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Second-Year Syllabus
for the Trade Theory

—Electrician

Week 53. Conduit & concealed wirlng. Use of-flame
proof and explosion proof switch and switch gear
as applied to the industry. Types of earthing &
their relative advantages.

Week 54. Resistance in accircuit. The

Week 61, Double sq. cage ind. motor, working prin-
ciple, and advantag h motor | d
tion and working principle, No load, load and over
load condition, single phase & poly phase
mrolor, cllnm-.;triau: of synchronous motor

p b

phase relationship, effect of frequency power in
resistance circuit, inductance in accircuit. An
inductor, the unit of inductance, inductive reac-
tance, effect of freq) ind din
series and parallel, phase relationship and power
in inductive circuit. i in ac circuit, A
capacitor, the unit of capacitance, capacitive reac-
tance, effect of freq i d in
series, cnrcllors connected in parallel, phase rela-
ionshi; power in itive circuit.

Week 55. (i) Series ac circuit R & X in seriesR & C
inseries, R, X & C, in series, power in the circuir.
Power factor.

(ii) Parallel ac circuit R & X in

fn}rrcm formulae, phase angle R,
el.

rallel circuit,
ﬁl& C in paral-

o i on power factor.

Week 62. Auto synchronous motor. Iis starting con-
trolling & protective devices. Auto synchronous
motor with special salient poly-phase sq. cage
motor. Their industrial application, speed control
of industrial application speed motor. Study of
single phase induction motors,

Week 63. Earthing as per I.LF. Rules. Earthed elec-
trodes, earth cootinuity conductor and earthing
lead. Testing and inspection of installation. Gene-
ral tuf:t{ precaution as in LF. rules, chapters IV,
V & VI Method of | ' hing, Simple

estimation on carthing,
15: 3043—1966

Week 64. Single-phase ac, series motor introduction,

Week 56. Polyphase circuit of polyph
over single phase two and three phase working,
ower measurement, Methods of improving power
actor.

Week 57.  Alternator parts of an alternator E.M.F.
equation, rating of alternators and prime mover.
A S Synch

, working principles and characteris-

tics. Repulsion motor jts working principle and
characteristics. Repulsion, repulsion start induc-
tion and repulsion induction.

Week 65. Converters: M.G. set. Its description &
disadvantages. Rotary convertor-construction. No

ings in wave and" lap winding voltage and

of ac 3
nising of alternators (dark lamp) bright lamp dark
and bright lamp and synchroscope method, sharing
of load in parallel running alternator.

Week 58. Introduction to fi 3, its theory &
ing

application. Transformer losses methods of
oul these losses, and calculating efficiency.

Week 59. Transformer construction:  transformer
cores, winding shielding and auxilary parts includ-
ing breather, conservator and buchitz protective
device. Types of transformer ( r auto and

instrument transformers) paralleling of transfor-
mer, Scolt ceunected transformer.

Week 60. Poly-phase induction motor. Working

principle, with special reference to rotating mag-

nctic ficld & slip construction of sq. cage ind.
motor char; istic, ete. Cor ion of slip riny
ind. motor and its_characteristic their starting
controlling gear.

I8: 1822-1967

o (4

current ratio, convertor rating as fo number of
phases and effect of P.F. Tis uses. Mercury Arc
rectifier—introduction, working. Its essential parts,
rating, capacity and faults, method of connecting
it to a transformer.

Week 66. Hot cathode rectifier, tungar rectifier
metal or solid contact rectifier and mercury arc
rectifier. Their construction working principle and
use. Electrolytic rectifier,

Week 67. Elect. lamrl and lighting, illumination,
factors’ for considering - illumination design,
:'Il!lrlduilguiu ?‘{. ﬂllllmh;;lloﬂl
of correct illumination, outlets, spaci
from walls mounting height, I.::h of immg

Week 68. Incandescent lamp, carbon lamps metal
filament vacuum lamp, gas huu lamp 8
type lamps. Their construction expected life and
efficiency in lumens per watt. Colour available and
holding arrangement. Watlage available in market
in each type. Luminfscent lamp; Mercury vapour
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lamp, sodiom vapour lamp & fluorescent tube,
thelr coustruction, characteristics, wattage, avail-
able connection; normal Jife in burning hours.

IS: 2183—1973

Week 69. Elect; instruments—zlassification as regards
dards, forces employed, choice of

classification as regards sujtability for current
moving coil. Ammeter and volimeter. Moving
iron ammeter and volt meter. K.W. meter & fre-
quency meler connection of P.F. meter and work-
ing thermo couple & its uses KVAR and max
demand indicators.

18: 12481968

Week 70. —do—

Week 71.  Elect. instruments:  Ferrenti-type de
energy meter, i.e. ampere hour meter. Ac energy
meter-single phase, 3 phase, 3 wire and 3 phase
4 wire.

Week 72. ~do—

Week 73. dc wiring calculation for a certain load
distance & percentage drop. Ac ﬂrini; caleulation,
factors | , general fi la, @
useful three-phase formula for calculating KW,
KVA line amp. HP, etc.

Week 74. Insulati ial

g, their_classificati
slots.
18: 12711958

Week 75, Ac armature winding terms. Diffesent
shapes of coil their advantages and uses. Simple
calculation to determin no. of coils per group in
equal and unequal coiled groups,

Week 76. Common faults in ac winding and tests for

used in

and stator

locating them. Use of growlers reconnecting and
exciting winding for a change in voltage for speed.

Week 77. Thep dure in inding a hine for
the same coodition.

Week 78. —do—

Week 79,

Most commonly wwrinf faults ina poly
?hm stator, winding & the test for locating these
aults. Reconnecting an existing winding.for diffe-
rent conductors.

Ds winding, introducti
simplex, ding, testing for
faults in dc armature winding. Simple estimation
of material, etc.

inding terms—

and
winding for the
and

Week 81. C ison of simph
winding both in lap and wave
same power put: heatl:
banking, simple estimation.
eek 82. Electron theory-introduction,  working
principle of diode. triode and their application to
the industry, importance of industrial electronics
in industry, photo cell and amplifier, knowledge of
different electronic symbols.

15: 2032-Part-VIII-1965
Week 83. Types & advantages of different (ypes of

circuit breakers like 0.C.A./A.C.B. their construc-
tion and maintenance, B

Week B4. Study of their arc controlling devices. Use
of different types of miniature relays their race
teristics.  Use of clectromagnetic clutches.

Week 85. LT. rules pcrininin; to overhead service
lines,

Week 86.  C. i of d d  cables.
Material used in cable joints. Use of apoxy com-
pound for installations.

15 : 1255—1967/11

Week 87. Electricity in home and agriculture.
Domestic appliances such as electric ketile, immer-
sion rod, electric iron press, hot plate, electric

ng range, non-p type sto-

rage water-heater, etc. Their weight, capacity and

, electric incub electric ) y

electric brooders, sterlizing chest and botiling
plan, etc.

15: 302—1965 IS: 365—1965
15: 367—1965 15: 367—1977
IS: 3412—1965 15: 3412—1965
15: 3514—1966
- Week 88, —do—

Week 89. Principle of voltage regulator & single
phase prevention,

Week 90. —do—

Week 91. Electrical installation introduction, mechg-
nical protection, general layout, heating small
power and large power installation, illumination
scheme & d li ion of equip-
ment. Installation of machines. Electrical and
mechanical point of view to be considered 1ypes of
foundation bolts, methods of starter lining up

"m. position of terminal box and use of slide
rails.

15: 3646—1966-Part-1

Week 92. —do—
Week 93, —do—
Week 94, T phase motor its working & use.

. Three-
Flllinl_g!_n}l:hlne, history sheet and maintenance
card. clectric motor it
principles, range adjusiment & common faults.
Knowledge of wiring circuit as applicable to refriges
rator & air conditioner—their faults, study, wiriog
circuit detajl. -

Week 55, —do—

Week 96. —do—

Week 97. Modern substations tap, Changing of
transformers.

‘Week 98. —do—

Week 99. Industrial visit to study the industrial
practice.

Week 100. —do—
Week 101. —REVISION—
‘Week 102, —do—
Week 103, —do—
Week 104, —TEST—



13
Alternator

13.1 ALTERNATOR

The emf generated inside the armature of a
dc generator is alternating and unidirectional
to the external circuit which is supFIi:d
h h the If instead of the

commutator, sliprings are provided and the
connection are brought to the external load,
the current in the external circuit will be
alternating. A generator supplying an alter-
nating cufrent is known as ‘alternator or ac
generator’,

Working Principle The working principle of
an alternator is exactly the same as that of
a dc generator. In fact, all dc generators
are alternators in which alternating voltages
are set up, and it is the commutator which
converts this ac into de. In the dc genera-
tor, it is essential for the armature to rotate
in the magnetic field produced by the statio-
nary magnetic field to give the unidirectional
voltage. However, in the alternator, it is not
essential for the armature to rotate, and
cither the armature or the field can be made
to rotate while the other is kept stationary.

In modern machines, the armature is kept
stationary and the field rotates under it.
Advantages of Keeping the Armature
Stationary:

1. It facilitates the provision of sufficient
space for the armature winding and hence more
conductors are inserted in the stationary part,
i.e. the stator, than the rotating part, i.e. the
rotor.

2. The voltage rating of the alternator
increases owing to the presence of more con-
ductors in the stationary armature winding,

3. Onaccount of there being more con-
ductors in the stationary armature, the output
of the alternator also increascs.

4. Since the armature winding is statio-
nary, the danger of loosening the armature
winding or the terminals does not arise.

5. No difficulty is experienced in insulat
ing the stationary armature coils for higher
voltages up to 11000 V.

6. Itiseasierto winda stationary arma-
ture than a rotating one.

7. It is also easier to collect the supply of
high voltage from stationary terminals than
from rotating terminals.

8. The rotating field is comparatively
lighter in weight than stationary armature
and can run at higher speeds. Hence, high
voltages can be generated from an alternator,

9. If the field is kept stationary, four
sliprings are meeded to supply the current to
the external circuit, and hence these sliprings
have to be insulated from high voltage. If
the ar is kept stati Y, two sliprings
for low voltage are needed to supply the direct
current to the rotating field.

10.  Since the brushes for stationary arma-
ture are not required to supply the current,
the question of sparking at the brushes at
high voltages does not arise.

Therefore, in all modern machines, the
armature is kept stationary and the ficld
rotating. The dc supply required for the
field system is generated by a separate dec
shunt or compound generator. However, in
the modern machine, the alternating current
produced 'is rectified -and then supplied for
the field sysiem.

13.2 PARTS OF ALTERNATOR AND TH
FUNCTIONS ER

An alternator has the following three main
parts.

1. Stator
2. Rotor
3. Exciter

Stator The statiopary part of the alternator
in which the emf is induced is known as the
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stator. The stator is made of laminated
stamping with slots on its circumference to
receive the winding. These stampings are
insulated from each other with varnish and
boused in the roke (frame) consistiig of
maainctic material, such as cast iron or silicon
steel.

Rotor The rotor has the rotating magnetic-
field poles as in a dc gencrator which are
separately excited from a dc source known
as exciter. There are two types of rotors in
use as follows.

1. Salient-pole-rotor or projecting-pole

rotor
2. Cylindrical rotor

Saliens-Pole Rotor The salient-pole rotor is
made of steel pings and is suitable for
low speed (375 to 500 rpm.) hydro-alternators.
The poles project outwards and facing the
stationary armature as shown in Fig. 13.1.
This type of rotor has a large diameter and is
short in length. On the circumference of
the rotor, six to forty poles are fixed. The
maximum speed of the rotor is 1000 rpm.

S0z,

7 g

I P

Fig.13.1 Salient-pole rotor

Smooth Cylindrical Rotor This type of rotor
is cylindrical and has a large axial length and
small diameter. It is madeof a solid steel
piece and slots are made on the circumfercnce
of the rotor to hold the field winding. This
type of rotor is suitable for high speed turbo-
alternators having two or four poles inthe
winding and the maximum speed of this rotor
is 1500 to 3000 rpm. The output ¢f the two-
pole machine is about 50,000 kVA. while
with four poles it is 200,000 kVA.

Fig. 13.2 Smooth cylindrical rotor

Exciter The exciter is a small de shunt or
compound dynamo fixed at one end of the
alternator shaft.. The dc supply from the
exciler is supplied to the field winding through
the two sliprings fixed on the shaft of lﬁe
alternator. 'The voltage rating of the exciter
is usually 110 to 250 V dc.

13.3 RELATION BETWEEN SPEED, POLES AND .
FREQUENCY OF AN ALTERNATOR

When a conductor moves from the centre of
the north pole to the centre of the south pole,
it completes a half-cycle, and when it again
reaches the czntre of north pole, if completes
one cycle. So when a conductor moves under
two poles, it completes one cycle. If inan
alternator there are P(2 pairs of poles, then
in one complete revolution it will develop Pf2
cycles.

If an alicrnator revolves at'a speed of N

rpm or say %- rps., then it will develop

P N . PN
LI e — .

2 %60 cycles per second, i.e 120 cfs. But
cycle per second is called frequency.

N

. __P
.. Frequency, f=-—7m- (13.1)
where P=number of poles
N=revolutions completed

per minute

f=number of cycles com-
pleted per second (fre-
quency)

Exampre 13.1 A hiph-speed turbo alternator has two
poles and revolves at @ speed of 3000 rpm. Calculate
the frequency of the supply.
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Tasee 13.1
5. Neo. Number of poles Speed in rpm Types of alternator
I 2 i 4
1 2 3000
High-speed alternator
2 4 1500 }
3 6 1000
4 B 750 Medium-speed alternator
5 10 600
6 12 500
7 14 429 Low-speed alternator
B 113 375

Solution: We know that
: PN
Frequency, f =35
' 23000
e S0c/s

13.1 shows the speed of an_aliernator for
50 ::r;;ﬁ#cuim:y at di![eren_l number of poles,

13.4 TYPES OF ALTERNATOR

Alternators are of two ‘main types. as given
below.

1. High-speed allernator

2. Low-speed alternator

However, they can be further subdivided as
follows.

1. With respect to rotation, they are:

(a) Rotating armature type

(b) Rotating field type

Nowadays rotating field type alternators are
preferred as discussed earlier. The rotaung
armature jype alternator is only used when

the capacity ol the alternator is small. [Ref
Fig. 13.3(b)].

2. With respe.t (o number ofyphase, they
are:

(a) Single-pbase alternators

(b) Polyphase alternators .

3. With respect to excitation, they can be
divided as:

(a) Separately cxcited alternator.

(6) Self excited alternator.

135 CLASSIFICATION OF ALTERNATOR WITH
RESPECT TO ROTATING FIELD

As discussed earlict in this chaptcr that in - the
modern alternator the armatare in which
emflis gen.rated is kept stationary while: in
the rowating field de supply is fed for its
excitation. This field is rotated in the arma-
ture and thus emf is induced ia the stationary
armature, The followings are the two types
ol alternators and the field system for ali the
alternators are same as stated above.

1. Single phase alternator
2. Polyphase alternator

Single-Phase Alt The ar win-
ing for single-phase alternator consists of

“coils connected in series in such a way as to

add their emfs. It means that if the first coil
isin the clockwise direction, second is anti-
clockwise and the third coil clockwise direc-
tion and so on. The connection for the
single-phase alternator is shown in Fig. 13.3
(u) and 3.3 (b). In Fig. 13.3(a) the field
system is shown rotating-and in Fig. 13.3 (b)
thearmature is shown to be of the rotating
pe.

Polypbase Alternator Figure 13.4 shows the
connection of 8 three-phase alternator, In'g
three-phase alternator there are three wind-
ings” placed 120 electrical degrees apart,
Each winding bas two se coils insulated
from each other. Coils 1 and 4 relate to the
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SLOTS FOR DAMPER

DC SUPPLY
FROM EACITER

{a)

WINDING

AC SUPPLY

(b)

Fig. 13.3 Types of single-phase alternator

(a) Fleld

type

first winding, coils 2 and 5 to the second,
and 3 and 6 to the third. The three similar
ends of the three windings A'B'C’ are joined
together to create the star (neutral) points for
the system and the remaining three terminals
A, B, C are the phase terminals of the alter-
aator. The neutral point of the alternator is
generally carthed at the generating station.
Four wires are brought out as snpgly termi-
nals. The voltage between any phase and

nentrdisvl—a-ofthnt across the two phases.
If the line voltage (across two phases) is 400
¥V, then the phase voltage will be equal to
1-/‘%-- 231 V. Lighting and single-phase
power load 1s connected between any one

E’l:lu and neutral whereas for three-phase
d the three phases are used

Damper Winding Tn low-speed high-capacity
alterpators, when load changes, the speed of

®) A

ing type alt

the alternator also changes for a moment and
the phenomenon is known as ‘‘hunting’ or
“phase swinging”. To reduce the hunting,
slots are made on the pole [shown in Fig.
13.3 ()] face and damper winding is housed
on them.

ExaMPLE 13.2 Find the BHP of an engine to drive
373 kVA, 215.35 V three-phase alternator at full load,
{if the alternator hasan efficiency of 80°% at PF 0.5
lagging. Find also the full load current of the generate
ing set.

Solution:
Qutput of the alternator in kilowatts
=kvaxcos #
=373x0.5=186.5 kW

Efficiency of the alternator =80%,
Input of the alternator (i.e. output of the engine)
- Output x 100
El

— 186.5:¢100 1000
46

X =325hp Ans,



R ﬁ
+ L NEUTRAL
- |; POINT
L)
SUPPLY
Fig. 13.4 Rotating field type three-phase alieroator
T ¥y % 1 Output x 100
But kVA _‘/ - L L Input of the motor ==
*. Full-load current, - T2 % 746 % 100 w
gy - KYAXI00 Power in there phase system,
L vaxy , We o ¥, % I xcos®
373 1000 2% M6 X 100_ )
- ~TTIEx 21538 — g =V IxUsx I x08
= 1000 A Ans. . Line Current, I

ExampLe 133 A three-phase 1119V star conmected
alternator supplies a three phase 72 h.p., mesh con-
nected induction motor, the efficiency being 80% and
the P.F. iz 0.8. Calculate the voltage and current in
each phase of the alternator and motor. Calculate also
‘the active and reactive components of the curremt in
each phase of the motor and alternator. -

Solution: Phase voltage of delta connected motor.
VpA—VL-IIW\P Ans,
Phase voltage of star connected Alternator,
VI Veh =¥y
1119

YN-__V—Tum\F Ans,

Outpuz of the motor = 72h.p.

72 % 746 % 100
80 x4/ 3 % 1I9X08
=413A Ans
Current in each phase of mesh connected motor
- E RN TE
V3 1732
=25A Ans.
Current In each phase of the star conoetled alters
pator,
Iy = Iph = 433 A Ans.
Active componeat of alternator phase current,
1]
=433 X 0.8 =364 A Anms.
of al phase current
w i xsing
-433 % 0.6 =255 A Am.
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Active component of motor phase current
=1 x Cosb
© w25 x0.8=20A Ans.
Reactive Component of Motor Phase Current
= +/Main Curreni'—Active Comp. I*
= /@y — @op
= V&5 — 400 = /TF
=15A Anms
13.6 COIL SPAN FACTOR AND DISTRIBUTION
FACTOR

Coil Span Factor Sometimes it is also called
pitch factor. When the two coil sides of a
coil are 180 degree apart to the magnetic field,
the coil is termed as full pitched coil as illust-
rated in Fig. 13.5 (a). The emf induced in the
two sides of a coil will be added arithmeticall
as these sides are in series. When the coil
8 differs from the full pitch as shown in

ig. 13.5 (b), then the emfs induced in the
two coil sides are not in phase and the resul-
tant emf is determined by their vector sum.

The coil span factor may be defined as the
ratio of the vector sum of the emfs induced
when the coils are distributed in “n" slots to
the arithmetic sum of emfs induced when the
coils are concentrated in one slot. It is repre-
sented by Ke.

Ke =

vector sum of emfs induced
arithmetic sum of emfs induced
Er
nE

Let us suppose that the two coil sides are
not s at a distance of one pole pitch
but pl at a distance of (180—cc). The emf
induced in cach coil side will be vectorially

L W
HSEE8EE

FULL PITCH COIL

=

fa)

EEEE

SHORT PITCH COIL A € 8

[£-]

added to get the resultant emf per coil. In
Fig 13.5(c) 4B and BC denotes the emf indu-
ced in cach coil side.

AB = BC = cmf induced in each coil

side

S LBAC = [/ BCA
and LABC = 180°—«

In AABC,

LBAC + £ BCA4-/ ABC = 180°

or 2 £LBAC = 180° — £ABC
= 180° — (180° — e)

o

: -
S LBAC=

. Vector sum,
AC =2 4D

ﬂidﬂms%-

Arithmetic sum of emfs = 2 AB
.. AB = BC)

.+ Coil span factor,

Vector sum of emf

Arithmetic sum of emf

248 cos %

248

Eec =

(13.2

Note For full pitch winding, the coil span
factor (pitch factor) is always one.
Distribution Factor It is also
known as breadth factor.

E
e

- cos
CSZ

somelimes
In an alternator,

(c)

Fig. 13.5 Coil span: (a) Full pitch coil, (b) Short pitch coil, 2:d () Resultant emfl



the armature winding is distributed in several

slots per pole patch and the emfs induced in

each cml are equal in masnitude but have a

phase d them. So

the vector sum of I:he emf is less than the

mthmenc sum of the emf when the
tors are rated in one slot.

Hence the distribution factor may be defined
as the ratio of the vector sum of emf induced
when the winding iz distributed in *n™ number
of slots to the arithmetic sum of the.emf which
would be generated if the winding were
concentrated in one slot, It is denoted hy K,.

— Vector sum of emf induced (£.)
Ka = Arithmetic sum of emf induced (NE)
Let the phase displacement between the
induced emfs in the adjacent conductors in
the two adjacent slots is (« *).
180°
No. of slot/pole * No. of phasc
in the machine

RESULTANT E MF- 7

.

E1 . sunthor
SLOT N J——-—-f
B2

Fig 13.6 (a)

Fig. 13.6 (b)
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In Fig. 13.6 (b} a vector diagram is shown
for a complete distributed coil which is
a polygon and the closing side AD is the
resultant emf in the coil. Let there be n no.
of slots/pole/phase in each coil, then there
will be n coil sides.

na
[¥]
=
i
.\. .
A
Fig. 13.6 (¢)

AB=BC=CD=emfs induced per slot
Draw OG and OH pcrpendlcular to AB and
AD respactively.
LOBA= /L OBC
But £0BA+LOBC+ Loc= 180"
S 2S0BA=180" - <

or  LOBA 90— % i)
But from right anpled trinnglc O8G
ZORG=90"= £ DOG )
From equations (1) and (i}
£ BOG--90°— - OBG
=00°— L0084

(. £OBG=20BA)

o= 5)

3.

£ AOB= /£ BOC= LCOD = L
L AOD= nx
From Fig, 13.6 (¢}
Resullant vector sum AD
=2AH
nx

=204 sin 5
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Arithmetic sum
=AB+BC+CD
=nxXAB
=nxX24G
=nx20dsin 5

Distribution factor

_ __ Vector sum of emfs
" Arithmetic sum of emfs

0 1.
2 0A sin 3

nx2 O.»lsiu-c;-

=

x
'—_:E (13.3)
n sin T
Note Distribution factor for a distributed
winding is always less than unity.

13.7 EQUATION OF AN ALTERNATOR

Fig 13.7

Let an alternator be wound with full pitch
coils. If a coil of it is made to rotate from A
to B as illustrated in Fig. 13.7 the flux changes
from maximum to zero.

Hence if the coil has N turns, then
Total variation of the flux=¢N Wb
.*. Average induced emf per coil,
Ew = i;:".__ v (1 Wb/s=1V)
‘Where ¢ is the time in seconds required by the
coil to travel from position 4 toﬁ}. But the

emf induced completes only quarter cycle in
this displacement.

o f=7:~ofape:iod=%-f -8

N -
i 44N — V

Suppose the total number of coils per phase
be “C", then
Emf per phase = 4 ¢NfFC — V
But each turn has two conductors.

Therefore, total conductors in an alternator
Z=2CN

S E, =

or CN= %

But E,,=4 ¢NfC _

Co Egy=2¢4Z -V

or )

Epus/phase =2 ofZ KeK, K, — V

where ¢=Flux per pole in webers
f =Frequency of generated emb in heriz
Z=No. of conductors in series per

phase (each turn has two
conductors)

Ky=Form factor, (if wave form obtained
is sinusoidal, K;=1.11)
K,=Distribution factor
and K,=Coil span factor

(13.4)

EXAMPLE 13.4  An eight pole, three-phase, 50 H: star
connected hydro alternator has 144 slots, 10 conductors|
slot and the sinusoidal flux{pole is 25 m Wb, Find :
() The speed of the alternator.
(i) The emf genzrated if the coll span is unity
(iif) Line Voltage.
Solution
(i) Frequency of an alternator,
NP
=10
.. Speed intpm, N
S = 120
P
=X 50 rpm. Ans
(ii) No. of slots/pole/phase, n

- Total No. of slots
“Ho. of poles x No. of phases

144
%3 =6 slots
MNo. of conductors/phase, Z

No. of slots x No. of conductors/slot
- No. of phases

480

14410 _
=73



Alternator 267

ALTERNATOR

VOLTAGE Imv ‘ KVA ‘ 25 1

SPEED | 1000 RPMl,
PHASEsl 3 |, Type ! Y ’

EXCITER

TYPE l D.C. SHUNT GEN. [ EXCITER VOLTAGE J 0V

Frequency | 50c/s i

EJ(CTTER.\MPS|SOA|

SPEED | 1000 R.P.M. |
|

Fig. 13.8

Phase displ between adj slots,

180°
® ™ ~No. of slotsjpole x No. of phases

180° *
=gz 10

Then distribution factor,

a
sin g

L]
uu.ln-i-

Ka=

1]
sin 6‘2_ sin 30°

- Gai.n—?_ Gsins

os 05
= 6x0.0872 " 0.5232
=0.9557

RMS value of em[ generated/phase,

Erms =24 fZK; K K. -V
=2x25%10-3x 50 4B0x 1.11 2 0.955Tx 1
=1273V

.+, Line vnlu3=-=va phase voltage

(.- star-connected)

=T % 1273=2205 ¥ Ans,

13.8 RATING OF AN ALTERNATOR -

The rating of an alternator is stated in kVA
on the name plate of the alternator and is as
given in Fig. 13.8.

It means if the dc shunt wound dynamo of
in alternator is run at the 1000 rpm and is

delivering a current -of 30A at 20 V to the
field of the alternator, it develops a three
phase 440 V 50 ¢/s supply having an output
of 25 kVA. The three phases of the alternator
are connected in star.

13.9 VOLTAGE REGULATION

The voltage regulation of an alternator is
generally expressed in terms of the rise in
voltage caused by throwing off the full Joad.
(Field excitation and speed remain constant).
Itis expressed as a percentage of full-load
terminal voltage.

Suppose_thc full-load terminal voltage of an
alterpator is ¥ which rises to E, when load is
thrown off, then the voltage regulation

E,—V

Percentage voltage regulhtion
_ E,~Vx100
— SR

where E, = no load voltage

and V= full load terminal voltage.

NoTe E.—V is the arithmatic difference
and not the vector difference

1310 LOSSES OF AN ALTERNATOR

The losses which occur in an alternator are
the same as those in dc generator as follows.

1. Armature Copper Losses
This is equal to I, R, — W
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Where I, and R, are the current and effective
resistance of the armature respectively.

Field copper loss = l: Ry

where [; and Ry are the field current and
resistance of the field respectively.

2. Tron and Friction Losses

Iron losses include:

(a) Armature core hysteresis loss

(5) Armature core and pole shoe eddy

current loss

Friction losses include:

(a) Friction at sliprings and in bearings

(&) Friction due to windage

As discussed in Sec. 11.23 of VolumeI
efficiency of an alternator depends upon power

1

u[. 'L’aus BARS 'L‘

‘ N o
g | [ ex

|
a 8
~ S ~
1w w9

MACHINE [N OPERATION INCOMING MACHINE

13.11 SYNCHRONIZATION AND PARALLEL
OPERATION OF ALTERNATORS

Parallel connection of two or more alternators
is known as synch ing. The of
synchmnmng and parallel operation of .
alternators is as given below,

1. It bles us to tdown a faulty
alternator for repair and overhaul,

2. If one of the alternators fails, then
there will be others to supply the load and
thus there will be no complete break down of
supply.

3. It always enables alternator to run at
full load and this increases the efficiency of
the supply system.

4. During peak hours of load, additional
alternators can be synchronized with the
existing alternators.

Methods of Synchronizing There are two
methods of synchronizing an alternator.
They are:

1. Lamp method

2. Synchroscope method

If the two alternators are to be connected
in parallel, they must fulfill the following
conditions.

1. Terminal voltage of both the alternators
must be same.

2. Frequency of supply of both the altern-
ators must be equal.

3. Phase sequence of both the alternators
must be identical.
Synchronizing Single-Phase alternators by
Lamp Method In this method, assume that
alternator A (as shown in Fig. 13.9) is
already operating and alternator Bis to be
synchronized. Alternator B is known as
ng allernator. The incoming alter-

Fig. 139 Duark lamp method of of two

siogle phase alternators

pator B is run atits rated speed with the help

of prime-mover and its voltage is adjusted

equal to the bus-bar voltage. It is done by
g/ g the field current of the alternator.

factor. For a given load as the power factor
decreases, the armature current and
hence the copper loss increases ard thus the

efficiency decreases, The efficien for a
iven load is maximum only when the power
tor is one and it decreases as the power

factor falls.

The rud:ns of the voltage can be either
obtained by g two voltmeters or mlli
one voltmeter which can be connected to
the bus-bars and incoming alternator as shown

in' Fig. 13.9. When the voltmeter terminals




are connected to terminals 1 and 2, it will
indicate the bus-bar voltage and when con-
nected to terminals 3 and 4, it will show the
voltage of the incoming alternator. As the
alternators are generally rated for high voltage
and the lamps available are of low voltage,
more than one lamp arc used in series or a
step-down transformer is used.

The lamps connected across the terminal of
the alternator B will flicker if the frequency
and the phase of the bus-bar and incominﬁ
alternator are not proper. The flickering wi
be more'if the difference is more. As the
frequencies will become near to each other,
the fickering will decrease. The speed of the
incoming alternator, 8 is regulated by gover-
nor provided on the prime-mover so asto
decrease the flickering of the lamps. The
correct time for putting the main switch in
the ON position for the coming alternator
is one when all the lamps are dark The speed
of the incoming allernator is adjusted by
governor till the lamps remain dark for long
petiod and in the middle of dark period the
switch is put ON. The alternator can now
be made Lo operate satisfactorily in parallel,

A
R
L
MACHINE T4 CPERATION INCOMING MACHINE

Fig. 13.10  Bright lamp method of syachronizing
of two single-phase alternators
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As it is difficult to judge the middle of the
dark period, the connections of the two Iaml:s
are interchanged as shown in Fig. 13.10. In
this procedure the proper instant for switch-
ing on the incoming alternator B is when the
lamps are bright. In the middle of the bright
ﬁl’lod the main switch is therefore put ON.

is method is known as “'bright lamp me-
thod™ while the first method 15 called the
“dark lJamp method™.

Synchronizing Three-Phase  Alternators by
Lamp Method For the synchronizing three-
phase alterpators, three lamps are used.
Figure 13.11 illustrate the connection for dark
lamp method while Fig. 13.12. shows the
connection for bright lamp method.

In the dark lamp method the correct
moment for putticg the main switch ON isone
when all the theee lamps are dark. For bright
lamp method the switch of the incoming

B BALS

| ] f—tl
|t

P

A
~
kL

£
MACHINE INCPERATION

MACHINE TNCO!

ING

Fig. 13.11 Synchronizing of three-phase allernators
with dark lamp method
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machine is put ON in the middle of the period
when lamps 1and 2 ar¢ bright aod lamp 3
dark, In this case also the lamps are either
supplied through a step-down trans-
former of number of lamps are connected in

C

B3 BALT

H[:rvﬂ
L1

MACHINE [N QOPERATION MACHINE THCOMING

Fig. 13.12 Synchronizing of three-phase alternators
with bright lamp method

STATOR -

—
TO BUS-BARS

Fig. 13.13 \}

series as the generating vollage of the alter-
nator is usually higher than the voltage rating
of the lamps.

Synchroscope and its Function Synchroscope
is an instrument which shows the phase
relationship of emf of the incomiog alternator
and at the same time it also indicates whether
it is running slow or fast.

Synchroscope 15 a motor having a_pointer
fized at one end of the motor’s shaft which
rotates over a circular scale fixed at the end
of the shaft,

It works on the principle of rotating magnetic
field. It consists of a rotor ana stator would for
two phase system and are sipplied from two
phase supply. If the frequency of supply to
the rotor and stator is same, rotor and stator
will produce a rotating magnetic field revolv-
ing at the same speed and hence there will be
no change of flux in the air gap between rotor
and stator, thus the rotor remains standstill.
If there is difierence in frequencies of rotor
and stator supply, the rotor will rotate. The
speed of the rotor will depend upon the
difference in frequencies. If this difference is
greater, the rotor speed will be greater and if
the difference is less, the rotor speed will be
less. Therefore, it is clear that the synchro-
scope will stop revolving when the frequencies
of the supply of rotor and stator become
equal. The synchroscope will try to rotate in
clockwise direction if the speed of the incom-
ing machine is too fast and in anticlockwise
direction if it is too low.

TO INCOMING MACHINE




Synchronizing of Three-Phase alternator with
Synchroscope In Fig. 13.14 the connections
for synchronizing threc-phase allernator are
shown, For synchronizing the three-phase
alternator, the synchroscope is connected with
the two phases only and, if the two are
synchronized, then the third phase will auto-
matically be synchronized.

The alternator is first run at its normal
specd and the voltage is adjusted equal to the
bus bar voltage by adjusting its field excita-
tion. After this the synchroscope switches
are put on and the speed of the incoming
alternator is adjusted in such a way asto
decrease the speed of the needic of the
synchroscope. When the pointer stands at
0 (zero) position, the main switch of the
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incoming alternator is put ON. After synchro-
nizing the incoming alternator, the rotor and
stator windings of the synchroscope are
disconnected from the synchronizing bus-bars
by putting “"OFF"" the main switches.

Loadshifting of Alternator When an alter-
nator is synchronized, the load can be shifted
from the other alternator to the incoming
alternator by increasing the fuel supply to its
prime-mover and at the same time reducing
the fuel su(pply to the prime-mover of the
alternator from which the load is to be
t ferred.  Adj t of field excitation
will have a little effect in shifting the load but
will change the reactive power supplied by
the alternator.

Muin bus bars

L P

Svachicrnzing bus bars

Fal Pana 4l
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o et Pl | Lammn
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Synchroscope [

Slaw {G{_’ Fost

g8 Pt Vo ¥l P o
——
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¢

N

Machine in operation

bES

3

' Fig. 13,14 Syachronizing of {bree-phase al
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with synch




272 Basic Electrical Enginzering

TanLe 13,2 CoMPARISON OF AC

1 2

1. ll:m:lors (ac generatess) Jo not have any
commutators and this enubles the generating
unit to be operated at high speeds.

2. Itiseasy to insulate the sliprings 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 V while in the U.S. A, itis 13,800V,

3. acvoltage can be stepped up for the transmis-
sion of power and stepped down for the distri-
bution of power by transformers.

4, The transmission of power at high ac valtages
is economical. For this reason ac is preferred
to de.,

5. Allernators can produce high vollage at high
current ratings.

In Indla. 1he maximum output of an alter-
nator is 400 M W,

6. Forthesame speed ac motors e cheaper,
require less maintenance and, hence, are more
eflicient than dc motors.

NUMLRICAL E

Tu DC GENERATION

Dircer Curreng (de)
3

Due to commutation, de generators cannot run at
high specds.

Inde machines, it is very difficult to pive extra
ordinary insulstion to the commutator. Therefore,
the generation of high dc voltage is not possible.

dc voltages cannot be stepped up or down.

As the de voltage cunnot be stepped up or down,
the quesiion of transmission of power at high
volteges docs not arjse,

t)wmg i comiutation difficulties, de gencrators
dmsnul for large outputs, The maxi-
d voltage and current ratings of a de
1500V and 8000 A respectively,

are expemsive and  require more main-

peneratol

A mwote
tenance.

ERCIS!S

13.1 Caleulate the frequency of a hydro aliccnator wiich has 20 poies and is revolving at a speed of

360 rpm

13.2 A turbo-alicrnator is running at 1500 rpm.
supply of the altcraator is 30 Hz.

13.3  An eight-pole allernator is running at a speed of 630 rpm.
speed of the alternator so that if should develop 50 cycles per sevund.

(Ans. 60 ilz)

Caleulute the nunber of poles” if the frequency of the

{Ans. 4 poles)

Caleulate the frequency.  Also find the
(Ans. 40 Hz, 730 rpm)

13.4 The current in each phase of a star-connected alternator is 1000 A when the generated phase voltage
and power factor are 5000 V and 0.5 respectively.  Culculate the line voltage and total power Ouiput of the

alternator.

(Ans. BS6D V, 7500 kW)

13.5 Find the horsepower of 2 petrol engine which drives an aliernator supplying a load current of 50 A at

373 V in a three-phase supply system.
1he alternator 80 per cent.

Assume the power factor of the supply to be 0.3 and the efficiency of

{Ans. 43.3 hp)

136 Find the bhp of a diesel engine driving an ac generator supplying a load curcent of 70 A at 400 Vin a
three-phase supply system. Assume the PF of the supply to be 0.84 and the elliviency of the alternator 849;.

137 A three-phase 400 V star.

13.8 A three-ph d al

Calculate the current uad voltage in each phase of Ihe (i) alternator and (i) motor,

voltage is

(Ans, 65 hp)

3, ted gives an output of 34.64 kW at 0.8. PF. Calculate the
total load in kVA. and current snp;lli:d to lhe machmc

(Ans. 433 kVA,. 61.5 A)

current of 150A 1o a delta connected motor.
il the altérnator line

(Aus. (i) 130 A, 3464 ¥ ; (i) 6.6 A, 600 V)

13.9 Athrec-pluu 1492 ¥ Star-connected alternator supplics to 192 hp mesh-connected induction motor

the efficiency being B0%, and the PF 0.8,
alternator.
elternaior.

Caleulate the voltage and current in each phase of the motor and
Also Ond the active and reactive componenls of the cucreats in each phasc of the motor and

www.EngineeringEBooksPdf.com
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Motor Alternator
Ly =350A Iy = B6.6 A
Vi = 1492V Vn = B6L43Y
Loy =40A T = 69.18 A
Lreqar = 0A Topet = 5196 A
Ans. Reactive Component = 328.02 A.

13.10 A 12-pole, single-phase phase alternator has 50 slots and 70 conductors per slot. The flux per pole
is 90 m Wb nnusold.ally distribyted. The distribution factor is 0.606 and the coil span factor is unity, If the
speed is 600 rpm. Find : (a) the frequency, and (b) the emf generated in the alternator

(Ans.(0)60 Haz,(ii) 7984 V)

13.11 A single-phase alternator has 10 poles, 60 slots, 40 of which are wound with 10 conductors/
slot. The sinusodial flux/oole is 40 mWh, The coil span factor is unity and the distributicn factor 0.607.
IF the speed 600 rpm. Calculate (NI dey and (ii) emf (Ans. (i) 50 Hz, (i) 1078 ¥
13.12 A three-phase, cight-pole, 461.3-¥ star connccied alternetor is running at 750 rpm. Calculate the

number of conductors in the stator winding if the flux per pule is 50 m Wb. and the distribution facior 0,96,
{Ans. 50 conductors)

13.13 A three-phase eight-pole, 576.6-V star-connected alicrnator runs at 900 rom.  Calculate the number
of turns in the stator winding if the flux/pole is 25 mWb. Assume distribution factor 0.96 (Aus. 52 )
3 turns

13.14 A three-phase 50-cycle, two-pole star-connected alternator has 6 slots and 5 conductorsjslot. If the
terminal voltage on open circuit is 400 V. find the flux per pole. Assume the coil span factor as unily and
distribution factor 0.94. (Ans, 110.7 mWh)

13.15 A three-phase, 4-pole, star connccted alternator hias 36 slots.  Find the distribution factor,

(Ans. 0.96)

13.16 A three-phase twelve-pole, 50-Hz star-connected alternator has 108 slots, 10 conductors per slot and
the sinusoidal flux per pole is 100 m wb, Find: (i) running speed of the alternator, (i) line Voltage on open

circuit il the coil 5pn.n is u.nll.y and distribution factor is 0. 96. (Ans. 500 cpim, 9228 V)
13.17 Ath , 50-Hz, d al has 10 slots, 5 coils, 15 turns in each coil,
and the linuloldnlnnx per pole is, 100 me Find the terminal Voltage on open circult if the coil span is
unity and the distribution factor 0.64. (Ans. 6152V)

REVIEW QUESTIONS

13.1 What iz an alternator? Name the main paris of an aliernator with their functions.
13.2  Explain why allem:nors are rated in kYA instead of kW,
13.3 Give the for of the induced emf of an alternator.  Also calculate the frequency of

an alternator which has 8 pole and runs at a speed of 750 rpm, (Ans. 50 Hz)
13.4 In the modern alternator; the field is kept rotating and the armature stationary. Why is it so? State
the advantages of keeping the armature stationary and field rotating.
13.5 What do you mean by synchronizing of an alternator? Explain its necessity.
13,6 What are Lhe conditions of synchronizing two alternators? Briefly explain the dark lamp and bright
lamp methods for synchronizing two single phase alternators,
13,7 ¢a) Explain different conditions to be fulfilled for parallel ion of all

(b) What l.re !he various methods of wnchrnmzius three-phase alternators? Give the connection
in parallel with bar using method.
Explain tlu proper method of load lhaﬂns of an incoming altcrnator.
13.8 Give the exp ion for the emf ind: 1 in an alt . ANV
at 300 rpm and has 24 poles. Find the number of conductors in the ltnmrlhrl:dﬁ:;s?fat}:::":;:;ul?c‘gn:iﬁ
5x 107 m /pole. Assume distribution factor and cuil span 0,96 and unity respectively. (Ans. 20 Conductors
(NCVT, 1969, Elect.

