an electro-magnet. This
effect of electric current is applied in electric
beils, motors, fans, electric instruments, etc.

(iv) Gas Ionization Efect When electrons
pass through a certain gase sealed in a glass
tube, it becomes ionised and starts cmilting
light rays, such as in fluorescent tubes, mer-
cury vapour lamps, sodium vapour lamps,
neon lamps, etc.

(v) Special Rays Effect Special rays like
X-raysand laser rays can alsobe developed by
means of an electric current.

(vi) Shock Effect The flow of current through
the human body may cause a severe shock or
even death in many cases. If this current is
controlled to a specific value, this effect of
current can be used to give light shocks to the
brain for the treatment of mental patients.

5.2 ELECTROLYSIS

The process of decomposing a liquid by the
passage of electric current (dc only) through
it is called electrolysis or electric analysis.

The vessel containing the liquid is known as
the vat or electrolytic cell. The liquid to be
decomposed is known as an electrolyte and
the metal plates immersed in the electrolyte
are called electrodes. The plate through which
the current enters the electrolytic cell is called
the anode or positive electrode and through
which it leaves the vat is called the cathode
or negative electrode (Fig. 5.1).

Electrolytic cell

Fig. 5.1

When direct current is passed through an
electrolyte, it splits up into its components
(in the case of water it decomposes into
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hydrogen and oxygen). The atom which loses
or gains an electron and thus possesses some
electric charge is called an ion. The ion which
gains an electron, has an excess of electrons
and is therefore negatively charged and called
electro-negative. Similarly. the ion which
loses an electron has a deficit of electrons and
is therefore positively charged and called
electro-positive. The negative ions go to the
anode and are called anions. The positive ions
move to the negakive electrode and are known
as cations.

MNow suppose the anode is made of copper
and the cathode is of iron and are immersed
in an electrolyte of copper sulphate. On pass-
ing the current through the electrolyte the
following changes take place: The copper
sulphate solution is split up into copper ions
{Cu**) and sulphate ions (80,”7). The copper
ions possessing positive charge move to the
cathode and deposit as metallic copper on
it. The sulphate ions possessing negative
charge (SO,~-) travel to the anode and attack
the copper to form copper sulphate (CuSOy).
This results in the transfer of copper from the
anode to the cathode and thus the strength
of the copper sulphate solution remains cons-
tant.

Now again suppose that the anode is of
platinum and by the passage of electric current
the electrolyte splits up into copper and sul-
phate ions.  The sulphate ions will then take
hydrogen from the water and the reaction will
be as follows :

50, Hy0=H,50,+0-~
The oxygen will be given off at the anode.
The copper ions which are deposited on the

cathode in the form of metallic copper will
not be replaced by the solution at the anode.
Thus the concentration of the copper sulphate
solution will gradually decrease. From the
above it is clear that the electrolyte will be
converted into sulphuric acid. .
5.3 ELECTRO-CHEMICAL EQUIVALENT

1t is the mass of an element in grams which is
deposited on the cathode by the passage of one
ampere steady current for one second (i.e., one
coulomb). For example. if a steady current
(i.e.dc) of one ampere is flowing in a solution
of silver nitrate and silver deposits at the rate
of 1.118 milligrams per coulomb on the
cathode, then we will say the E.C.E. of silver
is 1.118 mg/per coulomh.

5.4 CHEMICAL EQUIVALENT

It is the mass of an element which in chemical
action will combine with or replace one gram of
hydrogen. Tts value is given by atomic weight
divided by valency. Therefore, the chemical
equivalent of copper is 63.57/2 = 31.78, for
chlorine 35.46 and for silver it is 107.88 (sec
Table 5.1).

Table 5.1 gives the values of E.C.E., valencies
and atomic weight of some elements.

5.5 VALENCY

It is the combining power of an atom with the
number of hydrogen atoms. 1n other woids, it
is the number of hydrogen atoms which com-
bine with or displace one atom of an element.
For example, one atom of nitrogen (N) com-
bines with three atoms of hydrogen (Ha) for

T_Asr.s 5.1 Varues of E.C.E., VALENCY AND AToMIC WEIGHT

Name of efement

EC.E in Miltigrams Valency Atomic Weight
per Coulomb
Hydrogen 0.01044 1 |
Oxygen 0.08293 2 i6
Sodium 0.2394 1 23
C!lilnrine 0.3676 1 35.46
Nickle 0.3041 2 58,68
C?DNI’ 0.3296 lor2 63,57
Zine ) 0.1387 2 65.37
B_rumm: 0.8284 1 79.92
Silver I.118 1 107.58




m_aking ammonia (NH;). Here the valency of
nitrogen (N) is equal to 3. Similarly, in the

gzasze of water (H,0), the valency of oxygen (O)
is 2.

5.6 FARADAY'S LAWS OF ELECTROLYSIS

The following two laws of clectrolysis were
established by Faraday.

First Law The mass of any substance liberated
during electrolysis is proportional to the quan-
tiry of electricity which has passed through the
electrolyte. The quantity of electricity is also
known as the charge (Q) and its unit is the
coulomb (C). The coulomb is the product of
current in amperes and lime in seconds.
Hence, '
Masse charge
MxQ
Mo Itg
I = current in amperes
t = time in seconds
M = mass deposited in grams.

where

Second Law The masses of different substances
liberated by the same quantity of electricity
during electrolysis are proportional to the

electro-chemica ivalents of the subst
Mass « E.C.E.
or Mx Z
where Z = electro-chemical equiva-

lent
These two laws may be expressed in the form
of an equation as follows :
MaQ
« It
M=2Zn (5.1
When once the electro-chemical equivalent of
the substance is known (from Table 5.1), we
can find the total mass of the substance libera-
ted or deposited by a given quantity of electri-
city.

5.7 ELECTROPLATING

The process of depositing a metal on the sur-
face of another metal by electrolysis is known
as clectroplating.  Electroplating is widely
used in giving an attractive appearance and
finish to all types of industrial products. In
this process inferior metals are coated with
costly metals (such as silver, chromium, etc.)
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to give an attractive shiny appearance and’
rust-proof surface.

58 CONDITION FOR ELECTROPLATING

The following conditions must be fulfilled
before electroplating an article:

(i) The article to be clectroplated must
have a chemically cleaned surface,i.c.,
it must not have any sort of dirt, rust
and greasy surface.

The article to be plated should form
a cathode.

(i)

(iif) The anode must be of the metal to be
deposited for maintaining the concen-
tration of the solution constant dur-
ing electrolysis.

(i¥) The metal to be coated has to be in the
solution of an electrolyte.

The electrolyte is contained in a wooden rein-
forced cement concrete tank which is known
as a “vat”. The anode as well as the article to
be plated are hung from conducting wires so
as to dip in the solution. The value of the
current is adjusted according to the metal
deposited on the surface area of the article.
The time required for electroplating can be
calculated if we know the massof the metal
deposited and E.C.E. with the formula
M=ZI
M
1z
Some Fomulae : (1) We know M=ZIt

Therefore, Time

M M
I =% and z-_ﬁ m. gm./Coulomb

(2) We know Volume = Area X Thickness
Volume

Thickness

Thickness = oume

Area

(3) Mass = Volume % Density
Mass

Density

Density :—\%E—:-‘—e— gm.fe.c.

Area = and

Volume = c.c. and
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EXAMPLE 5.1 If 111.83 mg of silver is deposited on
the cathode in 3 min 20 5, by adc cwrent of 0.5 A,
calenlate the E.C.E. of silver.

Solution :
t=3min20s=200s
M = 111.83 mg
From Faraday’s law,
M = Zlt
gz M_ 1118
I 0.5%200% 1000
=0.0011183 giC

= L1183 mg/C Ans.

Examere 5.2 It iy recwired to deposit copper on the
both surfaces of an iron plate 200 cm® in area. What
thivkness of copper will be deposited if one ampere
of corrent ix parsed through the solution for I
hours.  The density af copper is equal to 8.9 g fee
and E.C.E. of copper is 0.329 mg|C.

Solution :

z. 0329 mgic 232 -0.329%10- g/C

! 1A

190 - 60- 5400 5
From Faraday's luw,
M - Znr

=3
- d
032901230 27665 (1)
Suppose the thickness of copper deposited-— x em
Avea - 200 cm®
Density - 8.9 plec
Volume of copper deposited
- 2.carea~thickness
2,200 x co
Mass of copper deposited
- volume ~ density
- AD0xxx B9 i)

Equating (/) and (i),
400~ 892x — 1776
1.7766

o X7 00,89

0.000499 cm  Ans.

5.9 APPLICATIONS OF ELECTROLYSIS

Some practical applications of clectroiysis are
described below @

Silver Plating The solution of silver potas-
sium cyanide is used as an electrolyte. The
job w be plated is thoroughly cleaned with
sandpaper and then dipped in caustic soda
solution to remove prease.  The silver plate is
used as an anode and the job to be plated is

made the cathode. Now current is allowed to
fiow till the required thickness of metal to be
deposited is obtained. After this the plated
article is washed and polished to give a shin-
ing finish.

Nickle Plating The -solution contains nickle
ammonium sulphate. The process of plating
is similar to the description given above for
silver plating.

Chromivm Plating The electrolyte contains
chromic acid and sulphuric acid. For exam-
ple, if an jron plate is to be plated with
chromium, it is first cleaned and then plated in
a solution of copper sulphate. After this a
layer of nickle'is added and then chromium
Ela_ti]l:g is done to give 2 hard and brilliant
nish.

Electro-Refining of Metals If an impure cop-
per ingot is to be refined, it is made as an
anode and a thin pure copper plate is used as
a cathode dipped in a solution of copper
sulphate. During electrolysis copper migrates
into the solution from the anode and deposits
on the cathode as pure copper. Thus copper
is purified and impurities are precipitated in
the bottom of the anode. Similarly, many
other metals can also be refined by the electro-
lysis of their compounds.

Determining the Polarity of de Supply Due
to electrolysis in acidulated water, it is possible
to identify the positive and negative terminals
of dc supply. Take two supply mains through
alamp and dip them in the electrolyte, As elec-
trolysis starts, the hydrogen ion will move to
the cathode and oxygen ionwill goto the
anode. Therefore more bubble will appear on
the negative terminal and less on the positive
terminal.

Electrotyping Ordinary printing letters are
madeof lead, which is soft and breaks damages
very socon. Therefore hard printing electro-
type plates are manufactured. In this process
first a block of a letter is prepared and its
negative impression is taken on a block of wax.
After this the surface of wax is dusted with a
powder of graphite to make it a conductor.
Then it is electroplated in copper solution to
the required thickness. Afier this, it is remo-
ved from the wax and then its back is



strengthened with another metal. This
electrotype is then used for printing. Similar
methods are used for making replica of medals,
ete.

510 CURRENT REQUIRED FOR PLATING

Low pressure direct current (dc) supply is
always used for electroplating purposes. The
pressure used varies from 1 to 16 V depending
upon the rate of plating and the nature of the
electrolyte.

5.11 DYNAMO FOR ELECTROPLATING

The shunt dynamo is generally used for elec-
troplating. It delivers large current at low
pressure and this requires a large commutator
and brush gear. Such types of dynamos are
run by either an ac or a dc motor or by some
other means, such as the petrol engine, etc.
and the current required for plating is control-
led by the current regulator. The generated
voltage of the dynamo is controlled by the
voltage regulator.

Figure 5.2 shows the essenual connections
of a dynamo connected with a vat for plating.

Fig. 5.2 Panel layout of electroplating
generator with plating bath

5.2 HEATING EFFECT OF ELECTRIC
CURRENT

When an electric current flows. through a
conductor, some energy is consumed. This
electrical energy is converted into heat energy
as a result of the electrons colliding with the
molecules of the atom during their flow.
Moreover, there is considerable friction bet-
ween electrons and molecules of the conductor
(Fig. 5,3). Thus some heat is produced. This
transformation of electrical energy into heat
energy is the heating effect of electric current.

Effects of Electric Current 75

of the atom

5.13 KILOCALORIE

The kilocalorie (kcal) is the unit of heat in the
mks Itis defined as the

heat required to increase the temperature of one
kgof water through 1°C. 1t has been experi-
mentally proved that if 4187J of electrical
energy is completely converted to heat, pro-
duces one kilocalorie of heat energy, i.ec.,
1 kilocalorie=4187 J.

5.14 JOULE'S LAW OF HEAT

This law states that the heat generated in a
conductor by the flow of an electric current is
proportional to the square of the current value,
the resistance of the conductor and the time
Sor which the current flows. )

The above law can be expressed in the form
of an equation as follows :

H o I*Rt

where I = current in the conducter in ampe-

res
R = resistance of the conductor in

ohms

t = time for which the current flows
in seconds

H = quantity of heat developed in
calories

It may be noted that if the current is reduced
to half, the heating effect is reduced to one
Quarter.

Again,if acurrent of /A flows for rs through
a resistance of R Q, then the electrical energy
consumed (/*Rt J) is converted into heat so
that we have

H o< I*Rt ]

I*R
or H= "J*
where J is Joule’s constant and equals 4187
J/keal. Thus,
*Re

H'_nil'ﬁ‘;' (5.2)

keal
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Vi

H= a5 kcal (5.3

Kty
H= Raigy kel (5.4)
Wi
3187 keal
where W is the power in waits.

or H= (5.5)

5.15 THERMAL EFFICIENCY
It is the efficiency of an electrical appliance
and is defined as (he ratio of the heat actu ally
used for heating water to the total heat deve-
loped for this purpose.
. _ _useful heat
Thermal efficiency (nia)= fieat generated
_ total heat-losses
~  total heat

ExaMPLE 5.3 It is required to heat 15 kg of water from
I3 1o 100°C in 25 min. when the heater takes 10 A,
Calculate the resistance of the heater element. Assume
that the e fficiency.of the heater (s 855,

Salution :
Output heat required
= weight in kilograms x temperature rise
= 15(100—15) keal
= 15 x 85 keal
Heat generated (input heat)
IPRe (10 xR 25 %60
=48 4187 kesl
Useful heat at 85% efficiency
input xn
=100~

n

(100« R 25 % 60 BS
ST ilET< 100
Uselul heat=heat required
Equating Egs (/) and (i), we have
(10/*x R 25 x 60X 85
T AT« 100
Resistance of element,
1585« 4187 % 100
0% 102526085 41,870 Ans.

(i)

= 15x85

EXAMPLE 5.4 An electric heater takes 4 A to increase
the temperature of 20 kg water from 10°C to %0°C in
2 h, 19 min, 34 5. Calewlate the potential differemce
across the heater when the e fficidncy of the heater 15
B0,

Solution :
Time required to raise the temperature of water

= 2h, 19 min, 34 s

=B34
Output heat required

= 20 (90-- 10}

= 20x80=1500 kcal
Heat “mm}’h

3187

_ Fxdx 8374

= i

G}

keal

Useful heat= _‘W_V : 14;;8}(3:‘4 x20
We know,
Useful heat =heat required
Frd4x8374x80
7100

Voltuge across the heater

_ 1600 > 4187« 100 _ 250V Ams.

3 3

iy

1600

or

5.16 HEATING UNIT

A resistor when employed for producing heat
is called a heating unit or heating element. It
is generally made in three forms :

(i} Round wires,

(ii) ribbon wires, and

{iify strips.

Round and ribbon wires are used in small
heating units, such as electric stoves, room
heaters, soldering irons, heat conveciors,
electric kettles, electric irons, hot plates, water
heaters and other electric heating appliances.
The round or ribbon wire is first wound over
some insulating material such as mica or
asbestos and then pressed between the surfaces
to be heated.

Strips are generally employed in big furnaces
;'v_h;rc the guantity of heat required is very
igh.

5.17 MATERIALS FOR HEATING ELEMENTS

The material required for making heating
element is either Kanthal or nichrome wire.

Kanthal 1t is an alloy of chromium,
nickle, iron, etc., prepared in different percen-
tages of combination for different purposes.
Its maximum working temperature is 1280°C
(2336°F). Its specific resistance is 135 pll-cm
at 20°C. Tis melting point is approximately
1510°C (2750°F). It.is specially used in big
furnaces forannealing stainless sieel and varioys
types of pottery works.



Nichrome Wire It is an alloy of 80", nickle
and 20% chromium. The maximum tempera-
ture at_ which it can work safely is 1150°C
(2102°F). Its specific resistance is 110 pll-em
at 20°C. It is generally used for making
elements of heating appliances for d ic
purposes.

5,18 APPLICATIONS OF HEATING EFFECT

This principle of electricity is widely used in
the operation of many electrical devices, such
as electric lamps, fuses, arc welding, spot

Iding, d ic power appliances, etc.
Some of its various and important applications
are discussed below.

Incandescent Lamp The heating effect of
electric current is used in the artificial pro-
duction of light by an incandescent lamp,
When electric current is passed through the
filament of the lamp, heat is produced and
the filament emits light rays. Carbon arc
lamps and searchlights are also examples
where the heating effect of electric current is
utilized. For further details refer 1o Chapter
20. The working voltage of these lampsis
220 or 230V and the power consumption of
different lamps is 15, 25, 40, 60, 100, 200, 300
and 500 W,

Arc Welding In arc welding the arc is
produced by the flow of electric current
between the job to be welded and an electrode
held in the welding holder. The current is
supplied by means of a motor gencrator set
having its output voltage in the range of 40 to
60 V dc. One wire of the generator is con-
nected to the job to be welded and other to
the electrode holder. When welding, the
electrode is first- touched with the job for a
moment and then drawn slightly away to
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All these appli have heating el ts
made of nichrome wire which has high specific
resistance. This wire can be heated to high
temperature in air without oxidizing. The
elements are wound on mica or fire clay which
is electrically insulated and can stand prolonged
heating. Each device is designed for different
power ratings and voltages. So before using
them it is necessary to see the rating of the
appliances for their satisfactory operation.

For purposesof safety a three-core flexible
cable should aiways be used with all the ap-
pliances. Two wires are used as the main lead
and the third one is the earth continuity
conductor. One end of it is connected to the
metal body of the appliance and the other end
to the earth pin of a three-pin plug top. The
maximum operaling voltage of all domestic
appliances is 230 or 250 V and the power
ratings are 750, 1000 and 1500 W. Fig. 5.4
shows an electric stove.

Fig. 54

Heater

Room Heater In these heaters, the heat
produced is radiated by means of a well-

develop the arc.  The developed arc g s
a temperature of 3300°C to 3593°C. Asheat is
produced at the arc, it melts the electrode
with which it comes in contact. Thus two
metals are fused together forming a pool of
molten metal, which on cooling becomes a
mechanical strong joint.

Electric Heaters A large variety of domestic
appliances, such as the electric stove, room
heater, soldering iron, electric irons, hot air
circular, hair drier, electric kettle, toaster,
hot_ plate and water heater are examples of
electric heaters.

F

These heaters are of two types:
(i} Bowl-type room heater, and
(if) rod-type room heater.

A room heater consisis of an element, a refl-
cctor and a base plate. The element of the bowl-
type room heater is wound over a cone-shaped
or tubular-shaped porcelain insulator with
two-pin bases as shown in Fig. 5.5.

The element of the rod-type room heater is
wound over the china clay insulating rod.
These heating rods may be either plug-in type
or screw-in type as shown in Fig 5.6,
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Fig. 5.6 Rod-type room heater

Soldering Iron It consists of a copper bit,
wooden handle and an element embedded in
the copper bit (Fig. 5.7). This element heats
up the copper bit of the soldering iron and
for its casy handling a wooden handle is
provided. The soldering irons are generally
of 65, 125 and 250 W, 230 volts and are used
for soldering wire joints, commutator segments,

Fig. 57 Soldering iron

Air Circulator It consists of a fan motor
of 1/60 hp, 2400 rpm, two elements of 1000
W each and a special rotary switch which can
make contact with all the terminals of the
switch at a time when required.

The fancirculates the cool air into the room
when the switch makes contact at first posi-

tion. At second position the fan delivers
low heat and similarly at the third position
maximum heat. Tge essential parts and
connection are shown in Fig. 5.8. Itis only
suitable for operating on 230 V ac and takes
either 1000 or 2000 W.

Fig. 58 Alr circutator

Electric Kettle The electric kettle consists
of a container, handle and an el The
element is made of a long, flat nichrome wire
arranged in a zig-zag manner and fitted bet-
ween the two sheets of mica. The element
is properly fitted under the base of the kettle
and is covered with a metal plate (which acts
as a pressure plate) fitted with nuts.

In some cases the heatingel is
in a brass chromium plated tube and insu-
lated from it with some insulating material.
Such atype of elementis known as an immer-
sion clement and the kettie in which it is used
is known as,an immersion-type electric kettle,
as shown in Fig. 5.9 This type of kettle is

Tadded

tiv}
Fig. 59 Flectric kettle and function of its
thermal plunger
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more efficient because the whole length of the
immersion heater is dipped in the water and
thus the heat loss is minimum. In this kettle
a thermal plunger is also provided in the
socket. When the kettle boils dry, the plunger
is released by the trip lever. Due to excessive
heat on this the plunger in the socket of the
kettle pushes back the female connector
socket and thus disengages the connector
socket from the element. This lever does pot
permit the making of contact again. The
contact of the female connector socket can
only be made again by pushing the plunger
inward to its original position when the ele-
ment of the kettle has cooled down again.

The power taken by the electric keil.f:(hentcr
type) is 450 W at 230 V and for the immersion-
type electric kettle, it is 600 to 1500 W.

Electric Tron The main purpose of the
electric iron is to press the clothes. Electric
irons can be classified into two types as given
below :

(i) Ordinary electric iron, and

(if) automatic electric iron.

(i) Ordinary Electric Iron Tt consists of chro-
mium-plated base plate, an electric heating
element of nichrome wire fitted between the
two sheetsof mica, a cast iron pressure plate, a
chromium plated cover with insulated terminals
and a handle. For heating it is connected with
the supﬁ]y by means of a female connector
having flexible cord and a three-pin plug top.
Figure 5.10 shows the parts of an electric iron.

Fig. 5.10 Electric iron
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Fig. 5.11 Laundry iron

The puwer ¢ ption of d ic_electric
iron is 450 W while laundry irons (bigger in
size, shown in Fig. 5.11) are of 750, 1000 and
1500 W.

(ii) Automatic Electric Iron In addition to the
above mentioned parts, the automatic electric
iron has a thermostat which is connected in
series with the element. This thermostat
controls the temperature, prevents overheating
of the iron and thus avoids damage to the
heating element. The necessity of the thermo-
stat is due to the fact that some clothes like
cotton and linen requi high p

for pressing while terylene and silk require low
temperature. The required temperature can be
obtained with the help of thermostat: The
essential parts of an automatic iron are shown
in Fig. 5.12.

T o
= o
P, o s
> o e
B v aoen

JI =5 e puate

Fig. 5.12 Automatic electric iron

Thermostat The thermostat is a switch which
operates automatically due to the variation of
heat produced around it. It functions on the
principle that different metals have different
rates of expansion when heated. For example,
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brass has a greater coefficient of expansion
than iron. If a strip is made of bimetal
(i.e., say brass and iron) and heated beyond a
certain temperature, it will bend downwards.

The above principle is used in operating the
thermostat (thermal switch). The thermostat
has two contact points, namely, the fixed
contact point and moveable contact point. The
moveable contact of thermostat consists of a
bimetal strip which is normally in contact with
another strip of metal having fixed contact.
The thermostat is connected in series with the
heating element as shown in the Fig. 5.13 and
is fitted inside the cover of the iron above the
pressure plate.

Fig. 5.13 Thermostatic control of anm electric
iron

After switching on the iron, the current starts
to flow through this contact point and thus
the temperature rises. When the temperature
reaches beyond a certain adjusted temperature,
the contact point of the bimetal strip opens
which now stops the flow of current through
the heating element. Thus the circuit of the
heating element is opened. The circuit cannot
be closed again till the base plate of the iron
cools down again. After cooling the iron, the
bimetal strip regains its original normal
position and thus the circuit is again completed.
By means of an insulated knob on the contact
point, the distance between the contact points
is ad d. This regul the temperature
of iron for different types of clothes. It should
always be kept in mind that the setting of the
bimetal strip should notbe disturbed because
the rate of linear expansion is known to the
manufacturer only. If once its setting is
disturbed, it will stop functioning properly.

A condenser is connected across the contact
point of the bimetal strip. Its function is to
minimize the sparking at the contact point and
thus increase the life of the contact point. A
short-circuited condenser decreases the life
of the element because it will always give
path to the current, and the iron even after it

has become hot cannot then be operated
through the contact point.

An indicator lamp of 2.8 V is also fitted in
the handle of the iron and is connected across
a small resistance which is connected in series
with the element. When the lamp lights up,
it indicates that current is passing through
the heating element and when it goes off, it
shows that iron has attained the required
temperature and the current has stopped flow-
ing. Automatic irons are of 750 W only.

Hot Plate Hot plates are used for cooking
food stuffs. These are of two types, namely,
the single hot plate and double hot plate
(Fig. 5.14 and 5.15).

Fig. 5.15 Double hot plate

The heating element of the hot plate con-
sists of a single or double spirally wound
heating element which is embedded in between
an insulating cemented material like plaster
of paris or fire clay and then baked hard. The
fire clay is then covered with a steel lplatc and
the foodstuff boils over this plate. In simple
design, the heating element is divided into
two parts of equal heating capacity, as shown
in Fig. 5.16. Each element is independently
controlled by a separate switch. When either
switch is in the ON position it gives half of -
the full heat and when both switches are on
the full heat is available. '

In other cases, heat is controlled by a
separate special rotary switch which has four
positions, giving full heat, medium heat, low
heat and ofr. The heating element is divided
into two parts, When the switch is in the
full position, the two elements are connected
in parallel and the element takes its full
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Fig. 5.16 Coancction diagram of iwo ranges ol
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Fig. 5.17 Connection diagram of multi range
of heat

rated current. When the switch is in the
medium position, one part of the element is
connected to the supply and it takes half
of its rated current. Similarly, the low posi-
tion of the switch connects element | and 2
in series and the current is reduced to one
quarter of its full value, Figure 5.17 shows
the connection of such types of hot plate.

The power consumption of a single hot
plate is 1000 and 1500 W, whereas it is 1000
and 2000 watts in the case of a double plate.
Morte : For getting maximum variation of heat,

two elements of different wattage can
be used.

Water Heater Water heaters are of two
types:

(/) Tmmersion water heater, and

(i) self-contained water heater,
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Immersion Water Heater Asis apparent from
the name, it is dipped in the vessel containing
water for heating. There is a heating element
in the brass chromium plated water-tight tube
and insulated from it with an insulating mate-
rial like plaster of paris. There is no wastage
of heat in it, so its efficiency is greater than
other type of heaters. It is a portable water
heater, as shown in Fig. 5.18. The immersion
heaters are manufactured in 250, 1000 and
1500 W ranges. The 250 W immersion heater
is used for healing water for shaving purposes
only.

Fig. 5.18 Immersion heater

Storage Water Heater It of a doubl
walled reservoir known as the cistern, a
heating el and a ther It is not

a portable water heater and is fixed on the
wall where it is to be used (Fig 5.19). It can
be further divided into two classes:

(J; Non-pressure type, and

(ii) pressure type.

Fig. 5.19 Storage water heater

Non-pressure Type Water Heater Figure
5.20 shows a non-pressure type water heater.
It is used at places where hot water is required
at one service point only.

It has only one outlet for water without
a stop cock. The water is controlled only
from inlet side by a valve as shown in Fig.
5.20. Tt consists of a double-walled chamber.
The space between the two chambers is filled
with a heat insulating material like glass wool
or cork. The heating chamber generally
consists of tinned copper and the outer cover-
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Fig. 520 Non-pressure type water heater

ing of lead coated steel. This outer coating
is given a final coat of white enamel paint.
The inner chamber has a drip device, a
thermostat for controlling the temperature
of the water and a heating el t d
vertically. The anti-drip device is connected
to the outlet pipe which helps in having a
quick cut-off of hot water.

When the inlet. valve is opened, it allows
an equal quantity of hot water into the outlet
pipe. The pressure inside the chamber does
not develop because the outlet valve is always
opened. '
. It should be always remembered to earth
all the metal coverings of the water heater.

Pressure-type Water Heater When the hot
water is needed at more than one service

OQUTER CASMNG
GLASS WOOL
T ¥ OVER FLOW OUTLET
LISTERN EE e FLOAT VALVE
COLD WATER

VENT PiF

HEATING ELEMENT
HOT WATER | T
o b HOT WATER OUTLET
4 .4 TP

Fig. 5.21 Pressure type water heater

point and only one heater is to be used, then
this type of water heateris usedonly. This
kind of water heater gets water supply through
the cistern (i.e., reservoir) which is connected
to the water mains through a controlling float
valve.

The power consumption of a 25-litre bath-
room geyser is either 1000 or 1500 W,

Figure 5.21 shows the essential  parts of this
type of water heater. The heater cistern is
always full of water. The cold water comes
through the cistern and replaces the drained
off hot water in the tank in equal volumes.
The level of the water in the cistern always
remains constant as it is controlled by a float-
ing-ball valve. During the heating process,
the water expands and a vent pipe is also
provided for its expansion.

The main disadvantage in this water heater
is that cold water mixes with hot water and
thus reduces the temperature of the water at
the service point. This type of water heater is
also known as a I p type
water heater.

5.19 FUSE

A fuse is a safety device connected in series to
the circuit which protects the electrical
apparatus from possible damage when abnor-
mal current flows through it. In other words,
it is a short element or conducting material of
low lting point d in series to the
load. When normal current flows, the fuse
serves as a conductor, but when the current
flows above the pre-determined value through
a circuit due to a short circuit, failute of
insulation or overload, enough heat is produ-
ced to melt the fuse wire, thus breaking the
circuit to protect the equipment from damage
due to excessive current.

Fuse wires are bare wires made of easily
melting materials having high specific resis-
tance. Usually standard alloy (63% tin and
37% lead) fuse wires are used for small currents,
say up to 5A and tinned copper for large
value of currents.

The size of the fuse wire is such that the
maximum current (fusing current) will produce
sufficient heat due to I*Rt tomelt the fuse wire.
So far higher current fuse wires of large
diameters are used. Fuse wires are always
passed through asbestos or fire resisting tube
and fixed in a fire proof material like glazed
porcelain, etc.

www.TechnicalBooksPdf.com



5.20 CLASSIFICATION OF FUSES
Fuses may be classified into two groups :

(i) Those designed to protect the circuit
both from oVerload and short circuits,

an

(if} those designed to protect the circuit

from short circuits only.

In the first condition fuse element breaks
the circuit above 25% overload, and in the
second case the fuse wire melts at a current
which is several times greater than the normal
current,

If a fuse wire does not melt on excessive
current, it may damage the motor winding,
wiring installation and the instrument connec-
ted in the circuit because each hasits own
rated current, and an abnormal current
through them will spoil them.

521 PARTS OF A FUSE
The following are the main parts of a fuse:

Fuse Wire Itis that part ofa fuse which
melts when abnormal current flows through
the circuit and thus disconnects the apparatus
or circuit from the supply mains.

Fuse Carriers The part to which the fuse
wire is fitted is called fuse carrier and is made
of porcelain having two contact strips. Itisa
removable part of a fuse (i.c., kit-kat fuse).

Fuse Carrier Contacts These are the contact
strips which engage or disengage the fixed
contacts of the fuse base and have a fuse wire
attached to them.

Fuse Base [t is the fixed part of a fuse and
is made of porcelain. It is the part of a fuse
which has fixed contacts. The circuit is
broken in this part of the fuse and the ends of
the circuit cables are connected in its fixed
contacts.

Fixed Contacts These contacts are provided
in the porcelain base of the fuse and engage
with the fuse carrier contacts.

The fuses (including fuse boards and main
switches) should be installed at an easily acces-
sible position of fuse, the factors given in Sec,
5.24 must be kept in mind.
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5.22 MINIMUM FUSING CURRENT AND
CURRENT RATING OF FUSE ELEMENT

Minimum Fusing Current Minimum fusing
current is that least value of current at which
the fuse wire melts.

Current Rating of Fuse Element The current
rating of a fuse clement or wire is the current
which it can carry without melting. Its valug
is always less than the minimum value of the
fusing current,

The ratio of the minimum fusing current and
the current rating of the fuse element is called
the fusing factor and is always more than
unity.

5.23 TYPES OF FUSES

Generally, two types of fuses are used in
praclice :

() Rewirable fuse, and

(i) cartridge fuse.

Rewirable Fuse These fuses are also known
as semi-enclosed fuses or kit-kat fuses and are
used in domestic installation. [n these types
of fuses, the fuse wire is neither totally enclo-
sed nor is it kept in free air. Figure 5.22 (a)
shows a semi-enclosed fuse. In these types of

Fig. 5.22 Re-wirable fuses

fuses the fusing current of a copper conductor
is nearly double the rated current and has a
low rupturing capacity.

Cartridge Fuse The cartridge fuseis an enclo-
sed ‘type of fuse. It is of two types:
(i) D-type cartridge fuse [Fig. 5.22 (b)], and
(£i) link-type cartridge fuse. Fig. 5.23
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(a) BOLTED TYPE

(b) KNIFE BLADE TYPE
Fig. 5.23 (b) Link-type cartridge Fuse

The link-type cartridge fuse can be further
grouped as: (i) Knife blade-type H.R.C.
cartridge fuse link, and (i) bolted-type H.R.C.
cartridge fuse link. The fuse wire consists of
a non-deteriorating solid silver wire without a
joint (i.c., the number of silver wires are run
in parallel to reduce the section in the centre)
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(b)
Fig. 5.24 Details of HRC cartridge fuse

and is enclosed in a ceramic tube having caps
and connecting lugs which are fitted under
pressure at both ends of the tube. Mo cement
is used in securing the caps and even_then the
tube is kept air-tight. The ceramic tube is
filled with powder of silica or quartz which
quenches the arc.

In some cartridge fuses, as shown in Fig.
5.24, a fine indicating wire is run in parallel to
the main fuse through an indicator in the form
of a bead having a small quantity of mild
explosive underneath. The bead is ejected
when the fuse blows off and thus explosive
material burns the indicating lable. Figure
5.24 (b) shows the detailed diagram of such a
fuse. These fuses are also_known as high
rupturing capacity (H.R.C.) fuses and can
pass overload or a short circuit current for a
known period. If the fault current is reduced
during this period, then it does not blow off,
otherwise it will melt and thus open the cir-
cuit. For the protection of electric motors,
H.R.C. fuses are employed. These fuses can
operate with high current even up to 46 kKA.
These fuses cannot bhe used again if once
damaged and have to be replaced.

Cartridge fuses are installed in the fuse base
along with other ies like adapt
screws and screw caps.




.5.24 PRECAUTIONS FOR RENEWING A FUSE

The precautions to be followed for renewing
a fuse are given below.

(i) Open the main switch of the wiring
installation before withdrawing the fuse
carrier from the circuit.

(ii) Then ascertain the fault and remove it

(iv)
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dangerous when a short circuit or over-
load occurs. This may cause fire asa
renewed fuse may not operate even when
the safe maximum current is passing
through it.

The fuse wire provided in a circuit
should not be rated toexceed the current
rating of the smallest cable used in it.

before replacing a blown fuse. Note: If the cable of the motor circuit is
(fif) A fuse carrier should always be wired rated to carry the full load current of
with a fuse wire having the same fusing the motor, the fuses should be rated
current as that which has blown. Ifitis to carry twice the full load current of
wired with a thicker wire, it may be the circuit.
EXERCISES

5.1 How much silver would be deposited in 8 min 20s when a current of 2 A
flows through the solution ?

The E.C.E. of silver is 1,118 mg/coulomb. (Ams. 5.59.8)
5.2 Find the mass deposited of chromium if a current of 100 A flows for 16

min 40 s.

The E.C.E. of chromium is 0.1797 mg/coulomt (Ans. 17,97 g)
5.3 Calculate the strength of the current which will deposit 9.87 g of copper in 20

min. The E.C.E. of copper is 0.329 mgfcoulomb. (Ans. 25 A)
5.4 Calculate the value of the current required to depou:l 3.24 g of chromium ~

in 2 hif the E.C.E. of ch ium is 0.18 mg/coul {Ams. 2.5A)
5.5 Calculate the current required to deposit 0.987 g of copper in 25 min il the

E.C.E. of capper is 0.329 mg/coulomb. (Ans. 2 A)

56 A current of 1.5 A s lowing in a copper elecrolytic cell for 40 min and the
mass of the copper deposited is 1184.4 mg. Find the E.C.E. of copper.
(Ans. 0.329 mg/coulomb)
5.7 How long will it take a current of 6 A to put a layer of copper 0.987 cm thick
on both sides of a brass rectangular piece 1.5 cmx3 cm. Density of copper=
8.9 gfcc and the E.C.E. of it is cqual to 0.329 mgfcoulomb.
{Ams. 11 hr. 7 min. 30 5)
58 An iron plate of total surface area 658 sq. ¢cm isto be electroplated with
copper. How long will it take to deposit copper 0.18 em thick, if a current
of 44.5 A is passed. The E,C.E. of copper is 0.329 mg/coulomb and density
of copper is 8.9 g/cc. {Ans. 20 h}
5.9 A metal plate having a total surface area of 200sq.cm is to be silver plated.
‘What thickness of silver will be deposited by a current of 21 A in half an
hour ? Density of silver is 10.5 g/cc and E.C.E. is 1.2 mg/cculomb.
(Ans. 216 % 10~*cm)
5.10 Calcnlale the amount of heat generated when a current of 3 A flows for § min
through .a circuit having 83,740 resistance. (Ans. 54 kcal)
5.11 An clectric heater raises the temperature of 2.5 kg of water from 20°C to
boiling point in 20 min. Calculate the resistance of the heating element if it
is connected with a 250 V supply an its efficiency is 83,749, (Ans. 75 @)
5.12 Find the current taken by 24 kg of water required to raise its temperature
from 16°C to 100°C in 10 min. The thermal efficiency of the kettle is 840}
and the potential difference across it is400 V. . (Ans. 41.87 A)
5.13 An electric water heater of 2.5 kW contains 80 kg of water at 30‘(‘: "Consider
the heater losses 1o be 20% of the input. Calculate the temperature of the
water aflter the healer has been switchedon for 2h 19 min 34 s, (Ans. wc;
5.14 A heater connected tba 230 V supply is used for heating 5 kg of water from
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20°C to 100°C in 1 h 9 min 475, Calculate the resistance of the heating
element. (Ans. 13225 Q)
An electric heater takes 4 A to raise the temperature of 10 kg water from 19°C
to 100°C in 8 min 20 ¢, Calculate the potential difference across the heater when
the efficiency of the heater is 807, (Ans. 209.15 V)
Calculate the time required to boil 6 kg of water by o waler heater of 0.2 kW,
The heater efficiency is 90% and the in temperature of water is 10°C,

{Ans. 3 h 29 min 21 s}
An electric waler heater containe 8 kg of water at 28°C, 1t takes 10 minto
boil the water. Consider the losses of the water heater to be 24 kcal. Calculate

the power rating of the heater. (Ans. 4.187 kW)
An electric ketile has 15 kg of water at 12°C. It takes R374 s to raise the

e to 94°C,  Ass the heat losses due to radiation and heating the
kettle to be 20 kcul, Caleulate the current taken by the ketile if the potential
difference across it is 250 ¥, (Ams. 2.5 A)
The resistance of the heating element of o kettle is 46 £, It is seen that ir takes

2h 19 min 34 s when connected across 230 ¥V mains (o raise the temperature
of 23 kg of water from 30°C to 100°C. What is the thermal efficiency of the
kettle 7 (Ans. 70%)

REVIEW QUESTIONS

fa) Describe Faraday's laws of electrolysis.
{by The electro-chemical equivalent of copper is 0.00033 g. coulomb. What
is the current required to deposit & g of copper on an article in one hour,
: (N.C.T.V.T. 1978 Elect)
(Ans. 5.05 A)
Explain briefly the process of electroplating.
What are the effects of an electric turrent. Write a short note on it.
(o) Define mechanical equivalent of heat.
th) An electric kettle is marked for SO0 W, 2)0 V. 1t is found to take 15 min
to bring I kg of water at 15°C 1o boiling point. Determine the efficiency
of the kettle. (N.C.V.T. 1979 Elect)

(Ans. 79.08 %)
Assume that you are supplied with two heating clements each rated at 500

W, 240 V. Give diagrams showing how these would be connected to a 240 V
supply to give high, medium and low heat. Calculate the wattage of the con-
sumplion in each case. (Al India Skill Competition, 1969 Elect)
A rectangular disc 15 cm long and 10em wide is to be nickle plated on both
sides with a coating of 0.1 mm thick. If a.steady current of 6 amps is passed
through the electrolyte how long must the disc remain immersed. Density of
nickle is 8.8 g per c.c. ¢iecro Chemical equivalent is 0.000304 gm  per
coulomb. (N.C.V.T. Wical Elecr 1982)

{Ans. 4h 1 min 1335)
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6

Magnetism, Electromagnetism
and Electromagnetic Induction

6.1 MAGNET

Magnet is a piece of ferromagnetic or ferri-
magnetic material substance which has the
property of attracting iron, nickle and cobalt.

6.2 CLASSIFICATION OF MAGNETS

The main classes of magnets are as follows:
(i} Nawural magnet, and
(i} artificial magnet.

Natural Magnet The term*‘lodestone’™ was first
applied to a hard black mineral stone found
in Magnetia, a province in Asia. Lodestone
possesses  the property of attracting small
pieces of iron and points along the north-
south direction when hung freely by a thread.
Later, this stone began to be known as mag-
netite and due to its property of attracting
irom, it is now more popular by the name of
magnet.”

If a lodestone is dipped into iron fillings,
the latter clings to the two opposite regions of
the lodestone as shown in Fig. 6.1. These
regions are known as “‘poles”™ and the line
joming the poles is known as the “magnetic
axis™. If' the lodestone is suspended freely, it

STRING

Fig. 6.1 Natural magnet

will so adjust itsell that the magnetic axis
almost coincides  with the geographical
meridian. The poles which point north and
south are respectively called north-seeking
and south-secking poles. Inshort, the north-
seeking pole is known as the north pole and
the south-secking pole as the south pole.

A subst which these  two
properties, namely of attracting iron filliv~s
and pointing in the direction of north and
south when freely suspended is called =
magnet. The lodestone is an example of »
natural magnet.

Artificial Magnet The lodestone is now sel-
dom in use as its degree of magnetization is
less than a piece of steel which have been
magnetised by artificial method and is known
as artificial magner.

6.3 CLASSES AND SHAPES OF ARTIFICIAL
MAGNET

The artificial magnets can be divided into two
classes as:

(i) Permanent magnet

(i) Temporary magnet,

P t t Per t magnets are
made of steel and retain magnetism (i.e., the
property of attracting iron) for a long time.
They are generally made as bar magnels,
horse-shoe magnets, U-shaped magnets and
cylindrical magnets, as shown in Fig. 6.2. The
material used for making permanent magnets
is either cobalt, steel or tungsten steel.

Uses of Permanent Magnet Bar magnels are
used in laboratories for making small magnets
while horse-shoe and U-shaped magnels are
employed in the moving coil instrument for
producing deflecting torque. They are also
provided in an energy meter asa braking
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Fig. 6.2 Types of artilicial magnet

magnet. Cylindrical magnetsare used in the
manufacture of loud-speakers, moving coil
instruments, microphones, ear phones magne-
tic needles, etc.  They are also used for navi-
gation purposes.

Temporary Magnets All electromagnets are
temporary magnets. These are made by
sending a current through a wire wound

them. But if two south poles are brought near
each other, they repel. The same happens in
the case of two north poles. This means that
(i) tike poles repel each other and (i) unlike

poles attract each other.
From the above it is clear that a magnet
attracts pieces of iron or steel but repels only
ts. Therefore ion is a sure test of

= -
magnetism.

6.5 METHODS OF MAGNETIZATION

There are three principle methods of magne-
tizing a steel bar as given below:

(i) Touch method,

(ii) by means of electric current, and
(i#ii) induction method.

(i) Touch method This method can be further
divided as:

(a) Single touch method,

(») double touch method, and

(¢) divided touch method.

(a) Single Touch Method In the single touch
method, the steel bar to be magnetized is
rubbed with either of the poles of a magnet,
keeping the other pole away from it. Rubbing

around a piece of iron and tie
‘N ; ; ; ; ; SI

~—DC
SUPPLY

Fig. 6.3 Temporary magoet {electromagnet)

till the current flows through them. The
gnall:nal used for making temporary magnets
is soft iron or silicon steel.

Applications of Electromagners Electromag-
nets are employed in the electric bell, electric
fan, bell indicator, ete. and all types of electri-
cal machines.

64 TEST OF MAGNETISM

If a piece of iron or steel is brought near
cither of the poles of a magnet, it is atltracted.
If a north pole of a magnet is brought near
the south pole of another freely suspended
magnet, there is again an attraction between

STEEL BAR

Fig. 6.4 Single-touch method

is only done in one direction as shown in Fig.
6.4. The pracess should be repeated many
times for magnetization of the bar.

(b} Double Touch Method In this method
the steel bar to be magnetized is placed over
the two opposite pole ends of a magnet and
the rubbing magnets are placed together over
the centre of the bar with a small wooden
piece in between, as shown in Fig. 6.5. They
are never lified off the surface of the steel bar,
but rubbed again and again from end to end,
and finally ending at the centre where the
rubbing was started.



Fig. 6.5 Double-touch method

(c) Divided Touch Method Here the two
different poles of rubbing magnets are placed
as in the previous case. They are then sepa-
rated along the surface of the steel bar to the
opposite ends. The rubbing magnets are then

Fig. 6.6 Divided-touck method

lifted off the surface of the steel bar and
placed back in the centre of the bar. This
whole process is repeated again and again as
shown in Fig. 6.6.

The steel bar thus magnetized becomes a
permanecnt magnet but thé degree of magneti-
zation is very low.

(ii) By Electric Current The bar to be
magnetized is wound with an insulated copper
wire and then a strong electric current (dc)
from a battery is passed through the wire for
sometime. The steel bar then becomszs highly
magnetized. If the bar is of soft iron, the
magnelism remains as long as the current con-
tinves but almost completely disappears as
soon as the current ceases. The magnet
made by such an arrangement is called an
electromagnet and is generally used in labora-
tories.

(iii) Induction Method This is a commercial
method of making permanent magnets. In

and 89

this method a pole charger is used which has
a coil of many turns and an-iron core inside it
as shown in Fig. 6.7. The direct current supply
is fed to the coil through a push button

-switch.

STEEL PECE TO
BE MAGNETISED

Fig. 6.7 Sectional view of a pole charger

The steel piece to be magnetized is placed
on the iron core kept inside the coil and the
direct current is passed through the coil. The
iron core now becomes a powerful magnet
and thus the steel piece placed on it also be-
comes a magnet by induction. The magneti-
zed piece of steel is then lifted up after
switching off the current.

Advantages The following are the advantages:
() In this method small pieces of steel can
casily be magnetized.
(if) Tt takes very less time to make a magnet.
(iif) Steel pieces of any shape can be magne-
tized easily.

Uses  This is a commercial process for making
permanent magnets for speakers leph s
microphones, earphones, electrical instruments,
magnetos, etc.

6.6 MOLECULAR THEORY OF MAGNETISM

This theory tell us that each molecule of a
magnetic substance is a complete mugnet
having both north and south poles. Prior to
magnetizing a substance, the molecules are
arranged in a haphazard way, in different
directions and groups. The result of magne-
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%0 Basic Electrica! Enginesning

RS gﬂm
7 m,_%"l’ =

(2) unmagnetised bar

R E s RS
IEIE@-EE@IEETQ
M D E D E ) EE EE]
R E ) EEEE]ES)

(b) magnetised bar

iNE[S ]

(c) molecular magnet

[El

Fig. 6.8 Arrangement of molecular magoet In a substance

tisation is to arrange the cach molecules in  simply a change in the condition of its mole-
such a way thattheir similar poles pointin  cules.
one direction

In the unmagnetized condition, the mole- 6.7 FUNDAMENTAL MAGNETIC TERMS

cular magnets are grouped in all directions as Maguetic Pales These are the ends of a

shown in Fig. 6.8(a). Due 10 magoetic attrac-

tion between unlike poles, they form close  Tagnet from where the magnetic lines appear
groups because the north pole of one molecu-  '© emit or enter and are identified as north
far magnet comes near the south pole of and south pole.

another molecules.Hence none of the poles

can produce any maguetic lorce outside. Ma
¢ 5 gnetic Lines of Force These are the
‘:"hel? an iron bar is rubbed with the north 5y ginary magnetic lines which start travelling
pole of a permanent magnet, then all the south  from the south pole to north pole inside the
poles of ‘molecular magnets are auracied  magnet and from the north pole tosouth pole

toward it. If one contioues to rub again and i g
again with the permanent magaet, each mole- outside the magnet (as shown in Fig. No. 6.9).

cule is fﬁrcedlw break up their groups and

arrange themselves with their north poles on The lines of 1

one side and south poles on the other side as  the poles of a m:;::t ::::I ::(:Eee :ir:st;nrf:e rl:::
in Fig. 6.8 (6). In this way one end of the bar  the magnet is increasad, they become weake
becomes the north pole and other end the  The unit of measurement of lines of force N
south pale. Hence magnetism is nothing  maxwell and its bigger unit is weber which o
which is given or taken to asubstance, but is  equal to 10° maxweil. Which s




Fig. 6.9 Field produced by a magnet

Magnetic Circuit The complete path of
magnetic lines of force from north to south and
externally and from south to north internally
is called the magnetic circuit.

Magnetic Field The space occupied by the
lines of force around a magnet is called the
magnetic field.

Magnetic Flux The total number of lines of
force existing in a magnetic field is called the
magnetic flux. Its symbol is ¢ (phi) and the
unit of measurement is weber (1 weber=10°
maxwells)

Maguetic Axis The imaginary line joining
the two poles of a magnet is cailed the magne-

tic axis. It is also known as the magnetic
equator.

Magnetic Neutral Axis The imaginary line
which is perpendicular to the magnetic axis
and passes through the centre of the magnet
is called the magnetic neutral axis.

Magnetic Saturation When a piece of steel or
iron fails to acquire a higher degree of magne-
tization however much the magnetizing power
is increased is known to be magnetically satu-
rated. According to the molecular theory of
magnetization, this would happen only when
every molecule in the magnetic substance is
lined up in the magnetic position.

Mlg-uetic‘lndueﬁnu It is the action by which
ic a
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actual contact. Forexample, if a short thin
bar of iron is placed with its one end near the
iron dust (Fig. 6.10) and a magnet is brought

- |
N MAGNET s [RON BAR
IRON
DuUsT

Fig. 6.10 Magnetic induction

near the other end of the bar, magnetism will
be induced in it by simply the presence of the
magnet and thus the iron dust will be attracted
at its first end. It will be found that the
magnetized iron bar has two poles. The end
of the bar nearer the magnet will be of opposi
polarity and the farther end will be of the same
polarity as that of the magnet. This effect of
magnetism due to the influence of a magnet is
called magnetic induction.

Magnetic Screening  Magnetic lines can pass
through any media because there is no known
insulation for them. Wheneverit is required
fo protect any instrument or device from the
magnetic effect, they are magnetically scree-
ned or shielded. A space is said to be
magnetically 1 when the magnetic force
at that point is destroyed. This can be done
by placing an iron ring in the magnetic field.

Figure 6.11 shows the influence ofa circular

Fig. 6.11 Magnetic screening

ring on the distribution of magnetic lines of
force between the two opposite poles. The
lines of force will pass through the iron ring
rather than air, and there will be no lines of
force inside the ring. The space which is not
effected by the magnetic lines of force is
known as a magnetically screened space.

Residual M. .

a mag + q tic pro-
perty by the pressnce of a magnet without

g When current is passed
through a coil woundon a softiron rod, the
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rod become magnetized, and when current is
switched off, the iron rod loses its magnetism.
But practically there is still some magoetism
left in the rod when the current is reduced to
zero. The magnetism which remains in the
iron rod when the current is reduced to
zero in an clectromagnet is called residual
magnetism. In other words, it is the magne-
tism left in a magnetic substance after the
magnetizing force has been removed.

ivity It is the property of retaining
lﬁ:::etl?ngb a magnellpc substance after the
magnetizing force has been reduced to zero.

If two pieces, one of steel and the other of
soft iron of the same dimension are aimed at
the same magneltizing force, !I_Wlll be obser-
ved ‘that when the magnetizing force is
removed, the two picces do not retain the
same value of magnetism. The‘sol't iron has
lesser magnelism than the piece of steel.
Hence their power of retaining magnetism, or
say retentivity, is different.

Susceptibility It is the property oof an
uumaguﬂizefi body of acquiring induced
polarity when under the influence of a magne-
lic field. The susceptibility of iron is much
greater than that of hard steel.

6.5 PROPERTIES OF MAGNETIC LINES OF
FORCE

The properties of magnetic lines of force are
iven below:

s {i) The lines of force always travel from

north to south pole outside the magnet

and from south to north pole inside the

magnet.
(i Allsﬁle magnetic lines of force complete
their circuit.
(i) The magnetic lines do not cross each
other.

travelling in one

{iv) The lines of force

direction have a repulsive force between .

them and therefore do not cross.
(v) The magnetic lines prefer to pass and
complete their circuit through a magne-
tic material. )
(ri) So far there is no insulator for the lines
of force which can bound them to pass
in a definite direction.
(vii) These linés magnetize the magnetic subs-
tance on their way.
(viii) They behave like a elastic band.

6.9 PROPERTIES OF A MAGNET
The following are the properties of magnets.

(i) Attractive Property A magnet has the
property of attracting magnetic substance
(such as iron, nickle and cobalt) and its
power of attraction is greatest at its poles.

(ii} Directive Property 1f a magnet is freely
suspended, its poles will always tend to set
themselves in the direction of north and south.

(lii) Induction Property A magnet has the
property of producing magnetism in a nearby
magnetic substance by induction.

(iv) Poles Existing Property A single pole
can never exist im a magnet if it is broken
into its molecules.

(v) Demagnetising Property 1f a magnet is
handled roughly (such as heating, hammering,
etc.), it will lose its magnetism.

(vi) Property of Strength The two poles of a
magnet have equal pole strength.

(vii) Saturation Property If a magnet of
higher strength is further subjected to magne-
tization, it will never acquire more magnetiza-
tion due to its being already saturated.
(viii) Property of Attraction and repulsi
Unlike poles (i.e., north and south)attract each
other, while like poles (north and north) repel
each other.

6.0 PROPERTIES OF MAGNETIC FIELD

The space around the magnetic field has the
following properties:

(i) I a soft iron bar is kept in a magnetic
field, it is magnetized due to magnetic
induction.

(if) If another magnet is brought in the
magnetic field, it experiences a force of

. attraction or repulsion.

(iif) 1fa current carrying conductor is kep:
in such a field, it * develops a mechanical
force; this basic phenomenen is utilized
for the operation of electric motors.

(iv) If a coil having a closed circuitis moved
across a magnetic field, an emf is gene-
rated in it; this js the basic principfc of
an electric generator.



6.11 CATEGORIZATION OF MAGNETIC
SUBSTANCES

Magnetic materials can be categorized into
three groups as follows :

(i) Fer gnetic Sub Those subs-
tances which are strongly attracted by a
magnet are known as ferromagnetic subs-
tances, such as iron, nickle, cobalt, steel and
their alloys.

(ii) Paramagnetic Substances Those sub-
stances which are slightly attracted by a
magnet of common strength are called
Para ic Sub Their at i

can easily be observed with a powerful magnet.
In short, paramagnetic substances are similar
i]l_'x behaviour to ferromagnetic materials.

ples are : al plati-
num, copper etc.
(iii) Di ic Sak Those subst,

which are slightly repelled by a magnet of

powerful strength only diamagnetic substances,

e.g. bismuth, sulphur, graphite, glass, paper,

wood, etc. Bismuth is the strongest diamagne-

tic substance.

Note: There is no substance which can be
properly called nonmagnetic. Tt *may
also be noted that water is diamagne-
tic material and air is a paramagnetic
substance,

612 CARE AND MAINTENANCE OF PERMA-
NENT MAGNETS
These are as follows:

(i) Do not throw them. Permanent magnets
should not be thrown about.

(i} They should not be hammered.

(fify They should not be heated.

(iv) Bar magnets should be placed side by
side with their ends facing opposite
polarity.

(v) Keepers should be used for the magnets.

(vi) As far as possible the magnets poles

north and south should be kept in the
direction of south and north of the

earth.
6.13 ELECTROMAGNETISM

On passing a current through a coil of wire, a
magnetic field is set up around the coil. If a
soft iron bar is placed in the cail of wire
carrying the current, the iron bar become

gnetized. This compl is known
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as “electromagnetism™. The soft iron bar
remains as a magnet as long as the current is
flowing in the coil and loses its magnetism
when the current is switched off from the coil.

The polarity of this electromagnet depends
upon the direction of the current flowing
through it. If the direction of the current is
altered, the polarity of the magnetic field will
also be changed as shown in Fig. 6.12.
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Fig. 6.12 Polarity of a pole changes with
change ol current in the coil

ges of Electromagneti The follow-
ings are the main advantages of an electro-
magnet:

(i) Electromagnels can be magnetized easily
by sending a current through them,

(ii} The polarity of the poles can simply be
changed by changing the direction of the
current flowing through the coil.

. (fii) Magnetic power (i.c. strength) can be
contiolled by controlling the value of
the current only.

(iv) Electromagnets can be made in any shape
depending on the requirement.

(v) The ic strength remai
as long as the value of the magnetizing
current is not changed.

6.14 PRACTICAL APPLICATIONS OF
ELECTROMAGNETS

Electromagnets are used in the manufacture

of all types of electrical machines, such as

motors, generators, transformers, convertors,

some electrical measuring instruments, pro-

tective relays, for medical purposes (like
removing iron pieces from eyes) and in
many other electrical devices. e detailed

description of them

is given later in the
respective chapters.
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6.15 MAGNETIC TERMS

The important magnetic terms are defined
below.

() Maguetomotive Force (mmf) The force
which drives the magnetic flux through a
magnetic circuit is called the magnetomotive
force (mmf). It corresponds to the electro-
motive force (emf) in an electric circuit. Its
unit in the mks system is ampere-turns and is
determined by
mmf=IN ampere-turns (6.1)
where I=value of the current in amperes
N=number of turns in the coil
mmf=magnetomotive force in ampere-
turns.

(ii) Ampare-turns AT It is the unit of magoato-
motive force (mmf) and is the product of the
number of turns of magnetic circuit (i.e., coil)
and the current passing through it in amperes.
A coll of wire having 100 turns will have 100
ampere-turns if | A current is flowing through
it.

(iii) Reluctance Tt is the roperty of a
magnetic material (i.e. circuit) which opposes
the blist o gnetic flux init. It
corresponds to resistance in an electric circuit.
It is represented by the letter S and its unit of
measurement i ampare-turns  per weber,
{AT)wb.

(iv) Permeability If a piece of softiron is
placed between two magnets, it will be seen
that lines of force prefer to pass through the
picce of iron than through air. .In fact, iron
18 a better conductor of lines of force than
air. The same idea can be expressed by say-
ing that iron has greater permeability. Harder
magnetic substances have less permeability
than softer ones.

Therefore, the permeability of a substance
may be defined as the conducting power for
lines of force of magnetic materials as com-
pared with air. Its symbol is (). In other
words, it can also be defined that it is the
(rﬂ;o_of flux density (1) and magnetizing force

L i.e.

Permeability p =

flux density (8)
magnetizing force ()

(v) Permeance It is the recipracal of reluc-
tance and is the property of magnetic circuit

which helps to develop magnetic fux casily.
It is_similar to conductance in an electric
circuit. It is measured in terms of

ampare-turns GeHenry and is denoted by 1/5.

(vi) Reluetivity Itisthe specific reluctance
of a magnetic circuit and corresponds to
resistivity in an electric circuit.

(vii] Coil A coil has concentric circular
turns with only one layer.

(viii) He|.ix It is also a type of coil having
circular turns with more than one layer and
its diameter more than its length.

(ix) Solenoid It is also a type of coil having
circular turns with more than one layer and
its length greater than its diameter.

(x) Toried 1t is also just like a solenoid
bent into the form of a closed ring as shown
in Fig. 6.12.

Fig. 6.13 Toroid

(xi) Unit Pole A unit pole may be defined
as )lhm pole which when placed one metre
apart from an equal and similar pole repels
it with a force of 10 N. .

Suppose two like poles of m and my units
are placed d m apart in air. Then the force
of repulsion between the poles is directly pro-
portional to the strength of the poles and
inversely proportional to the square of the
distance, I.e.
FaXms

= Xy (6.2
or ampod® )
where m; and my=poles strength in webers
d=distance in metres




=permeability of the medium
for air it is one)

1 .
4o constant in mks system

F=Force in newtons

(xii) Magnetic Field Strength This is some-
times also known as_ field intensity, magnetic
intensity or magnetic field and is represented
by the letter H. [Is unit is ampere-lurns per
metre.

Consider a coil having N number of turns
wound on a hollow cylindrical nonmagnetic
material of length L and a current [ passing
through it. Then the magnelizing force is
given by

mmf
Length of coil (in metres) (&3

—1 N (ampere-turns) ampere-turns/m
Length (in metres) or N/Wb

Therefore the magnetizing force can be
defined as the quantity of mmf per metre length
of the magnetic circuit. It can  also be defined
as that force experienced by a north pole of
1 Wb placed at point 4 from another pole of
m Wh when the distance between them is o m.
The force experienced by the pole is
_m = 1

drpod*

Amppd®

ampere-turns/m or Nf/Wb

It should be noted that ampere-turns per
metre is equivalent to N/Wb.

{xiii) Flux Density (B) The total number of
lines of force per square metre of cross
section area of magnetic core is called flux
densiry and is represented by the symbol B.
Its unit in the mks system is tesla (weber
per metre square).

(#) total flux

area of the core(4) (6:4)

¢$=total flux in webers

A==area of the core in square
metres

B=flux density in weber/
metre square

Flux density (B)=

where
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6.16 OERSTED'S EXPERIMENT

Oersted, a Danish scientist discovered in
1819 while givinga demonstration lecture that
there is a close relationship between electri-
city and magnetism. He observed that when
a magnetic needle is placed under and para-
llel to a conductor and then the current is
switched on, the needle tends 1o deflect at
right angles to the wire.

Suppose a wire in which the current is to be
passed is arranged in a direction north to
south by placing the needle above the wire
as in Fig. 6.14 (a). Then the north pole of
the needle will be deflected to the west, nearly
perpendicular to the wire. If now the needle
is placed below the wire, the deflection will
be to the east, as in Fig. 6.14 (b). When the

direction of the flow of currknt is reserved,
the deflections of the needle will be in
opposite direction as shown in Fig. 6.14 (c)
and (d).

In these cases the deflection of the needle
shows that the lines of force are produced
around the current carrying conductor as
shown in Fig. 6.15 (a) and (b)

Fig. 6.14 Deflection of magnetic needle by an
electric current
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I-o-—- —
DIRECTION OF CURRENT

@ . ©®

Fig. 6.15 Lines of force surrounding a cerrent
carrying conductor

6.17 OERSTED'S LAW AND ITS RESULTS

Oersted's law states that whenever a current
is passed through a conductor, a flux is set
up around the conductor in the shapeof a
concentric circle. Qersted arrived at the
following results:

(i) A current carrying conductor is always
encircled by magnetic lines of force.

(i) The magnetic flux of the current carry-
ing conductor will be coaxial and con-

centric.

(iii) The plane of the magnetic lines of force
will always be perpendicular to the
plane of the conductor.

(iv) The h of the
force will d as the
the lines of force increases from
centre of the conductor.

(v) The area of the magnetic field is directly
proportional to the magnitude of the
current flowing.

lines of
e of
the

6.18 DETERMINING DIRECTION OF LINES
OF FORCE

From Oersted's experiment (Sec. 6.16), the
following rules may be deduced with which
we can determine the direction of flow of
current in any conductor :

(i) Right Hand Palm Rule Place the palm
of the right hand facing the compass needle
in such a way that the tips of the fingers
will indicate the dircction of the current in
the conductor thumb should peint in the
direction of the North pole of the needle
as.shown in Fig. 6.16.

Fig. 6.16 Right hand palm rule

6.19 DETERMINATION OF DIRECTION OF
MAGNETIC FIELD AROUND A CURRENT
CARRYING CONDUCTOR

The direction of the magnetic field around a

current carrying conductor can be found

from either of the following two rules:

(i) Cork screw rule, and
(if) right hand thumb rule.

Cork Screw Rule Imagine a right-handed
cork screw being screwed along the wire in
the direction of current as shown in Fig. 6.17.
Then the dirzction of rotation of the cork
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Fig. 6.17 Cork screw rale

screw or the thumb represents the direction

of magnetic linzs of force around the conduc-
tor.

Right Hand Thumb Rule Imagine a current
carrying conductor held in the right hand with
the thumb pointing in the direction of flow
of current as shown in Fig. 6.18. Then the
finger tips represent the direction of the
magnetic field.

—

DIRECTION OF
T

IRECTION OF
CURREN Flux

Fig. 6.18 Right hand thumb rule
520 MAGNETIC FIELD DUE TO SINGLE CIR-
CULAR LOOP

Suppose a straight conductor is bent so as
to form a circular loop and it carries current
in the direction as shown by the arrow in
Fig. 6.19. The magnetic lines of force will be
‘ound to be around the loop entering one
side and leaving the other side, thus forming
a north pole on one side and south pole on
the other.

6.21 MAGNETIC FIELD DUE TO SOLENOID

When an electric current passes through a
solenoid, it operates as a magnet having the
polarity of north pole at one end and south
pole at the other end. The strength of the

lenoid can be i i by inserting a soft
iron core inside it Fig., 6.20,

CURRENT IN

CURRENT OUT

Fig. 6.20 Magnetic field around a solenoid

16.22 POLARITY OF A SOLENOID

The following are the rules by which the
polarity of a solenoid can be determined.

(i) Clock Rule Look at one end of the coil.
1f the current flows in the clockwise dircction
(at the viewer end) then that end will be



98  Basic Electrical Engineering

south pole and if it is anti-clockwise then it
is north pole as in Fig. 6.21.

END RULE

RIGHT HAND GRIP RULE

Fig. 6.21 Determining the polarity of o
solenoid

(il) End Role If the direction of the gurrent
at the end of the solenoid is the same as indi-
cated by the arrow end of S, then it isthe
south pole, and if it is same as indicated by
the arrow end of N, it is the north pole.

In other words, if the direction of flow of
current in the solenoid is towards the observer
end, then it is the south pole and if it is away
from the observer, it is North pole.

(i) Right Hand Grip Rule Hold the solenoid
in the right hand with the fingers in the dircc-
tion of the current. Then the extended thumb
will indicate the north pole of the solenoid.

6.23 FIELD STRENGTH PRODUCED BY A
SOLENOID

The strength o1 magnetic field produced by

astraight solenoid of length [ m is directly

proportional to the strength of current passing

through it and the number of turns on it. I

I be the current strength in a solencid which
————

et e T~
- ~

m—— T

CURRENT IN
Fig. 6.22 Effect of iron core in a solenoid

CURRENT QUT

has N number of turns and if the magnetic
field strength produced by it is A, then
Hx N |
The field strength produced inside the sole-
nid s given by

Hﬂ'—;g ampere-turns/m

where I'= current flowing through the

solenoid in amperes



N= number of turns in the sole-
noid L
L= length of the solenoid in

metres
H= field strength or field intensity
measured in ampere turns
per metre of newton per

weber
Ifin the above solenoid a piece of magnetic
substance is inserted, then the number of
lines per square metre is increased to a very

high value. .

This means that the number of lines of
foree per square metre cross-section area of
a solenoid having a tic core is d
toa very high value in comparison with the
number of lines of force produced per square
metre of the air core coil, The increase in
lines of force due to the magnetic core
depends upon the nature of the magnetic
material used.

If for a given substance, the number of
lines increased per square metre be B for every
value of the magnetizing force of H, then

B/H=p (6.5)

where p is known as permeability (or magnetic
conductivity).

ExampLe 6.1 What is the field strength ar the centre
of a solenoid having 30 turns, if length of the coil is
0.25m and it takes a current of 1.5 A -

Solution: We know that the field strength
H’—"% ampere-turnsfm

H= ";gﬂuaw ampere-turns/m Ans.

6.24 RESULTANT MAGNETIC FIELD DUE TOQ
CURRENTS IN TWO PARALLEL
CONDUCTORS

Il two straight long current carrying conduc-

tors are placed side by side parallel to each

other, they experience a mechanical force due
to the magnetic field around them.

When two conductors carry current in the
same direction, then the flux surrounding
‘them is as shown in Fig. 6.23 (a). It means
that they experience a force of attraction
between them. When the currents flow in the

luctor in opposite directions, they experie-
nce a force ufrrepulsion as shown in Fig.

6.23(b).
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Fig. 6.23 Force acting beiween current
carrying conductors:

(a) carrent Bowing in the same
direction fluxes help each other
‘causes atiraction,

(b) carremt fiowing in the opposite
direction fluxes oppose each other
causes repulsion

Note : The symbol ® means current flowing
into the wire i.e. away from the obser-
ver and symbol & means current

coming out of the conductor, i.e.
towards the observer.

6.25 FORCE EXPERIENCED BY A CUI
CARRYING CONDUCTOR IN A u‘fg‘ﬁé’nc
FIELD

Suppose a straight conductor carrying current

I A is kept in a magnetic field having a flux of

B W/m* with the whole of its length L metres

perpendicular to the flux, it experiences a

mechanical force F which is given by

F=BILN (6.6)
where B=flux density in Weber/metre®.
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I=Current flowing in amperes

L=Length of the conductor in metres

F=Force developed on the conduc-
tor in newtons

(a) Aux due to field poles only;
(b) fux due to current in the
conductor only;

{c) force developed as flux tends to
travel in straight line

Fig. 6.24 Force actisg on a current carrying
ductor kept ina tic field:

Figure 6.24 shows the magnetic flux due to

the field, the current carrying conductor, the
resultant flux and the force developed in the
conductor,
ExampLE 6.2 A conductor carrying current of 70 A is
kept perpendicular to the magnetic field of flux
density 0.4 Whimt. Calculate the force developed in
the conductor. in newtons when the length of the con-
ductor is Im.

Solution :
Force = BILN
- 0.4x70x1

w 28N Ans.

6.26 MAGNETIC LEAKAGE

The total flux developed in an iron ring does
not pass through theair gap but some of it
takes the Jeakage path (as shown in Fig. 6.25)
because there is no insulating material for the
magnetic circuit.

Fig. 6.25 Magnetic leakage

The ratio of the total flux developed and the
flux passing through the air gap is called the
leakage factor.
_ _total flux N
Leakage factor seful flux (6.7

1t is found that 15 to 20% of the total flux
leaks away without doing useful work and is
not desired in motors and generators because
it lowers the efficiency of the machine.
Leakage can be reduced by keeping the field
coils as near the air gap as possible.

6.27 B/H CURVE

The permeability of a magnetic substance does
not remain constant at all values of flux den-

B .

SATURATION POINT

FLUX DENSITY Wb/m?

o
I

MAGNETISING FORCE

Fig. 6.26 B/H Curve



sity i.e. the ratio of BfH=p (permeability) is
not constant. In other words, the flux density
(B) does not vary in the same ratio as the
magnetizing force at all values of H.

If for a piece of iron initially unmagnetized,
the different values of the magnetizing force
(H) and the different values of the flux density
(B) are obtained by practical observation and
a graph is drawn, it will be seen that for every
value of H, Bis also small. When H is gra-
dually increased, B increases very rapidly up
to a certain value, and after that the increase
in B is either very small or ceases for any
further rise in H.

The point at which the increase in the flux
density B ceases is called the saturation point.
The value of permeability () at this point is
maximum and this is the value of permeabi-
lity (u) which is considered for all practical
purposes.

The graph thus drawn is known as the B H
curve as shown in Fig. 6.26 and is very useful
for finding the permeability of a magnetic
substance at any desired flux density.

6.28 HYSTERESIS

Take a sample of ferromagnetic material that
was originally completely demagnetized and
now magnetize it to saturation point along
curve oa as shown in the Fig. 6.27.

+p

RESIDUAL
MAGNETISM

4 -8
Fig. 6.27 Hysteresis loop of n typical ferro-
magnetic substance

Tt should be noted that this portion of the
curve is identical with the magnetization curve
(i-e., B/H curve). If now the magnetizing force
(H) is reduced gradually, it will be noted that
the flux density (B) does not fall in the same
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manner as it is increased, but has higher
values at each step. Even when the magne-
tizing force (H) becomes zero, an appreciable
value of the flux density \B) is retained by the
magnetic substance. Inthe figure shown oa
represents the rising curve and ab the falling
curve. From, the curve it is clear that the
flux density (B) has a value equal to ob when
the magnetizing force (H) is zero. The
amount of flux density (i.e., 0b) remaining
when the magnetizing force has been reduced
to zero is known as residual magnetism or
remanencge. For demagnetizing the sample,
if the magnetizing force is reversed and then
gradually increased, the flux density will con-
tinue to fall along the curve be until it reaches
a certain negative value of the magnetizing
force (H)_equal to oc, after which the flux
density (B) will reach zero. The value of the
negative magnetizing force required to
demagnetize the sample completely (i.c. oc) is
known as the coereive force.

Again, if the magnetizing force (H) in the
reverse directign is increased above oc, the
flux density (B) will also be reversed and will
start rising once it reaches to the reversed
saturation point 4. From there, if the magne-
tizing force (H) is again gradually reduced to
zero and then increased in the previous posi-
tive direction, the flux density will trace the
curve defa.  In the curve we find that the
magnetism does not go in steps with the
magnetizing force, but always remains behind
the magnelizingeforce. The property of logg-
ing magnetism behind the magnetizing force is
called hysteresiy and the curve formed (abcdefa)
is known as the hysreresis loop. If now the
magnetizing force is again carried through
another cycle of magnetization, the hysteresis
loop will continue to follow the curve abedefa
and original magnetization curve (i.e., B/H
curve) (oa) is never repeated.

The cause of the hysteresis is the friction
between the molecules of the magnetic subs-
tance which requires expenditure of energy to

hange their positi The molecules ch
their position in the process of magnetization
as well as demagnetization, and the energy
thus “‘Pmded in the process is converted into
heat. The harder the material, the Ia’f“ will
be the area of the loop and therefore the
greater will be the hysteresis loss. In other
words, the hysteresis loss will be greater if the
coercive force is greater. The area of the
hysteresis loop depends upon the nature of




102 Basic Electrical Engineering

the soft iorn or steel. In case of steel which
is subjeeted to repeated reversals of magne-
tism (e.g. in the transformer core) it is essen-
tial that the area of the loop is very small.
For this purpose steel alloyed with 4% silicon
is used, which has a very narrow hysteresls
loop. While using silicon, the material be-
comes brittle and reduces the cfliciency. More
silicon is added to reduce the hysteresis
coefficient of the core material of the trans-
former; for the armature core, less silicon is
added as there is a risk of it being broken
due 1o the rotating part of the machine.
Moreover, silicon mcreases the electrical
resistivity and thereby also reduces the eddy
current loss which will be discussed later,

SOFT IRON

HARD STEEL

Fig. 628 Hysteresis loop for hard and soft
ferromagnetic substances

Figure 6.28 shows the hysteresis loops for
steel and soft iron. As may be scen from
the figure, steel has a larger hysteresis loss
than soft iron. Hence, for all armature cores
ofdynnmo, motors, alternators, etc., soft iron
is used.

The energy required for one cubic meue
sample of iron for one complete cycle (or
Joop) is determined by
Hysteresis loss per cycle=n183."* J/m¥/cycle
Hysteresis loss per second==1Fw!"* f }/m? (6'8)
Power loss in magnetic core=nB=""*{ v W/m?
where Bw=Maximum flux density 1n a cycie

J = Frequency (i.e. number of com-
plete cycle per second.

V = Volume of magnetic material in
cubic metres

1 = Constant of hysteresis co-efficient

6.29 MAGNETIC MATERIALS FOR PERMANENT
MAGNET

For the turing of tic materials

for permanent magnets, the following mate-
rials can be alloyed with iron or steel.

{i) Nickle,

(ii) manganese,

{iif} aluminium,

(iv) silicon, and

(v) cobalt.

If the presence of nickle in the steel is less
than 20%, it causes an increase in the coer-
cive force, but if its presence is more than
20%,, the coercive force is decreased.

The presence of aluminiumin a small gquan-
tity increases the permeability, but the addition
of silicon in a low quantity decreases the
Fermeablhty and thus increases the coercive

However, if the quantity of silicon
is more than 2.5%,, the permeability of the
magnetic material increases and the coercive
force decreases. Similarly, the addition of
manganese reduces the permeability to a
great extent, and its presence up to 15.29
causes iron to be nonmagnetic.

It has also been observed that alloy of
nonmagnetic materials has shown magnetic
properties, i.e., an alloy of 14.6% aluminium,
26.57;, manganese and 58.9%, copper has a
permeability of 37%. This alloy is known as
hensler.

6.30 MAGNETIC MATERIAL FOR TEMPORARY
MAGNET

Temporary magnets can casily be made by
sending current through them and their
magnetic strength can also be increased or
decreased easily. It is for this reason that
they are considered more useful than perma-
nent magnets.

Earlier the soft iron was used for making
lemporsg' magnets but later, silicon steel
was used which has 2-4% silicon. Now
a days some more metals have also been
developed for making temporary magnet as
permalloy, mumetal, etc.

Permalloy i is an alloy containing 78.5%,
nickle and 21.5% iron. It can be magneum:l
in a very weak magnetic field and is useful
for telephones.

Mumetal It is also an alloy of 75% nickle,
5% copper, 2-4% chromium and 16-18%
iron. [t has very high permeability and
high resistivity, so the eddy current loss is



small. This mewal is useful for making core
of the instrument transformers and for scre-
ening the magnetic field.

6.31 ELECTROMAGNETIC INDUCTION

The tendency of electric current to flow in a
conductor when it is moved in a magnetic
field is known as electromagnetic induction.
This phenc of el gnetic induction
was discovered by Faraday.

632 FARADAY'S LAWS OF ELECTRO-
MAGNETIC INDUCTION
First Law This law can be stated as follows:
When a changing flux is linked with the
circuit, an emf is induced in the circuit. This
emf will last only during the interval of
change of the number of lines of force linked
with the circuit.
. Alternatively, it can be stated as: When-
ever a conductor (circuit) cuts across the
magnetic lines of force, an emf is induced in
it

Second Law The value of the emf produced

and EI

103

known as an inducter. The change in the
number of lines of force linked with the
conductor is obtained by the relative motion
between the conductor and the magnetic
field, i.e., (i) either the field is moved and the
conductor is kept stationary (Fig. 6.29) or the
field is kelpt slationary and the conductor is
moved (Fig. 6.31). This method is known
as the dynamic method of [Producing emf
and is employed in the case of generators, or
(if) both the field and the conductor are kept
tationary and the ber of lines of force
of the magnetic field is varied as shown in
Fig. 6.30. This method of producing emf
is called statically induced emfl and is
utilized in the case of transformers only.

[

{

is directly proportional to the rate of change
(or cuningg of flux linked with the conductor.

6.33 FARADAY'S PRINCIPLE
When a conductor is din a mag

—I_ FIELD
ONDUCTOR
Fig. 630 Both and field stationary
but flux varied

According to Faraday's second law, the

field so as to change the number of lines of
force passing through it or when the strength
of the magnetic field is varied so as to either
increase or decrease the number of lines of
force passing through it, an emf is induced
in the conductor as long as the number of
lines of force are being changed.

The emf thus produced in the conductor is
known as induced emf and that part of the
conductor which cuts the lines of force is

MAGNET

==

S

Fig. 6.29 Field moved and conductor kept
stationary

emf induced in a is also proportio-
nal to the rate of change of flux linked with
the conductor. Therefore, when a straight
conductor cuts flux at the rate of 1Wb ([0*
maxwells)per second, an emfof 1V is genera-
ted in it, and if it forms a closed circuit, a
current will flow through the galvanometer as
shown in Fig. 6.31.

Fig. 6.31 Conductor cuts stationary flux
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emf induced = flux cut per second
if B = flux density in Wb/m?*
L = active length of the con-
ductor cutting the flux

in metres
¥ = velocity in metres per
second
then emf=BLF¥FV

In the above relation it is assumed that the
conductor cuts perpendicularly across the
field, but if the conductor makes an angle @
with the lines of force, then

emfinduced = BLVsin@V 6.9

634 FLEMING'S RIGHT HAND RULE

The direction of the induced emf in the con- -

ductor of the generator can be determined
by Flemings right hand rule as in Fig. 6.32.

Fig. 632 Fleming's right hand rule

This law states that il one extends the
thumb, forefinger and middle finger of the
right hand at right angles to each other in
such a way that the thumb poims in the

6.35 LENZ'S LAW

Lenz's law states that the induced emf in
the coil is developedin such a direction that
it always opposes the cause due to which it
is induced.

To understand the above fact, let us suppose
that the north pole of a bar magnet is brought
near the coil as shown in Fig. 6.33 and

MAGNET

Fig. 6.33 North pole of bar magnet repelled
back by induced north pole of coil

induces an emf in it which circulates the
current in the coil. This induced current
flows in the coil in anticlockwise direction
and produces north pole in the coil (viewing
from the north pole of the magnet) which
now tends to push back the magnet.

Again, when the magnet is taken away
from the coil as shown in Fig. 6.34, the
induced current in the coil flows in clockwise
direction and thus produces the south pole.
In this case the north pole of the bar magnet
is attracted by the south pole of the coil.
Therefore, we come to know that the cause
(i.e., relative motion) which produces induced
current in the coil is opposed by the magnetic
effect of the induced current. It means that
the induced current always tends to flow in
such a direction as to oppose the cause which

dircction of motion of the e the
forefinger in the direction of flux (from north
to south), then the middle finger will indi-
cate the direction of the induced emf in the
conductor.
ExampLe 6.3 If a straight conducter, 6m longis
moved at a speed of 0.75 metre per second perpendicu-
lar to a uniform magnetic field of 2 Whim®. Calculate
the emf induced in the conductor.
Solution : -
emf induced = p L ¥sind V

- 2262075 xsin 0

=2x6x0.75x1=9V Ans.

prod it.
colL

MAGNET

MOTION

Fig- 6.34 North pole of the magnet attracted
by induced south pole on the coil
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EXERCISES

6.1 A solenoid of 3m leng h has 90 turns and takes 3.5 A. Find the field intensity

of the solenoid at its centre. (Ans. 105 ampere-turns/m)

6.2 The length of the solenoid is 5> cm and has 77 turns, It takes 4.5 A when

connected to 220 V supply mains. Determine the intensity of the magnetic field.

(Ans. 630 ampere-turns/m)

6.3 A solenoid 65 cm long has 78 turns and its resi: is44 Q. Caleul the
magnetic intensity of solencid wiben connected across 220 V supply.

(Ans. 600 ampere-turns/m)

6.4 A solenoid of 40 turns of wire has a length of 32 em.  What will be the value of

the current to set up a field strength of 2500 ampere-turns/m inside the

solenoid ? (Ans. 20 A)

6.5 Asolencid 200 cm long is wound with 400 turns of wire. What will be the

current required to set up a field str:nggn of 5000 ampere-turns/m inside the

solenoid ? (Ans. 25 A)
6.6 A solenoid of BOO turns is 750 cm long. What current will be required to set

up a field strength of 6000 ampere-turns/m? (Ans. 56.25 A)
6T A | carrying of 50 A is kept perpendicular to the

field of flux density 0.25 Wbfm*. Find the force acling on the conductor in

newtons when the length of the conductor is 2250 cm. (Ans. 562.5 N)
68 A d lying perpendicularto a ic field of Aux density 0.55 Wb/m?

is carrying a current of 0.75 A. Calculate the force acting on the conductor if

the length of the conductor is 1.2 m. (Ans. 0.495 N)

6.9 A coil is wound with 50 turns of wire. The flux density in the airgap is 0.45
‘Wh/m® and the effective length of the coil sides in the gap is 5 cm. Find the
force in newtons acting on the coil sides when carrying a current of 80 mA.

(Ams. 0.09 N)

6.10 1Ir a straight conductor 1.5 m long is moved at a speed of 55 cm/s at right angles

to a uniform magnetic field of 1} Wb/m?. Find the induced emf in the conduc-

tor. (Ans. D.825 V)
6.11 How much emf will be induced in a conductor of 4 m long if it is rotated at 0.75
m/s at an angle of 30° to a uniform magnetic ficld of 2 Wh/m?* (Ans. 3 V)

REVIEW QUESTIONS
6.1 (@) What is the difference between natural and artificial magnets 7

(b) Explainthe main differences b p and eleciro-
magnets.
6.2 What isthe difference b fer ic, p icand di
substances 7

6.3 What do you understand by a magnetic line of force and a magnetic field 7
Also, mention the properties of a magnet and magnetic lines of force.
6.4 Describe the molecular theory of magnetism and explain how an iron bar is
magnetized according to this theory.
6.5 What material is used for a permanent magnet? How will you magnetize a
borse-shoe magnet which bas lost most of its magnetism.
(N.C. V.T. 1962 Elect.)
6.6 (@) What is electromagnetism ? Give some examples of uses of electromagnets.
(b) What are the advantages of clectr over p
(N.C. V.T. 1967 Elect.)
6.7 What is meant by the term magnetic hysteresis. Explain it.
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6.8 What do you und 1 by elect ic induction? Explain Faraday's
laws of electromagnetic induction.
6.9 (o) Define induced emf and induced current. Describe Faraday's principle of
electromagnetism,
{h) Describe with a diagram Fleming’s rule for determining the direction of
induced current in a magnetic field. (NCVT 1966 Elect.)
6.10 (a) State Faraday's laws of electromagnetic induction.
(b) What do you understand by Fleming’s right and left hand rules for dc
degenerators and motors. (NC¥T 1980 W |man)

6.11 Explain the following:

(iy Fleming's left hand rule,
(ff) Faraday’s laws of electromagnetic induction
(i) Lenz'slaw,
(iv) solencid,
(v} cork screw rule,
(vi} ampere's rule,
(vfi) coercive force,
(vfif) remanance,
tix) magnetizing force, and
(x) magnetic saturation.
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DC Generators

7.1 DC GENERATOR

A generator is a machine which takes mechani-
cal energy and converts it into electricity.
A generator does not produce electricity by
magic, it simply converts mechanical energy
given to it into electrical energy. This
mechanical energy rotates the armature of
a generator and thus electrical energy is
produced in the armature conductors. For
producing electricity from a generator, the
following three requirements are essential :

(i) Conductors,
{if), magentic field, and
(iii) mechanical energy.

(1) Conductor Insulated
placed in armature slots.

(i) Magnetic Fleld The magnetic field is ob-
tained by the use of either a permanent magnet
or an electromagnet. However, in all genera-
tors the clectromagnet is widely used. The
reason is that the magnetic field can be easily
controlled. These field poles are provided
on the pole shoe of the generator,

conductors  are

(ili) Mechanical Energy For the rotation of
the conductor, mechanical energy is oblai-
ned from the pri r. The hanical
energy given to the generator rotates the
armature conductors which cuts the magnetic
lines of force, and emf is induced.

7.2 WORKING PRINCIPLE OF DC GENERATOR

A generator works on the principle of Fara-
day's law of electromagnetic induction which
says that whenever a conductor is moved in the
magnetic field, an emf is generated in the
conductors and the magnitude of the induced
emf is directly proportional to the rate of the
cutting flux.,

The emf generated in the conductor is of
alternating nature and the generator which

gives out electrical energy in the form of
alternating current is called an alternator
and will be discussed in Chapter 13.

The generator which gives out electrical
energy in the form of direct current is called
a dc generator or dynamo. The essential
difference between the  alternator and the
dynamo is that in an alternator slip rings
are used to collect the supply (in a rotating-
type armature), while in the dynamo, the
commutator is used for this purpose. This
commutator also converts the alternating
current induced in the ductors into direct
current for the external circuit.

73 CONVERSION OF AC INTO DC BY
COMMUTATOR

The way the commutator converts ac into
dc is explained below with the help of Fig. 7.1.

In Fig. 7.la, two coil sides AB and CD
rotate anticlockwise under the poles north
and south. The end of the conductor AB is
e ted with 51 which is an hall
of aringand isa part of a commutator con-
sisting of two segments, say S and S.. The
end of the coil side CD is connected with
the segment S,. Thes: segments rotate along
with the armature. To collect the supply
from these segments, two brushes B and
B, are provided. The two brushes are sta-
tionary and supply a current to the external
load LM. The nature of the current flowing
through the load resistance will be considered
when the coil rotates.

In Fig. 7.1 (a), since the coil sides are mid-
way between the poles, no emf is induced in
the conductors, and also, there is no current
through LM.

In Fig. 7.1 (b), the conductors have moved
one-fourth of a revolution and now the coil
side CDis under the north pole while the
coil side AB is under the south pole. The
current induced in CD is outward and in AB
inward, The coil side CD is connected to
the segment 53 which is in contact with
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Fig. 7.2 Parts of generator
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brush Bi. Therefore, a current flows through
the external load resistance LM in the direc-
tion from L to M. The brush B, now becomes
positive. The position of the current (voltage)
at this instant is shown in the graph at X.