13.9 Write short notes on:
(a) Synchroscope
(b} Prime-mover
{c)} Exciter
13.10 Define the voltage lati of al Isit ible to have the full-load terminal

8!
voltage greater than the no load terminal wltuﬂ Explain. (NCVT,1985, Elect.)
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Transformer

141 INTRODUCTION

The transformer is a static machine which
increases or decreases the ac voltage without
changing the frequency of the supply. As it
has no rotating part, its efficiency is much
higher than any rotating-type electrical
machine, Energy supplied to the transformer
may be converted to higher voltage or lower
voltage or sometime at the same voltage, If
it delivers energy at lower vol'age, then is
known as step-down transformer. If it deli-
vers energy at increased voltage it is called
step-up transformer. If it delivers energy at
the same voltage, then it is called 1-to-1 ratio
transformer. The step-down transformers
are generally used to decrease the voltage at

. ions for the 's use and the
step-up transformers are required to increase
the vollage at the generating stations for

generally step-down the voltage from 11 kV
to 440 V. The primary winding of distribu-
bution transformer is delta connected and its
secondary is star d which bles to
provide three phase four wire supply system.

142 WORKING PRINCIPLE OF TRANSFORMER

The working principle of a transformer is
based on mutual  electromagnetic induction.
It means, whenever a changing flux links
with a coil, an emf is induced in it which is
proportional to the rate of change of flux and
the number of turns in coils linking the flux.

143 CONSTRUCTION

A travsformer conmsists of two windings
insulated from each other. These windings
are ically linked through the core.

The voltages adopted
for distribution are 1.1, 2.2, 3.3, 6.6 and
11 kV for urban area, 22, 33 kV for short
distance transmission and 66, 110, 132, 220
and 440 kV for long-distance transmission.
The efficiency of transformers ranges between
90 to 98 per cent.

Transformers are named power transfor-
mers or Distribution transformers according
to the type or duty they perform. Power
transformers are also known as “Transmis-
sion transformers” and are used for taking

The winding which is connected to the supply
is known as “‘primary winding'* and the other
winding on which the load is connected is
called secondary winding.

The core of a transformer is made up of
laminated stampings made of silicon steel
containing 3.8 to 4.5 percent silica. The
laminations are insulated from ecach other and
pressed together to reduce the eddy current
loss. The smmpings are of different shapes
like E, I, U, L, J, C'etc. The thickness of the
laminations usually varies from 0.35 mm to

the supply at fur-off di by stepping up
the voltage to high or extra high voltage (i.e.
33 KV to 440 KV depending upon the
distance to which the supply is taken away) at
generating stations or sub-stations. Trans-
mission at high voltage, reduces the transmis-
sion line current and thus decreases the cross-
sectional area of the conductor required for
the lines. The dary of this t former
is usually delta ted. These formers
are of high rating.

Transformers of outputs of up to to S00kVA
are called ‘Distribution TFransformers’ and

0.5mm (i.e. 0.014" to 0.02".)

Core-Type Transformer In this type of
transformer, the core is built with L type
stampings and have two limbs which carries
the primary and secondary windings. The
simplest diagram of core-type transformer is
shown in Fig. 14.1 and has only one magnetic
path as shown by the dotted lines. The two
windings are done on the two separate limbs
of the core. For low-output small trans-
formers, the section of the core is either
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Fig. 14.1 Core-type transformers

rectangular or square and rectangular or
square coils are employed for its winding.
But in the case of high-output transformers,
the core is stepped and the coils used for
windings are circular in shape,

Shell-Type Transformer In this type of
transformer, the magnetic core is built of E
and J stamgings and have three limbs. The
central limb carries the primary and secondary
winding and the magnetic circuit has two
parallel paths through the core. The primary
winding is wound deep near the core and
secondary winding is done on it. A simple
diagram of a shell-type transformer is shown
in Fig. 14.2 and the two parallel paths of the

FI[U:I

@r———n

PRI

e

magnetic flux are also shown by dotted lines.
Generally all single phase transformers use
shell-type core,

Berry-Type Transformer This type of trans-
former has magnetic cores in the shape of
rectangular frames. One limb of all the
frames passes through the centre of the core
whereas other limbs are kept around the coils
and thus the transformer will have as many
parallel paths as the number of frames in' the
transformer. This type of transformers having
multi i ths is. & as Berry-type
transformer. Tn this case there are eight paralle]
paths for the flux. Figure 14.3 shows a simple
Berry-type transformer.

PRIMARY SECONDARY

Fig. 142 Shell-type transformer
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Fig. 143 Berry-type transformer

144 ADVANTAGES OF TRANSFORMER

1. The most important advantage of a
transformer is that its voliage can easily be
increased from low voltage to high vol:age for
transmission purpose and high voltages to low
voltage for distribution purpose without much
power loss.

2, As the transformer is a stationary device
there is no wear and tear in it.

3. Practically no attention is needed for its
maintenance, except in the occasional case,

14.5 EMF EQUATION
"The emf induced in a transformer depends
upon total flux in the core, frequency of the
sipply and the number of turns. Let us
suppose that ¢, is the maximum value of flux
in the core, ‘f* is frequency of the supply in
hertz and N the number of turns in the wind-
ing.

In a complete cycle, the flux changes four
times from zero to ¢, and from ¢, to zero as
shown in Fig. 14.4.

P |
: | |
<P I I !
F AN
H |
0] 0 ‘I ofl
. |
' —- t : |
: "
F’-u.)l
Fig 144
.. Total change of fluxin frequency f Hz

Emf induced per turn = 4 ¢,f V
(Wb/s = 1V)
As the coil has N turns,
Emf induced in the coil = 4¢./N V
This is the average value of emf induced in
the coil. Assuming the wave to be sinusoidal,
the effective value of emf induced is given by
Emf (cffective (or rms) = form factor X
average value
rms value
average value
< Effective emf = 1.11 x 4¢, fN V
=444 $. N V (141}
Transformation Ratio  If N, is the number of
turns in the primary winding, then the rms
value of the emf induced in the primary
winding is given by
E,=444¢.fN, V (14.2)

If N, is the number of turns in secondary
winding, then the emf induced in the second-
ary winding is given by

E, = 4.44 ¢,.fN, v (14.3)

The emf induced in the secondary winding
of the transformer will have the same frequ-
ency as that of the primary winding because
the flux linking with it will also link with the
secondary winding.

Dividing Eq. 14.3 by Eq. 14.2, we have
E, _ 444 4. /N,
E, 4444.fN,
E: N, _
E=w=F
Pulting;—': = K, where X is known as turns

Form factor =

or



transformation mtio‘:.—‘is called voltage trans-
]

formation ratio.

At no load the EMF induced in the second-
ary winding E. is approximately equal to
secondary terminal voltag ¥,. Similarly .the
EMF induced in the primary winding E, is
also nearly equal to primary applicd voliage

E, (144)

If N, > N, (or E, > E,) then K is greater
than one, and the transformer is known as
step-up transformer. Similarly if N, < N,
(or E, < E,)and K is smaller than one, than
the transformer is called as step-down trans-
former.

14.6 RELATION BETWEEN THE VOLTAGE AND
CURRENT OF PRIMARY AND SECONDARY

Let ¥,, I, and ¥,, /, be thevoltage and current
in primary and secondary windings respecti-
vely. Suppose the power facior of both the
primary and secondary winding is unity. I
‘¥ neglect the losses in the transformer, the
power output of the secondary winding, V, [,
is cqual to the power input of the primary
winding ¥, 1,

- =V, 1,
Vi L _
o v, L

SECOMDARY

PRIMARY

(a)

Transformer 277
But V,eE,and V, = E,.
o %=%=K
or transformation ratio in one step,
%*%=%=xm&

147 TRANSFORMER ON NO-LOAD

When an ac. supply is given to the primary
winding of the transformer and no load is
connected across the secondary winding (i.e.
secondary terminals are left open), its primary
wind-ng takes verysmall current known as no-
load current and is represented by [,. This
no-load current is usually 2 to 5% of its full
load current which produces flux in the core
and fulfill the iron losses at no load. This flux
$owill induce an emf in the primary winding
as well as in the sscondary winding. Both
the emfs induced in the primary and secondary
winding will be in phase with each other as
they are produced by the common flux. The
emf induced in the primary winding E, will
be apprcximatcl{,equal to the applied voltage
of the primary (¥,). As the secondary wind-
ing is on open circuit, it will not carry any
current hence the flux due to it will be zero.
The no-load current of the transformer per-
forms two functions, viz. produce magnetic
flux in the core and supplying no-load losses.
The no-load phasor diagram of a transformer
is shown in Fig. 14.5. In the no-load phasor

M

:

tep
(L

Fig. 14.5 (a) Secondary on no-load
(b) Vector diagram of secondary on no-load
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diagram, the no-load current I, is shown hav-
ing two comp ts. One t1s known

. ms magnetising component and is responsible
for setting up magnetic flux in the core. This
component of I, lags behind the primary
applicd voltage by 90 degrees and is termed
as the wattless component, and is represented
by I, The other component is denoted by,
Iy and is called as loss component (working
component) and is supplying iron losses. This
component of current is thercfore shown in
phase with applied voltage.

Solution: We know Power ul no-load,
W, = V,5,c058

(14.6)

Examrre 14.1 A single-phase 220{110 V fransformer
takes no-load current of 0.54 and the power absovbed
in 66 W, Find the foss componcnt and the magnetising
component of the no-lood current.

Therefore, the loss component of current,
Lo o 05 8) = Pt 55 1 0.3A

- e

&
v, 220
Magnelising component of current,
ot
II-' I~ J .i'o_ 1-
R
= /0I5 - U8

=4/ 016
= 0.4A

And.

Ans.

ExAMPLE 14.2 A single-phase transformer has 450
primary turns and 90 sccondary iurns. If the primary
winding of the transformer is supplied 2200 V. Sfind
the secondary voltage, Negleerig losses aof the
transformer, what will be the primary carrent when the
current in the secondary winding is 220 Al

Solation:
Ve know that the transformation ratia,
Vi M
E=v =7
A %0
TII00 T a5

Therefore secondary terminal voltage,

V=220 5 00 = 40V Aus.

eplecting losses, power input = power ouiput.”
Vi, =V L
(assuming unity PF)
2200 x I, = 440 x 220

Primary current,
440 % 210

3,300 < 44A Ans.

Exampie 14.3 A three-phase transformer s weed Tla
step dowen the supply Veliage Sfrom 10,000 ¥V in 433
V. The output of the Tranafarmer is 150 k¥A.
Find the secondary and primary currenfs of the
rransformer.

»

Solution:

) Sy e d
w Vo abLx I ;

€ know ) &k VA
VR X
1000
=, Secondary line cuteent,
150 x 1000

Le——an = —=—
W 3 3 oy

350 3¢ 1000 5 1.732
3 = 200 A Ans,
Similarly,
Primary current, 1, 130 x 1009
" ' P73 x 10000
= B.66 A Ans.

148 TRANSFORMER ON LOAD

In Sce. 14.7, it was cxplained that the wattless
component of no-load current will develop 2
flux in the iron core. This flux induces cmls
in both primary and secondary windings.

Let O F, be the applied voltage to the
primary winding and let induced emfs be OF,
and OF, in primary and secondary windings
respectively.  When the load is put on the
secondary winding of the transformer, the
secondary current J, starts flowing through it.
This current will produce a flux in the core
in_opposition to the flux produced by the
primary current, This reduces the total flux
and thereby the emf induced in the primary
winding OF, is reduced. Due to the decrease
of OE,, the current in the primary winding
increases. The increase of current in the
primary winding is such that it neutralizes
the flux of the secondary winding and thus
the total flux remains the same from no-load
to full-load.

The increased current which flows in the
primary winding due to the load on the
secondary windingis cqual and opposite to
the secondary current and is known as primary
balancing current [, or primary current due
to secondary current. Therefore, the total
current in the primary winding {, is the phasor
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1

Es
PRIMARY SECONDARY
WINDING WINDING ls
Ep

{a)

(b) VECTOR DIA. .

Fig. 14.6 (a) Secondary on resistive load

(b) Vector di

sum of the balancing current J, and no-
load current I, The primary balancing
current and the secondary currents are in
phase opposition to each other. Figure 14.6
shows the phasor diagram of a transformer
for a resistive load.

The phasor diagram of a transformer for
lagging power factor load can be drawn ina
similary way.

149 PARTS OF A TRANSFORMER

Figure 14.7 shows the various parts of a
fransformer. As mentioned in Scc. 14.3,
two windings, primary and secondary are
wound ona laminated core. The details of
the various parts are given below.

Primary Winding The winding which is con-
nected to the supply is called the primary
winding. Ifitisto operate on high voltage
(a$ compared to the other winding), it is
known as HT (High-tension) winding. The
porcelain bushings connected on the HT side
for insulating the terminals of the transformer
are known as HT bushings.

Secondary Winding The winding of the trans-
former which is connected to load is termed
as a secondary winding. If it isto work on
low voltage as compared to the primary wind-
ing, it is called LT (Low Tension) winding.

'y on resistive load

The insulating bushing used on LT side is
called L.T. bushing.

Transformer Tank Itisa metallic container
in which transformer oil (mineral oil) is filled
for cooling the windings. The oil after taking
the heat from the winding gives it to the
surface of the tank for cooling. For better
cooling, the surface area of the tank is increas-
ed cither by providing corrugated sheets in
case of small transformers around the tank or
by providing round pipes (usvally 5 cm dia)
or clliptical tubes on the sides of the tank for
large transformers.

Temperature Gauge Itisa temperature indi-
cating device which is used to indicate the
temperature of the t mer oil and js
fitted to the side of the tank.

Explosion Vent The explosion vent is a
safety device of the transformer and is also
known as the emergency pressure release
valve. It is a projected pipe one end of which
is fitted at the top of the tank and the other
end left open to the atmosphere through a
diaphragm. When an excessive high &:rmun
is developed in side the tank due to internal
fault the pressure breaks the diaphragm and
zil thus goes out through the broken diap-

ragm.

Conservator A drum contining transformer
- oil is mounted at the top of the transformer
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PRESSUR
RELEASE DEVICE

BUHQZ
RELAY

QIL IMLET
VALVE

Fig. 147 Parisof 2 50kVA,

tank and connected to the transformer tank by
a pipe. One-fourth of the drum is usually kept
empty. For indicating the level of the oil in
tank, an oil level indicator is fixed to it as
shown in Fig. 14.7. 0il in the transformer
tank expands and contracts according to the
heat developed and causes the level of the oil
in the conservator to rise and fall. A-con-
servator performs the following functions.

1. It maintains the oil level in the tank.

2. It provides space for the expansion of
oil when the temperature of the transformer
varies from 20°C to 95°C.

3. Tt prevents transformer oil from moist-
ure (which reduces diclectric strength of oil)
when it breathes in.

Breather The function of the breather isto
prevent entry of moist air in the iransformer
tank after its breath out. Even a small amount
of moisture absorbed by the oil reduces the
insulating properties of the oil considerably.
A pipe connected at the top of the conserv-
ator is left open to the atmosphere throuzh a
breather. The breather is a cylindrical tube

PRAPHRAG M
(o] 1] o
HT TEAMINAL

TEMPERATURE
e GALIGE

AICR

TUBES.

400V, oil cooled transf

containing oil, silica gel or calcium chloride in
different chambers. When the pressure in-
side the tank reduces due to breath out, it is
the breather that absorbs moisture from the
air entering the conservator. The entering
air is to first pass through the oil which filters
the moisture and then through the silica gel
which Turther dries the air.

The silica gel when dry is blue in colour
and when it absorb moisture, its colour be-
comes some what whitish, Silica gel in the
breather is replaced at certain intervals time.

Tap-Changer It is a device operated either
manually or through 2 motor, used for keep-
ing the output voltage of a transformer con-
stant.

When the load on the transformer increases,
the outlput voltage falls. For keeping the
terminal voltage constant, a tap-changer is

i to the dary side of the trans-
former. Different tappings from the dary
winding are brought to it. With the help of
tap-changer, the secondary turns can be either
increased or decreasea and thus secondary vol-
tage can be increased and decreased as desired.
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Buchholz Relay It is also a protection relay
of the transformer. This device signals the
fault as soon as it occurs and cuts the trans-
former out of circuit immediately.

This relay operates on the excessive forma-
tion of the oil vapours or gas inside the
transformer tank due to any internal fault of
of the transformer. It is used ina power
transformer (transformer above kva
output) in between the pipe connecting the
tank and the conservator as shown in Fig.

It consisls of two operating floats 4 and B
and is operated by the two mercury switches
separately provided for the float A and float
B, The float 4 is meant for bell alarm while
float B for operating the tripping circuit.

In normal condition, the relay is completely
filled with o0il and the contact points of the

hes are d. When the oil
level l'alls ‘below the permisslble level due to
either leakage of oil or collection of abnormal
gas at the top of the float A (bec2use of minor
fault like overloading, etc.), the float 4 moves
downward which closes the contact poiats of
the mercury switch meant for float A4 and
thereby gives an alarm to the operator,

When a heavy internal fault like short
circuit or earth fault (due to failure of insula-
tion) oceurs in the s i’ystem. it rapidly increases
the temperature o 1]:0 oil. Due to this
abnormal the oil
expands quickly a.nd rushes fmly to the

conservator through the relay. On the way
it presses the float B, which short circuits the
two contact points of the tripping circuit.
Thus the relay operates the circuit breaker
and thus the transformer is saved from
possible damage,

14.10 LOSSES IN A TRANSFORMER

The transformer is a static device and there-
fore has no rotational losses. The losses
which occurs in the transformer areas follows.

Copper Losses These are the losses taking
place in the transformer windings due to their
resistance. Primary windiog copper losses are

2 2
givea by I, R, and the secondary by I,R..

The copper losses are variable losses. They
vary with the square of the current or output.
If the output is doubled, the copper losses
becomes four times.

Iron Losses Iron losses consist of eddy
current loss and Hystercsis loss.

Eddy Current Lou This Ioss oceurs in the

core of the eddy
currents appear in the form ol’ heat (I*Rt) in
the core. This loss is reduced by using

lamioated iron cores.

Hysteresls Loss When alternatiog current is
supplied to the primary winding, the iron core
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is alternately magnetised and demagnetised
This causes waste of encrgy as heat. This loss
can be minimized by making a core of silicon
steel that enables easy magnetisation.

14.11 METHODS OF DETERMINING LOSSES
OF A TRANSFORMER

The simplest methods of determining the iron
and copper losses are performing two

tests, viz. (1) open-circuit test and (2) short-
circuit test.

Open Circolt (No-1oad) Test The aim of this
test is to determine the iron losses of the
transformer.  As the iron losses depend upon
voltage and frequency of the supply, this test
is performed at normal supply voltage and
frequency.

WATTMETER

ing of the wattmeter will indicate the iron
losscs only.

Short.Circuit-Test This test is conducted to
find the copper losses of the transformer
which are directly proportional to the square
of the current in the transformer windings.
In this test, the primary winding (usually
high-voltage winding) is supplied with redu-
ced voltage of normal frequency from a
varlac or auto transformer and the other
winding is kept short-circuited directly or
through an ammeter of high range shown in
Fig. 14.10. Applied voltage is graduall
increased till full-load current flows throuy
the primary winding. As the applied voliage
{s only a small percentage of normal workin,
voltage, the core loss will be very sma.tE

l————p

FSECONDARY

LY
1711

WINDING

Fig. 14.9 Open-circuit test

In this experiment, the primary winding
(preferably low-voltage winding) is supplie
with normal working voltage at normal
frequency and the other winding is kept open.
As the no-load iron losses and no-load
current will be very small, an ammeter and
an wattmeter of low range are connected in
the primary winding circuit as shown in Fig.

9.
The no-load current being very small, the
copper losses may be neglected and the read-

WATTMETER

WINDING

PRIMARY

Hence iron losses in this case can be neglected
and the wattmeter reading at full load current
can be considered as the full-load copper
losses of the transformer.

1412 EFFICIENCY OF A TRANSFORMER
The efficiency of the transformer is of two

types, viz. (i) Ordinary efficiency, and (ii) All-
ay efficiency.

1
Bt
|

Tig. 14.10  Short-circuit test



Ordinary Efficiency Tt is defined as the ratio
of the output in kilowatts to the inputin
kilowatts,
Ordinary efficiency of a transformer
_ Output in kilowatts
Input in kilowatts
When expressed in percentage, 1 %

_ Output in kilowatts
Input In kilowatts * 100

All-Duy Efficiency  Sometimes it is also known
us watt-hour efficiency. When connected to lines,
a transformer primary. winding always draws
a small amount of no-load current where as
the secondary winding carries current only
when the transformer is loaded. This means
that iron losses will always occur in the core
of the transformer throughout the day and,
night and the copper losses will take place
only when the transformer is loaded. Itis
necessary therefore, to select such type of
transformers as distribution transformers,
which have less iron loss, The performance
;F such types of transformers is delermined
y
All-day efficiency
Kilowatt—hour output in a given period
Kilowatt—hour input in the same period
All-day efficiency in "5
__kwh output
~ Tkwhioput 100

14.13 REGULATION OF TRANSFORMER

(14.7)

(14.8)

The regulation of the transformer is the
difference in voltage on the secondary side
from no load to full load. It is gencrally ex-
pressed as a percentage of the secondary no
load voltage.

Regulation of a transformer
= (No-load secondary voltage—

full-load secondary voltage)/ transformer is

No-load secondary voltage
_E-V,

El
When expressed in percentage,
Regulation % = 2= Y2 x 100 (149)
)
where E, = No-load secondary voltage

¥: = Full-load secondary voltage
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14.14 RATING OF TRANSFORMER

The rating of the transformer is taken in
kVA instead of kW. If the outputof the
transformer is 25 kVA, it means that the trans-
former can supply full load power of 25 kVA.
on the secondary side (neglecting losses).

When a transformer is in normal working
condition, some losses will occur due to the
flow of current through the load. The losses
in the transformer depend upon the value of
current flowing and the power factor of the
circuit,

To understand it let us consider a single-
pbase transformer is delivering its maximum
current of 100 A at 250 V.

.. Rating of the single-phase transformer
_ voltage X current
1000
250 X 100
= "o0o = 25 kVA
If the transformer is operating at unity PF,
Load supplied = kVA X cos §
=25 X 1= 25kW,
When the PF of the load decreases to 0.8,
Load supplied = kVA X cos ¢
= 25 % 0.8 = 20 kW,
Suppose, the PF of the load further decrea-
ses to U.4. Then,
Load supplied = kVA X cos §
=25 % 0.4 = 10 kW.
From the above, it is clear that the power
output of the transformer is 25 kW at unity
PF, 20kW at 0.8 PF and 10 kW at 0.4 PF.
It means the power output of the transformer
in kilowatts varies with the variation of the
power factor of the load but the rating of the
250 % 100
000~ 25 kVA (cons-
tant) whatever may be the power factor of
the circuit. For this reason transformers are
rated in kVA instead of kW,

ExameLe 14,4 A 6600/433 Volis three-phase 50 HZ
transformer is star connected on primary and secondary
il

sides.  There are 100 turns per phase on low voltage

side and the iron on ecach limb net cross-sectional
area of 50 em.2, Calculate the maximum vojue of the
fux density.
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Solution:
As per phase turns on secondary side is given there-
fore find per phase voltage. We know that
VI Vpm¥=danny (- star connected)
K 4%
.. Phase voltageyp . L _.~-2
HEVITVS
We know E, = 4.44 ¢ nus. [NV,
4 Maximum flux, $max.

(Vo= E;)

E, 433
— ——————
TN, VIx44x50%100

Fhux doasity = Ses

433

1] 5
.‘i 3% 4.44 502 100 00 * Too

= 2,25 Wb/m*

Ans.

ExamprLe 14.5 30 kVA, ok
single-phase / late the primary
current amd voltege when the secondary voltuge is
NOV ;nd' the transformer is working on full Joad ap
power

The efficiency of a
fi is 96%,. Call

factor 0.8.
Solution:
Oulput = 30 kVA
Output in kW = Ootput in kVA % cos 0
=30 x 0.8 = 24 kW
But Viyw I, xcos0=W  (ascos band W of

both sides are the same)

W
V, x cos
When cfliciency is given, current can be transferred
by their turns ratio only.
N b

3 [

Ny I,
;Il

. darycurrent, [, =

Primary current, [, =

= X 125 = 125 A Ans.

Qutput

Output 109
CA »

'ZAXIOMxlm
6

Input of transformer =

W

But  Primary input, W, = ¥, % I,"X cos 8
.. Primary applied voltage,

L4
V= xcoso
24 x 1000 x 100
o6 x 125 % 0.8
= 2500 V¥
=25 LkV Ans.
Examerr 14.6 A single-phase 2000/230 V, 40 kVA,
30 Hz rransformer kas full-load copper losses of 320 W*
and iron losses of 200 W. Caleulate !hgﬂm 0{
the .'mn;—jurmer ar full load, half load ‘ome-fourt
of the full load when there iz (a) wnity PF, and
(b) PFis 0.8 lagging.
Solution:
() When PF is unity, the results are as in the
following table. Full load output at uaity PF =
KVA x cos § = 40 x 1 = 40 kW = 40,000 W

Qutput Tron Copper Input E fficiency FPercentage
Load in watts losses losses in watts
fn watts in watfs
Fullload — 40000 -+ 200 <+ 320 = 40,520 5% — 0000 X 100 _ g0 550
Hallload - 20,000 00 4+ 80 = 20280 5% = o010 _ g5
One-fourth ’ 10,000 3 100
Load - 10,000 + 00 + 20 = 10,220 % = R T%> g 97.84%,
(5 When pFis 0.8 luglinf'
Full load output in kVA = cutput in kVA x cos 0
== 40 % 0.8 = 32 k'W.
Owiput Tron Copper Iaput in Efficlency percentage
Load in watls losses lasses in walls
in walts warls
Full load 2,000 4+ 200 4+ 320 = 3250 %= .3’*%%1"_“ - 98.4%
Half load 16000 4+ 200 & 80 = 16280 3% = JEPDXIN_ o508
One-fourth 8,000 x 100
Load 8OO0 + 200 4 0 - 8220 %= 5 = 97.329%,




ExaMPLE 14.7 A M-kVA single-phase lighting load
transformer has a full load copper loss 500 watts and
fron loss 250 W. During a day the transformer operotes
o full load for 6 hours, at half load for 8 howrs and
on no load for the remaining period. Caleulate the all-
day efficiency of the transformer.
Solution:
Transformer operating on lighting load should be
considered to have unity power factor.
Copper loss for 6 b on full load
- 500 x & = 3000 Wh
-Copper loss for 8 h oo half load
=500 % (1/2)*x 8
=500 x +-x8
= 1000 Wh
Tron loss for 24 h a day
= 250 % 24 = 6000 Wh
Total losses = FL Culoss + HL Cu loss + Tron loss
. = 3000 4 1000 4 6000 = 10,000 Wh
w= 10 kWh.
Full-load output of transformer atunityPF for 6 h
= out put in kVA % cos 0 x time in
hours
=Mxlxé
= 144 kWh
Half-load output of transformer at unity PF for 8 h

=5 X 1x8=9%KWh

Total output of transformer = FL output + HL out-
put = 144 4 96 = 240 kWh

Input of the transformer = Total cutput+total Josses
w 290 4 10 == 250 kWh

. All-day efficiency in % percentage,

output
Topu X 10
240
=330 ® 100 = 969 Ans.

14.15 CONSTRUCTION AND USES OF AN
AUTOTRANSFORMER

Autotransformer works on the principle of
self induction., It has only one winding which
performs the function of both primary and
secondary winding. As in ordinary transfor-
mer, the transformation ratio in auto-trans-
former is also equal to the turns ratio,

ie LA,
e l"’ N’

An autotransformer may step up or step
down the voliage. In case of stcp down

Transformer 283

primary wi while the tapp i

this winding works as secondary vymdius.
The transformation ratio is the ratio of the
number of turns in the ta winding to the
number of turns in the whole winding fune-
tioning as primary winding.

.'. Secondary voltage,

transformer, the coimpiaie winding acts a}
m " d section O

V. Pri t e Iapped turns
! n b ! : Total turns in the

whole winding.
(14.10)

In the step-up transformer, the whole wind-
ing works as a secondary winding and its
portion performs the function of primary
winding as shown in Fig. 14.1 (b). The
transformation ratio is the ratio belween the
pumber of turns to the whole winding in the

dary to the of turns in the
portion aiting as primary winding.

LCaD
PRIMARY WINDING

SECONDARY WINDING

(2]
PRIMARY WINDING E szl CONDARY WINDING

(b}

Fig. 14.11 (a) Step-down auto-transformer
(b) Step-up auto transformer

In the auto transformer, there is much sav-
ing of copper, and this depends upon the
transformation ratio. The saving of copper
increases as the transformation ratlo increases
near unity. For the same capacity and
voltage 1atio, an auto-transformer require less
copper than an ordinary transformer. These
transformers are used as regulating transfor-
mers where only a small variation of
voltage iz required. Autotransformers are
generally used for starting and speed control
of induction motars, etc. It can also be used
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as line booster. These transformers should
not be used where the transformation ratio is
higher than unity.

An autotransformer suffers from a disad-
vantage that the two windings are not electri-
cally separate and in case of failure of insula-
tion between the two, either a severe shock
may be felt on the low-voltage side.

1416 THREE-PHASE TRANSFORMER

A transformer wound for a three-phase system
and is given three phase supply for its opera-
tion is known as a three-phase transformer.
A three-phase transformer has three separate
windings, housed in a o losure.
Like a single-phasn transformer, the three-
Phase transformers are also of core or shell

. Transformers of high output rating are
of core type.

For transmission, it was previously prefer-
red to use three single-phase- transformers
instead of one three-phase transformer. It was
due ta the reason that in case of its failure,
only onec transformer is required to be
replaced. This system suffers from the disad-
vantage that it occupies greater floor space.

PRIMARY SIDE

Fig. 14,12 Three-phase transformer

But now a days, a three-phase transformer
is used (instead of three single-phase transfor-
mers) to step up or step down the d

three-phase transformer are that it is heavier in
weight, occupies less floor space and reauces
the initial cost. Further it also requires less
maintenance being a single unit,

1417 DIFFERENT METHODS OF CONNECTING
THE WINDINGS OF A THREE-PHASE
TRANSFORMER

There are four different methods of connecting
the windings of a three-phase transformer.
They are:

1. Primary-star secondary-star

2. Primary-star secondary-delta

3. Primary-delta secondary-delta

4. Primary-delta Secondary-star

Primary-Star Secondary-Star Figure 14.13
shows the connection of a transformer whose
primary and secondary windings are star-
connected. Let Ver is the primary line voltage
and as the primary winding is in star.

PRIMARY STAR

|
Pl L)

SECONDARY
STaR

Fig. 14.13 Primary star, sccondary star of a
three-phase transformer

.*.  Primary phase voltage
e
V3
If K is the transformation ratio,
Sccondary phase voltage

voltage of the alternator for transmission and
distribution purpose. As compared 1o single-
phase transformers, the chief advantages of a

Vi,
v3

X K
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As the secondary winding is also in star, PRIMARY DELTA
secondary line voltage,
. Viox KX V73
TS
= VL’ x K v

(14.1 1) f_\: h T

Primary-Star Secondary-Delta In this case
also primary phase voltage

VLP
V3
.". Secondary phase voltage

=

Lp
v < Kand SECONDARY DELTA

Secondary line voltage, Fig. 14,15 Primary de]ta, secondary delta

Vi = Vip XK ¥ Primary-Delta Secondary-Star As the primary
V3 is delta connected,

(" Secondary is in delta) (14:12)  Primary phase voltage
= Vg, (Primary line voltage)

PRMARY STAR .. Secondary phase voltage

| ] = Vi
A [ As the secondary is star connected,
s 30 " Secondary line voltage,

Vig=Vi,x KX 3

=y3 Ve, xK vV (1414

rmﬂ\‘—[:f T Uj PRIMARY DELTA

o

SECONDARY DELTA &
Fig. 14,14 Primary star, secondary delta of g
three-phase transformer

Primary-Delta Secondary-Delta Since the -
primary is delta connected, %‘
Primary phase voltage = ¥, (Primary

line voliage)
.. Secondary phase voltage

=V, XK
As the dary is delta d,
.". Secondary line voltage, i SECONDARY STAR
VL, = VLP % K v (14.13)

Fig. 14.16 Primary delta, secondary star
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{ a1l

The ad ge of star pecia
on the high-voltage side) is that the insulation

1
—— (57.7% f
v3 (57.7%) o
the line voltage. Further it facilitates in pro-
viding three phase four wire system of
connections.

The advantage of delta connection is that if
one phase is opened due to some fault,
supply to all the three phases of the load can
be continued up to 57.7 per cent of full output,
This gives ““V" or open delta connection.

has to bear stress for only

Examrre 14.8 A three-phase [1,000/440 ¥, 330-kVA
star-connected transformer has 35 turns on secondary
side. Find (a) the number of primary turns and (b)
primary and secondary line and phase currents,

Solution:

Primary phase voltage
11000
= ‘\7__3_
Secondary phase voltage
440
-V

+*+ Transformation ratio,

ie.
As

. No.of primary turns,
¥, % N,
Ny YoMy

- 25X 1315 Aws.

As -‘fil%fﬁ- — Power in kVA

4/ 3 X 440x 1y 10
o -

. Secondary line current,
o 330 x 1000
RV YT
As secondary is connected in star,
.. Secondary line current = phase current = 433 A
¥, I,

o SE
We know y,- A

=413 A

Ans,

«*. Primary phase current,
W% I,
L
= e A AN II2A Am.

Ty =

** Primary line current - Ly = 1732A. Ans.

ExamrLe 14.9 An [1,000/440 ¥, Jo0-kVA step-down,
three phase, 50 Hz  transf iz deln d on
the primary side and star comnected on secondary side.
Colculate the ratio between the number of turns of
primary and secondary. Also calculate the value of
line and phase currents in both the windings.

Solution:

It should be kept in mind that ina three-phase
transformer, the phase transformation ratio js eaual
to the turns ratio but uswally the line voliage (or
current) 1s given. and the transformation ratio Jdepends
upon the star or delta connection adopicd in the sysiem,

As the primary is delta-connected,

Line voltage = phase voltage = 11,000 ¥

Since sccondary Is star-connected,

Secondary phase vollage,

LR
V3 V'3
.. Transformatien ratio,
Vs 11,000
K= v, - ‘TﬁVT— = 41.3
i.e. K=433:1 Ans.
TRV X1,
But ‘”_’@-’-_i_ Power in kVA

. Secondary full load line current, I
_ [Powerin kVA x 1000

vV IXV
100 x 1000 2500
Tk 3 Ty
= 131.2 A Ans,
In star connection, line current = phase current
=131.2 A Ans.
V,
As V=
+.  Primary phase current,
Ve
Iy = A x I,
N 0T 2500
Ti000— * T/ 5
= 9.09A Aps.



Primary line current due to delta connection,
Ip=In% 3
=909 x4/ T =154 A
Ans,

14.18 SCOTT CONNECTION OF TRANSFORMER
WINDINGS

Scott connection, also known as Tee connec-
tion, is used in the transformers to convert
three-phase mggly to  two-phase snpg]_y
specially required for electric furnaces. This
connection can also be used to supply a three-
phase machine from a two-phase supply
system.

For this connection, two single-phase trans-
formers are required, on transformer is known

n
100 VOLTS i
B"‘— teay ﬂs.r.;I"
TUsNG >
nay | .
Yot =i
L 38 TENY
= 0000
[YT YL P —
TRANSFORMER
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tors cooling fan of the machine rotates and
thus causes the circulation of air and hence
provides cooling. However, the transformer
is a static machine and so cooling is difficult,
When a transformer is operating, some heat
will always be produced due to the losses in
the transformer and means are to be taken to
avoid the winding from attaining high tem-
perature, The different methods of cooling
the transformer are as follows.

Natural Cooling In small transformers of
rating 10 to 15 kVA cooling is provided
through natural circulation of air. The surface
area of the core and the transformer winding
are sufficient to dissipate the heat generated.
However, in transformers of higher ratings,

/ TEASER TRANSFORMER

THRHALE

LUy

Fig. 14.17 Scoit or tee-connection

as main transformer and the other as teaser
transformer. The primary of the main trans-
former is centre-tapped to which the one end
of primary of the teaser transformer is con-
nected. The three-phase supply is given to the
three ends, two of maiu and one of the teaser
transformer as shown in Fig. 14.17.The second-
aries of both the transformers have equal wurns
but the primary of the teaser wansformer has
0.866 times (i.c. 86.655) turns ol the primary
of the main transformer. Neutral point tappin

may be taken from one-third of the primary o

the teaser transformer from the end of the main
transformer side.

14,19 COOLING OF TRANSFORMERS
In rotating machines like motors and genera-

extra means are provided for the dissipation
of generated heat.

Natural Oil Cooling In this system, the
transformer is placed in a tank filled with oil
known as transformer oil as shown in Fig
14,18, The oil used in the tank not only
helps to cool the transtormer but_also provides
msulatron tor the winding. The oil takes
the heat from the core and the winding and
gives it to the tank surface from where the air
takes away the heat.

To make this system more efficient, the
surface ares of the tank is increased either
by making it of corrugated sheets or by
providing " round pipes (usvally 5 cm in
diameter) or elliptical tubes. Due to the heat
produced by the transformer, the oil circulates
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through the pipes (or tubes) fand tank. The
hot oil becomes lighter in weight and goes
up from where comes down through the pipes

CORES _
TRANSFOR-
MER
WINDING —

Fig. 14.18 Oil-cooled transformer

(or tubes) to the bottom of the tank after cool-
ing. The oil level in the tank should never
fall below the upper ends of pipes (or tubes).

Oil Blast Cooling This is another method of
cooling the transformer and js employed with
transformers of ratings above 500 kVA. In
this method radiator tanks are provided to
the side walls of the main tank. The oil
circulates through these radiator tanks from
the main tank. The radiator tanks are cooled
by air blast.. This system of cooling is known
a3 OB (oil blast) type.

Forced Water Cooling In all transformers
with outputs greater than 500 kVA forced
Water cooling is employed. Figure 14.19 shows
the principle of forced water cooling. The
winding o? the transformer is placed inside
the tank conmig!ng oil and cnlddw:ter is

ssed through the copper pipe spiral kept in
tpl:c transformer oil. l?IE;:ea cold water absorbs

and carries away the heat of the oil. The
. - COLD WaTER
HOT Watem outipip T o 'ﬁ INLET
PIFES - L 1L |
SPiRAL 4 - ]

COOLING GIC
TRANSFORMER
WINDING

Fig. 14.19 Forced water cooled transformer

Pressure of the water in the pipe spiral is not
kept greater than the pressure of the oil in the
tank because In the case of leakage in the
pipe, the water will enter into the oil and will
damage the insulating property of the oil.
This may damage the insulation of the wind-
ing.

Forced Air Cooling This system of cooling
is used at such places where there is a scarcity
of water. In this method the air is firat filter-
ed to eliminate mojsture and dust particles
and then this filtered air under pressure is
forced to pass through the winding, core
of the transformer and the ducts provided in
them as shown in Fig. 14,20,

1420 TRANSFORMER OIL AND ITS TESTING

The oil used in the transformer must have
high dielectric strength  and should not
contain any impurities in it. For this reason
the testing of transformer ojl is essential,

First of all, a sample of oil to be tested is
taken from the bottom of the tank because if

AIR BLOWER FAN

Fig.14.20 Forced air-cooled transformer

moisture or sludge, (i.e. mud) is mixed with
it, it will collect at the bottom. Then the
sample of oil is physically checked for the
presence of mud. After this,a red hot iron
bat is introduced in the sample of the oil, and
a chattering sound is produced (like the one
produced when a red hot rod is introduced
:‘g th?J water), it means there is a moisture jp
e oil.



Oil Testing Equipment For testing the diele-
ctric strength of the oil; an equipment known
as oil testing equipment is used. Itis a port-
able device which has a step up transformer,
a glass container, a voltmeter and two well
p:i;slhod sphere electrode as shown in Fig.
14.21.
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1. Polarities of the two transformers must
be the same. If care is not taken emf induc-
ed in the two secondaries in paraliel will canse
a flow of circulating current through them
even without load. On load, there will be
excessive J*R loss and winding temperature
rise and thereby, damage to the transformer
may be caused

For testing the oil, the distance bet
the two electrodes is adjusted to 4 mm and
then the oil is poured in the glass container.
After this the voltage on the primary side of
the transformer is gradually increated (with
the help of wvoltage controller known as
dimmerstat) till a spark does not appear
in between the electrodes of the container.
The voltage at which the spark occurs in bet-
ween the electrodes provides a measure of the
dielectric strength of the sample of oil tested.

Note This test should only be performed
when the oil is cooled and not when
hot because the dielectric strength of
oil is directly proportional to temp-
erature.

&0 VOLT AL LupeLy

o

DIMMER STAT

FRIMARY WINDING

SECONDARY WINDING

QIL CONTAINER

-

& r.m.
DISTANCE

Fig. 14.21 Olil-testing equipment

14.21 PARALLELING OF TRANSFORMERS

For delivering elcctrical energy to an increased
load more than the rating of an existing
transformer, additional transformers are run
in parallel. The undermentioned conditions
must be fulfilled for running two transformers
in parallel.

- the sccondaries.

2. The voltage ratios of the two transformers
must be same. 1f there is difference in voltage
ratio of the two transformers then there will
again be flow of circulating current through
Paralleling of three-phase
transformers is only possible if they are con-
nected star/star or delta/delta.

3. The percentage impedance of the rwo
transformers must be the same, Load sharing
of transformers in parallel depends upon the
percentage impedance of the transformers.

4. The two transformers must be of the
same group.

Conditions (1) and (4) are absolutely neces-
sary Where as condition (2) must be satisfied
to a very close degree and condition (3) should
also be satisfied as far as possible.

Figure 14.22(b) shows two single-phase trans-
formers operating in patallel and sharing load.
It is essential to checE their polarities before
putting them in parallel and for this the two
terminals of laries are d in
phase opposilion as in Fig. 14.22(a) and a
volimeter is connected on the rest of the two
terminals of the secondaries. On energising bath
the grima:y in parallel across the rated voltage
of the supply mains, if the voltmeter indicates
zero reading, it means the polarity of the two
terminals is same which are to be” operated in
parallel. If the voltmeter shows a reading
equal to twice the rated voltage of the trans-
former, it means that the points where the
terminals are connected are of opposite
polarity and must be changed for successful
parallel operation,

Advantages of Parallel Operation In subsia-
tions many transformers are installed instead
of one high capacity transformer. It has the
following advantages.
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1 PRIMARY BUS-BARS
4

YOLTMETER SHOULD
READ® IERO

(a)

-

SECONDARY BUS-BARS

LE-}]

Fig. 1422 Parallel operation of transformer

1. The stand-by transformer can be con-
nected in parallel to the busbars during the
;i::g of need to meet the demand of increasing

oad.

2. It enables transformers to operate on
full-load.

3. Ifa transformer fails to operate due to
any defect, the other transformer can provide
supplrto the load and thus there will be no
complete break down of supply.

4. The replacement cost of a small trans-
former is less than a bigger transformer.

5. Preventive maintenance is very easy.

Disadvantages

1. It requires greater floor space since
many transformers of smaller output are
used,

2. Many transformers of smaller output
cost more than a bigger transformer having
output equal to their total output.

3. Due to wrong parallel operation, a
transformer may get damaged.

1422 HUMMING OF TRANSFORMERS

Humming is a sound which is produced due
to the vibration of the cores in the trans-
former. The vibrations are produced due to
the change in polarity of an alternating cur-
rent. When the current is in its positive half
all the cores of the transformer arec magnetised
with the same polarity and this, produces
repulsion between the core ends and hence
core expands at the ends. When the current
decreases to zero, the cores attain -their
normal position. This happens four times in
a complete cycle and produces vibration at
the ends of the core, and this results in noise.
This noise can be decreased by tightening the
core of the transformer.

14.23 TROUBLESHOOTING OF
TRANSFORMERS

Whenever a trouble in a transformer is obser-
ved, it should be rectified immediately. The
faults which generally occurs in a transfor-
mer, their causes and remedies are discussed
below. in table No, 14.1.

TasLr 14,1  TROUBLE SHOOTING CHART OF TRANSFORMER

&, No. Defects

Causes Remedies

1. Failure in the Magnetic Circult
(a) Insulation of core clamping
bolts may fail. This will
allow eddy current to flow
which will cause local heat-
ing and may damage the coil
insulation.

The cause of this is the vibrations
of care due to the core’s looseness
of bolts which can be detected by
an increase in the normal hum
(sound) of the transformer on load.

Test with meggar and re-
place the insulating bushes
and washers if required and
tighten the nuts and bolis
properly.
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Defects

Causes

BRemedies

(b) Fallure of insulation between
yoke and yoke-clamping
plates,

() Loose core and tie bolts may
allow vibration which produ-
ces friction between turns
resulting in failare of insula-
tion between them.

Failure in the Electric Clreunit

() Short circuit between adja-
cent turns.

{h) Moisture penetrates In the
fabric insulation of coil.

(¢) Shrinkage of the insulation
(in case of new transformer
alter few months use) rejquire
adjustment of the adjustable
coil supports.

Failure in the dielectric circuit
(a) Insulation failure

Itis due to the poor insulatlon
between the plates or due to bad
hip during .

ing processes.

An increase 1o the normal hum
(sound) of the transformer on
load may lead to vibration and
looseness.

Short circuit may occur dueto
the presence of sharp edges on
the copper conductors. If the
windings are subjected to repea-
ted electromagnetic  shocks,
through external short circuit or
repeated switching on lbad, these
sharp cdges will damage the

-insulation and produce short

circuit.
Insufficient varnish.

Careless tightening or over ad-
justment of coll supporis may
force turns to be out of position
and a short circuit may occur bet-
ween the wurns.

(e) Due to the absorption of
moisture by the oil during
breathing action of the
transformer,

(b) Accidental over pressure due
to lighting on the system.

{g) Narrow oil ducts provide in-
sufficient cooling and cauges
insulation to become brittle.
Due to this a fault occurs
between turns.

Test and rectify the fault.

Test for the cause of failure
of insulation. If the fault
is not traced, it’ will result
to produce partial or com-
plete short circuit between
the winding.

Regular careful inspection
is required. Such types of
defect can only be rectified
alter removing the winding
for repair.

Remove the winding and
bake it. Then varnish it
thoroughly and again bake
it for drying the varnish.
Care in adjustment of coil
supports {I.q. packing
pieces) will avoid this
trouble.

(g) Take all precautions to
.avold absorption of
moisture by the oil.

(5) In this case provide
lightening arrestors on
or near the out-deor
transformer,

(¢} Provide sufficient size
of ventilating ducts,
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(a) Over load.
(#) Abnormal
quency across the winding.
Budly soldered joints bet-
ween coils, loose terminals,
(d) Insufficicnt ventilation.

(¢) Transformer ol level below

the tops of the cooling pipes.

voltage or fre-
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8. No. Defects Causes Remedies
4 Structaral failure

(a) Cooling pipes clogged in (@)1t is due to the reason that lime (a) Tubes should be thoroughly
water cooled transformer, or other material get deposited in  cleaned.

the cooling tubes.

(b) Transformers operating in ()One transformer will be over (b) Both the transformers must
parallel are not having equal  loaded and may burn out. have same  percenlage
percentage impedance. + lmpedm:e

8. Over hesting

Have a careful watch on
the temperature gauge. If
iemperature increases more
than as specified, immedia-
tely remove the fault to
avoid any harm to the
insulation or winding of the
transformer.

{f) Continuous use of transfor-
mer when badly sludged (as
shuclﬁng llmtu the cooling

effect).

{g) Incorrect connection during
parallel operation of trans-
former.

NUMERICAL QUESTIONS

14.1 A single-phase 250/110 V transformer takes no-load current of 0.5 A and the power absorbed is 75 W.
Find the working component of current and the magnetising current. (Ans. [, =03A, Jo=04A)
14.2 A single phase 250/110 V transformer takés no Joad current of 0.55 A and power absorbed is 60 W.
Find the working component of current and magnetising current both,  (Ans. [, = 0.24 A, fp = 0,494 A)
14.3 A Single-phase transformer has 550 primary turns and 66 secondary turns. If the primary winding
of the transformer is connected across 3,300 V supply, find the secondary voltage. Neglecting the losses in
the transformer, calculate the primary current when secondary current is 250 A. (Ans. 3% ¥, 30.A)
14.4 A single-phase transformer has 200 primary turns and 100 secondary turns. If the primary is connected
10 1,100 V supply, find the secondary P.D. Neglecting losses, what is the primary current when the secondary
current is 150 A. (Ans. 550 V,75A)
14.5 A single-phase 2,200/220 V, 22-kVA transformer has 75 turns in the secondary winding. Find the
primary turns. MNeglecting losses, what are the primary and secondary currents at full load.

{Ans. 750 mrns. 10 A, 100 A)

14.6 A 2,200/400 V, single phase 400 kVA transformer has 80 turns in the dary ding. Caleul,
() primary turns, (/i) emf per turn of primary (fif) secondary current at unity power factor.
(Ans. 440 wures, 5V, 1000 A)

14.7 AM{“&O V slogle-phase 50 hertz transformer has 100 turns on high voltage side and iron in each
limb has net cross-sectional area of 50 sq. cm. Caleulate the maximum value of flux. - (Ans. 0.3 Wby
14.8 A 1110/555 V, 50 Hz, single-phase transformer has maximum value of flux density of | Wh/m* in the
. fjron core. If the net cross-sectional area of the core is 100 sq. cm. Calculate the number of primary and
dary turns of the former. (Ans. 500, 250 turns)
14.9 A 444/2220 V, 50 Hz, single phase transformer has maximum flux density 1 Wbysq. m In the core, If
the emf indoced per turn is 11.1 V, find :—
() Primary turns (Ams. 40
(#i) Secondary turns 200
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(#if) Net cross-sectional area of the core. 500 sq.cm.

14.10 A single phase transformer has 500 turns on primary side and 250 turns on.secondary side. The
primary winding is connected across 222-V 50 Hz supply, If the net cross-sectional arca of the core s
100 cm?.  Calculate :

() Maximum value of flux density in the core.

(i) Voltage induced in the secondary winding. (Ans. 0.2 Wbjm', 111 Y)
14.11 A 6600/400 ¥V, three phase, 50 Hz transformer is delta connected on the high voltage sliic and star
connected on the low-voltage side. There are 50 turns per phase on low voltage side and the iron on
each limb has a net cross-scctional arca of the 100 cmt®. Calculate the maximum value of flux density. of the

core., . (Ans. 2.08 Wb/m®
1412 A 1,100/440 V, threc-phase, 50 Hz fi is delta din the primary and secondary side.
There are 100 turns per phase on low voltage side and iron on each limb has net cross-sectional area of
150 cm®.  Find the flux density of the core, (Ans. 1.32 Wb/m®%)

1413 The efficiency of 27.5-kVA, 2021 I is809%. Calculate the primary current and’ voltage
when the secondary voltage is 40 V and transformer is operating on full load at power factor 0.8.

(Ans. 3.125 A, 11kV)
14.14 A three-phase transformer is used to siep-down the supply voltage from 10,000 V to 440 V. 1If the
output capacity of the transformer is 132 kVA, find the dary and pri; of the f

(Ams. 173.2 A, 7.621 A)

14.15 A three-phase 2500/250 V transformer is installed in a factory to supply a load of 866 kW at power
factor 0.8. The cfficicncy of the transformer is 80%;. Calculate secondary and primary line currents.

(Aos. 2500 A,3125A)
14.16 A three-phase 5000/500 V, 173.2-kVA star connected transformer has 75 turns on the secondary side.
Find the number of primary turms and primary and sccondary currents. (Aps. 750 turns, 20 A, 200 A)

1417 A 2000:2(0\:’ 1hree-) ph:ue‘ 50 Hz former is delta- d on the primary winding and star

1 on the dary windi; Calculate the turns per phase of the primary winding when turns in the
secondary per phase is 50. (Ans, B66 turns)
1418 A 33000/1100 V, 330 KVA step-down I is star d onthe primary side and delta
connected on secondary side.  Find the ratio between the number of turns of primary and secondary. Also
calculate the value of line and phase currents in both the windings.

Ans. K=1732:1
Delta ‘:. =1T3.2A, I,y = 100 A

Star I:. = Iy =5173A
14.19 A 22,000{500 ¥, three-phase, 50-Hz transfe is delta d on the primary side and star

connected on the secondary side. The line current on the primary side is 10 A and the sccondary has a
balanced Joad at 0.85 power factor lagging. Calculate (i) the line current on the secordary side, and (1) the

output of the transformer. Ans, (1) 440A (il) 323.8 kW)
14.20 A three-phase step down transformer s cmemd to 3,300 V :upphv mains aud takes 20A. The
per phase transformation rates is 10 : 1. When neglecting the losses, the line voltage and
line current for the following connections.
() Star/Star Ans. ¥ = 330V
Iy =~ 200A
(i DeltafDelta Vi = 330V
Ty, = 200A
(il) DeltajStar ¥y = 571,56V

I = 115,48V
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(i) Star/Delta Ans, ¥y = 1905V
I, = 36.4A
1421 A single-phase 440/220V, 20 kVA, 50 Hz transformer js working at 0.9 PF has full load copper
losses 1600 W and iron losses 600W. Calculate the efficiency of the transformer at 752 of full load.
(Ans. 90%)
14.22 A 48-kVA, single-phase, 50 Hz, 1600160 V transformer has primary resistance of 0.5 Q anda
secondary resistance of 0.01 . Calculate the full load efficiency of the transformer at unity PF if the iron
Josses are 650 W, (Ans. 96%)
14.23 A single-phase 110/440 V, S0-kVA, 50 Hz transformer has full load copper loss of 200 W and iron
loss 200 W. Cal the efficiency of the former at full load and half load when:

() PF is unity Ans. (99.2%, 99%)

(i) PF 0.8 lagging (997, 98.76%)
14.24 A single-phase 500250 V, 98 kVA transformer has full load copper loss of 1200 W and iron loss of
800 W. Calculate the efficiency of the transformer at full load, half load and 1/4th of full load when:

) PF Unity Ans. (987, 97.87), 96.55%)

{if) PF 0.75 lagging (97,357, 97.099, 95.45%,)
1425 A 50.kVA single-phase lighting load transformer bas full load losses of & kW, the losses being
equally divided between copper and iron Josses. During 24 hours, the transformer operates on full load for
12 hours, at half load for § hours and at no load for the remaining period.  Find the all day cfficieney.

(Aws. 87.5%)
14.26 _A 80-kVA distributi at unity PF has full load efficiency of 807, and the full
load copper loss is equal to the constant Iron loss. Calculate its all-day efficiency if it is loaded as under:

() Full load for 5 hours.

(if) Half load for 8 hours,

(iiiy One-fourth of full load for § hours, -

(iv) No load for 3 hours, (Ams. T3.647%)
14.27 A 108-kVA transformer operate at-unity power factor has full load efficiency 90% and the full-load
copper loss is equal to iron loss.  Find its all day efliciency if it is loaded as

(i) full load for § hours, (i) half load for 6 houts (i) 1/4th of full load for 8 hours (iv) no load for

5 hours. (Ans. 85.317%)
1428 A 100-kVA single phase transformer is working at 0.9 PF has full load cfficicncy of 907, and the
full-load copper less is equal to nt loss. Calculate its all-day effici when loaded as (f) Full load for

6 hours (i) half lead for 6 hours (/i) one-fourth of full load for 8 hours (fv) no load for 4 hours.  (Ans. B6%)
14.29 ‘A 150-kVA step-down transformer has a voltage ratio of 6600/220¥. The open circuit loss (iron
loss) Is 600W when 130V at normal frequency is applicd to high voltage side, the secondary winding being
short circuited and full load current is circulated on the secondary side and the watlmeter indicates 1500W.
Calculate (f) Eficicocy (ii) the secondary PD when taking 110 kW at a lagging PF of 0.8.

(Ans. 98.28%, 216.7V)

REVIEW QUESTIONS
14,1 What Is a transformer? Explain its working principle. What do you understand by step-down and

step-up fi . How a tiansf is kept cool. {NCVT, 1974 Elect.)
14.2 What is the function of tr in transmi and distribution circuits. What are the common
ges adopted for and distri . (NCFT, 1962 Elect,)
14.3 Describe the protective devices hed to a power former. (NCV'T, 1976 Elect.y
14.4 ‘(o) Describe the construction and principle of eperation of a transformer.
(5) Why is the coreof a former d from

(Hint: Refer Chap,, 7, Vol. I, Sec. 7.5)
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() What are the different cooling methods in use for dissipating heat produced in a power transformer?

(d) What are the protective devices used for the safe operation Ilfl transformer.

(NCVT, 1980 Elect., W/man, 1983)
14.5 (a) What are the varfous functioning components of a power transformer?

{b) What is the function of breather?

(¢) What is Buchholz Relay and how does it function?

(d) Explain with neat diagrams as to how current transformer and voltage transformer may be used, State
briefly the difference between these two types of transformers. (Refer to Chap. 19)  (NCVT, 1970, 1979 Elect.
146 Name the losses which takes place in a distribution transformer. Explain how they vary with the)
load. Explain the function of a breather, conservator and explosion vent In the transformer or give

experimental methods to deteemine copper and iron losses in & transformer. (NCVT, 1974 Elect.)
147 Whatdo you mean by transformer efficiency. What is all-day ecfficlency? What are the different
losses of & transformer? (NCVT, 1964 Eleét.)

14.8 What is an autotransformer? Describe the different types of transformers used for measuriog very
high voltage ard current. (NCVT, 1969 Elect.)

or

Explain with neat sketch the diffe b a two windi former and an fi and give
the uses of each. (state level Compt, 1971 Elect)
14.9 Ezxplain no load losses in a transformer. A 125-kVA smg]t-phl.u former having = pri
voltage of 2000V at 50Hz has 182 primary turns and 40 dary turns. N ing losses, calculate (i) full

load primary and secondary currents (i) the no-load secondary induced emf.
Ans, [, = 62.5A, I, = 284.37A (Approx)
¥, = 439.56V (approx)

(NCVT, 1965 Elect.)

1410 (a) What do you understand by roting, Efficiency and regulation of a transformer?
(1) How is the temperature rise of a transformer is measured? (NCVT, 1975 Elect.)
14.11 A three-phuse transformer is used to step down 11000V 10 400V, IT the primary winding is delta
d and Jary star d, calcul. {7} the ratio between the number of turns of primary and

sccondary windings, (i) Give the value of line and phase currents in both the windings if the rated capacity
of the trapsformer is 200 kVA,

[Ans‘ 47.63:1, .",_S = Iy = 288.6TA (approx) ]
Iy = G.056A (approx), J’;_’ = 10.49A (approx)
(NCV'T, 1971 Elect.}
. 14.12 (a) What 1s meant by transformation ratio and turns ratio in a transformers. Calculate the efficiency at full
. toad and at 50% full load input of a transformer at unity PF and 0.85 PF lagging. The transformer is of 250 kVA
‘with 3000W iron losses and B000W copper losses at full load.

sns. At unily PF : FL o7, = 95.78% (approx), 96.15%, (approx)
[ AL PF0.85: FL n7% = 95.07% (1nproa) 95 4% (a ﬂs prox)

Elect. C. I test)
1413 State the working principle of a transformer and  describe the function of each part. Discuss the
advantages of using it in an alternating cucrent supply. (NCVT, 1978 Elect.)

14.14 (&) Ilustrate with a neat sketeh the chicf parts of a siogle-phase transformer and state the function
of each.

(B) A step-dowt single-phase waistorme. has ratio 15 : 1 and primary voltage of 3300V. Calculate the
(i} secondary voltage and primary, and (il) secondary line currents when a load of 30 kW at 0.8 power factor {3

supplied. (Ans. 220V, 170.45A (approx), 11.36A (approx)
(All India Sk.l'ﬂ Compt., 1969 Elect.)

14.15 (a) Write each part of a step down 500 kVA, 11000400 ¥ three-ph: installed at sub-
station.
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(b) A 50kVA, three-phase star/star connected transformer has a primary voltage of 6600V and a secondary
voltage of 400V and it bas 50 secondary turns. Find (i) the number of primary turns, and (ii) secondary and

primary currents at full load. Neglect losses. (Ans. 825 turns, 72.16A (approx}, 4.37A (approx)
(NCVT, Scpt. 1972, supplementary test)-
14.16 {a) Describe different cooling mett in a distri { and a power transformer (b) state the
purpose of the following in a transformer (i) Conservator (ii) Breather (iii) Buchholzrdly.  (NCFT 1981 Elect.),
or
‘Why is cooling ial for a fe and what methods are Ily employed for cooling the commer-

cial transformers? Also, eaplain one of them in detail.

14.17 What do you und d by formation ratio? A 11000/400V, three-phase step-down transformer
is delta connected on the primary side and star connected on the secondary side. If the turns per phase of
the secondary winding are 40, find the number of turns per phase of the primary winding.

(Ans. 1905 tutns)
(NCVT, 1973, Elect.)
14.18 (o) What is meant by (i) the transformation ratio and (i} voltage regulation of a transformer.

(8) Explain with the help of a sketch the king of an aut former. (NCVT, 1983 Elect.)
14.19 Describe briefly the :umnzur.m or a three phnc transformer. Describe the poiots to be considered
while ing these inp (NCVT, 1984 Efect.)

14.20 (a) Define a transformer. How is the energy transferred from one circuit to another? Distinguish
betwesn primary and secondary windings.

‘(4) The transformet is the maln reason for the widespread popularity of the ac system over the de system.
Explaln.

fe) What current flows In the transformer primary when the secondary is open?  Give its order of magni.
inde. (NCVT, 1985 Elecr.)
14.21 (a) What are the basic conditions for the parallel operation of the transformer 7 Discuss briefly

(b) Discuss briefly the tests required to calculate iron losses and copper losses in a transformer.
(NCVT 1987 Elecr )

14.22 Show with the help of diagram the various paris of a power transformer, {NCFHT 1988 FElect.)
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Three-Phase Induction Motors

15.1 INTRODUCTION

Polyphase induction motors are sell-starting
motors and are more widely used than any
other type of ac motors. This motor isso
named because no supply is given to the
rotor from any external source of supply,
but the current which flows in the rotor con-
ductors is induced by the relative motion of
the rotor conductors and the stator rotating
magnetic field which can be defined as the
“ tic field of magnitude rotat-
ing with uniform angular wvelocity.” The
stator of the induction motor is similar in
construction to the stator of an alternator.

Working Principle When a three-phase stator

winding is supplied by a three-phase supply, -

a rotating magnetic field of constant magni-
tude is set up. This rotating flux cuts the
stationary rotor conductors and induces emf
in them which causes the heavy circulating
current to flow due to very small resisiance
of rotor. The frequency of the induced
current at the time of starting is equal to the
supply frequency (as the stationary rotor is

lar to the jary of a transformer).
The rotor induced current, according to
Lenz's Law, flows in such a direction that it
opposes the cause which is inducing the
current. In this case, the cause producing
the rolor curreot is the relative speed hetween
the rotating magnetic field of stator and the

ROTOR
STATION ARY

(a)

STATOR

stationary rotor. Hence to reduce this relative
speed, rotor conductors start1to rotate in the
same direction in which the field is rotatingand
tries to calch it up.

15.2 PRODUCTION OF TORQUE

Let us supp that a A of the
stationary rotor is lying under the influence
of North pole and the field flux is rotating in
clockwise direction as shown is Fig. 15.1(a).

In this case the relative motion of the rotor
conductor as compared to stator is anticlock=
wise as shown by dotted arrow in Fig. 15.1(b).
By applying Fieming's right-hand rule, the
induced current is found to be joutward. If
the current is allowed to complete its path, it
will produce a magnetic field around the con-
ductor which- is anticlockwise (shown in
Fig. 15.1 (b) as determined by applying Cork
Serew Rule. As these two field fluxes arc
acting in the same space, the total field will
be the resultant of the two and is shown in
Fig. 15.1(c). From this figure it is clear that
the field on the left hand side of the conduc-
tor is more and on the right hand side is less.
Hence a clockwise torque will act on the
rotor causing rotation of the rotor in the
sanac lcldirecli':m as that of the rotating magne-
tic field.

STATOR.

Fig. 151 How the torque is produced
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153 ROTOR SLIP

Itis clear from the above description that a
rotor will tend to rotate in the same direction
in which the stator magnetic field is rotating.
But the rotor cannot run at the same speed
of the stator field because if it happens, then
there will be no relative motion between the
conductors of the rotor and the magnetic field
of the stator, hence the rate of change of flux
will be zero. Therefore there will be no induced
emf in the conductors of the rotor and hence no
torgue will be developed. However when the
rolor starts revolving, some torque is needed 1o
overcome windage and friciion even without
load, the rotor conductors will move at a
speed little less than the speed of the stator
magnetic field. The speed of the rotor con-
ductors reduces with the increase of the load
because additional torque is required for the
increased load. The difference in specd of
stator magnetic field and rotor speed is called
“absolute slip™. If N is the speed of the
stator magnetic fiéld (known as synchronous

speed) and N, is the speed of the rotor, then
Absolute Slip = N — Nr (15.1)
bsolute slip is repr ted by the letter
8. When the slip is termed as fractional
slip it is represented as slip speed (or frac-
tional slip , .
S = N—n

N

(15.2)

When the slip is expressed as a percentage
pfthe synchronous speed, it is called as.per-
centage slip and is expressed as
Percentage slip,

5% = * 100 (15.3)

The percentage slip of induction molors
varies from 410 5 per cent in small motor’s
where as in big motors it varies from 1.3 to
2.5 percentage.

154 ROTOR FREQUENCY

As discussed in Sec. 15.1, when a rotor is at
standstill, the frequency of the rotor current
is the same as that of the supply frequency.
But when the rotor is rotating, its frequency
depends upon the slip-specd. Assume the
frequency of the rotor current be fr at any
slip speed, then

N--N,=._u%_f'_

N—N

0]

But synchronous speed,

N = lmpx I )
Dividing Eq. (i) by (i), we have
Lr_ N—N
Fi N
or '?-=
or fr=fxs
.. Rotorfrequency, fr=f s (15.4)

ExAMPLE 150 An induction motor having six poles
operates on 50 Hz supply. If it works on full load ot
960 rpm.  Find the percentage slip.

Solution
o fx 120
Synchronous speed, N = =
- gg_xﬁ_ga_ = 1000 r.p.m.

Rotor speed, N, = 960 rpm
(N —N)
N

O ge slip, 5% = x 100
(1000 — 960)
= T: x

100
40

= “jiog * 100

= 4% Ans.

ExameLe 15.2 A 10 pole alternator runs af 800 r.p.m.
and supplies power fo arn eight pole induction motor.
1 the slip of the induction mator at full load is 4%,
calcujate

(i} The frequency of its rator emf.

(i) The full lead speed of the rator,

Selution Freguency of the alternator,
. / NP
=
600 = 10
== 50cfs
Rotor frequency, fr=f % s
=50 x 4%
50 x 4
100
Synchronous speed of the motor,

_ fx120
N‘T
50 % 120

- 2R

= 2¢/s Ans.

= 750 rpm



m I )
I ageslip, 5% v x 100

"‘@EE_BE % 100
750 — N, = LT
.*, Full load speed of the rotor
=150 2270
= 750 — 30

= 720 rpm  Ans.

155 RELATION BETWEEN TORQUE AND
ROTOR POWER FACTOR
The torque of dc motor is expressed as
Txl, ‘
where I, = armature current in amperes
= field flux per pole in webers
T = torque developed in newton-
metres
Similarly the torque of an induction motor
is also directly proportional to
T  Ird cos & (15.5)
where [, == rotor current in amperes at sla-
tionary position
¢ = flux per pole of stator in weber.
cos fr = rotor power factor.
T = Torque of the motor in Newton-
metre.

and

and

But cosf, = IZ%

S Teld -;—'
"

It means that the torque of an induction
motor is directly proportional to the resis-
tance of the rotor winding. So to have high
starting torque, rolor must have high resis-
tance. To obtain maximum torque at the
time of starting, the rotor is wound so as to
insert external resistance in it (as in slipring
motor). No doubt by inserting external resis-
tance in the rotor the copper losses increases
which lowers down the speed and efficiency.
To decrease the copper loss and to increase the
torque and efficiency, the slipring motors are
started tl gh a star d rheostati
starter which is connected in the rotor wind-
ing at the time of starting. The motor thus
starts as a high resistance rotor and develops
high torque at the time of starting. After
starting, the external resistance of 1 eostatic
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starter is cut off from the rotor windings so
that the copper loss under running condition
is reduced and thus the efficiency of the
motor is increased.

15.6 STARTING TORQUE
We know that

Torque T ¢ [, ¢ cos br

At rotor standstill,
Rotor current/phase
rotor induced emf
rotor impedance/phase
I ——e— (15.6)
J R
where  E, = emf induced per phase of rotor
at starting
R, = rotor resistance per phase
X, == standstill rotor reactance per
phase
and Ir = rotor current per phase

The angle of lag of rotor curreat,
R. Rr
cos 0, = z = —
CoJreE
The expression for the torque becomes,
PN SV S . —
J R+ X} J R+ X2
E-$ R, .
R+ X}

or T«

As the stator applied voltage ¥ is constant,

¢ is constant and hence E- is constant.
T — R
R} 4+ X7

To have maximum torque at starting,
R + X} should be minimum.
It can can be proved that
R+ x}
is minimum
when Re =X,

Hence R, = Xr is the condition for getting
maximum torque at starting.
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At starting the rotor is stationary and
therefore its slip is one. So the rotor fre-
quency at starting is equal to the supply
frequency (i.e, f, = f > 5) and hence rotor
reactance (Xr = 2= /L) is high as compared
with rotor resistance (R,). Rotor current in
this condition lags behind the rotor induced
emf (E,) by an angle # which is very large
and therefore starting torque is also very low.
The power factor of the rotor circuit can be
improved by either increasing the rotor
resistance or reducing the rotor reactance.
The reactance of the rotor cannot be reduced
where as resistance can be increased (in case

of wound rotor only) by connecting a scries-

resistance at the time of starting. When the
motor gains its normal speed, this extra
resistance is cut off from the rotor ciréuit.
By increasing the resistance in the rotor
circuit, impedance of the rotor incrcases
which reduces the starting current of the
motor but improves the power factor of the
rotor. Thus, the starting torque is increased
even at small rotor current,

From above,

re E PR

R+ X
But E, « ¢ o ¥ (the supply voltage).
. ViR,
S T«
R} + x?
Hence any wariation in stator applied

voltage will effect the starting torque toa
great extent.

(15.7)

Fancover

Eye hale
h

157 TYPES OF POLYPHASE INDUCTION
MOTORS

Poly phase induction motors are also called
“‘asynchronous motors” because the rotor
does not reyolve with the same speed of rotating -

~magnetic field.

There are three types of induction motors
which are commonly used for commercial
purpores.  The stator of all thsse motors are
exactly similar in construction to the stator
of alternator but the difference between them
exists merely in the method of winding the
rotor. There are three types of rotor winding
as given below.

(i) Squirrel-éﬁ:ge type rotor

=

== pp—
Fig. 152 (4) Scctional view of a totally enclosed

fan vent'lated  squirrel cage induction
molor

Stater

Fig. 15.2 (b) Sguirrel cage inductor motor in displayed condition



(i) Slipring type rotor or phase wound
rotor
(ii1) Double-squirrel-cage type rotor

15.8 SQUIRREL-CAGE INDUCTION MOTOR

Construction A three phase squirrel cage
induction motor has two main parts namely
stator and rotor.
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current to flow in the rotor circuit at the time
of starting because its resistance is very small
(short circuited rotor acts as a short circuit
secondary of a transformer) and moreover it
is statiomary. Beside this heavy current,
the starting torque is minimum due to low
power factor and high reactance of the rotor
at starting.

When the rotor attains its normal speed,

Stator 1t consists of silicon 1
insulated from each other and give path to the

gnetic flux of hir It is hollow and
cylindrical in shape having slots in its inner
surface to carry the windings. The stator wind-
ing of an induction motor is identical to the
stator winding of an alternator and is held in
frame of the motor. The stator is wound for
three phase supply and ils connection are
brought out to terminal box fitted to the side
of the frame,

tions

Rotor The rotor of squirrel cage induction

motor is cylinderical in shape and is built up
of number of laminations (shown in Fig. 15.3)
having slots on its outer surface. Solid
copper conductors are inserted in these slots
and are short circuited at the ends of the
rotor by soldering (or braizing) the copper
rings.

In small motors, the rotors are also manu-
factured with squirrel cage aluminium
diecasting. The rotor is then mounted on
the shaft and supported on the bearings
housed in the side covers of the motor. This
system of arrangement of copper conductors
in the slots of the rotor resembles to a cage
of a pet squirrel and hence is so named as
squirrel cage rotor. This type of rotor has
very low resistance and is cheap as compared
to other types. The gap between rotor and
stator is kept very small which varies from
0.25 to 0.4 mm. Construction of squirrel
cage rotor, is similar irrespective of number
of poles and phases for which the stator is
wound since the rotor adjusts itself accord-
ing to the stator's number of poles and
phases.

Working Principle When a  three-phase
wound stator is connected to the three-phase
supply, a rotating field is set up which cuts
the rotor conductors and thus some emf is
induced in them. This emf causes heavy

the frequency of the idduced emf in the rotor
decreases as the relative speed between the
rotor and the rotating magnetic field is de-
creased. The decrease in the rotor frequency
reduces the reactance of the rotor. After
starting therefore, the effect of the resistance
of the rotor become apparent which improves
the power factor of the .motor. Hence the

VENTILATING DUCTS

Fig. 153 (a) Squirrel cage rotor

SUPPLY

L1l

Fig. 15.3 (b) Rotor and stator of a squirrel-
cage motor
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necessary condition for the improvement of
the power factor is fulfilled and thus the run-
ning torque of the squirrel cage induction
motor is improved. The power factor of
induction motor further increases with the
increase of load.

Applications Squirrel cage induction motors
are practically constant speed motor and have
low starting torque due to low power factor
of the motor at starting. Hence these motors
are started without load where low starting
torque is required such as lathes, water
pumps, drill machines, grinder, slotters, saw
mills. flour mills ete.

The direction of rotation of squirrel cage
inductions motor can be changed by inter-
;.-_hnngin; any of the two phase of the supply
ine.

ExamrLe 153 Find the horsepower developed by a
433V, three phase 50 Hz induction motor when it tokes

acurrent of 74.6 A, at 0.8 PF. 1he efficicncy of the *"°

motor {5 8035,
Solution Power input of three-phase motor,
W=4/13 ¥y dpcost
=43 % 433 % 746 £ 08 W

But efliciency percentage,

. Output 2« 100
- Input

.. Output of the motor
Input x 7%
= 103
W VIX 433 2746208 x 80

Output of the motor in horsepower
_ V3 % 433 % 4.6 % 0.8 % 80
- 100 .. 738
= V% 4/F 2 433 x 1.6 x 0.8 x 80
V'3 x 100 x 746
3433 % 746 2 08 % B0

LI5E # 100 = 746
= 48 hp Ans.

b

ExAMPLE 15.4 A delta-connected three phase induc-
tion motor delivers 45 hp to a pump. The efficiency
of the motor Is 93.25% and its PF is0.8. If the
supply voltage is 433 V a1 30 HZ, calcalate the line
and phase currents of the motor,

Solution: We know,

Efficiency percentage,
Qutput » 100
Input

ar
o =

«* Input of the mator
. output in bbp x 100
7%
45 % 100 % 746

- a5 W

Electrical power input of the three-phase motor,
W=1/3 Py % I xcose

=43 x433 % Iy x08 W

Electric power input of the motor = Mech. power
input of the motor
VIix 433 x I % 0.8

o 35 % 100 x 746
93.25

Line current of the motor,
I o o 355 100 % 746 % 43
L 323 A VI K I W 43T K UE
A5 2 100 x 746 % 1,732
T 3253 w433 % 0~ 00A Ams.
Phase currcat of delta connected motor,

Line cu t
T oA A,

159 SLIPRING INDUCTION MOTOR

Construction and Working The stator of a
slipring induction motor is similar to the
stator of squirrel cage motor. But the rotors
of these motors are wound with 2 winding
which is identical 1o that of the stator of
the moter. The rotor winding is wound
for the same number of poles and phases as
that of the stator winding. Fora three-phase
rotor winding, the three ends of the three-
phases are generally connected in star at one
junction and the remaining three free ends
are brought out for connection to the slip-
rings mounted on the shaft of the motor. The
liprings, are then cc d to the external
starting resistances connected in star through
the carbon brushes placed on the sliprings.

At the time of starting, the rheostatic
resistances are put in the rotor circuit as
shown in Fig. 15.4 (b) to improve the starting
torque and to decrease the starting current.
As soon as the motor attains its normal
speed, the rheostatic resistances, are cut off

f =
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i . ExAMmrLe 15,5 A three-phase  sliprings  induction

SHART ek ReteR WINDINGS motor is connected fo amormal supply voltage when
its rotor is commected in star. The emf Induced
between the sliprings at standstill is 86.6 V and the
i and Ixtill r per phase are 1.5
and 20 respectively. Calculate (i) the rotor per phase
SLIPRING current and (IN pf a1 starting when the sliprings

Fig. 15.4(a) Wound rotor - are:
WPRLY RoTOR (a) Short-eireuited.
l l l RHEQSTAT (8) Joined to a star d rh ie resis of
8.3Q per phase.
Solution:

Phase emf of rotor connected in star at standstill,
line emf _ 86.6
Ewv=—0g = 1m=%0V

(@) When sliprings are short-circuited
Rotor current, [, = Etl‘i—

- -—
:77?3‘]' T 4 2254+ 4

50 50
_.—‘- = Ver =g = 20A Ans.
Fig. 15.4(b) Rotor and stator of slipring induction Power factor in this case,
motor €080, = mm
gradually from the rotor circuit and finally T
sliprings are short circuited. - :If';
Ifthe rotor resistances of a slipring motor -
are connected in delta, they will form a paral- =06 Ans.
lel circuit. In parallel circuit total resistance  (5) When the rotor is d to a sta |
will be less than the least resistance ted h I resi Y
in parallel. ‘Therefore, the resistance whea . ; -
connected in delta wili not fulfill the condition - Starting current, 1, E%
of getting maximum terque. Hence the rotor 50
ist are ted in star iostead of S/ s+ 8y + @
de]Ptla:LN wound rotors are more costly as 20
W ————
compared to squirrel cage rotor because it is V8 + @
difficult to construct them. But the startin —l
torque of the phase wound .rotor is muc 4/96.04 + 4
greater than the squirrel cage rotor and will 50
be maximum_when the total resistance of the = ¥ 1008
rotor circuit is equal to the total reactance of "%
the rotor at starting. =0 ™ A Ans.

Applications Slipring motors are used at
places where high starting torque is required, Power factor at starting,

such as in plainers, cranes, rolling mills, lifts cos Bz =—§-
etc. These motors are started an load:within its
capacity. - 9_;%- =098 Ans.

The direction of rotation of this motor can
be changed by changing any of the two phases NoTE:i—Observe the effect of increasing the rotor
of the supply. resistance at the time of starting. .
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ExAMPLE 15.6 A three-phase, eight-pole, S0Hz slipring
Induction motor is running on full load at 720 rpm. The
rotor is star d and has resi and srand-
still. reactance of 0.08 and I.5Q per phase respectl-
vely. The emf between aliprings at standstill is
85.6 ¥, Find for full-load condition:

(@) Emf induced in each rotor phase

(b) Per-phase impedance of retor

(¢) Rotor current

{d) Power Factor
Assume sliprings are short circuited.

Solution:
Synchronous speed,

L fx10  s0x120
N S 750 r.p.m.

Percentage slip of motor,
s% =M« 100
-—-m—-’”_nu x 100

_30x100

Per phase emf of star connected rotor when
stationary
- E’
86.6
= m- = 50V
Rotor per-phase emf{ induced when running nor-
mally = standstill per-phase emf x $9%

'-‘ﬂlg = 2V Ans,

Rotor reactance per phase
1.5 x 4
- - 0.06Q2

Rotor impedance per phase
- ET .
=/ (08 + 0.06)"
= 4/ 0.0064 + 0.0036

s 000
=018 Aps.
Rotor current, [, = T - 20A Ans
v F-A 0.1 .