In Fig. 7.1 (c) the conductors have again
rotated through another one-fourth of a
revolution and again there isno emf induced
in them in this position. It means that the
emf has decreased to zero from its maximum
val;r’e and the graph of the current is shown
at ¥,

When the conductors further rotate, an
emf is again induced in them but now the
current in the coil side CD is inward while
in the coil side AB it is outward. In this
position segment S, is touching the brush B,
which again receives a positive current and
therefore again the current in the resistance

M is in the same direction, Lto M. The
position of the current at this instant is shown
in the graph at Z.

When the coil sides further rotate, the emf
decreases till the coil sides are midway
between the pole. Therefore, the current
through the load resistance LM is zero at
this instant as shown in Fig. 7.1 (e) and in
the graph.

From Figs 7.1 (b) and (d), it is also clear
that in one complete revolution of the coil,
the brush B, always receives a positive current.
In other words, the current from the brush
B, always flows in one direction. This current
is pulsating in nature, but for many purposes
steady current is more desirable than a
pulsating one. The pulsations are reduced
by using many conductors on the armature.
The resultant emf for two sets of coils which
are 90° apart are shown in -the graph. The
resultant emf is very nearly steady. In a
commercial machine the armature consists
of several coils wound on it. Turbines are
used to drive the armature,

7.4 PARTS OF DC GENERATOR

The essential parts of a dc generator (or motor)
are discussed below (Fig 7.2).

Yoke The yoke is also
of the machine. The field poles are screwed
to the yoke. Tt offers easy path to the
magnetic lines produced by ‘the field poles.
The yoke carries only half of the flux carried
by the main pole, so that the cross sectional

known as the body

area of the yoke frame can be kept half of
the area of the main pole. The function of
the yoke is 1o provide support to the armature
and field windings.

The yokeis made of a magnetic material
such as cast iron or Silicon steel, which has
Breat strength and permeability.  In small
machines, where cost is the main considera-
tion and the weight of the machine does not
matter, cast iron is mainly used. In big
machines where weight and efficiency are
main considerations cast steel is used. Ug-
doubtedly, cast iron is cheaper, having half
the permeability as that of cast steel.

Field Pole In small dc machines the poles
are cast with the body or the yoke, but in
big machines the pole shoes are screwed with
the yoke. They are made of cast steel or
cast iron as it offers low reluctance to the
magnetic lines. Wound coils are slipped
over the pole shoes. All the fietd coils (four
Or six as the case may be) are connected in
seriesin such a way as to produce opposite
polarities at the adjacent poles. The ends of
the field coils are brought out to the terminal
box of the machine. In Fig. 7.2, the arrange-
ment of a four-pole system and the path of
the magnetic lines are shown. The function
of these poles is to support the field coils
and to produce magnetic h?eld in the machine.

The field poles are always electromagnet
except occasionally in very small generators
(known as magneto-generators or magnetos)
where a permanent magnet is used. The nar-
row space- between the pole shoe and the
armature core is called the air gap.

Armature Core and Winding The armature
is a cylindrical drum consisting of thin
circular stampings of silicon steel (to reduce
the hysteresis losses) and winding as shown
in Fig 7.3.

T
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Fig. 73 Armature without winding



The core provides low reluctance to the
magnetic lines of force. The discs or stamp-
ing are insulated from each other by a
shellac varnish, thin paper or oxide film
coating. The thickness of the stampings
varies from 0.35 to 0.5 mm in orde: to reduce
the heat produced due to eddy currents. The
armature is gro\'lded with slots on its circum-
ference in which the conductors are housed.
These stampings are mounted onthe shaft and
are held firmly by a key. The armature is
free to rotate between the magnetic poles.
A commutator is fixed on one side of the
shaft and on the other side, a fan is fitted to
increase the circulation of air.

The armature performs three main fune-
tions. Firstly, it supports the conductor,
secondly, it causes the conductor to rotate
between the magnetic field, and thirdly, it
provides low reluctance. There are two types
of armature in use :

(i) ring-type armature, and

(if) drum-type armature. Mostly, the drum-
type armature is used nowadays. The
slots are made on the circumference of
the armature and are of three types

’.‘WI’”.”‘
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(e} CONSTRUCTION OF COMMUTATOR
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as follows : (a) open-type slot, (b) semi-
enclosed type slot, and (c) enclosed-
type slot.

Commutator It isan electrical device which
automatically reverses the direction of the
coil. It is cylindrical in shape and consists
of a number of copper segments of high
conductivity, hard-drawn copper, insulated
from each otheras well as from the shaft by
mica (Fig. 7.4).

The commutator is fixed at one end of the
shaft, usually on the opposite side to which
the pulley is fixed. Raised cxtensions are
provided to each commutator segment. They
are called risers. Armature coil ends are
soldered to these risers.

Brushes Insmall machines the current collect-
ing brushes are made of carbon and of
.copper-carbon alloy or copper in heavy-
current, big machines. Each brush js placed
in hollow brass bars known as brush holders
50 that it can slide in them. They rest on
the commutator aga:nsl. the sprlns tension.
The tension of the spring varies from 0.1 to
0.25 kg/cm® of the brush surface area. Its

COMMUTATOR
SEGMENT

n"ic& INSULATION

RISER

(b) SECTIONIZED VIEW

Fig. 7.4 Construction of commautator
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FLEXIBLE LEAD OR FIG TAIL

CARBON BRUSH

SLIDING SLOT
FOR SPIMOLE

ﬂa’;h
Fig. 7.5 Carbon brush and brusi-holder

tension is adjusted by means of a lever pro-
vided with it. They collect the current from
the armature and deliver the same to the
external circuit.

Brush Lead The brush lead is also some-
times known as the pig tail. Itis a piece of
wire connected to the carbon. It is made of
a copper conductor and its purpose is to
make a connection between the brush and a
point outside the circuit.

Brush Rocker It is also known as a brush
gear. It consists of a circular ring fixed by
studs to the front end plate. The stud holes
are slotted so that the brush rocker ¢an be
moved either way and the brushes can thus
be placed at the desired position on the
commutator. The brush holders are insula-
ted in the rocker and fixed to it.

Front End Cover The front end cover is also
sometimes known as the commutator end
Plate. It is fitted with bush bearings, ball
bearings or roller bearings. The front end
cover carries the brush gear. However, in
the case of the motor, the cover on the pulley
side is called the front end cover. It is made
of cast iron and is screwed with the yoke.

Rear End Cover It is also made of cast iron
and is screwed with the body. It is also
fitted with the bearing. Both the end covers
are provided with ventilation slots or holes
for cooling purposes.

Cooling Fan A cooling fan made of castiron
is also fitted on the opposite side of the com-
mutator shaft. As the armature starts rotat-
ing, it also rotates and gives fresh air for
cooling the armature,

Bearing It is a device which gives free and
smooth rotation to the armature. It is fitted
inside the side cover and between them the
armature revolves. The following types of
bearings are in use:

(i) Bush bearing,
(#i) ball bearing, and
(iii) roller bearing.

Shaft and Pulley It is made of mild steel
and rests on the two bearings provided in the
side covers. The armature and commutator
are also fitted on the shaft.

The pulley is made of cast iron and is fixed
on the shaft by a key or stud.

Eye Bolt The eye-bolt is provided with the
body generally on the top for- lifting the
machine.

Bed Plate The bed plate is also known as the
base of the machine. The machine is fitted
o? the foundation and is bolted at the bed
plate.

Coupling It is the mechanical connection
between the shaft of the generator and that
of the steam engine or any other primemover
which drives the generator.

Terminal Box This is an insulated box which
carries the: brass nuts and bolts to which
wires from the brushes and field poles are
brought out for connection with the external
circuit.

7.5 EDDY CURRENTS

If the armature is made of solid iron (i.e., it
has low resistance) and is rotated in between
the poles of a magnet, emf is induced in the
armature core as it is generated in the coils-
placed in the armature. This emfl which
causes the current to flow in the core are
known as eddy currents.

Since the resistance of the armature is low,
heavy currents will flow resulting in heavy
power loss (I[*R), which is converted into
heat. This heat is directly proportional to
the square of eddy currents, resistance of the
core and the time for which the currents flows.
Due to this heat the winding on the armature
core is also heated. This, in turn, increases
the temperature of the core and weakens the
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insulation of the winding, and hence reduces
the efficiency of the machine.

. These eddy currents can be minimized by
increasing the resistance of the armature core
(Fig. 7.6). The resistance of the core is

Fig. 7.6 How eddy currents are minimised

increased by making the core of thin sheets
{0.35 100.5mm) lightly insulated from each
other. By this the cross-section of the core
is reduced and the length remains the same.
This resultsiin an increase of resistance of
the individual core, thereby decreasing the
eddy currents which are bound to their res-
pective core. This type of core is called a
laminated core and the sheet from which it
is made is called lamination.

7.6 TYPES OF WINDINGS ON THE ARMATURE

There are two main types of windings done
on the armature:

(f) Lap winding, and
{ii) wave winding.

The difference between two exist merely in
the end connection of the armature coils on
the commutator.

Lap Winding In Jap-wound armatures
there are as many paths in parallel as the
machine has poles and the total current
divides equally among them. The number of
brushes is equal to the number of poles in the
machine. This winding is also known as
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parallel paths or multiple circuit winding.
The generators of a larger current and low
voltage output (and Large variable speed
motors) have this type of armature winding.

Wave Winding In wave-wound armatures
there are two paths in parallel irrespective of
les in the machine and each path passes
alf the total current. Two sets of carbot
brushes are fitted for the collection of current,
bat it is usual to install asmany sets of carbon
brushes as the machine has poles. The
generators of low current and high voltage
have wave-wound armatures.

7.7 EMF EQUATION OF GENERATOR

The emf induced in 2 conductor when rotated
in a magnetic field is directly proportional
to the rate of change of magnetic lines of
force.

It is found that when 2 conductor cuts or
varies one weber (10° maxwells) magnetic
lines of force per second, one volt is indueed
in the juctor. Let,ina

P = number of poles
¢ = flux per pole in Wb .
N = speed of armature in revolution/

min

Z'= total number of conductors on
armature

@ = number of parallel pathsin arma-
ture

E = emf produced by one of the
parallel paths in volts

emf generated by armature=flux cut per
second in volts
Flux varied by one conductor during one
revolution= P$ Whb/m?
Flux varied by one conductor per second
PN
60

emf induced in one conductor
PN
=22y
60
No. of conductors in one path of the arma-

ture =
a

where ¢ = Parallel paths in
i armature
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».  emf induced/path
PN Zy

="e0 *a

-z P

emf 0 % (7.1)
(Here P,a and Z are constant)

Note: This means that emf induced depends
upon the flux and speed.

ExampLE 7.1 An eight pole lap-wound armature has
800 conductors and @ flax of 15 mWb per pole. Find
the emf induced in an armature when running ata
speed of 500 rpm.  Also, calculate the emf g
if the armature is wave-wound.

Solation :
Given

P = 8 poles
# per pole = 15 mWb  — %= 15 10-* wb.

N = 500 rev/min
Z = 800 conductors
(f) When the armature is lap-wound
We know, emf induced
$ZN P
60 *a
< emf induced in lap-wound armature
_15x10-2x800x 500 8
60 g
(in lap winding amP=8)
= 100 V Ans.
(i) When the armature is wave-wound
emf induced in wave-wound armature
$ZN
60
- ISKIO-‘XSWxSDOXL
60 2
=400V Ans.

® % (in wave-winding qe2)

7.8 CHARACTERISTICS OF DC GENERATOR
The characteristic curves of a dc generator

DC Genlcralon

are discussed below:

(i) Open Circuit Characteristic Curve (OCC) _
Sometimes, it is also called no load or magnetic
characteristic curve. This curve gives the rela-
tion between the emf gemerated (E) in the
armature and the field current( If}nr the rated
speed.

(ii) Internal Characteristic Curve (ICC) This
curve is also known as the total characteristic
curve and gives the relation between the emf
generated (E) and the armature current (I,)
of the generator.

(iif) External Characteristic CurvelECC} This
curve gives the relation between the load current
(IL) and the terminal voltage (Vt.)

Methods of Magnetization of Field For
Generator There are three principle methods
of magnetization of a field for generators as
discussed below:

(i) Permanent Magnetic Fields Method in

this method permanent magnets are used for

producing a magnetic field and the generator

is then known as a permanent magnet genera-

tor or “‘magneto’.

(i) Separately Excited Fields Method In this
method electromagnetic field poles are excited
by a current supplied from a separate indepen-
dent source such asa battery. The generator
is then said to be a separately excited genera-
tor.

(iiiy Sel~Excited Fields Method In this method
electromagnetic fields are magnetized by a
current obtained from the generator itself.
In this case the generator is said to be a self-
excited generator.

7.9 CLASSIFICATION OF DC GENERATORS
The classification is given below :

Pcrmmen[ Magnet

|
Electmmaslnet Generator

Generator 1 -
Self-excited Generator Separately Excited
T - Generator
Series Generator Shunt G C d Generator
E |
Long Shunt Compound Short Shunt
Generator -

Compound Generator



7.10 PERMANENT MAGNET GENERATOR

This type of generator is also knownasa
magneto-generator or simply magneto (Fig.
7.7). Asitis clear from its name, the feld

le‘qb

Fig. 7.7 Magneto generator

LOAD

flux in this type of generator is produced by
permanent magnets. We know that the field
strength of a permanent magnet remains
constant, so that emf induced in the armature
of such type of generator remains constant.
Thus the emfl induced in the armature of a
magneto is directly proportional to the speed
and for a given spsed the emf generated is
constant.

Characteristics of Magneto Generator The
characteristics of a magneto generator are
shown in Fig. 7.8. Curve 1is the OCC curve
which gives the relation between the induced
emf and the load current (in this case there
is mo field current and therefore, [Ii=Iy).
As the induced emf is ind t of the
load current, the curve is a straight line
parallel to the x-axis.

INDUCED EMF

TERMINAL
VOLTAGE
tvy)

YOLTAGE
g

[

LOAD CURRENT

()

Fig. 7.8 Ch istics of 4
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Curve 2 is for voltage drop in the armature
and as the voltage drop increases with the
load current, this curve also starts from zero
and increases in a straight line.

Curve 3 represents the terminal voltage
(¥r) of the gencrator which is the difference
of emf induced and voltage drop in the
armatore (i.e. Vr=em{—LRs). Curve 3
drops a little with an increase in current
because the voltage drop in the armature
in with the i of load current.

Magneto generators are not much used in
practice and are only used in instruments,
such as megger and cycle, motor cycle

dynamo.

Disadvantages of Magneto The main disad-
vantages of the magneto are :

(i) Its voltage cannot be changed.
(i) It is difficult to have very strong perma-
nent magnets.
(iii) The magnetic power of the permanent
magnet changes, though slightly: with
time.

711 ELECTROMAGNET GENERATOR

In this type of generator the field fluxis
produced by passing the current through
the coils wound on the pole shoe. The
electromagnet generator may be a separately

ited g or a self-excited generator.

712 SEPARATELY EXCITED GENERATOR

In this type of generator, the field fluxis
produced by winding coils on the pole pieces
through which dc is from the external
source which may a battery or another
dy The jons of such a generator
are shown in the Fig. 7.9. The field windings

—— |

=] s

Lubo-—

Dl L[5 e

Fig. 7.9 Sep

Iy excited
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are connected in series and are supplied from
a battery through a variable resistance which
can vary the current in the field coils to which
the flux is directly proportional.

Characteristic of Separately Excited Generator
The characteristic curves of separately excited
generators are shown in Figs. 7.10 and 7.11
The curve in  Fig. 7.10 is the OCC curve and
gives the relation between the current through
the field windings and the emf induced in
the armature. The curve starts from zero
(0), increases rapidly and then becomes
approximately parallel to the x-axis. The
reason for its becoming parallel to the x-axis
is the magnetic saturation of the field poles.
The curves.in Fig. 7.11 gives the relation bet-
ween load current induced emf, drop in the
armature and terminal voltage. These curves
are similar to the magaeto.

TMDUCED EMF

FIELDCURRENT

Fig. 7.10 OCC curve of generator

____________ EMF INDUCED
\. TERMINAL VOLTAGE

MOLTAGE

/@ 13 Ry DROP

LOAD CURRENT

Fig. 7.11 ICC-cum-ECC curve of separate
excited generator

As a scparate dc source is required for
field excitation, these generators are not
generally used but can be used where large
variation in voltage is required.

7.13 SELF-EXCITED GENERATOR

In addition to the ficld winding on the poles,
in such generators some residual magnetism
is also provided in the poles. When the
armature rotates under the poles, due to the
residual magnetism, the some emf is induced
in the armature windings (though very small).
This emf is applied across the ficld ‘winding
and the current flows in such a way that it
increases the magnetic power of the field
poles, i.e. increases the flux. This increase
in flux increases more emf ia the armature
conductors which further increases the flux
and in this way the armature produces full
voltage aftera short time. Thus in a self-
excited generator, no external source is
needed and the emf induced in the armature
itsell is used to excite the field poles.

There are three types of self-excited genera-
tors as given below :

() Series generator,
(if) shunt generator, and
iii) compound generator.

7.14 SERIES GENERATOR

The series wound generator is so named
because the armature and field windings are
connected in series as shown in Fig. 7.12.
The wire used for the armature and series
field winding is comparatively thick and has
only few turns with the result that the resis-
tance within the generator is small.

LOAD

SERIES
WINDING

000

Fig. 7.12 Series generator

This type of generator is run at full speed
and the load switch is put on. Due to resi-
dual magnetism a small em{ is produced



which causes a current to flow in_the arma-
wre, field winding and load. The current
through the field winding produces more flux
which further increase the induced emf. In
this way the generator builds up its full
voltage.

In an open circuit there is no flow of
current through the generator as the field
winding is in series with the armature. This
kind of generator is always started after
installing the constant load on it. If some
load is increased, the exciting current is also
increased. Thus the armature will cut more
flux. Therefore in this way the generator
will produce higher voltage than before and
the outer circuit will be disrupted. There-
fore, thiskind of generator is always started
on load, specially on constant load.

To regulate the emf induced, the current
of the series field is controlled (or diverted)
by a diverter. The diverter is installed in
parallel to the series field so as to divert some
of the current as shown in the Fig. 7.13. The
current in a series generator is given by

1o
JI.OA'D

Fig. 7.13 Series generator with diverier

e E___
Ra-+Re+Re
E==emf induced in the armature
in volts
R.=Resistance of the armature in
ohms
Rr=Resistance of series field in
ohms
Ri=Resistance of the load in
ohms

where

Voltage drop across the load is given by
Ix Re=E—I(R,4+R) V
Vr=E—I(Ra+Rr) V

or (1.2)
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or E=Vr+I(Rat+RAV 7.3
Series generators arc generally not used
because their terminal voltage varies with
variation in the load. These are only used as
a booster generator in dc long transmission
line.to boost or inicct the line voltage drop.

Characteristic Curve of dc Series Generator A
curve between the field current (which is also
the load current (/) or armature current (/s))
and the emf induced in the ar d
tor is shown in Fig. 7.14. The curvestarts a
little above zero because when the field
current is zero, even then some induced emf
is due to residual magnetism. The curve
increases rapidly in a straight line with the
increase of current and then it becomes flat
due to magnetic saturation of the ficld poles.

E M F INDUCED

!

@ EMF INDUCED

0 FIELD CURRENT —»

Fig. 7.14 OCC carve of dc series geserator

® EMF INDUCED CURVE

@ TERMINAL VOLTAGE

EME CURVE

INDUCED

FIELD CURRENT — 1¢=1, =1

Fig- 7.15 ICC-cam-ECC characteristic cmrve
of de series generator
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In Fig. 7.15 two curves are shown. Curve
1is the induced emf curve and curve IT is the
terminal voltage curve. Curve 11 of the
terminal voltage is similar to curve I but it
is a little below curve I. The reason for this
is the voltage drop in the armature and the

Id windi In the beginning the diffe-
rence between curves land Ilis less, but it
increases as the terminal voltage of the
generator decreases.

7.15 SHUNT GENERATOR

In a shunt generator the field winding is in
parallel to the armature (Fig. 7.16) and thus
the full voltage induced in the armature is
applied to the shunt field winding. Thatis
why the field winding consists of a_thin wire
of many turns soas to drop the full voltage
across it,

The generator is started at its normal speed
by the primemover with theload and field
switches open. A small emfis generated which is
due to residual magnetism. If now the field
switch s closed, this smallemf will send a cur-
rent through the field winding which increases
the field flux. This increase in the flux causes
more emf to be induced in the armature and
this goes on till the generator attains its full
voltage. The load switch is kept open at the
time of starting because the emf induced at
that time is very small. 1f at the time of start-
ing full load is connected in parallel to the
field winding and armature, the current starts
to flow in the load and not in the shunt field
winding. This is because the resistance of the
load is lower and current always flows through
the easiest path. Thus there will not be
sufficient current in the shunt field winding
and the generator will not build up its voltage.
Therefore, the shunt generator should not be
started with the load, instead the external
load should be connected after the generator
has built up its full voltage.

After normal running, if the (vad is increa-
sed heavily, the external resistance of the load
will reach its critical point and the voltage
will fall to zero. Therefore, a heavy load
should not be put on the shunt generator.

In a shunt generator the armature current
has two paraliel paths, one through the load
and the other through the shunt field winding.
Thus the armature current is equal to the sum
of the load current and field current.

L=I+1y

The terminal voltage is given by
Vr=ILx Re

or Vi=E—LR.

where Eis the emf induced and /.Ra is the
armature drop.

The voltage of the shunt generator can be
increased or decreased by adjusting a variable
resistance connected in series with the field
winding as shown in Fig. 7.16.

WARMBLE RESISTANCE

LOAD

Fig. 7.16 Dc shunt generator

A shunt generator is always started without
a load and is used where there is no great
fluctuation of load (i.e., the load 1s approxi-
mately constant). Shunt generators are used
for battery charging, electroplating, welding
sets and as a balancer set.

7.16 %'%RACTEIIISTIC OF SHUNT GENERA-

In Fig. 7.17 a curve is shown. between the

induced emf and the field current. This curve
EMF INDUCED
EMF INDUCED
CURVE
FIELD CURRENT

Fig. 7.17 OCC curve of shunt generator



is similar to the induced emf curve of the
series generator.

ICURVE
-~
u ™
AY
g -
I
1
5 v S
2 i I [
/ ! !
! U !

LOAD CURRENT
Fig. 7.18 ECC curve of de shunt generator

Curve I in Fig. 7.18 represents the induced
emf against the armature current, (but fo=1It
at ro load). The curve ismore or less a
straight line, but deFins a little at higher
current values, The fall in the curve is due
to a decrease in the emf across the field wind-
ing with an increase in the load due to agreater
I,Ra drop in the armature,

Curve Ilis a plot of the terminal voltage
against the load current. The curve is a
drooping straight line from its starting portion
and after a certain point it bends and decre-
ases to zero. A drop in the starting portion
of the curve is due to a voltage drop in the
armature.

In the beginning the fall in the curve is not
excessively great, provided the generator is
normally excited. However, when the load
increases beyond a certain limit (much higher
than the full load) the load resi b
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Solution:
Fig. ES 72

Terminal voltage, Vr=200 ¥
Shunt field resistance, Ra—100 582
Armature resistance, R,=0.18
Totul loud across the dynamo =60« 40

2400 W

.+, Load current, I,'=—F=%)=I2A

Shunt field current, !,,:RK—=% =2 A

tamdp b lpm122=14 A
Ans.

lap wound

. Armature current,

We know, number of poles in a
dynamo=4
. Number of parallel paths=MNumber of poles—4

4
Current per path in a armature = l{ =35 A Ans.

Armature voltage drop, [, R, 14200~ 14 ¥V
Brush contact drop for 2 pair o f poles
=]+1=2¥
.. emf generated, E=Vp- 1Ry +Vy (brush drop)
=20041442-203.4 Y Ans.

ExaMpLE 1.3 A shunt generator supplies a load of 10
kW at 250V through a pair of feedves of total resis-
rance 0.07 Q. The resistance of the armuture and field
windings are 0.0 and 8312 @ respectively. Find :

(i) the terminal voltage and (ii) the vnif generated in
the armature,  Assiumie brush contart drops of 2V an
the load.

very small and there is no appreciable current
in the field winding to maintain its voltage
and it finally falls to zero as shown in curves
Il and IV.

ExampLe 1.2 A four-pole, lap-wound shunt generator
has field and armarure resistance of 100 ahd 0.1 2
respectively, supplies 00V to 60 lamps of 40 W each,
Calculate : (i) the rotal armature current, (1) current
per armatire path and (ii1) the emf generated. Affow
the brush contact drop to be I ¥ per pair.

= L
632.n 0 [OkW
A bsov
D
1
Fig. ES 7.3
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Qutput of the generator = 10 kW
L
Lord = e
ord current, f‘_ 7 350 40A
Voltage drop in Feeders — 40x0.07=28Y
Terminal voltage of the generator
= 25042.8=2528V Ans.
Shunt field current, 1,5~ t[ =
R,
Armature current, To=lp+1;=40 4 4=44 A
Voltage drop in the armature,
IR,=44 x 00522V
E=VrtiRyt¥y
=252.842.2+2
=257V Ans.

7.17 COMPOUND GENERATOR

A generator consists of an armature, a series
field and a shunt field and has the properties of
both series and shunt generators. Connections
of the compound generator are shown in
Fig. 7.19. The field winding of a compound
generator consists of two electrically insulated
coils wound on the same pole pieces. One
of the two windings is called the shunt wind-
ing and is connected in parallel to the arma-
ture. As the shunt winding has to drop the
full terminal voltage, it is made of thin wire
of many turns. The other series field wind-

emf generated,

ing is of thick wire of few turns and js con-
nected in series with the armature.

SHUNT
WINDING

Fig. 7.19 DC compound generator

The emf characteristics (i.e., OCC) of the
compound generator is similar to that of the
shunt generator when started without the
load as shown in Fig. 7.20.

The terminal voltage of a compound genera-
tor depends upon the field winding. If with
an increase of load the terminal voltage of
the generator increases a little as shown in

EMF

FIELD CURRENT

Fig- 7.20 OCC carve of DC compound
generator

Fig. 7.21, then the generator is called an over-

d g tor. Inan over p d
generator the total flux increases with an
increasc of load. This means that the
decsease of flux with the increase of load
in the shunt winding is less than the increase
of flux in the series winding.

QVER COMPOUND
LEVEL OR FLAT
COMPOUND

UNDER CO ND

VOLTAGE —»

LOAD CURRENT

Fig. 7.21 ECC curve of dc compound
generator

When the terminal voltage remains appro-
ximately constant with the rise of load, the
generator is called a level or flat-compound
generator. In a level compound generator
the incrgase of flux in the series winding is
equal to the decrease of flux in the shunt
winding due to the increase of load.

If the terminal voltage of a generator
decreases with an increase of load, the genera-



tor is called an undercompound generator.
In an undercompound generator the effect of
the shunt field winding is greater than that
of series winding, i.e. the decrease in flux of
the shunt winding is greater than the increase
in flux in the series winding with an increase
in the load. N

A compound generator can build up’ volt-
age both on no load as well as pn full load.
This type of generator is  best-suited for
supplying power to far-off places where th
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If the series field helps the shunt field or
the effect of the iwo is additive, it is called a
short-shunt commulative compound generator
as shown in Fig. 7.23,

If the series field connections are now
reversed, then the series field flux opposes the
shunt field flux as shown in Fig. 7.24. In
this case it is called a short-shunt differential
compound gencrator.

voltage in the cable needs to be d

7.18 CLASSIFICATION OF COMPOUND
GENERATORS
DC compound generators can be classified as :
(i) Short-shunt compound generators, and
(ii) long-shunt compound generators.

(i) Short-Shunt Compound Generators If
the shunt winding is connected in parallel to
the armature and the series winding is con-
nected in series with the combination, as
shown in the Fig. 7.22 it is called a short
compound generator.

Fig. 7.22

—-—
SHUNT FIELD

Fig. 7.23 Short-shunt commulative compound

Eenerator

 —
SERIES FIELD

292

i

Fig. 7.24 Short-shunt differential compound
generator

(i) Long Shunt Compound Generator If the
series winding is connecled in series with the
armature and then the shunt winding is put
in parallel to the combination, as shown in
Fig. 7.25 it is called a2 long shunt compound
generator. In this case also, if the effect of
both the field is additive, as shown in Fig.
7.26, it is called a long shunt commulative
compound generator.

If the series field connections are inter-
changed so that the series field is in opposi-
tion to the shunt field as in Fig. 7.27, it is
called a long shunt differential com-
pound generator. The voltage of a com-
pound generator can be regulated in the same

SHUNT FIELD

Fig. 7.25 Long-shunl compound generator
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SHUNT FIELD

Fig. 7.26 Long-shuat commulative compound
generator

SHUNT FIELD
—_—
SERIES FIELD

Flig. 7.27 Loag-shunt differential compound
generator

manner as in the shunt generator by connect-
ing a variable resistance in series to the field
winding as shown earlier in Fig. 7.19.

7.19 DIFFERENTIAL COMPOUND GENERATOR
The differential compound generator has an
external characteristic similar to that of a
shunt gencrator with a large demagoetizing
armature reaction. It is used in arc welding
where a large voltage drop is required when
the current increases.

7.20 COMMULATIVE COMPOUND GENERATOR

This type of generators is widely used. Its
external characteristic is usvally adjusted to
compensate for the voltage drop in the line

i The lative P d
generator is used for motor drives which
. require a dc supply at constant voltage, for
supplying current to incandescent lamps, for
heavy power lines, such as electric railways,
elc.

721 CONDITIONS FOR SELF-EXCITATION

The following are the essential conditions for
building up voltage in a self-excited :

() There must be residual magnetism on
the pole shoes of a self-excited generator
50 as to induce enough emf in the
armature to cause a current to flow
through the field winding.

{ii) The field must be connected in such a
way as 1o gthen the residual mag
tism when current due to induced emf
flows through them.

(iif) In the case of a series generator there
must be some load on the generator,
while in the other case no load ora
small load is required on the generator.

722 ARMATURE REACTION

It is the effect of the armature flux produced
by the armature current which distorts and
weakens the main magnetic flux produced by
the field poles, This results in sparking at
the brushes and low voltage at the terminals.

General Terms used in Armature Reaction

Geometrical Neutral Axis (GNA) The geome-
trical neutral axis is an axis mi way between
the opposite adjacent field lg:les and right
angles to the centre lines of po

Magnetic Neutral Axis (MNA) The magnetic
neutral axis is perpendicular to the lines of
force between the two opposite adjacent poles.
This is the axis at which the brushes are
placed, i.e., the brushes make direct contact
with the conductors which lie on this axis.

Leading Pole Tip (LPT) It is the end of the
pole which first comes in contact with the
armature in the direction of rotation when it
rotates.

Trailing Pole Tip (TPT) Tt is the end of the
pole which comes in contact later with the
armature when it rotates.

To study the effect of the armature flux on
the field flux, let us consider Figs. 7.28 to 7.30
of a bipol. hine, running in the clockwise
direction. In Fig. 7.28 only the flux due to
the field pole is shown and there is no flux
due to the armature. As it is working without
load the flux is uniform in the air gap and the




Fig- 7.28 Flux due to field alone

GNA coincides with the MNA. The flux at the
leading pole tip is equal to the flux at the trail-
ing pole tip.

The flux duc to the armature current is
shown in Fig. 7.29 and there is no flux due to
the field poles.

Fig. 7.29 Flux due to armature

‘When the machine is under operation, both
the fluxes due to the armature and field poles
act in the air gap and the resultant flux is the
resultant of these two fluxes. The 1
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as the field poles work near their saturation
point and the decrease of the flux 4t the lead-
ing pole tip is much more than the increase
of flux at the TPT, there isa net decrease
in the total flux and the emf induced also
decreases. Due to the st hening of the
TPT and weakening of the LPT, the MNA is
advanced from the GNA in the direction of
rotation. This effect goes on increasing as
the armature current increases with the increase
of load. If the brushes are not shifted to this
new position of the MNA, heavy sparking can
take place at the brushes,

From the above, it may be concluded that
the armature flux pru’l{uccs the following
effects on the machine :

(i) It distorts the uniformity of the main
flux.

Ui) It produces a demagnetizing effect on
the main poles.

(iif) Tt reduces the emf induced.

(iv) It decreases the efficiency of the machine.

(v Tt produces sparking at the brushes due
to shifting of the MNA,

(vi) When self-excited generators are sub-
jected to heavy short circuit, it can fail
to self-excite again. The reason is that
the heavy current due to short circuit
creates heavy armature reaction and it
demagnetizes the pole cores. The
result is that the residual magnetism is

flux is shown in Fig. 7.30. From the figure,

it is clear that the flux at the LPT has decrea-

sed while at the TPT has increased. However,
i’

%

Fig. 7.30 Resaultant fux

completely lost and thus it cannot self-
excite again.

7.23 REMEDIES FOR ARMATURE REACTION

The following are the remedies for armature
reaction:

(i) Brushes must be shifted to the new
position of the MNA in the direction of
rotation of the armature by shifting the
rocker’s position (Fig. 7.31). This is
done by rocker arm as shown in Fig.

(/i) As the demagnetizing effect of the arma-
ture reaction weakens the main flux,
extra turns are necessary in the field
winding to neutralize it.

(#i) It should be noted that the armature
reaction takes place in the core tips.
Therefore, in order to drive the main
flux from the tips to the centre of the



124  Basic Electrical Engineering

GNA MHNAa (i) In order to drive the main flux from

oR | / the tips to the centre of the corc, the

0 | laminated cores of the shoe are staggered
L H

as shown in Fig. 7.33. By staggering
lg the tip, the width is reduced to half of
=/ the main core. Therefore, saturation
takes place much earlier in the pole
tips and the flux thus drives to the
N S centre.

(v) In big machines where there is great
fluctuation of load, a compensating
1 winding is provided on the pole shoes
‘ : asshown in Figs. 7.34 and 7.35. The

L MAIN FIELD POLE

1}

-~

.

Fig. 7.31 Remedy of armature reaction

pole core, slotes are made on the tips to in-
crease the relcutance as shown in Fig. 7.32.

DOR
—n

Fig. 7.34 Current in compensating winding is
flowing in opposite direction to the
armatore current

TPT
LTP N MAIN FIELD POLE
Fig. 732 Remedy of arm reaction COMPENSATING
WINDING

ELEVATION VIEW

ARMATURE
[c] CONDUCTORS
PART OF
. ARMATURE (b}
Fig- 7.35 Flux of compensating winding
cancels armatore flux
PLAN VIEW compensating winding produces a flux
— which just opposes the armature mmf
[ - T . flux automatically.
[s I
I I T ] Note: The current in the compensating

winding has an opposite direction 1o
Fig. 7.33 Remedy of arm reaction the armature current.



7.23 COMMUTATION

Whenever & brush contacls two or more
commultalor segments, the coils connected 10
those segments are short circuited. After
the period of short circuiting the current on
these coils change their direction. The changes
that take place in the coil afier the period of
short circuiting of the coil is called commuta-
tion. When the change is gradual, it is known
as smooth commutation and when the change
is sudden, it is known as rough commutation.
Owing to rough commutation, sparking occurs
in the brush tacts. To und d the
effect of commutation, let us consider the
following description :

In Fig. 7.36, a portion of the winding is
shown and only the changes in coil 8 will be
considered.  For easy understanding the coil
connccted to the segments are shown with a
single turn. However, in actual practice the
coils can have a number of turns.

Before Short Circuit In Fig. 7.36, the brush
is only in contact with segment S,. The brush
collects a current of I A from the left-handside

DOR —»
A B C

21

Fig. 7.36 Commutation before short circuit

virding and /A from the right-hand side
winding. Therefore, the brush collects 2 / A for
the external circuit through segment S It

may be noted that coil B carries current from .

left 10 right, or
direction.

say in the clockwise

On Short Circuit In Fig. 7.37 the brush is
shown hing both the 1 and S,
and coil B is short-circuited. Therefore, f A
of the left-hand side winding reaches the
brush through coil A and segment $1 without
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Fig. 7.37 On short circnit

passing through coil 8. Similarly, /A of
the right-hand side winding reaches the brush
through coil € and segment S¢ without
passing through coil B. It may be noted that
coil B carries no current through it.

After Short Circuit In Fig. 7.3%, the brush
contacts segment Si alone. Therefore, /A

INDUCED EMF

2y SPARKING

Fig. 738 After short circuit

of the left side winding reaches the brush
through coil 4 and segment S; without passing
through coil 8. The current T A of the right
side winding reaches the brush through coil B
and segment S,. It should be again , noted
that coil B passes the current in anti-clockwise
direction. ~ This is just opposite the first
position as shown in Fig. 7.36.

Owing to this sudden reversal of current
in coil B from clockwise to anticlockwise
direction, a self induced emf is produced
in coil B. This does not allow the total
current of right side winding to pass through
coil B. A fraction of the current passes
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through coil B and the rest jumps from
segment Sy to the brush in the form of a
spark. This spark can spoil the brush and
commutator, and can heat up the machine.
Therefore, this sparking has to be minimized
for improving the efficiency of the machine.

Effects of Sparking The effects of sparking
are as follows :

(i) If the sparking is not reduced, the com-
mutator surface may be carbonized and
will short circuit all the coils of the
armature.

(i1} Sparking can damage the surface of the
commutator. Thus brushes can jump
from time to time, resulting in more
sparking.

(iii) Sparking can result in excess heating of
the surface of the commutator, thus
melting the solder of the armature
segments.

7.4 METHODS OF REMdV]NG COMMUTATION

To change rough commutation into smooth
commutation, the following two methods are
adopted :

(i) R
(i) emf commutation.

(1) Resistance Commutation Methed [n the
resistance commutation method the current in
the short-circuited coil is made to ch

,.rinn_ and

Sy and the current in coil C is anticlockwise
(i.e. right to left) and in coil B clockwise
(from left to right). As the commutator
moves in the direction of rotation marked in
the figure, the brush will touch two commuta-
tor segments 51 and §, together, as shown
in Fig. 7.40 and coil B will come under
commutation.

DOR ——

A 8 c
\_f‘ A
I T | PN 1
%

Fig. 7.40 Remedy of commutation by
resistance commutation methed

If the brushes are of low resistance, then
there will be no current in coil 8 and it will
be short circuited by the brush. However,
as the brushes have high resistance, then the
current from the right side will have two
paralle]l paths. One path will be from coil C to
commutator segment 83 to the brush and the
other from coil Cto B through commutator
segment 5y as shown in Fig. 7.40. But the
contact area of brush S; is more and of brush
Siless. We know that the resistance of a

ge gra-
dually by using high resistance carbon hruniea.
Carbon has about 4000 times higher resistance
than that of copper for the given dimensions.
To understand this let us consider the follow-
ing : In Fig. 7.39, the brush touches segment

DOR —
A B c

i IS I s2 [ 1§

Fig. 7.39 Remedy of commutation by
resistance commatation method

conductor is inversely proportional to the
area of cross-section. Therefore, seg

S, has lesser resistance than segment Si. Hence
a major portion of current in the winding
passes easily through segment S, and a lesser
portion of the current passes through segment
S1. However, gradually the area of contact
of the brush on segment S increases and on
S decreases, which decreases the resistance
of Syand i the resi of
segment Sy;. This allows more current to
pass through segment 5; and less current to
pass through segment Sy.

Thus the change of current in the coil B
will not be sudden and in this case it is
gradual and hence less reactance emf will be
induced. In the meantime when the brush
moves from commutator segment S, to 5,
it is possible that the current in coil B will
increase to its full value. Thus by the use
of high resistance carbon brushes the change
is made gradual and sparking is reduced.




(ii) EMF Commutation Method. In this method
the induced voltage in the armature is neutrali-
zed by producing equal and opposite voltages
in the short-circuited coil and thus sparking is
minimized.

From Fig. 7.41 it is clear that the winding
on the left side is under the effect of the
north pole and the winding on right side is
under the influence of the south pole. If we
provide a small south pole before the main
south pole, the former south pole will produce
a voltage in the short circuited coil to produce
the reactance voltage. This small pole is
known as the interpole, commutating pole
or auxiliary pole.

gy

“DOR

Fig. 7.41 Remedy of commutation by EMF
commutation method

The polarity of the interpole should be the
same as that of the next main pole ahead in
the direction of rotation for the gencrator, as
shown in Fig. 7.42. For motors, the polarity
of the interpole should be the same as the
next main pole behind in the direction of
rotation as illustrated in Fig. 7.43.

DOR

Q

EQ
DY
4\

Fig. 7.42 Polarity of pole in case of generator

GENERATOR

Q>
&%
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Fig. 7.43 Polarity of pole in case of motor

Interpoles are equal in npmber to the main
poles. The winding on the interpole is
Jjoined in series with the armature as the
commutation depends upon the armature
current. By connecting the interpole winding
in series with the armature, the commutating
voltage is kept the same as the reactance
voltage. In this way the automatic opposition
for the reactance voltage is developed which
reduces the sparking on the commutator.

Armature réaction also takes place in the
interpole. However, the interpole’s trailing
pole tips are nearer the weakened leading
pole tips of the main pole so that it strengthens
that side. Thus to some extent it reduces
the armature reaction. But the interpoles
in the machine are only provided for smooth
commutation. A machine fitted with inter-
poles have 25% more capacity thana non-
interpole machine.

7.25 LOSSES IN DC GENERATORS

A generator converts mechanical energy into
electrical energy and in doing so it also
consumes some energy which is converted
into heat energy. Thus ihe input that a
generator takes is always greater than the
output it gives. The difference between the
input and the output are the “‘losses”. The
losses in a generator can be divided into :

() Copper losses (sometimes known as
ele:t:lrical losses; the losses are variables),
an

(ii) stray losses (sometimes known as rotatio-
nal losses ; the losses are constant).

(i) Copper Losses These are the losses that
occurs in the winding of the machine. As the
armature and field windings are made of



7.27 EFFICIENCY OF DC GENERATOR
The efficiency of a generator is determined by
the ratio of electrical output developed by it
to the mechanical power taken byit. Itis
senem]ly exp d asap ge. .
output __ output
input — output +losses
output X 100
input

.. Efficiency (n)—=

Efficiency percentage (n%)=

Efficiency can be classified as follows :

(i) Mechanical efficiency;

(ii) electrical efficiency, and
ih] overall efliciency or commercial effi-

ciency.
Mechanical efficiency (1)
electrical power developed by
__Zenerator in waltls

g tor input (mechanical) 1n’
watts
emfx/a

=Bhp X746 a.n

Electrical efficiency

clectrical output of generatorin
watts
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(iv) Bhp metric of the primemover and (v) enmmer
eial ¢ ffielency.
Sofution :

W 20:x100

=100 A

Voltage drop in fecders=1x R=100x0.08=8 V

Voltage drop in scries field —100%0.02..2 ¥

Voltage drops of feeders and scries field=84+2=]0 V

Voltage at the terminal of the generator, Vg=200+10
=210V Ans.

Vs 210

!af == SA

Armature current, Fa=dy4-4p=10045=105 A

Vaoltage drop in armature, J,R,=105x0.04 - 4.2 ¥

eml generated, =B/, R, =2104+4.2=2142 v

Load current, e e

Shunt field current, (/)=

Ans.

= clectrical power developed by
generator in watts

Vex e
“emfxls
Commercial efficiency (n,)
electrical output
= mechanical output
electrical output of generator
_in watts
" generator input {mechanical)
in watts
Vi e
“Bhpx 746
Nore : Iron and friction losses
—=Bhp » 746 —emfx/a
Copper losses=eml X [,— VeI

(7.8)

ExamrprLe 7.4 A short-shunt  compound  gencrator
supplies a load of 20 kW at 200V through a pair of
Jeeders of total resistance 0.08 . The shunt field
resistance is 42 Q, armature resistance 0.04 2 and
series field resistance 0,02 0. If the iron and friction
losses are 309.5 W, find : (i) Terminal voltage of
generaror, (i) emf generated, (iii) copper losses,

El power oulput =20 kW

Electrical power developed in the armature=emfxf,
=214.2x 10522491 W

Copper losseswelectrical power developed—electri-

cal power output
=22491.-20000--2491 W Aps,

Mechanical power input=output+copper losses +iron
and friction losses
=20,000+42491+309.5
=22,800.5 W
Bhp (metric)
o Mechanical power input
- 2z?sc;o.s -3
Efficiency, neam %
electrical power output

Ans.

= mechanical power inpat
20,000 % 100 =877% Ans.

ExampLe 1.5 A four-pole lap wound shunt gemerator
supplics aload of three motors each taking 30 A at
440 V. The armature resistance is 0.08 § and the shan:
field resistance is44 Q. The Bhp of the driving
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engine is 65 hp. Calculate : (i) Toral armature
current, (if) current in each path (iii) emf generated,
(iv) Power developed in the armature, (v) copper

losses, (vi) stray losses, and (viiy efficiencies :
(a) electrical, (b} ial and (c) mechanical.

Solution *

3 % g_|5|
30A | 304 | 304

Fig. ES75

Current taken by three motors,
I=30x3=90 A
Shunt field current,

Vo440
w=go =33 ~10A

{f) .. Total armature current,
Po=ly =1;=%0-10=100 A Ans,

(fi} Current in each path
total armature current

“No. of parallel path in winding
P25 Ams.
Armature drop,
Vamly Ry=100x0.08=8V

We know,
Brush contact drops=2 V

(iipy .. emf generated,
450 E=Vrvig Ry +VyweddD 4 8 4+ 2
=281.8 ¥V Ams.

{iv) Electrical power developed in the armature
=emixly
Qutput of the generator,
WeaVipn [y =440 90~ 39,600 W
Mechanical power input
=Bhp«746 (assume Bhp=746 Was it js
not mentioned in the metric
system)
=65 % T46 =48,490 W

{v) .~. Copper losses
=electrical power developed — elect. power
output
=45,000 — 39,600 - 5400 W

(vi) Stray losses
-==mechanical power input--electrical power
developed in armature
=48,490—45,000=3490 W Ans.

(vii) (@) Electrical efficiency (n,)
Electrical power output
“power developed in armature
"'i':% « 1004, 889,

» 100%,

(b) Commerical efficiency (5.}
electrical power output

=mechanical power input 100%

..::':23:( 100% =81.679%,

(c) Mechanical efficiency ()
power developed in armature 1002
“mechanical power input
45,000 o _ o
~ 35y " 100%=923%

7.28 RATING OF A GENERATOR

The rating of generators are generally given
in terms of voltage, current, speed and output.
All these particulars are provided on the name
plate of the generator. Suppose the following
details are given on a name plate :

Voltage —220 V
Current—10 A
Output—2.2 kW
S —2800 rpm
ype—dc Shunt

1t means that the generator generates avoltage
of 220 V at 2800 rpm and is capable of giving
a current of 10 A at an output of 2.2 kW.

7.29 TROUBLE SHOOTING OF DC GENERATOR
The 1 of dc

d r
generators are given in Table 7.1

1o F "
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7.15 A short-shunt p d deli B0 A at a terminal voltage of
210 V through a pair of feeders of total resistance 0.28, The armature resis-
tance s 0.058, series field resistance 0.06% and shunt field resistance 57.70.
Find (i) terminal voltage of the gegerator and (ii} the emf generated.

(Ans. 230.8 V; 235 V)

7.16 A long-shunt d t lies a load of 11 kW at a terminal
voltage of 220 V. The armature resistance is 0.040, series field resistance
0.060, and shunt field resistance 1J09. Find (i) the armature current and
(iiy the emf generated. (Ans. (i) 52 A; (ii) 225.2V)

+7.17 A long-shunt pound gencrator supplies a Ioad at 110 V through a pair of

feeders of total resistance 0.04Q. The load consist of lighting load of 110
lamps of 150 W each and two motors each taking 15 A. The shunt field
resistance is 29.3Q, series field resistance 0.025Q and armature resistance
0.058. Find (i) the load current, (ii) the armature current and (iii) the emf
generated. (Ans. 1BOA; 184 A; 121 V)
7.18 A 500 V shunt generator has a full load current of 78 A. The stray losses
are 548 W. Calculate the Bhp (metric) of the primemover at full lToad if
the and field resi esare 0.12 and 2508 respectively.
(Ans. 56 Bhp)
7.19 A shunt generator supplies to a load of 145 A at 250 V. The shunt field
resistance is 500 and armature resistance is 0.04Q. If the iron and friction
losses amount to 392'W, find (i) the emf generated, (ii) copper losses, (iii)
Bhp of the driving engine, (iv) electrical efficiency and (v) mechanical
efficiency. (Ans. 256 V 2150 W, 524 b 94.4%, $8.98%

7.20 A petrol engine of 26 Bhp is mechanically coupled with a shunt generator
which supplies a load of 75 A at 220V. If the shunt field resistance is
440 and armature resistance 0.2, find (i) copper losses, (ii) iron and fric-
tion losses and (iii) overall efficiency of the machine.

(Ans. 2380 W; 516 W, 685.06 )

7.21 The output of the shunt generator is 37.3 A at 270 V. The shunt field
resistance is 1002 and armature resistance 0,058, 1f the total efficiency at
this load is 909, find (i) copper losses, (ii) stray losses and (iii) Bhp of the
orimemover. (Ans. B09 W; 310 W; 15 Bhp)

7.22 A short-shunt d pplies 50 A at 110Y¥. The shunt field
resistance is 6461, scries ficld resistance 0.2 and armature resistance 0.25Q.
Iron and friction losses are 250 W. Find (i) the emf generated; (ii) copper
losses in (a) shunt field, (b) series field (¢} armature, and (d) total copper
losses; and (iii) total efficiency of the machine.

(Ams. (i) 151 V; (ii) 256 W, 1620 W, 2116 W, 3992 W; (iii) 70%;)

7.23 A short-shunt p d lics a load of 11 kW at 220 v
through a pairof feeders of total resistance 02 Q, series field resistance 0.15 Q
armature resistance 0.020 and shunt field resistance 47Q. Stray losses are
305 W. Find : (i) thermal voltage, (i) the emf generated, (iii) copper losses,
{iv) Bhp of the driving engine and (v) ial and clectrical efficienci

(Ans. (i) 237.5 V (i) 238.6 V; (iii) 2123 W; (iv) 18 Bhp; (v) 81.99, 83.89,)

7.24 A long-shunt pound generalor lies to a load of 80 A at a terminal
voltage of 240 V. The resistance of the shunt field winding, series fitid -
winding and armature are 808, 0.048 and 0.03Q respectively. The driving
engine develops 30 Bhp. Find: (i) armature copper loss, (ii) shunt field
copper loss (iii) series ficld copper loss, (iv) total copper loss and (v) stray
losses. :

{Ans. (i) 206.67 W; (i) 720 W (iii) 275.56 W; (iv) 1202.23 W (v 1977.77 w)
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7.25 A long-shunt p d lies a full load current of 190°A at
a terminal vollage of 250 V. The resistance of armature, shunt field and
series field windings are respectively 0.040, 500 and 0.020. Iron and fric-
tion losses are 4%, of the full load cutput. Calculate : (i) the eml generated,
(ii) copper losses and (iii) overall efficiency.

(Ans. (i) 261.7 V; (i) 3531.5 W (lii) 89.7%;)

7.26 A four pole, lap d shunt g lies to a load of four motors
each taking 30 A and a lighting load of 46 lamps, 100 W each at 230 V.
Armawre and shunt field resistances arc respectively 0.258 and 469. If
stray losses are 1.14 kW, find : (i) total armature current, (ii) current in
each path, (iii) the emf d, (iv) power developed in the armature, (v)
copper losses and (vi) electrical, ial and mechanical efficienci

(Ams. 145 A; 36.25 A; 268 V; 38.86 kW; 6.66 k'W; B2.86%,; 80.5%; 97.15%)

7.27 A four-pole, wave- d, long-shunt g pplies toa Joad of five
motors, each taking 20 A and a lighting load of 50 lamps, 200 W cach
at 500 V. Armature, series field and shunt field resistances are respectively

0.2, 0.3 and 0.50£. If stray losses are 350 W, find : (i) total armature current,

(ii} current in each path, (iii) the emf g ted, (iv) power developed in the

armature, (v) copper losses and (vi) electrical, commercial and mechanical

efficiencies. Assume brush contact dropof 2 Y.

(Ams. (i) 130 A; (ii) 65 A; (ili) 567 V (iv) 73710 W, (v) 13710 W; (vi) 81.4%,

81J019%, 99.5%)

REVIEW QUESTIONS

7.1 What is el gnelic induction 7 Describe the ¢ ion and working
of a dc dynamo.

7.2 (a) Draw neat skeiches of the principle paris of a dc gencrator and briefly
state the function of each part.
(b) Draw the ficld connections of the three types of a self excited generator

with a field regulator.
7.3 (a) Explain the difference bﬂmﬂ a shunt and a series generator.
(b) In a long-shunt P the p ial difference at the

terminal is 240 V, the shunt field resistance is 1200, series field resistance
0,040, armature resistance 0.0350 and Joad current 56 A. Calculate :
(i) output of the generator, (i) the emf gencrated and (iii) total copper
losses.( State Competition, Aug. 1971 ELECT.)
(Ans. (i) 13.44 kKW (ii) 244.35 V (iii) TILI W)
7.4 Compare the working of a dc series and shunt gencrator and cxplain their

characteristics. (NCY'T 1973).
7.5 Write brief notes on any three of the following: (i) series d , (i1

compound dynamo, (iii) shunt d and (iv) sparking at the brushes of a

dynamo. (Inter 1.T.1, Competition, Delhi 1966).
7.6 (a) Describe in detail the function of a in a de g

(k) What are the possible causes and their r ies for i k

in the commutator ? (Stare Competitton, Aug. "71)

7.7 (a) Explain briefly with the aid of diagrams the difference between series,
shunt and compound dc generator.
(b) A dc shunt generator delivers a current of 96 A at 240 V. The armature
resistance is 0.15Q and the ficld winding has a resistance of 60&. Assuming

138
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a brush contact dropof 2 V, calculate : (i) the currem in the armature
and (i} the generated emf. (Ans. 100 A, 257 V)
(Al India Skil{ Comperition 1969 Eleetr)
7.8 A shunt-wound generator delivers a Joad of 40 A at 440 V. If the resistance
of the armature is 0.8Q and that of the shunt field 2200, caleulate : (i) The
current in the armature, (i) the emf generated, and (iii) copper losses

in the generator.  Illustrate with neat diagrams.
(Ans. (i) 42 A (i) 473.6 V (iii) 2291.2 W)
7.9 What are the various losses that occurs in a dc generator. (NCVT 1970)
7.10 How are dc gencrators classified. Show by simple diagrams the various types

and briefly state their characteristics. (NCV'T 1980 W{man)
7.11 (a) Explain why the g isation curve is not a straight line,

(b) What is interpole? What is its purpose? How its winding is

(¢) A certain may be d for cither or selfl

Which of the two connections should be used to obtain better voliage
regulation. (4l India Skill Competition 1985)
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hand in such a way that the thumb, first finger
and middle finger are at right angles to each
other as shown in Fig. 8.2 such that the first
finger points in the direction of flux (from
nprth‘to south) and the middle finger in the
direction of current in the conductor, then the
thumb will indicate the direction in which the
force will act on the conductor.

FORCE

CURRENT
Fig. 82 Fleming's left-hand rule

The ma;ni-tudc of the force exerted is given
by the equation:
Fe=pIL
where B=flux density in weber/metre?
I=current in amperes
L=active length of the conductor in
metres

F=force developed on the conductor
in newtons

8.3 DIFFERENCE BETWEEN CONSTRUCTION
OF DC MOTOR AND GENERATOR

There is no essential differencein the construc-
tion between ade motor and a dc generator.
The same machine may be used as a motor or
generator. The dc generators are generally
of the open type for better cooling while dc
motors are usually partial or completely enclo-
sed as they are required to operate on rough
work such as flour mills, saw mills, ete.

8.4 WORKING PRINCIPLE OF DC MOTOR

The working of a dc Motor depznds upon the
principle that when a current-carrying conduc-
tor is kept in a magnetic field, a force acts on

the conductor which tends to rotate it. How
this force acts and produces a continuous
motion is explained below:

In Fig. 8.3, a sectional view of a loop of
wire is shown under north and south poles.
The current in conductor 4 is shown inward
while in conductor B it is outward. A force
will act on both conductors A and B which

Fig. 83 Force actisg on a current carrying
conductor

will tend to rotate the loop in the anticlock-
wise direction as given by the Fleming’s left
hand rule. This force will act till the conduct-
ors are in the magnetic field. Therefore to
obtain a continuous motion, many conductors
are é:lmd such that if one leaves the magne-
tic field, another enters it.

When loop AB starts rotating, after a very
short time,conductor B will come under the
north pole and conductor A under the south
pole. Now the current in conductor B is
inward, while in conductor 4 it is outward as
it is automatically changed with the help of the
commutatoras explained in the previous chap-
ter. Again an anticlockwise force will act on
the loop of wire and thus a continuous motion
in the anticlockwise direction will be obtained
in this case.

8.5 TERMS USED IN DC MOTORS

Back Emf or Counter Emf When the arma-
ture of a motor (carrying a conductor) rotates
in a magnetic field, an emf is generated in its
conductor according to Faraday's laws of
electromagnetic induction. This emf gene-
rated in the conductor acts in opposition to
the applied voltage (V) and is therefore called
the back emf or counter emf represented by
Ep,  1ts value is always less than the applied
.voltage.



Consider an armature having a conductor
under the north pole as shown in Fig. 8.4 (a).
If the conductor is carrying current m_wnrd.
then a force will act on the conductor in the
anticlockwise - direction. Now if the same
conductor is moving under the north pole in
the anticlockwise, an emf will be generated in
the conductor which will act in the outward
direction accordipg to Fleming's right hand
rule as shown in Fig. 8.4 (b). From the
above it is clear that the applied voltage is
inward and the induced emf is outward.

I
N N

a— 6
CONDUCTOR CARRYING CURRENT PRODUCED

CURRENT INWARD OUTWARD
(a) (b}

Fig. 8.4 Back emf

The back emf is induced due to the motion
of the conductors in the magnetic field, and
therefore its value is determined by the emf
equation of generator as:

PN _Z

=ity = ¥

Ey 0 a
This back emf (E) is always less than the
pplied voltag b if it becomes
equal to it, no current will flow through the
armature and thus the motor action will stop.
The current through the armalture is due to
;he net emf acting on the armature. There-

ore

_V=E
L="%; ®.1)
or I.Re=V—E,
or Ey=V—I.Rs 8.2)
Similarly, V=Es+laRe (8.3)
where E,=back emf

IaRa=armature drop
V=applied voltage

Ezleﬁplying both sides of Eq. (8.3) by L, we
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VIe=Edet1: Ra
where V Is=power input to the armature
E,I. =power converted into mechanical
energy
I} R,=armature copper losses
Equation (8.4) is called the power equation of
the motor.

(8.4)

Torque Torque may be defined as the turning
or twisting moment of force about an axis. It
is measured by the product of force and
radius at which the force acts. Therefore,
Torque, T=Fxr
where  F=force acting in newtons
r=radius in metres
T=torque developed in newton
metres
Let F be the force acting on a pulley of
radius r m which revolves at a speed of N
revolution per minute (Fig. 8.5). en the
work done in revolving the pulley through one
revolution is given by

Fig. 8.5 Torque acting on pulley

Work done=force ¥ distance
We=Fx 2nr
or W=2nT(." T=FxXr)
Work done by the force in 15

N
Y Jsor W
=2nT Is

Horsepower developed
_2%TN
0% 746 8.5)
One horsepower is equal to 746 W in the
British system and 7355 W in the metric
system. Ih this case the British horsepower
is taken to be the international standard.
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Armature Torque  Every armature conductor
of a dc motor lying under a pole produces a
torque, which tends to rotate the motor. The
sum of all these torque is called the armature
torque or gross torque,

Let T. be the armature torque of a motor
running at a speed of N rpm, then the power
developed in the armature is

TN
Bhp=5% 746
=20 TN X746 W
60 746
=2 TNy
60

However power developed in the armature is
also E,la

. =2'Ta~
. Euvlg 0
EyIs % 60

=N
_.9.55 Ela
===y

or T

N-m (8.6)

Shaft Torque The shaft torque Tan is the net
torque available at the puolley for doing useful
work while the armature torque is the total
torque developed in the motor. The shaft
torque is a little less than the armature torque
because some power is used in overcoming the
stray losses (i.e. iron and friction losses).
The horsepower available at the shaft of the
motor is known as brake horsepower (bhp).
The difference between Ta and T is called
lost torque.

Let Tyn be the shaft torque of a motor
developing a power when running at a speed
of N rpm. Then

22Ty N

bhp= %746
__ bhpX 60% 746
Typ== S~ OV A (A1
m 2=N

N-m (8.7)

We know that E,J,
2=T N
‘“T w (n
_P$NxZ
60xa
Substituting the value of E, in Eq. (i), we

t
& PNZXI, _ 2T, N
60xa 60

But Es

or 20T Nx60xa=P$NZ I, % 60
e T, =§NZ_!,)<_6_Q
: T 2NX60Xa
T.=KI$ (where K=const)

Tl é (8.8)
where J,=current tlowing through the arma-

ture

$=field flux per pole
T,=Armature torque produced in new-
ton-metre

Exampie 8.1 The power developed at the shaft of the
motor is 22 hp. Calculate the speed if the torque is
210 NW-m.

Solution : We know that
_ bhpx60x 746
Shaft torque, T =

N bhpx 60x 746
s Speed, N= T —
22 60 %746
_w-:?% rpm A.m
1
Torque of dc Motor
Tl ¢
. This means that the torque of a2 d¢ motor
is directly proportional to the "armature
current and field flux. Heavier the load on a
mator, greater will be the torque exerted by
the armature conductors, and stronger the
field flux of the motor, more will be the
torque developed.
Speed of dc Motor The back emf is given by
E,P#NZ
* 60xa

However for a gi tor £Z
eve a given motor 0%

Let it be equal to K. Therefore
K¢N=Es
Es
EN==
Py

. E
r Nee =%
° #

We know that

is constant,
a

(8.9)

This means that if E, increases, the speed
will increase, and if it decreases, the speed
will decrease.  Similarly, if 4 (flux) increases,
the speed will decrease and if ¢ decreases, the
speed will increase.

Let Ni, ¢ and Ej, be the speed, flux per
pole and back emf when the motor is on no



load. Also, Let Ny, ¢; and Ep_ be the speed,
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shows the relation between the speed and
torgue developed of a motor.

flux per pole and back emf when the hi
is loaded. Then

KE

M= _ b i
1 5" )
KE,
and Ny= T“L (i)
Dividing Eq. (i) by Eq. (ii), we have
M By 4
N; é Ey "
or Ny % (8.10)
) N, Ep, '
sy Ton I
imilary, To, = . % {8.11)

8.6 CHARACTERISTICS OF DC MOTORS

The characteristic curves of a motor are the
curves which show the relation between arma-
ture current, speed and torque. The follow-
ings are the characteristic curves of a motor:

(i) Torque and Armature Current Char

8.7 POWER STAGES OF DC MOTOR

The losses which occur during the transforma-
tion of electrical energy into mechanical
energy can be shown diagramatically as in
Fig. 8.6.

8.8 EFFICIENCY OF DC MOTOR

The efficiency of a motor is equal to the output
developed by the motor divided by the electri-
cal input of the motor, i.e. input minus the
losses divided by the input. The efficiency
can be calculated in the same way as for the

dc generator. It is usually expressed in
percentage.

Effici — _output input—losses
ficiency input input
Percentage efficiency -=“i—:‘£'tix1oo%_

Efficiency in the case of motors can alse be
classified as in the case of pgenerators as
follows :

(i) Mechanical efficiency
(ii) electrical efficiency, and

tic (T//, Characteristic) This chakacteristic
is also known as the electrical characteristic
and shows the relation between torque deve-
loped and the armature current of the motor.

(ii) Speed and Armature Current Characteris-
tic (NV/I, Characteristic) This curve shows
the relation between the speed and armature
current.

(iii) Speed and Torque Characteristic (N/T
Characteristic) This characteristic is also
known as the mechanical characteristic and

FIELD COPPER
LOSS

(i) reial efficiency.
Mechanical efficiency

() = ¥ _ motor output
HI " mechanical power deyeloped
bhp X 746
=—ExL (8.12)

Electrical efficiency
() = m _ _mechanical_power d:_:\relopcd
I electrical power input
E,x 1,
=Vixh.
Commercial efficiency

(8.13)

POWER
ELECTRICAL SUPPLIED 10
POWER INPUT o M-STAGE
I-STAGE

Fig- 8.6 Different power stages of dc motor
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Vv motor bh

‘("I_‘) = T ™ dlectrical power input
_ bhpx 746
T VuxWe

Note : Iron and friction losses

== I{I—V=E, X ls—bhp

(8.14)

Copper losses = [—II=VLX I.— Ey % Ia

8.9 RATING OF DC MOTORS
The rating of a motor is usually mentioned
on the name plate of the machine as in the
example given below:
Horsepower — 5 hp
Voliage — 220 V
Current — 21 A
Speed — 2600 rpm
Type — dc shunt
This means that when a de shunt motor is
supplied with a voltage of 220 V, it runs at a
speed of 2600 rpm and is capable of delivering
5 hp when it takes a current of 21 A.

8.10 CLASSIFICATION OF DC MOTORS

The classification of de motors
below.

is shown

DC MOTORS

de CDLpolmd
motor

I
1

Ive com-
pound motor

de series
motor

de ah[lmt
motor

d Ci

Dﬂ\'erallll P
molors

4
811 DC SHUNT MOTOR

In a dc shunt motor the field winding is con-
nected in parallel to the armature ('8.7) and
y

DC SUPPLY

Fig. 8.7 DC-Shunt motor

hence the full line voltage is applied across.
it. Sothe shunt field winding consists of
thin wire of many turns.

The shunt field current is given by
ta
sh= Rnh

where ¥ = voliage applied across the shunt
field winding
Run= resistance of the field winding
Im= current of the field winding
As V and Rsn are constant, the shunt field
current fun is constant and hence the field
flux ¢ is t and independent of the
load current. Therefore, the speed of the
shunt motor will be constani. The current
taken by the armature is o= Jr— .

812 CHARACTERISTIC OF DC SHUNT MOTOR

It is important to note that while considering
and discussing the characteristics of dc shunt
motors, the following relation should always
be kept in mind:

Toclad

and N -‘g’-

T|Is Characteristic We know that
Tac i ¢

But ¢ is constant in shunt motors and hence
Tl

This means that if /s (or load current)
decreases, the torque decreases and if fo
increases, the torque increases. Shunt motors

TORQUE

Tsh
/

) S—

Fig. 8.8 T}/, characteristic



are never used at heavy load because a heavy
load will require a heavy slarting current
which may cffect the voltage regulation of
the supply and the connected installation.

This characteristic is shown in Fig. 8.8,

N/I: Characteristic For dc motors the speed
Eu
Nx )
But E=V-ILR,

Since R, is very small, the /,R, drop does
not change very much with the load and
hence E, is approximately constant. The
field flux of a shunt motor is also approxima-
tely constant and hence the speed of adc
shunt motor is approximately constant.
Therefore, this motor is used for constant
loads, such as in water pumps, saw mills,
blowers, lathes, wood-working machines, etc.

[ —

sz

o —

Fig. 8.9 NI, characteristic

Strictly speaking, both E, and ¢ decrease.

with the load. However E, decreases a little
more than ¢ and hence the speed N of the
motor decreases a little with an increase of
load. There is no d of attaining the
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\

]

—_—
Fig. 8.10 N/T characteristic

down. The decrease of speed reduces the
back emf and more current flows thro
the armature which increases the torque
within the capacity of the motor. Again,
if the load is suddenly thrown off, the motor
will not speed uirsmoe the field strength is
c;::dl.ant and will accelerate at constant
speed.

ExampLe 8.2 A shunt motor tokes 72 A at 230V and
runs at 955 rpm. The resistance of the armature is
0.5 Q and of the shunt field is 1158, If the iron and
friction losses are 968 W, find . (i) bhp, (ii) copper
losses, ({ii) armature torque, (iv) shaft torgue, (v)
lost torgue and (vi) commercial ¢ fficiency.

Selution : 1nput of the motor,
Wl x [e230%72= 16560 W
Shunt field current,
230
fn= oS F =2A
Armature current,
TymIp—I=T2—2=70 A
Back emf, Ey=V-1I,R,
=230—70x0.5
=230-315=195V
Driving power developed =E, x I,
=195 % 70=13650 W

motor a high speed at little load because the
speed does not vary much with load (see
Fig. 8.9 for N/, characteristic).

N/T Characteristic This characteristic is
shown in Fig. 8.10 and can be found from
curves | and 2 as shownin the two curves
of the dc shunt motor. The N/T characteris-
tic falls a little due to the fact that when the
load is increased, the motor tends to slow

I power output of motor=driving power—
stray losses —13650-968=12682 W

@ bhp YR B2 17 Ass

{ii) Copper losses =input—driving power
==16560—13650=-2910 W Ans.
(iif) We know
Armature torque,

1. 355 xEnls
<N
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9.55x 195 70
= 55
=136.5 N-m Ans.
(iv) Shaft torque,
bhp x 60 746
Tanes e N

17260 % 746
2x 7 X 955
1760746 %7
= —?E-X—F—=]26.?5 N-m Ans.
(¥) Lost torque =T,—Twm=116.5—126.75
=9.75 N-m Ans.
(vi) Commereial cfficiency,

oulput
q,--.—-—-—m':: x 1009,

12682 100
R T

=76.58% Ans.

Exampie 8.3 A shunt mator of 230 V takes 5 A on no
load and runs at 914 rpm. The resistance of armature
is 0.5 Q and of the shurt field 115 Q. Find the speed
when it is loaded taking curremt of 30 A. Assume
that the armature reaction weakens the field by 109,
when loaded.

Solution : Shunt ficld current,

Vo230
Tone= T = TIE =2
Armature current at no load, Jy=lo—J=5—2=3A
Armature current when loaded, oy —1,
=30—-2--28 A
Back emf, Eﬁ) atno load=V—I,R,
=230=-3%0.5
=228.5Y
Back emf, Ep, at load =230-28x0.5
=230—14=216 V¥

#, =100
$y =100—10=90
We know, .
Ky oy
[ Eb. &
«» Speed when loaded,
N, = MEb, &

Ep 4,

ExameLe 8.4 A 110V shunt motor fakes a eurrent of
5 A at light load (i.e. running withour load). If the
armature. resistance is 0.5Q and of shunt field is

HOQ, ealenlate (i) stray losses, (if)  horse power

aid (iii) efficiency of the motor when if is working
on full load and takes a current af 83 A.
Solation : Shunt field current,

¥V 110
J’..u.-kn—u

10 =1 A
Armature current at no load, f,=t; —I;=5—1=4 A
Armature current when loaded, fo=f; — 1,~83—1

=82 A

Back emf at no load, .Eb‘ =V=I,R,=110—4x0.5
=110—2
=108 V

Back emf at load, Ep, =V—IR,=110-82x0.5
= 110—-41=69 V

Driving power at no load, i.c. stray losses

Byl =108 %4=432 W Ans.
Driving power at load =Ep %lg, =69x82=5658 W
Output of the motor «driving power (E, x /,)—stray
losses 565843225226 W

output_
PP =736

=—s;j% =7.0A Anms.

Input of the motor, WeFxf-110x 83~ 9130 W

52263 100

Efficiency, n%-— 9170

=56.13%, Ans.
8.13 DCSERIES MOTOR

In the dc series motor the field winding is
connected in series to the armature as shown
in Fig. 8.11. As the ficld winding is connected

SERIES
WINDING

DC SUPPLY

Fig. 8.11 DC series motor

in series to the armature, it carries full load
current and has to be of thick wire of few
turns. The line current taken by the motor
is equal to the armature current or field
current, i.e.

Ie=I=<1I



Ir=)oad current or line current
I,—~armature current

Ir—=series field current

Also, the applied voltage is given by
V=E,-+ 1R+ IRy

where

where  E,==back emf induced
I.R,~voltage drop in the armature
and ItRy=voltage drop in the series field

winding.

8.14 CHARACTERISTICS OF DC SERIES MOTOR

T/I, Characteristic We know that
Teclé
It means the torque of the dc motoris
directly proportional to the armature current
and field flux per pole. But the field flux is
roportional to /r or /, as it is a series motor
till saturation takes place). Thercfore
Taxl,»1,
Tl
After saturation, flux (¢) is almost indepen-
dent of I, and therefore after saturation
Tal, only. The T/l curve is shown in Fig.
8.12, As Tec]? (before magnetic saluration%,

or

T

o

Fig. 8.12 T/I, characteristic

series motors have high starting torque on
heavy loads and are therefore used for clee-
tric cranes, electric trains, hoists, etc.

N/I, Characteristic We know that
E,
Nec b
P

But Ey=V—I,R,
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However the /R, armature drop does not
change much with variation of load (R, being
very small). Therefore, E, is approximately

constant for different loads. Hence Noc -%

But in a series motor, ¢ is proportional to Ir
or [,. Therefore
I
Neo I,
It is clear that if load increases, the speed
will decrease and if load decreases, the speed
will increase. This means that when the load
is heavy, J, is large and hence the speed is
low and the torque is high. However when
the load is completely removed, the armature
current falls to a small value and thus the
speed becomes dangerously high. Hence
series motors are never started without load
and are only used where there is no possibility
of load being removed from the motor just as
a belt pling or rope coupling because u
sudden removal of the load would cause the
motor to attain a dangerously high speed.
Small motors may be used without a belt
because their large frictional resistance repre-
sents appreciable load on it which limits the
motor to reach dangerous speeds. The speed/
armature current curve is shown in Fig, 8.13,

N

[o] p—

a
Fig. 8.13 N/T. characteristic

From the above description, it is clear that
a series motor is a variable speed motor which
adjust its speed according to load.

NIT Characteristic The output of the motor
is given by
bhp= 2=TN

60746
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_ bhp x 60 746
or e L

But 2t x;f 7746, constant for a given load.

. 1 k=
.. T KN (K wmt)
or Tx FI
For constant load, if the s is increased,
the torque decreases and if the speed

decreases, the torque is increased. The speed/
torque curve is shown in Fig. 8.14.

|

0 —T
Fig. 8.14 N/T characteristic

ExAMPLE 8.5. A series motor takes 60 A ar 230 ¥
and runs at Y35 rpm. The armature resisiance is 020
and the series field resistance is0.15Q. If the stray
losses are equal to 604 W, calculate (iy the back emf
(#i) capper losses, (iii) bhp, (iv) total forgue, (v) shaft
tarque, (vi) lost torque, and (vil) commercial egiciency.
Solution:
Total resistance of the motor, Ry =0.2+0.15=0.35 Q
Back emf, Ey, =V-I,R,
=230-60x0.15=209 V Ans.

Input of the motor W = V[
=230 x 60 = 13800 W

Driving power w=Ey % [,=200 %60~ 12540 W
Copper losses =input —driving power

=13800—12540=1260 W Ans.
Output of the motor =Driving power —stray losses

. = 12540 604=11936 W
output_ 11936

bhp of the motor =% = 746 16 Ans.
Total torque, T —g‘i}‘sﬂ-‘-

955209 % 60

955

=125.4 N-m Ans.
746
Shaft torque, Ty _‘hh_z_w_pxSOx
_16x60xT46 %7
T Ix2Ix 955
=119.3 N-m Aas.
=Ty=Tin
=125.4—119.3=6.1 N.m Ans.
output < 1009
Commercial efficiency, ”"-__vinpul. o
_ 11936 100%,
- 13800
=86.35%, Ans.

Lost torque

ExampLe 8.6 Calculate the current taken by a series
motor which runs ar 728 rpm, when then potentiul
difference across its terminals is 220 ¥. The shaft
torgue iz 150 N-m and the eficiency at this foad iz

80%.

Solution:
Let the current taken by the motor=f A
.. Input of the motor, W=¥FxlI

' =220 W

. 00
We know efficiency, %=%—‘l—%

input xn%
-
=2201x!x80 w

.*. Output (i.e. bhp)
i)
But

Shaft torque _bhpxﬁtlxﬂﬁx'-'

®22x 728
bhp x 60746 %7
22 T2R
150 2 22 T28 « T46 w
60<746 %7 "
i)

T
150=

bhp =

From Eqgs. (i) and (ii), we have
a‘mxmxlmlmexﬂxTHxTH

60xT46 % T
.. Current taken by motor,
150222 % 728 « 746
1="g5% 746 7 0.80% 330

=65 A Ans.
8.15 COMPOUND MOTORS

Compound motors are a combination of
series and shunt motors. A compound motor
h:}s two field windings, one is a series field
winding and is connected in series with the
armature winding, and which ‘is therefore
made of thick wire of few turns. The second
winding is called the shunt field winding and
is joined in parallel with the armature and is-
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flux is produced by the shunt field winding.
Therefore, the motor has approximately con-
stant speed at different loads within the
capacity of the motor. All compound motors
are usually commulative connected.

This type of motor is used where a heavy
load is suddenly thrown ox and orr, such as
in 1olling mills, heavy tool machines, big
presses, printing machines, punches, shears,
elevators, heavy planners, conveyors, etc.
Owing to the sudden change of load, the
motor will tend to change its speed (having a
characteristic of the series motor). Therefore,
in case of large output motors, the change of
speed is ﬁrulecl:d by providing a fly wheel on
the shaft of the motor which serves asa
constant load in the case of a sudden fall of
load on the motor.

8.18 CHARACTERISTIC OF DC COMPOUND
MOTOR

Motors of this type are usually commulative-
comnected and therefore while discussing its
characteristic, we will consider only the com-
mulative compound motor. As discussed
carlier, in these motors, the series field flux

N SHUNT CHARACTERISTIC
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Fig. 8.18 N/Tch istic of
compound motor

helps the shunt field flux. Therefore the
speedftorque characteristic of this motor lies
in between the characteristics of the series
and shunt motor as shown in Fig, 8,18,

8.19 APPLICATIONS OF DC MOTORS

A summary of the applications of de motors
are given in Table 8.1,

TasLe 8.1

Types of motor

Working characteristic

Applications

DC Series Motor

DC Shunt Motor

DC Commulative Compound
Motor :

(f) It is a variable speed motor
having high starting torque
under heavy load

(4i) Started on load but load should
be constant within the capacity
of the motor

(i) It is a constant speed motor
from no load to full load. lts
starting torque is low but run-
ning torque is good,

(ify Started without load and con-
stant load is put on it.

It is a variable speed motor
and is used for intermittent
high starting torgue.

Series motors are used where high
starting torque is required, such
as in electric trains, trams, cranes,
lifts, conveyors, etc,

Shunt motors are used where cons-
tant speed is required at fow start-
ing torque, such as in woed work-
ing machines, water pumps, blow-
ers, lathes, ctc.

This motor is used where intermit-
tent high starting torque is required
as rolling mills, heavy tool machi-
nes, big presses, printing machines,
punches, shears, heavy planners,
clevators, conveyors, etc.




8.20 NECESSITY OF STARTERS

When a motor is connected to the supply,
heavy current will flow through the armature
as the armature resistance is very low.
Moreover there is no back emfin it at the
time of starting. Therefore to reduce this high
starting current, resistance is connected in
series to the armature at the time of starting
the motor. This resistance is gradually cut
oflf as the armature gains speed because the
armature develops back emf and hence the
current falls. Therefore, to starta motor,
a starter having variable resistance is required.

8.21 TYPES OF STARTERS

The dc shunt or Compound Motor is started
by the following two types of starters:

(i) The dc three-point starter, and

(ii) the dec four-point starter,

8.22 DC THREE-POINT STARTER

The dc shunt motor is started by a three-
point starter isting of the resist
bandle, studs, no-volt coil and overload
release as shown in Fig. 8.19,

When a motor is connected to the supply,
the current to the armature goes through the
starting resistance and the field winding is
connected directly to the mains through the
no-volt coil. When the motor attains speed,
some back emf is induced inthe armature.
The starting resistance is gradually cut off
and thus the starting current is reduced to a
low value.

No-volt Release Coil No-volt and overload
release coils are the safety devices provided

in the starter. The no-volt coil ists of a
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Fig. 819 Shunt motor with three-point starter
1. Starting resistance

2. Brass studs

3, Starting handle

4, -\lo-glt release coil

5. Spring

6. Overload release

T. Tripping lever with contact point
8. Current adjustment

9. DPIC main switch

10. DC motor

11. Live terminal

12. Shunt field terminal

13. Armature terminal

connected in series to the armature. This coil
will only be sufficiently magnetised when

thin wire of many turns and is connected in
series with the field winding of the motor.
This coil is magnetised when the current flows
through the shunt field winding. Its function
is to attract the handle of the starter and
keep it in the on position. It releases the
handle and goes to the orr position by the
spring tension due to the failure of sutpply
and in this way disconnects the motor from
the supply.

Overload Release Coil Its function is to de-
magnetize the no-volt release coil in the
case of fault or overload of the machine. It
consists of a few turns of thick wire and is

ive current flows through the armature
due to overload or some fault. Now the
coil attracts the tripping plunger which short
circuited the terminal of the no-volt coil.
The no-volt release coil will be demagnetised
and release the starting handle which will
come to the ofF position at once due to the
spring tension. Thus the motor stops.

8.2} STARTING OF DC COMPOUND MOTOR

The use of the dc three-point starter with the
compound motor is shown in Fig. 8.20. Its
use is the same as in the case of the dc shunt
motor except that the series field winding is
connected in series with the armature.



This starter isused at places where much
speed regulation is required. For maximum
variation of speed a high rcsistance in series
is put with the shunt field winding. 1f instead
of a four-point starter, a three-point starter
is used, this high resistance will reduce the
current of the shunt field winding. “However,
the no-volt release coil is connected in series
with the shunt feld winding and thus the
current passing through the no-volt coil is
also decreased. Thus the no-voit release coil
will be unable to produce sufficient magnetic
power and therefore releases the gripping
handle to the oFf position.

In the dc four-point starter the no-volt coil
is connected across the supply mains. There-
fore, the current passing through it is
independent of the shunt field current and
thus higher speed can be obtained by putting
a higher value of resistance without the
interruption of the handle. This method of
speed control is employed where a much
higher speed than its rated speed is required.

8.25 STARTING OF DC SERIES MOTOR

A dc series motor is started by the two-point
dc series motor starter.

8.26 TWO-POINT STARTER

Series motors are started by the two point
dc series motor starter in which there is a
starting resistance of low value and of high
current carrying ity. This resi is

Fig. 8.22 Two-point series motor starter
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completely inserted in the motor circuit at
the time of starting the motor and is gradually
cut off when the motor attains normal speed.
This resistance is inserted in the circuit
because the motor takes heavy current at
starting as the resistance of the motor is very
small and moreover there is no back emfin
it. This resistance can also be used as a
speed regulator if it is designed for continuous
rating.

In this starter various protective devices
such as the no-volt release coil and overload
release coils are also provided for the protec-
tion of the motor ang their function is the
same as discussed earlier. The connection
diagram of such type of starters are shown in
Fig. 8.22.

8.27 CHANGING DIRECTION OF ROTATION

The direction of rotation (DOR) of a dc motor
can be reversed by either reversing the direc-
tion of current in the field winding or in the
armature winding.

Consider a conductor of armature carrying
current inward placed under theinfluence of the
north pole as shown in Fig. 8.23. By applying

>—0og

®

Fig. 8.23 DOR changes with the changes
of either armalure carrent or
field current

Fleming's Left hand rule, it will be seen that
a force will act on the conductor which will
move it in the anticlockwise direction. If now
the current in the armature conductor is
changed from inward to outward, the direc-
tion of rotation will also be changed and now
it will be clockwise as shown in Fig. 8.24.
Hence the direction of rotation of the motor
can be changed by changing the armature
current.

Again that a cond

tor carrying
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Fig. 8.24

- ® Y05
Fig. 8.25

current inward is placed under the morth

le as shown in Fig. 8.25. Therefore, a
orce will act on the conductor which will
move it in anticlockwise direction. On chang-
ing the current through the field winding, the
polarity of the pole will be changed from
north to south and the same current carrying
conductor will again experience a force
acting in the clockwise direction as shown
in Fig. 8.26.

S

e
@
DC SUPPLY
. Fig. 826

Note : Forthe reversal of direction of rotation
of dc motors, either the current
through the field winding or in the
armature is changed, if the direction
of current in both is changed, the
direction of rotation will not change.

The direction of rotation of series, shunt
and compound motors are changed by chang-
ing the armature current and field current as

shown in Figs. 8.27, 8.28 and 8.29.

W - A L

L(3]

Fig. 827 (a) Original connection
(b) Armature current changed
(¢} Field current changed
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The motor generator set always runs at
constant speed in one direction and the speed
of the main motor can be changed by chang-
ing the direction of the field current of the
generator. Therefore a reversing switch is
provided in the field winding of the generator
which reveises the direction of the field
current. Thus the polarity of the emf genera-
ted is changed and hence the direction of the
main motor is reversed.

The disadvantage of this system is that its
initial cost is very highand the efficiency is
less. This method of speed control is used
where very semsitive variations of speed is

quired as in reversing mills, ele , mines,
hoists, etc.

pound Motor The
speed regulation of de compound motors is
nmimd by the same manner as inthe case of
the dc shunt motor,

8.32 ARMATUTRE REACTION

Just as in dc generators, in de motors also the
flux produced by the ar also effects the
main magnetic flux produced by the field
winding. In the motor the MNA is shifted
from the GNA to the opposite side of the
direction of rotation (i.e. opposite to the

generator), so the flux increases at the leading
pole tip and decreases at the trailing pole tip.
As the MNA lags behind the GNA, for
sparkless operation it is necessary to shift the
brushes opposite to the direction of rotation.

8$.33 COMMUTATION

Commutation in the case of dc motors is
exactly similar to what happens in the case of
de generators. It should also be noted that

“the method of decreasing the armature reac-

tion and commutation are the same as discos-
sed in dc generators,

Motk : The polarity of interpoles in the case
of dc motors is kept similar to that of
the main pole behind in the direction
of rotation of the motor.

834 LOSSES IN DC MOTORS

Losses in dc motors are the same as in the
generators, namely (i) copper losses and (in)
stray losses. These losses have already been
discussed in Chapter 7.

835 COMMON DEFECTS AND THEIR
REMEDIES IN DC MOTORS

The common defects and their remedies are
given in Table 8.2.
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8.13 A shunt motor ol 110V takes 4 A at no load and runs at 1919 cpm.  The resis-
tance of the armature is 0.5 0 and that of the shunt field is 50 Q. Find the
speed when it is loaded and taking a current of 60 A. Assume that the armature
reaction weakens the field by 59. (Ans. 1622 rpm)

8.14 A 110 V shunt motor takes a current of 4 A without load. If the armature
resistance is 0.2 & and the shunt ficld resistance 55 Q, calculate:

(f) Stray losses (i.e. iron and friction losses)
(ii) hp metric, and
(iify efficiency of the motor when taking a current of 66 A on full load.
(Ans. (i) 2192 W
(ii) 8.04 hp
(i) 82.68%)

8.15 A series motor takes 50 A at 110 V. The armature resistance is 0.1 Q and series

ficld resistance is 0.06 Q. If the stray losses are equal to copper losses at this

load, find :

(/) Back emf (Ans. (i) 102V
(i) bhp, and - (i) 6.3 hp
(iti) commercial efficiency {iti) B5.45%)

8.16 A 210 ¥ series motor takes a current of 40 A and runs at 840 rpm. The resis~
tance of the armature is 0.5 £ and that of the series field is 0.3 Q. If the stray
losses are 49, lesser than electrical losses at this 1oad, find :

(f) hp metric, and (Ans. (i) 8 hp
(ii) commercial efficiency. (iF) -70.14%,)
8.17 A series motor takes 50 A at 230 V. The resistance of the armature is 0.4 &
and that of the series field is 0.2 Q. Find :
({) Voltage at the brushes
(i) back emf
(fiiy ‘power loss in the armature winding
(iv) power loss in the series field winding, and
(v) driving power.
(Ans. ({) 220 V, (i) 200V, (iii) 1000 W, (iv) 500 W, (v) 10 kW)

8.18 Find the current taken by a series motor which runs at 350 rpm, when a poten-
tial difference across its terminals is 110V, The shaft torque is 120 N-m and:
the efficiency at this load is 80%,. (Ans. 50A)

8,19 A 500 V shunt molor having a shunt field 250 Q1 and resis-
tance 0.4 &, and running at a specd of 2454 rpm, takes a current of 25 A from
the supply. Calculate the speed if a resistance of 9.6 Q is connected in the
armature circuit when the current remains the same in the armature and field
circuit. (Ans. 1350 rpm/min)

8.20 A 250 V shunt motor has an armature resistance of 0.35 £ and a shunt field
resistance of 250 0 takes a current of 22 A {rom the supply when it runs at
2250 rpm.  Find the speed at which the motor will run if 2200 Q resistance is
connected in series with the shunt field if the current remains the same in the
armature. (Ans. 3600 rpm)

8.21 A 500 V shunt motor runs at its normal speed of 1923 rpm when the armature
current is 150 A. The armature resistance is 0.16 8. Find the speed when a
resistance is inserted in the field circuit reducing the shunt field current to 159,
of the normal value and the armature current is 75 A, (Ans. 2440 rpm)

REVIEW QUESTIONS

8.1 Explain the working principle ofa dc motor. Is there any difference in con-
stroction between a motor and a generator 7
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8.2 Explain why the rorque developed by a-de series motor is proportional to the
square of the armature current.
8.3 Explain back ‘emf. What is its relation to the applied voltage 7
8.4 Explain the working principle of a dc series motor and jts uses in various
industries. Why it is always started with a load on its shaft. Graphically show
the speed load characteristic of a series motor,
' (NCVT 1966 & 1972 Elect.)
8.5 What are characteristics of a shunt wound motor 7 State the purpose for
. which they can be ulilized. Draw a wiring diagram showing the necessary
equipment required for its operation.
(NCVT 1965 Elect.)
8.6 (@) Sketch a de shunt motar starter and show how the speed is controlled.
(h) Explain briefly the function of a no-volt coil and overload coil in the
above starter,
(All India Skill Compet, 1969, NCVT 1962 Elec1.)
8.7 (a) A dcshunt motor fails to start. 'What may be the probable faults and how
would you locate the trouble 7
{by Draw the internal ion diag; of a four-point stater and state how
it differs from a three-point starter.