R,
PF of rotor, cosf, = z = _Eg_ 0.8 Ans.

EXAMPLE 15.7 A 45 hp motor is run for 25 hours at
80% of full load when connected to a 433V, three
phase 50 Hz supply. The power factor of the motor

is0.75 and the e fficiency of the motor s 80%,. Caleu=
late:
{a) The line current of the motor.
(8) Cost of energy consumed at the rate of 40 paise
Pper unit,

Solution:

Output of the motor at 80% of full load
45 x 80
- =3hp.
Input of the motor

— output x 100
n% i
- 36 % 100 % 746

80

w
Power taken by the motor,
W f 3 VpxIpxcose
BXIWHE _ 732 5 433 x Iy % 0.7

.. Line current
Iy = 36 x 100 x 746
L= 80 1.732 x 433 x 0.7%
= 59.68A Ans,
Encrgy consumption in 25 hours

36 x 100 x 746 x 25
= B0 % 1000

kWh

X
Eneigy charges at the rate of 40 paise per unit
36 % 100 x 746 % 25 40
E3 * Too
= Rs. 33570 Ans.

15.10 DOUBLE SQUIRREL CAGE I
L Q NDUCTION

Construction The stator winding of this
motor is also exactly similar to the stator
of an ordinary squirrel cage induction motor,
As discussed before, it is scen that an ordi-
nary squirrel cage induction motor has low
starting torque due to low resistance of the
rotor. If the squirrel cage rotor is made of
high resistance to get high starting torque, it
will have low efficiency due to increased
copper losses. To have high starting: torque
and high eficiency squirrel cage rotors are
manufactured in double cage as shown in
Fig. 15.5.

The rotor's outer squirrel cage winding is
either made of aluminium or of any other
high resistance material like brass etc. and is
done neur the circomference of the rotor.
The other squirrel cage winding of (low
resistance} is built of copper which is placed
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Fig. 15.5 Rotor of doable squirrel-cage induction
motor

comparatively deep in the rotor thus has high
reactance.

Working When the motor is started, the
stator frequency is 50 cycles per second.  The
induced emf in the stationary rotor will also
have the same frequency as that of the stator
supply frequency. At this instant, the re-
actance of the inner cage winding is compara-
tively high because it is linking more iron.
Having higher frequency than its normal
running condition frequency, it will have very
high impedance. Hence the current through
inner cage winding at the time of starting is
very small as compared to the ouler cage
winding which is of high resistance. Thus in
this condition the current through the outer
cage will be maximum. So the motor starts
as a high resistance rotor and will have high
starting torque.

When the rotor starcs running, the speed
of the rotor will be increased and the rotor
frequency will bz very low. For example the
synchronous speed of a 4 pole inductivn
motor is 1500 rpm, and if its rotor speed is
1440 rpm then its percentage slip 1s as under:

Percentage slip, 5% = % X 100
1500 — 1440
= 1500 X 100
60 % 100
- 1500

= 4%

Three-Phase Induction Motors 307
Rotor frequency, f, =fX s
_50x4
100
= 2cfs

Hence the rotor frequency during running
condition will 2 ¢/s which will cause decrea-
sed reactance or impedance of the inner
cage in this condition and thus the current in
the internal cage winding will be compara-
tively more than the outer cage winding
Therefore the torque and efficiency will be
more. It is easy to remember that at the time
of switching “‘on" the motor, the outer cage
winding will function and during normal
working condition the outer cage winding
will automatically be cut off due to high
resistance and inner cage winding will work.

Applications These motors are used where
high starting torque is required at the time of
starting as plainers, cranes, lifts, rolling mills
etc. D.O R. can be changed by chaoging any
two phases of the supply mains.

15.11 STARTING OF INDUCTION MOTORS

For starting a three-phase induction motor if
rated voltage is applied to the'stator winding,
a very high starting current will flow throug
the motor windings. This high starting current
has the following two main disadvantages:

1. The siator winding or the wiring instal-
lation may damage due to this heavy
starting current.

2. The high starting current may have bad
effect on the voltage regulation of the
line. Due to poor voltage regulation,
the relays of the other motors operating
near this motor may unnecessary trip
off again and again whenever a big
horse power motor is started. This
causes unnecessary interruption of work.
According to I.E. rules this type of
vol'age regulation is not allowed and
therefore to improve the voltage regula-
tion and to decrease the starting current,
big horse power motors are always
started through starters.

Starters are operated either by mechanical
or electrical system. If for switching on, a
mechanical system is used in the starter, then
it is known as manually operated starter and
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Bus- Bab

Fig. 156 Connection of direct-on-line starter and its layout

if an electromagnetic contactor is utilized,
then it is called as electrically operated starter.
All starters above 2 hp arc usually clectri-
cally operated. In addition 1o starters are
provided with safety devices like overload
relay coil and no-volt relay coil for the pro-
tection of the motor. Various types of starters
are in commercial use as mentioned below:

I. Direct-on-Line (Mechanically operated)
Air Break Starter.

2. Direct on line (electrically operated) Air
break or oil immersed starter.

3. Star-delta siarter.
4. Slipring motor starter.
5. Auto-transformer starter.

Direct-on-Line starter Fig. 15.6 shows the
connection of a direct-on-line starter. In this
type of starter there is no arrangement for
reducing the line voltage at the time of start-
ing and therefore full line voltage is applied
to the motor. This starter has the following
main parts,

There are two push buttons, one is green
for starting and the other is red for stopping



the motor. There is one plunger whose three
strips contacts connects the motor to the line
and fourth strip works as an hold-on-contact
when start push bution is released aflter
pressing it. There is one coil which is known
as no-volt coil which on energising attract the
lunger and thus motor starts. In case of
ailure of supply or if the voltage drops
unduly, it releases the plunger and thus
motor is disconnected from the supply.

In this starter, an arrangement is also

rovided to protect the motor from overload.
ghe overload rel.ags are made of thick heating
clements inside of which there are bi-metallic
strips. When abnormal current flows through
the motor, the overload coil becomes hot and
the bi-metallic strip expands which opens the
trip contact point. The tripping system
should operate at approximately 20 to 30%
overload. After tripping off the contact
point, the curreat through the no-volt-coil
stops flowing and thus the plunger comes to
off position. Near these over-load-coils, there
is one current adjuster with the help of which
the tripping current of the overload coil is
adjusted.

When the start push butlton is pressed, the
no-volt-coil becomes magnetised and the
plunger makes contact Wwith the motor and
supply terminals which causes to start the
motor. This type of starters arc used with
the motor of range from 1/4 hp to 5 hp.

For a big hp motor of range from 3 to
25 hp, oil immersed direct on-line starters
are used. In this type of starter the contact
points of the starters are dipped in an insulat-
ing oil for reducing the sparking on the con-
tact points and thus increases the life of the
starter. .

With remote control facilities, a motor
can be started or switched “OFF” from any
number of desired places. For remote con-
trol of a motor, it should be remembered
that all the remote, “ON'' push buttons must
be connected in parallel to the “ON" push
bution of the starler whereas all the remots
*“OFF" push-bultons are connected in series
wilh thestarter’s OFF push button. For semote
control of DOL starter, remove conneclion
between S and T and connect remote OFF
and ON switches as shown in dotted lines in
Fig. 15.6.

Star-Delta Starter The motors which are
supplied with star-delta starters are first
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started in star connection and after this are
run in delta connection.

This starter consists of fixed contact points,
moveable contact point with handle, stop-push
button, overload relays and a no-volt-coil.
The no-volt-coil is connected across the two
phascs of the supply through a trip relay
point and stop push button as shown in
Fig. 15.7. Under normal working condition,
this coil becomes magnetised and holds the
handle in “HRun" position. When the sppply
voltage is below 85% of its rated voltage or it
suddenly [lails, the no-volt-coil bécomes de-
magnetised and leaves the handle to “OFF"
position, .

Overload coils consist of three hegting
elements wound over three asbestos insulated
bi-metallic strips. Due to abnormal current
taken by the motor (either due to short circuit
or due to overload) these bémetallic
strips on heating will bend and open the
trip contact point of no-volt-coil circuit and
thus handle comes to “OFF" position. For
overload -setting, there is a current adjuster
which is marked in percentage ampere setting
starting from 75 to 125%. The 100%
setting of the starter refers to the normal
rating of the starter.

In star delta starting, the motor is first
started in “‘star” condition and when the
motor gains about 75% speed , the conunec-
tion is changed to delta by moving the handle
quickly in “Run" position. By connoecting the
motor in star connection during starting, the

applied voltage is reduced 1o 1/—_'::.- of the line
voltage in delta connection.

Thus the starting line current in star is only
one-third that in delta. For most motors
starled with direct-on-line starter, the current
at the time of starting is about 6 to 8 times
than its rat:d current and therefore by starting
it in star, the current is decreased. to
about 2 to 2.5 times the rated current. The
torque in “'star'connection is also -decreased
and is only one-third that in delta. Hence
the star-delta starter can be used only with
motors where the load torque at the moment
of starting is not more than about 50%; of the
rated torque.

Mechanically operated star-della starters are
generallyused with motor having an output
from 5 to 10 hp on a 400/440 V, 50 ¢fssupply.
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Fig. 15.7 Connection and layout of star-Delta starter

Automatic air break star-delta starters are
employed with motors up to 20 hp and oil
immersed starters of this type afe suitable
for squirre) cage induction motors of up to 50
hp on 400/440 V 50 cfs supply.

Star-Delta Starter Automatic
starter ists of three tactors
having a star contactor, a-delta contactor, a
line contactor with overload relay, “on™ and
“off” push buttons and an accurate timer for
automatic changeover from star to delta. A
timer has two operating position. At first
position, the upper contact is closed and
lower one is opened. But when lower contact
is closed, upper contact opens.

Automatic

&t 1ali

The fourth contact known as hold-on con-
tact of star and line contactor are normally
open (NO) while of delta contactor is nor-
mally closed (NC). Figure 15.8 shows the
connection diagram of an automatic star-delta
starter. Motor terminals A4, By C) and 4, B,
C, are connected to the corresponding termi-
nals on starter and supply is given to termi-
nals Ly, Ly and Ly as shown in Fig, 15.8.

‘When the ON push button is pressed the line
contactor and the star contactor gt energised.
:l'hen the motor starts running with its stator
“windings” star tad

After the preset time (3 to 12s), the timer
switch put "off” the star contactor and switch
“on" the delta contactor. The motor now
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C of
(dotted lines show remote control)

runs in delta ion automatically. It
should be noted that the timer can be adjusted
between 3 to 12s depending upon how long
the motor takes to reach about 75% of its
synchronous speed.

For remote control remove connection bet-
ween terminals Sand T and connect as shown
in Fig. 15.8. For revzrsing the direction of
rotation, interchange any two supply wires

o+ Lyand Ly,

Slipring Motor Starter For starting the
slipring motor, a starter is required which is

known as slipring motor starter. It cone
sists of rotor resistance, overload relays, start

and stop button, no-volt-coil and &
plunger. Conoection diagram of a slipring
starter is shown in Fig. 15.9.

Slipring motors are started by putting resist~
ance in rotor circuit at the time of starting.
The rotor resistance improves the power factor
which reduces the rotor current and there by
decreases the stator starting current. As the
motor starts rotating and attains its normal
speed, this additional rotor resistance is
gradually cut off from the circuit and thus the
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rotor sliprings are now short circuited. These
resistances are immersed in oil in case of big
horse power motor for cooling thembut in
small mator, it is not required to dip them in
oil.Its direction of rotation (D.O.R.) can be
changed as explained earlier.

Auto Transformer Starter In this type of
starter reduced voltage for starting the motor
is obtained from a three-phase star connected
auto transformer. While starting the voliage
is red 4 1, .a St ‘,,’_fwm
tho auto transformer. Once the motor starts
rotating 75% of its synchronous speed, full
line voltage is applied across the motor and
the auto transformer is cut off from the motor
circuit.

Figure 15.10 shows the conncction of an
auto transformer starter, To start the motor
the handle of the starter is turned downward
and the motor gets a reduced voltage from the

I NVC.
L] ! L]

=
BLUNGER]
T0 STATOR OF
MOTOR

- ——
10 ROTOR

b My
39 supeLy

Fig. 15.9 Slip-ring motor starter

auto transformer tanpings. When the motor
attains about 75% of its synchronous speed the
starter handle is moved upward and the motor
s full voltage. The auto transformer gets
isconnected from the motor circust.

Hand operated auto transformer starters are
suitable for motors from 20 to 150 hp whereas
ic auto former starters are used

with large horse-power motors upto 425 hp.

L1

L7 1

L

dia of autostransf starter



15.12 DETERMINING OF PHASE SEQUENCE

If the phase sequence of a three phase induc-
tion motor is not marked on the six leads or
wrongly changed and on coonecting them in
siar or deita across the 3¢ supply the motot
may refuse to starl or it may run slowly with
loud buzzing noise. The mntor in this condition
takes a heavy circulating current even on no
Joad, Therefore it is essential to identify the
corresponding terminals of different phases.

To understand the meaning of the word
corresponding terminal Fig. 15.11(a)
in which three single turn coils A4, 8. C placed
at 120° apart from each other are shown and
represents the three winding of the stator. If the
current enters in the coil 4 through terminal A,
then a flux will set up which comes out from
stator and enter the rotor. Assume this flux as
positive flux (N) and the current which
produces this flux as positive current. In the
very same manner, the positive current flowing
in the coil B and coil C through terminals
By and C,, }:rodnce +ve flux in them.
Figure 15.11(b) shows the positive currents are
flowing in the three coils and the fluxes due
to them is also --ve. When the coils link

+ with these fluxes an E.M.F. is induced in each
coil which acts around the coils from terminal
Ay, By and Cy towards terminal 4,, B, and Ci
respectively as shown in Fig. 15.11 (b). There-
fore a set of terminals 4:, B and C; thus

: indicates the points of induced voltage rise in

the coils when they all link -+ve fluxes,

Similarly terminals A;, 8; and C; relates to the

ﬁoims of induced voltage drop due to +ve
uxes.

Now consider the case when coil A is
alone connected to single phase supply as
shown in Fig, 15.11 (¢) and assume the
current at this instant in a cycle is increasing
in #mitim balf. So the +ve flux is set up in
coil 4 while at the very-same moment the
coils B and C carry —ve fluxes as shown in
Fig. 15.11 (c) and the directions of instant-
aneous induced E.M.F.'s e4, ep and ec can be
marked as shown in Fig. 15.11 4¢). If now the
corresponding terminals 4, B; and C, are
connected together in star as represented in
Fig. 15.11 (d) then:

¥, = Voltage between terminals 4, and A,

=84

Threws Phase induttion Motors

I [ [
H [Fay
pinsd L]
Alam ol
o B
[ O
supoiv tey
ing the phase

mw
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V2 = Voltage between terminals A, and By

= esten
and V3 = Voltage between terminals A, and

Cy = eatec
Itis clear Vo= Vo> Vior Vo & Vs == W
-..(since es = ¢,). This becomes the criteria
for determining the terminals Ay, By and C;
forms a set of carmspandindg terminals.
Therefore in short the six leads coming out
from the three phase stator of an induc-
tion motor can be determined as given below.
1. Find out the pairs of cach winding and
arrange them in the sequence of 4, B

and C.

2. Allot  assumed number AiA:B\B,
and C,C; to windings A, B and C
respectively.

3. Connect the winding ends 4, 8; & C,
in star and give single phase supply to
any one phase winding, Let in this
case it is given to phase A.

4. Now measure the voltage between
Ay Az, A1Bi and A,C; which is denoted

(ifi) By varying number of poles of the
stator winding (Pole changing control)

(iv) By rotor rheostatic control,

By Varying Applied Voltage This method
is very easy but rarely used in commercial
practice because a large variation of voltage
produces a very small change in speed and
much energy is wasted. In this method three
resistances are inserted in serics with the
stator winding of the motor and the value of
these resistances is varied by a common handle
so that equal resistances come in the stator
circuit.

By Changing Applied Frequency The syn-
chronous speed of an inductipn motor is given

o fx120
by N = P

.« It is clear from the equa-
tion that the speed of the induction motor can
be changed by changing the frequency of the
§uEply. The speed of the motor will increase

by V1, ¥, and ¥, respectively,

In this case if ¥;and V;read more than
¥, it means the winding ends connected in
star are arranged in proper sequence. If in
any casc ¥: or ¥, or both read less than V;,
then both the finish or starting ends of wind-

if freq y is d and it will decrease
if frequency is decreased, Changing the
frequency of suply to the molor is not an
casy job. Therefore this method is only
employed where the load on the alternator is
only induction motors and the speed of all
the motors is to be increased or decreased

ing must have been 2! and
should be changed.

NoTe: A voltmeter of range 0—500 V ac/dc
should be used for this purpose or a
double test lamp of high and equal
wattage lamp in series should be used
for the judgement of light,

1513 SPEED CONTROL OF INDUCTION
MOTORS

All ac motors suffer from the disadvantage
that they are basically single speed motors.
Economical large variation in speed of an
induction motor is very difficult to obtain as
compared to a d¢ motor. The followings are
the few easy methods of speed control of
induction motor.

n Byl;'arying applied voltage (voltage con-
trol

(i) By varying applied frequency (Frequ-
ency control)

ly. This method is utilized for
the speed conirol of motors used in the ships
elc.

By Varying Number of Poles This method
of specd control is gencrally employed in
squirrel-cage induction motors because a
squirrel cage rotor adjusts itself according to
any number of poles of stator winding.

From the equation of synchronous speed it
is clear that ifthe number of poles of the
stator is decreased, the speed of the motor
will increase and when the number of poles
are increased, the speed will decrease The
poles of the stator winding can be changed
either by having two separate windings not
having the same number of poles op the
stator and usingone of them at a time or by
reconnecting the coils of the single stator
winding as shown in Fig. 15.12. The fipure
shows the connections of one phase winding
for 8 poles and 4 poles: and in this case, the
speed increases from 750 to 1500 r.p.m.
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Fig. 1512 Speed control by changing the number
of poles

It is clear from the above that the speed
control of motor by this method is not smooth.
This method of spced control is utilized with
the motors used in lifis, etc,

By Rotor Rheostatic Control This method
of speed control is only applied to slipring
induction motors. In this method star con-
nected external resistances (of continuous rat-
ings) are connected in the rotor circuit as
shown in Fig. 15.13,

The speed of the motor increases with the
decrease of resistance in the rotor circuit,
The change in speed is approximately invers-
ally proportional to the external resistance
connected in the rotor circuit. This method
of speed control is applied where a small
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Fig. 1513 Rotor rheostatic speed conirel

variation of speed is required and the power
wasted is of no great imporiance.

1514 MAGNETIC LOCKING

In squirrel cage induction motor if the num-
ber of rotor slots are equal to the number of
statorslots, then it is possible that the rotor
slots may face the stator slots when the motor
is stalionary and in this condition the reluct-
ance between rotor and stator conductors will
be minimum and hence attract each other, If
the motor is connected to the supply for start-
ing when the rotor is in such a condition, the
motor may refuse to start. This is known as
magnetic locking or cogging effect of a squirrel
cage induction motor. Magnetic locking in such
type of motor can be avoided either gy skew-
ing the rotor slots or by selecting the rotor
slots such that there is no common factor bet-
ween the rotor slots and stator slots. This
effect is observed in the st1nirrel cage induction
motors only as they have low starting torque.

15.1% LOSSES IN AN INDUCTION MOTOR

The losses occurring in an induction motor
are as given below,
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Fig. 15.14 Power stages of an Induction mator

(?) Stator losses
(i) Rotor losses

(1) Windage and friction losses
Stator losses comprise

@ Stator copper loss and
(D) Stator iron loss,

The stator copper loss occurs in the winding
of the stator,

The stator iron loss is constant and depends
upon the frequency of the supply and flux
deosity in the core of the stator.

Rotor losses comprise.

i) Rotor copper loss and

(#) Rotor iron loss.

Rotor copper loss takts place in the rotor
bars or winding of an induct?on motor.

As the frequency of the rotor current at
normal running is always very small ‘rotor
iron loss can be neglected.

Windage and friction losses occur in the
motor during its normal operation due to
windage friction and bearing friction,

The above losses can be represented diagra-
matically as given in Fig 15.14.

From Fig. 15.14, it is seen that
Stator input—stator losses (i.e. copper and
iron losses) = Stator output

But stator output = rotor input
Rotor output = Rotor input — rotor cop-

per losses)

(iron losses are negligible)
Rotor output 2w TN,
786 () = e (P

or 27 TN X 746 = rotor output X 60 X 746
Total torque deyeloped,

T - Totor output X 60 X 746
27 X 746 X N, (rotor speed)

Tem 9.55 % rj\:or output [t5.8)

Let the rotor copper loss is equal to zero,
then rotor output will be equal to rotor input

Nm

and hence the rotor speed will be equal to
synchronous speed (i.e. ).
ST =955 x Rotorinput 115.9]

From Eq. 15.8, we have, rotor output

TN,
= 558 [15.10]
Similarly, from Eq. 15.9, we have rotor input
VN
= 935 [15.11]

Rotor copper loss = rotor input — rotor
output
" Rotor copper loss
_ TN TN,
T 955 T 935
TN — TN,
9.55
_ TIN—N)
- 9.55
But N — N, = Slip speed (N)
Rotor copper loss
TN,
9.55

T = 9.55x

[15.12)

Rotor copper loss

N, (Slip speed (15.13]



Dividing Eq. 15.12 by Eq. 15.11, we have
Rotor copper loss
Rotor input
T(N — N‘E
9.55
N
9.55
_ TV —N).
TN

Rotor copper Loss.
Rotor input

_N—N x 100
N
Rotor copper loss
Rotor input
= glip
.. Rotor copper loss
= Rotor input X S (slip)
[15.14]
But Rotor output
= Rotor input — rotor copper loss
= Rotor input — rotor input X §
.. Rotor Output-

= Rotorinput (1 — 5§ ) [15.15)

Note:  Rotor shaft lo}que is always less than the
total torque developed In the rotor due to
windage and [riction losses.

ExAMPLE 15.8 A three phase induction motor is taking
60 kW when slip is 4% The stator losies amounts fo
4050 W, Find (i) per phase rotor copper loss (if) toral
mechanical pawer developed in the rotor in hp.

Solution:
Stator input
- 60 KW = 60,000 W
Stator losses
= 4050 W

Stator output (or rotor input)
= stator input — stator losscs

= 60,000 — 4050
- 55950 kW.

But rotor copper loss
= Rotor input ¢ slip

= 35950 x oy = W
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Per phase rotor copper loss

- .”JA' =746 W

Total mechanical power developed

= rotor input — rotor copper loss

= 55950 — 2238

= 53712 W
~.  Total mechanical power developed in hp

53712
=% = T2 hp Ans.
ExaMrLE 15.9 A four-pole, three. phase 50 Hr induction
motor takes 50 kW when the speed of the motor s 1455
rpm. The stator lozses are 1.6 kW and the windage
and friction losses 2.0 k W Find:
(ly Slip percentage
(i) Rotor copper loss
(i) Bhp
(i¥) Efficiency of the motor

Solution:
Synchronous speed, N
£ 120
P

_E}-'E = 1500 rpm

Percentage slip, 5%
N - N,

..——N—' » 100

- 1500 —» 1455 % 100

_dixim_,%

Stator output
s Stalor input — Stator Josses
= 50 — 1.6 = 48.4 kW or 48,400W
But Stator cutput
= Rotor input = 48,400W
Rotor copper loss
= rotor input ¢ slip
- BRI 2 W

Rotor output
== rolor input — (rotor copper loss 4
windage and frictlon losses)
= 48,400 — (1452 4+ 2000)
- 48,400 — 3452 = 44948 W
. Rotor output in Bhp

Ans,

Ans,
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Efficlency percentage n%
= Soi000 X 100
- §9.89%, Ans,
EXAMPLE 15.10 A three Phase six pole, 50 Hz indye-
tion mator is taking 20 kW, when the slip is 4.5%,
The stator lossés amount to LOkW. If the mechanical
torque lost dus to windage and friction iy 24.79 Nem,
find (1) B.H.P, (if) Eficiency of the moyor.,
Solution:
Stator output
= Stator input — Stator losses
= 20,000 — 1000 ~ 19000 W
Stator output
= Rotor input = 19000 W

Rotor. copper loss
= Rotor input x slip
= 19000 x 33
= B35 W

- Roteor output
= Rotor input — Rotor copper loss
= 19000 — 855
= 18145 W
Synchronous speed &
£ x 120
e

LTS .

Rotor speed,
95.5
N, = 1000 x Tog- = 955 rpm

Total torque developed in rotor
rolof output
T= 955 x rotor speed
9.55 x 18145
or T= o
= 181.45 N—m
Torque lost due to windage and friction,
=M49N-m
Shaft tarque
Ton = Total torque—lost torque
= 181.45 — 24.79
= 156.66—N—m
«*» Bhp developed-of motor’

2= T, N,

= TR x 746

2 % 22 x 156.66 x 955
7 x 60 x 746

= 21.01

Efficiency of the motor
Output » 100
=t 2T

Input
_ _21.01 % 746 x 100
117 )T —
e 78367, Ans,

Examrie 1511 A Sour-pole, three phase, 400 V', 50 Hz
induetion mator develops 1o hp. ar 1455 rpm., the PF,
being 0.8, Stator losses amount 10 500 W and the
Srictional losses to 0.6 hp Find:
(1) §lip Pereentage
{if) Rotor copper losy.
(1ify Input of motor
(iv) Line current
(¥) Efficiency

Solution:
S_vnchrono_ns speed,

Ar..‘f_’(}.ﬂ= -Ex‘_lxl = 1500 rpm
Percentage slip
Shw N2 Mo 100 = 1500 ~ 1455 » 100

- ]';fn * 100 = 1%,
Output of mator
=10 x 746 = 7460 W
Developed rotor output = Motor oulput 4 windage
and frictional losses
= T460 + 0.6 x 746
= T460 4 447.6
= 7907.6 W
Rotor output
= rotor input ($-5)

7307.6 = rotor input{— l%u_')

++ Retor input
7907.6 « 97
= ——jg— =7670.3 = Say 7670 W
Ans,
Rotor copper loss
= Rotor Input x Slip
7610 x o = 2301 W Ans.

Input of motor or stator
= Rotor input (i.¢, output of stator) +
Stator losses
= 7670 + 500 - 8170 W
B“‘V"S' VL * ’L xcmi-_w

Ans.
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.*. Line current
W

Iy = (i) (a) Star Connection
LT TV, xcost This circult will now function as & simple serles
8170 circuit,
VIX 400 % 0.8 <. Curreat between A aod 8
= 14.74 A Ans, V
Efficiency entage, = L - i
i perc -~ s T+ &~ 100+ 100
oul
% = Tapar ¥ 100 - % -2A
1460 x 100 Power absorbed
9”3;0 N W=V xI=40x2=80W Ans,
- 91, B3,
ExAMPLE 15.12 A 400-F, three-phase induction motor
has per-phase of 100 Q. Caoleulate (i} the -
power taken from the supply mains in: wa §‘ 5
(a) Star ;v = s v
(b) Delta 1A
(il) If ome phase of the three windings is discon- g
necred from the other two windings, what would be —
the power taken from the mains in each case. ‘o) 154
Solution:
(a) In Star Conneclion (i) (5) Deita Connection
VIi¥m=VL As ¥, =V, =40V
.. Phase voltage :
Vi 200 Current per phase
= 'V’T V 3 Vﬂ 400 iA
Resistance/phase = 1008 R” 100
Phase volt
Current in per phase :«';:;dlng = —sﬁrsr.::'” - Lige curcent
e =3 gy
T =477 A
400 4 X
- m- _‘7..3= A .. Power taken in delm,I .
But Ly =1p W= ./T ¥ % Iy xcos
.. Lige . =3 K400 x 43 X1
- " = 4300 W Ans.
‘L - ‘/—3- A
(it} In Delta Connection .
Power Factor, Voltage across each phase = 400 V
- i.— 100 Current per phase
cosg =z~ 1o = ! w0
Power taken In star, = 1o
W= ‘vrT ® VL *x !L ® cos@ Power consumption
- 4 =2xI'R
=3 x40 x o x 1 =2 % (49 % 100
= 1600 W Ans, - 3200 W
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15.16 COMPARISON OF A SLIPRING, AND SQUIRREL CAGE INDUCTION MOTOR

§l. No. Faciors

Sgquirrel cage Induction motor

Slipring Induction motor

1. Starting
Current

2, Power Factor

3. Starting Torque

4. Speed Control

5, Startiog Device

6. Cost

7. Geaeral Maintenance
8. Application

Starting current of the motor
is large and Is approximately 6
times ity rated current.

Power factor of the motor Is low.

Starting torque Is poor but runn-
ing torque is good. :

Speed can be changed by chan-
ging the number of poles of the
stator winding.

Motor caa be started with a
star—delta starter, There is no
need of starting , and

The motor takes low starting
[-curreat which is nearly twice
the rated current of the motor,
Power factor as compared to
squirrel cage motor is high.
Starting torque of slipring in-
duction motor is higher than s
squirrel cage 00 motor.
Speed cannot be changed by
chaoging the poles but can to
some extent be changed by in-
serting resistance in the rotor
¢lreult.
For starting motor requires slip-
riog starter alongwith starting

starting gear ms in case of slip-
ring starter, .

Cheaper than slipring induction
motor,

Less

Used for constant speed works
where low starting torque is
required such as water pumps,
lathes, drill machioes, grinders,
ete.

Costlier

More

Employed where only high
starting torque is needed as in
cranes, lifts, etc.

15.17 GENERAL TROUBLES AND REMEDIES OF THREE-PHASE INDUCTION MOTORS

The undermentioned are the general troubles and remedies of three phase induction motors.

1. Motor Fails to Start

8. No. Cause

Test

Remedy

1 2

3

4

(i) Too low or high voltage.

(ii) Failure of supply (comple-
tely or partially)

Measure Voltage at the termi-
pals of motor with voltmeter
and compare it with its rated
valtage,

(i) Test the presence of supply
in starter,

(i) Check connection and con-
tacts of starter for loose and
open circuit,

Repair circuit and rectify the
causes of low voltage such as
loose contacts in starter, main
switch, distribution box, etc.

(i) Renew fuses,

(ii) Tighten connections pro-
perly and repair starter if re-
quucd,
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1 2

3

4

(i) Wrong connection

(i¥) Wrong phas

Compare connection with origle
nal diagram of motor.

{v) Overload

(vl) Damaged bearings
- (vil) Faulty stator winding

(vill) Brushes and rings in bad
conditioa,

R stator -phases one by
one and start the motor.
Measure starting torque required
by load.

Open motor and check the play

of bearings.

Measure per phase current and

they should be equal; if requir-

ed, measure per phase resis-

tance; check insulation resis-

tance between winding and earth.
Measure brush pressure by spr-
ing balance; check whether stic-
kiog in brush holders, examine
bedding of brushes and surface

of sliprings.

Stlll motor does ot start, re-

after
the conasotion of motor.
If still trouble remains, then check
phase sequence of motor,

(1) Reduce load; (ii) raise tapping
on auto-transformer; (i) install-
motor of highet cutput.

Replace If required.

Repair fault If possible or re-
wind stator.

(i) Adjust brush pressure ms re-

commended; grind and (ii) re-bed

if surfaces are pot smooth;
I faces of sliprl

with sand paper.

2. Motor Starts but does not Share Load (i.e. Runs at Low Speed when Loaded)

1 2

3

4

(i} Too low a voltage

(ii) Bad connection

(i) Wrong adjustment of
current adjuster.

(iv) Too low or high tension on
driving belt.

(¥) Open circuit in rotor wind-
ing.

Measure voltage at motor termi-
nals and’ varify it with name
plate,

Check connection and contact
of starter for loose contact.
Check current adjusting knob for
proper ad justment.

Measure tension and varify it
with the instruction of manu-
facturer.

(i) Examine rotor bars and
joints in case of squirrel
cage rotor {which causes
heat) .

(li) Disconnect starter from
sliprings. Supply reduced
voliage to the stator and
measure the voltage bet-
ween the sliprings which
should be equal,

(i) Renew bad fuses; (if) repair
circuit and remove the cause of
low voltage like loose or bad con-
tacts n starter, switches, dis-
tribution box, etc.

Remove the fault as required.

Adjust the current adjusting
knob at proper rapge as neces-
sary.

Adjust belt tension.

(i) In case of squirrel cage
rotor resolder the bar joints,

(iiy Repair if possible or
rewind slipring rotor.
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1 2

(vl) Faulty stator winding

(vll) Defective bearings.
(vill) Incorrect condition, size or
grade of replaced brushes.

(ix) Excessively loaded

(x) Low frequency

Check for continuity, short
circuit and leakage test as des-
cribed before.

Examine bearings for small play.
Check condition, size and grade
of brushes against manuofac-
turer’s specifications.

Mcasure the line current of the
motor and compare it with its
rated current.

Measure the line frequency with
frequency meter.

Repair the clrcuit If possible or
rewind the stator.

Replace bearings.

{i) Use correct size and grade of
‘brushes; (ii) adjust brush pressure;
tifi) re-bed the brushes; {iv) smoo-
then the surface of sliprings.
Reducéd mechanical foad on
the motor.

Motor should be of the same
frequency as that of the supply.

3. Motor Blows off Fases

1 2

3

4

(i) Incorrect size of fuses

=

(i} Low Voltage

(iii) Excessively loaded

(iv) Faulty stalor winding

(v) Loose connection in starter

(vi) Wrong connection

(vii) Wrong phase-sequence

Check the size of the fuse wire
(it should be rated for three
times than its normal current);
Connect ammeter in the circuit
and test for excess load current.

Measure line voltage.

Measure line current and com-
pare it with its rated current.

Check for open circuit, short
circuit or leakage test of the
stator as explained earlier.
Check for loose or bad connec-
tion in starter because it may
cause unbalancing of current.
Check connection with original
diagram,

Change stator phases one by one
and run the motor.

{i) Replace the fush wire il neces-
sary; (i) repair the motor if it is
due o electrical fault of stator
or rotor,

Remove the cause of low vol-
tage.

Rectify the cause of overload
of instal motor of higher' output
rating.

Repair the fault and if not
possible then rewind the stator.,

Rectify the loose connection;
Clean all the contact points of
starter with sand paper.
Reconnect the motor if it still
does not start,

If motor does not run, find the
phase sequence.

4. Over Heating of Yoke

1 2

3

4

(i) Too high or low a voltage.

(il Wrong connection

Check voltage at the terminal
of the motor.

Compare connection with cirs
cuit given diagram,

Rectify the cause of low or
high voltage as the case may be.
Reconnect the connection if
required,
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1 2 3 4
(i) Wrong phase R stator phases one by If trouble remalns find the phase
one, and try 1o start the motor. sequence of the motor.

(iv) Open cireuit or faulty rotor
winding as: short eircuit

(l) Jo case of squirrel cage
rotor, loose joints of rotor

(i) Resolder the joints of rotor
bars and end rings.

or leakage. bars causes heat.
(ily In case of slipring rotor, (i) Repair If possible or rewlad
there should be no-short slipriog rotor.
clreuit, open circuit or leak-
age, Measure per phase re-
sistance and insulation resis-
taoce of rotor.

(v) Faulty stator winding Check for Inui short R the fault if possible
circuit and Jeakage test as stated otherwise rewind the stator
before, ‘winding.

(vi) Dirt in ventilation ducls Inspect ventilation ducts for Remove dirt and dust from them
any dust or dirt in them, if any.

5, Overheating of Bearings

1 2 3 4

(1) Toomuch grease im bear- Check grade and quantity of Put grease of proper grade and

ings of unsuitable grade grease  after ing the ity in bearis
bearing coupling.

(i) Loose or damaged bearings Open end-covers of motor and Raplace new bearings if old
check condition of bearings. ones are damaged.

(ili} Loose housing of bearings Remove end covers and check (i) Put shim in housing if loose.
fitting of outer race of bearings (i) If too loose housing, send for
in housing. filling of material in workshop.

(iv) Inner race of bearing loose Remove rotor and check ftting Send rotor in repair shop for

on shaft. of Inner race of bearings on filling the material on shaft,if
shaft, necessary,

(v) Wrong size of bearings Remove end covers and check Repl as d-
number and make of bearing. ed by the manufacturer.

tvi' Bad fiting of new bear- Open end-covers and [nspect Refit bearing properly.

ings. any friction on rotor or stator.

(vii) Too high tension on driving Inspect tension on belt. It should  Open and refit belt.
belt. be as directed.

(vliiy Wrong alignment of me- Check alignment with spirit Re-align the coupling system.
chanical (or belt) coupling. level'®r with thread in case of properly,

belt coupling. .
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6, Overheating of Brushes or Sliprings
1 2 3 4
(i) Too low (or high) woltage. Measure voltage at the motor Rectify the cause of too low (of
terminals, it should be as high) voltage as explained bee
instructed. fore,
(i) Overloaded Measure line currents and com- Reduce load or install motor
pare with rated current. of greater output.
(iii) Faulty rotor winding Test for continuity, short circuit Remove the faults.
and leakage.
(iv) Faulty stator winding Same as above. Same as above.
(v) Brushes or sliprings in Inspect brushes and sliprings for (i) Grind and re-bed the brushes
‘Worn-out condition damaged surfaces like pits, tension.
. carbonised etc. (ii) Smoothen surfaces of sliprings
with sand paper.
(vi} Wrong size and grade of Check size and grade of brushes Replace brushes of correct size
replaced brushes installed. and grade according to instruc-
tions of supplier.
7. Magnetic Nolse due 1o Stator
1 2 3 4
(i) Wrong connection Check i ing to R the
drawiog supplied.
(i) Wrong ph: R stator phases turn by If still trouble persists, find
* turn and autempt to start the phase sequence of motor.
motor.
(iii) Partial Failure of supply Measure voltage across the Renew fuses and repalr the
motor terminals, circuit if necessary.
{iv)" Open circuit in rotor Check for open circuit in rotor Repair if possible or rewind
winding of slipring motor. rotor,
(v) Open circuit in stator wind- Test for open circuit in stator Same as above.
ing. winding.
8.  Magoetic Nolse due to No-Volt-Coll
1 2 3 4
(i) Low voltage Measure voltage across coil, it Remove the cause of low voltage
should not be less than 85 per as discussed earlier.
cent of rated voltage.
(ii) Dust, dirt on the faceof  Examine the faceof core for Clean the face of core.
core. dast, dirt.
(i) Open-circuit in shaded ring. Confirm the continuity. Remove open circuit, if any.
(iv) Face of core not lined up Inspect mechanical fitting of Adjust alignment properly.
correctly. core.
(v) Shaded ring lost Examine the existance of rings. Provide new ring oo the face of
core if lost,
(vi) Both shaded rings on same Check for the said cause. Open and adjust the rings on

opposite to each other.
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9.  Mechanical Noise
1 2 3 4
(i) Improper fitting of end- Measure alr-gap at four differeat (i) Open screws of side covers and
covers., points for uneven position of then tighten one by one. (i) If
rolor covers., trouble still persists, remove end
cover, shift for next position
and tighten screws again.
(iiy Improper alignment of Check ali as i d Reali i
coupliog. " before.
(iii) Foreign material in air-gap. Examine air-gap. File or clean out l.i.l‘-"lp.
(iv) Loose fan or bearings, Check looseness of fan screw or Tighten fan screw or refit new
bearings. bearings, if necessary,
(¥) Slackness in bearing on Remove bearings and inspect Send motor for repairshop to
shaft or in housing . inner looseness of race onshaft  remove the looseness of shaft ov
and outer race in housing, housing, if any.
(vi) Improper fitting of bearings. Remove end-covers and examine  Refit bearings on shaft or in
assembly of bearings on shaft or housing.
in housing. )
(vii) Minor bend in shaft. Check for alignment on lathe. Remove bend or replace shaft,
if required.
10.  Sparking at Brushes
1 2 3 4
(i) Low voltage Check voltage at motor termin- Remove the cause of low
als, voltage,
(il Motor overloaded Measure line current and com- Remove cause of overload,
pare with rated current,
(fii} Faulty rotor circuit Perform continuity, short circuit Repair circuit if possible or
and leakage test. rewind rotor.
(iv) Faulty stator circuit Same as above. Same as above.
(v) -Sliprings or brushes in bad Check condition of surfaces of Clean surfaces of sliprings with
condition, sliprings and brushes. sand paper and re-bed brushes.
(vi) Improper grade and size of Check grade and size of brushes. Replace proper grade of brushes.
of brushes. They should be according to
the instructions of manufacturer,
11. Vibration
1 2 3 4
(i) Loose foundation bolis or Inspect nuts and bolls of founda-  Tighten foundation nuts.
nuts. tion for improper tightening.
(i) Wrong  alignment of Check alignment with spirit level  Realign the coupling system.
coupling. or thread,
(iii} Faulty magnetic circuit of Check in same way as before. Same as eartlier,

stator or rotor.
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Tasre 15.1 Dmvino Macume Toor M FOR SMALL Wi (A
‘Varues or ve oF Motoas)
Sl No. Particulars of machine Hp required

1. Pedestal Grinder

Single-stone or double-stone wheel jro2
2. Drill machine

Portable small drill machine to}

Pertable heavy drill machine ttol

Verticle radial drill machine 204
3. Lallic machine

Screw cutting Lathe machine upto 15 em ttol

Screw cutting lathe machine from 30 to 75 cm 2108

‘Turret Lathe Machine 2tod
4. Milling machine

Small'milling machine ttol

Medium milling machine 2w 4

Heavy milling machine 4to 5

5. Shaper machine

Stroke upto 30 cm ttol
Stroke from 30 to 60 cm lie2
6, Planner machine
180 em = 60cm, stroke 60 cm Jto 5
7. Slotter machine
Stroke upto 30 cm 2105
51010

Stroke 30 cm to 60 cm

NUMERICAL EXERCISES

15.1 An induction motor has eightpoles and operates on 40 Hz supply.IT it operates on full load at 570 rpm,

calculate the pereentage slip. (Ans. 5%)
152 An induction motor lu:rinn«l pole operates on 60 Hz supply, If it works on full load at 1746 rpm,
calculate the percentage alip. (Ans. 3%)

153 A 12 pole motor running from 50 Hz supply,has an emf in the rotor of freqaency 2 ¢/s. Find:
(i) Percentage slip.

(ii) The actual speed of the motor. ' (Ans. (i} 4% (ii) 480 rpm)
154 An eight-pole alternator runs at 750 rpm and supplics power 1o a four pole induction motor which has
a slip of 3 per cent at full load. Find the full Joad speed of the motor. (Ans. 1455 rpm.}

15.5 A three phase supply of 373V is given lo an inducticn motor which takes a current of 43.3 A at power
factor 0.8, If the efficiency of the motor is 85 per cent, find the hp developed of the motor.  (Ans. 25.5 hp)
15.6 Find the horse power developed by a 433 V three-phase 50 Hz induction motor when it takes a current
of 74.6 A at PF 0.8 when the effisiency of the motor is 75%. (Ans. 45 hp)
15.7° A three phase supply at 373 ¥ is given to an induction motor, taking a current of 86.6 A at power
factor 0.8, If the cfficiency of the motor is 90 per cent, calculate the output of the motor. (Ans. 54 hp)
15.8 Find the hp metric developed by o433 ¥, three-phase, 50 Hz induction motor when it takes a current
of 147.1 A at 0.8 power factor. The efficiency of the motor is 75%. (Ans. 90 hp metric)
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15.9 Find the power factor of 2 500 V, three-phase induction motor giving an output of 30 H.P. metric while
taking a current of 58.84 A. At this load the efficlency of the motor is 86.6%. (Ans. 0.5}
15.10 Calculate the current in each of the supply line of a three phase, 373 ¥V, 27 hp induction motor at 0.8
power factor. Assume the emcwucy of the motor as 90%. (Ans. 43.3 A)
15.11 The full-load effici of a delta d, three-phase induction motor Is 90 per cent and the power
factor is 0.8. The output of the motor is 40.5 hp at 2238 ¥V supply. Calculate the line and phase current.
(Ans. 10.825 A, 6252 A)

15. |2. An ac three-phase 433V induction motor of §1 hp Is operating at Power Factor 0.8 and the emmmcy
of the motor is 90 per cent. Caleulate (i) the current in the mains, (ii) the current in each phase winding
if motor Is:

(a) Star connected.