(NCVT 1967 Elect.)
8.8 Sketch the shapes of the speed-torque characteristics of shunt and series de
motors, Explain the shapes of the curves. State the uses of each type of these
motors in industry.
(NCVT 1962, 64, 72, 79 Elect.)
8.9 Give the classification of dc motors. Draw connection diagrams and explain
principles of working of any one motor. State the factors on which the speed
of a de motor depends.
(NCVT 1982 Elect.)
B.10 (a) A four-pole dc shunt motor runs at a speed of 850 rpm when taking a
line current of 120 A from 440V supply mains. The armature is wave-
wound with 47 slots having six conductors, Determine the value of the
useful fAlux per pole given that the resistance of the armature is0.12 Q and
that of the shunt field 200 Q. (Ans. 0.053 Wh)
If the above motor has iron and mechanical losses totalling 3 kW, deter-
mine the efficiency of the motor and the bhp developed,
(Inter ITIUT Compet. 1969 Elect.)
(Ans. 94.37%,, 66.7 hp)
£.11 Describe the methods of speed control of de motors with their advantages and
disadvantages.

[t

{NCVT 1976 Elect.)
8.12 Derve the formula for the speed of dc motors. Discuss the various methods of
changing the speed of dc series and shunt molors explaining their advantages

and disadvanlages.

(NCVT 1978 Elect.)
8.13 What js meant by :

(@) copper losses

(b) iron losses, and

() stray losses. Tn dcmotors, which of these three losses are variable and
which constant ?

B.14 What safety devices are used in a dc three-point starter? Explain the function
of each.

8.15 The bhp of a dc shunt motor is 10 and the efficiency is 90°%,. Find the current
if the supply voltage is 250 V dc.  Find also the losses. {NCWT 1981 Elect.)
(Ans. 29.84 A, B28.88 W)

16
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Cells and Batteries

9.1 PRODUCTION OF EMF BY CHEMICAL
ACTION

In this method two dissimilar_metal plates
(known as electrodes or elements) are immer-

(ii) Daniel cell—two fluid cell,
(iii) Leclanche cell—two-fluid cell, and
(iv) Dry cell—fluid in paste form.

sed in a fluid called an eclectrolyte. When 94 SECONDARY CELLS
these electrodes are externally ted by s dary cells are those cells that are first
means of wires, chemical action takes place charged from the external source, storing up

inside the electrolyte. Thus a potential
difference is created between the two electro-
des which causes a flow of current in the
external circuit through the connecting wires.
This device is called the cell and the combina-
tion of two or more cells is known as the
batrery. The plate through which the current
leaves the cell to the external circuit is called
the positive plate and the plate from which the
current enters the cell is known as the
negative plare.

If the plates are of like material, say two
sheets of either zinc or copper, there is no
emf produced. If the plates are of different
materials, then we find that an emf is produ-
ced, and the value of which depends upon
the pair of metal chosen.

9.2 CLASSIFICATION OF CELLS
The cells may be classified into two general
classes:

(/) Primary cells, and

(ii) secondary cells.

9.3 PRIMARY CELLS

Primary cells are those cells in which we put
some chemical substances to produce emf by
chemical action.  After the cell is used, the
substances used in it become useless. This
means that the life of the cell depends upon
the material used in it. Also if once the

b b new materials are
required to get it again ready for use.

The primary cells in common use are given
below.

(i) Simple voltaic cell—one-fluid cell,

electrical energy in the form of chemical energy,
and which later on gives out electric current
in the opposite direction of the charging current.
Thus the chemical energy stored is converted
into electric energy. When the cell becomes
discharged, electrical energy is again supplied
to get it ready again.

9.5 VOLTAIC CELL

It consists of a glass container in which cop-
per and zinc plates are immersed in dilute
sulphuric acid (i.e. ‘H,SQ;—}-H,O) as shown
in Fig. 9.1. The zinc plate acts as the negative
electrode while the copper plate acts as the
positive electrode. When a voltmeter it
connected across these two electredes, i
indicates the presence of emf.

Fig. 9.1 Simple voltaic cell

If now these electrodes are connected by a
wire in series with the resistance and an
ammeter, the chemical action takes place on
the zinc plate first because the zinc is more



active than copper in dilute sulphuric acid
and current starts to flow through the electro-
lyte. The molecul the sulphuric acid split
up into hydrogen (H*) and sulphate(SO,~7}
jons. The hydrogen ions (H¥) travel in
the direction of the flow of <current and cling
to the surface of the copper electrode in form
of bubbles, whereas  sulphate ions (5047) go
to the zinc electrode and form zinc sulpbate
(ZnS0,). The chemical action can be expres-
sed by the following equation:

Zn "+ HSO, —- Z0SO, + Hi
(Zinc) = (Sulphuric (Zinc sul-  (Hydre-
acid) phate) gengas

The flow of current from zinc to copper is
inside the cell and from copper to zinc outside
the cell. Thus the copper and zinc electrodes
become respectively positive and negative
t!ern{ﬁnals of the cell. The emf of the cell is
Jd V.

This cell suffers from two defects, namely
polarization and local action.

Polarization When current is taken from the
cell, hydrogen gas is given off in the form of
small bubbles of gas from the copper plate.
However, it is the tendency of the gasto
adhere to the surface of the electrode in the
solution. Thus a thin film of hydrogen is
formed which acts as a resistance. This
increases the internal resistance of the cell.
This reduces the emf of the cell and hence the
cell soon becomes inactive, This effect is

known as polarization and is prevented by
RESISTANCE
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rubbing the copper plate with a wire brush.
Howeverin the other type of primary cells, a
chemical substance is used in the cell which
gives up oxygen to mix with the hydrogen
during chemical reaction and thus water is
formed. This chemical substance is known as
the depolarizer.

Local Action This defect is due to the impuri-
ties in the zinc clectrode. Commercial zinc
usually contains particle of iron, copper, tin,
etc. When a commercial zinc electrode is
used in the cell, small cells are formed between
these impurities and zinc, and thus local
currents are circulated between them inside
the cell. This effect is what is known as
local action. Due to this effect the terminal
voltage of the cell is reduced. To avoid the
cell from such action, the zinc electrode is
generally d with ¥ 1g;
This process is known as amalgamation.

9.6 DANIELL CELL _
The Daniell cell is a two-fluid cell and is a

tion of the le voltaic cell because
it is similar in chemical action. It was the
was used to

first cell in which a depolarizer
avoid polarization and \}
for preventing local action.

This cell consists of an outer copper vessel
(Fig. 9.2) which serves asa positive electrode
of the cell. This vessel contains a concentrat-
ed solution of copper sulphate (CuSO,)
which acts as the depolarizer. Inside this

ted zinc rod

fe————— COPPER
VESSEL

| DIWTE H,s,

Fig. 9.2 Daniellcell
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vessel is a porous pot containing dilute
sulphuric acid (H,S0,) and an amalgamated
zinc rod. This zinc rod acts as the negative
electrode of the cell.. The copper sulphate
solution is kept saturated by placing crystals
of copper sulphate in the solution. .
When the terminals of the cells are joined
to form a closed circuit, the zinc electrode
in the porous pot begins to dissolve in the
dilute sulphuric acid (H,SO,) and thus hy-
drogen ions (H*) are liberated. These hydro-
gen ions pass through the porous pot, thus
entering the copper sug.ahalc sélution (CuS0,)
and forming H,S0, and copper ions (Cu*").
These copper ions are deposited over the
copper vessel. The chemical reaction inside
the porous pot may be represented as follows:

Zn** + H,80, —— ZnSO, + 2H*
{Zinc) (Sulphuric (Zinc sul-  (Hydro-
acid) phate) gen)

The chemical reaction outside the porous
pot 1s:

2H* CuSO; —— H,80, + Cu**
(Hydro-  (Copper sul- (Sulphuric  (Copper)
gen) phate) acidy

In this manner polarization is prevented.
When the cell is not in use, it must be dis-
mantaled. This is because the copper sulphate
solution passes through the porous pot and
is replaced by the zinc with the result that
the copper is deposited on the zinc electrode
causing local action.

The emf of the cell is about 1.12 V and its
internal resistance varies from 2 to 6 L. It is
cheap and gives constant voltage and is there-
fore, still used in laboratories for experiments.

9.7 LECLANCHE CELL

This cell consists of a glass jar which contains
a solution of ammonium chloride (NH,CI)
and a zinc rod amalgamated with mercury
immersed in it (Fig. 9.3). The figure also
shows a porous pot containing a carbon rod.
The pot is tightly packed with manganese
dioxide and powdered carbon particles. The
zinc rod works as the negative electrode, the
carbon rod as the positive electrode, i

SOLUTIONOF
AMMONIUM
CHLORIDE

Fig. 9.3 Leclanché cell

When the cell is working, ammonium
chloride reacts with the zinc forming zinc
chloride and thus liberates ammonia and
hydrogen ions (H*). The chemical reaction
outside the porous pot is as follows:

Zn** 4 INH,Cl —— ZnCl, + 2NH,

(Zinc) (Ammonium (Zine  (Ammonja
chloride) chloride) gas)

+ 2H*

(Hydrogen

ionized)

Ammonia gas is soluble in water. When the

water becomes saturated with ammonia, the
gas s givenoff and can be detected by its smell.
The hydrogen which passes through the
porous pot reacts with the manganese dioxide
(MnO,) and is converted into water (H,0)
taking oxygen from MnO,.

The chemical reaction inside the porous pot
152

2MnOy + H, —- Mn,0, + H,0
(Manganese (Hydro- (Manganese (Water)
dioxide) gen) peroxide)

In this cell polarization has been removed
but not completely because the hydrogen is
liberated at a quicker rate than the action of
the depolarizer. Therefore, some hydrogen
gas gets accumulated around the carbon
rod. If a little rest is given to the cell, it
becomes depolarized and the cell return to its
normal condition. Therefore, the cell is
useful for intermittent currents as required in
electric bells, telephones, etc,

The emf of this cell is 1.45V and its inter-

um chloride as the electrolyte and manganese
dioxide as the depolarizer. The carbon
particles along with manganese dioxide serves
as a conductor. A hole is provided on the
top of the porous pot for the gases to escape
during the chemical reaction.

nal varies from 1 to 5 £ depending
upon the size of the cell.

Advantages The advantages of the Leclanché
cell are given below:
(#) It is very cheap as only ammonium
chloride is to be changed occasionally.



(ii) There is only one kind. of solution and
hence no diffusion takes place.

Disadvant: of the cell
are:

(i) Itis not portable.

(i) It cannot be wused for constant long

service.

9.8 DRY CELL
The dry cell is a modification of the Lecl

ges The disadvantag

hé
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tors, torch electric  bells,

telegraph, etc.

lights, horns,

99 CHARACTERISTICS OF A GOOD CELL

A good cell should have the following charac-
teristics: .

(i) High and constant emf,

(ii) very small internal resistance,
(iif) completely inactive when the circuit is

cell. It is portable. In a dry cell the electro-
Iyte is in the form of a paste which prevents
spilling.

Figure 9.4 shows the parts of a dry cell.
It consists of a zinc container which forms
the negative plate of the cell. The positive
electrode is a carbon rod kept in the centre
of the zinc container. The carbon rod is
surrounded with a mixture of manganese
dioxide and ground carbon which is enclosed

VENT HOLEW

DEPOLARIZER

£

NN

(iv) able to give constant current for a long
time,
(v) free from polarization, .
(vi) no emission of corrosive fumes during
chemical action, and :
(vii) cheap and of durable materials.

9.10 CARE AND MAINTENANCE OF PRIMARY
CELL

To get best service results from primary cells,

ZINC CONTAINER

PASTE SALAMMONIAC
CANVAS BAG

Fig. 9.4 Dry cell

in a canvas bag. This canvas bag worksasa

orous pot. The space outside the canvas
Elg is filled with a paste of plaster of paris,
flour, sal ammoniac, zinc chloride and water.
This paste serves the function of an electrolyte
in the cell. The zinc chloride is added in the

aste as it has a tendency to absorb i

they should be given regular attention and
should be maintained in the following condi-
tions:

(i) The terminals and electrodes of the cell
should be kept thoroughly cleaned to
avoid corrosion and to reduce contact

i to a low value.

rom the atmosphere and thus help to keep
the paste damp. The top of the cell is covered
with saw dust and sealed with a pitch com-
pound leaving a vent hole for the gases to
escape due to chemical action.

The chemical action is exactly the simg as
in the Leclanché cell. The emf of the cell
is about 1.5 V but the internal resistance is
0.1 to 0.5 €, whichis much lower than
the Leclanché cell due to the large surface
area of the zinc container. These cells are
generally used in radio sets, portable transis-

(i) The zinc plate should be amalgamated
with mercury to prevent local action.

(iii) The strength of the depolarizer should
be maintained.

(iv) The p pot
the cell when it isnot in use
ing it in clean water.

(v) The positive and negative plates of the
cell should not touch each other in the
electrolyte. They should be kept apart
by at least a distance of 15 mm.

seid

hould be kept
ter wash-
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911 DIFFERENCE BETWEEN EMF AND PD OF
A CELL

EMF of a Cell As seen in Chapter 3, the
force which causes current to flow in the
circuit is called emf. It is the PD between the
terminals of a cell on-open circuit, i.c, when
the cell is not delivering any current. Ifa
voltmeter is connected across the two termi-
nals of a cell which is not delivering any
current to the external load, the voltage
indicated by the voltmeter is called the emf
as the current drawn by the voltmeter is very
small (because the voltmeter has high resis-
tance). Therefore, the voltage drop in the
internal resistance of the cell is also very
small and hence the voltage indicated by the
voltmeter is called emf.

Potential Difference (PD) It is the difference
of electrical potential between the two points
in an electric circuit. IT a cell is delivering
current to the external load and a voltmeter
is connected across its terminals, the voltage
iadicated by the voltmeler is now known as
tae potential difference and is always less
than the emf of the cell due to the voltage
drop in the internal resistance of the cell.
Internal resistance is the resistance within
1he cell offered by the positive plate, negative
plate and the ¢lectrolyte.

emf = Vr{fr ©.1)
I =current of the cell in amperes
r =internal resistance of the cell
in ohms
Vr =voltage drop across the terminal
of external resistance.

where

9.12 GROUPING OF CELLS

Cells may be grouped in three ways:
(f) Series combination,
(ii) parallel combination, and

(iii) series-paraliel combination.

Series Combination When it is required to
have a higher voltage than that given by one
cell, many cells are connected in series. In
that case the positive terminal of one cell is
connected to the negative terminal of the
other, and so on as shown in Fig, 9.5.

If n number of cells are joined in series
each having an emf of £V, an internal resis-
tance of r L and if a load of R 2 resistance is
connected across them, then

E E £
Fig. 9.5 Celis in series

Internal resistance of the
battery = nr}
Load resistance = RQ
Total resistance = R+nrQ
Total emf = nE v
nE

Current in load = Rinr

A(92)

Exampte 9,1 Twentv dry cells of emf 1.5V and inter-
nal resistance 0 5 Q cach are joined in series, IfasQ
external resistance is connected across the group, find
the value of the current flawing,

Solurion :
We know that
- NE
T ERiar
20 1.5 30

.. Current flowing -m =15=2A Ans.

Parallel Combination If it is required to
have a high current output given by the cells,
several cells are joined in parallel as shown
in Fig. 9.6. In the parallel connection of
cells, all the positive terminals of the cells are
connected together at one junction. Similarly
the negative terminals of the cells are joined
together at the other junction.

I
E r
E T
E r

Fig. 9.6 Cells in parallet




If n# number of cells are joined in parallel
cach having an emf” of £ V, internal resis-
u;lnce ri} and connected to aload of R,
then @

Internal resistance of the battcrym% Q
Load resistance =R Q
Total resistance = R+ %ﬂ
emf of the battery = EV
.. Current in load
__E _ nE A

Rir nR-+r 6.3
n
Examrre 9.2 Ten dry cells each of emf 1.5 V and
imternal resistance 150 are joined in parallel, If 4.9 5
rexistance it connceted across the group, find the value
of the current passing through it,

Solution ;
We know that

nE
e
10415 101
R LET KIS I T
1015
= so-—ﬂJA Ans.

Series-Parallel Combination A group of
same of cells d in series may
be joined in parallel, thus making a series-
arallel combination of cells as shown in
“ig. 9.7, The total emf of such a combina-
tion is equal to the total emf of one of the
series group.

R
—INANN
E r __E -i r
£ I—M---E-| y

Fig. 9.7 Cells in series and parallel

If there are m sets of cells in series-parallz|
combination, each set having n cells in series
and joined to a load of resistance RLL, then :

Internal resistance of each series group

=nril
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Internal resistance of m set of batiery
=g
m
Load resistance
=Rl
Total resistance of the battery
_Rinr,
m
emf of the series-parallel combination
=nEV
.". Current in the load
nkE mnkE
=% = A 9.4
Rtnr mR-nr .4
m

The current in such an arrangement will be
maximum when the total internal resistance
of the battery is equal to the load resistance.

ExampLe 9.3 Thirty cells cach having an emf 1.5 V and
internal resistance 00.55 are connected ren in sevies per
row, three rows in paraliel. If a 2550 resistance is
camnected across the battery, find the value of the
current passing through'the external Inad,

Solution :
We know that
' mnE  3,10-1.5
mRgnar 3,25.10,05
J-15 45
73T T2s M0A Ams

9.13 SECONDARY CELL

The construction of the secondary cell and its
working principle is explained below.

If two lead plates arc dipped in dilute
sulphuric acid as shown in Fig. 9.8 and con-
nected to the dc supply mains, the current
ﬂowmg through the electrolyte splits it up
into hydrogen and sulphate ions. The
hydrogen ion travels towards the negative
plate as it has positive charge where
gives up its charge and liberates. Thus the
negative plate remains as pure spongy lead
which is metallic grey in colour. The nega-
tively charged sulphateion goes to the positive
plate where it gives up its charge and reacts
with the water of the electrolyte to form
sulphuric acid. The chemical action is as
given below:

850, " +H,0-+H,50,~ 0" -
The liberated oxygen attacks the positive lead
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ZE =
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Rl z. =7
=% 5
S DICUTE Hps0,
= S

Fig. 9.8 Secondary cell

plate and changes it into lead peroxide giving
the plate a dark-brown colour:
0;+Pb-+PbO,

After the flow of this charging current, an
elementary accumulator is developed. When
the two plates are connected to an external
load with an ammeter in the circuit, a dis-
charging of electricity is observed due to the
chemical reaction in the cell. During dis-
charging, the electrodes are converted into

lead sulphate. Such type of cells are called
secondary cells.

In a lead acid cell, the cell is only capable
of supplying electrical energy to the external
load due to its secondary action. The primary
action of the cell is to store electrical energy
in the form of chemical energy. During the
secondary action, cell converts the chemical
energy stored into electrical energy.

Tlfeyfollowing two types of secondary cells
are in use nowadays:

(/) Lead acid cell, and

(if) mickle-iron alkaline cell,

Advantages The advantages of secondary
cell over primary cell are as:
(i) A secondary cell gives a strong current
as its internal resistance is very low.
(ii) It gives a constant current.

(iii) Its efficiency is very high i.e. it gives
back the most of the energy used in
charging it.

Characteristics of a Good Secondary Cell A
good secondary cell has the following charac-
teristics :
(i) Low internal resistance,
(ii) high efficiency,
(iii) fairly constant emf,
(iv) durable,
(v) cheap,
(vi) good mechanical strength, and
(vii) large storage capacity.

9.14 DIFFERENTIATION BETWEEN CELL AND
BATTERY

A cell is a single unit of source of supply,
whereas a batlery is a combination of two or
more than two cells joined in series, in para-
llel or in series-parallel combination so as to
supply together.

9.15 CONSTRUCTION OF LEAD ACID BATTERY

A lead acid battery consists of three cells, si<
cells or 12 cells in series giving 6 ¥V, 12 V and
24 V respectively. Positive and negative
plates are immersed in dilute sulphuric acid
and kept apart by separators in each of its
cells, Figure 9.9 shows the parts of a lead
acid cell.
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different cells so that their electrolyte may
not mix together. Each cell is provided with
a lid known as a cell cover fitted with a vent
plug. Holes are provided in the vent plug
vover for the gases to escape. The cell covers
are sealed with a sealing compound or pitch.

Plate Connector It is made of pure lead. All
the positive and negative plates are assembled
and welded separately with it forming positive
and negative groups,

Post Terminal A small pole extended upward
from each group of welded plates from the
plate connector forms the post terminal. This
terminal passes through the cell cover and
helps to connect the individual cells in secries
to form a battery.

Cell Connectors These are the thick drilled
bars made of pure lead. The cells are connec-
ted and welded in series to form abattery with
their help.

Electrolyte It isa mixture of sulphuric acid
having specific gravity of 1.850 diluted-with
distilled water in the ratio of 1:3 (approxi-
metely), thereby making the specific gravity of
the electrolyte 1.280.

Note : Specific gravity is the ratio between
the weight of an equal volume of any
substance and the weight of an equal
volume of water at the same tempera-
ture.

9.16 PREPARATION OF ELECTROLYTE

The clectrolyte for a cell can be prepared by
adding sulphuric acid to distilled water drop
by drop and not vice versa. A glass rod
should be used for stirring the electrolyte. It
should be noted that while preparing the elec-
trolyte the specific gravity decreasesas the
temperature increases. Therefore the electro-
Iyte should be aTlowed to cool to room tempera-
ture before filling it in the battery. Electrolytes
of specific gravity 1.200-to 1.300 are generally
used in the lead acid battery because the resis-
tance of the electrolyte at this value is mini-
mum and thus the internal resistance of the
~ell is kept minimum.

9.17 DETERMINATION OF SPECIFIC GRAVITY
OF AN ELECTROLYTE

The specific gravity of an electrolyte ean be

determined with the help ofan instrument

known asa hydrometer.

A hydrometer consists of a long glass tube.
One end of it is provided with a rubber nozzle
and the other end is fitted with a rubber bulb
as shown in Fig, 9.10. By compressing and
releasing the rubber bulb, the liquid can be
pushed out or sucked in. A glass float is pro-
vided inside the glass tube whose bottom is
filled with lead shots. In the upper part of the
glass float is a paper scale which indécates the
specific gravity of the clectrolyte. The lead
sﬁots are put in the float to enable the float
to stand vertically when floating in the liquid.

The glass tube of the float is calibrated for
different specific gravities from 1.100 to 1.300.
If the float is high in the electrolyte or liquid,
the specific gravity is high and if'it is low in
the liquid, the specific gravity is low, asshown
in the figure.

HYOROMETER

DSCHARGE {
HalF SEQEGE{

FULL CHARGE {

Low HIGH
SPECIFIC GRAVITY SPECIFIC GRANITY

00
1300

ELECTROLYTE OF 1100 SP GA. ELECTROLY TE OF 1-300 SP.GR,

Fig. 9.10 Hydrometer

9.18 DISCHARGING OF BATTERY

When a battery is connected 1o a load, it sup-
plies electrical energy which it had stored in
the chemical form. Thus during discharging
chemical energy is converted to electrical
energy.



When the cell is fully charged, its positive
Elnte is of lead peroxide (PbOy) which is dark-

rown in colour. The negative plate is of
spongy lead ﬁPb}. the colour of which is slate-
grey. The electrolyte is dilute sulphuric acid
(Dil. HaSO) of specific  gravity 1.280. The
plates are immersed in this electrolyte.
Ifa resistance, R 0} is connected between
the plates (Fig. 9.11), the cell supplies
current to the external load, then the
sulphuric acid (H,50,) is split up into hydro-
gen ions (H*) and sulphate jons (SO4—). The
sulphate ions SO, have negative charge and
therefore they move towards the cathode.
There they react with the active material of
negative plate and form lead sulphate (PbSO,).
The chemical reaction is as given below :

CURRENT

PbOz

Fig. 9.11 Discharging of secondary cell
At Negative Plate:

Pb + SO, — PbSO,
(Lead) (Sulphate) (Lead Sulphate)
At Positive Plate:

The hydrogen ions (H*) move towards the
anode and there they react with the active
material to form lead sulpbate (PySO,) and
water (H;O) as under:

PbO, + 2H* + H,S0, —- PtSO,+2H,0
(Lead per- (Hydro- (Sulphuric (Lead (Water)

oxide) gen) acid) sulphate)

As discharging goes on, a layer of PbSO, is
formed on both the plates which gets thicker
and gradually the voltage of the cell falls
down.

The specific gravity of the electrolyte also
decreases due to the formation of H;O. The

Cells and Batteries 171

cell is discharged till its voltage falls to 1.3 ¥
‘at no load’ and the specific gravity of electro-
Iyte decreases to 1.180. If the cell is further
discharged beyond this limit, then the layer
of PbSO, becomes so thick and hard that it
cannot be reconveried to Pb or FbO,. The
changes during discharging can be summed
up as follows:

(i) The posilive plate is covered with a layer
of PbSOy which is white in colour.

(ii) The negative plate is also covered with
a layer of PbSO, and changes the plate
from slate grey colour to white.

(iif) Due to formation of water, the specific
gravity of electrolyte decreases from
1.280 to 1.180.

(ir) The voltage of the cell falls from 2.2 to
1.8 volis (at no load).

{v) Chemical energy stored in the
changes into electrical energy.

cell

9.19 CHARGING OF BATTERY

For charging a battery, a de supply of voltage
little higher than the battery voltage is applied
across the battery, taking care that the positive
terminal of the supply is connected to the
positive terminal of the battery and the ncga-
tive terminal of the supply to the negative of
the battery as shown in Fig. 9.12. The current
passes from the positive plate to the negative
plate inside the cell and splits up the sulphuric
acid (H;S0O,) in the electrolyte into SO, and
H* jons. Thez 804 - ions travel towards the
anode and H* ions towards cathode where
they react with SO, ions to form lead
peroxide and spongy lead respectively. The
chemical reaction is as follows:

0C SUPPLY
+

—¥E PLATE

Fig. 9.12 Charging of secondary cell
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At Negative Plate:
PSSOy +~ 2HY —= Py + H,50,
(Lead sulphate) (Hydro-  (Lead) (Sulphuric acid)
gen)

At Positive Plate:

PySO;s + SO~ + 2 H,0 = PyO. + 2H,S04
(Lead sul- (Sulphate) (Water) (Lead Per- (Sulphu-
phate) oxide) ric acid)

The charges which ocecur during charging

can be summed up as follows:

(i) The positive plate changes to lead per-
oxide (PwOy) which is dark chocolate
‘brown in colour.

(if) The negative plate changes to spongy
lead which is slate-grey in colour.

(ifi) The voltage per cell increases from 1.8
to 2.2 V (without load).

(%) The specilic gravity of each ceil rises
from 1.180 to 1.280.

(v) The cell stores electrical energy in the
form of chemical energy.

9.20 IIND":J\TIDNS OF FULLY CHARGED CELL

The following can help indicate a fully
charged cell :
(i) colour of plates,
(i) specificravity,
Liii) gassing,
(iv) voliage per ecil, and
(v) high rate discharge cell tester,

Colour of plates The colour of the positive
and'negative plates change into dark brown
and slate-grey colour respectively. The colour
changes are visible in the case of a transparent
container only.

Specific Gravity In the case of fully-charged
cell, the specific gravity of the electrolyte
increases from 1.180 to 1.280.

Gassing  When a cell has been fully charged,
gassing will occur on both the plates of each
cell. This indicates that the current through
the cell produces no chemical action on the
plates, but it simpl]y splits up the water (Hy0)
in the clectrolyte, liberating H; and O; gases
in the form of bubbles.

Voltage Per Cell The per cell voltage of a
fully-charged cell rises from 1.8 to 2.2V at
no load.:

High Rate Discharge Cell Tester The voltage
of a fully-charged cell may be tested on load
with the help of a high rate discharge cell
tester. The specific gravity can also be increa-
sed by adding concentrated sulphuric acid to
the electrolyte and the voltage should be2 V
per cell.

9.21 EMF OF SECONDARY CELL

The emf of the secondary cell depends upon
the following factors:
(i) chemical composition of the plates (i.e.

active material),

(ii) area of the plates and their assembly
(i.e. the number of positive plates), and

(iily temperature and specific grayvity of the
electrolyte.

9.22 INTERNAL RESISTANCE OF LEAD ACID

CELL

The internal resistance is the resistance with-

in the cell offered by the positive plates, nega-

tive plates and the electrolyte. Due to this

internal resistance, there is always some power

loss inside the cell which is converted into

heat and reduces the terminal voltage of the

cell. Therefore to overcome the above loss

and to reduce the temperature (because

at high temperatures the plates and cell

may get damaged), the internal resistance of

the cell is kept as low as possible. This inter-

nal resist can be calculated as explained

below. InScc. 9.11, we have seen that
emf=VFr+1Ir

The emf (E) of a given cell is constant but the
terminal voltage (Vr) depends upon the value
of the load current which further depends on
the load resistance. If the voltmeter readings
are recorded (/) when there is no load on the
cell (i.e. E) and (ii) when it is delivering the
load current (i.e. ¥'7), then the internal resis-
tancecan be calculated as:

Internal resistance, r = E-;Vr
B =%
ut = "R-
. _ [E=Vr
o r—( p )R ©.5)

ExampLe 9.4 Ten similar cells are connected in
series to a load resistance of 4 . On connecting a
high resistance voltmeter across the battery, (1 shows
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9.24 {:{{.‘) OF EFFICIENCY OF SECONDARY

There are two types of cfficiency :
(i) quantity efficiency or ampere-hour effi-
ciency, and
(ii) energy efficiency.

(i) Quantity Efficiency The quantity efficiency
is the ratio between the quantity of electricity
during discharge and the quantity of electri-
cily during charging. However, the quantity
of electricity is the product of current in
amperes and time in hours. Therefore, the
quantity efficiency is also known as the ampere-
hour efficiency.
Ampere-hour efficiency, nA-H%
Ampere-hours on discharging or
=A - * 100%
mpere-hours on charging

(ii) Energy Efficiency It is the ratio between
the energy which a cell gives out during dis-
charging and the energy which it requires to
regain the original condition during charging.
Energy efficiency in percentage
NEY = En=rgy durin_g diichar_ging
Energy during charging
_ Watt-hours on discharging % 1007
~  Watt-hours on charging o

As the energy efficiency is the ratio of watt-
hours, it is also (known as the watt-hour
cfficiency.

As the voltage on discharge is always less
than the voltage on charge, the watt-hour
efficiency is always less than the quantity
cfficiency(ornLA-H.)

For a normal lead acid cell, the quantity
efficiency varies between 90 to 95% whereas
the watt-hour efficiency varies 80 to 85%.

X 100%

ExameLe 9.7 Calculate the (i) ampere-hour e fficiency

and (ii) watt-hour e fliciency of a secondary cell which

Is discharged at a uniform rate of 30 A for 6 hat an

average terminal volrage of 2 V. It is then charged

at the uniform rate of 40 A far 5 h to restore it toits

original condition. The terminal voltage during

charging is 2.5V.

Solurion :

Ampere-hour output —30x6=130

Ampere-hour input  =40x5=200

Percentage ampere-hour efficiency |
Ampere-hours on discharging

WA = o ere-hours on charging

x 100°%,

- g%' 2100%=90"% Ans.
Terminal voltage during charging =2.5V
Watt-hour output =voltage » current « time in hours
=2x3046
Watt-hour input =252 40 x5
o Watt-hour efficiency in percentage
walt-hours on discharging

~ “{Watt hours on charging

2 100%,

9.25 PRECAUTIONS FOR BATTERY CHARGING
The current required for charging a battery is
direct current (dc). If the available supply
is alternating current (ac), then it should be
converted into dc either by a motor-generator
set or by a rectifier. The undermentioned
precautions should be observed before putting
a battery on charge.

(i) Topping Up If the level of the electrolyte
on the surface of the plate is less than 10 to
15 mm, then some distilled water should be
added in the cell. This process is known as
‘topping up. It should be r ed that for
topping up, sulphuric acid or prepared electro-
lyte should never be poured into the cell.

(ii) DC Voltage For charging a battery, dc
voltage 10%, higher than the full charged
battery voltage is required.

(iii) Connection The positive terminal of the
de supply should be connected to the positive
terminal of the battery, and similarly, the
negative terminal of the supply to the negative
terminal of the battery.

(iv) Ventilation The room where balleries
are to be charged should be well ventilated
as the gases liberated during charging are of
flammable and explosive nature. Therefore,
burning flame should not be brought near
charging batteries.

(v) Charging Rate The safe rate of current
at which the battery is to be charged is called
the charging rate. It is always better to charge
a battery at the rate specified by the manu-
facturer. [n case itis not known, it should
be charged at a low rate, say 0.75 A per
positive plate (or 5% of the capacity of the
battery).



9.26 CHARGING A BATTERY

The following three systems of charging
batteries are in practice:

(i) constant current charging system,
(ii} constant potential charging system, and
(iii) trickle charging system.

(i) Constant Current Charging System In this
system, the charging current is controlled by
inserting either carbon filament lamps or
resistance rheostat in series with the battery
and thus varying the supply voltage to over-
come the increased back emf of the batteries.
In this system many batteries connected in
series can be charged considering that the
total voltage of the battery should not increase
the main applied voltage otherwise the batter-
ies would discharge.

Charging current,

(9.6)
where
¥ =charging applied voltage in volts
E, =total counter emf of the battery in
valts
R =external resistance of the lamp or
rheostat in ohms
r =internal resistance of the battery in
ohms
I =charging current in amperes,

The value of the charging current is varied
by verying the number of lamps by switching
oN and off the lamps in the battery circuit
taking care that the temperature of the battery
does not exceed 43°C. An ammeter shown in

AC OR OC]
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series with the circuit indicates the charging
current. The connection diagram of a lamp
charging board is shown in Fig. 9.13.

TO BATTERY

OC SUPPLY

Fig. 9.13 Lamp-charging board for

current method

Advantage Thissystem of charging the battery
increases the life of the battery.

Disadvantage 1t takes longer time to charge
a battery and needs constant observation for
checking the charging current.

(ii) Constant Potential Charging System To
charge a battery with the help of a motor-
generator set (or metal rectifier which will be
discussed later on) is based on this system.
Figure 9.14 shows the connection of this

sl

Fig. 9.14 Constant potential method of battery

charging
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system. The generated voltage is kept constant
at 10%; higher than the 'full charged voltage
of the battery. The charging current in this
system is either varied by controlling the
field regulator of the dynamo or by the speed
of the primemover. In the beginning the
value of the charging curreat will ]8,':: very high
as the counter emf of the battery is very low.
But afler some time, the charging current
decreases to a very small value as the back
emf of the battery increases on being charg: d.

ge  In this system, the time required
for charging is less than that in the constant
current system but this reduces the efficiency.

Disadvantage This system of charging reduces
the life of the battery up to some extent.

PR
Ad

(1il) Trickle-Charging System The continuous
charging of a battery at a low rate for keeping
the battery ready in good working condition
is called trickle charging. This value of
charging current is apFroxtmathy 29, of the
full charging current of the battery,

9.27 LAMP FOR CHARGING

The best type of lamp for charging a battefy
is a carbon filament lamp and is preferred
because it allows greater amount of current
to the given size (i.e. 3.5 W/candle power).
Moreover, there is no brightness in the light
as compared to other types of lamps.

ExaMpLE 9.8 A battery of 50 cells commected in series
is to be charged from 250 V dc supply mains. The
battery has been discharged to 1.8V per cell and in
the final charged conditfon its value is 2.2V per cell,
The internal resistance of each cell is 0.01 £ connect-
ing leads has a resistance of 0.0 Q and there is an
external csistance af 194 Q connected in the eircuir,
Find the (1) initial charging current and (ii) final
charging current.

Solution:

(/) Internal resistance of battery = 0.01 % 50=0.5 Q

Resistance of connecting leads=0.1

Total resistance of battery and leads=0.5+0.1=0.60
- emf of the battery (£,)=1.8 x50=90 V¥

We know that
E-E,
Rir
.. Initial charging current,

250—-90 160
' =i5ar08 " "20 <P A Am

-

(i) emf of the battery at the end of charge

=2.2x50=110V
.. Final charging current,
250—110 140

I~ 54708 ~ 207 A Am.
9.28 TESTING OF BATTERY

The condition of the battery can be examined
either by checking the specific gravity of the
electrolyte or by the per cell voltage. The
voltage does not change much from the
discharged condition to the fully charged
condition of the battery. Therefore to tind
the condition of the battery, the specific
gravity is checked with the help of a hydro-
meter as discussed earlier,

The specific gravity value alone cannot give
the internal condition of a lead cell because
it .can also be increased by putting concen-
trated sulphuric acid in the electrolyte of the
cell. Therefore to find the condition of the
cell, its voltage when supplying high current
is measured. The instrument which is used
for this purpose is known as the high rate
dischargecell tester, -

9.29 HIGH RATE DISCHARGE CELL TESTER

It consists of a wooden handle having two
pointed metal strips parallel to each other
(Fig. 9.15). Between them is provided a load

Fig. 9.15. Voltage test with cell tester



of low resistance across which is fixed a volt-
meter of zero centered is fixed.

When pointed strips of the tester are
on_each of the terminals of the battery, this
resistance takes a current of 150 to 300 A.
The tester should not be applied for more
than 10 s on each cell and the voltmeter read-
ingsare recorded in each case. The voltage
of a fully-charged cell of a battery should not
be less than 1.8 V when delivering high
current. If it falls rapidly, this indicates that
either the cell (or battery) is not fully charged
or the plates are sulphated or the active
material from the plates has fallen down.

9.30 PREVENTIVE MAINTENANCE OF
BATTERY

The following steps should be adopted for the

preventive maintenance of a lead acid battery.

(i} Before putting a battery on charge,

always maintain the level of the electro-

lyte 15 mm above the plates. For this

distitled water should always be added

in the cell. Prepared electrolyte or

H:S0, should never be added for this
purpose.

(ii) The positive terminal of the batte,
should always be connected to the posi-
tive terminal of the supply and the
negative terminal of the battery to the
negative terminal of the supply while
charging a battery,

(iif) The vent plug should be kept loose for
the liberation of gases during charging.

(iv) The battery terminals should be kept
clean. A thin layer of vaseline or petro-
leum jelly should be applied over them
to prevent corrosion.

(v) A battery should not be charged and
discharged at a higher rate continuously.
1t should be charged and discharged
only according to the manufacturer’s
instructions.

(vi) The battery should be overcharged once
after four months so that the traces of
lead sulphate formed during this period
can be finished. I the lead sulphate
is not removed, it will change into an
insoluble whitish salt which increases
the internal resistance of the battery,

(vii) The battery should never be discharged
beyond 1.8 V (without load) otherwise
the traces of lead sulphate changes into
an insoluble salt.
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(viiiy The battery should be recharged as soon
as possible afler discharge.

(ix) The room where the batteries are char-
ged should be well-ventilated because
the Jases liberated during charging are
of ble and | nature
Therefore, it is advisable not to bring a
burning flame near charging batteries,

(x) A discharge battery should not be tested
with a high rate discharge cell tester.
1t should be applied to a charged cell
for not more than 10 s.

(xf) The specific gravity of the electrolyte
should be checked before and after a
battery is put on ch;rge. , I "

xii) When preparing the electrolyte, the

(i) acid !hgullill)a alwgy: be added 5rop by
drop into the water and not vice versa,

(xiii) If the battery is not being used for long
period, then it should be put on trickle
charge.

9.31 APPLICATIONS OF LEAD ACID BATTERY

The following are the most important appli-
cations of the lead acid battery.

(i) These batteries are used in hospitals,
cinema houses and generating stations
for local lighting in the case of failure
of supply. i . .

(if) These are used in sub-stations for main-
taining the feeder drops during peak-
load hours.

(iti) For ignition and
petrol automobiles. A .

(i) As a source of supply for railway trains,
mines, small trolleys, telephone exchan-
ges, ete.

(¥) For automatic operation of high ten-
sion switch gears.

starting of heavy

9.32 TYPES OF ALKALINE CFLLS

Alkaline Cells are of two typest
() Nickle iron cetl also known as the Edison
cell, and
(ii) nickle cadmium cell also called the
Junger cell.

In construction there is no difference
between the two cells except that the negative
plate of the nickle iron cell is made oﬁron
and in-the nickle cadmium cell it is of
Cadmium,
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Fig. 9.16 Nickle-iron alkaline cell

9.33 NICKEL-IRON CELL
Figure 9.16 shows the construction of the
alkaline cell which consists of :

(i) positive plate.

(ii) negative plate,

(iii) electrolyte,

(iv) container, and

(¥) separator.

Positive Plate It consists of many perforated
steel tubes which contain active material of
nickel hydroxide (Ni(OH),). Nickel hydro-
xide is a poor conductor of electricity. There-
fore to increase the electrical conductivity of
the cell, pure nickel flakes are alternatively
added to the active material in the steel tubes.
A steel tube about 15 mm in diameter and
100 mm in length contains nearly 300 such
layers. These tubes are then compressed in
a nickel plated steel frame which serves as a
positive plate. Many plates are used in a
cell to form one positive group of plates.

Negative Plate The negative plate is similar
in construction to the positive plate butis
always one more in number than the positive
plate. It also consists of many rectangular
perforated steel pockets into which powdered
iron, oxide is filled. This oxide is also a poor
conductor of electricity and therefore its
conductivity is increased by adding a small

quantity of mercury in the pocket. These
pockets are clamped in a steel grid which forms
a negative plate! To form one negative group
of plates, a number of plates are grouped.

Electrolyte It is an alkaline solution of 21%,
potassium hydroxide (KOH) of specific
gravity 1.220 which remains constant during
discharging and charging. The hydroxide if
kept open to atmosphere combines with the
carbon dioxide present init. Thus it forms
potassium carbonate which decreases the
capacity of the cell. To avoid this, the cell
is sealed. For increasing the capacity of the
cell, a little quantity of lithium hydroxide
(LiOH) is added to the electrolyte.

Container The container consists of a steel
box. The inside and top of the cell cover is
given a thick layer of insulating compound to
avoid short circuiting as it is made of steel.
The container is made air-tight and a small
hole is provided in the vent plug which allows
the gases to escape out from the cell during
discharging and charging.

Separator These are placed in between the
plates to avoid short circuiting and are made
of perforated hard rubber.



9.3 DISCHARGING OF BATTERY

When a cell is fully charged, the positive plate
is of nickle hydroxide (Ni(OH):) and the
negative plate is of iron (Fe). When a cell is
dlscharggd (Fig. 9.17), a current flows from
the positive plate to the negative plate outside
the cell and from the negative plate to the posi-
tive plate inside the cell. The current through
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formed.

(iv) The per cell voltage falls from 1.4 to 1.15
¥ (on load).

(v) The energy stored in the cell changes
fr;umch:m:cal to electrical.

9.35 CHARGING OF BATTERY
In the nickel iron battery also the current

the electrolyte breaks it into p ions
(K*) and hydroxide ions (OH-). The K* ions
move towards the anode (Ni(OH)) and OH-
ions move towards the cathode (Fe). The
reaction of the two plates are given below:

Ni(OH),

Fig. 9.17 Discharging of nickel-iron cell
At Negative Plate:

Fo** + 2 OH- —=> F, (OH),
(Iron) (Flydrcm:de (Ferrous
< L o 2

At Positive Plate:

N(OHMu + 2K*  —— N(OH), + 2 KOH

(Nickel (Potassium) (Nickel  {Potassium

hydroxide) of lower  hydroxide)
hydroxide)

From the above reaction we find that the
undermentioned changes occur during the dis-
charging of a battery.