(by Mesh connected.

(Ans. Iy =111.9A, Iy stac = 11L9A, [ mesh == 64.6A)
15.13 An ac motor coupled to dc generator operating on a three phase 866V mains at PF 0.8 and delivers
25A at 270V. Assume the efficiency of the eachto be 75 per cent.  Find:
(i} The line current of the motor

(il) Phase current of the motor if it is delta connected (Ans. (i) 104, (i) 5.7734)
15.14 A 54-hp ( ic), three-ph delt d motor is supplied from 433V mains. The efliciency
of the motor at t‘ull Iaad is 75 per ctnt and the power factor is 0.8, Find:

(i) Line current BB.26A

ii) Current through cach phase winding Ans. 50.94A

(iii) kYA input of the motor 66.19 kVA

15.15 The rotor of a three phasc star connected slipring Indu:llon motor has a resistance and standstill
reactance of 30 and 400 per phase respectively. The emf ind the sliprings at standstill is 90V.
When the stator is connected to the normal supply voltage, caleulate (i) the rotor phase current and (if) PR
at starting when rings are:

{a) shoft-circuiied

() jointed to a star d rh Ic resist of 6.16Q per phase.

Ans. (i} 10.392A,0.6
(i} 5.199A,0.9164
15.16 A three-phase, 12-pole, 50-Hz, sliprings induction motor is running at full load with a slip of §%. The
rotor is star connected and has resistance and standstil] réactance of 0.4 and 68 per phasc respectively.
The EMF between sliprings at standstill is 173.2V.  Find for full load condition:
(i) Per-phase enf induced in rotar
(i) Per-phase impedance of rotor
(iii) Rotor per phase current
(iv) Power factor (Ans. (i) 5V, (i) 0.5, (iii) 10A, (iv) 0.8)
Assume the sliprings are short circnited.
15.17 A 54-hp metric, 451.3V, three phgso Induction motor has full [oad PF 0.75 and eficiency 80 percent.
Calculate the current in the stator coil of the motor if:
(i) Star connected
(ii) Mesh connected
(iii) Find also cost of energy at the rate of 40 paise per kWh when running on full load for 16 hours.
{Ams. (i) B6.6A, (ii) 50A, (iii) Rs. 317.74)
15.18 A 75-hp motor runs for 20 hours at 80 per cent of the load when connected to a 400, three phase,
50-Hz supply. The P.F. of the motor is 0.75 and the efficiency of the motor is 93.25 per cent, Calculate:
(i} Line current of the motor
(if) Cost of energy consumed at the rate of 35 paise/kWh (Ans. (i) 92.37A, (ii) Rs. 326.00)
15.19 The input to a three phase induction motor is 75 kW. The stator loosl.'a are 5062.5W. Find:
(i) Rotor copper loss per phase
(I} Total mechanlcal power developed In hp If the slip Is 425,
(Ans. (1) 932.5W, (ii) 90 hp)
1520 The powe: Input to a three-phase induction motor Is 42 kW, the slip belng 3 per cent. Stator losses
amount to 850W. Calculate the total power developed of the rotor in hp, (Ans. 53.5hp)
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1521 A four pole irrel cage induction motor is d 1o 40 Hz supply and at full load the frequency
of the induced curreat in rotor is 120 cycles in 2 mioutes. Find (i} the percentage slip and (ii) rotor speed.
(Ans, (i) 2.59%, (i) 1170 rpm)

15.22 A three-phase, four-pole 400V, 50 Hz induction motor develops 23 hp at 1440 rpm. The efficiency of
the motor is 92 per cent and its PFis 0.8, Stator losses amount to 1200W and the friction and windage
losses, 1,500W. Calculate:

(i) Percentage slip

(ii) Rotor copper loss {Ans. (i) 49, (i) 698W)
15.23 A three-phase, six-pole, 50 Hz induction motor develops 10 hp at 960 rpm. What is stator input if
the stator losses are 529.17W. (Ans.  B.3 kW)

15.24 The power input to a six pole, threc-phase, 50 Hz induction motor is 45 kW when the speed of the
motor is 960 rpm.  The stator losses are 1.5 kW and windage and friction losses 1476W. Find:
(i} - Percentage slip
(ii) Rotor copper loss
(iil) Bhp -
{iv) Efficiency of the motor (Ans. (i) 49, (i) 1740W, (iii) 54 hp. (iv) 89.529()
15.25 A four-pole, three phase, 50 Hz, sq, cage induction motor takes 20 kW when the speed of the motor
15 1440 rpm. . The stator losses are 1000W and the windage and friction losses arc 588W. Find :
(i) Percentage slip
{ii} Rotor copper loss

(iiiy Bhp metric

(iv) Efficiency of the moteor (Ans, (i) 4%, (ii) 760W, (iii) 24hp, (iv) 88,267%)
15.26 A three phase induction motor is taking 25 kW, the slip being 4 per centl. Stator losses are S00W.
Find the total power developed in the rotor. {Ans, 23.52 kW)

15.27 A three-phase, 8 pole, 50 Hz induction motor is taking 40 kW when running at 720 rpm.  Stator losses
amount to 800 W and windage and friction losses to 1824 W. Calculate:
{i} Rotor copper loss
(i) Bhp
(ili) Efficiency of the motor (Ams. (i) 1568 W, (i} 48 hp, (il)) 89.529)
1528 A three-phase, six-pole, 50 Hz induction motor istaking 32 kW when slip is 4%, The stator losses
are 2kW. If the mechanical torque lost due to windage and friction is 51.51 N m, find (i} Bhp, (ii) efliciency
of the motor. {Ans. (i) 31.68 hp, (il) 73.86%)
1529 A I12-pole, three-phase, 50 Hz induction motor develops 77 hp at 490 rpm. Stator losses
amounts to 2500 W and friction losses to 27 N m. Find () slip percentage, (ii) input to motor, (iii) rotor
copper loss, (iv) efficiency of the motor. (Ans. (i) 2%, (ii) 60 kW, (iii) 1.2 kW, (iv) 91.9%)
1530 A 12-polc, threc-phase, 2 50V, 50 Hz Induction motor develops 38.5 hp at 490 rpm, the PF belng
0.8. Stator losses are 3000 W and friction losses 13.5 N m. Find (i) percentage slip, (il} input to motor,
{iif) rotor copper loss, (Iv) efficiency of the motor, (v) line current to motor. .
(Ans, (i) 29, (ii) 33kW, (ili) 600 W, (iv) 87.04%, (v} 95.26 A}
15.31 An eight-pole, three-phase, 50 Hz induction motor gives its full load output of 25 hp when runs at
720 rpm.  Stator losses are 1.5 kW and mechanical torque lost is 16 Nm. Calculate:
(i) rotor copper loss, (ii) ioput to motor, (iii) cficlency of motor
(Ans. (1),826.96 W, (ii) 22174 W, {ili) B4.19)
15.32 A three-phase, 250 V induction motor has per phase resistance of 50 Q. Calculate (i) the power taken
from the supply main in (a) star and (b) delta coanections, (ii) il one phase of the three-phase winding is
disconnected from the other windings, what would be the power taken from the mains in each case.
iAns. (i) star—1250 W, Delta—3750 W, (ii) star—625 W, Delta—2500 W)
15.33 A three-phase 400 V induction motor has pzr phase resistance of 30Q. Find (i)} the power taken in
(a) star and (b) della conoections. (ii) If one of the effect on supply main is disconnected due to single
phasiug, what would be the effect on power drawa from the mains in each case.
(Ans, (i) Star—3200 W, Delta—9600 W, (ii) Star—1600 W, Delta—4500 W)
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15.34 A three-phase 250-V, 50-Hz star-connected induction motor has per phase resistance and reactance
of 11880 and 0.0% respectively. Calculate (i) the power taken from the supply mains. (1) If one of the three
phases is disconnected from star point, what would be the power taken and its effect on the motor.
A{Hint: From (ii), it is clear that the motor would take twice the current to meet the required full load of 1188 W
during its normal course. Hence, it would be burat).

(Ans, (1) 1188 W, (il) 554 W)

REVIEW QUESTIONS

15.1 () How is rotation produced in a three-phase induction motor? What do you understand by slip of
the motor?

(*3 How can the speed of a three-phase induction motor be changed? (NCVFT 1979, 1982 Elect)
152 (i) What is *slip” of an induction motor.
(i) A st d, three-phase induction motor draws 4 A when connected across a 400-V 50 Hz supply.

If the power factor is 0.8 and efficiency of the motor 90%, how much Bhp will the motor develop.
(Aas. 2.674 hp approx.)

(NCVT 1980 Elect.)

15.3 An eight-polc alternator runs at 750 rpm and supplies power toa 6 pole induction motor which has

a full load slip of 3 per cent. Fiod the full load speed of the induction motor, (Ans, 970 rpm.)
NCVT 1969 Elect,)

15.4 Describe the principle of an induction motor. What are the various methods of ann; it? Explain
with diagram the star-delta starter method of starting. (NC’VTIM Elect)
15.5 Describe briefly the difference in principle and construction a squi duction motor
and a slipring induction motor. {N(.'Vr 1970 Elect.)
156 An ac three-phase, 440-V, 30 hp, induction motor is ruaning at 0.8 power factor and at 86 per cent of

full load. Calculate the line curgent. (Ans. 31.56 A)
(NCVT 1963 Elfect.)

15.7 Describe bricfly the working principle of slipring type induction motor. How its speed control is
effected. (NCHT 1962 Elect.)
15.8 Explain the working of a slipring type induction motor and the accessories that are required for
operation of the same. A wiring diagram giving connections of the motor including starting equipment elc, lo
the main supply should be drawn. {NCVFT 1965 Elect.)
159 (i) Explain the need of a starter for starting a three-phase squirrel cage induction motor,
(i) Describe three different types of starters used for such motors and briefly compare their merits and
demerits.
{iii) What are the safety devices used in the stator. Which type of starter will you prefer fora 10-bp
squirrel cage induction motor and why. (NCVT 1978 Llect. 1983 Wiman)
15.10 Describe with a neat sketch the working of a star-delta starter. Explain the protective devices in it.
(NCVT 1980 Wiman, 1984 Elect.)
15.11 Describe two dilferent types of starter for a three phase squoirrel cage motor and compare their

relative advanlages and disadvantages, (NCVT 1971 Elect.y
15.12 Mention the different types of starling i ired for induction motors. Show with the
help of a sketch internal of a rotor resl slarIer for slipring Induction moter. What is an
overload safety device and explain how it functions In a starter, (NCVT 1970 W [man)

15.13 Describe the effects of inserting resistance in the rotor circuit of a slipring induction motor,

15.14 Describe two dlﬂemut types of starters for a three phase squirrel cage motor and compare their
relative and d (NCVT 1571 Eiect.)
15.15 What type of ac and de motors will you prefer for the following:

(i) Reilway traction

(ily Lilting cranes
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(iii) Drivi kshop hinery
(iv) Constant speed grinding machines
(v) Large-size centrifugal pumps
(vi) House-hold fans
15.16 Define the following:
(i) Slip
(ii) Fractiopal slip
(lii) Synchronous speed
(iv) Rotating maguoetic field
1517 Draw the zonnection diagram of 400 V, three-phase, 50 Hz supply, 30-hp induction motor with
resistance starter. Provide an ammeter to Indicate the load current. What is the full load current if PF

is 0.8 at full load. (Ans. 4037 A)

(NCVT, 1967 Elect.)

15.18 A four-pole 50 Hz induction motor is at 1445 rpm. Find the fractional slip.  (Ams. 0.0367)

(NCV'T. 1981 Elect.)

15.19 A six-pole induction motor is d to 285 ¢/s supply at full load, rotor emf makes 105
Jete cycles in 2 mi Fiod the p slip and rotor speed of motor.

(Ans, 3.5%, 482.5% rpm)
(State level compt. 1982 Elect.)

1520 (a) Why it is necessary to use starter for starting ac motor
(b) Drawa neat sketch of a direct on line three phase ac starter showing ial p In
the starter. (NCV'T 1983 Elect.)
15.21 (a) What are the types of three phase Induction motor. What are the specialities of cach type and

for which uses is each of them suitable.

(t) Why are y for ing induction motors. (NCVT 1984 Elect.)
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Synchronous Motors

A synchronous motor is a machine which
converts electrical energy into mechanical
energy while rotating at a constant speed
equal to synchronous speed.

:When a dc gencrator is supplied with
electrical energy, it runs as a dc motor.
Similarly an alternator can-also run as an
a¢ motor, if ac supply is given to the armature
winding and dc supply to the field winding.
Suol.l; type of motor is known as synchronous
motor.

16.1 WORKING PRINCIPLE AND APPLICA-
TIONS

In Fig. 16.1, a part of the stationary field
type synchronous machine is shown in “which
North and South are two field poles and
1,2,3 are the poles of the armature. The
polarity of the armature poles will change
according to the frequency of the supply to
which they are connected. :
Suppose at the moment of starting pole 1
be the South pole, 2 the North pole and
3 the South Eole. At this moment a torque
will act on the rotor which will tend to rotate
the rotor in clockwise direction as shown in
Fig. 16.1(a). During the next moment,
the polarity of the rotor poles 1,23 will
change and will become North, South,
North respectively as shown in Fig. 16.1 (b)

and in this position an anticlockwise torque
will act on the rotor. But the time for the
change of polarity is very short, so the rotor
will remain standstill against the alternating
torque developed as explained.

It is clear from the above that the motor
is not gelf-starting type when dc supply is
given to its field winding and ac supply to the
armature winding. So to emable the motor
self starting, its rotor is rotated at sucha

ed that in the time when the rotor poles
change their polarity, the rotor must maves
through onc pole pitch and thus a torque
will again act on the rotor in the clockwise
dircction as shown in Fig. 16.1 (c).

From the above, we conclude that the
synchronous motors are not self starting type
and for continuous motion they have to he
rotated at the time of starting at the svnchro-
nous speed, which is given by the formula:

J % 120
NMo. of Poles

It is also clear from ihe above that a
synchronous motor can only operate at fixed
speed which is known as synchronous speed.

or example if a synchronous motor is of
4-pole, 50-Hz supply, it will only operate at
1500 rpm. The motor can neither operate at

N=

STATOR STATOR
oF ay =ee
f*ﬁ‘?\ 4
(o] I~ 0
ROTOR ROTOR
(a) {b)
Fig. 16,1 Working principle of synchronous motor
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speed 1501 nor at speed 1499, It is a great
disadvantage of this motor. ’
Advantages
1. It is a constant-speed motor and its
speed remains constant from no load
to full load.
2. By varying the field excitation, the power
factor can be adjusted as desired.
Disadvantages
1. These motors cannot be used for vari-
able mechanical load.
2. As this motor is not self starting type,
50 can not be started on load.
3. To operate the motor its field system
specially requires dc supply only.
4. This motor cannot be utilized for vari-
able speed work.
5. Hunting is also produced in this motor.

Indastrial Application of Synchronows Motor

1. These motors are used in power houses,
in sub-stations for the improvement o

nous motor. This small pony induction
motor is first started from ac supply mains
and then dc supply from the exciter of the
motor is given to the field poles of the syn-
chronous motor, At this time the ac supply
to the armature (j.c. stator) of the synchro-
nous motor is switched off. The synchronous
machine now operates as a synchronous gene-
rator and an alternating emf is generated in its
armature winding. After this, the synchro

nous machines, now operating as a synchro-

nous aliernator and is synchronized with the
supply. After synchronizing, t.c supply to
the pony motor is cut off and now. the
machine continues to work as a synchronous
motor.

Starting as an Induction Motor In this
method, the motor starts as an ordinary
squirrel cage induction motor and later on
operates as a synchronous motor. In this
method damping winding is provided on the
face of the salient poles of the rotor as shown
in Fig. 16,2 which acts as a squirrel cage
winding on the rotor, The damping winding

ists of thick bars placed in the

power factor. For this purpose, it is cc ted
in parallel to supply line and is run without
load under over-cxcitation of field.

2. These motors are also employed in big
industries where many induction motors are
installed to improve the power factor of the
supply. ’

3. These motors can also be used at cons-
tant mechanical load only because a slight
variation of load causes to stop the motor
action.

162 STARKING OF SYNCHRONOUS MOTOR

It is clear from the abovg, explanation that the
synchronous motors are nat self starting and
have to be rotated at the time of starting to
their synchronous speed. A synchronous
motor can be started by any one of the
following methods:
(i) By pony motor
(ii) As an induction motor.

Starting by Pony Motor In this method
another small ac induction motor (or an oil
engine) of pair of poles one lessthan the pair
of poles of synchronous motor is mechani-
cally coupled with the shaft of thesaynchro-

slots made on the pole faces of the rotor and
short circuited by heavy copper rings at
both the sides of the rotor.

ACSUPPLY

DAMPING
WINDING

STATOR

Fig. 16.2 Synchronous motor starts ns a
squirrel-cage induction motor

To start the synchronous motor, the dc
supply to the ficld - inding is kept discon-
nected and the ac supply is given to the



TasLe 16.1

e}

Synchronous Motors

ComearisoN oF Syncnronous INDucTioN MoTOR AND INDUCTION MoToR

5. No. Synchronous mator

Induction Motor

L. It runs at constant synchronous speed and
does not decrease within the constant load of its
capacity,

2. It is not a self-starting motor.

3. Speed control is not possible.

4. It can operate at all power lactors, such as lag-
ging or leading &f=.

5. A dcexcitation is required for the field excita-
tion of the synchronous motor,

6. Synchronous motor has high efficiency.

7. Synchron®us motors are more costly and com-
plicated in constructjon.

8. In addition to mechanical power, this motor
improves the power factor also.

1. Thespeed of an induction motor falls’
what with the increase of load. Its .pm
always less
slip.

2, It is a self-starting motor.

3. Speed can be controlled to somewhat Limits.

4. Induction motor always runs with lagging
power factor only.

5. No need ,of de excitation as it is a sell starting
motor, .

6. Induction motor has low efficiency.

7. Induction motors are cheaper in cost come
paratively and less difficult to construct.

8. This motor gives only mechanical power.

than synchronous spced due to

armature winding. The motor then starts as
a squirrel cage induction motor with damping
winding acting as a squirrel cage rotor on the
field poles. When the motor revolves at its
maximum speed, the dc supplﬁ is switched
on, for the field excitation. Now the rotor
and stator poles get interlocked with each
other because the flux of the rotating magne-
tic field is seeking the minimum reluctance
through the core of the salient poles and the
motor now acts as a synchronous motor.

The three-phase synchronous motor with
direct current (d.c) excitation is extensively used
in large sizes due to its high efficiency, cons-
tant speed and controlable power factor.
Its initial cost is high as compared to induc-
tion motor.

ExamprLe 16.1 Calculate the speed of a three phase,
30 Hz synchronons motor having 8 poles.
Solution: We know

Synchronous speed, Nt = !me-

- 50 » 120
]
w750 rpm Ans,

163 HUNTING OR PHASE SWINGING
Momentry speed fluctuation of motor due to

An increase of-load on synchronous motor
causes the rotor poles to fall behind the stator
poles by a certain angle «. Necessary driving
torque may be produced to meet the increase
of load. When the loali is small, the angle
a (alpha) is also small (as shown in Fig. 16.3)
?.nddlh: angle increases with the increase of

oad.

Let us assume that a motor is operating on
full load and the load is suddenly removed
from the motor. Now according to new load,
the angle between rotor and stator poles will
change and the rotor will try to attain its new
balanced position. In doing so, it will gain

| ! 1 I
] ,.
IR

o 15 SMALL WHEN & 1S LARGE WHEN
LOAD 15 LIGHT LOAD 1S HEAVY

Fig. 16.3 Hunting or phase swinging

some momentum and the rotor will move

the change of load is called hunting or phase beyond this position. Thus the rotor will -

swinging.

fluctuate about the final stable position and
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‘ V (APPLIED VOLTAGE)

o
CURRENT LAGGING THE
APPLIED VOLTAGE

{a} P.F LAGGING

this oscilation of the rotor is known as hunt-
ing or phase swinging.

Huanting is reduced by using damper
winding which is provided on the rotoras
explained before. en hunting occurs, a
difference in speed of rotor and stator magne-
tic field is developed which induces emfin
the damping winding bars. According to
Lenz's law, this emf acts in such a way as
to reduce the difference in the rotor and
stator magnetic field speed and thus tends to
keep the rotor slﬁ:eed equal to the speed of the
stator magnetic ficld.

16.4 SYNCHRONOUS CONDENSER

Consider the case of a synchronous motor on
which the load is constant and let the field
current be changed. As the synchronous
molor is a constant speed motor, change in
the field excitation will cause variation in the
induced emf which varies directly.

Figure 16.4 shows the vector diagram of a
synchronous motor operating at constant
load output {denoted by ON) with constant
supply voltage and constant frequency.
Diagrams at (a), (b) and {c) are for different
values of excitation. When a voltage of'}”
volts is applied to stator winding of the motor
an emf will be induced in the motor which is
represented by Es and is also shown in the
figure. Er, is the resuliant voltage of ¥ and

CURRENT 1N PHASE
WITH VOLTAGE

. (D) PFUNITY
Fig. 16.4 Efect of change of excitation

CURRENT LEADING THE
APPLIED VILTAGE

(¢} PF LEADING

Eb, which causes a current of / amperes to
flow in the armature circuit. This curreat
lags behind the “1'.1 n’ “V“byan
angle ¢ and makes an angle § with the resul-
tant voltage Er. The angle between this
current f and resuliant voltage Er is the power
factor of the motor and is always constant
and is approximately equal to 90 degrees (as
the rotor winding is highly inductive). Angle
o is the angle between the stator pole and
rotor pole known as the angle of retardation
of the rotor which changes with the load and
varies directly. At low cxcitation, the motor
takes lagging current as shown in Fig. 16.4(a)
If the field excitation is increased, the value
of Ey increases but the angle a (alpha) does
not change due to constant load. This changes
the value and position of the resultant voltage
E.2(See Fig. 16,4 (b)). Thus the magnitude of
the current consequently varies but its angle
with the resultant voltage does not change.
It means, with the increase of field excitation,
the current [ ampere will go on decreasing
and for a certain excitation the current will
be minimum and become in phase with the
applied voltage ¥ as shown in Fig. 16.4 (b).
It is clear thatin this case power factor is
unity.

If now the excitation is further increased,
the current taken by the motor again increases
but now it is leading instead of lagging (shown
in Fig. 16.4 (c). An uver-excited synchronous
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motor takes a leading current just like a CURRENT
condenser and therefore is called a synchro- LAGGMG
nous condenser or phase advancer. This
advantage of the motor is used to improve
the power factor of the circuit having low
power factor. If the values of the feld ex-
citation and corresponding armature current
are plotted on the graph, we shall have curves
(of Vee shapes) fch are known as "'Vee”
curves ol'the mor.or A typical set of such
curves is shown in Fig. 16.5.

ARMATURE CURACHT IN Amgs

o FIEAD CURPENT W g
Fig. 16.5 Yee corves of synchronons motor

REVIEW QUESTIONS

16.1 Describe the principle of working, uses and function of a synchronous motor. {NCV'T 1976 Elect.)
Iﬂz Describe uw worklm of a srnchmnous motor and any two methods of starting it, What are its
and d as pared to the induction motor,

16.3 What do you understand by synchronous speed of an ac motor? At what speeds do (i) an Induction
‘motor, (i) a syachronous motor, run?

State briefly the reasons for your answer. (State Level Compt., Delhi 1970 Elect.)
16.4 Describe the construction and working of an auto-synchronous motor. What are its relative advaniages
and disadvantages with respect to an induction motor, (State Level Compt., UT 1959 Elect.)
16.5 Describe the construction and operation of a h motor. Ei some of the industrial

applications of a synchronous moter stating the reasons for its use. (NCVT 1960 Elect.)
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Single-Phase Motors

17.1 SINGLE-PHASE INDUCTION MOTOR

A single-phase induction motor is similar
in construction to that of a polyphase
induction motor with the difference that its
stator has only one winding. Ifsuch a stator
is supplied with single phase alternating
current, the field produced by it changes in
magnitude and direction sinusoidally. Such an
alternating field is equivalent to two fields of
equal magnitude rotating in opposite direc-
tions at equal speed as elplnineg below:
Consider two fields represented by quanti-
ties 04 and O8 of equal magnitude revolving
in opposite direction as shown in Fig. 17.1.
The magnitude of the resultant of OA and
OB js alternating. Hence the resultant of the
two fields of equal magnitude rotating in
opposite directions is alternating. Therefore

will act and the rotor will simply vibrate
and there will be no rotation. But if the rotor
is given a small jerk in any direction in this
condition, it will go on revolving and will
develop torgue in that particular direction.
The rotor can also operate equally well in the
opposite direction under the component work-
ing in their direction.

It is clear from the above that a single
phase induction motor when having only
one winding is not a self starting. To make
it a self starting, several methods are em-
ployed as given below:

(i) By shading the poles (known as shaded-

pole motor)

(4) By spliting the phase (called as split-

phase motor)

Single phase induction motors are generally

f: 1 in fractional hp ratings for

an alternating current can be ed as
having two components which are of equal in
magnitude and rotating in opposite direc-
tions.

fa i

. 17,1 le-| fleld ated by two
B T esinly rotaiiag hetd "

From the above it is clear that when a
single phase alternating current is supplied
to the stator of a single phase motor, the
field produced will be of alternating in mature
which can be divided into two components of
equal magnitude one revolving in clockwise
and other in counter-clockwise direction.
If a stationary squirrel cage rotor is kept in
such a field, cqual forces in.opposite direction

economical reasons.

17.2 SHADED-POLE INDUCTION MOTORS

It is a single-phase motor having one winding
and starting torque is produced by means of
spliting the phase by using shaded rings placed
on the poles. A shaded pole motor has a squirrel
cage rotor and salient poles on which main
pole winding is done as shown in Fig. 17.2.

In addition to the main pole winding on
the salient poles, a short circuited low resis-
tance co}:per ring is also put to enclose about
1/3rd of the pole shoe. This short circuit
thick copper ring is known as shading ring
and acts as another winding.

When the main winding is supplied from
single phase ac supply, it produces a field
flux which induces emf in the shaded ring.
This emfl causes current to flow in the short
circuited ring which produces flux. Accord-
ing to Lenz's law, this flux opposes the main
flux produced by the main winding. Due to
this opposition of flux, the maximum value



Shaded part

Shading -
ring Unshaded part

. Coilof
Mainwinding
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Fig. 17.2 Shaded-pole motor

of flux in the shaded part of the pole lags
behind the flux in the unshaded part of the

le. In other words it can be said that the

ux shifts from unshaded portion to shaded
portion of a pole. This shifting of flux
produces the same cffect as the rotating
magnetic field in a three phase motor. If
now a stationary rotor is placed in such a
field it will rotate in the dircction of unshaded
to the shaded part of the pole. The direction
of rotation of this motor cannot be changed.
The shaded pole motors have low starting
torque and hence are used as small table
fans, ceiling fans motors etc.

173 SPLIT-PHASE INDUCTION MOTORS

The rotor of this type of motors is of squirrel
cage type and stator has two windings which
are placed at a space with a phase difference

1§ SUFFLY

Fig. 17.3  Split phase resistance start induction motor

of 90 degrees electrical. One winding is called
r g ding while second winding is
known as starting winding. Sometimes one
winding is cut out from the circuit when the
motor has gained about .75% of its normal
speed. This winding is known as starting
winding and is designed for short rating, The
second winding which always remain in_the
circuit is called running winding and is
designed for continuous rating. A phase
difference in the currents in the two windings
is produced by ecither having different RfX
ratio of the running and starting windlngs or
by using a condenser in series with the start-
ing winding.  Classification of these motors
are :

(i) Split phase Induction Motor

(i) Capacitor Motor

(l!r) Capacitor start induction motor

(iv) Capacitor start capacitor run motor.

Im

——
-

fb)
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(i) Types of Split Phase Induction Motor (Usin
Different Ratios of R/X) The winding whic!
is to produce more effect of inductive reac-

to the rotor. If such a motor attains its normal
speed, the torque develo in the motor
15

tance is placed deep in the slots and has less
number of turns per coil (known as R i

ed by one winding known as
f:ﬂnius winding or main winding only and
the inding (i

Winding) as corr, ared with the other wind-
ing. e current in this winding lags behind
thé voltage by nearly 90 degrees electrical.
The other windings (known as starting
winding) is placed at 90° electrical to the
running winding near tips of the slots and
has high resistance and low inductance
and therefore the current in this winding
is approximately in phase with the voltage.
These two currents are approximately 90
degree out of phase with each other as shown
in Fig. 17.3.

These two currents produce an effect of
rotating magnetic field as in the case of two
phase system. Hence if a rotor is kept under
the influence of such a magnetic field, it
starts rotating. If both these windings remain
in the circuit during normal operation, then
such a motor is known as a ‘“‘split-phase in-
ducfion motor™.

In some cases, the winding which has high
resistance is connected through an automatic
switch (known as centrifugal switch) attached

1 suPPLY I

STARTING WINDING

RUNNING CHOKE
WINDING coiL
(a)

g (i.c. starting winding) can
be disconnected. As the starting winding is
in nperation for a few seconds during the
starting period, it is disconnected by a centri-
fugal switch automatically and such a motor
is known as “Resistance Start Induction
Motor™,

The direction of rotation of all the induction
motor can be changed by either changing
current through the running winding or
starting winding as shown in Fig. 17.4.

Such motors have a vertv low power factor
(0.3 to 0.4) and so have a low starting torque.
Hence they have been replaced by capacitor
or capacitor start motors. Such motors are
used for small pumps, grinders, fans, buffing
machines ete.

(ii) Capacitor Motor This motor also has two
phase windings as in the case of split phase
motor. In this case no centrifugal switch is
provided for the starting winding as this

inding is designed for i rating.
The phase difference between the currents in
the two windings is created by connecting a

]’ﬁ SUPPLY l

RUNNING 3 CHOKE
WINDING con
(b)

Fig. 17.4(a) DOR origional of split phase inductor motor. (b) DOR changed by changing current in starting

current in renning winding
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STARTING WINDING

Rz

1
AUNNING
WINDING

()

CHOKE
colL

Fig. 17.4(c) DOR changed by changing carrent in
running winding

of low capacity 2 to 2.5 pF in
series with the starting windings, This wind-
ing is housed near the tip of the slots and has
less inductance than other winding which is
placed deep in the slots. A condenser is per-
manently connected in the circuit as shown in
Fig. 17.5.

ROTOR STARTING
CAPACITOR

RUNNING

WINDING STARTING

| WINDING

Fig. 17.5 Capacitor motor

Such types of motors are used where lew
starting torque is required as small table and
ceiling fans small blower motor of aircondi-
tioners,
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(iii) Capacitor Start Induction Motor This.
motor is tly similar in jon to the
capacitor motor. In this motor a centrifugal
switch is provided in series with.the capacitor
{of capacitance 60 to 120 pF) and starting wind-
ing as shown in Fig. 17.6.

Fig. 17.6 Capacitor start induction motor

This centrifugal switch automatically dis-
connects the starting winding when the motor
“attains 75 per cent of its normal speed. This
type of motor is known as “‘Capacitor Start
Induction motor™. The starting winding of
the capacitor-start induction rotor is desig-
ned for short time rating.

This type of motor has good starling torque
even from low starting current and therefore
is suitable for driving com rs, pumps,
ctc. The method of change of direction of
rotation of this motor is similar to that of
split phase induction motors,

(iv) Capacitor Start Capacitor Run Motor It
is the only single phase motor which has high
starting torque and high power factor from no
load to full load. In this motor there are two
condensers connected in parallel to each other
but in series with starting winding as shown
in Fig. 17.7 and hence is more costly than
any other type of single phase motors.

At the time of starting, the starting con-
denser remains in the circuit which is three
times higher in valuc than a ruoning con-
denser. After the motor has ‘achieved its
normal speed, the starting condenser is cut
out from the circuit by a centrifugal switch
and thus only running condenser is left in the
circuit which is comparatively of low value,
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BTARTING CAPACITOR
OF HIGH vALUE

tnducti

This type of motor has high starting torque
from low starting current and is us:drqfor
operating compressors of airconditioner, big
water cooler etc,

174 UNIVERSAL MOTOR OR
- 2 AC SERIES

The motor which operates on both ac and dc
supply is called universal motor. If through
a dc series motor alternating current is
“passed, it will develop a torque which is
always unidirectional because the current in
both the armature and field windings changes
simultaneously. i

Consider the case of a two pole motor
and let the alternating current be iﬁo its posi-
tive half, then the polarity of the field poles

SERIES FIELD

sUPPLY A C/DC

{a)

(<)

and the current flowing through the armature
condyctors be as indicated in Fig. 17.8(b)
By applying Fleming's Left Hand Rule it will
be scen that the torque devecloped in the
armature will try to rotate in anticlockwise
direction. During the next instant, the alter-
nating current goes through the negative half
cycle. Now the current through the field
winding and armature will also change as
shown in Fig.17.8(c).It will be again seen that
the armature will tend to rotate in the anti-
clockwise direction. Hence the armature
will always rotate in one direction whatever
the polarity of the supply may be.

From the above, it is clear that a dc serigs
motor can operate on ac single phase supply con-
tinucusly if some modifications are done in it.
For this reason its armature and field cores
are made of laminations of silicon steel to
reduce the eddy current and hysteresis losses.
The air gap between the armature and field
poles is also kept as small as possible.

This motor suffers from a disadvantage that
it has very poor commutation. Owing to
poor commutation, the motor is generally
manufactured in small capacity ratings.
However, for large capacity motors, the
sparking at the commutator is reduced by
providing compensating winding in it. The
compensating winding is connecled in series

DOR

P

® %0
(8

) oL
®

Fig. 17,8 Universal motor or ac serics motor



with the armature. This compensating wind-
ing produces a fiux which necutralizes the
armature fux.

Universal motors are used in porlable
drilling i mixies, 1 8
sewing machines ete. Direction of rotatio
of this motor can be changed by changing
the direction of either the armature current or
the field current.

11.5 REPULSION MOTOR

Repulsion motors are single phase commuta-
tor motors having a rotor and stator winding
and are of the following three types.

(i) Plain repulsion motor

(ii) Repulusionstart induction motor
(#ii) Repulsion induction motor

() Plain Repulsion Motor The stator winding
of the repulsion motor is similar to a split

hase induction motor having only one distri-
guted concentric winding. The rotor (i.c.
armalure) is exactly similar to a de armature
having lap winding for the same number of
poles as that of the stator. Ac single phase
supply is given to the stator winding and no
current is supplied to the armaturc but an
emf is induced in it due to induction. The
brushes at the commutator arc short circuited
together (as shown in Fig. 17.9) and the emf
induced due to induction causes the current
to flow through the armature.

Induced ¥
armflys N™"
—
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LK
SUPPLY

Fig. 17.9 Connectlon of rmrhpnla; repulsion
motor

The number of the brushes on the commu-
tator is- equal to the number of poles of the
machinc. For example if 8 machine is de-
signed for 2 poles, it will have 2 brushes
which are short circoited on the rocker. The
brushes in the repulsion motor are neither
placed at right angle to the field nor mid way
between the field poles but are kept at a
particular angle to get the torque.

Now consider the working of a two pole
repulsjon motor with brushes placed at right
angle to the main field pole (i.e. stator) as shown
in Fig. 17.10,

-
== = o = mgin lux

S

Fig. 17.10  Two Pole repulsion motor with brushes at GNA
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The armature winding is shown ring type
but in actual practice it is always drum type.
The field poles are shown salient pole type
but practically they are distributed type.

When a single phase alternating current is
fed to the'stator winding, an alternating field
will be produced. Let at this particular
moment, the alternating current is passing
through its <ve half and is increasing in
magnitude. -1t will set up a stator flux of
increasing nature which acts from North to
South as shown in Fig. 17.10 with arrow
headlines. This increasing flox will induce
an emf in the armature winding which, if
current can flow in the winding as marked in
the Fig. 17.10, will set up a flux (shown in

So in this case the arrow heads on the
armature conductors indicate emfs only.

If now the brushes are placed midway
between the field poles as shown in Fig. 17.11
which is made for the same moment of time as
in the previous case, a clockwise current will flow
through the brushes in the upper half of the
armature winding and anticlockwise in the
lower half of the winding. These currents
will produce ecqual and opposite torque
around the armature. For easy understand-
ing of the torque developed, armature current
and stator main fux is again shown in
Fig. 17.11. According to Fleming’s Left
Hand Rule, it will be seen that there are as
many clockwisc torques as anticlockwise

the field poles

Fig. 17.11 Two Pol

dotted arrow heads lines) in opposite direc-
tion to the stator flux according to Lenz's
Law. By applying Right Hand Grip Rule
mark the arrow ends of the flow of current
in the armature conductors. In this case
arrows ends on the armature conductors
indicate emf only. It will be seen that this
statically induced emf will act as shown with
arrow heads on the conductors of armature
winding. In this condition, the statically in-
duced emf in the upper and lower half of the
armature conductors are equal and hence no
current will flow through the armature wind-
ing and hence no torque will be developed.

motor with brush

midway

torques as shown by arrow heads on the
armature conductors and hence there will be
no torque and motor will not operate.

Now suppose the brushes are placed ata

articular angle a (alpha) to the field axis
ar = 20° elect.) as shown in Fig. 17.12,

At this position of the brushes the current
through the winding is again shown with
arrow heads outside the winding and the
torque developed due to this current by the
arrow heads in the outer most area of the
winding. The torque A and C is in clockwise
direction while B and D in anticlockwise
direction. But torque A and C is much
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Fig. 17.12 Shows how clockwise torque is developed

greater than torque B and D, so the resultant
torque is in clockwise direction and therefore
the motor will operate in the clockwise direc-
tion. If the brushes are shifted to the opposite
direction, the direction of rotation of the
motor will change from clockwise to anti-
clockwise direction because the maximum
torque developed on the armature conductors
is now anticlockwise shown in Fig. 17.13.
It should also be bered that by varying
the angle of brushes, the speed of the motor
can be varied and torque will be maximum
when a is 45°,

It is also clear from the Fig. 17.12 that the
portion of the winding under North and
South poles attains the same polarity as that
the main poles and hence repulsion takes
place and the motor starts to rotate due to
repulsion. Therefore this motor is known
as Repulsion Motor.