(i) The negative plate turns into ferrous hyd-

roxige.

(if) The positive plate turns into the lower
hydroxide of nickel.

(iii) The strength of the electrolyte remains
constant because the KOH which breaks
due to the flow of current is also again

pplied for charging is of direct current of
voltage 1.7 V/cell, which is a little higher vol-
tage than the battery voltage. As in the lead
acid battery, in the nickle iron battery also
the positive and negative terminals areconnec-
ted to the positive and negative terminals of
the supply respectively as shown in Fig. 9.18.

+
+ VE PLATE

Fig. 9.18 Charging of nickle-iron cell

During charging the current flows through
the electrolyte inthe direction from the posi-
tive plate to the negative plate. This current
splits up the electrolyte into ﬁoumium ions
(K*) and hydroxide ions (OH-). The K+
ions move towards the negative plate and the
OH- ions to the positive plate. During charg-
ing the reaction is as follows:

At Negative Plate:

F(OH); + 2K* = F.** + 2KOH
Ferrous (Potassium) (Iron) (Potassium
ydroxide) hydroxide)
At Positive Plate:
Ni(OH), 20H = N(OH)
(Lower hydroxide  (Hydroxide  (Nickel hyd--
of nickel) of Potassium) oxide)

Again the following changes occur during
the charging of a discharged battery :
(i) The negative plate turns into'iron (Fe).
. (ii) The .positive plate turns into nickel
hydroxide.
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(1ii) The specific gravity of the electrolyte
remains constant.
(iv) The per cell voltage on the load increases
from 1.15to 1.4 V.
(¥) Electrical energy is stored in the form of
chemical energy.

Application of Nickel Iron Cell This cell is
used in aeroplanes, industrial trucks, etc.

9.36 CHARACTERISTICS OF NICKEL IRON
CELL

The characteristics of the nickel iron cell are
given below:
() This type of cell is light in weight.

(ify When fully charged, the voltage per cel
is 1.4 V and is discharged till its voltage
falls to 1.15V. It can be discharged
further without any damage but the
efficiency below this value is very low
due to an increase in the internal resis-
tance of the cell.

(#iy Ths‘:v:n;e charging voltage of a cell is
1

(iv) The internal resistance of the cell is high
(i.e. four to five times that of the lead
acid cell). Therefore, the efficiency of
the cell is low. The ampere-hours cffici-
ency of the cell is about 75 to 85% and
the watt-hours efficiency is 60 to 65%.

(v) This cell has good mechanical strength as
its plates are made of steel.

(vi) Unlike the lead acid cell, this cell can be
charged and discharged at a high rate
without any damage. That is why it is
also used for rough work.

(vif) Nickel iron cell is light in weight, and
therzfore is also used in aeroplanes, etc.

(viti) The cell can be left in the discharge con-
dition for long time without any harm.

(ix) With increase of temperature of the cell
the capacity increases.

(x) The cost of the nickel iron cell is about
twice that of the lead acid cell for the
same capacity.

(xi) The life of the cell is much greater than
the lead acid cell and is at least five
years,

9.37 BOOST CHARGE

The charging of a cell at high rate is called
boost charge. For boost charge, the cell i
given twice the charging current than its nor-
mal charging rate. It should be kept in minc
that during charging. the temperature of an)
cell should not be more than 40°C to 45°C.

The charging requirements are the same as
in the case of a lead acid battery. It is better
to overcharge the nickel iron cell.

9.33. TROUBLE SHOOTING OF LEAD ACID
BATTERY

Table 9.1 gives some important defects and
remedies of lead acid battery:

Taste 9.1 Trouste-SxootinGg CHART ror Leap Acip Batreny

Reasons

Remedies

3

4

1. Buckling of plates

Continuously charging and dis-
charging battery at high rate.

2. Sulphation (a) Keeping discharged battery in
discharge condition for long
time.

(b) Low or too strong acid elec-
trolyte
{¢) Overdischarging battery conti-
) nuously at high rate
3. Short circuit {a) Short-circuited cell will show

(Due to sediment or failure

low voltage on no load

(a) Battery should be charged and
discharged as specified by the
manufacturer

Straighten the buckled plates
by holding in vice and then
applying little pressure

(a) If not in use for long time, put

it on rickle charge

(b

(b) Use electrolyte of specific
gravity as instructed by the
manufacturer

Thoroughly wash the cell with
distilled water or reassemble

(contd.)
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nected across it. The pressure on the positive
side of the resistance will be high and on the
negative side it will be low. This high pres-
sure will uniformly fall in the resistance and

will be zero on the other side of the resistance.

In other words, the voltage applied 10 the
circuit is equal to the voltage drop in the

circuit,

W

2Ry

1 2Rz

(c)

Fig. 9.21

+Now considering and going around the
circle ABCA as shown in Fig. 9.21 (a), we
have the voltage drops as
Liri+Lira—Iyry=0
(emf acting is zero)
Tt may be noted that Clockwise currents
are laken as positive. Again in Fig. 9.21 (b)
the voltage drops in the circuit is equal to the
emf acting in the circuit. Therefore
Lyt Lyrg—Ir;=E
Similarly, in Fig.9.21(c)
hntbrg— Iyry=E—E,
In this case E, is considered lo be negative
because its positive terminal isin opposite
directions to the supposed positive direction.

ExamPLE9.9 Two batterics A and B are conmected
te 230 ¥ de supply for charging as shown in Fig. SE
9.9. Battery A afemf 122 V and internal resisiance
048 is connected in parallel with anather battery B of
emf 130 V and internal resistance 0.55.Find- the
(1) value and direction of current in each battery,
(i} total current supplied, and (1) power dissipated
In 6% resistance.

153\? ‘I H_WH

230V &

Fig. S.E. 9.9
Solution :
Using Kirchhoff's first law, let
Total current taken by both batteries =:x A
Current taken by battery A =y A
Current 1aken by batiery B =(x—y) A
By Kirchhoff’s second law the voltage drop in mesh
ABEFis
5x4+0.4 y=210-122
5x404 y=180 (i)
In going round mesh CDEF,
5x+0.5 (x—y)=230-130
5 x40.5x—0.5y=100
5.5 x+0.5 y =100 (ii}
Multiplying Eq. (i) by 5 and Eq. (ii) by 4, we have
25 x42y =540
22x-2y =400



47x =940
Total current x =940 7. 20 A(Charging}
Substituting the value of x in Eq. (i)
5.20-04r=108
110 0.4 y= 108
0.4 v = 108-100=8

Current in battery A "ﬁ% =20 A_(Dis:h:rnina)

By adding,

Current in battery B -=(x—|-'|=(20v—20'|-0.

Power dissipated in S8 resistance=I"R .
=(20)t = S==400 « 5= 2000 W
Ans.

9,40 WHEATSTONE BRIDGE -
The Wheatstone bridge is a network of resis-
tances and is used to measure the value of
unknown resistances. Its principle of work-
ing is based on the fall of potential along
two conductors connected in parallel.

Figure 9.22 shows the internal connection
of a Wheatstone bridge in which there are
four resistances, P. 0. Rand X (unknown)
arranged in the form of a network. A battery
is connected to junctions A and C through a
switch and a galvanometer {G) is connected
to junctions B and D.

UNKNOWN
RESISTANCE

i
Fig. 9.22 Wheatstone bridge

When the switch is put ox, the current
from the battery starts to flow and divides in-
to two parts. Current i; flows through the
branch ABC and current i, through ADC.
Current i, through AB is equal to the current
through BC and current i;. through ADis
equal to the curreat through DC. Now the

Cells and Batteries 183
switch of the galvanometer is closed. The
ratio between P and Q is adjusted for any
value of R and X' so that there is no deflec-
tion in the galvanometer, i.c, there is no cur-
rentflowing through it. Then at that time
the potential difference between B and D will
be zero. This means that both the points
are at equipotential. Then
PD between AB=PD between AD )
or iWP=iy R m
Similarly PD between BC=FPD between bC
or ho=i,X (i)
Dividing Eq. (i) by Eq. (ii), we have
fl——P=j=—R
hQ X
P_R
[ 2 ¢
By cross-multiplying, we have
XP=RQ

or X (unknown resistance)
=RQ
i d
This means that for any value of P, ¢ and
R, we can find the value of an unknown resis-
tance X.

©.7

EXAMPLE 9.10 In the Wheatstone bridge metwork
shown in Fig. SE 9.0, find the direction of current
passirg through each resistance and the tolal resis-
tance between A and C.

x4y D Fx+y

]
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Sofution:
By Kirchhoff's first Jaw, let currents flow in the

direction indicated by the arrows. In the figure the
resistance in AB=x, AC=y, BD=z, BC=x—:z, and ih

DCusy iz
By Kirchhoff's sccond law, in mesh ABD
X+ 8r—6p=2
or x=—6y48r=2 0]

In mesh BCD, we get
2{x—z)-d{y+z)-Br=—2

or 2x—2r—4y—dz—Br——2
or 2x—dy—14ze—2 (in
In mesh ADCEF, we get drops
6y d(y+2)=34
or 6y44y4dr=34
10y +4:=34 (#n
Multiplying Eq. (i) by 2 and subtracting Eq. (ii), we
et 2x—12y4162=4
: 2x— dy—14z=-2
By subtracting, —By+30z=6 (iv)
Mow multiplying (iii) by 4 and Eq. (iv), by § we have
drops,
40y +162z =136
40y+150z=30
By adding, 166z 166
or ,_166
166

=1A (from Bto Din
84 resistance)
Putting the value of z in Eq, (iii), we get
10y+4x1 =34
10p=34—4=30

30
y=-15 ==3A (from A to D in 69 resistance)

Putting the value of y and z in Eq. (i), we have
X—6x34+Bx1=2

or x—184 82
or x=2418—8
=12 A (from A to Bin

1 resistance)
Current in 2 Q resistances=x—z
=12—1=11 A (from B to €)
Current in 4 £ reslstance=y4z
=3+1=4 A (from Dto C)
Total resistance between A and C

o total PD between A and C

tolal current (x+y)
= i iriz)

Ty
_6x3+4 (3+1) 18416
B F 2 B |
=3 2270 Ans

EXERCISES

9.1 An external resistance of 15 Q is connected to the terminals of a battery having
15 cells each of 1.5 V and internal resistance 0.5 @ connected in seriés. Find

the value of the current flowing through the circuit.

A battery of 12 cells each of 2 ¥ and internal
series.  Find the value of the external resistance if it sends a current cfginﬁ

9.2

through it.
9.

w

9.4
and internal resi: 0.5 0 are

{Ans. 1.1 A)
of 0.25 0 d in

(Ans. 3 0)

A dry cell of emf 1.5 ¥ supplies a current of 0.5 A to an external resistance of
2.5 Q. Find the value of the internal resistance of the cell.
Find the strength of current flowing in the circuit, if five cells cach of emf 1.5 V

(Ans. 0.5 )

in parallel and joined to an external

resistance of 4.9 Q.
9.5

(Ans. 0.3 A)

Find the value of current flowing in the circuit, if 12 cells cach of emf 1.45 V

and internal resistance of 0.6 & are joined in parallel and supply current 1o an

external resistance of 2,85 0.

(Ans. 0.5 A)

9.6 An external resistance of 1.95 Q is joined across the terminals of a battery
consisting of six cells, each of emf 1.5 V connected in parallel. Find the inter-
nal resistance of each cell, if current in the external circuit is 0.75 A.

(Ans. 0.3 Q)

9.7 Thirty similar cells when connected in paraliel send a current of 2.25 A

Igh an
internal resistance is 3.5 Q.
2.8

of 0.55 Q. Find the emf of individual cell jf
(Ans. 1.5 V'

]

Sixteen Leclanche’ cells, each of eml 1.45 V and internal resistance 0.125 Q are

connected, four cells in series per row, four rows in parallel. Find the current

b the external r

of3.5Q.

(Ans. 1.6 A)
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9.9 Thirty-two cells, each of 1.5 ¥ and internal resistance 0.1 &, are connected, four
in serics per row, cight rows in parallel.  Find the current through the cxternal
resistance of 3.95 2. (Ams. 1.5 A)

9.0 A baitery consisting of 12 cells, each having an eml of 1.5 V and internal resis-
tance 0,25 & are connected in series and deliver current Lo an external resistance
of 6 8. If six cells are reversed, find (i) the current through the external
‘circuit, and (i{) the reduction in the current. (Ans. 2A, 1A}

9.11 Six cells are joined in series her with an I resi of 122. The
emf ol each cell is 2.4 V and internal resistance of 0.4 . Find :

(#) current through each cell and external resistance,
(17} voltage drop inside the cells, and
(fii) terminal voltage of the battery,
(Ans. (D 1A (D 24Y (@i 12V)

9.12 Eight cells connected in parallel are connected to an external load resistance of
12,4 £2. If the total emfl of each ceil is 1.5 ¥V and the internal resistance per
cell is 0.8  caleulate :

(f) current passing in external resistance and each cell,

({i) voltage drap‘in each cell, and
(7if) terminal voltage of the battery.
{Ans. (i) 0.12A, 0.015A (i) 0.012V (fif) 488 V)
9.13 The emf of a cell falls from 2.34 V to 1.95 ¥ when an external resistance of 5 @
is connected across its terminals. Find (i) the internal resistance, and (ii) the
current passing through the external resistance, (Ans. 1 20.39A, )
9.14 A battery is formed of eight cells connected in series. When the external resis-
tance of 4 R is connected, the current is 5 A and when it 10 Q, the current falls
102.5 A. Find the internal resistance and emf of cach cell(Ans. 0.25 2, 3.75 V)
9.15 In the circuit shown the potential difference across the 4 @ resistance is 15 Y.
On short-circuiting the S R resistance, the potential difference across the 4 Q

resistance rises to 27.5 V. Find (i) the internal resistance and (i} emf of the
battery. (Ans. 202, 41.25V)

LA 50

Fig-SE. 9.15
9.16 A battery has been put on charge for 8h at a discharge rate of 40 A at an average
terminal voltage of 2.7 V. The battery was discharged in 9 h when supplying
32 A at an average discharge voltage of 2.4 V. Determine :
{f} ampere-hour efficiency. and
{#i) watt-hour efficiency. (Ans. (i) 90%, (i) BO9,)
9.17 A 24 V, 200 A-h lead acid battery is to be charged from 250V dc mains using
250 W, 250 V lamps at 10 A. Find the total number of lamps required for
charging the battery. (Ans. 10 Lamps)
9,18 A battery of emf 30 V and internal resistance 2 @ {s charged on 100 ¥V dc mains.
Calculate the value of the resistance 1o be added in series to the circuit so that
the charging current is equal to 5 A, 17 the cost of the energy is 40 paise per
unit, what will it cost te charge the battery for 10 h. {Ans. 12 2, Rs. 2.00)
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9.19 The emf of a six-cell storage battery is 13.6 V and the internal resistance is
0.086 . If the battery is to be (a) charged at the rate of 15 A, and () dischar-
ged at 10 A, find :

(f} terminal voltage,
(if) power loss in the batiery, and
(iif} encrey stored per second.
(Hint emf-Vr4/ly (Plussign for  charging. Minus sign for discharging)
Energy stored=ExIxL Joules. (Ams: (a) 1231V (b) 1446 v
(a) 19.35 W b) 8.6W
(@) 204 wis, (b} 136 wfs)

9.20 A hattery of 30 cells connected in series is to be charged at 20 A from 100 V de
supply mains. The emf of each cell at the time of charging is 1.8 V per cell and
at the end of charge it is 2.4 V per cell. Each cell has an internal resistance of
0.02 Q and the leads cunnecting the batterics has a resistance of 0.01 Q. Find
the series resistance required at the time of (/) switchingQNand (ify end of
charge. (Ans. 1.69 0, 0.79 Q)

9.21 A shunt dynamo is used to charge a battery of 60 cells in series. On completion
of the charge each cell has a terminal potential difference of 2.4 V and internal
resistance 0.002 . Find the emf to be generated to give a charging current af
10 A at the end of the charge. Assume that the armature and field resistances
are respectively 0.25 and 74.6 @ and the cable connecting the dynamo to the
battery has a resistance of 0.4 0. (Ans. 152.2V)

9.22 A battery is made of 10 cells connected in series. If an external resistance of
8 2 is connected across the battery, the current in the circuit is 5 A and when it
is 15 Q, the currents fall to 3 A. Find the internal resistance of each cell,

{Ans. 0.25 Q)
9.23 A battery of emf 236 V and internal resistance 0.4 § i+ connected in parallel
with another battery which has an emf of 232 V and internal resistance of 0.3 Q
supply to an external load of R . Find :
() current in each battery,
(fi) potential difference across the terminals of batteries if the total current
supplied to the external load is 80 A, and
(iif) the value of external resistance (Ans. (i) 40 A, each battery
(if) 220 V, each battery
(i) 2.75 )

RSL

baev al oll‘. n

T Lo
Fig. NE9.23

9.24 A battery of emf 26 V and internal resistance 0.5 Q supplies currrent to the net-
work shown in Fig NE 9.24. Calculate the current in each branch and the total
current supplied by the battery. (Ans. Upper branch1 A

Lower branch 3 A
Total current 4 A)
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Fig. NE 9.24 Fig. NE 9.25

9.25 Find the value and direetion of eurrent in each resistance of the circuit shown
in Fig. NE 9.25. Assume the internal resistance of the batteries to be negligible.
{Ans. Currentin 6 Q resistor=2 A from Ato B
Currentin 2 £ resistor -0 A)
9.26 Find the value and direction of current in each resistance of the circuit shown
in Fig. NE 9.26. Assume the internal resistance of the batteries to be negligible,
fAns. Current in 2 Q resistor—3 A from 4 10 B
Current in 4 Q resistor—1 A from D (o E in reverse direction,
Current in 6 & resistance -2 A from C 10 F)

1 + A - 080
“ :°n “n N;| i'*abEE?.L"s"I A
TS YR 4 ,_@_MLWM‘L
o L L | el 60CELLS P
Fig. NE 9.26 ' Fig. NE9.27

9.27 Two batteries 4 and B are connected in parallel and supply to the circuit
shown in Fig. NE 9.27. Battery A consist of 80 cells ond battery B of 60 cells
connected in series.  The emf and internal resistance per cell is 2.5 V and 0.01
£ respectively. Find the value and direction of current flowing in each battery
and in the 6.8 Q resistance. (Ans. Battery A : 100 A, Discharge

Rattery B : 50 A, Discharge
Current in 0.8 @ resistance=150 A)

9.28 Two batteries A and A are connected in parallel and supply to the circuit shown
in Fig. NE 9.28. Hattery 4 consists of 40 cells and battery 8 of 20 cells con-
nected in series, The emf and internal resistance per cell is2 V and 0.05 9
respectively. Find the value and direction of current flowing in each battery
and the 6 £ resistance. {Ans. Battery A : 16 A discharging

Ruttery B: 8 A charging
Current in 6 £ resistance : § A)

TechnicalBooksPdf.com
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Fig. NE9.28 Fig. NE 9.29

9.29 Two battcries Mand N are connected to a 250 ¥V dc supply for charging througt
the 5 & resistance as shown in Fig NE 9.29. BatteryMis of emf 220 V anc
internal resistance 0.5 £ and battery N of emf 249.7 V and intermal resistance
0.1 Q. Find {i) the value and direction of current 1n cach battery and ({i) the
total current taken from the supply. 1Ans. Battery M 50 A charging

Battery N 49 A discharging
Total current 1 A)

9.30 Two batteries N and N are connected 1o a 250 V dc supply for charging through
a 12 & resistance as shown in Fig. NE 9.30, Battery M is of emf 120 V and inter-
nal resistance 0.2 Q and battery N of emf 150 V and internal resistance 0.5 .
Find :
(i) The value and direction of current in each battery,
(fi) total current, and

(if) the power dissi 1in 120 r
(Ans. Battery M, 50 A charging.
Battery N, 40 A discharging.
Total current 10 A
Power dissipated 1200 W)
‘mv AR ARAMA B
A _| I"H—l ’_W_B A
R oy
mv '5-". Yuvywr vy
ey i,
191N
nn
t = L1} 1
F 250V E ] GOV D
Fig. NE 9.30 Fig. NE 9.31

9.31 In the circuit shown, find the value and direction of current in 14  resistance

if the internal resistance of the battery is negligible.
(Ans. Current in 14 £ resistor=3A from Cto D)

9.32 Find the value of current in the 50 Q resistapce in the circuit shown in Fig NE
9.32. (Ans. Current in 50  resistance=0.8 A)
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5.1
9.2
9.3

9.4

9.5
2.6

9.7

9.8

9.9

(Ans. Current in 5  resistor-2 A from B toC
Current in 4 £ resistor=5 A from A to C
Current in 1 9 resistor=15 A from 4 to B
Current in 2 Q resistor—13 A from Bto D
Current in 3 £ resistor=7 A from Cto D
Resistance between A and D=2.05 1)

1501
Fig. NE9.36 Fig. NE 9.37
REVIEW QUESTIONS

What do you understand by local action and polarisation in the electric cell?
How can they be removed in the Leclanche’ cell.
Describe the construction of the Daniel cell and explain its action,
Explain the terms primary cell, local action and polarisation. Describe the
construction, working, chemicu] action and lication of the Leclanche” cell.
(NCWT , 1978, 67 W/ma nl964, Elect)-
(a) What is the difference between a primary and secondary cell 7
(b) Why it is preferred to connect the cells (a) in series, (b) in parallel and
{c) in combination of series and parallel 7 Also, derive an eapression for
current in a load resistance R Q for each case.
What are the different methods of forming the plates of the lead acid battery 7
Describe the parts and working of the lead acid cell. What precautions will you
take for its maintenance ?  (NCWT 1968, 1972, Elect., All India Compri. 1968)
(@) Describe with a neat sketch the construction of the lead acid cell and give
the chemical equations on charging and discharging
(b) What precautions should be taken if a battery is to be kept unused fora
long period ? -
{¢) State the value of the cell emf and the specific gravity of the acid at charge
and discharge. (NCVT 1970, 72, 79 Elect.; Inter ITI U.T. Compet. 1971)
A lead acid battery comprises of 50 cells in series each of open circuit emf2V
and i I resi 0.02 Q. Calculate the inal voltage (2) when supply-
ing a 1oad current of 10 A and (b) when being charged at 10 A,
(AN India Compet. 1969} (Anms. 90V, 110V)
What are the two methods of expressing the efliciendy of a battery 7 Why is the
watt-hour efficiency of a cell less than its ampere-hour efficiency.

9.10 (g) Explain how a lead acid storage cell functions,

{B) A 12-V lead aciu pattery of 20 A-h capacity iz to be recharged. What test
would you make on the baftery and how would you arrange to charge it
from a rectifier ? How many hours should the battery remain on charge
and what test would you take to determine if it is fully charged.

(NCFT, 19565 67 Elecr).
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Y. 11 What do vou understand by -
(@) ampere-hour capacity of a cell,
{h) trickle charging of batteries, and
(¢) high rate discharge tester,
(NCFT 1979 Efcct)
9.12 What do you understand by sccondary cells 7 Explain different types of secons
dary cells and their applications. What eare the important properties that a

secondary cell should possess ?
(NCVT 1965 Flect.)

9.13 Describe the chcmlwl reactions that take place during charging and discharging
of an Edison cell.

9.14 What are the advantages and disadvantages of the lead acid cell over the nickle
iron cell ?

9.15 State Kirchhoff's laws.

A battery of 10 ¥ and internal resistance 0.5 @ is connected in parallel with
another battery of 12 V and internal resistance 0.8 . The terminals are con-
nected by an external resistance of 20 £, Find the current in each hattery and
the external resistance.

{Ans. 1.212A charging, 1.742 A discharging, current in 20 £ --0.531 A}
9.16 The emf of a three-cell storage battery is 5.80 V and the internal resistance is
0.072 2. I the battery is being charged at the rate of 12 A, determine :
(@} Termiral voltage, (#) power loss in heating of battery and (c) energy stored
per second.
(Ans. 4.736 V, 10.368 W, 69.6 J)
9.17 (a) A battery of secondary cell having an emf of 150 volts and internal resis-
tance 2.2 £ is to be charged from 220 volts de mains. What scrics resistance
will be necessary to adjust the initial charging current to 4.5 A,
How should the resistance be varied to keep the charging current same till
the end of the charge when the emf of the battery rises to 175 V.,
(NCVT/W|Cal Elect 1982)
(Ans. 13.35 0, 5.55 Q)
R.9.19. Explain the working prmclplc o a, whealstone bridge, In a whealstone
Bridge experi for d « of a wite balance point
was obtained when R = 300, P = Q = 10 &, Find the resistance of the
wire, IF the length of the wire was found to be 110 em and its diameter be
0.014cm, find the specific resistance of the material of the wire,

(NCVT 1984 Elect)
(Ans. 40, ¢cm)

@
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Wiring System

10.1 SYSTEM OF SUPPLY

There are two systems of tapping off supply
from the mains for the different branches as
“follows :

(i) tree system, and

(i) distribution system.

Tree System In this system sub-circuits are
tapped off from the main circuit at some
convenient place, Nowadays this system is
out of practice as there are many joints for
sub-circuits. Moreover it is very difficult to
find faults. Figure 10.1 shows the connection
of such a system.

Advantages The length of cables required
for the installation of the wiring is less and
therefore the initial cost is also very less,

Disadvaniages The disadvantages of the tree
system arc :

(i) fuses in the installation are scattered,

an
(i) location of faults is not easy.

(iif} The voltage available at different points
of load will vary.

tivy Appearance of the sysiem
good.

Distribution System This

is not so

system is most
[: y used no In this system
the main distribution circuit is brought to
one or more distribution boxes from where
it is further distributed to different branch
circuits as shown in Fig. 10.2. This system
requires no joints, but each circuit is tapped
off from the distribution box without inter-
fering with the other circuit. Moreover, each
}:imuil is independently tested for finding the
aults.

A A r
are :
(i) fault finding is very easy,
(ii) the voltage available at different points
of the circuit will be the same, and

The ad of this system

(iii) renewal or extension of the circuit is
easy.

Fig. 10.1 Arrangement of tree system
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Fig. 10.2 Distribution system

Jisadvantage [n this system the length of
the cable required for the installation of the
wiring is more. Therefore, the initial cost of
erection is also more.

10.2 SELECTION OF WIRING

Wiring systems are of many types and have
different advantages and disadvantages. The
selection of an individual system depends
upon many factors, The following main
points must be considered while selecting a
particular type of wiring:

(i) Initial Cost The initial cost of the wiring
system adopted must be economical to suit
the consumer.

(ii) Durability The cable used in the installa-
tion of the wiring must be sufficiently sound
s0 as to bear the changing atmosphere of the
surrounding. It should also be in a position
to pass the full-load current of the circuit.

(iii) Mechanical Protection The system chosen
must provide good mechanical protection
to the cables used in the installation of the
wiring.

(iv) Safety from Fire This is an important
factor and must be considered while selecting
an individual system. The system adopted
should be free from risk of fire as far as
possible.

(v) Appearance After completion of the job,
the wiring should appear attractive. From
this point of view concealed conduit wiring
is b2st, but its initial cost is wery high.
However, C.T.S. wiring also looks altractive
and has low cost of installation.

(vi) Accessibility [t should be easy to extena
or repair the wiring.

(vii} Life The system adopted should have
good life.
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103 RULES FOR WIRING

Before the erection of wiring, the following

general rules should be kept in view :

(i) According to ISI, the *total lighting load
in a sub-circuit should not be more
than BOO W or ten points, whichever is
less. For estimating the load, the
following values should be considered
for individual points.

(a) Fluorescent tube—40 W each

() socket outlet, ceiling fan, lamp—
60 W each, and

{c) mercury vapourlamp —8C W each.

(ii) According toISI, the maximum power
load in a sub-circuit should not be more
than 2000 W or two Points, whichever
is less.

(iii) The current rating of the main switch
and distribution box should be calculated
according to the load on the circuit.

(iv) The cable used in the installation should
be kept free from dampness, fire, chemi-
cal fumes and leakage. Therefore, all
metal coverings provided for the
protection of cables must be earthed,
so that there is no damage due to the
leakage of the installation.

(v) In domestic wiring, the wall socket
used must have an earth point connected
with the earth continuily conductor.

(vi) All the metal covering (as the cover of
the main switches, pipes, brackets, fans,
etc. including the earth point of the
wall socket) in an installation should be
earthed.

(vif) Mo switch or fuse should be installed in
the earth continuity conductor.

(viii) A live wire must be protected by a fuse
of current rating depending on the
requirement of the load. Further it
should be controlled through the switch,

(ix) The height of the controlling board in
an installation should be 1.5 m (5 feet)
from the ground level and should be
installed on the left side of tht entrance,

(x) The height of the fanand light points
should be 2.75 m (9 feet) and 2.5 m
(8 feet) respectively from the ground
level.

(xi) Round blocks should be fixed with two
-screws on diametrical ends.

(xii) Every sub-circuit must have a separate
distribution fuse board.

(xiii) The light and power wiring circuits
should be installed independently.

(xiv) The switches and starters of the motor
should be easily accessible to the
operator.
In an ac three-phase, four-wire system,
the distribution of the load should be
kept balanced on each phase asfar as
possible. The three phases should be
indicated by red, vyellow and blue
colour and the neutral with black. In
dc distribution, the positive and nega-
tive wire should be represented with the
red and blue colour respectively and the
neutral with black.
When the installation has been comple-
ted, it should be tested with a meggar
before connecting v to supply. The
leakage current in this case should not
exceed 1/5000th part of the maximum
current of the load.

Double earthing should be provided with

all machines that work on medium and

high voltages.

(xviii) If the operating voltage of the circuit
exceeds more than 250 V, a CAUTION
notice should be fixed to motors, genera-
tors, transformers, etc. If several
apparatus are instalied in one encloure,
one notice will serve the purpose.

(xv)

{xvii)

10.4 SYSTEM OF WIRING

The following are the various systems of
domestic and industrial wiring:
(i) cleat wiring system,
(if) wooden casing and capping wiring
system,
(iiiy lead sheathed wiring system,
(iv) C.T.S./T.R.S. wiring system, and
(v) conduit pipe wiring.

(1) Cleat Wiring System This is a very simple
system and also the cheapest method of run-
ning wires (shown in Fig. 10.3) and is used for
temporary lighting at dry places. The wiring
is run in the visible condition except in places
where they are likely to be protected from
mechanical damage and less than 1.5 m above
the ground level. Single-core V.LR. cables
or P.V.C. insulated cables are used in this
system.

These cables are run in the grooves of
glazed porcelain cleats which are fastened in wo-
oden wall plugs (*“gutties” by means of wood
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Fig. 10.3

(a) Cleal wiring
(b) Three-way cleat

{c) Two-way cleat

screws. The grooves of the porcelain cleat
should neither P the insulation nor
be loose fitting. The cleat should be provided
every 60 cm to avoid sag in the cables. Sharp
bends should be avoided in the wiring and
the spacing between the cleats should be
reduced to prevent the touching of wall and
sagging. The distance between the cables
should be 2.5 cm in the case of branch circuits
and 4 cm apart in the case of sub-mains. The
cables are prevented to uvoid coming in
contact with other conductors, earthed metal,
gas or water mains: cross-cleated cables
should be separated by an insulating bridge
picce which should at least maintain a dis-
tance of 1.3 cm between the cables. When
the wires are to pass through walls or czilings,
they must be taken through conduit pipes.

In this wiring system, where joints are to be
made for connecting bifurcating wires, wooden
or other insulating material junction boxes
with porcelain connectors inside should be

used.

The life of this wiring system is approxi-
mately five years. The system is not used
on damp walls, ceilings etc.

Note: For temporary power ce ion for
marriages, elc., wooden cleats of three,
four and five ways are also used as
per the need.

Advantage In this wiring faults can easily be
Jocated.

Disadvantages The disadvantages are :
(i) It collects dust over the wire, and
(ify there is no protection from mechanical
injury, fire, gas or water pipes.

(i) Wooden Casiog and Capping Wiring
System This system of wiringis shown in
Fig. 10.4. It is suitable for Jow voltage
domestic installations where vulcanised rubber-
insulated cables or plastic-insulated cables
are used. This wiring system is- not used in
damp places such as hilly areas as it absorbs
moisture,

The casing should be of well-seasoned teak
wood, free from knots, damp and other
defects. Before the installation of the casing
capping, it should be well-varnished from all
sides with pure shellac varnish.
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Fig. 10.4 Casing capping wiring

The casing is first installed by means of
flathead, countersunk wood screws to the
wooden plugs (“gutties™) on dry walls or
ceilings at an interval of not exceeding 90 cm
for sizes up to 64 mm and not exceeding
60 cm for sizes above 64 mm casing. The
casing should not be fixed near or under the
gas, steam or water line. It should be separa-
ted from the wall or ceiling by porcelain round
cleats not less than 6.5 mm thick, thus avoid-
ing the effect of moisture if it is in the wall.
While laying out the casing, try to avoid
corners and crossing of cables as far as possi-
ble. If this cannot be avoided, then use
wooden corners or bridge pieces. Casing
capping joints should be cut diagonally and
made to fit properly. The jointsin the casing
should not be “overlapped by the joint of the
capping. Moreover, the casing capping should
never be burried in the plaster work, to cross
the wall, floor or ceiling, it should be passed
through the conduit pipz.

After fixing the casing, cables of opposite
polarity or of different phases are run in
different grooves. There should be no joint
in the groove and for this purpose a separate
joint cut-out is used. After running the wires
in the grooves, the casing is then covered
with capping by means of round-head brass

screws at a distance not exceeding 15 em (67)
cross-wise (i.e 30 cm (12°) between two succes-
sive screws on each side) for all sizes up to
64 mm (2}") casing capping. For sizes above
64 mm (2}") casing capping, the screws are
fixed at an interval of 22.5 cm (9") cross-wise
(i.e. 45 cm (18") between two screws on each
side) on the capping. It should bz kept in
mind that while fixing the screws on the
capping, the side fillets (i.e. walls) do not
spoil as it may damage the insulation of the
cable used. After the completion of the
installation, it should be varnished again.

The cost of labour required in this system
is comparatively high. This system of wiring
is suitable for dry _Iptnces only and the life is
about 20 years. This system of wiring has
now been superceded by the C.T.S. wiring
system.

Advantages There is sufficient
protection to the cable used.

mechanical

Disadvantages  The following are the dis-
advantages of the system :

(i) There is a great risk of fire in this
. system.
(if) It is difficult to find faults.
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(iiiy It is not damp proof. Although itis  Dimensions The sizes of casing and_ capping
painted with shellac varnish, yetitabsorbs  for various sizes of 250 V grade insulated
moisture easily.

cable in a grooveshould be in accordance with

(iv} Its erection is not very simple and there- those mentioned in Table 10.1.
fore requires more time and skilled
iabour,
Tasie 10.1 Sizes Or Woon Casing AND Capping (As Per IS 732-1963)
5. No. Particulars Sizes of casing or capping in mm
1 2 3
1. Width of casing or capping B 44 51 64 76 49 10z
2 No. of grooves 2 2 2 2 2 2 2
3. Width of grooves [ 6 9 13 16 16 19
4. Width of dividing fillet
(wall) 12 12 13 18 24 is 82
5. Thickness of outer wall 7 10 10 10 10 11 12
6. Thickness of casing 16 16 18 19 25 1n 32
7: ‘Thickness of capping 6 6 10 10 10 13 13
8, Thickness at the black
under the grooves 6 6 6 10 10 10 13
9. Length Z5t03.0m

Tapre 102 Maximum PermissisLe Numeer O 250-V Grape SinaLe-Core CarLes THat Can Be
Daawn Into Ricip SteeL Conpuirs (As Per 18 732-1963)

= Size of cable

Size of conduit (mm)

Nominal Number and 16 20 25 32 40 30 63
cross diamerer in
sectional mm of wires (number of cables max.)
area
mm? STF S B S§ B § B s F § B 5B
1.0 111z 5 4 7 5 13 10 20 14 — — — - —
1.5 1/1.40 4 i 7 5 12 10 20 14 - — — — - =
2.5 )/1.80 32 6 5 10 8 18 12 — — —
) 3/1.06* - = =
1/2.24
4 7085+f 302 4 3 7 6 12 10 — — — — — —
1/2.80
6 {'HI.D&“} 2 - 3 2 6 5 10 8 — — — — — —
10 1/3.55¢ —_ - 2 — 5 4 8 T — — - =
7i1.40% —_ - 2 = 4 3 6 5 8 6 - — — —
16 71.70 —- = = = 2 — 4 3 7T 6 - = = =
25 72.24 - - — = — — 3 2 5 4 B8 6 9 7
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Table 10.2 (contd),

35 7/2.50 —_ - —_ - —_—— 2 — 4 3 7 5 8 6
50 713.00% - - = = = = — — 2 — 5 4 & 5
19/1.80 - — = = = = = - 2 = 5 4 6 5
Note 1—The table shows the maxi ity of conduits for the simultaneous drawing-in of cables.
Theuhle lppli-e:mm volt grade cabigs. The columns headed ‘8" apply 1o runs of conduit which have
not g 4.25 m bet in boxes, and which do not deflect from the straight by an angle

of more than 15° The columns huded *B" apply to runs of conduit which deflect from the straight by an
angle of more than 15°,

Note 2—In case an inspection type draw-in box has been provided and if the cabie is first drawn
through one straight conduit, th:n through the draw-in box, ‘and then through the w:oml straight conduit,

such may be idered as that of a } duit even if the duit d. hrough the igh
by more than 157,
*For copper conductors only.

{For aluminium conductors only.

Tanre 10.3 Maximum Permissiore Numser OF 250-Vorts Grape SingLe-Core CasLes THAT
May Be Drawn InTo RiGip Non-MeTaLLic Conpuits (As Per IS 732-1963)

Size of cable Size of conduit (mm)
Nominal Number and is 20 25 Er] 40 b1
Cross fec- diameter in (Number of cables, max)
tional area  mni of wires
mim®
1.0 1112 5 7 13 20 -_— -
1.5 1j1.40 4 6 10 14 —_ —_
1/1.80 — -
25 :; g : 26‘ 3 5 10 14
24
4 7,085 2 3 6 10 14 _
1/2.30
6 —_ 1 -
{'HLDG'} z 5 8
1/3.55¢ _ _
10 7/1.40° — 4 7 9
16 7/1.70 —_ - 2 4 5 12
25 7224 - —_ — 2 2 6
35 7/2.50 -- —_ — —_ 2 5
7/3.00t - —_ —
50 19/1.80 - 2 3

*For copper conductors only.
{For aluminium conductors only.

(ifi) Lead-sheathed Wiring System This type In lead-sheathed wiring the cables are
of wiring is used for low voltage installation fixed to the wooden batten by means of nails
and is not suitable where acids or alkalies are  and joint clips or link clips. These clips are
likely to be present. In this wiring s stem. fixed at an interval of 10 cm in the case of
single, two-and three -core lead covered horizontal distances and 15 cm in the case of
cables are used in places exposed to the sun vertical distances. After this these wooden
and rain, provided no joint is there in the batlons are then fixed by means of wooden
installation. screws to the wooden plugs which are fixed



in the walls at the distance not less than
60 cm (2') or 75 cm (2.5) maximum (shown
in Fig. 10.5).

In such a system of wiring extra care

should be taken to prevent any heavy
mechanical strain over lead-covered cables
while installing them. The cable should

be run in conduit pipes when crossing the
wall or ceiling. If the cable is passing through
the floor, it should be protected by the conduit
pipe and brought to the wall up to a maxi-
mum height of 1.5 m. The sharp bending of
the cable should be avoided. This system
requires good earthing. Hence electrical
continuity should be formed over the whole
length of lead and should therefore be earthed.
The joints of lead-covered cables are made in
the wzll-enclosed metal joint boxes by means
of a porcelain connector.  The metal sheath-
ing of all the jointed cables should be bound
through these boxes. In any installation the
total resistance of thz metal sheathing from
any point in it to the earth electrode should
not exceed 1 L. This wiring gives a neat
al};pearancc and requires superior workman-
ship.

This wiring system is very costly and is
generally used in Jarge buildings, hospitals
and for short distance service mains in domes-
tic wiring. The life of such a wiring sysiem
is 30 years or more.

Advantages  The advantages of this system
are :

(i) There is sufficient mechanical protection
to the cable duc to lead sheathing on the
cable.

(i) Protection from fire is also good in this
system of wiring.

(iii) This systam provides good protection
from dampness if the ends of the cables
are properly sealed.

Disadvantages The disadvantages of the
system are as follows: .
() This system of wiring is expensive.
(ii) Insulation of the cable can be damaged
due to the bad workmanship.
(iif) This type of wiring is not suitable where
fumes of acid are present.

(iv) C.T.S. T.RS. Wiring System In this
wiring system, single, twin or three-core,
tough rubber-sheathed cables are used for
low-voltage wiring installation. It should not
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Fig. 10.5 C.T.S. wiring

be exposed to the sun and rain. However,
PVC sheathed cables are also suitable for
medium-voltage installations and they may
be installed under exposed conditions of the
sun, rain or damp places and where fumes of
acid or alkalies are present.

T.R.S, cables are fixed on well-¢casoned,
perfectly straightand well-varnished wooden
battens by means of joint clips as explained
in lead sheathed wiring system, not less than
10 mm in thickness (10 to 19 rmam usually)
and the width of which is such as to fit the
total width of the cables laid on the batten
{10 10 50 mm) as shown in Fig 10.5. Wooden
plugs used for fixing the batten should be
fixed at a minimum interval of 60 em (27
apart or 75 cm (2}')apart maximum. The
wiring should not be given any right-angle
bend. For this purpose, it should be rounded
off at the corner to a radius not less than six
times than the overall diameter of the cable,
It is preferred to pass the wire through the
conduit pipe when passing through the walls,
ceiling or floor. For this purpose wooden or
porcelain bushes should be provided on both
sides of the conduit. In no condition the
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T.R.S. cables should be burried directly under
the plaster. After the completion of the
wiring installation, it should be varnished
ugain to suit the surrounding atmosphere.

This system of wiring has taken the place
of lead-sheathed wiring because in this system
the sheathing of the cable does not require
earthing and morcover it can safely be used
in situations where neither conduit nor lead-
covered wiring would serve the purpose.
This wiring can be erected very easily and
quickly, and hence there is much saving in
labour. The wiring has a neat and attractive
appearance. This wiring is free from chemical
action and is waterproof within limits.

The life of such a wiring system is about
30 years and is used in large buildings, hospi-
tals and at places where chemical fumes and
moisture are present.

Advantages  The advantages of the system are
as follows:
() In this system, protection from dampness
is excellent.

(it} This system requires semi-skilled labour
for erection and therefore is less costly.

(i) Tts life is very long.

(iv) This system provides good mechanical
protection to the cable wsed in the
installation.

{*) Its general appearance is very good.

(v) Conduit Wiring System This system of
wiring can be divided into two further systems
as follows :

(i) surface conduit wiring, and

{ii) concealed conduit wiring.

Surface Conduit Wiring This system is suitable
for low and medium voltage wiring installa-
tions. V.L.R. or P.V.C. cables are run in metal
pipes known as conduits which provide good
mechanical protection to the insulation of the
cable and reduce the risk of fire.

The cables are drawn through the conduit
pipe by means of a steel wire known as fish
wire. Conduit pipes are available in various
sizes which vary from 12 mm (1/2°) to 75 mm
(3). The size of the conduit to be selected
for the wiring depends upon the diameter
and the number of cables to be carried
through the conduit.

In this wiring syst th
(thread should be between 11 to 27 mm) are

qod Auit

Fig. 10.6 Surface conduit wiring

fixed on the surface of the walls by means of
a saddle, screwed to the wooden plugs, pro-
vided at an interval of not more than I m
as shown in Fig. 10.6. The distance of the
wooden plugs on either side of the junction
box or other conduit accessories should not
be more than 30 e¢m (I') from the centre of
the fittings. In long running of pipes, the
junction boxes are provided at a sufficient
distance to facilitate the drawing in of wires,
ete. Burrs are formed inside the conduit
pipe, while cutting it. If these burrs are not
removed, that can damage the insulation of
the cables. Wooden or plastic bushes are
inserted inside the conduit pipes where the
wires enter or leave the condwit. All outlets
(switches, holders, etc.) are fitted on the
metal boxes installed either surface mounted
or flush mounted.

Concealed Conduit Wiring This wiring is also
known as recessed conduit wiring and comply
with all the requirements of surface conduit
wiring.

In this system small channels are formed in
the walls, ceiling, etc. when the building is
under construction. The conduit pipes are
erected in these channels by staples or saddles
not more than 60 cm (2') apart. Inspection-
type conduit accessories like inspection-tee,
clbow or junction boxes are fitted flush
mounted on the walls at a sufficient distance
during the installati of the conduit to
facilitate the drawing in or removal of wires.
After the erection of the conduit pipes in the
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TDOTHERS

_CIRCUITS

.

LI

SWITCHESON
FUSES TNTACTIN
DISTRIBUTION  BOX

test b 3

Fig. 10.8 lati

and can be judged with this test. Figure
10.9 shows the essential connection.

In this test the main switch is opened and
one end of the meggar is joined to one end of
the conduit or lead sheathing of the wiring
installation and the other end to the earth
(i.e. water mains) and then the resistance is
measured. If the meggar shows zero reading,
it means that the conduit is properly earthed.
If the reading is high, it shows that the con-
luit bas not been properly carthed.

TG OTHER CIRCUITS

MAIN SWITCH

Fig. 10.9 Earth continuity test of conduit
wiring

Polarity Test of Switches The test is applied
to know, whether the switches are correctly
installed on live terminals of the supply to

make the lamp holders quite dead when the
switch is in the ofr position. If the holder is
wrongly connected in the live wire directly,
the operator may get a severe shock in case
of its repair.

This test1s only performed if the wiring is
found satisfactory in the above three tests,
In this test, the main swilch should be put
oN only when all the fuses should be intact,
all the switches are o~ and the lamps are orr.
The test is made with a testing lamp. One
end of the testing lamp is earthed and the
other end of the lamp is connccted to the
switch as shown in Fig. 10.10, If the lamp
lights, the switch is correctly installed on the
live wire. If it does not light, it means that
the switch has not been correctly installed.

The range and testing voltage of the meggar
is given in Table 10.5,

TasLe 10.5 RANGE anp IESTING VOLTAGE OF MEGGAR

Warking volrage ﬁ's‘ﬂu voltage Runge, MQ
8. No. of line or Mach- of Meggar, V

ine, Vv
1 250 500 0-20
2 500 1000 0-2000
3 11000 254000 10 0G0

10.8 NECESSITY OF EARTHING

By earthing we mean a metallic connection of
the body to the general mass of the earth
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LaMP DOES
= HOT LIGHT

Fig. 10.10 Polarity test of switches

(considered to be at zero potential} for the
safety of the human body from shocks.

All metallic covers of machines, starter or
sheathing of wiring, etc. are generally dead
but can become alive due to failure of insula-
tion or bad workmanship. When a person
touches such paris of machine or installation,
gets a serious shock. To avoid from such
severe shocks, all the metallic covers and
frames of machines are earthed. A good
earthing should have very low resistance and
casily allow the leakage current through it.

10.9 FACTORS GOVERNING RESISTANCE OF
EARTH ELECTRODE

The resistance of an earth electrode depends
upon the depth of the electrode, nature of
soil and ‘area of the earth plate.

10.10 SYSTEMS OF EARTHING

There are two systems of earthing as :
(i) pipe earthing, and
(ii) plate earthing.

Pipe Earthing In this method a galvanised
iron (G.1.) pipe of 38 mm (147) diameter, 2 m
(6% length«(for ordinary earthing) having 12
mm (§") diameter holes on its surface is buried
vertically in the wet earth to work as an earth
electrode.  If the 5oil is dry, then the length
of the pipe varies to 2.75m (9). The lower
end of the pipe is made tapered (Fig. 10.11)
to make driving easy.

The depth to which the G.I. pipe should be
embedded depends upon the moisture in the

soil. It should normally be 4.75 m (15°), but
this is not a hard and fast rule. Another pipe
of 19 mm (§") diameter and of sufficient length
(depending upon the moisture in the soil) is
connected to the earth electrode of 38 mm
diameter pipe through a reducing socket (38
mmX19 mm gize). A funnel having a wire
mesh is provided at the top of 19 mm dia-
meter pipe. During the summer season
water is poured in the funnel for maintain-
ing the earth connection in good condition.
The funnel is enclosed in a concrete box with
a cover fitted with a hinge.

The earth electrode pipe is surrounded by
15 cm (6) thick alternate layers of salt and
charcoal powder. The reason for adding the
salt is that it attracts moisture from the soil,
Charcoal retains the moisture near the earth
electrode which decreases the earth resistance.,

The G.I. earth wire (i.c. earth continuity
conductor) of suitable size to carry the fault
current safely is connected to a 19 mm dia-
meter pipe below the funnel and is carried
through a 12 mm dia G.1. pipe at a depth of
60 cm (2') below the ground level, Further,
the earth continuity conductor is bmught to
the main switch, distribution box and indivi-
dual machine for earthing,

Plate Earthing In this system of earthing a
pit is dug in the ground until sufficient mois-
ture is available in the soil (3 m approxima-
tely). Then a G.I. or copper plate is connec-
ted to the carth continuity conductor with
nuts and bolts as shown in Fig. 10.12,
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63mm@ MSROD CLCOVER HNGED TO

. .

SAT LAYER

12mm @ HOLE

R

Fig. 10.11 Pipe earthing (as per IS: 3043-1966)

When a G.l. plate is used, it should be of
ize 60 cmx60 cmx6.35 mm (2'x2'x}{")
ind for copper plate the dimension may be
50 emx60 em: 318 mm (2'x2'x1/8°). It
should also be noted that nut and bolts must
be of G.1. for the G.I. plate and should be of
capper for the copper plate.

After this the plate is placed at the bottom
of the pit and is covered with 15cm (67)
thick alternate layers of salt and powdered
charcoal. Then the bolted earth wire is
drawn through the G.1I. pipe of diameter 12.7
mm to some convenient point of the commen-
cement of supply. Another G.I. pipe of 19

mm dia. with a funnel and wire mesh at the
top is provided to pour water in the pit of
the earth electrode. The funnel is enclosed
in a concrete box having an iron cover and
hinge to protect it from dust as in the case of

pipe earthing.
10.11 RULES FOR EARTHING
The following are the general rules for earth-
ing :
?I) In the case of the lead and conduit
house wiring, the earthing must be

continuous by a single solid conductor
of 14 SW.G.
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Fig. 1012 Plate earthing

(i) All the metallic covering of the majn
switch, distribution box, ceiling fans,
brackets, etc. along with the earth point
of the wall socket should be earthed.

(fif} The metallic cover of all medium-voltage
machines should be earthed by two
separate earth connections. This means
thal double earthlng is done in the case

{iv) I'n any case the resistance of the earth
continuity conductor should not be
greater than 1 £ throughout the system.

(v) In the case of ordinary soil the earth
resistance of the electrode should not
be more than 3 &2 and 8 2 in rocky soil.

10.12 DOUBLE EARTHING

The reason for using double earthing is that
if one earth fails, then the second earth will

do the purpose. This means that the double
earthing provides extra safety.

The second reason is that it offers mini-
mum resistance (as in parallel} to the flow of
leakage current.

The distance between the two earth elec-
trodes should be 5 m (15°) approximately.
If these electrode - are buried near the wall
of the building, then the minimum distance
from the wall should be 1.5 m.

10.13 METHODS OF IMPROYING THE EARTH
RESISTANCE

The following are the methods of improving
the earth resistance of an electrode :

(i) Soldering Nuts and Bolts The earth resis-
tance can be increased by soldering the nuts
and bolts of the earth electrode instead of
simply tightening.
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(ii) Increase in Plate Area By increasing the
area of the plate, the resistance will decredse
but the decrease in resistance is extremely
S'ln]:ll". Therefore this method is not practi-
cable.

(lii) By Powder Charcoal and Salt Salt and
charcoal is mixed in the ratio of 1:5 respecti-
vely and added arounc the earth electrode.
This reduces the contact area of the plate as
well as provides moisture around the
electrode, thereby reducing the earth resis-
tance.

(iv) Depth of Plate If the same plate is
buried deep in the earth, it reduces the resis-
tance of the earthing system up- to a certain
limit. No doubt this value is also very small
but it helps to a great extent.

gr)llmtallatlnn of Parallel Electrode The
installation of a number of earth electrodes
in parallel for the same depth decrease the
earth resistance to a great extent. This
system requires greater area of soil and there-
fore it is suitable where sufficient open soil is
available for earthing. In this-system all the
earth plates are connected in parallel for
reducing the overall earth resistance. This
method is adopted for all big power houses
and sub-stations where the earth resistance
has to be reduced to a great extent.

(vi) By Pouring Water In the summer season
the dampness around the earth electrode
considerably decreases which increases the
resistance of the earth electrode. For increas-
ing the moisture three to four buckets of
watermixed with salt are poured down in the
funnel every faw days to keep the soil moist
around the electrode.

10.14 RESISTANCE OF EARTH ELECTRODE

The main purpose of keeping the earth resis-
tance to a very low value is to give easy path
to the flow of leakage or fault current as soon
as it occurs. The resistance of the earth elec-
trode is kept according to load and inversely
proportional to it. Table 10.6 gives the value
of resistance of the earth system.

TasLe 10.6
8. No. Types of installation  Resistance of earth
electrode in ohms
1. Big power station 0.5
2. Main sub-station 1.0
3. Small sub-station 2.0
4, Others 8.00

Nore: The resistance of the earth continuity con-
ductor from the earth electrode to any other
point in the installation should not be more
than 1 & in any case.

10.15 SIZE OF EARTH CONTINUITY
CONDUCTOR

According to the recommendation of LS.I,
the size of the earth comtinuity conductor
(not contained in the cables) should be cor-
related with the size of the current ng
conductor. It should not be less than half
the largest current carrying conductor in the
system, provided that the minimum size is
not less than 1.5 mm? for copper and 2.5 mm*
for aluminium and not grenter than 70 mm*
for copper and 120 mm* for alumisium. In
the case when all galvanised iron (G.L) wire
is used as the earth continuity conductor, its
size may be equal to the size of the current
carrying condcutors with which they are
employed.

Taere 10,7 Resistance To Earti Anp Size Or Earti Continuiry Conpuctor For ELECTRICAL

APPARATUS
5. No. Sizes Max. resistance Size of earth continuity
bhp or kVA of earthin conducter in S.W.G.
ofhms Copper wire G.1. wire

1 2 3 4 5

1 10 6.0 8 8

2 12 5.0 8 8 )

3 15 4.0 8 8 (contd.)
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! 2 3 4 5

4 20 3.0 8 5

5 25 25 8 4

6 30 2.0 3 3

7 40 1.6 8 3

] 60 1.4 8 1

9 75 iR 6 For apparatus of
10 100 0.8 5 higher size, coppet
11 125 0.6 3 conductor should
12 150 0.5 1 be used
13 175 045 []
14 200 0.4 310
15 250 0.3 50

REVIEW QUESTIONS

10.1 (a) Describe the various tests necessary before a new domestic installation can
be connected Lo the supply.
(b) What do you und d by hing an electrical llation ? Explai
briefly a method for providing a good ‘earth’.

(NCVT 1930 Elect.)
10.2 What are the different systems of wiring used for domestic installations ?
What are the tests to be performed under the Indian clectricity rules before

ad stic installation 7

(NCVT 1964, 66, 68, 70)
10.3 Describe with a neat sketch how a d ic installation is d with the
service line of the supplier. Show clearly the position of the meter board
and other apparatus and fixtures. Mention the provision of sealing of cut-outs

in the LE. Rufes.

(NCVT 1970 W/man.)
10.4 Describe the p dure for laying duit wiring in a building.
Describe the method(s) of draining cables thmu;h a conduit. Explain why a

conduit is earthed.
(NCV¥T 1970 W{man.}
10.5. Describe and compare the different systems of wiring used for domestic
installations.
10.6 (a) What is the necessily of earthing ?
(B) What is the size and material of the earth wire usually used for domestic
wiring 7
(¢) Sketch a simple earth-pit complete as per LE Rules,

(NCVT 1976 Elect)
10.7 Describe with a sketch, a method of providing a good earth for an electric
sub-station. What method would you adopt to improve the value of the earth,
if it is not found satisfactory.
(NCVT 1974 Eleit))
10.8 Why should electric equipment be earthed 7 What “is the minimum size of the
carth wire recommeoded for a 10 hp motor ? Givea cornplelu list of materials
required for earthing the above motor ing a of 10mb
the motor and earth electrode. Explain the p dure to be followed
{Inter ITI U.T. 1969)




11
Single-Phase
AC Circuits

11.1 ALTERNATING CURRENT

An alternating current is that current whose
magnitude and direction change periodically.
It is denoted by “ac”.

11.2 MAGNITUDE OF ALTERNATING EMF OR
CURRENT

For uuderstandmg the production of ac and

eter the de of alternating
quantitiés (i.e. ernf or current), let us consider
a coil side 04 of coil AOB revolving in bipolar
machine [Fig. 11.1 (a)] with a uniform angular
speed of w. In 04 side of the coil, an alternat-
ing emf will be induced which will be mini-
mum when the coil is midway between the
poles and the emf is maximum when OA is
directly under the poles. Such a quantity can
be represented by a line equal to its maximum
value, rotating with a uniform angular velo-
city about a fixed point. The value of the
induced emf at any instant is given by its
projection on the vertical line through the
point about it is revolving.

BPOLAR ALTERNATOR

In Fig. 11.1 (b) oa is the original position uf
the OA side and the length of oa

the maximum value of the induced emf. If OA
is rotated anticlockwise with a umfnrm angu-
lar velocity w, then after a time interval 1, OA

will have mwed through an angle wf or ¢°, say
to the position shown by Ob. The instantancous

value of Ob is its projection on the vertical
line, shown by OP.

By trigonometry g-—i = sin #

or OP = Obsin @

But Ob is the maximum value (Emasz) of the
induced emf and OP is the instantaneous value
e of the emf.

Instantaneous emf,

€ = Ewax X sin (1.1

Similarly, the instantancous value of the
induced current is given by:
Instantaneous current, .

i == Imax X sin @ (1.2

Fig. 11.1: Development of alternating current sine wave



It is also clear from Fig. 11.1 that the induced
emf varies as the sine function of angle wt.
When the induced emf is plotted against time,
acurve as shown in the Fig 11.1 (c)is ob-
tained. Such a curve is known as a sine curve
and the emf as a sinusoidal emf,

Examrie 1.1 The maximum value of an alternating
imdueed emf is 500 V. Find its instontaneous value ar
e,

‘We know that ths instantaneous emf,
e = Epae X 8ind

= 500 % sin 30O

= 500 ¥ 0.5 = 250V Ans.

Solution:

1.3 POPULARITY OF AC

The generation of ac is preferred over dc be-
cause of the reasons given in Table 11.1.

11.4 DEFINITION

Alternating Current (AC) Itis the current in
which the magnitude and direction vary
periodically. The characteristic of ac is that
the current first rises from its minimum to a
maximum value and then falls back 10 the
minimum only to repeat the processin the
opposite direction.

Cycle One complete set of chiange in value
and direction of aliernating quantities emf or
current is called a cyele.

Periodic Time Periodic time is the time taken
to complete one cycle. For example, 2 50 Hz
alternating current has a periodic time of
1/50s. Iis symbol is T

Frequency The number of cycles completed
per sccond (hertz or Hz) is known as the
Jrequency of the alternating current. It is
represented by letter f.

The standard frequency in _most countries,
including India, is 30 Hz. Below this fre-
quency incandescent lamps flicker noticeably.
According to the L.E. Rules, the frequency of
an ac supply can vary only by 37, of the
declared frequency.

Instantaneous Value The value of an alter-
.nating quantity (currentor emf) at a particular
in?nm ina cycle is called its instantaneous
value.

Single-Phase AC Circaits 201
Peak Value or Amplitude The maximum value
of an alternating current or voltage during
a cycle is known as its amplitude (Fig. 11.2),

1 CYCLE

"

3

CURRENT

TIME BASE

Fig. 11.2: Average value over half cycle

Average Value The average value of ac is
given by that direct current (dc) which trunsfers
across any circuit in a given time the same
charge as transferred by the ac in the same
circuit.

In the case of ac, there are two half-cycles
which are exactly opposite to each other.
Therefore, the average value over a complete
cycle is zero, The average value over a half-
cycle is obtained as in Fig, 11.2,

R T A
Tav=® fmu * 0.637 {[1-3}
Similarly, Eav=Emax X 0.637 (11.4)

Rool Mean Square (rms) Value The rms value
of an alternating current (or emf) is expressed
by thut direct current which when applizd to
a circuit for a given time, produces the same
amount of heat energy as when the alternat-
ing current (or emf) is applied to the same
circuit for the same time. Itis also known
as the effecrive or virtual value.

For determining the rms value of an alter-
nating cu.rent {or emf), its instantaneous
vilues aie taken at several points of time
during a cycle. These values are then squared.
added, and then averaged. The square roo
of this average value gives the rms value of
the alternating cuirent for emf),
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In short; rms value,

T

IHIIG- —

n
or rms value,

T = Tmax > 0.707 (15.5)
Similarly, rms value,
© Erms = Emax % 0707 (Il.ﬁ)

It should be remembered that the scales
of deflecting instruments do not indicate
the maximum value of an alternating currem:
(or emf) but measure the rms values,

Exampre 11.2 Find the rms value of an alternating
current which has a maximurn value of 1414 A,

Solution: - We know that
Tems = fuax % 0.707
= 1.414 x 0.707
=0,999698=1 A Ans.

Form Factor The ratio of the rms value to
the average value is called the form factor.
For a sinusoidal alternating current,
Form factor
I'rms value _  fmax % 0,707
Iaverage value Imax X 0.637
= 111 (1.7 a)

For a sinusoidal alternating voltage,
Form factor

Irmsvalue _ Emax X 0707
average value Emax % 0.637
= L1 (1.7 b)

A knowledge of the form facior helps one
to calculate the rms value from the average
velue and vice-versa.

Crest Factor The ratio of the maximum yalue
to the rms value is known as the crest fuctor
or the amplitude factor.

For a sinusoidal current,

Crest factor
Imaximum value Tmax
Erms value Impx % 0.707
= 1,414 (11.8 a)

For a sinusoidal volage,

Crest factor
Emaximum val_ue_ - Emax
E rms value Emax % Q707
= l.414 (1.8 b)

Scalar Quantity A scalar quantity is that
which has only magnitude but no directi

Vector Quantity A vector quantity has both
direction as well as magnitude. An example
of a wector is force. When the effect of a
force is under ideration, its magnitud
as well as direction must be idered. When
it is required to add two forces, they should
not be added algebraically but must be com-

bined in a way 50 to take into consideration
their magnitudes as well as directions.

Phase During a complete cycle, an alternati
current goes Lhroughﬂ'arinus st‘:tgcs or pl?st;g
of d:\r_et[npme;n at a given instant. Starting from
zero, it reaches its maximum value iti
h'a!fJ‘and then fall down to zero. It mgﬁo:g‘;:
rises in the reverse direction (negative half) and
finally falls down zero thus completing a cycle,
Tpe development of an ac quantity through
different stages is known as phase.

In-phases When (wo alternating quantities
{currcflt_nrld vollnge)_ attain their maximum
and minimum value simultaneously, then these

quantities are said to be in-ph,
fantities a € in-phase as shown

-3

£

=

B,
o
>

VECTOR
REPRESENTATION

Fig. 11.3: Quantities in-phase



Out of Phasc (or Phase Difference} Whentwo
alte.n.ung quantities do not reach their
maxinium and minimum values simultaneo-
usly, then they aie owt of phase (Fig. 11.4).
Phase difference is measured in electrical
degre:s or radians,

Phase Angle Itis an angular displacement
between two alternating quantities as shown

in Fig. 11 4. Phase angle is measured in
electrival degrees or radians.

Quadrature Quantities When the phase diffe-
rence between two alternating gquantities is
90° electrical they are said to be guadrature
quantities as shown in Fig. 11.5.
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Anti-Phase Quaniities When two quantities
are out of phase by [80° electrical, they are.

said to be anti-phuse quantities as shown in
Fig. 11.6. L

Leading Quamity The alternating quantity
that reaches its maximum value earlier than,
the other quantityis known as the leading

quantity. For example in Fig. 11.4 quantity
A leads B by an angle 6.

Lagging Quantity The alternating quantity
that* aitains its maximum value later Than
the other quantity is called the /agging quan.

tiry. For example in Fig. 11.4 quantity B lags
behind A by an angle 6.

A B LN
X A
':j'l \ li \
il R
6 f \ AR 0 2
o A 25 O\L\ A : y e x
|“ I ';
| ] 1
i‘\‘ B }: \
1 L “ B
VECTOR SHOWS
QUANTITIES OUT VECTOR SHOWS
OF PHASE QUADRATURE
QUANTITIES

Fig. 11.4: Quantities out of phase

Fig. 11.5; Quadrature quantitics

\ y . 1?9\" B

‘=18

IP‘-‘_,/ M VECTOR SHOWS
ANTI PHASE
QUANTITIES

Fig. 11.6: Antiphase quantities
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Tane 11.1 COMPARISON OF AC TO DC GGENERATION

Alternating Current (ac)

Direct Current (de)

2

3

1. Alternators (ac generators) do not have any
commutators and this enables the generating
unit 1o be operated at high speeds,

2. It is casy to insulate the slip rings for high
voltage and hence the generation of high vol-
tage is possible.

In India, the maximum induced voltage that
can be obtained directly from an alternator
is 11,000 ¥ while in the U.S.A. it is 13,800 V.

3. ac voltage can be stepped up for the i

Due to commutation, de generators cannot run
at high speeds.

In dc machines, it is very difficult to give extra
ordinary insulation to the commutator. Therefore,
the gneration of high de voltage is not possible.

de vol

sion of power and stepped down for the distri-
bution of power by transformers,

4. The transmission of power at high ac wltaw
is economical. For this reason ac is pi

ges cannat be stepped up or down,

t‘ the dc voltrage cannot be sle'pmd up or down,

1o de.

5. Alternotors can produce high voliage at high
current ratings.
In India, the maximum output of an alter-
nator is 220 M W.

6. For the same speed ac molors are cheaper,
require less maintenance and, hence, ure more
efficient than dc motors. v

115 AC AS COMPARED TO DC OF SAME
VOLTAGE

The reason the human body receives a more
severe shock by ac than dc of the same voliage
is as follows: We know the rms value of an ac
voltage is equal to the value of dc voltage.
However, ac attains its maximum value twice
in a cycle (i.e. 100 timesin a second), which
causes & severe shock to the human body as it
is much higher in magnitude as compared to
the rms value of the ac voltage (or dc vol-
tage). For example an ac supply of 230 V
{rms) has its maximum value:

Erms = Emax % 0.707
or 230 = Emax X 0.707
Emax = 230/0.707 = 3253V

From the above it is clear that the maximum
value of ac voltage is 95.3 V (41.4%) higher
than the de equivalent. Hence the man does
not get a shock of 230 V ac but actually gels
a shock of 325.3 V which is much higher than
de voltage of 230 V.

power at high
voltages does not arise.

Owing to commutation difficulties, dc generators
cannot be designed for large outputs. The masi-
mum induced voltage and current ratings of a de
generator is 1500 V and 8000 A respectively.

dc motors are expensive and require more main-

11.6 SELF INDUCTION AND MUTUAL
INDUCTION

It was, seen in Chap. 7 that the emf induced
in a conductor may be (i) a dynamically
induced emf or (ii) a statically induced emf.
In a dynamically induced emf, the variation
of flux is produced (i) either by the motion of
the conductor or (ii) by the motion of the
magnetic field.

In a statically induced emf, the change of
flux due to which emfis induced in the coil
is brought about by a change in current,
either in the neighbouring coil or in the coil
itself. In the former case, the emf is known
as mutually induced emf and in the latter
case it is called self induced emf.

Motual Induction Consider two coils 4 and
B, placed side by side. A palvanometer is
mnn:ctcd in the circuit of coil Banda battery,
along with a switch is connected in the circuit
of coil 4 as shown in Fig. 11.7.

When the switch is closed, a sudden deflec-
tion is noticed in the needle of the galvano-
meter, which comes back to the zero position
of the scale of the galvanometer soon after.



Fig. 11.7: Seif and mutual induction

The deflection in the needle of galvanomeler
indicates that an emf is induced in coil B.
When the switch is turned off, again a defiec-
tion in the galvanometer’s needle is seen
which is now in the opposite direction. It
shows that again there is an emf induced but
in the opposite direction. In short, when two
coils are placed near each other and a varying
current is passed through one coil, it causes a
variation of flux which links with the other
coil and induces emf in it, which is called
mutually induced emfand the process is known
as mutual induction.

Self-induction When a varying current is

ed through a coil, a variation of flux is
developed in it which links the coil itsell and
induces emf in it which is called self-induced

STRAIGHT

BENT WIRE WIRE
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emf and the process is known as self-induction-
Now consider coil A (Fig. 11.7) which
is connected to the battery through a switch
and assume that coil B is not placed near it.
The moment the switch is closed, a changing
purrent will start lowing in the coil, which
produces a changing flux linked with the coil
itself and thercby inducing an emfin it. This
induced emf is the sclf-induced. emf or
reactance emf (opposes the main supply
voltage) and the whole phenontena is self-
induction. The reactance emf is represent-
ed by L and is known as self-inductance of
the coil. Its unit of measurement is henry (H).

11.7 INDUCTANCE

1t is that property of a coil duc to which a
varying current passing through it produces
a variation in the flux linked with it and
thereby inducing an cmf in the coil. This
induced emf opposes any change of current
through the coil. Such a coil is called an induc-
fance having unit henry (H) denoted by ‘L.

Nore: The inductince of a circuit deperds upen the
shape and path of the circuit. Fer example, a
bent wire is a non-inductive circuil [Fig.
11.8 (a)]. The magnetic field produced by the
current fowing in one direction is opposed
by the current flowing in the opposite direc-
tion. A straight wire is an example of a stigh-
tly inductive circuit, while an air-core coil is
an inductive circuit, Similarly a coil wound
ona magnetic core is an example of a highly
inductive circuit.

COIL ON MAGNETIC CORE

con
{ AIR CORE)

— 00—

Fig. 11.8: Inductive and non-inductive circuits
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Henry A coil is said to have an inductance
of one henry if an emf of one volt is induced
in the coil when current changes at the rate
of one ampere per second (i.c. one coulomb).
1 volt

+ Lhenry (l‘)-__l-a_ﬁ'nﬁé;e_féic_ondll coulomb)
Inductive Reactance The opposition due to
inductance of the coil in ohms is called the
inductive reactance, represented by Xi.

IfL is the inductance of a coil, then its
inductive reactance will be:

Xe=2vfL (11.9)
where f = the frequency of the supply in
cycles per second (Hz)
L = inductance of the coil in henries
X1 = inductive reactance in ohms
From the above formula,

L (inductance) = zi;}- (11.10)

118 CAPACITOR

A device capable of storing electric charge
in it, when it is connected across the supply,
is known as a condenser or capacitor,

A system consisting of two mctal plates
(i.c. aluminium, brass or tin, etc.) which may
or may not be scparated by an insulator
(known as diefectric) forms a condenser.

1.9 CAPACITANCE

The property of a condenser to store electric
charge in it when connected across a supply
is called capacitance. lis upit is farad (F) and
is denoted by the letter C.

Farad is too big a wnit for Ppractical pur-
poses. So its smaller and practicable unit
microfarad, written as #F, is used.

I'F = 10* uF
LpF = 1/10°For 10 F

Farad A capacitor has a capacitance of one
farad when a charge of one coulomb (one
ampere X one second) produces a potential
difference of onc volt between the plates,

1 coulomb
IF = v

€= 8 (SR

Capacitive Rei The opposition due to
thep:u,_ it of a cond, is called capa-

citive reactance and is denoted by Xc,

If Cis the cag of a i , then
its capacitive reactance will be
Xc = _1_
2nfc
where / == frequency of the supply
C = capacity of the condenser in farads

Xe = capacitive reactance in ohms
From the above formula,

C= (11.12)

1
2rfXc
11.10 IMPEDANCE

The vector sum of resistances and reactances
(i.e. the total opposition} connected in an ac
circuit is called "impedance. [ts unit is ohm
and is indicated by the letter Z,

e Ze= VRTIE
= VE T (=X
=JR’-.‘-(2FIL ! )

(11.13)

2r fe

Impedance Triangle The impedance, resis-
tance and reactance can also be denoted by
the sides of a right angled trian le, whose two
sides enclose an angle 8°, With 2 as the
hypotense R by the adjacent side and the
reactance X by the side opposite to the angle
8, as shown in Fig. 11.9,

Fig. 11.9: Impedance triangle



Z=VE X (11,14
Y — s (119
R=+ZF=X¢ (11.16)

But R
cos f == 7 (11.17)
sin § = % (11.18)
X = ZXsin 8 (11.19)
R = ZXcos@ (11.20)
Z = Rjcos 0 (11.21)
and Z = X/sin &' (11.22)

But cos § is known as the power factor.

1.1t POWER FACTOR
The power factor may be defined in any of
the following ways:

1. It is the cosine of the angle between vol-
tage and current in a circwif,

2. From the impedance traingle, cos @
= R|Z. Theretore, power facior is the
ratio of the resistance and impedunce of
the circuit,

3. It is the ratio between the real and
appareni power, 1t is denoted by *cos 8°,

S Power factor,

Real power

cos B o

Apparent power (11.23)
or cos 8 = X T X cos B

Vx I

The product VI cos # is the real power (or
true power) and is measured in watts vr ome
times in kilowatts (kW). Simil:rly the product
V1 is known as the apparent power me sured
in volt-amperes or sometimes in kilo-volt-
ampere written as kVA.

The following are_the different conditions
of the power factor in different circuits.

Unity Power Factor A circuit with a unit
power factor will have equal real and apparent
power, so that the current remains in phase
with the voltage and hence some wseful work
can be done.

Leading Power Factor A circuit will have a
leading power factor if the curren leads
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voltage by an angle of @ electrical and the
true power will be less than the apparent
power.

1 v
0
|a)
I
aC
0 v
bl
s} o v
ic) 1
0— v
:]
1

id)

. 11.10: Different conditions of power factor
Fig (a) Vector diagram of unity povcr
factor

(b) Vector diagram of leading power

() }'mho: diagram of lagging power

) \?em diagram of zero power
factor lagging
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Lagging Power Factor In such a circuit the
true power is also less than the app 'rent power
and current lags behind the voltnge hy an
angle, say #° clectrical.

Zero Power Factor When there is a phase
difference of 90° between the current and
voltage, the circuit will have zero power
factor and no useful work can be one.

Note: The power lactor can be one or less than one
but can never te greater than one

11.12  AC CIRCUIT CONTAINING PURE
RESISTANCE ONLY

A pure resistive circuit is that which has no
ind e and capacitance but only resistance
as shown in Fig. 11 11 When an ac voltage V
is gpplied across such a circuit, a current will
flow through it. The value of the current is
given by ohm's law, as applied in the case of
a de circuit.

I= - (11,24)

where Z is the total opposition of the circuit.

But  Z = R (Since the circuit is purely
resistive)

1=+ (11.25)

where R = the resistance of the circuit in
ohms
V= rms value of the electrical pres-
sure in volts
I = rms value of the current in
amperes

In a pure resistive circuit, the current re-
mains in phase with the voltage as shown
#raphically in Fig. 11.11 (b) and vectorially in
Fig. 11.11 (¢).

Power in_such a circuit can be obtained as
shown in Fig. 11.11(d).

When the current is rising in the positive
half, power is given by

ARAA
LAdd il
E

[d}

.11: Circuit taining resistance only
Fig. 11 (-Jknl::au connected across ac

(b) Gruphs shows the voltage and
current are in-phase .

(c) Vector diagram shows the voltage
and the current are in pha

(d) Power in a pure resistive circuit



=V xIXcos#
( By the impedance triangle, cos & = % )
. W=Vl —cos¢g (11.26)

Power when the current is falling in the nega-
tive half,

W=(—I'R=1IR
Inthis casc also the power is positive, 5o it
is shown in the upper half of the cycle. This
is true only for resistive circuits.

W=1IR (1.27)
=R
vos 0= 7
But Z=R

cors = B o

Now cos 6 for the resistive circuit is one,
and therefore its phase angle is zero.
Therefore, the power developed in such a
circuit is the product of rms values of the
voltage and current.

W=¥VxI (11.28)

The power developed is real and is dissi-
pated in the form of heat.

Combination of Resistances In ac, the com-
bination of resistances in series and parallel
follows the same rule as in the case of dc
circuits, i.e. the total resistance in series.

R=rn+rtrgt.
The total resistance in parallel

1 1 1 1
- +r—,+ r.+'"

i
1113 AC CIRCUIT CONTAINING PURE
INDUCTANCE
A pure inductive circuit is one which has no
an pacit but only induc-
tances as shown in Fig. 11.12.
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ic)
(a}

® 2, /

le]

1d]

CYCLE OF
APPLIED VOUTAGE

Fig. 11.12: Circuit containing pure inductance only

(a) Ind conpected  across ac-
supply

(b) Graph shows the current Lags behind
the voltage by 90°

(c) Vector diagram shows the current

voltage are in quadrature
(d) power ina pure inductive circuit
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It is not possible to have a pure inductive
circuit in practice because a coil always has
a finite resistance. But an approximation to
a pure inductance is a coil wound on a lami-
nated iron core witha few turos of thick
wire. If an ac voltage Vis applied across
such a circuit, a current will flow through it.
The magnitude of the current is given by:

V
Butin this case Z=X¢
. V
RS I= 7 (11.29)
But Xi= 2nfL
where
Xt = inductive reactance of the circuit in
ohms
¥ = rms value of the potential difference
in volts

I = rms value of the current in amperes.
1t is scen that in a pure inductive circuit,
the current is not in phase with the voltage
but lags behind the voltage by 90° electrical.
The current and voltage are shown graphically
}n)Fig. 11.12 (b} and vectorially in Fig. 11.12
c).
Again we see
W=V¥VxTIXcost

But cos 0 = R(Z
But R=10,
. cosﬂ=—0-=0
S A
Hence W=VFxIx0
W=0

In a pure inductive circuit, as the value of
the resistance is zero, there is no resistive
potential drop in the circuit and hence the
power developed in it is zero.

In Fig. 11.12 (d), the power graph is shown
which is a product of the instantaneous
voltage and current. It should be noted
that the power is positive when the current is
increasing and negative when it is decreas-
ing. During the first quarter cycle of the
applied voltage the power is positive (because
both value of ¥ and / are positive) when the
current and flux are increasing. During the
next quarter of the eycle, the current is

decreasing to zero and the voltage has revers-
ed, and the power dissipated is therefore zero.
These two operations are repeated in the third
and fourth quarter of the cycle. Hence the
power over a complete cycle is zero,

Combination of Inductances When two or
more inductive coils are ct d in series,
the total inductance will be equal to the sum
of their individual inductances, i.e.

Le=L+ Ly + Ly, (11.30)

If two or more inductances are joined in
parallel, then the reciprocal of the total
inductance isequal to the sum of the reciprocal
of the individual inductances, i.e.

1 1,1 e

L= L + ” + I F+.. (1L31)

: The values calculated from Eqs. (11.30) and
(11.31) are correct only if the coils are placed
sufficiently apart from cach other 5o that no
coil is influenced by the field of any other coil.

Application of Inductance Inductive coils are
used in all types of electrical machines, such.
as motors, generators, transformers, electro-
magnets, chokes, etc.

11.14 CHOKE COIL

As discussed carlier, the inductance of a
straight conductor is very small as compared
to that of a coil having an air core. If in
such a coil, an iron bar is introduced, its
inductance will increase to a very high value.
Such a coil, with a low resistance insulated
wire wound over an iron core, is known as a
choke coil.

The choke is generally used in ac circuits
in order to limit the current, A part of the
applied voltage drops across the choke due to
the reaclance emf (the back emf) but the
power loss across it is apparent and zero.

fo

Examere 1.3 An indi of 0.2 H is
a 220 V 50 Hz supply. Find the current drawn.

Sofurion: 'We know that the inductive reactance,

Xy, =2=fL
XL =2x% E;_xsoxo.z

20 x 22
= = a
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. 0 _ -
e cos 's = 7 =0 (as R=0)
H:nce W=Vx1x0

: W0

in this circuit, no current flows through the
uielectric of the condenser. but it Mows back
and forth from plate to plate and the circuit
appcars to be closed. Hence the current is
said to be flowing through the capacitive
circuit. However this is not actually true.
It only appears so. Hence the resistance
offered by the pure capacitive circuit to the
flow of current, though infinite, is taken to be
zero if the resistance of the plates and con-
necting leads, eic. is neglected.

In Fig. 11.13(d), the graph of power is
showa, This is obtained by the product of
mstartaneous voltage and current. It js elear
from the graph that during the first quarter,
the power is positive when the voltage is
increasing from Zero to its maximum. The
capacitor takes a charging current and thusihe
energy is stored in it. During the next quarter,
when the voltage is decreasing from the maxi-
mum to zero, the power being negative, the
capacilor discharges. This releases the stored
cnergy to the supply. Therefore, during the
complete cycle the total amount of cnergy
received by the capacitor from the supply is
zero.

Combination of Capaci The '
capacit of capacitors d in series
is given by

_ 1,

c = C:+ G + [ +... (11.33)

When connected

capacitance

C=0C+ Cy+ Cy 4t

in parallel, the total
(11.34)

Application of Capacitors Capacitors are
used for improving the power factor of a
circujt in substations, power stations and in
large industries and for neutralizing the effect
of inductances of motors, alternators, trans-
formers, choke coils, etc. The condenser is
also used for starting the single-phase motors,
reducing sparking at movable contact points,
ete.

ExamrLe 114 A pure capacitor of 100 uF is
connected across a 210 V 50 Mz supply. Calculate the
“urrent flowing,

Solution: We know that the capacitive reaclance,

, 1
Yo =7
X 1
c- 2 100
2w T # 50 % 100
L MXTxI0 350 o
2022 x50 2000 T TIT
We know that current s given by
1=
But Z=X,
.. Current
=Y 20 210 11
AR B
-3 ~66A Am.

Exampie 115 An clectric pressure of 220 V, 50 Hx
is applied to a coil of negligible resistance and 0.4 H
inductance. Find the current flowing, Also find the
current that will fow through the coif if freg 'y is
{i) halved and (if) doubled.

Xp= 2]

r at 50 Hz,

2 % 22 x 50 » 0.4
A EEEE S
-8B _sy0
. Current fowing,
v

= —

e

220 _  20x7
x22 = Wx 2

7
—Tﬂl.?SA Ans.

When frequency s halved (le. 25 Hz), inductive

reactance,
Xy =25fL = 2 x22 );2!»:0,4

- _2&15_22_ 62850
.. Currrent ﬂo;*iu; at 25 Hz
= x

220 220 % 7
0 <22 7 %
=L

9
- 35A Ans.

When the frequency is doubled (100 Hz),
Inductive reactance,



Xy = 22/L

2522 x 100 » 0.4
A B
=251.4 0
.*. Current flowing at 100 Hz,

_ 8022
S

2 220 « 7
= Wix 22

- .:. ~0875A Ans.

1.6 Calculate the current tgken by a capa-
5?::.;}58 wihen connected fo a 250 V, 50 Hz.:;(ﬂ;‘
Also calculate the current that will flow thro the
W\_ﬂ'mr if the frequency ix (i) halved and (I7) doubled.

We know itive r

7 %100
R EEEY]
10 L 200 4
=T3wa T 22
. Current when irequency is 50 Hz,
|4

= —

X

oA

50 _ 3%5'&& =22A Anms.

4

If frequency is halved (i.c. 25.Hz),
Capacitive reactance,

1
J’c-.—m:
1
5 R
Zx%x‘lix i

1w 7 0%
R
2500
T
.. Current at 25 Hz frequency,
=%
250 250 « 11

= ST ™ W——].IA Ans.

1f frequency is doubled (i.e. 100 Hz),

Single-Phase AC Circuits 222

Capacitive reactance,

1
Yo Z=C
1
L 22 28
2w ki 100 % T
txtx 1ot
T 23224100 % 28
625
T
.. Current ar 100 Hz frequency,
V
Ie -
Xe
_ 250 250 11 22
TEB T T el T F
11
I=44A Ans.

11.16 EFFECT OF VARIATION OF FREQUENCY

ON INDUCIIVE AND CAPACITIVE
CIRCUITS

Effect of variation frcquency on Inductive
circuit. We have already discussed that the in-
ductive reactance of a coil is equal to 2nfL, i.e.

Xe=23/L

If the inductance (L) of the circuit js kept
constant, the inductive reactance is directly
proportional to the frequeacy (i.e, X f) of
the supply. It means if frequency of the
supply is increased, it will increase the induc-
tive reéaciance (Xc)of the circuit thereby
reducing the current taken by the circuit. On
reducing the frequency, the inductive reac-
tance is also reduced and in this case the total
current in the circuit increases. In both the
cases we have seen that it will affect the per-
formance of the circuit,

Effect of variation of frequency on a capacitive
circuit. Similarly in case of a capacitive circuit,
the capacitive reactance is given by

Xe = 1fanfC

It will be seen that if the capacitance i3
kept constant and the frequency increased,
the capacitive reactance, Xe, of the circuit will
be reduced ‘since it is inversely propor-
tional to the freq Y. On red g the
frequency the capacitive reactance increaser.
It is clear from the above that if the frequency
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increase the current drawn by the capacitor
will inerease and if the fiequency is reduced,
the condenser will draw less current from the
same supply. Thus the working of the whole
circuit will be affected. It is for this reason
that the frequency of the supply is kept cons-
tant.

11.17 AC CIRCUIT CONTAINING RESISTANCE
AND INDUCTANCE IN SERIES

So far we have studied the case of purely

reactive circuits.

In Fig. 11.14 (a), a series circuit having

ce R and inductance L is shown con-

nected across an ac supply of voltage ¥ and

frequency /. In a pure resistive circuit, the

current remains in phase with the voltage and

in a pure inductive circuit, the current lags
behind the voltage by 90°.

v _
or T“\/R'+X:.’

¥ilis the total impedance of the circuit
to,the flow of current. It is the vector, sum

of the 1 and , and is d d
by Z.

Z= VR +Xp2 (11.35)
But Xe = 2nfL

The current taken by the circuit is given by
I=V /Z
Voltage drop across resistance R = IR

Voltag drop across inductance L having
reactance X¢ = X1

Simi!ar]y..\'uétaie fclzmp across impedance,

'V VOLTS

+ Hz

Fig. 11.14: R and L in series

In the vector diagram, Fig. 11.14 (b),

Vr = voltage drop across resistance
(i.e. 181?)

Fr—=voltage drop across inductance
(L.e. 1Xz2)
¥ = applied voltage to the circuit
(i.e. 1Z) andis the vector sum of
Ve and Vi

From the vector diagram in Fig. 11.14 (b),

the applied voltage is

Vi= Vgt L Vit
V= Ve T vz
=/ (IRF + (X

. V=IVERTF Xt

Power in such a circuit,
W= Vicos 9

(11.36)
where ms‘\ﬂ = K7

ExameLe 11.7 A coil having a resistance of 4000 and
an inducrance of 0.07 H is connected across a 223V
30 Hz supply, Calewlate (i) inductive reactance, (ii)
impedance, (ifi) currens and (iv) angle of phase diffe-
remce.

Ol Tnd

n » 50 x 0.07

X 3

L.e:blﬂ.ml“x

=220 Ans.
Impedance Z == +/ R¥ + X*
= &/ oy - (22)%



= 4/ 1600 + 484
= 4/ 703F = 45.65 @ Ans.
+. Current taken by the circuit,

v 223
.f-—z = -4-535—4,8)\ Ans.
Power factor, cos § = R|Z
40 .
= e 0.8762 lagging

., Angle of phase differences.
§ = cos=! 08762 = 28° 49" Anms.

11,18 AC CIRCUIT CONTAINING RESISTANCE
AND CAPACITANCE IN SERLES

In Fig. 11.15 (a), a series circuit having resis-
tance R and capacitance C is shown connected
across an ac supply of voltage ¥ and frequency
f. Ina pure resistive circuit, the current is in
phase with the voltage, and in a_purely capa-
citive circuit it leads the voltage by 90° electri-
cal. The applied voltage ¥ of the circuit is the
vector sum of the voltage across the resista-
nce (V) and capacitance (Ve).

From the vector diagram in Fig. 11.15 (b),
the applied voltage is

vi= v V& + Vc*
V= vV + Ve
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v = vTRE + (Xc)*
. V=1V R+ Xc*
or Vif=+ R* + Xc*
or Z = /R + Xc* (11.37)
But Xe= ‘f:j_c'
The current taken by the circuit is given by
I=V/Z

Volatge drop across resistance, R = /R
Similarly,
Voltage drop across capacitance C having

reactance Xc = IXc

Power in capacitive circuit,
W= Vlcos 8
where - cos f = RIZ (11.38)

11.19 AC CIRCUIT CONSISTING OF RESIS-
TANCE INDUCTANCE AND CAPACT-
TANCE IN SERIES

Let a resistance R'L’ Henry be connected in

series with a choke coil ‘L’H and a capacitor C

farad or across a supply of voltage ¥ and fre-

quency f as shown in Fig. 11.16.