Since the rotor of this motor possesses high
resistance due to dc armature winding, its
starting current is low. However it has high
starting torque and therefore can be started
on load. In other words we can say that
this motor has similar speed torque chara-
cteristics as that of dc series motor and is
therefore used in lifis, cranes, ete.

(i) Repulsion Start Toduction Motor The
construction of this motor is similar to an
ordinary repulsion motor but an arrangement
is provided in its rotor so that the commuta-

tor segments are short circuited after the
motor speeds up. For this purpose a spring
type centrifugal device is fitted inside the
commutator scgments which remains separate
from the commutator segments when the
rotor is stationary.

When ac single phase supply is fed to the
stator winding, the motor slarts as a plain
repulsion motor giving high starting torque.
When the speed reaches a pre-determined
value, the spring of the centrifugal device
expands and short circuits all the commutator
segments and the motor operates as an ordi-
nary induction motor. The motor is named
as repulsion start induction motor as it starts
as a repulsion motor and runs as an induction
motor.

This motor developes large starting torque
as repulsion motor but has running chara-
cteristics of the induction motor which is
somewhat like dc shunt motor. Thercfore,
this motor is used at such places where it is
required to have high starting torque and
constant speed asin lathes, sawrmills, water
pumps, efc.

(iii} Repulsion Induction Motor The stator
of the repulsion indyction motor has only
one winding but the rotor has two distinct

indings such as tor winding similar
to dc armature and a low resistance and high
reactance squirtel cage winding. The two
windings are noused in separafe slots asin
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Fig. 17.13 Represents how ot

the case of double squirrel cage induction
motor. The armature winding is done in
upper slots and its connections are brought
to commutator segments. The squirrel
cage winding is made of copper bars and is
placed deep_in slots which are short circuited
Ipper rings. .

At thé time of starting the squirrel cage

:jnding will be practimll‘y uneffective due o
the

fi 'y o d current and
Lot

torque is

uency of the
i thus reducing
the reactance of the squirrel cage and now
the squirrel cage winding becomes effective in
producing torque. Now there js 0o need of
short circuiting the commutator segments,

is motor is also a constant speed motor,
having high starting torque. The motor has
shunt speed characteristic similar to that of
an induction motor, They are suitable for

motor starts ag a re

Te, the
uision motor giving high
starting torque gt

OW starting current. Ags

tools, lifts, pumps, blowers, mixing
machines etc,

REVIEW QUESTIONS

1.1 Describe how a single-phase induction
17.2 Describe the principle of working of an ac single.

motor can be made self-starting.

(NCVT, 1978, 1952 Eleer.)

b .

itwitha slipring motor,
173 Whatare the methods of
one of them,

IT4 A single-phase squirrelcage induction motor is not sclf starting,

it start rotating 7
17.5 Mention different type of ac single-phase motors,
How is power factor improved in ac fan,

17.6 Describe briefly
of starting of each type.
17.7 Briefly deseribe the princi

at least three types of ac single-phase motors and explain with

cage ind motor. Briefly compare

(NCVT, 1974 Elect.)

starting single phase induction motors. Explain with diagram in detail any

(NCVT, 1964 Elect.)

What are the two methods to make
(NCV'T, 1980 Wman)

Explain the principle of working of ac fan motor,
(NCFT, 1970 Wiman,)
diagrams the method
(NCVT, 1979 Elect.)

lelon ind

iple of king ofa
this motor is used and why,

17.8 (i) Draw circujt
capacitor.

(i) How are ceiling fans specified and what is (he

diagrams and explain the working of an ac ceiling fan

motor, For what special purpose
(NCVT, 1962 Efect,)
molors with and without a

17.9 (a) Whyisa synchronous motor not sclf starting.

Is ofa size fan.
(NCVT, 1967 Elect.)

Name any two ways in which it is started,

(b) Why is the power factor of a lightly joaded induction motor very jow.

{c) Why is the starting winding of a

split phase motor disconnected after the motor has been started,

(All India Skill Compy, 1985)
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Armature Winding

18.1 INTRODUCTION
Armature winding is the main part of an

electrical machine in which emfis generated.

In case of ac machines this part is wound on
the semi enclosed or open type of slots
made on the stator whereas armature winding

All the above winding wites are available
in reels of Kilograms by weight.
Insulating Materials The innﬂaﬁng materials
used In electrical machines should be registant
to moisture to avoid short circuit or earth
fault in th:m The 1type of insulation

15 rotating in the case of d¢ hil Hence

upon the voltage of the

i

armature winding is a coll of coils arranged
systematically.

18.2 ARMATURE WINDING MATERIALS
The materials required for rewinding an

For high voltase machines, the
slots are lined with a layer of impregnated
mica or micanite. The following materials are
used as an insolation in electrical machines.

Empfm c!ar.& It 1s a black or yellow slot
lining i tion. Its size is measured accord-

ature may be gr into two class
mely. (i) Col:zducunw Mpa‘:deml and (ii) Insulat-
ing Material.

Conducting Material In small machines
round copper conductors are used in armature
but in machines of large output, rectangular
conductors are utlhr.ed which are nlso known
as strip d The are
named according to the type of insulation
used on them to insulate. The following
conductors are used in the armature of
electrical machines.
1. (i) Enamelled wire
(i) Super-enamelled wire: sizes avail-
able from 6 SWG to 44 SWG
2. () Single-cotton  covered Copper-
enamelled wire
(if) Double-cotton covered Copper-
enamelled wire: sizes available from
12 5WG to 43 SWG
3. (D Single-silk covered Copper-enamell-
ed wire
(ii} Double-silk covered Copper-cname-
lled wire: sizes available from 14
SWG to 48 SWG
4, Strip conductors; These conductors
are flat in shape and are used with
machines of high current carryiug
capacity. These strips are covere
with good quality insulating tape.

ing to thickness in mil( one mil = IT:F)

and is available from 7 to 10 mil. It is non-
hygroscopic and has good dielectric strength.
Millinex 1t is a very good slot insulation,
milky white in colour and is available in rolls
of metres of thickness 5 to 10 mil. It is also
a resistant to moisture and heat both to great
extent.

Leatheriod Paper 1t is also used as slot
lining insulation and has good mechnmml
and dielectric strength, 1t is light grey i
colour available from 5 to' 10 mil in rolls of
kg or metres.

Film Leatheriod Leatheriod paper covered
with insulating film is known as film leathe-
riod. Itis a good slot insulation material and
is available in rolls of metres from 5to 15
mil. It is costfier than leagheriod paper.

Micanite Tt is piepared by combining mica
with shellac and sometimes with paper
or cloth and is then called as micanite,

ite paper or micanite cloth respectively.
It provides very good slot insulation and has
good dielectric strength. It is non-hygro-
scopic and is fire proof. It is uwsed in the
slot after heating it shghtly. It js available
in sheets of thwﬁn 2to 6 mm.
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Fibre 1t is also used as slot insulation which
is either used to close the slots after complet-
ing the winding or to make the terminal plate.
1t is brown in colour and is available from
1.5 to 10 mm.

Cotton Tape or SHk Tape Tt is used for
tapping the coils or winding and are available
inrolls of 50 or 100 metres of width 12, 20
and 25 mm. Silk tape can withstand higher
temperatures as compared to cotton tape.

Empire Ta It is made from empire cloth
and is used to insulate the wires and cables
etc. It resists the moisture and is available

in rolls of 50 and 100 metres of widthi2, 20
and 25 mm.

Glass Tape 1t is prepared from the glass
cotton and is specially used at high tempera-
tures to insulate coils and winding. Itis also
available in the same sizes as mentioned
above.

Sleeves 1t is used to insulats the winding
joints and the main leads of motor. It is
made of cotton, empire cloth, P.V.C. and
glass cotton and are known as cotton sleeve,
empire sleeve, PYC sleeve and glass cotton
sleeve respectively. Cotton sleeves are used
in de armature winding and its field windings.
It is available from 1 to 4 mm in different
colours in length of 50 and 100 m rolls.

Empire slecves are generally used in ac
armature windiog and are available in length
of one metre each the diamcter of which
varies from | mm to 6 mm. The PYC sleeves
are usually used to protect the main leads
only as it soften and melts due to heat pro-
duced inside the winding. Therefore its use
inside the ac armature winding is restricted.
Glass sleeves are used where a machine has
to operate at high temperatures.

Binding Thread It should be made of strong
insulating material as it is used to bind coils,
joints and windings.

Bamboo It should be totally dry as it is used
for making wedges for the slots. The func-
tion of wedges is to avoid the coils from
coming out during normal working.

Insulating Varnish 1t is the main and impor-
tant insulating material which is used after
the completion of winding. It is available in
container of 1,2, 5 and 10 litres. It performs
the following functions.
(i) Tt strengthens the insulation of the
winding.
(i) Tt binds the winding strongly.
(#ii} Tt resists the moisture to enter in the
winding.

Resin Cored Solder 1t is wvery cssential to
solder all the joints in the armature winding
and for this uslamse an alloy of tin and lead
in the ratio of 60% :40% or 50% :50% is
used. Hollow solder wire is filled with resin
and is then termed as resin cored solder
which is availablein 10, 12 and 14 SWG. It
is available in rolls of 400, 500 grams each.

Resin or Soldering Paste Resin is a very
common flux which is specially used for
soldering the commutator segment as it is free
from acidic effect.

Soldering paste generally known as “‘flux”
15 also used for soldering the joints ot ac
armature winding only. It is available in half~
kilogram containers.

183 FUNDAMENTAL TERMS USED IN AC
ARMATURE WINDING

Terms used in an ac Armature Winding are
explained as follows:

Active Side of a Coil It is that part of the
coil which lies in the slots of the armature
and emf is induced in this part only. It is also
known as an inductor.

ErND TURH
TNACTIVE S

or

IKDUETOR
or

ALTVE S END TuRN e
INACTIVE 5108

18.1 Simple coll showing leads of coil
Fle. l!li!'ne and inactive sides



Inactive Side of a Coil or End Turn 1t is the
portion of the conductor which joins the two
inductors.

Turn It is the close path of the conductor
which is formed by connecting the two in-
ductors under the two dissimilar poles.

Coil Two or more than two turns connected
in series, forms a coil. A coil has two active
sides and two inactive sides.

Leads of a Coil These are the starting and
finishing ends of a coil which are used for
doing the connection. ‘Leads are also known
as jumpers, which may be:

(a) Symmetrical.

(b} Unsymmetrical. (Shown in Fig. 18.2.)

@) L
Fig. 18.2 Types of Leads
(=) Symmetrical leads
(b) Unsymmetrical leads

Coil Span or Coil Throw The distance bet-
ween the two active sides of a coil under the
adjacent dissimilar poles is called coil span.

Coils per pole The number of coils con-
nected in seri¢s to produce a single pole when
current is passed through them is called “coils
per pole™ In such groups all the coils are con-
nected (n series in such a way that the ena of
one coil is connected with the start ol the next
and so on.

Coil Groups The total number of coil groups
in a machine is called *“coil groups”. It is the
product of number_ of phases and number of
poles in a machine, i.e.

Coil groups = no. of phases X no. of poles
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Pole Pitch The distance between the centre
of two adjacent opposite poles is called pole
pitch. Pole pitch is measured in terms of
slots. ’
Pole Pitch = No. of slotsin a machine

No. of poles (3.

Coil Pitch (or winding pitch) It is the dis-
tance between the two active sides of a eoil
in terms of slots. If winding pitch is 6, then
the coil throw is 1 to 7 and one side of the
coil is put in slot No. 1 and other side is
inserted in slot No. 7 as shown in’ Fig. 18.3.
Then the winding Pitchis 7 — 1 = 6.

Fig. 18.3  Coil pitct

Winding Pitch may or may not be equal to
pole pitch. While rewinding it is always
preferred not to change the winding pitch as
it has been y the desi after
considering different factors leading to good
pecformance of the machine. Any change
in original windirig pitch of a machine will
cffect the performance of that machine.

Pitch Factor Pitch factor is the ratio belween
the winding pitch and pole pitch.
winding pitch

Pitch factor = pole pitch

(18.2)

Full Pitch Winding In this winding, the
winding pitch is equal to pole pitch. In other
words, for a full pitch winding the pitch
factor is equal to unil{vand the winding is
known as “Full Pitched Winding™

Charded Winding In this winding, the wind-
ing pitch is not equal to pole pitch. Ifin the
winding, the pitch factor is less than unity,
then the winding is called as *‘Short Pitch or
Chorded Winding". If the winding pitch is
more than unity, the winding is then termed
as "Long Pitch Winding".
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Short pitch winding is usually used in all
machines (except variable speed motor). The
followings are the four main reasons of
adopting the short pitch winding:

1. Saving in copper, as I’R loss is less.

2. Increase in efficiency.

3. Uniform sine wave is obtained.

4. Winding occupies less space.

Coil Ci fon The o tion which joins
acoil lead of one coil to the other coil lead
of the same coil group is called “coil connec-
tion.” It is shown in the Fig. 18.4.

POLE TON

CONNECTIQ

Fig. 18.4 Shows coil conmection and pole
connection

Pole Connection It is the conncction which
joins a coil group of one phase to another
coil group of the same phase of the winding.
It is also sometimes called ““Group Connec-
tion" and is shown in Fig. 18.4.

A dj;xcmr Pole C ion The lion

produced by the same phase is called '‘alternate
pole connection” as shown in Fig. 18.6. This
connection is also known as “startto end”
connection.

NtS N

(b}
Fig. 18.6 'Alternate poles connection
(n) Fonr poles in alternate pole
connection
Ab) Eight poles In alternate pole
connection
Phase C Inter tion between

the phases of a machine is called**phase con-
tion"and they are cither in star or delta.

between the two or more than two adjacent
poles formed by the same phase is known as

ORONCIC)

Fig. 185 Four poles in adjacent pole connection

“adjacent pole connection” and are shown
in Fig. 18.5. Sometimes they are also known
as start to start and end to end connection,

Alternate Pole Connection The connection
between two or more than two allernate poles

Whole-Coil Winding A whole coil winding is
one in which the number of coils per phase
is equal to the number of poles in the
machine.

Half Coil Winding It is that winding in which
number of coils is equal to_half the number
of poles in the machines. Half coil winding
is generally done in the winding of ceiling
fans, doubl: speed motors etc.

Single Layer Winding In single-layer winding
each slot contains only one coil side (i.e. either
upper or lower) and the number of coils
in the machine is equal to half the number
of slots in the stator or armature. In single
layer winding coil pitch is usvally taken in
odd numbers.



Double Layer Winding Tn double layer wind-
ing each slot contains two coil sides (i.c. one
upper and one lower) and the number of coils
is equal to number of slots in the stator.

Balanced Winding When each pole of the
same phase contains equal number of coils,
then the winding is termed as “'balanced
winding”. It is also known as “Even Group”
winding.

Unbalanced Winding 1f each pole of the same
phase has unequal number of coils, then the
winding is called as “‘unbalanccd winding".
It is also sometimes called as “odd group”
winding.

It is important to note that there must be
equal number of coils in éach phase whether
the winding is balanced or unbalanced.

Concentrated Winding If in any winding the
number of coils/pole/phase is one, then the
winding is known as “‘Concentrated Wind-
ing". In this winding each coil side occupies
one slot,

Distributed Winding In this winding number
of coils/pole/phase is more than one arranged
in different slots and is known as “distributed
winding”. In this case each coil has same pole
pitch.

Partially Distributed Winding In this winding
coils sides do not occupy all the slots, but
some slots remain empty.

Fully Distributed Winding ‘It is the winding
in which not a single slot remain, empty.

184 DIFFERENT TYPES OF AC WINDING

The types of ac windings according to shape
are as follows:

(i) Basket winding
(i) Concentric winding
(iif) Skein winding
(I¥) Flat loop Non-over lapped winding
(v) Flat loop overlapped or chain winding
(v} Skew winding
(vi) Diamond coil winding
(vii) Involute coil winding
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() Basket Winding After the completion of
the winding, the side of the winding resembles
the weaving of a basket and hence it is known
as Basket Winding. Basket winding is of
two types, (a) single layer basket winding.
(b) double layer basket winding.

(i) Concentric (or Box Type) Winding This
winding has two or more than two coils in a
group and the coils in each group has the
same centre. In each group, the coil pitch
is not equal and therefore do not overlap
each other., In this winding as the coil
pitches are not cqual and each coil of the
group has a difference of 2 slots in its pitch,
it requires more labour to insert coils due to
different coil spans but cooling space is more.
This winding is usually provided in single
phase motor winding and is known as “sct
winding”.

(itly Skein Winding 1In skein winding a very
long coil is first prepared which is put in the
slot and after turning it is again inserted
in the adjacent slots, as shown in Fig. 18.7(c).
(iv) Flat Loop Non-over lapped Winding The
coils of this winding do not overlap each
other and hence is known as “‘Flat loop nan-
overlap winding.”” In such winding each
group has only one coil,

(v) Flat Loop Overlupped or Chain Winding
In this winding, the number of coils/pole/
phase is more than one baving different
pitches and the coils overlap each other in the
form of a chain,

(vi) Skew Winding The coil-sides of this
winding are uncqual and have grealer space
for heat radiation.

(vif) Diamond Coil Winding The shape of
the coil used in this winding is just like a
diamond, the coil occupics more space.

(viii) Involute Coil Winding This type of coil
is first made in the shape of a diamond coil
and then it is pressed at the end turn so as wo
make it in the shape of involute coil. Some
times this winding is also known as “Nuckled
winding”.

185 STEPS FOR DISMENTLING AND RE-

WINDING AN AC MACHINE

The following points are to be kept in mind
before opening and di taling an ac motor.
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1. Remove the pulley from the shaft after
loosening the pulley screw and key.

2. Put one dot on the top of front end
cover and on the frame of the machine in
front of each other with the help of & centre
punch.- Similarly mark two dots onthe rear
end cover and on the frame.

3. Now unscrew of coupling be side covers
and remiove the side cover which is fitted
opposite to the pulley of the motor.

4, Similarly unscrew the otherside cover
and remove the rotor outside from the slalor
after careful slipping.

5. Inspect the outer surface of rotor and
stator for any sign of friction due to loose
bearings if any.

6. If any sign of friction on the rotor or
stator,remove bearing from side covers, check
for looseness. If it is there, replace the
bearings.

7. Clean the winding of the motor with air
blower.

8. Tabulate all the data obtaincd from the
stator as given in Sec. 18.6.

9. Make a conncction diagram of the
winding.

Stator Data

Armature Winding 351

10. Dislodge the damaged winding from
stator without damaging one coil for making
former. Mow clean the stator,

11. Make a wooden former and prepare
the required number of new coils.

12. Insulate the stator as recommended by
the manufacturer.

13. Insert the mew coils in the siots and
test them for any possible carthfault.

14. Conncct all the coils according lo the
connection diagram.

15. Recheck the connection.

16. Now test the wound stator for leakage,
short circuit or open circuit if any.

17. Re-assemble the motor.

18. Run the motor under test and measure
per phase currents which should be equal.

19. Preheat, impregnate and then bake
the stator at temperature between 80 to 90°C.

18.6 DATA OBTAINED FROM STATOR AND
NAME PLATE

Name Plate Data 1. Horse power, 2. Volts,
3. Ampergs, 4, Frequency, 5. Phases, 6. Re-
volutions per minute, 7. Class of insulation make.

S. No. Before Dismantling

After Removing Coils

1. No. of phascs and poles

2. No. of slots

3. No. of coils
4, Mo, of coils in main winding
5. No. of coils in auxilary winding

6. Whole coil winding/half coil winding

Wire insulation
8. Coil span of main winding
9. Coil span of auxilary winding
Pole connection or group connection

11. Phase connection

Size of wire Main winding
Aunilary winding
Main winding
Auxilary winding

No. of turns
Single or Double

Size of coil
Shape of coil

Weight of wire per
coil

Total weight of wire

Main winding
Auxilary winding
Main winding
Auxilary winding
Slot insulation

Coil insulation

Group insulation

Pole insulation

Phase insulation (sleeve etc.)
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18.7 METHOD OF DEVELOPING THREE-PHASE
WINDING DIAGRAM

All the three-phase motors are usually wound
with coils either in single or double layers.
These coils are so 1 as to prod

three scparate windings known as phases.
Each of the phases must have the same num-

.Rufe ¥ No of slots required for proper phase
displacement of 120° elect. P
- 120° elect.
Elect. deg./slot

18.8 FINDING OF THE NUMBER OF PULES
The ber of poles can be determined by

ber of coils. The following points should be
kept in view while developing a winding
diagram.

1. The number of coils in cach phase must
be equal and one-third the tolal number of
coils in the stator;

2, Each coil should span 180° electrical;

3. The winding should produce adjacent
North and South Pole (depending upon types
of winding) and coils per pole should contain
same number of coils as far as possible;

There should be tic bal in the
winding,
4. Three different windings should have a

phase difference of 120° eclectricul. Total
clectrical degree in a magnetic field may be
determined as under:
Total electrical degree = 360° X pair of poles
Therefore, if a three-phase 4 pole, 24 slots
motor has 24 coils, each phase will have 8
couls. These phases are generally known as
phases A, Band C.
The following rules are followed in deve-
loping a winding diagram:

Rule I To find the number of coils in each
phase, divide the total number of coils in the
motor by the number of phases.

Rule II' To find the number of coils per
pole, divide the number of coils in each phase
by the number of poles in the machine,

Rule 111 A simplc method to determine the
number of coils/pole/phase is to divide the
total number of coils in the stator by the
product of gumber of poles and phase of the
machine.

Rule IV Electrical degrees/slot for proper
phase displacement, i.e.
Elect. degrees/si~t
- Total elect degrees
No. of slots

— 360° X pair o poles

No. of slots

the frequency and the speed of the machine as
given on the name plate.
frequency X 120
speed in rpm
If the name plate is missing, then the num-
ber of poles can be found with the help of
pole pitch of the motor thus,
: _No. ofslots_
Pole pitch = No. of poles
No. of slots
Pole Pitch

Exaueie 18.1 Draw a developed single layer winding
diagram of a star-connected three., e, 50 Hz, 1450
rpm squirrel-cage induction motor having 24 slots,

No. of poles =

. No. of poles=

Solution: As the winding is in single layer, each slot
contains one coil side only.

No. of slot x_coil sides/slot

No. of coil sidesjcoil

24x 1
2

. Tetal no. of coils =

- = 12 coils
Motor speed = 1450 rpm.
Synchronous speed, N = 1500 rpm
120 = f° 120 x '50
Number of poles | p = —2= -5
=4
No. of slots 24
Poles pitch = "No.of Poles 4
In case of single-layer winding, the pole-pitch is
generally taken in odd numbers only, suchas 5, 7,9
ete. One slot will remain unoccupied, if the pirch
is taken as even numbers.
Let pole pitch = 5 (for shoit-pitch winding)
Coil span or coil throw = 1 to 6
No. of coils/pole/phase
o~ Total no, of coils
Mo. of poles x Mo, o

= 1 Coil (Balanced winding)

- tolal clect, degrees
No, of slots,
360 % pair of poles

No. of slots

=]

B EED

Elect. d
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-0x2 2 _ 30" electrical Coil No.  Commection  Coil Span  Phase and
: Lead From . group no

No. of slots required for proper phase

ment 21‘ Gy ]5': g‘ t
=2 dalots 3. By 5-10 5
f.e. Lead of phase A, from slot No. = 1 ;. . ;::: g’
Lead of phase B,, from No. = (1 + 4) = § 6. . 11-16 3:
Similarly lead of phase C;,from No. = (5 +4) 7. 13-18 Au
-9, 8 15-20 G
9. 17-2
Pole Connection End to end and start to start. 10, 19-24 C (A
From the above data, the winding table and 1. 21-2 G
mup connection can be made as given 12 13-4 B,
ow.
POLEY  POLEZ  POLE3  POLE4
Ay Al
B
- A
B By !
o 34
PHASE B
B
o G ] T &
PHASEC e {'“o‘ 2 Iy
c1
(o) C2
Fig. Example 18.1(a) Group and phas¢ connectlon
Fig. 18.1(b) Developed winding dis (Ref. to page 354)
Fig. 18.1(¢) Winding Is shown ina circular laminated stator (Ref. to page 355)
ExAMPLE 18.2 Draw developed diagram aof a three- Pole pitch 24 -
phase, double-layer, balanced wiole coil basket winding epitch = = =6
having 24 slots, 4 poles, winding pitch 5. Coil pitéh = 5 (given)
Solution: As the winding f» in double layer, each slot Coil throw = 1-6
contains two coil sides. o No. of coils/pole/phase
4 total no. of coil sides o . total no. of coils
# Total no. of coile = oo T sides eoll e X phwses
no, of slots x coll sides/slot 24
= 0. of coll sidesjcoll = 53 = 2 colls (Balanced winding)
- BX2 24 cots Eloct, degrees/slot = 262X PLic of
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Fig. Example 18 (¢) Winding shown in a circular laminated stator

360° % 2 Le. phase A, l brought out from alot No. = 1,
) . =T =30 degrees clect. ! phase B, at slot No, =(1 + 4)= §
No. of slots required for phase displacement and phase C, at slot No. =(5+ 4)= 9
1200 4 slots Coll connection—end tp start,
=30 Pole connection—end to end and start 1o start.
From the above data, the winding table and pole
connection can be done as under:
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Winding Table

Coil No. Phase Connection Coil Throw
Lead From

Phase and Examreie 18.3 Draw o 'eveloped winding diagram of a

Group No.
1.  — 6}
A
2. : L 2-7
3. 3-8
-
4. 4-9
5. B, 3-]0}
B,
6. 6-11
7. 7-12
A
8. 8-13
LA C; 9-14
: G
10, 10-15
1L 11-16
12. 12-17
13, 13-1!}
Ay
14. 14-19
15, 15-20
X Cy
16. 16-21).
17 17-22
By
18, 18-23
19. 19—:4}
A,
20, 20-1
. 21- 2}
G
2, n-3
. 23 4}
B,
4, M4~ 5
POLE -1 POLE-2
1—6 =7 7-17 8-13
5=10 611 =16 127
PHASE
;er_f
B
W% 0=-15 15-20 16=-0

‘_yu

three-phase, single-layer, whole-coil unbalanced basker
winding having 36 slots, 18 coils, four poles. The
winding pitch iz equal to 7. '

Solution:
Total no. of colls = 18
Pole pitch - =9
Coll pitch -
Coil throw =1-—8
No. of coils/phase = “’“;:0‘; of onul.h )
= %— 6 coils

. bo. of coils/phase
no.

No. of coils/pole
= 5 =1 2 (unbalanced windiag)

On dividing %, it is seen that the coil groups equal

to remainder (i.e. 2 coils groups) will have colls
= Quotient + 1i.e.1 4 1 = 2 coils.
i.e. 2 coll groups will have 2 coils cach.
The remaining (4—2) =2 coil groups will have
eoil equal to quotient i.e. I coil each.
Ratio of coils for 4 poles/phase = 2:1:2:3
Total elect, degrees = 3607x pajr of poles
= 360" 2
= m dmm elect,

Elect. degree/slot= -36_ = 20 degrees elect.
No. of slots for m I!e.gre: phase displacement

‘ﬁl = Gslols
POLE-) POLE-4
13=18 14=19 19-24 20-1
17-22 18-13 -4 U=5
82
-2 n2-) 3-8 4=
thp Lty
G
fa)

Fig. Example 18.2 (a) Group connection of winding
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Degree perslot = % = 20°elect.
No, of slots for 120° phase displacement

=6 dlots

i.e. Lead of phase 4, is from slot No. = |, Lead of
phase B, from slot 0o, = (1 + & = 7 and lead of

1
2,

from slot no. = (7 + 6) = 13,
Coil connection = end-to-start.
Group connection = end-to-end, start-to’start
Winding Table
Coil No. Phase Connection Coil Span Phase and
Lead From Group No.
Ay 1- ¥
2-10 Ay
3-11
4-12
5-13 Cu
6-14
By 7-15
8-16 By
9-17,
10-18
11-19 Ay
12-20
POLEY
Ay ——=1—3
7 =10
3—n
B —7 /—/15
37‘
T
c‘-_-ﬂ-ll —_—H

Vg e 72

/
TR

12-21
14-22
s
17-25

18-26)
19-27

21 -29
22-301

2331 4

36-8

4,

Ce

A

[~
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Solution: No. of slots for 120 clect. phase displacement
No, of slots = 24 120 ot
No. of coils= 12 . winding is in single w

layer) ... Lead of phase 4, comes out from slot no. =1

No. of pales=4/8 Lead of phase B, comes out from slot no.

No. of coils/phase = % - (] + d)= 5
No. of coils/pole for whole coil wioding Lead of phase C; comes out from slot nsn. .
G d)=
=7 =1 {

. 24 From the above data, the winding table and group
Polepitch = =3 connection can be made as given on page 366.

Coil throw = 1-4
But in the case of four poles,

Pole pitch = 2 =6

But by selecling the pole pitch according to four
poles, it becomes a full pitch winding. Morcover
with an even oumber-of pitches, single-layer winding
is not possible, - By considering eight poles, the wind-
ing will be short-pitch winding. It should be remem-
bered that pole pitch can be varied upto 50 per cent
only in double speed motors. 1n this case, pole pitch
for eight poles Is exactly 50 per cent less. Therefore, T3
3 is the pole pitch which is suitable in this example.

Colipitch =3
Coll throw = 1—4
Total elect, degrees = 360° % pair of poles
= 360° % 2
= T20° elect.

Elect. degrees/slot = -%}»- 30° elest.

Fig, 18.17 Three-phase comnection of a double
speed motor . :
(b) 8-poles-low speed serles delta
connection Line to Ty, Ty, Ti and
Insulate properly Ty, Tas Ty
(c) dpoles-high speed, parallel-
2 star connection Line to Ty, T, T,
Fig. 18,17 (a) Group connection of double speed and tie together Ty, T, Ty for star
three-phase motor comnection
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Winding Table

Coil No. Phase Comnection Coil Span Phase and

Lead From Group No.
1. Ay -4 Ay
2, i-6 c,
3. B, 5-8 B,
4, 7-10 Ay
5. o 9-12 [+
6. 11-14 By
7. 13-16 As
8. 15-18 [
9. 17-20 B,
10. 19-22 Ay
11. 21-4 C
12, 232 B,

18.10 SINGLE-PHASE MOTOR WINDING

The stator of a single phase motor has two
concentric windings which are known as main
(or running) winding and auxilary(or starting)
winding. The main winding is placed deep
in the stator slots while auxilary winding is
done at the top of the main winding near the
ufpcr portion of the slots. A single-phase
winding should fulfil the following condi-
tions.

1. Both the windings should be placed 90°
apart from each other.

2. Allthe coils in a group should have a
difference of two slots between them.

3. All the coil groups may or may not have
the same number of coils.

4. Usually, the running winding is of thick
wire and the starting winding of thin. wire.
In modern machines, sometimes the same
number ¢f wires is used for both windings,
keeping more turns in the running winding
and less in the starting winding.

5. Each slot may contain one or two coil
seats.

6. The expansion of coils outside from
slots should be such that side covers should
casily be fitted while fixing them on their
seds,

7. Ifa winding is of whole-coil type, itis
Dot essential that the other winding should
also be of whole-coil type.

8. While rewinding a coil grou?. it is always

good to make first small inner coi

9. The running winding is put deep in
the slots and starting winding is kept at the
top of the running winding,

The following points should be considered
and noted before dismantling a single-phase
motor:

(i) Position of main leads coming out

(i) End space of windings towards side
covers

(ifi) No. of groups in running winding and
no. of coils/group in it.

(I¥) No. of groups in starting winding and
no. of coils/group in it

(¥) Position of leads of running and starting
winding

(vi) Pitches of both the windings

(vii) If any slot is empty in the stator wind-
ing, note its position.

The following points should be considered
and noted after dismantling a single-phase
motor:

(i) No. of conductors in parallel, if any,
in running or starting winding
(i) Size of wire of running winding and
no. of turns’slot in it (or weight of wire/
coil group)
(iii) Size of wire of starting winding and no.
of turns/slot (or weight of wire/coil group)
(iv) Total weight of wire of (a) running
winding and (b} starting winding
(v) Class of insulation used in (a) slot insu-
- lation, (b) coil insulation, (c) lead insu-
lation, and (d) phase insulation
(v} Type of winding—if skein winding;
measure size of coil, and count number
of turns/coil
(vif) Make a proper connection diagram of
the winding and then remove the old
winding from the stator of the machine.

ExamrLe 18.8 Draw g developed winding diagram of
a single-phase 30 Hz, 1450 rpm, whole-coil induction
mator having 24 slots, 12 coils af which eight coils are
for running winding and four coils are for starting
winding with pitches 5, 3 jor running winding and § for
starting winding,



Armeture wihding 389

Sajpurs 3121839003 ‘sajod Inoj ‘51103 Z ‘Sjofs pz Bupaey ojom uopdapay I5Ed-33ajs jo WeiBEp padolasa(y (46 §1 AdwEx By

i f ..U

VLR
]

TITTT

N
!

2
=l =zl

s

.

d =2

H et
A
Al

=W

s

s

ol

IINE

T

N

I
[N
L

M
s

o A
A
\.

¥

A

A



Cap Siarting winding

™\

3

Armature Winding

T

m

=

_{’ s
: 1 Starting winding
Ratar @ Polel Palell PelellT| Folell Pole ¥ Fole 71
i 5 N s N 5 N
ML ST, T,
L | M ‘R Reguiator winding
o H :l'x'd'::“; o e wm A
s LN
3
Runn windi
Ry ing ing Ry
-
I Tow B
o o !
19 A € Supply Hi—=yHigh |
130V, S0Hz A SR |
Speed regulator VAL Supply,
i 230V S0Hz
(i) Low speed (1i) High speed

Fig. Example 18.10(b) Complete connection of fan winding with regulator
{i) Connectlon for low speed, (i) Connection for high speed

Exampre 18.11 Make o winding table for a four-pole

shaded pole type table fan motor having four slots,

Sour eoils and whole-coil win fing.

Solution:

Total coil sides = no, of coils x 2

=4 x2=8
_ Total coil sides
Noof siols

Coil Sides 'Slot
8

- =2

Pole pitch
4

= 1

Coil throw -2

REERE

_ No. of slots
0. of poles

Pole Connection = end-to-end and start-to-start

(" whole-coil winding)

Group connection of winding is shown in Fig. 18.21

ExawpLe 18,12 Make a winding fable for a 20 poles
shaded pole ceiling fon single phase motor having 20
alots, 10 coils, and half-coil winding.

Soluiion:

Total coil sides = No. of coils x 2

Coil sides/slot

Pole pitch

=10x%2=20
total coil sides
= Tmo.old
20
=% =1
no. of slots
0o, of poles

N
b =1

5
3 3 - b
T

Fig. Example 18.11 Group connection of 4 poles, singles
phase shaded pole fan motor
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Fig. Example 18.12 Group connection of 20 poles, single-phise shaded pole fan motor

20

Coil throw =12
Pole Connection = end-to-start  (being half-coil
" winding)

Group connection of winding is shown in Fig. 18,22,

Examrrk 18.13  Develop a winding table fora perma-
nent-capacitor fype table fon having four poles, eight
slots, eight coils, (.. four coils for running and four
coils for starting winding)., Both windings are whole
coil windings.

Solution :
Total coll sides = no. of coils x 2
=B x2=16
Coil sidesslot = 10t coll ides
- %& -2
no. of slots
Pole pitch 0o, of poles
= =2
Coil throw -1-3

‘Total electrical degrees
360" -5 = 720" elect.

T

As both the windings are to be whole coil,
“. Pole Connection = end-1o-end and stari-to-start
Group connection is shown in Fig. 18,23

ExampLe 18.14  Make a winding table for above table
fan having pole pitek = 1.

Solution:
Coil sides'slot = total coil Sides
N 0o, of Siots
8x2
.- g -2
Pole pitch =1 (given)

Coil throw or span = |—2
Total elect. degree = 360 x 2 = 720° elect.

‘.I"Zl} 90° elect.
hau displacement

Degree slot o=

No. of slots for 90°
%
e 1 slot

Group connection of winding is shown in Fig. Example
18.14.

ExaMPLE 18,15 Develop a winding table for a perma-
nenj-capacitor 1ype  ceifing  fan having 18 poles,
36 slots, 27 coils (i.e. 9 coils for running winding and
18 for starting winding).

Solution:
Degreefslot = _ = 90° elect, I Total coil sides
No. of slots for 9D-dq:mo phase d:mlaumcnl Coil sidesjslot: = “No. of slots
u%).zls[cl = 18);‘1‘_!1
PULEI PCI.EII POLEUJ PGLE v
1-3, 529 N,

ke | 1 ;:i ] L

2—&

mme i L0 ] L_J_ .

Fig. Example 18.13 Group connection of a four poles, 8
slots, 8 colls capacitor type table fan motor




374 Basic Electrical Engineering

'*_fuuuut_lt’_lﬂ_ﬁ_}

S

;-m_}i_?uUL}

!S ]’1'-19 H & ﬁ-u
lﬂ-&l QE"\H- W'\;

T_H_H_H_fu

Fig. Example 18.16 Group commection of a ceiling fan
haviog 48 slots, 24 poles, 24 coils half-coil winding

18.11 TESTING OF AC STATOR WINDING

FOR FAULT DETECTION

Before assembling an electric motor after
completing rewinding, it is essential to per-
form some tedts to find the common faults
such as open circuit, short circuit and leakage
or carth fault. These tests can be conducted
with the help of either a scries test lamp or
by meggar. The following are the common
tests which must be done before bling

fectly correct. In case the lamp gives full
fight, it shows that the two windings are.touch-
ing each other and the winding is fully short
circuited. When the lamp lights dim, it
means some portion of the two windings is
touching cach other.

When meggar is used, and its needle rest
toward infinity, it shows that winding is
correct and there is no short circuit between

an electric motor:
(+) Continuity test
(ii) Insulation resistance test between wind-
ings
(¢if) Insulation resistance lest between wind-
ings and carth

(i) Continuity Test The aim of this lest is to
check the continuity of each winding and if
there is any open circuit in the winding, it
should be rectificd.

When series test lamp is used to check the
continuity, it should givd dim light on cach
phase winding provided the lamp is of higher
wattage and winding is closed. When this
test is conducted with meggar is should indi-
‘cate zero reading and if it does not show
zero, it means there is an open circuit in the
winding. Defect should be traced out and
removed.

(ii) Tnsulation Test b Windings The pur-
pose of conducting this test is to find out
whether there is any short circuit between
different windings.

In this test if the two ends of series testing
lead are connected across the terminals of
different windings one by onc and the testing
lamp does not glow, it shows winding is per-

the windings. If its needle rests on zero, this
shows both the winding are touching each
other. The defect should be traced and
removed.

(ii) Insulation Test besween Windings and Earth
The aim of this test is to check any direct
connection  between  windings and  earth.
For this, onc end of series testing lead is
conneeted to the body of the machine and
other to each winding turn by turn. If lamp
remains dark, it means winding is correct and
if it glows, it shows that the winding is
carthed.

In the case of a mcg[gnr, its one terminal is
connected to the body of the machine and other
1o the windings. I its needle stands to anfinity,
winding is sound and there is no connection
bétween e windings and oody. The conclusion
of the series testing lamp is given on p. 375,

18,12 ASSEMBLY OF MOTOR

After tn.sung ln: stator, the molur 1s reqtmr
to be The fol nis

be considered b"t'orc and nfler asscrnb]:ng a
rewound motor:

1. First of all inspect if there is any wedge,
insulation -or part of the winding pro-
truding from the stator. If so, set them.
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Result of Serles Tesning Lamp

Series Testing Lamp remain dark Lamp give full light ~ Lamp remain dim
1. Continuity Test " Open eireuit io winding sl;.:dﬂl. circuit in Result OK
winding
2. TInsulation test Result OK Dead short circuit Short circuit in certain
between different between coils portions of iwowindings
winding
3, Insulation test Result OK Earth fault Earth leakage in some

between winding
and body

portion of winding

2. Examine the condition of bearings and
replace if required. Lubricate them pro-
perly.

3. Bearing should not be loose in the hous-
ing and on the shaft.

4. Do not hammer hard the side covers.
Use mallet for this.

5. Rotor should rotate freely without noise
after assembling the motor.

6. Put the motor under trial test and
measure the per phase current which
should be equal for each phase. This
test is known as “‘Balance Test"".

7. Remove the side covers and dry out the
stator winding from moisture if any at
90°C for at l:ast two to four hours,

8. Dip the winding in the tank of varnish
for about half an hour and then bring
it out for squeezing the varnish.

9 Bake the winding for 6 to 10 hours at a

temperalure of 90°C. During this

period, the varnish in all the portion
of the winding becomes dry. -

Remove varnish from the sitting collar

of side covers in the stator.

11. Assemble the motor and re-test winding
for any fault.

18.13 METHODS OF DRYING OUT jnding
WINDING
There are several methods of drying out
the winding, and the simple, easy and less
costly ones are as given below;
(1) Drying by external heaters
(ii) Drying by internal heating

Drying by External Heaters Apply heat below
the winding by means of electric heaters (Do

10

not use oil stoves, coal gas or coke). Then
cover the winding with many thickness of
clean sacks or wagon cover. Uncover the top
of the winding periodically to allow the
moisture to escape. Before heating, placea
thermometer inside the stator so as to measure
the inside temperature during drying out.
Temperatare should never exceed 90°C.

Drying by Internal Heating If a suitable low
tension supply is available, the rewound
motor, after a satisfactory trial test, may be
dried out by sending current about balf the
full load current of the motor through the
winding. The machine may be covered as
explained before and in this case the tempe-
rature should not exceed 80°C.

18.13 DC ARMATURE WINDING—TYPES OF
ARMATURE AND TYPES OF WINDINGS
AND TERMINOLOGIES USED

Types of Armature D¢ armatures may be
grouped into two classes according to its
construction, viz. (i) Ring armature and
(i) drum armature.
Ring Armature In earlier days the winding
w]nch was used in de machines was known
“Ring winding" as it was wound on the
curc of a ring armature (¢hown in Fig. 18.10)
which may be a ring or hollow cylinder
having spider and shaft to hold it. The
following are the reasons which made the
ring wound armature outdated.

(i) In ring winding each turn is to pass
through the centre of the ring, making
it difficult to wind.

(i) This winding requires more copper as
compared to other type of windings for
the same output.
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Coil Sides Segmens Ne, for individual coil
Ceil No. Upper Side in Pitch Lower side in From To
Slot No, Slot No.
1 1 + -4 - 9 1 2
2 2 + 8 - 10 2 3
3 3 + 8 = 11 3 4
4 4 + 8 - 12 4 5
5 5 + B - 13 5 6
6 6 -+ B = 14 6 7
7 7 + 8 - 15 7 8
8 ] + 8 - 16 8 9
9 9 -+ ‘8 = 1 9 10
10 10 + 8 = 2 10 1
11 n + 8 - 3 1n 12
12 12 + 8 = 4 12 13
13 13 + 8 - 5 13 14
14 14 + 8 = 6 14 15
13 15 + 8 - 7 15 16
16 16 + 8 - 8 16 1

9 is connected to the upper side 2 of coil 2
kept in slot 2 which is already connected with

its lower side 2'~in slot 10. Similarly lower

side 2’ is connected to the upper side 3in
slot No. 3 and so on. These junctions formed

by connecting 1'with 2, 2’with 3 and 3 with

connection of coils connected in the wind-
ing} and mark the direction of currentin
its coil sides also as marked in the winding.
In the ring diagram there are two such points
where currents either meet or part. First
point is the junction of the coil sides 1 and

16'and the second junction is &' and 9. At

4 and so on are ted to the
g Before ing these j
with commutator, it must be tested for earth
and short circuit between segment otherwise
the whole wtililding will show the fault. For.
bering the ey " . it should
be allotted the same number as that of the
upper side of the coil to which it is connect-
ed. In this way the whole winding is comp-
leted as shown in the table given above

Method of D g Brush L For
determining the location of brush on the
commutator, it is cssential ‘to first mark the
direction of current in the coils. As in this
example there are two poles, half the coils
from slot | 1o 8 will be kept under North
pole and the remaining half from slot 9 to 16
;vil;sbe under South pole as shown in Fig.
8.35.

Mark the direclion of current in the coil
sides under North pole as downward and that
under South pole upward. Now draw an
equivalent ring diagram (which is simply the

first § the currents are coming out-
ward while at second junction these are going
inwards. Therefore, in case of generator
+we brush will be placed at first junction and
—ve brush at second junction. In case of
motor, the pesitive brush will be at.second
junction and negative brush at Brst junction.
Soin the developed winding diagram, first
brush is to be placed at segment No. 1 while
second brush at segment 9.

From the ring diagram it is also clear that
there are two parallel paths in the winding
as the machine is of two poles and emf in
cach path will be the same.

Multiple Coll Winding It is seen in simple
lap winding that the number of coils is equal
to number of slots (ie. one coil per slot) -
which are equal to the number of commuta.
tor segments in an armature,

If in an armature, there are two or more
than iwo coils per slot, then the winding is
known as mu!tiple-coll'windin? or multi-coil
multi-e} di In this winding the
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number of segment is multiple number of slots.
Generally the segments are double or triple in
number than the number of slots in the arm-
ature and a brush makes contact with one
segment at a time in this winding.

Advantages of Multiple Coil Winding In a
dynamo of high output rating the multiple
coil windings isdone to increase the voltage
output of the machine. It is due to the
reason that, in this winding the number of
coils are connected in series which increases
the voliage generated of the machine. The
following are the advantages:

() The average voltage between the adjacent
segments should not exceed more than 15V
due to danger of flash over. Therefore,
the number of segments Tequired in a
machine is calculated by the total
voltage of the machine. Hence sufficient
commutator segments are taken to reduce
the flash over vollage.

(i7) By placing two or more than two coils per
slot, the number of slots are reduced.
This. increases the cross-sectional area of
per slot which results in reducing the cost
of winding.

Examere 18 18 Draw a developed diageam of multi-
ple coil lap winding having 4 pole, I8 slots, 32 comme
tator segments, full-pitch symmetrical  progressive
wineding.

Solurion:

As the number of commutator segment is equal to
double thenumber of slots, so it isa multiple coi] lap
winding. Thercfore there wiil be 32 coils in the
winding and each slot will have four coil side (i.e.
two upper and (wo lower sides),

. no. of slots

Pole pitch = no. of poies.

4

(as it is full pitch winding),

-
Coil throw -~ 1—5
Complete the back connection of the winding as
described before. Asthe wirding is progressive lap
winding, so the commutator pitch is plusone. It
means the lower end of first Coil, i.e. 1 will be joined
to the upper end of second coil and second lower end
of second coil 27 will be connected to the upper end of
Coil 3 and so on.  All such junctions are coanected
1o the commutator segments as in Fig. 18,36,

EngineeringEBo
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WNow draw an equivalent ring diagram as shown in
Fig. for finding the position of the brushes as expla-
ined in the last example. From the ring disgram it
is quite clear that there are four parallel path in the
winding where currents cither meet or part and these
Junctions are:

1. Junction of 32%and 1

2. Junction of 8 and 9

3. Junction of 16'and 17

4. Junction of 24'and 25.

At junction 1 and 3the currenls are coming out-
ward while st 2 and 4 these are going inward. So
four brushes are to be used for collecting the current
and will be placed at segment Mo. 1,9, 17 and 25,
The brushes touching the segment 1 and 17 are posi-
tive brushes and those 9 and 25 are neg
brushes. All the positive and negative brushes are
separately connected in parallel to form positive and
negative groups of brushes. From the ring winding
it is again clear that there are four parallel path in
the winding and cmf in every path Is equal.

18.15 CONDITIONS FOR WAYE WOUND
ARMATURE

In wave winding the finishing end of the first
coil is not connected with the starting end of
the neat coil as in the lap winding but is
joined to a coil which is in the'same position
to this coil.

Consider the case of a four pole wave-
wound machine. As there are two North
poles, there will be*two coils in the similar
positions and wil! be joined in series. In case
of a 6 poles machine there will be three coils
which will have the same position and will be
connected in series to add the emf genera-
ted. [In wave winding there are always two
parallel paths in the armature irrespettive of
the number of poles. The commutator
pitch
Y, = no. of segments:1

N pair of poles

Lap winding is possible in every armature
but wave winding is not possible in all
armatures. It is only possible in an‘armature
which gives a whole numbered commutator
pitch, calculated as

y, = o of segments %1

pair of poles
If plus one is taken, the winding isprogressive
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Winding Table Since the commutator pitch (¥,) is equal to 7, therefore the lowet.end of coil
No, 1 (i.e, 1) will be connected to upper end of coil No. 14+7=8 and 8+7=15 (te. 2. or

upper side of coil No. 21 and so on.

Junction of colls side -3 k-2 39 $3 50 164 411
Segment No. 8 2 9 3 10 4 1
Junction of coils side s stz 12 &3 b 74

Segment No, 5 12 6 13 7T 1

In simple lap winding there are as many
parallel paths in the winding as the number of
poles in the machine. Whenever it is required
toiincrease the number of parallel paths with-
out increasing the number of poles, we use.
multiplex winding i.e. duplex, triplex (and
quadraplex winding which is rarely usedlinstead
of simplex winding.

& Winding In this winding there
Er:’lt:ol‘:ll'mﬁullv insulated windils:ss as
shown in Fig. 18.18.

In duplex lap winding the commulator
ritch isalways twoinstead of one as in a sim)
ap winding. In Fig. 18.38 coils 1, 3, 5,7, 9,
11, 13 and 15 relate to one winding whils.

Therefore 2 2 pole duplex lap winding wilj
have 4 parallel paths. Similarly in a 4 pol
duplex winding there will be 8 parallel ‘paths
and in a 6 pole duplex winding there will be
12 parallel paths in the armature and so on.
In short, the number of parallel path in multi-
plex winding=No. of pole X No. of plex.

Triplex Lap Winding, There are three se

rate electrically insulated windings in a trip-
lex lap winding and the brush touches at
least three commutator segments at a time.
These three windings are thus connected in
famltcl which increases the number of para-
lel paths by three times as that of a simple
lap winding. Thus for a four pole triplex
lap winding, there will be 12 parallel paths

coils 2, 4, 6, 8, 10, 12, 14, and 16 cor
to the other winding. These windings are
joined in parallel by means of brushes which
make t with two segments at a time.

[}
Fig. 18.33 Duplex winding

and in a ;[:llrnh triplex lap winding there
will be 18 ¢l paths in the winding. In
multiplex lap winding the brush makes contact
as many segments as the “degree of multiplicity
of the winding.

Duplex Wave Winding This winding has
also two i insulated separate windings
just as the duplex lap . These i

may or may not be housed in the same slots
but the brush makes contact with at least
two commutator segments. The commutator
pitch in this winding is given,
Y, = 0 of ts +2
* pair of poles

The number of parallel paths for a4-pole

duplex wave winding will beeight.

Triplex Wave Winding In this winding m
are three electrically insulated separate wi
and the brush makes contact with three is

at a time. In a four-pole triplex-wave windin
there will be twelve pmﬂe? paths. ¢



or short circuit in the winding causes burn'ng
of winding until an open circuit exists.
(i) Armature winding rubs on some inner
part of the machine. (iii) Loose pole shoe
or fan also damages the winding.

Open Circuit Test Keep the armature on
growler as in Fig. 18,20 and connect it to
single phase ac supply mains, Remove
12 mm insulation from two sides of an insu-
lated piece of wire and place thess two ends
to the adj c t 2 or at a
distance according to commutator pitch. Now
lift one end of wire from the scgment and
observe spark. Repeat this testing on all
other segments. The segment on which excess
sparking is observed, have an open circuit
in its coil or at commutator bar.

Fig. 18.20 Olptl-vurmil test with growler (Exces-
sive sparking on segment which has
open circuit due 10 additive emf ol all
the coils)

Armature Testing for Earth Fault  The follo-
wing are the tauses of earth fault which may
be at commutator or in the armature winding.

Causes of Earth Fault on Commutator

(i) Collection of dust, oil or grease behind
the riser.

(ii) Collection of dust or carbon between
the segments causing a leakage of
current, results in heat which wil
cause the mica to blacken and loose
its insulating properties.

(iii) Bad soldering may allow the solder to

run down behind the riser when
heated

Causes of Earth in Armature Winding

(i) Slot insulation may slide a side during
winding.
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(/i) Varnished not baked properly.
(fir) Friction of the field poles with the
armature winding.

Earth Test Give ac supply to growler after
placing the armature on it.  Wh n the arm-
ature is placed in the "V’ core of the growler
as shown in Fig. 18.21, its body is in contact
with the body of the growler. Use a millivolt-
meter for this test and place its one lead on
armature shaft and second on the commuta-
tor segment turn by turn and note its deflecti-
on. On earthed coil, the needle of the meter
will not give any deflection. The armature
should be slowly rotated during testing and
reading should be noted on each segment.

Fig. 18.21 Earth-test with growler (on earthed
segment or coil, the needle of the
milli-voltmeter will not deflect)

Armature Testing for Reversed Coil This fault
occurs only in a newly rewound armature.
Perform this test as previously by placing the
ends of a zero centre milli-voltmeter on the
adjacent segments. If all the connection of
winding are correct, the neeale of the meter
will give equal deflection 1n one direction only.
If at o particular segment it reverses or deflects
more, it means that particular coil is reversed.

Testing By Voltage Drop Method This test
is generally conducted by a low-range volt-
meter, such as milli-voltmeter,

Short Circuit Test Put a lamp in series with
220 volts de supply and place its leads on the
commutator at a distance of a pole pitch e,
where the carbon brushes are placed. This
causes cqual voltage drop across each coil
provided they are having equal resistances.
In this test two leads of millivoltmeter is
placed to the commutator bars (i.e. accord-
ing to commutator pitch) in turn. Equal
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tator through a testing lamp as explained be-
fore. A magnetic needle is brought near to
each slot and the deflection of itsneedle noted.
If it deflects in one direction on each slot, it
shows that connections are correct. But at
any slot, deflection in the reversed direction,
indicates reversed connection of the coil.

Fig.18.24 Open clrcult test with series testlng
lamp (on open circuit, lamp will give
dim light)

armature and other to cach of the commutator
segments one by one. If it gives full light, it means
that the armature is fully earthed.

Testing for Reversed Coil This test is con- Earih-tes
due with the help of a magnetic needle. Fig. 1028 lamp ll'::'it?u'mt?lh-cl:: ltll:

In this test dc supply is given to the commu- armatare is fully earthed)

REVIEW QUESTIONS

18.1 What are the factors used for comparing the insulating properties of an insulating materials? Give the
names of six insulating material used in electrical machines for winding and put them in the order of good
to bad insulation strength. (N.CV.T. 1962 Elect).
18,2 Explain in short the tesis to be conducted after completing the winding of a three-phase induction
motor.

18.3 What is the difference between a lap and wave winding? Explain It.

18.4 Describe any one method for testing an armature for faults.

18.5 Define the following terms used in winding;

(1) Active coil side, (i) Half coil winding,  (iif). Pole pitch,  (iv) Pitch factor, (¥) Concentrated
winding, Tvi) Distributed windi (rif) Unbal d winding.

18.6 gr“ developed diagram of a three-phase stator having 2 poles, 24 slots, 24 coils, double-layer balanced
winding.

18.7 What is growler? What tests, are carried out with the instrument and how? Show by sketches,
(N.C.V.T. 1982 Elect).
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Electrical Measuring Instruments

19.1 INTRODUCTION

All electrical measurements are done with the
help of electrical instruments.
Eiectrical instruments can be grouped as
follows.
(i) Indicating instruments
(ii) Integrating instruments
(ifi) Recording instruments.

Indicating Instruments Indicating instruments
are those which are provided with pointer
and scale. The reading is indicated by the
pointer on the scale. These instruments
indicate reading only for the duration for
which they remain connected in the circuit.
When they are disconnected from the circuit,
the pointer or the needle returns back to
zero position on the scale.  Such types of
instruments do not keep any record of the
readings. All types of ammeters, volimeters
and watt-meters arc of this category.

Integrating Instruments  These types - of
instruments keep a record of the total quan-
tity of electricity (ampere-hour) or total
amount of clectrical energy (watt-hour) con-
sumed from the time they age connected to the
supply, 1o the time of reading of the instru-
ments. It means these instruments keep a re-
cord of the total reading from the time they
are connected to the supply, Kilowatt hour
and ampere-hour meters are examples of
integrating instruments.

Recording Instruments  Recording instru-
ments are similar to indicating instruments
but keep record of the readings on a graph
paper which is moved at uniform low specd.
The pointer of this type of instrument is pro-
vided with a marking deviced (i.e, penor
pencil) and moves over the graph paper.

192 INDICATING TYPE INSTRUMENTS

As discussed earlier, all indicating instruments
are provided with a pointer which deflects

over a scale.  In indicating instruments, three
torques are employed.

{1} Deflecting torque

(if) Controlling torque

(if} Damping torque
Deflecting Torgue Each indicating instrument
has a pointer which moves over a scale. A
force is needed to move the needle over the
seale from its zero position. The torque
which deflects the pointer on scale is known
as deflecting torque. To obtain this torque
in instruments, different effects of electric
current such as magnetic effect, heating effect,
chemical effect and clectrostatic effect are
employed. How a deflecting torque is deve-
loped in an instrument will be explained
later whilz explaining individual instruments.

Controlling Torque Deflecting torque acts in
an instrument when it is connected in the
circuit. If there is no opposing torque, the
reading of the instrument will go on increas-
ing. Therefore to oblain a reading on the
scale, some opposing torque must be provided
in instruments at the time when the pointer
moves over the scale. This opposing torque
is called as controlling torque.

19.3 DIFFERENT METHODS OF CONTROLLING
TORQUE

The following two methods are used for pro-
viding controlling torque in instruments, :
(i) Spring control
(ii) Gravity control.

Spring Control  1n spring control system one
or two springs (fine spirals) made of phos-
phor bronze miterial are attached to the
moving spindle of the instrument. When one
spring is employed, the spring attached to
the pointer gets twisted as the needle deflects
over the scale. The twisting force is propor-
tional to the deflection of the needle. The
spring control system gives a uniform scale,
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Fig. 19.1 Spring Control

When two springs are used in the instru-
ment, one is attached near the upper jewel
bearing and the other near the lower jewel
bearing. The two springs are fixed in oppo-
site direclions, so that when the needle moves,
one gets wound and other unwound. These
two springs will produce a force which tends
to bring the pointer back to its zero position.
The free end of the upper spring is usually
kept adjustable and its adjustment can bring
the pointer to zero position on the scale. In
addition to providing the controlling torque,
the springs are used to lead in and lead out
the current in the moving system of the instru-
ments. A spring material should be (i) non-
magnetic, (i) should have low specific resis-
tance and (i) low temperature co-efficient
of resistance. However, it should not be sub-
jected to fatigue also.

The phosphor bronze material is best suited
for spring material.

Gravity Control In this system an adjustable
weight is fixed to the moving system of the
pointer and this weight keeps the pointer at
zero position, on the scale when deflecting
torque is zero. In this condition, this weight
remains vertically downward. When needle
moves due to deflecting torque, this weight
goes upward and it exerts a force downward.
Due to the position of this weight in a
direction opposite to that in which the point

Fig. 19.2 Gravity Coatrol

cates the reading. Since the force of gravity
is not uniform, the instrument in which this
system is utilized will have cramped scale
near its zero The of
sravﬂy control nre thnt it is (i) not sub]acicd
to f
control, and (i) not effnctod by the chan%o of
temperature,

Disadvantages (i) instrument has to be ke
in vertical position before use and (#) S£
of the gravity control instrument is cramped
or crowded in the beginning.

Damping Torgue It is a torque which is
essentially required in an instrument to get a
quick reading. 1f a meter is not having
damping device.it will go on oscillating for a
long time till it attains its final position.

READING IN aMP

TME -
Fig. 19.3 Shows deflection of pointer

_In Fig. 19.3, the curve No. 1 shows the
of hen d

has moved, a force develops which is known
as controlling torque.

In practice there are two weights, one
weight for controlling torque and the other
for counter-balancing the moving system. In
Fig. 19.2 W, is the counterbalancing weight
for pointer and W, is for controlling torque.

When a meter is connected with the supply,
the pointer moves on the scale and thus indi-

the p w! g device
is not used in the instrument while curve 2 is
of the instrument having damping device.

To obtain quick readings, some device will
have to be provided in the instrament. This
device should develop a force only when the
pointer is in motion and the torque developed
on it should be in the opposite direction to
the motion of the pointer. A good damping
device should have the following properties.
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(DIt should only produce a damping
torque when the needle is in motion.
(ii) It should develop a force in the oppo-
site_direction to the deflection of the

needle.
(#if) There should be no torque due to this
device when the pointer is stationary.
(iv) The damping device should be cheap
and

simple.
It shouls not occupy much space,

194 DAMPING DEVICES
The following damping devices are used in
nstruments:
(7} Air friction damping device
(ﬂ; Eddy current damping device
(i) Fluid friction damping device.

Alr friction damping device An, air friction
damping device is usually provided with volt-
and ammeters.

In this device, a light aluminium vane is
attached to a spindle as shown in Fig. 19.4
and this vane is frec to move in a fixed air
chamber known as séctor. When the pointer
deflects, the vane in the sector also moves.
The air in the sector produces friction in the
movement of the vane and thus necessary
damping torge is obtained.

A
]
SCALE s

POINTER -

SPINDLE

VANE
AIR SECTOR

Fig. 19.4  Air friction dampiag

Eddy Current Dimping Device In this system,
a thin aluminium (or copper) disc is fixed with
the spindle. With the deflection of the
pointer, spindle causes the disc to move
under the poles of a permanent magnet as
shown in Fig. 19.5,

SCaLE

PERMANENT
ALUMINILM MAGNET
DisC
JEWEL
BEARING

Fig. 19.5 Eddy current damping system

When the disc moves under the poles of the
magnet, eddy currents are induced in the disc,

ese currents will exert a force which acts in
the opposite direction to the motion of the
disc and thus produces  essential damping
torque in'the instrument,

This type of damping is proviled in an
instrument in which g permanent magnet is
used. 1t is a most effective apd efficient
system of damping.

Fluid Friction Damping Device This type of
damping device is employed in instruments
which are l?’be used on the panel boards in

verticle only as insulating oil is put in
the dampiog chamber., Hence this system of
damping is not suvitable for portable
instrument.

Fig. 19.6 Fluid friction damping



— Table 19.1
S.  Tvpe of Insiru-  Switabilivy for' Typesof  Types of Srarring Seale Cost
No. ment types of mea-  comirol damping rorque
surement employed nsed

1. Moving Coil Current voltage Spring Eddy cur- High Uniform Costly

Instrument. de only. control. ;’tnl damp-
ng.

2. Moving Iron Current voltage Spring or  Air friction High Cramped Cheap

Instrument acfde gravity damping.
control.

3. Dynamometer Current voltage, Spring or Eddy current High Uniform as a watt Costly

Instrument. power gravity  damping. meter. Crowded as
acfde control a voltmeter,ammteter

4, Hot Wire Current voltige Spring or Eddy current High Cramped Cheap

Instrument ac/de gravity  damping.
control.

5. Electrostatic  Voltage ac/de  Spring Fluid friction Low Crowed Cheap
Instrument only. control damping.

6. [Induction Current,yoltage, Spring Eddy High Cramped Costly
meter. power ac control  current.

only.

In this method, damping vanes are fixed to
the lower end of the spindle dipped in the oil
and are free to move in the oil which opposes
the motion and hence necessary damping tor-
que isdeveloped. This system is not usually
utilized in practice and can only be used with
those instruments which are (o be fixed at one
place only.

19.5 CLASSIFICATION OF ELECTRICAL
INDICATING INSTRUMENTS

Th: classific:tion of electrical

instruments is given in Table 19.1.

19.6 WORKING PRINCIPLE AND CONSTRUC-

TION OF MOVING COIL INSTRUMENT
Working Principle The working of moving
coil instrument is based on the principle that
when a current is ‘Fasscd through a coll placed
in a magnetic fic'd, a force acts on the coil.

Construction A moving coil instrument
has a rectangu'ar coil wound on aluminium
former, a permanent magoet, 3 soft iron core,
a scale, a pointer, two jewel bearings and
spindle with two hair springs as shown in Fig.
19.7.

indicating

The rectangular moving coil is wound with
a very fine insulated copper wire ona thin
light aluminium former and is suspended in a
uniform magnetic field. The coil is attached
with a spindle resting between the jewel bear-
ings. The two ends of coil 2re connected to
the two phosphor bronze springs fixed one
on cach side of the coil tolead in and lead
out the current. These springs also provide
the necessary controlling torque as explained
before. The function of keeping the soft iron
core in belween the moving coil is to decrease
the magnetic reluctance between the hollow air
gap of the poles and to provide radial mag-
netic field of uniform intensity.
ot dampi no special arrang is
employed but the eddy current developed in
the a'uminium former produces the mecessary
damping force. The force which acts on the
current carrying moving coil when placed in
the magnetic field is determined by

F=BIL N
where B = flux density in webers/meter

I = current passing through the
moving coil in amperes
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SPINDLE
S TANGULAR
MOVING COIL OF
ALUMNUM FORMER
Wi
BEARING

Fig. 19.7 Moving coil instrament

L = active length of the conductors in
metres.

F = force developed in the conductors
in newtons.

. But B and L are constant for a given

and

instrument
Fal (19.1)
It is seen from the abgve that the deflection
of the needle is directly proportional to
current, and therefore the scale of the movin,
coil instrument is uniform. The deflection o
the pointer depends upon the direction of
current flowing through the coil. If such an
instrument is connected in reverse polarity,
the deflection will be in reverse direction and
the pointer will shows reading below the zero
position. Therefore, before g such
an instrument in circuit, polarity must be
checked.

Application A moving coil instrument can be
used on dc supply only. If connected to

measure ac, the instrument will produce
alternating torque and thus the needle will
only vibrate near zero position.

19,7 WORKING PRINCIPLE AND CONSTRUC-
EEIGITOI" MOVING IRON TYPE INSTRU-

This type of instruments work on the princi-
ple of aitraction or repulsion between two
magnetised iron pieces.
There are two types of moving iron instru-
ments namely:
(1) moving iron attraction type and
(if) moving iron repulsion type

Moving Tron Attraction Type Instrument

Construction It consists of a fixed air core
coil made ofinsulated wire and an oval shaped
soft jron disc which is fitted with the spindle.
kept in between the coil. The spindle is placed
between the two jewel bearings. A pointer is
attached with its spindle and can_ ftreelvy move.
Figure 19.8 shows the parts of an attraction
type moving iron instrument,

Fig. 19.8 Moving Iron Instrament (attraction type)

For controlling torque either gravity control
or spring control is used. Gravity control is
used for fixed instrument only. ln the figure
W, is the weight for balancing and W,
is for gravity control. For damping air fric-
tion is provided. The current producing the
deflecting torque is to be passcd through the
coil. )

Working When the instrumcnt is connected
in the circuit, the current through the coil
produces a magnetic field which drags the disc
inside. When the disc move inside, the coil, the
spindle also rotates which causes the pointer to



move on the scale. The force of dzflection (2]
exeried by the disc is proporiional to the pro-
duct of magnetising field set up by the coil
(m1) and the magnetic power attained by the
disc (m.) both of which are proportional to
the current through the coil, i.e.

Foom X my

my X m
F=T—’

(where “‘d" is the distance between the two
fields and is constant)

But mc I My=1

Fe I* (19.2)
Thus the force of deflection is proportional to
the square of the current -passing through the
coil.  The scale of such type of instruments is
th::irefon crowded at the starting and finishing
ends.

_If_the current in the fixed coil changes its
direction, the direction of field producad by it
also changzs and therefore the magnetic field
induced in the disc also reverses.  Hence the
direction of deflecting torque will not change.
Such types of instruments can be used on ac
as well as on de and are designed to measure
high values of currents.

and

Moving Iron Repulsion-Type Iostrument

Principle These types of instruments work on
the principle that two soft iron strips when
in the same magnetic field aresimifarl
magnetiscd ard experierce 8 force of repul-
sion between them which tends to move the
pointer on the dial. The deflecting torque is

Sectonised view

Electrical Measuring Instromenta 3

proportional to_the repulsive force. The
Repulsive force is proportional to the square
of the current as explained earlier. The scale
of such instruments is cramped in the begim-
ning ard at the finishing ends,

Figure 19.9 shows the necessary parts of 8
repulsion type moving iron instrument. There
is a hollow cylindrical fixed coil made of
insulated copper wire. Inside the coil there
are two strips of iron. One iron strip is
fixed and is known as fixed iron_while the
other strip is called as moving iron, The
moving iron is attached to the spindle which
is frec to move between the two jewel bearings.
For air friction damping 2 chamber and 2
vane are provided. Spring or gravity control
is provided in moving iron !nstruments.

Application This type of jnstrument is suit-
able for both ac and d¢ measurements.

198 COMPARISON OF MOVING COIL
AND MOVING IRON INSTRUMENTS

Si. Moving Coil In- ‘Maving Iron Instrument
No. strument

1. More accurate Less accurate

2. Costly Cheaper than moving
3. Delicate coil

Robust in construction
Scale cramped at be

4. Uniform scale
ginning and finishing

ends
5. Vety sensitive Mot so sesitive
6. Air friction damping

Eddy current damping

Plan view
Fig. 199 Movleg Iron lastraument (repulsion type)



" Value of multiplier resistance

[ V=
..( ; ) a
(" Same current will pass through
multiplier)

ExXAMPLE 19.2 A moving coil voltmeter has full-scale
defiection of 30V when its total resistance is 150 Q,
Find the value of multiplier resistance required to be
incorporated so that thiz voli-meter can be wied up fo
arange of 230 V.

Solution:
Resistance of voltmeter = 1500
Actual range of voltmeter = 0-30V
Voltmeter is required to measure w20V
Voltage dropped by the multiplier = V—v
- = 230-30
= 200 V
Current required for full scale deflection of
volimeter,
I=taX
r 150
=02A
Value of multiplier resistance,
V—v
R=—
=20 0000 Ans.

0.2

ExaMpLE 193 A moving coll instrument haz a resis-
tance of 10 Q and requires 60 mA to produce full scale
deflection. How would you convert this instrument for
use as a voltmeter of range 0-120 ¥,

Solution:
Current for full scale defiection

1
0mA =60 x “To0s
= 006 A
Instrument is required to read up to 120 ¥
Resistance of the meter along with multiplier,
12
R = —l;'- u—%- = 2000
v+ Multiplier resistance to be added in series
= 2000~10 = 19902  Ans.

ExampLE 19.4  An ammeter has a resistance of 36 0

and takes I A to produce full scale deflection. How
would you use it as

(1} Anammeter to measure 25 A.
(i) A voltmeter to read upto 150 A.

Solution:

As anammeter To convert the meter so as to
measure 25 A current only, a shunt resistance is
connected across the instrument.
Resistance of ammeter - = 368
Operating current of meter = 1 A
The meter is required to measure a current of 25 A
Current through the shunt,
I,=l-1,=25—-1=24A
Voltage drop across the instrument
=lyxr=1x3%=36V
Value of shunt
LA L - I
= .’_‘,__4.=~ﬁ_ z_:.sn Ans.
As a voltmeter To enable the same meter to measure

150V, a multi must be d in
series with it.
Current for full-scale deflection = 1 A

Voltage drop in the meter

Ir=1%36 =36V
Voltege drop across the multiplier
- 150—36=114 Volit.
Value of multiplier to be added in series
vV 114

-T--T-_|:4n Ams.

19.10 DYNAMOMETER INSTRUMENTS

Dynamometer instrument is & modification of
moving coil instrument, because it suffers
from a disadvantage that it cannot bz used
on ac supfly as the d:flzcting fore: doveloped
will be alternating and the pointer will
simply vibrate on it initial position. To make
the instrument capable of reading alternating
quantitics, the dircction of magnetic ficld in
the air gap must be reversed with the change
in direction of current in the moving coil and
this principle is used in the dynamometer
instrument.



T of the instrument is proportional to the
product of the flux produced by fixed coil
and the current through the moving coil, Le.
Tl

But the flux ¢ depends upon the current
through the coil

T xXIxlI
or Tou 2 (19.5)

Thus the deflection of the pointer is pro-
portional to the square of the load current
and hence the scale is cramped in the begin-
ning ard at the end,

When used as a voltmeter, the moving
coil is connected in series with the multiplier
and they are connecied in series with the
fixed coil.

But 1 also deperds on terminal voltage V.
.. Deliecting torque T F? (19.6)
Hence the deflection is proportional to the
square of the voltage, The scale’ of the volt-
meter is therefore crowded at the lower and
at upper ends.

19.11 INDUCTION TYPE INSTRUMENT

Just as a dynamometer type instrument can
be used as an ammeter, voltmeter ard watt-
meter, induction type instr can also
be used as an ammeter, voltmeter or watt-
meter. In practice, however, it is seldom used
as an ammeter or voltmeter. It is generally
used as wattmetsr only. The deflecting torque
is produced by the eddy currents induced in
an aluminium or copper disc by the flux of
anac electromagnet. In simple words it can
be said that its principle of working is similar
to a single phase induction motor.

It consists of a thin circular aluminium or
copper disc mounted on a_spindle supported
between two jewel bearings. A needle is
attached with this spindle. The disc can
freely move under the effect of the magnetic
field produced by the coil placed near and fed
from ac supply. This ac supply produces an
alternating flux which links with the disc and
thus induces current in the disc knownas
eddy current. The rotating flux of the coil
react with the eddy currents and d:velopsa
force which causes the disc to revolve in the
direction of rotating flux. The deflection. of
pointer or of disc is controlled by the sprin
contrel system. For damping, no specia
arrangement is provided but eddy currents

397

induced in the disc give sufficient damping
torque.

There are two methods of obta ning rotating
magnetic flux from a single phase ac supply
namely,

(i) By split-phase method

(ii) By using shading poles.

(1) By Split-phase method In this system a
coil is split into two coils and the two coils
are supplicd from the same single phase
supply. A phas: differerce of S0° between
the currents in the two coils is produced by
connecting a reactance in series with one coil
and a high resistance in serics with the other
coil as shown in Fig. 19.14. Conscquently,
a rotating field is developed which induces
eddy currents in the disc’ which cause it to
rofate in the same direction as that of the
rotating field with a speed little less than the
speed of rotating field. There are two follow-
itig cssential conditions for the rotation of
disc viz. (i) The two elcctromagnets must_be
placed at right angle to_each other, (ii} The
currents in the two windings must not be in
phase with each other.

(ii) By using Shading Poles In this method
there is only one elcctromagnet which pro-
duces flux. The half portion of the pole
piece of this magnet is surrounded by 2 cop-
per ring as shown in Fig.19.15. This ring
acts as a short circuited secondary winding of
a transformer while the winding of electro-
magnet coil as a primary winding.
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Fig. 19.14 Developing rotating flux by spliting
phase
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Fig. 19.15 Dereloplng rotating fux by shading pole

When the electromag is
across single phase ac supply it producesa
field flux of alternating nature which induces
emf in the short circuited shaded ring. This
emf causes current to flow in the ring which
produces flux. According to Lenz's law,
this flux opposes the flux of the electromag-

net. Due to this opposition of flux, the
maximum value of flux in the shaded
portion (#,) of the pole lags behind the flux

in the unshaded part (4,) of the pole. In
simple words we can say that flux shifts its
position from urshaded part to the shad:d
part of the pole. Herce this shifting of flux
produces the same effcet as that of rotating
magnetic field in a two phase system ard the
. disc placed in such a ficld terds to rotate +in
the direction from the unshaded portion to
the shaded portion.

1912 HOT WIRE INSTRUMENT

Principle The hot wire instiument works on
the prioc ple that when a current is passed
through a corductor, some heat is produced.
This heat causes increase in length of a -wire
and thereby causes slackness in a conductor
fixed between two points. Reduction in tension
of the wire due to increase in length is uti-
lised for creating d ion of the pointer.
The increase in length is proportional to the
rise of temperature. .

The conn:ction and the cssential parts of
hot wire instrument is shown in Fig. 19.16.
Inthe figure, ACB is a platinium irid'um
resistance wire fixed between two points A4
and B. The point B of the wire is fixed while
the point A is edjustable and the tensi of
the wire can be adjusted with the help of 2
screw at point A. There is another wire of

MAGNET

Fig- 19.16 Hot wire Instrument

phosphor bronze which is fixed at point € in
the platinium iridium wire. The other end
of the phosphor bronze wire is fixed at D,
Near the centre of this wire at F, a silk thread
£ is attached which after passing over a pulley
P is attached to tension spring T which
maintains the tension of thread. The pulley
P is fixed with the spindle which carries the
necdle and an aluminium disc and is freely
hung between two jewel bearings.

Working When the current is passed
through the instrument, the platinium iridium
wire expands due to heat developed which is
proportional to

Ho I*Rt
or Ha [*

Due to expansion, the platinium wire in-
cresses in l2ngth and creates slackness in
phosphor bronze wire. This slackness causes
the thread to move towards the left of pulley
due to the tens’on of spring. This moves the
pulley in clockwise dircetion and hence deflec-
tion of the pointer is ob'ained on the scale.
The deflection is proportional to the slackness
of the wire which is proportional to the square
of the current.  Therefore the scale of the hot
wire instrument is cramped at the lower end.
The corealar aluminium dise and the magnet
develop the damping torque as explained in
eddy current damping.

Hot wire instruments are generally used
as an or a vol itable for both
ac and dc. These are cheap, easy to manufac-
ture and are not cffected by outside magnetic
field. Such types of instruments are not very
accurate and need frequent adjustment. These
are affected by the surrounding temperature.
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Ths force developed due to eddy current
adjusts itself according to the load on the
instrument. When a constant load current
is passing through the meter, the disc rolates
at constant spzed and in this case the braking
force developzd in the disc is just equal and
opposite to the motoring force, i.c.

CRIVING MAGHET ERAIGNG MAGNET
Fig. 19.18 Braking force

Specd N o load current Iy
Emf induced in disc,
E = spzed of disc (N)
.. Braking force F, o E X [,
or "F,a Nx N
Fy o N* (19.6)
This means, the braking forc: developed is

directly proportional to the square of the
speed at which the disc is rotaling.

Recording Device This proportion of the
integrating instrument counts the revolution
completed by the disc and hence keeps the
record of the energy or quantity of electricity
consumed. This part of the instrument consists
of atrain of wheels each, of which has a
pointer fixed to the spindle. All these wheels
are attached in such a way that if onc wheel
completes one revolution, the other moves
only 1/10th of a revolution,
Integrating instruments are of the follow-
ing types;
(i) Ampere-hour mercury motor meter
(ii) Watt-hour commutator motor meter
(iii) Induction motor meter
(a) Single-phase energy meter
(b) Three-phase energy meter,
These are explained in the following scctions.

19.15 AMPERE-HOUR MERCURY MOTOR
METER

Principle Somctimes it is also known as
Ferranti-ampere-hour meter. The opeiating

principle of mercury motor meter depends
on the fact that whenever a current fed toa
conductor is kept under a magnetic ficld, a
force acis on the conductor which tends 1o
ro.ate it,

_@_. ;(E‘-.)
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Fig. 19.19 Amperc-hoar mercury motor meter

Construction  Figure 19.19 illustrates  the
main parts and conncetion of this instrument.
It consists of two permanent magnets having
north and south poles and an aluminium or
copper disc attached to a spindle. This dise
is kept under the poles of magnets in an air-
tight chamber formed by placing a fiber ring
in between to round brass disc Band 8. This
airtight chamber contains mercury and on its
left side a conductor © passes through fiber
ring. This conductor makes contact with the
mercury. The aluminium disc floats over the
mercury and lower end of its spindle rests on
an adjustable screw 4. The mercury in the
chamber reduces the friction of the disc
at A and it also provides path for the current
to flow through the disc. For holding the
magnets in position, there are two iron bars
in the instrument, one above the chamber
and other at the bottom of the chamber. On
the lower iron bar, a coil of few turns is
wound which is known as a friction compen-
sating coil. A recording device is attached
at the upper end of the spindle.

When the instrument is in use, the current
is passed in the disc through the conductor
C and mercury and from where it goes to
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the current coil and pressure coil, which
interacts with the aluminium disc placed near
the coils between bearings. This field induces
eddy currents in the disc and hence the disc
rotates.

" Fig. 19.21 Siagle-pbase ecergy meter

Construction Figure 19,21 shows the essential
parts of single phase induction type energy
meter. It consists of a pressure coil, current
coil, an aluminium disc mounted on a spindle
which is placed between the two jewel bear-
ings, and a recording arrangement at the top
of the spindle. The pressure coil is made of
many turns of thin wire and is highl{ indue-
tive. This coil is connected in parallel with
the supply or load and carries current pro-
portional to voltage, The current in this
coil lags behind the voltage approximately by
90 degrees. The current coil consists of a
few turns of thick wirc and is connected in
series with the load. It carries full load
current which depends upon the angle of lag
or lead of the load. Therefore the currents
in the pressure coil and current coil have
hase gifference of nearly 90 degrees. To
ve better phase displacement between the
currents, a shading ring is put on the pressure
coil as shown. This ring acts as a short
circaited secondary of a transformer. Its
inductance is high with respect to its resis-
tance. Hence the induced current in itlags
behind the voltage producing it by nearly
90 degrees,
The two field fluxes produced by the pres-
sure coil ard current coil act on the alumini-
um disc, induce eddy currents in the disc, and

hence the disc rotates due to the interaction
of the two fluxes developed. The speed of
the d'sc is proportional to the product of
voltage, current and the number of revolu-
tions of the disc (i.e. time). In other words,
the disc speed is proportional to the cnergy
consumed by the load. The number of revo-
Jution completed by the disc for one kilowatt-
hour is called meter constant which is given
on the name plate of the meter, i.c.