R ¢ VR:IR 1
|
8=90"
Vi 1 VC=1XC
——i-—--—Vc —g ib)
' VOLTS
""Hz (q)
Fig. 11.15: R and C in series
C
V,_JV,:V:,
Vg ——V —+—Vc ""E;}:/"ﬂ
- I
V' VOLTS { _—Jeos @ !
wHz Ol VR’m 1
Vel Xe

Fig. 11,16 Circuit containing R, L and C in series
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In such a circuit, the inductance and capa-
citance are first converted into inductive
reactance (Xz) and capacitive reactance (Xc)
as under:
Inductive reactance, Xc = 2sfL
Capacitive reactance, Xc = 1/2nfC
The total reactance is found by taking the
difference of inductive and capacitive reac-
tances.
Total reactance, Xr = Xi— Xc
The total cpposition of circuit is known as
impedance, Z, and is given by
Z =+ (R + (X = Xop (11.39)
The current taken by the circuit is given by

[=VZ=

v
/(R +(Xe — XcP?
Voltage drop across resistance,
R=1I%R
Voltage drop across inductance, L having
reactance Xt = I X Xi

Similarly, _

Voltage drop across capacitance, C having
reactance Xe = I % X¢

Power consumed in the circuit

W= V¥lcos@ (11.40)

where cos ¢ = R/Z and is called the power
factor of the circuit. 1f thc inductive reac-
tance is greater than the capacitive reactance
(Xr > Xc), the current in the circuit lags
behind the voltage by some angle '8° electrical
and if the capacilive reactance is Breater than
the inductive reactance (Xc > Xi). then the
current leads the voltage by some g ° electrical.

11.20 MEASUREMENT OF POWER IN A SINGLE
PHASE AC CIRCUIT
The power in a single-phase ac circuit is
measured by an instrument known as the
wattmeter. A waltmeter consists of two
coils, namely current coil (CC) which is con-
nected in series with the line voltage and the
pressure coil (PC) which is connected across
the line. The connections of the wattmeter
are shown 4n Fig. 11.17.

A wallmeter measures the true power of
a circuit in watts (W). Moreover this method
Bives an accurate measurement of power.

Power, W= VxIcos# (11.41)

—_ WATTMETER
// ce™
\ 0 i
\\“P c |4

Fig. 11,17: Coanections of waitmeter

For further information on the measurement
of power in an ac system, refer to Chapter 12
on polyphase circuits.

Note:

Exampre 118 A ser of 200 V lamps takes 2.5 A. Find
the inductance of the choke coil to be connected in
series with them so that they may operate on 250V
30 Hz supply. What will be the phase angle between
the voltage and current.

Solution: Resistance of lamps,
v 200
R = e 0o

Impedance,
v 250

Z= 3= P =100

». Inductive reactance,
A = VI TR = /TO0 = B0
== 4/ 10000 — 6400
= 4/ 3600 = 60Q
We know,
Xp = 25fL
++ Inductance,
Lo xz. - 60
k. 2% 50

60 » 7
= Txmxso = OP0H Ass

Power factor, cos 0

B=36°.52" Ans.

.
Examere 119 Find the capacitance that must be
conmected in series with a 100 W, 110V lamps, so that
the lamp may take its normal current when the circuii
is connected to a 20V, 30 Hz supply.



11.22 POWER FACTOR AND ITS IMPORTANCE

The power factor can be defined in any of the
three ways as already explained in Sec. 11-11.

The vectorial and sinusoidal relations
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Again from Eq. (i), we have

Active power
Power factor (cos )

This apparent_power is measured it kilo-

Apparent power =

_involved in the power factor can be expl
b{( the power iriangle (also known as the
kVA triangle) shown in Fig. 11.19.

REACTIVE POWER
El SIN B

ACTIVE POWER =El COS @

Fig. 11.19: kVA triangle

From the triangle, we have

_ _adjacent side

cos 0 hypotenuse
- active power G)

apparent power

The cosine of angle @ is defined as the
power factor and can never be greater than

one, irrespective of whether the circuit is
inductive or capacitive.

Similarly,
sin § — .Opposite side
hypotenuse
— reactive power (i)

apparent power
From Eq. (i), we have
Active power = apparent power X cos 8
= VI X cos®
This component of the appareat power
(actual power) is known as the wattful com-
ponent which is mecasured in watts or kilo-
watts and does, useful work in the circuit.
From Egq. (ii), we have
Reactive power = apparent power X sin #
= VI X sin @
This component of apparent power (or

reactive power) is known as kilovolt amperes
reactive (k¥Var).

)| es written as kVA. Truly speaking,
the active power or wattful power supplies
the power losses in linc and load resistances
and does the actual work in the system  The
instrument which measures this power is
called a wattmeter.

Effect of Reactive Power The waftless or
reactive power does no real work in a‘system
but on the other hand it increases the “current
taken by the load and reduces the power
factor of the circuit.

To understand it let us consider a single-
phase ac generator (alternator), delivering a
maximum current of 1000 A at 250 V.

Vv xI
1000 kVA
1000 x 250
1000
= 250 kVA

Let the alternator be working at a unity

power factor.

.".  Power supplied

Rating of alternator, =

= kVA « cos 8,
= 250 % 1 = 250 kW

Now if the power factor of the alternator is
reduced to 0.5,

Power supplied = kVA X cos 8
= 250 % 0.5 ="125kW

Undoubtedly the alternator is fully loaded
but due to the low power factor, it is supply-
ing only 50% of its full load (125 kW). In
order to supply the full load of 250 kW at 0.5

wer factor, the alternator must be over-
oaded and the cable connecting the alternator
to the load must be made of a much larger
cross-sectional area to carry the increased
current.

From the above, it is clear that the wattless
component is responsible for the increase in
current which further decreases the ratio
between the real and apparent power and
hence the power factor is low,

According to IE rules the consumers are
stressed to keep their power factor at0.8.°
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_ 1% 7 % 10°
FEEEEE
~ 31819

. Zy = (B + (X
=y TH T E
- 4/ TI36ET
=3516 0

00

Current,

cos 0y = - =

Phase angle,
0, ~ 64° 457, sin 8, = 0.9037

Enery component of current in branch 3
= Iycos 9,
= 5,68 x 0.4266 = 2.423 A

1dlc component of current in branch 3
= Iy sin §, == 5.68 x 0.9037
- 5133 A

Sum of energy component of current
= 20 + 5469 42.423
= 2789 A,

Sum of idle component of current-

-f li.?‘ - 5.133

{Minus_sign occurs since phases of inductive and
capacitive currents are opposite to each other.}

Total current,

« 2/ [energy component of 1)1
1=V Y mm+ {idle component of 1)*

= /T + B0
=4/ TTI85 + 714.08
— /85193
=29.18 A
Power factor of the complete circuit
energy component of current
€08 8= =Gl current

27.89
I TN T
= 0.95 lagging Ans.
Phase angle,
8 = 18°12",
Impedance of the circuit,

¥V 200
Z=5 = @mw "

Ans. (3ind = 0.3123)

650

Equivalent scries resistance,

R~=Zxcosh
= 6.8 £ 095 — 6.46 £ Ans.

Similarly equivalent series reactuuce,
X~ Zsin® — 638 » 0.3123
= 2123 Q Ans.
11.26 DIFFERENCES BETWEEN AC AND DC

The differences between ac and dc are listed
in Table 11.2,

Tapre i1.2 DiFFERENCES BETWEEN AC AND DC

i No. Alternating Current

Direct Current

1. Its polarity is constantly changing.

2. The current can flow through a condenser.

3. Ey“r"m flowing through the circuit is piven
.4 4

o m —e—emeeee
Z R (X —Xcp
4. Power ds upon the powzr factor of the
circuit is given by
W=Fuxlxcosl

5. ac machines are cheap and require lesser
maintenance.
6. The speed control of an ac motor is more

difficult as well as costlier.

7. ac can casily and Ny be ct d

Its polarity remains constant.
The current cannot flow through a condenser.
Curromt passing through the circuit is given by

v
I - '
Power in de circuit is given by

W=V¥xl

dec machines are costly and require more maijn-
tenance.

The speed control of a dc motor is easier and
more economical.

C ion of dc to ac is not so casy.

into de.

‘The voltage can casily be stepped up or down

ﬂdtr_gmfgrma and hence its transmission”

is more

dc voltage cannot be varied 5o easily.
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 NUMERICAL EXERCISES

The maximum voltage of an alternating induced emf is 450 V. Find its
instantanous value at 30°, 180°, 270° and 330°.
(Ans. 225V, 0V, —450V and —225V)

Calculate the current that will flow through a coil of negligible resistance and

0.05 H inductance, when connected to a 220 V 50 Hz supply. (Ans. 14 A)
Find the current that will flow through a pure capacitance of 140 sF, whea
connected to a 250 V. 50 Hz supply. (Alllu. 11 A)

Find the current that will Alow through a coil of and 0,2 H
inductance, when connected across a 220 V, 50 Hz supply. Calculate the value
of the current Aowing through the coil if the frequency is: (Igehlll'ed and (ii)
doubled. (Ans. 3.5; (i) current will be doubled, 7 A;

(ii} current will be halved, 1.75 A)
An electrical pressure of 210 V, 50 Hz is applied to a 20uF capacitor. Find

the current flowing through the capacitor. Also calculate the change in the
value of current that will flow through the capacitor if the frequency is: 2)
]

halved and (it) doubled, (Ams. 1.32 A; (i) 0.66 A: (ii) 2.64
A condenser takes a current of 4.4 A froma 280V, 50 Hz supply. Find the
it of the d . (Ans. 50 pF)

A condenser, when cannected across a 110 V, 40 Hz supply, takes a current of
2.5 A. Calculate the value of current if the capacitance and frequency are
both doubled. (Aos. 10 A)
Two similar condensers, connected in parallel, take a current of 3.3 A when
connected across a 108 V, 50 Hz suppr.. Find the value of each condenser.
Find also the current taken if these :oudyenseu are joined in series_acroas the
same supply. (Ans. 50 uF, 0.825 A)
An inductive coil with a resistance of 500 and an inductance of 0.35His
connected to a 283 V, 60 Hz supply. Find:

(i) The inductive reactance of the circuit, (Ans. 1320)
(ii) The impedance of the circuit. (Ans. 141.1 Q)
(iii) The current flowing in the circuit. (Amns. 2.00 A}
(iv) The angle of lag, (Ans. 69°-159)

A resistance of 14 Q is connected in series with an inductive coil of 0.28 H.
If the circuit is connected to a 270V, 50 Hz supply, calculate the current
drawn and power absorbed. {Ans. 3.03 A, 128.5W)
A 350 uF condenser is connected in series with a resistance of 8 £ and fed by
a 240 V, 50 Hz supply. Calculate the current drawn and power absorbed by
the circuit. {Ans. 26.4 A, 5576 W)

A current of 14 A flows through a coil of 0.035 H ind when
]tic; 210 V de supply. If the circuit is reconnected to a 210 ¥V, 50 Hz ac supply,

nd:

(i) The current drawn. (Ans. 11,29 A)
(ii) The power absorbed. A (Ans. 1911.9 W)
(iii) The power lactor of the circuit, (Ans. 0.8061)
A 250 W, 100 V lamp is to be supplied from a 125V, 50 Hz supply through a
pure inductive coil.  Find:

(ii) The inductance of the coil. (Ans. 0,095 H)

{ii) The phase angle. (Ans. 36°.51)

A non-inductive resistor takes 5 A at 119 V, Calculate the inductance of »
choke coil of negligible resistance which when connected in series with the
resistor, may be supplied the same current from a 250 V, 50 Hz supply. What
will be the phase angle between the voltage and current 7

(Ans. 0.14 H, 61".34)

A choke coil of negligible resistance draws a current of 2.5 A, when connect-
ed across & 130 v, 50 Hz supply. Find: (i) the inductance am!z(ll'g the current
taken, if the frequency is decreased to 25 Hz. (Ans. (i) 0. H;(ii) 5 A)

236
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11.27 A coil with an effective ruim.nuorll 2 is connected to reduce the supply

voltage of a 4 Q pure resistor. re resistor requires a current of 10 A,
The magnitude anhe supply \mllue f“m V and its uwency is 50 Hz. Find:
((illf'p The |nd‘u:nace of tb:goci]‘ (.ﬂ.l(lao .063 H)
‘The voltage across the pure resistance.
(iii) The voltage across the coil. (Ans 223 2
{iv) The power factor. (Ans. 0

11,28 A choking coil of 20 Q resistance having a power factor of 0.2 is connected
in series with a 35 uF capacitor aud across a 212 V, 50 Hz supply, Find:

(i) The resultam pnw'er factor. (Ans. 0.94
(ii) The potential drop across the reactor. (Ans. 1000
(1ii) The potential drop across the capacitor, (Ans. 909
11.29 The circuit shown in Fig. NE 11,29 is connected to 2 110 V, 60 Hz supply.
Calculate:
(i) ‘The total impedance. (Ans. 11 Q)
(if) 'The current taken. (Ans. 10A)
(iii) The phase angle of the circuit. A
(iv) The potential diferences I, and ¥,. (Ams. ¥, =600V, ¥;,=538 V)
5N BIMF

0147H I 035H }

vy
Fig. NE 11.29
11.30 A coil with a resistance of 4 @ and a of 340 is d in llel
with a 70 uF capacitor and across a 250 V, 50 Hz supply Find lie total
current drawn. (Ams. 46.9 A)
11.31 A coil of resi 4Qandi 0.07 H is connected in plraﬂel with a
non-inductive resister of 10 @ lnd across a 223.6 ¥, 50 Hz supply.
leulate:
{i} The current in each branch. (Ans. JO A, 22.36 A)
(ii) The total current supplied. Aus. 26.07 A’
(ili) The power factor of the circuit. (Ans, 0.9262

11.32 A choke coil has a resistance of 2 @ and an inductance of 0.035 H. Itis cou-
n?czloedniu I?‘"da’ki with a 350 uF capacitor which is in series with a resistance
a . Find:

(i) the total current taken and

(ii) the Dﬂwezrml'}lc‘:ors%{ tllin cm:ullt. wh:in Ih:i whc!:h:omhmllzn is oonnecud
across a z supply. Also draw the vector diagram of
circuit. (Ans. 18.1 A, 0.6342 huhn)

11,33 Two coils as shown in the circuit (Fig, NE 11.33) are connected in parallel and
take currents 2 A and 5 A at power factors 0,866 and 0.5 rupecnvd.r. If the
whola combination is connected across a 220 V, 50 Hz supply, calculate:

{l) The total current taken. (Ans. 6.8 A} '
(ii) The power factor of the circuit. (Ans. 0.6223 lagging)
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24 COS §= 0866 400 30.0

S5A C058=05 30 400N
VAAAA

220V,

S0Hz 200v
Fig. NE 11.33 50Hz

Fig. NE 11.34

5 10.n

10
AVAMA

DL 20 0035H

2892 pF
2.n
—2 M
50 Hz Supply
250 v

Fig. NE 11.36 50Hz
Fig. NE 11.37

25n
Zm .
——— 00000 —
50
| L
11

100 v

50 Hz Supply
Fig. NE 11.38
NE 11.34 is connected across a 200 V, 50 Hz supply.

%i} The current taken by each coil. {Aas, 4 A cach)
(1) The total current, (Ams. 7.92 A}
11.35 A coil witn a resistance of 10 £ and an inductive reactance of 5 Q is connect-
d in parailel with a capacitance of 319 uF and connested across a 250 ¥, 50
Hz supply. Calculate. the values of the resistance and reactance in an equi-
valent series arrangement of the circuit, (An. R=80,X = 60)

11.34 The circuit shown in Fig.
Calculate:

11.36 The circuit shown in Fig. NE 11.36 is connected across a 200 V, 50 Hz supply.
Calculate:

(I} The total current taken,
(i) The resistance and reactance of the single
current and power as taken by the original

(Ans. 25 A)
coil which will take the same
cireuit.

(Ans. Re6 01, Xy =)
11.37 In the circuit shown in Fig. NE 11.37, find:
(1) The total current flowing. (Ans. 33 &)
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(if) The values of resi: and t in an equivalent series
of the circuit. {(Ans. R=75752, X =00)
11.38 A resistance of 25 £, and inductive reactance of 20 0 and a capacitive

reactance of 5001 are connected in parallel to each other and across a 100 V,
50 Hz supply as shown in Fig NE 11.38. Calculate:

(i) The total current taken. (Ams. 5 A)
(im The power factor of the circuit. (Ans. 0.8)
(iii) The angle of the phase difference between voltage and current,

(Ans. 36°.527)

REVIEW QUESTIONS

11.1 Inthecaseof an ac supply, explain the terms: amplitude, phase, period,
fr . average value of current, rms value of currgnt and maximum value
of current. Give the relation between the last three terms,

(NCV'T 1978 Wiman)

11.2 () State the relation between voltage and current in &n ac circuit and define
the terms used.

(b) An inductive coil with a resistance of 10 @ and an inductance of 0,05 H
it connected across 2 230 V, 50 Hz ac mains. Calculate:

(i) The current taken by ihe coil. (Ans. 12.35 A)

{ii] The power factor of the circuit. (Ans. 0.537)

(1ii) The power consumed. (Ans. 152523 W)

(NCVT 1980 Elect.)

11.3  Explain the terms self-induction and mutual induction. Also define the unit
of inductance.

11.4  Explan what do you understand by the term impedance of a circuit, Calculate
the current taken, power input and angle of lag for the circuit in Fig. Rg 11.4,
(NCVT 1970 W/ man)

(Ans. 26.13 A, 2731 W. 62358

4o 0.025H

230v
50 Hz

Fig- RQ 114
11,5 (2) Inan ac-fed industrial area, why is the power factor gencrally low ? What
are the disadvantages of a low power factor ?
(b) Whyisach ing more popular than dc days 7
11.6 What is power factor 7 Why is power factor improvement necessary in an
industrial installation ? How can it be improved in an ac circuit ?
Howi inductance, (b) inductive reactance,
11,7 What do. you mean by the fol owing: (a‘]e;n.u . ”( ()f) du rh““ po

c) cap P
L;nlng and leading of current.
11,8 A coil has a resistance of 4 & and an inductive reactance of 6 &. Find: 25V,
The current and power factor of the coil when it is connected to a .
® 50&1‘:}19”. (Ans. 34.6T7 A, 0.554)
umed and the kYA of the circuit.
(i) The power cons :n (Al India Skill Competition 1%9;
(Ans. 4.8 kW, 8.67 kVA

11.9 An inductive circuit has a resistance of 2 @ in series with an inductance of

23
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0.015 H., Find the current and power fuctor when connected across a 200 V,
50 Hz supply.

(NCVFT 1981 W{man)

(Ans. 39.06 A, 0.3906)

11.10 An ac circuit takes a current 'of 15 A when connecied to a 240 V, single phase
ac supply, If the power factor is 0.9 lagging, find: (i) the power consumed,

(i) the resistance of the circuit-and (jii) the angle of lag.
NCVT Wical Elect. 1982)
(Ans. 3240 W, 14.4 2, 25"-50")

1111  Define the power factor. Explain the effects of low power factor in (i} distribu-

tion system (ii) domestic appliances. NCYT 1982
11.12  (a) In an inductive circuit does the inductance have any effect on the flow of
steady current.

{b) Give the three ways in which the Aux that matually links two circuits may
be varied. Which of these methods are used in (i) proforma (ii} ignition
wire.

(c) A series AC circuit has a capacitive reactznceof 40Q and a resistance of
208, What is a powers facior.

(d) If the capacitancs of the above circuit is doubled, will 1he power factor
increases or decreasss. All India Skill Competizion 1985
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POLYPHASE
System

12.1 POLYPHASE

We have already studied about the generation
and application of a single-phase system in
different ac circuits. It is also_possible to
generate two-phase and three-phase supplies
and from them we can have four, six, nine
and twelve phases. A system with two or
more than two phases is known asa poly-
ohase system

1.2 DIFFERENT SYSTEMS OF GENERATION
OF AC SUPPLY

In a single-phase system there is only one coil
which rotates in the mugnetic field and the
voltage gene:ated in the coil is of an alter-
nating nature. [If instcad of one coil, two or
more than two coils are placed on the arma-
ture, voltage will be induced in all the coils
and a load can be connected across each coil.

out of phase, the machine is called a two-
phase machine and the supply system is
known as a fwo-phase system. If in the
machine three coils are placed which are 120°
electrical apart, the machine is known as a
three-phase machine and the supply system is
called a three-phase system. )

Two-Phase System In this system, two electri-
cally insulated windings (or coils) are used
in the armature which are 90° electrical apart
and their ends are brought to the slip rings.
If the windings are rotated with a constant
angular velocity in a_uniform magnetic field,
the emf’s generated in the windings will have
a phase difference of 90°. This is shown
graphically and vectorially in Fig. 12.1 (b),
(c) respectively. As the two windings or
coils are wound on the same armature and
have the same number of turns, the emf
generated in the two coils have the same

When in the machine two electrically i
ed windings are used which are 90° electrical ma value, frequency and wavelength.
E. E
N
Ep
5%
0 /E \F \3 2% 7
2 2 \
S
=B
0
la) (b) (c)

Fig. 12.1: Generation of two-phase system
(a) Two-phase generation of supply
(b) Emf generation graphically
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PHASE 1
WINDI
":U NG CIRCUIT A

A

PHASE 1

f
19
CIRCUIT A

" i PHASE 1] Two-
WINDING 2 PHASE
$ -] A 8 | Loap
I
PHASE A -y
WINDING 19 CIRCUIT B
B CIRCUIT 8 |
i PHASE PHASE 2
(a} WINDING B
b
Fig. 12.2: Two-phase system of supply
(a) Two-phase four-wire
(b) Two-phase three-wire

This arrangement gives a simple form of a
two-phase ac generator (alternator) and such
a supply is called a two-phase supply.

From a two-phase supply either two single-
phase circuit or a two-phase circuit can be
supplied. In the latter case, any one of the
two terminals of each coil is connected toge-
ther to form a common of neutral terminal.
The two terminals left are called phase termi-
nals and the connections are shown in Fig.
122 (b). The voltage between any phase
terminal and the commeon terminal is termed
as the phase voltage and the voltage between
the two phases is known as the line voltage,

Relation between Line Voltage (Vi) and Phase
Voltage (V,,) As discussed before, the volt-
age induced in each winding 1s of the same
maximum value and the two are 90° apart.
The voltage between the two phases is the
vector sum of the voltages generated in the
two wind'ngs.

A
Eﬂ
Ea
1] a8
Ea

Fig. 12.3: Resultant voltage of two phases

In Fig. 12.3, OA represents E ~the voltage
generated in coil A. OB represents Es—the
voltage produced in coil B. The resultant
line voltage Er is given by the closing side of
triangle AOB which is AB. From tnangle
AOB, we have

AB* = 0A* + OB

Ep = E, + E}

But E4 and Es are phase voltages and are

equal. Therefore
E} =E'+ Bt
or f,‘: = 2E?

Line voltage, Er = Y2 E
This means that the line voltage in a two-
phase system is /2 times the phase voltage.

Three-Phase System In a three-phase system,
three electrically insulated windings (coils)
are wound on the armature and a phase
difference of 120" electrical 15 kept between
the coils, The three starting ends of each
coil are brought to the slip rings and the
thre: remaining ends are connected together
at a point in the winding. The three coils,
with the same npmber ol turns, are wouod on
the armatuie and ali of them revolve with
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Fig. 12.4: Generation of three phase system
(2) Three-phase generation of supply
(b) Emf generation Iy
(c) Emf generation veclorially

the same speed in the magneiic field.  Hence
the cil's generated have the same maximum
value, frequency and wavelength. The induc-
ed emf's in these three coils (Fig. 12.4 (a) )
have a phase difference of 120° electrical.
The emnl’s inducey in tue three colls are repre-
sented giaphically and vectorially in Fig. 12.4
(b) and Fig. 12.4 (c) respectively.

A three-phase system can either supply
three single-phase circuits (Fig. 12.5(a) or a
single three-phase circuit (Fig. 12.5(b) ).

The current in different phases depands
upon the nature of the load and the phase
angle between the curreat and voltage. If a
load is such that the same current flows
through each of the thiez phases and the
angle of phase difference between each curr-
ent and voltage 1s ulso same, this load is said
to be a baianced load. If three equal resis-

. tanus are connecled Across the three phases,
the current in cach of the three phases will be
in phase with the respective voltage as shown
vectorially in Fig. 12 Gla).

If the load is balanced but reactive, tie

currents will be lagging behind the voltages
by an angle 8 as shown in Fig. 12.6
(b). I the magnitudes or phase angles of the
currents wre ditierent, the circuit 1s called an
unbalanced circuil as shown in Fig. 12.6 (c).

123 PHASE SEQUENCES

Figure 12.7 shows the instantancous values of
etuf’s in each phase. The emf of phase 4 has
aulamed ils maximum value at the instant
shown. If this phuse is rotated in the anti-
clockwise direciion through an angle of 120°
electrical, phase 8 will atiain the position of
phase A with the induced emf at its maximum
value. I phase A is further rotated by 240°
electricil, phase € will reuch the position
of murimum mduced emf. Therefore, the
scquence of uttaming the maximum value of
the wduced emt s ABC. This is also re-
presented by 123, RYB, etc. wherc R,Y,B
stand for Red, Yellow,Blue respectively.

In short the sequence of attgining the
maximum value of induced emf ina three-
- phasc system is known as phase sequence.
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E
i‘-
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L)

ta)

Neulral Wire

THREE-
\. PHASE
LOAD

4

.

(b)

*

Fig. 12.5: System of supply in & three phase
generation
(n) Three phause system sopplies 3 sepa-

rate single phase clrcuits
(b) Three-phase system supplies a three-
phase circult and 3  single-phase

circuits
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Fig. 12.6: Current in different phases
(a) Currents and voltages are in-phase

(b) Currents lag behind voltages by an

R GRY
Eg
B
m.
R
120° }. eference line > £
120° R
Y
Ep

. Fig. 12.7: The phase sequence

12.4 DEFINITIONS OF FUNDAMEN AL TERMS

Phase Voltage The voltage between one of
the phases and the neutral terminal is known
as phase voltage and is represented by V..

Phase Current The current flowing through
any of the phase windings is called phase
current and is denoted by .

current

Line Voltage The voltage between any two
phases of the supply system is called line
voltage and is denoted by Fr.

Line Curcent The current flowing between
any two phases of the windings is termed as
line current and is denoted by fr.

Balanced Load If in a three-phase systcm,
the power factors and the phase (or line)
currents of the three phases are equal, then
that load is called balanced load.

Unbalanced Load If the three phases have
different power factors and the phase (or line)
current, then the load is an unbalanced load.

Phase Power The power measured belween
a phase and the neutral terminal is known as
phase power.

Total Power In a three-phase system, the

total power measured between the three
phases is called total power.

12.5 METHODS OF CONNECTING THREE PHASE
WINDINGS

There are two ways of connecting three-pnase
windings:

1. Star or wye (Y) coonection

2. Delta or mesh { A) connection

Star Connection Three coils of 3 phase wind-
ings can be connected in star. In this system,
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Fig. 12.8: Three-phase star convection

the three ends of the three windings are connec-
ted together to form a common or neutral
poiat. In Fig.12.8, 44 is the first winding, Bi-
the second winding and CC’the third winding.
A’, B’ and C’ are connected together to form
the neutral terminal and the remaining three
terminals A4, B and C are the three phases
which are marked in Fig. 12.8 as R, Y and 5.
This system is also known as a three-phase,
four-wire system.

Relation between Phase Current and Line
Current and between Phase Voliage and Line
Voltage in Star Comnection From Fig 12.8
itis clear that the current flowing-through
the phase windings will be the same as that
flowing through the respective phase wires
(i.c. line current).

Line current (/1) = Phase current (/,,)

In Fig. 12.9%the voltage generated in each
phase is the phase voltage. They are repre-
sented by OE4, OEs and OEc which are 120°
electrical apart from each other. The vector
difference between OEA and OEB yields line.

m
m,

Ec

Fig. 12.9: Resultant voltage in star

(- cos 60° = })
Ej,= E, +E} + E, E,

Let E4 = Ep = E (phase voltage)

Ejy= E' +E +E°

= 3 E*
Line voltage, Eaz = 43 E

It means the line voltage in star connection
is /3 times the phase voltage, i.c.

Vo= \/i- Vn

Application of Star Connection The applica-
tion of star connection enables to supply a
lighting load of 230 ¥V which can be connec-
ted between any of the phases and the neutral
wire if connected between the three phases. It
also supplies a three-phase load of 400 V. So

voltage. For obtaining this, OE# is produced
in a direction reverse to OE& but equal in
length to it. Next, a parallelogram, as shown
in Fig. 12.9,.is-drawn. Its diagonal gives the
line voltage £As according to the parallelo-
gram law of vectors. )

= 2 2
Elp Ef T E +2E, E, o

star are made in the case of
ac generators {i.e. alternators) and transfor-
mers, especially in the dary winding
of distribution transformers. This connection
is also done in the case of small three-phase
induction motors.

Delta Connection Three coils of three-phase
windings can alst be connecled in deita as
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Application of Delta Connection Three phase
motors may be connected either in star or
in delta bot large output motors are initially
started in star connection. This reduces the
starting current to V'3 times the line voltage
and after this the motor winding is connected
in delta ion for the running position
so that the full voltage is applied to develop
the required torque. Moreover. the primary
winding of the distribution transformer is
vsually connected in delta bescauce it works
more efficiently.

11.6 POWER IN A THREE-PHASE SYSTEM
Let Ve, I, Von and Ipn be the line voltage, line
current, phase voltage and phase curreat
e ively. If b be the angle of phase
difference between ¥pn and /on, then the power
consumed in that phase will be
W =VFpn % In % cos 8

(But since there are three phases, the total
power consumed

W = 3 x single-phase power

=3 % Vpn % Jpncos g (i)
In star connection, we know
Inm=1I. and V= ViA/F

Substituting the values of fynand Fyn in
Eq, (i) we get the power in star connection

3x Ve x It X cos

W= Wi
_VIixdT xVixlxcos o
43
.". Total power, W = ¥3 X V& X I x cos 8
(12.5 a)
In delta connection
Von = Vi
- It
=y

Again by putting the values of Vpn and fon in
Eq. (i), we get the power in dﬁlta
L
=  X——= X ©
W=3 f Vi X 73 05 §
Total power, W= V3 x Ve X IL X cos @
So the power in a three-phase system, whether
star or delta coonected, is the same and is
equal to

W=+v3 Vo xILXcosd
(12.5 )

where Vi == Line voltage

It = Line current

cos @ = cosine of the phase angle between
phase voltage and phase current
(and not between line voltage and
line current)

W = Total power consumed in the three-
phase system

W
fi , = e (12.6
Power factory, cos 8 V3 Vin It (12.6)
The above equation can be used for finding
the power factor of an unbalanced circuit pro-
vided the imbalance is not appreciable.

ExampLe 12.1 A three-phase system supplies a load
of J0kW at a pfof 08. The line voltage iz 250V,
If the load is connected in (i} star and (ifydeltn find :

(i) The line current
(ii) The phase current

Solution : (a) Power in a inrec-phase star coonected
system is ;

W—\ffxl‘tkl‘xnmg
30 x 1000 = /3 x 250 x I x 0.8

30000
. e 200 366
+*. Line current, 7, Vi xoxod™ 6.6 A
But in star connection,
Iyn = It
Ion = 866 A Ans.

(b) Line current in delta connection, Iy = 866 A
But /3 Phase current = Line current

., Phase current, Ion u%- 1-‘8—.?5%--: 50 A Ans.

Ex : 12.2 Three coils each with a resistance of
N,ga“ﬂm'm inductance of 0.07 H are conmecied ’J:
star fo a three-phase 433 V, 50 Hz ﬂipgg'. Hnd'{ﬂh:
line e-rr?u and the mr:‘f pfwsr ;:M:r bed. (i .?;:ﬂ;c

col. connect 'n delta to samme ,
::fr::hu ’,ffn,,, currenr and the total power ﬂsw
bed.

¢ Instar
4/3 Phase voltage (V) = Line voltage (V1)
.. Potential difference across each phase winding
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Fig. SE 11.2a

sl—‘—f-s:-—
433
T
Inductive rectance of the coil,
Xpm2x=xfxlL

-2 x Z-x50x00T=20

=250V

Impedance of cach phase, Zgn = J R + x:'
-ﬁu‘m' + @
= 4/ 1311 ¥ 484 = /6251
=250

.. Current in cach phase winding = -;::—
- 2-251;__ 10 A Ans.

But in star connection
I =1

», Line t due to star

.'.?wunclw.ounan-;- .;32. = 0,48

.*. Power taken in star connection,
W= /T ¥ %I xcos g
- 1.732 x 433 % 10 x V.48
D | I

-6 kW Aes.

= 10 A Ans.

11-88.n., 0.07H

188 .0

0.07H

433y

Fig. SE 12.2B

(b) In delta connection
Phase voltage (V) = Line voltage (V) = 433V

.. Current in each phase fpn = —;‘%-= %-

=17.32 A
But
Line current (I£} = 4/3 Phase current (I}
.. Line current due to delta connection
= +/3 % 17.32 = 30 A Aps.
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Power taken in delta connection,
P=VIXV, I cost
= L1732 x 433 x 30 x 0.48
A ' R
we 10,8 kW Ans.
Examrie 12.3 A”pf ‘metric) mesh-conmecied in-

duction motor {2 zup, by a three-phase, 1100 V,
star-connerted ac rator. If the ¢ fficiency of the

motor I the is 0.8, calculat
the mm% eack plmu”? f“’:;) ,.mur i (ll"‘]
generator.

Also find the active and reactive component of
n eachcase. Assume the power factor of the
motor nerator to be the same (meglecting the
mpedance).

Solution : Qutput of the motor = 99 x 735.5
Output x 102

Phase current of the delta-connected motor,

p o=z
ph = V3

- “?-3s.ns Ang.

Phase current of the generator = 63.69 A Ams,

wr I = [;instar)
(v ph

Active component of phase current in the motor

Reactive component of phase current in the motor

=1 % sinf
= 36.78 x 0.6
= 22068 A Ans.

Active component of phase current in the gencrator

Efficiency (%) = % = I % cos
Input = 63,69 x 0.8
. Input of the motor « Output x 100 =50952A Auns.
o 99 % 7355 x 100 o Reactive component of phase current in the generator
75 =1 xsind
Power in a three-phase system, - 362 g-ix!\u".t-
W= VIVix I x cosd 127 MEASUREMENT OF POWER IN THREE-
or 99 x‘?iS‘: »x 100 PHASE CIRCUITS
— /T 1100 x I, @ The power in three-phase circuits can be
. Ling “rmt."}i" * 100 x fp x cos measured by the following three methods.
1. Single-watimeter method
- ,B!’;.‘_X%S%’ 2. Three-wattmeter method
g Rﬂ’ x “ 3, Two-wattmeler method
In delta, Simgle-Wattmeter Method for Balanced Load
[ =1 This method is applicable only to a_balanced
VT ‘o L load and when a neutral wire is avaitable. The
A C GEMERATOR MOTOR
ap
100V
Q9 H,.P
,??'W (METRIC)

Fig. SE 12.3



power consumed in the three-phase circuit
i5 three times the reading of the wattmeter
which is connected to a single phase as shown
in Fig. 12.12 (a).

Total power = 3 X W; 12.7)

If in the system a neutral wire is not available,
an artificial neutral point can be made by
connecting the pressure coil of the wattmeter
with two resistances each with a value equal

Palyphase System 251

to the resistance of the pressure coil of ther
waltmeter as shown in Fig. 12.12 (b).

Three-Wattmeter Method (for Unbalanced
Load) In this system three wattmeters ¥,
Wy and W, are connected as illustrated in
Fig. 12.13. Each wattmeler measures the
power of the phase to which it is connected.
So the total power consumed in a three-phase
circuit is the sum of the three-wattmeter
readings.

—W
Jff ' .
1 i !
NFe
3
» als
ol2
fa)
_
T
\
-‘Fr—‘;nﬂ—.'-m
\
MEC. A
* -'2
=L3

Fig. 12.12: Methods of measuring power
() M«whz-hh
meter if neutral wire is available

(b) Power

ib)

by = wattmeter

measurement
if meutral wire is not available
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\"‘h&.c-a/
oN

SEEN
4 j'2 Ly

“~ELC. .~

SPON

]

1

5\ W; L,

Ngc

S
t by three

Fig. 12,13: Power
method

by two

Fig. 12.14: Power
method

. Total power,

WeW,+W,+ W, (12.8)
Two-Wattmeter Method (for Balanced or Un-
balanced Load) In a three-phase, three-wire
system, two wattmeter ¥, and W, are con-
pected across the two phases as shownin
Fig. 12.14 for measuring the total power of

the circuit, irrespective of whether the load is
bal d or unbal d. The current coil
of the wattmeter must have sufficient rating
to carry the load current, while the rating of
the pressure coil should correspond to the
voltage across the line. The connection for a
star-connected load is drawn and can also be
drawn for a delta-connected load.
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.-*’_ﬁﬁ:ji‘_-.\{m-’l
SF (D 15

=172 x 5 = B.66

,+ Phase angle, 8 = tan-! 8.66 = E3°.27"
.*. Power factor, cos § = 0.1140 Ans.

129 COMPARISON BETWEEN POLY PHASE
AND SINGLE-PHASE SYSTEMS

The advantages of the polyphase-system over
a single-phase system are given in Table 12.2.

Tarit 12,1 Conpirions or Total Power s Two-wATTMETER METHOD

S.Ne.

Power Phase
Sfactor angle
(rf)

Reading of wattmeters Total 'er
aof m

1 [ In this case both the wattmeter readings will be equal and W, + W,

positive,
<1 but>0.5 0-59"  Both the

dings will be positive and different. W, + W,

0.5 60° In this condition the reading of the first wattmeter will be
zero and the total power consumed in the circuit will be
indicated by the second wallmeter, W,

<0.5and >0  60-89° In this case the needle of one of the wattmeters will kick
back. In order to find the total power, the connections of
either the current coil or the pressure coil (usually it is
the current coil) of the wattmeter, which will deflect in the
reverse direction, oeed to be interchanged. This- means

that the reading of this wattmeter will be subtracted from

the other.

W, — W,

0 90" In this position also the needle of one of the wattmeters
will deflect back. Again, the connections of the current
-coil of the wattmeter which will kick back need 1o be
interchanged. However, in this case the two watimeters
will have the same reading, but since their signs are
opposite, the total power is zero. W, — Wy=(

Tapie 12.2 Comrarison Berween Potyrrase ano SinGLE-PHASE SYSTEMS

8. No.

Polyphase system

Single-phase System

L

For the same size of an ac generator, the out-
put ofa three-phase generator is double that
of a single-phase generator.

In I;:plrphm sysiem (three-phase, lour-wire

system) a low voltage for the lighting load and

2 um voltage for the power load may be
taken from the same system.

Due to the i ic field, lyph

motors are self-starting. T
Polyphase motors bave uniform torque.

Polyphase motors have better torque and
hence good efficiency.

Fault-location in the case of a polyphase
motor is easier,

For the same size, the output of a sin -phau_—
generator is 509 less Ihl':?l thre&pllascllﬂ'fmtor.

In a single-phase system, it is not possible to h
two different voltuges. wve

Single-phase motors are not self-starting.

Single-phase motors have a pulsating torque.

Dus to the low power factor the eficiency of the
singl e-phase motor is poor.

Fault location is not so easy.
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'S, Ne.

7. Polyphase motors with large outputs (i.e. in
hp) can be manufactured.

8, For an cqual size motor, the output of a

FPolyphase system Swgle-phase System

power motors,

Single-phase motors with laige outputs cannot be
manulactured. They are usually fructional horse-

The output of a single-phase motor of the same

three-phase motor is high. size is always low.
9. Totransmit a given amount of power over a More copper and material is requi
given distance, less copper and other material transmission o power in this :m:gl:‘md for the

is required.

10. g:lrpha.se generators (allernalor) can casily Synchronizing in this system is dificult.

d for parallel r

121

122

12.

La

12.4

("}

12.

12.6

127

NUMERICAL EXERCISES
A three-phase, delta-connected induction motor has a fuli output load of 10hp,
the we\i i‘a}c:or is 0.8335 and the efficiency is B0%. [f the line voltage is
, calculate :

1, The line current 17.32 A (Ams. 17.324)
10A

(i) The phase current

A three-phase system supplies a load of 30 kW with a power factor of 0.5

when the line voltage is 200 V. Find (i) line current and (1i) the phase current,
if the lead is connected :
(a) In star (Ams. (i) 173.2 A, (i) 173.2 A)
(b) Indelta (Ans. (i) [, = 1732 A,
(i) fym = 100 A)
A three-phase ;{alem supplies a load of 52.8 kW at 0.8 power factor, when the
line voltage is V. Find the (i) line current and (i) the phase current if the
load is connected:
(a) Instar (Ans. (i) 173.2 A, (i) 173.2 A)
(b) In delta (Ams. (1)173.2 A, (i1) 100A)
The full-load efficiency of a 90 hp (metric) three- phase, 400 V mesh-connected
induction motor is 907, at a power factor of 0.8, Caleulate (i) the line and
phase current of the motor. (i) Also find the active and reactive component
of the line and phase current. (Ans. (i) JL = 132.TA, fjn = 76.63A

1 Active component = 106.16 A, /; Reactive component = 79.62 A

(ii) fpn Active component = 61.304 A, Fpa Reactive component = 45.978 A)

Three resistances, each of 250 Q are d in star to a three-phase 433 V
supply. Calculate the line current and power taken. If these resistances
are then connected in delta to the same supply, find the line current and the

total power absorbed.
(Ams. Instar:1A,T750W, In delta : 3 A, 2250 W

Three equal 60  resistances are connected in (i) star and (ii} delta acrossa
three-phase, 519.6 V supply. Calculate for each case the line current and
the total power absorbed. (Ans. lnstar:5 A, 4.5 kW

In deita : 15 A, 13.5 kW

Three coils, each with a resistance of 62.5 0 and induction 0,0007 H are con-
nected in star (o a three-phase, 433 ¥, 50 Hz supply. Find the line current and
the total power absorbed. If these three coils are next connected in delia to
the same supply, what is the line current and the total power absorbed.
(Ans. Instar:4 A, JkW, Indela: 12 A, 9.kW.
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factor of 0.8 lagging and with an dﬁcmm‘? of 73.55%,. Find the readings on
cach of the two the input.

(Ass. 7165 kW, 28,35 kW)

2.19 A three-phase, 400 ¥ motor has an output of 60 hp at a pf of 0.8 lagging with
! ph of 74.6%. Find the readings on each of the two wattmeters.
(Ans. W, = 42.99 kW, W, = 17.01 kW)
12.20 Two wattmeters connected to measure the power input toa balanced three-
phase load indicate 25 and 5 kW respectively. Find the power factor of the
circuit when (i) both the readings are positive and (ii) the latier reading is
obtained after reversing the connections of the current coil of the wattmeter,

(Ans. 0.6547, 0.3592)

REVIEW QUESTIONS

12.1 What is meéant by the term ‘polyphase system'. Give the advantages of star
connection in this system,

12.2 What are the advantues of a polyphase system over a_single-phase system in
the distribution of electricily. Show the relationship of the line to the phase
current and the line to the phase voltage in star and delta connection.

(NCVT 1974 Elect, 76 W/ Man)

12.3 Explain with the help of calculations and a diagram how the three-phase power
can be measured by the two-wattmeter method.
(NCVT 1964, 76 W [Man)

12.4 (a) Draw a circuit diagram for measuring the power of a three-phase, delta-
connected motor by the two-wattmeter methed.

{h] What is power factor? What are the disadwntllu of a I“ﬁu
r? eet.)

12.5 A three-phase circuit 1akes a current of 15 A at a pf of 0.8 when connected to
2400V ly. Calculate the power and encrgy consumed for a duration of two
hmu-x. - (8313.6 W, 16.627 kW h)

(N NCFT 1980 Elect. )

12.6 What method can be used to measure power ill 4 three phase circuit, Des-
cribe the two Wattmeter method used for the g::pnu. With the help of
diagram and calculation show that the sum of the two Watimeter reading
represents, the power consumed on all the three phases,  (NCFT 1984 Elect.)

12.7 (a) Enumerate the difference hetween the single phase and three-phase supply
system.

(b) What is form factor and what is its value ? (NCVT 1984 Elect.)
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