One kilowatt-hour

— Rev. travelled by the disc
Meter constant

ExaMpLE 19.5 Calculate the number of revolutions,
whick would be completed by the disc of a single Phase
energy meter in 15 minutes when the load on it iy 250
watrs.  Merer constant is 3600 revolution per kIWh,

Salution:
We know kWh = Rev. travelled by the dise

meter constant

19.7)
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Fig 1922 Three-phase three-wire energy meler
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Mov Eg/

coils

Fig. 19.24 Siogle phase power factor meter

essure coil Py and Py of many turns of thin
wire fixed 10 2 common spindle and are placed
at perpendicular to each other. Pressure
coil P, is connccted in series with a resis-
rance and carries current in phase with the
applied voltage while the current in the other
ressure coil Py is kept out of phase by connec-
ting 8 choke or condenser in serics with it, so
that the current in these coils are 90° apart.
A pointer is also attached to this spindle
which moves over the calibrated scale.
When the power factor of thecircuit is
unity, the load current 1, is in- phase with the
voltage. The current 1, of pressure Coil P1 is
in phase and current 75 of pressure coil Py is
out of phase by 90°. Now the maximum
torque will be exerted by the pressure coil Py
and it sets itself at right angles to the current
coils and thus indicates the unity power factor
of the circuit.

‘When the power factor of the load be-
comes zero due to inductive load, the load
current [z lags behind the voltage by 90 degrees.
Under this condition, the current I; of the

coll P2 will be in phase opposition
with Jz while /i will lag behind lbyp:lfl . lllie:;?es‘.
Consequently the pressurc coil Pz will adjus
iml;e:wpmzicuhrl:o the field produced by the
current coils. For any interme tate value of the
load power factor, the pointer takes up 8
position between zero lagging and zero leading
position. o
Three-phase Power Factor Meter The princi-
e of operation of this instrument is the same
as that of the single-phase power-factor meter.
Three-phase power factor meter consists of
three tixed current coils which are placed at

120 degree apart and are gonnected in series
with the load (see Fig. 19.25). There are

| o
LoAD

Fig. 19.25 Three-phase power factor meter

three moving coils which function as pressure
coils and are fixed to a common spindle which
also carries a pointer. These coils are arran-
ged 120 degree apart and their three ends
are connected at one junction to form star
oint while the remaining three ends are
joined to the line through the three fixed
resistances.

19.20 REED-TYPE FREQUENCY METER

In this type of frequency meter, a small soft
iron picce is connected to one eénd of thin
stee! blade and its other end is fixed to sup-
porting structure of electromagnet forms a
recd. In the reed-type frequency meter, there
area number of thin flat reeds, each having a
white flag on the free end and are fixed side
side in front of an electromagnet. Each ree
is tuned to different frequency.

When the electromagnet is connected across
the ac supply, a changing flux is set up which
magnetises the soft iron pieca of each reed twice
in'acycle because the aliernating current reaches
at its maximum value twice in a cycle. The
force of altraction between the soft iron and
jron core of magnet is directly proportional
to the magnctic power attained by the two i.c.
FucM.xM,orF=.f><!orle‘.The
reed which is tuned for double the frequency
of the applied current, will start vibrating with
large white band skowing the frequency of
the supply.



FREQUENCY
o METER

Load

Fig. 19.26 Reed type frequency meter

The frequency meter is always connected
across the line ( just asa voltmeter) to indi-
cate frequency of the supply on its scale.

19.21 OHM METER

It is an instrumznt which is used for measuring
the low value of resi In an oh z
there are two coils and a needle having a soft
iron picce at its other end. One coil is known
as current coil whilz other is known as pres-
sure coil. Both the coils are placed at perpen-
dicular to cach other as shown in Fig. 19,27,
A high resi of r L2 is c( lin series
with the pressure coil. The current passing
through it is proportional to the supply
voltage (voltage of the cell connecled across
it). The*current coil is connccted in series
with the unknown resistance RU. The current
passing through it is inversally proportional
lo the value of this resistance. When there
is mo resistance at the testing terminals of
meter (i.c. open circuit), no current will flow
through the current coil, but it only flow
through the pressure coil. As the pressure
coil has greater number of turns, so it will
have more flux duc to more ampere—turns.
This causes in attracting the moving iron
towards the pressure coil. Hence pointer
rests on infinity on the scale.

When the terminals of the meter are short
circuited, maximum current flows through
the current coil which helps in developing
high flux though the current coil is having few
turns. This again brings the needle to be

attracted towards the current coil and the
pointer stands on zero portion on the scale.

SUPPLY,
i

Fig. 19.27 Ohm-meter

When the meter is used for testing un-
known resistance, the flux due to the current
flowing through the pressure coil produces a
torque on the needle in counter clockwise -
direction while the flux due to the current coil
develops a clockwise torque. The magnetic
needle is deflected so that counter clockwise
deflection is equal to clockwise deflection.
The pointer connected to the soft iron piece
defleets over the scale giving the valuc of the
rcading under test in ohms.

19.22 MEGGER

Megger is an instrument which is used for
measuring insulation resistance of wiring
installation, machines and appliances.

It consists of two main parts, one part i
generating part  while other is insulation
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resistance mea uring part (i.e. ohmmeter). The
funct.on of the generating part is to gencrats
the voltage at which the insulation is to be
tested. It is a hand driven gagneto generator
which produces 500 V (for low voliage iastal-
Jation) when its handle is rotated at its normal
speed of about 140 1o 160 rpm.

The resistance measuring part is an chm-
meter. It consists of two permanent magnet
poles in the field of which two coils are fixed
to the spindle by placing thtem at right angles
to each other. The spindle is free to rotate
in the magnetic field and it also carri> the
needle which moves over the scale _uated
from zero to 1000Q2 and then go . through
20 MQto infinity. The two coils are fixed
approximatcly prependicular to each othar
and onc of them carries the load current
and is known as current coil. This coil is
connected in series to high value of insulation
resistance under test. The other coil, called
pressure coil, allows a current proportional
to the voltage across it. As the two coils are
fixed to the spindl e deflection of the
pointer will depend upon the field or currentiin
the two coils and hence will be proportional 10
the resistance under test.

Figure 19.28 illustrates the main parts and
connection of such a megger. In the figure,
R, and R, are the two high resistances.
Resistances R, and Ry are conaccted in series
with the pressure coil and current coil res-
pectively, and limits the current  passing
through them.

When the megger terminals are kept open,
there is no current in the current coil and the
pointer rest on infinity under the effect of
pressure coil only. When the megger termi-
nalsare short-circuited, full current flows and
current in the current coil will be maximem
and now the pointer will rest on the scale on

Fig. 19.28 () Insulation tester
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zero position under the influence of current
coil only. When a resistance is connected in
between the above two valves across the
terminals of megger, the pointer will rest in
between the first two positions due tothe resul-
tant magnetic field of the coils.

19.23 INSTRUMENT TRANSFORMER

In ac measurcment, voltage or current is
measured by low or medium voltage instru-
ments, But if these instruments are to be
uscd on high voltage supply, they will have
to be moditicd. Even then their use  directly
on high voltage is not out of danger. So these
instrumen:s are not employed directly on high
voltage a: supply. The supply voliage or
current is stepped-down and is then given to
the instrument for measurement.  The trans-
former which is required to facilitate measu-
rement of high current and high voltage are
known as current transformer and potential
transformer respectively.

Current Transformer Current transformer is
an instrument transformer which is uscd for
measuring currents on_a high-voliage, ac
supply line.  Figure 19.29 shows the connec-
tion of an ammeter with current transformer.
The primary of current transformer has
very less turns (usually one or two turns
only) and is connected in series with the line
of which the current is to bz mcasured. The
secondary of the transformer has greater
number of turns and an ammeter is connected
across its terminals. The scale of the am-
meter is calibrated according to the prime.y
line current. As the ampere meters have
-negligible resistance so the sccondary of  the
transformer is to be considered:short-circuit
The flux produced by the primary winding

(1) Connection of insulation testing megger
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depends upon load current. The major portion'
of it is cancelled by the flux_produced by the
secondary winding. Hence the resultant flux
in the core of the transformer is very small.
If the secondary terminals are opened or am-
meter is removed, the flux of the secondary
will become zero and now the resultant flux
in the core of the transformer will be equal
to-the flux produced by the primary winding.
This high value of flux will induce a very
high voltage in the secondary winding and
the insulatiop of secondary winding may be
punctured and thus the transformer may get
damaged. Therefore, the secondary winding
of the current transformer is never kept open.
Whenever the ammeter is to be taken out,
the secondary terminals are short circuited
by putting on a switch connected across the
ammeter (as shown in Fig, 19.29) before discon-
necting the instrument. Generally,ione end of
the s2condary winding is carthed to avoid a
danger of shock lo operator if by chance any
loose connection persists on the secondary
of the current trarsformer. It also reduces
the thitkness of the insulation required for
the winding. The terminals of the current
transformers are usually marked for polarity
which are to be used on three-phase supply to
measure power and energy. This avoids the
reversal of current in the current coil of these
meters.  For moving iron ammeters, there is
no need of marking polarity on C.T. because
there is no effect of reversing the polarity.
The ratio of current transformers are 50 : 5,
75:5,100:5, 150:5,200:5,300:5, 500:5,
1000 : 5 up to 15000 : 5.

The simplest practical application of
current transformer isa clip-on meter
(Fig. 19.30) which is used for measuring the
current flowing in the line without any
contact. The live cable is passed throu,
the clip on meter by pressing the lever, The
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Fig. 19.30 Clip-on meter

live cable functions as primary and its flux
induces an emf in the secondary which indi-
cates deflection in the ammeter connected,

1924 POTENTIAL TRANSFORMER

These transformers are used to measure high
and extra high voltages as it is not practicable
to use multipliers as in the case of de
measurement.

f

A CHIGH
VOLTAGE

4

/
PRIMAR ¥
WINDING

SECONDARY
WINDING

Fig. 19.31 C ion of 1 fi

1t is a step-down, transformer which is used
alongwith a voltmeter to measure the voltage.
The primary of a potential transformer is
designed for high voltage across which it is
to be connected. Therefore the primary has
greater number of turns of very thin wire
and secondary has very less number of turns i
of slightly thick wire.” A 110 V voltmeter is
connected across the secondary as it is desig-
ned to give an output voltage of 110 V, The
scale Dglhc voltmeter is calibrated according
1o the primary line voltage. The connection
of voltmeter with potential transformer is
shown in Fig. 19.31. The primary is connec-
ted across two phases of high or extra high
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ta)
— (a) Single phase wattmeter with instrument
transformer

Fig. 1932 Illustration of i

LOAD

(b) Three-phase wattmeter with Instrument
transformers

voltages as the case may be, One end of
secondary winding of potential transformer
isalso carthed to reduce high voltage ifa
loose connection persists.

The Fig. 19.32 given above shows he
connections for a wattmeter with current
transformer and potential transformer.

19.25 KVAR METERS

KVAR meters are used to measure the
wattless component of KVA in a three-phase
circuit. .

The principle of operation of this instru-
ment is similar to electro-dynamometer three
phase power factor meter, It consists of two
fixed current coils which l1:1'c|\.ri|']?. the field
flux. The field produced by these coils is
proportional to the line current. The moving
coil (known as pressure coil) carries the

o
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of with CT and PT

current proportional to the supply voliage.
The pressure coil consis's of three coils
which are connected in siar, The star point
is connected to the neutral for correet opera-
tion of the instrument. The connection
diagram of KVAR meter is shown in
Fig. 19.33.

19.26 THERMOCOUPLE

When the junction of two dissimilar metals
such as copper and iron, is heated up, an
emf is generated due to difference of tempera-
ture between two dissimilar junction. This
emf causes current to flow from the metal
which is at higher temperature than the other
and this effect of current is known as “‘thermo-
electric effect” and the metals chosen for the
roduction of emf or current is called
‘thermocouple™. In this case copper attains
higher temperature, so elcctronic current
starts to flow from copper to iron and con-
vesdonal current from Iron to copper as
shown in Fig. 19.34(a). For this reason the
metal which gains higher temperature than
the other emits ¢lectrons easily at higher rate.
On plotting the graph between the thermal
current (emf) and temperature for copper and
iron junction, it is scen that the current flows
almost a straight linc upto a temperature of
200°C, bui decrcases for greater temperature
and reaches to zcro for temperature of about
600°C. On further increasing the tempera-
ture, the current will start flowing in the

—0 /e
—_— T

Fig. 19.33 KVAR meter

pP directiva  as shown in the
Fig. 19.34(b).

This principle is applied in the construc-
tion of thermo-couple ammeter ard thermo
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NUMERICAL EXERCISES

19.1 A moving coil galvanometer (i.c. instrument that measure very sensitive current) has a resistance of
29,97 0 of its moving system and gives full scale deflection when carrying a current of 15 mA, Find the
value of shunt required to change the Instrument into an ammeter of range 0-15 A (Ans. 0.039)
192 A moving coil instrument has a resistance of 20 Q and require 30 mA to produce full scale deflection.
How would you use this instrument to measure 150 V? (Ans, 298082)

19.3 A maving coil volimeler gives full scale deflection of 150 V when current flowing through it is 25 mA.
Calculate the value of i quired to convert this voltmeter so as to read 200 V.

(Ans. 2000 &)
194 A moving coil voltmeter bas full scale deflection of 100 V when its (otal resistance is 200 @, Find the

value of the P equired to be added so as to enable the meter to read 250V n(ic.

300 )
19.5 A dc ammeter has total resistance of 18 @ and produces full scale defléction fora current of 0-5 A.
Find the resi f the sk quired to give full scale ranges of 15, 30 and 50 A.

(Ans. 90,36Q,292)
19.6 A moving coil instrument has a resistance of 3 @ and takes 25 A for full scale deflection. Find the
resistances of the shunts required to give full scale defleciion ranges to measure 100, 150 and 250 A,
(Ans. 3Q, 180, 19)
197 A dc voltmeter has total resistance of 18Q and produce full scale defizction for a current of 500 mA,
Find the resistancesof the shunts required to give full scale range of 5, 9.5 and 20.5 Al
(Ans. 29,180, 0.45Q)
19.8 A millismmeter has a resistance of 200 and gives full scale deflection when carrying a current of
25 mA. How would you be able to measure 50, 150 and 250V ? (Ans. 19300, 59800, 998001)
19.9 A moving coil ammeter has full scale resistance of 200 and produce full scale defiection for a current
of 10 A. What maximum current'can it measure if it is shunted by a shunt of resistance 5Q.  (Ans. S50A)
19.10 A ing coil has a resi of 10 ohms and produce full scale deflection for a current
of 150 mA. What maximum current can be measured by it if it is shunted by a shunt resistance of value
00502 (Ans. 3015 A)
19.11 A moving coil gal ter has a of 1Q and its scale is divided into 250 parts. At a
potential difference of 0.6 V, the pointer gives a deflection of 150 parts on the scale. If the meter is required
to be converted as an ammeter reading upto 51 A. Find the resistance to be shunted. (Ans. 0.020)
19.12 A moving instrument has aresistance of 10Q and takes 5 A to give full scale deflection. How this
instrument can be used as (i) ammeter to read up to 30 A, (ii) a voltmeter to read up to 250 V.
. (Ans. 20, 408)
19.13 A moving coil instrument has a resistance of 21.60 and takes 500 mA 1o give full scale deflection.
How can this instrument be used as
(i) Anammeter toreadupto25 A
(il) A voltmeter to read up to 500 V. (Ans. 040, 978.49Q)
19.14 Calculate the number of revolutions, which would be completed by the disc of a single phase energy
meter in 40 seconds, when the load on the meter is 4 kW. The meter constant is 3600 revolution for each unit
‘Ans. 160 Rev))
19.15 Find the number of revolutions travelled by the disc of a single phase encrgywmeter in 3 minutes,
when the load on it Is 1.5 kW. The meter constant is 2000 revolutions per unit. (Ans. 150.Rev.)
19.16 Calculate the number of revelutions which would be travclled by the circular disc of a single
phase ter in 2 mi 30 ds when the load on the meter is 1.6 kW. Take a meter constant
of 2400 revolutlons/kWh. (Ans. 160 Rev.)
19,17 The disc of a single phase pl 2 revolutions In - 6 ds The disc makes 2400
revolutions for each xWh, Calculate the load on the watls meter. (Ans. 500W)
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19,13 A milli of 30 resi reads a i current of 150 mA. How can it be used as:
i) & volimeter to read up 10 15 V
({ii) an ammeter to read up to 30 A

: (Ams. 97, 0.015080)
(State level Compet. 1969 Elect.)
19.14 Describe with sketches the construction and aperation of one of the following
(i) A maoving coil voltmeter
(ii) A moving iron volimeter
State whether each of the above instzuments may be used on the following supplies, ac, de or both

(Al Inddia Ski{l Compet, 1969 Elect.)
19.15 What are the two types of instrument transformzes? Etplain the difference between the [wo and
their uses. (NCVT, 1984 Wiman)
9,16 With the help of diagram eaplain the working of single phase energy meter, (NCVT 1987 Elect.;
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Hlumination

20.1 DEFINITION AND MEANING OF TERMS
USED IN ILLUMINATION ENGINEERING
Ilumination It is the quantity of light emitted
by a lighting source is known as illumination.
The heating effect of electric current is
used in producing illamination, When an
electric current is passed through a conductor,
some heat is developed which increases the
perature of that | If the tem-
perature is low, (say up to 900°C.), energy
consumed is converted into heat only and no
light is produced. If the temperature is
further increased above 900°C, the substance
starts emitiing light rays The magnitude of
the light emitted depznds upon the temperat-
ure of the substance. This means, a substance
is to operate at high temperature for emitting
light rays. Therefore only those subs'ances are
to be used for this purpose whose melting

emits a unit illumination which is known as
one candle power. It is represented by CP.

Intensity of [llumination It is the amount of
illumination given out by a unit source of
illumination at a wnit distance.

It will be seen that the intensity of light
varies in y as the square of distance of
anobject from the lightsource.Intensity of light
at 2 metres away from a source of light remains
only 1/4th of that at 1 m away. Similarly,
at4 m it only remains 1/16th of that at | m.
Therefore, the measure of intensity of
illuminati is y. The followings
are the units of i ity of illuminati
in different system of measurements.

Lumen The unit of vo.Iume of light (i.e. total
output of light) is "‘lumen”. The lumen per

point is high, like carbon, tantal
ete.

The illumination power of a lighting
source is measured in candle power.

Candle Power It is the unit used for measur-
ing the illumination power of a source of
light. One candle power is the amount of
light given out by a standard candle made of
specifiec materials and size.

If this standard candle burns at the rate of
120 grains per hour (or 7.776 g/h), then it

Fig. 20.1 Variation of Intensity of lumlnation

g foot (Im/ft?) is the intensity of light
given out by the standard candle over an area
of | square foot at a distance of 1_foot from
the candle. Lumen per square foot isalso
sometimes known as foot-candle.

Lux This is the total output of light.
Lumen per square metre (Im/m?) is the
intensity of illumination ;roduud on the
inner surface of a hollow sphere of radius one
metre by a standard candle at the centre.
Sometimes this is also known as mctre-
candle.

20.2 FACTORS TO BE VIEWED FOR CORRECT
ILLUMINATION

The following are the important factors which
hould be idered while planning correct

and a good illumination:

Nature of Work Considering the nature of
work, sufficient and suitable lighting should
be maintained. For example, a delicate work
like radio and TV assembling, etc. requires
good illumination to increase the production
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of work where as for rough work like storage,
parrages, etc needs very small illumination.

Design of Apartment The design of apart-
ment must be kept in view while plaoning
scheme for illumination. It means that the
light emitted by the illumination source
should not strike the eyes of the otcupants
or workers. * Correct il'umination in a work-
shop increases lucti and
wastage of material and accident. There-
fore soitable reflector and correct size and
type of lamps should be used to have good
illumination.

Cost It isan important factor which should
be idered while designing an illuminati
scheme for a particular purpose.

Maintenance Factor While planning illumina-
tion, it should also be kept in view the amount
of reduction of light gun to accumulation
of dust or smoke on the source of light and
after how much period cleanliness is required.
Where there is a possibility of heavy loss of
light due te the adherence of smoke, arrange-
ment for extra light is to be made from the
very beginning.

20.3 PROPERTIES OF GOOD ILLUMINATION
The following propertics may be kept in mind
while designing an jllumination scheme.

An illumination source should, have the

following properties.

() It should have sufficient light.
(if) 1t should not strike the eyes.
iy Itshould not producdgl,

(ir) It should be installed at such a place

that it gives uniform light.

(¥) It should be of correct type as necded.
(vi) It should have suitable shades and

reflectors,

204 ADVANTAGES OF GOOD ILLUMINATION

The following are the advantages of good
illumination. A sufficient and good arrange-
ment of light have the following advantages,

. (i) It increases production in the workshop.

(i) It red the ch of accid
(iii) It does not strain the eyes.

(¥) It reduces the . wastage or loss of
material

intheeyes.

() It increases the interior decoration o1
the building. .
(vi) It gives compstness to mind.

20.5 TYPES OF LIGHT SOURCES

A light source can be classified into three
groups as follows.

(¥) Direct lighting.

(ii) Indirect lighting,

(i#7) Semi-direct lighting
Direct Lighting It is the simplest form of
lighting and according to the installation
point of view is lesscostly. In this system of
lighting, the light comes straight from the
source of illumination or from a shade encir-
cling it to the working surface. This type of
lighting is generally used in factories or in
such places where direct light is required on
the job.

Indirect Lighting In this system the light
does not come direct from the source of light
to the job but reflects from ceilings, walls or
reflectors. In this system the source of light
is totally hidden and the output of light is
less. The fittings of such system are costly
but give shadowless wuniform light. This
type of lighting is used for drawing rooms,
r ants, clubs, ci ete.

Semi Direct Lighting 1In this system the light
rays neither reflect direct from the source
nor from the walls but comes through the
shade surrounding it. The shades or reflectors
wsed in such lighting are made of transparent
material and are comparatively less rostly than
indirect hghting. Such lights can also bewsed
in drawing rooms, receplion rooms, resistance
street hght, nospitals, elc.

Suitable values of illumination in lumen/
metre® are given below,

1. Main roads - 5-10 lm/m?
2, Corridors —_ 20-30 Im/m*
3. Living rooms —_— 50-60 Im/m?

4. Offices —  100-120 Im/m?
5. Billiard

tables -— 200 Im/m?
6. Drawing Offices —  250-400 Im/m®
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The source of light which on supplying
electrical power develops light is known as
“clectric lamp™.

The following are the three sources of
producing artificial light rays.

(/) Incandescent lamp.

(i) Carbon arc lamp

(tif) Gas discharge lamp

20.7 INCANDESCENT LAMPS

Incandescent Lamp - There are two types of
incandescent lamp in use.
{i) Carbon filament lamp
(ii) Metal filament lamps ; (2) Metal-fila-
ment vacuum Jlamps, and (b) Metai
filament gas-filled lamps.

Carbon Filament Lamp This consists of an

evacuated glass bulb cootaining a carbon
filament in it, as shown in
Fig. 20.2.

The filament is brought to
operating temperature by pass-
ing current through it. The
operating temperature of car-
bon filament lamp should not
be increased beyond 1800
degree C., because at higher
temperature it vaporizes and
thus blackens the inside of
the bulb, The bulb is evacua-
ted to avoid the burping of
filament and to maintain the
working temperature of it.
Its resistance at working
temperature is about 2/5 times that of
cold resistances because carbon has negative
temperature co-cfiicient of resistance. The
amount of light given out is comparatively
less than metal filament lamps and its
jllumination is light yellow in colour. The
efficiency of lamp is about 3.5 W per candle
power or 3.6 lumens per watt.

This lamp is best suited for battery charg-
ing as the consumption is much higher than
other lamps. Its life is about 600 to 800
working hours.

Flg. 20.2 Carbon
filament

lamp

Metal-Filament Vacoum Lamp In this lamp
tungsten flament is Ily used. The melting
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point of tungsten is about 3400°C. Its opera-
ting temperature should not be more than
2000°C, otherwise the metal will evaporate
and blacken the bulb. The efficiency of vacuum
lamps is low as compared to
s filled lamp and is 8-10
umens per watt.,

The life of the lamp is
about 750 to 850 working

hours.

Gas-Filled Lamp The gas-
filled lamp is a modification
of the vacuum lamp and is
commorly used now-a-days.
To increase the working
temperature: and  efficiency

Fig. 20.3 fungsten  he jamp 'is filled with and

“c:::,' small percentage of -nityogen
lamp gas. Thus the filament can

be heated to a higher tempe-

rature than that of a vacuum

lamp. The working temperature of gas filled

lamp is 2500°C while the vacuum lamp it

is about 2000°C. The temperature of this

lamp can be further increased by using

coiled coil ilament. The efficiency of this

bulb js 10-20 lomens per watt or 0.6 W

per C.P. The life of this lamp is about 1000
working houts,
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Fig. 204 Parts of a lamp



418 Besic Electrical Engineering

In Fig. 20.4 the parts of a gas filled lamp
are shown. The filament is specially hung
horizontally so that if some material of the
filament changes into vapour and deposit in
the neck of the bulb and should not interfere
with the light given out by the lower halfl of
the bulb.

208 CARBON ARC LAMP

Two carbon clectrodes placed in contact end
to end, in which direct current is fowing, and
on separating by about 0.6 cm., apart gives
out a luminous arc as shown in Fig. 20.5

BLAST RESISTANCE
DC.SUPPALY

Fig. 20.5 Carbon arc lamp

The arc gives path tothe flow of current
and the separated ends of the carbon emits
light rays. The major portion of the light is
due to the electrodes and only 5 per cent is
given out by the arc. About 85 per cent of
light is given out by the positive electrode
which has a temperature of 3500°C to 4000°C
and only 10 per cent light is emitted by the
pegative electrode which has a tempzrature
of nearly 2500°C. Inthe Fig, 20.5a ballast
resistance is also shown because of the nega-
tive resistance characteristic of the carbon

The production of heat due to the arcis
explained as:

‘When the carbon electrodes are scparated,
the electrons flow from negative electrode to
positive electrode through the air, When
passing through the air they collide with
nentral air atom and set the air in ionised
(charged) condition. The positive ions move
towards the negative electrode colliding with
the carbon, there they produce a good
amount of heat, which raites the tempera-
ture of the negative electrode. Similarly the
negative ion will move towards the positive
electrode and collide with the electrode
producing enough heat to raise the tempera-
ture of the electrode about 3500°C to °C.

The heat developed at the positive elec-
trode is greater because the negative ions have
less weight than positive jons and so they
move with higher velocity after collision.

Due to higher operating temperature, the
rate of consumption of positive electrode is
nearly double than the negative electrode.
Due to this reason the positive electrode is
made of twice the cross sectional arca to
that of the negative electrode. When using
arc lamp on ac supply, both electrodes burn
away at _equal rates and therefore they are
made of equal cross-sectional arca. The
efficiency of the arc lamp is higher than in-
candescent lamp and is about 0.5to 0.3W
per candle power or 20 lumens per wait.

Asthe rate of consumption is high due to
high operating temperature, it is essential to
maiotain the air gap between the electrodes
to obtain constant and continuous light. For
this purpose an electrical and mechanical
arrangement it provided in arc lamps. When
the carbon becomes short in length, they are
replaced. As this lamp needs frequent adjust-
ment and replacement of the carbon rod, so it
is not used in general purposes. They are only
used in cinemas projectors, search lights. The
operaling voltage of these lamps varics
between 40 to €0 V.

209 GAS DISCHARGE LAMP

A gas discharge lamp is one in which some
inert gas is filled in a glass tube havipg two
electrodes sealed into each end, which on
heating allows the flow of electron through it.
To obtain a continuous flow of clectron, gas
is first charged but as the supply is discon-
nected from the bulb, the gas is discharged.
Such a lamp is known as eleciric Gas Dis-
charge Lamp. Electric gas discharge lamps
are of two main types:

(i) Cold cathode lamp
(i) Hot cathode lamp

In first type no filament is used to heat
the electrode for starting but in the second
type a filament is provided for heating the
main clectrode at the time of starting.

The function of both the lamps depend
upon the fact that when a current is passed
through the gas, it emits light rays. When
a voltage is applied across the two endsof
the filament contained ina gas filled glass
tube, clectrons start flowing from one ele-
ctrode to the other. On the way they strike
with neutral gas atoms separating an electron
temporarily which when returns gives out



light rays, The following are the different
types of gas discharge lamps:

Cold Cathode Lamps (i) Neon
(ii) neon sign tubes, (iii} sodium
lamp.

Hot Cathode Lamps (i} mercury vapour
lamp {medium pressure), and (i) fluorescent
tube (low pressure mercury vapour lamp)

These are discussed in detail in the follow-
ing section

lamp,
vapour

2010 TYPES OF GAS DISCHARGE LAMPS

Neon This is a cold cathode lamp as
shown in Fig. 20.6. Neon gas at low pressure
is used in it. .

Inthis lamp, two flat or spiral electrodes
are kept close together in a glass bulb so that
the lamp can be operated
at low voltage such as
150V de or 110V ac
On giving supply to the
electrodes, the gas becomes
jonised and emits light
which is reddish in colour.
Io usual practice a
resistance is also connected
in series with the electrodes
which is placed in the cap
of the lamp. This mini-
mizes the fluctuation of
current due to large varia-
tion of potential difference.

A peon lamp is generally
vsed as an indicator lamp
to indicate the presence of
supply. It gives a small quantity of light and
can also be used as & pightlamp A neon
famp of this type is also used in the testing
pencil which Is of 0.5 W.

20.11 NEON SIGN TUBES

These are also cold-cathode ncon tubes used
for advertising purposes. These glass tubes
contain different gases at low pressure for
different colours. At the end of the tubes
cylinderical electrodes are provided which

Fig. 20.6 Neon lamp
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moment is required. The tubes are supplied
electric current through a step up transformer -
from ac mains. A choke -coil may be con-
nected in series with the primary winding,-
which control the current after the dis-
charge takes place. For this purpose a high
leakage reactance step up transformer can
also be used. A d is d
across the transformer (shown in Fig. 20.7)
to improve the power factor of the circuit
which may be low due to choke coil or high
reactance transformer.

mranak ok Than

“~MAIN SWITCH

AC.SUPPLY
Fig. 20,7 Neon sign tube

At the time of starting these tubes draw
less current as the resistance of the gas when
cooled is high. Thus the starting voltage
drop across the tubes will be low. Hence
the starting voliage of the transformer thus
remains high which is enough to start the arc
between the electrodes of the tube. Afterstarting
the gets heated up and its resistance de-
creases considerably wnich further increases
the current. Due to this increase of current
in the transformer, the high reactance of
transformer drops more Voltage and hence
the tubes get proper operating voliage.

The different colours are obtained by
filling the tubes with different gates. The
following are the most common gases used.

are made of nickle orifon. As these elec-
trodes are not heated up during operation,
they are known as cold cathode tubes. For
starting discharge through gas, these tubes
require 900 to 1200 V/m.  In order to start
the discharge, a still higher voltage for a

5. No. Gas Colour

1. Neon Red

2. Neon + Argon Reddish orange
3 Vapour of mercury Blue

4. Neon + Helium Golden colour
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20.12 SODIUM VAPOUR LAMP

A Sodium vapour lamp is also a cold-cathode
low-pressure lamp which gives high luminous
output about three times higher than other
lamps. This lamp is manufactured in the form
of long tube into the ends of which two oxide
coated elecirodes are sealed. This long tube
contains a little sodium and neon gas. To re-
duce the length occupied by the tube they are
made of ‘U’ shap:d as shown in Fig. 20.8.

HIGH REACTANCE

TRANSFORMER OXDE COATED ELECTRODE

A=

“U" TUBE HAVING

NEON GAS AND
SODIUM

Fig. 20.8 Sodium vapour lamp

Since there is great effect of the change of
temperature on the light given by the lamp,
the U shaped tube is enclosed in an outer
doubled walled glass tube. Before sealing
the lamp, vacuum is created between the
double walled glass tubes,

When cold, sodium is in solid state and
hence the lamp cinnot be started directas
sodium vapour lamp. .For this purpose neon
gas is inserted in the tube. When connected
to the supply it starts as a neon lamp giving
reddish bLight. After 10-15 minutes, the
solid sodium turns into vapour giving yellow-
ish light.

For starting the discharge through the
lamp, itis essential that the strikivg voltage
should be higher than the normal working
voltage of the lamp. This high voltage is
taken from a high reactance transformer or
auto-transformer which has poor voltage re-
gulation. Thus when discharge in the lamp
takes place, the lamp current iocreases due
to decrease in_resistance of gasin tube and
the output voltage of the transformer falls.
The lamp then continues to operate normally.
This lamp is usually recommended for street
lighting and have practical luminous efficiency
of 40 to 50 lumens per watt.

CONDENSER DOUBLE  WALLED

GLASS TUBE

20.13 MERCURY VAPOUR LAMP

It is a hot-cathode gas-di ge lamp si
in comstruction to the sodium vapour lamp

and mayhave low gas pressure in the bulb. As
the pressure is low as in the caseof sodium
lamp, the luminous efficiency of the bulbis very
low. To have increased efficiéncy, medium
pressure and high pressure hot cathode mer-
cury lamps are used.

In medium pressure lamps two main
electrodes of tungsten coated with barium
oxide (material for easy emmission of elect-
rons) are enclosed in a hard glass or quartz
tube. There is an auxiliary starting electrode
near one of the main clectrodes as shown in
Fig. 20.9. This tube contains argon gas at
low pressure and some mercury. This quartz
tube is enclosed in another ordinary glass
bulb whose internal surface is coated with
flourescent powder as shown in Fig 20.9.
The space between the tube and the bulb is
evacuated to reduce the heat loss.

MAIN ELECTRO

OUTER GLASS
Bu

Fig. 20.9 Mercury vapour lamp

A choke coil having different tappings is
connecled in series with the lamp to give
high starting voltage for discharge and for
controlling the current and voltage across
the lamp after discharge. The power factor
of the circuit is poor due to choke coil which
can beimproved by installing a condenser in
parallel to the supply line,



Initially when the switch is put on
for starting, the courrent does not flow
through the main electrodes due to high
resistance of the gas. However the current
starts to flow between the main electrode and
auxiliary electrode through the argon gas.
The heat thus produced vaporizes the mer-
cury which reduces the resistance between
the main clectrodes and thus discharge takes
place between the two main electrodes. This
15 due to the high voltage induced in the
choke coil due to ths momentary interruption
of current in the auxiliary electrode.

Mercury vapour lamp gives 2.5 times
higher light than incandescent lamp for the
same power consumption. These lamps are
available in different watlages like 80 W,
125 W, 150W, 250 W, 400 W and 1000 W
and give illumipation in bluish colour. These
lamps are specially used for high way light-
ing, park lighting, etc. The efficiency of the
lamp is 35 to 40 lumens per watt.

Disadvantages

(i) -It takes about 6 minutes to give full

brightness.

(i) When moving objects like the chuck
of a lathe machine etc. is lighted up
by the group of these lamps, it seems
that it is rotating in correct direction
due to multiple images which may
cause accident. This effect of light
of mercury vapour lamp is known as
stroboscopic _effect which may be
dangerous. This can be avoided by
connecting adjacent lamps on separate
phases.

(#ii) Mercury vapour lamp cannol be used
in any standard lamp holder as there
are three pins in its cap.

(iv» Theoriginal colour of an object can-
not be judged.

(v) It takes 6A approximately om first
switching ON and after six minute it
falls to 3A.

Adrantages
{i) It produces similar to day light which
may help in increasing the production
of a concern.
(i) The life of mercury vapour lamp is
much higher than incandescent lamp.
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20.14 FLUORESCENT LAMP

These lamps are hot cathode low

mercury vapour Icmfa and are manufactared
in the form of long glass tubes having
different wattages and length as 20 W and
0.6 m (2 feet), 40 W and 1.2 m (4 feet), 65 W,
80 W, and 1.5m (5 feet). There are two
tungsten filaments at each end of the fluores-
cent tube. These are coated with electron
emitting material like barium oxide for the easy
emission of electron when heated. The tube is
coated from inside with fluorescent power
and is filled with nrion gas at low pressure
and some mercury. The gas is added in the
tube because at the time of starting the mer-
cury is in the form of normal liquid state, so
the lnmg starts as conducting with argon gas.
When the temperature rises, the liquid mer-
cury changes into vapour form and takes
over the conduction of current. A choke
coil and a starter is also connected in series
with the tube. The function of the choke
coil is to provide high impulse voltage of
about 1000 volts for starting the tube and
after starting it acts as a blast in the circait
to drop the voltage. A glow type starter in
the circuit performs the function of a switch.

‘ ltﬂ:;;w
| VAPOUR

CHOKE

ELECTRODES

CONDENSER

. AC. SUPPLY
Flg. 20.10 Fluorescent tube

The connection of a tube with a glow ty,
starter and a choke coil is shown inthe
Fig. 20.10. The glow type starter has two
bimetallic electrodes enclosed in a small glass
tube containing helium gas, These electrodes
normally remain open. When the switch is
put on, a small current flows from one elec-
trode to the other through the helium gas,
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To minimize the radio interference due to
make break sound of starfer and to increase
the life of bi-metallic electrodes a small con-
dznser is connected across the starter.

When the switch is put on, a small current
flows through the choke coil, tube filaments
and sturter.  This small current passes from
one electrode to the other electrode through
the heliuom gas in the starter. Discharge
through the helium gas develops some heat

which bends the bi-metallic electrodes
and thus they come direct in contact
with each other. Now sufficient high

current flows directly through the electrodes.
After one or two seconds these electrodes cool
down., This resuits in breaking the contact
and thus current stops flowing through the
filament as well as choke coil. Due to this
sudden break, a high voltage of about 4to 5
times of normal voltage is induced in the
choke coil which is applied on the long gas
column and thus the discharge starts direct
in the tube. Afier the starting of the tube,
the choke coil works as a ballast and drops
some voltage across it (due to increased re-
actance or impedance after starting) and thus
the voltage across the tube is less than the
supply voltage.

This lamp gives glareless cool day-light
and has efficiency of 40 lumens per wait.
The average life of the lamp is about 4000
working hours. This is useful for workshops,
drawing rooms, offices and for all local and
general lighting. When this lamp is required
to use on de supply, a resistance 15 connected
in series with the choke which acts as a
ballast in the beginning and later on it drops
the voltage and smoothens the current in the
circuit.

Fluorescent Material The fluorcscent material
used in side the tube in the form of coating
absorbs the ultra violet rays and change them
into h}hl rays. Coaling of different materials
give different colours of light and some of
them are given below.

1. No. Fluorescent Materials Colour
1. Calejum tungstate Blue
2, Magnesium tungstate Blue-White
3 Zjnc Beryllium silicate Yellow White
4. Cadmium silicate / Yellow-Pink
5. Cadmium borate Pink
6. : Green

Zinc Silicate

REVIEW QUESTIONS

20.1 Describe the principle and construction of a fuorescent tube. Explain the use of starter for lighting
the tube and give the wiring diagram, (NCVT. 1963 Elect, 1970 elect, 1976 Wiman, 1980 W man)
20.2 (i) Whatare the various types of lamps available in the marker? Describe the construction of any
of the two lamps with which you are conversant, (i} Describe the following:

(i) If the voltage is increased by 5V in230 ¥ coiled coil tungsten flament lamp, What would be the

percentage increase in the light output?

(ii) State efficiency in Jumens output per watt of a tungsten filament coiled coil lamp,

(iii) Life of the lamp.

(NCVT, I965 Sep. Elect.)

20.3 Describe briefly the principle of electric discharge lamps. What are the main groups in which they
are manufactured. Explain the construction of an HPMY lamp and state the following:
(i) Equipment required for operation of an HPMV lamp,

(ii) Efficiency, i.e. output in lumens per wait.
(iii) Life of the lamp,

20,4 Deoscribe the
of cach part.

(NCVT, 1965, Oct. Elect.)

working of a sodium vapour Jamp with the help of a neat sketch explaining the function

(NCVT, 1975 Elect.)

20.5 Describe the principle of working of an electric discharge lamp. Explain the construction of a

mercury vapour lamp and equipment required for its operation.

(NCVT, 1978 Elect.)

20.6- (a) What are the different types of lighting devices used in domestic, industrial, cinema hall apd

road lighting.

(b} Describe in brief the construction and wurking of a mercury vapour lamp,

(NCV'T 1933 W/man)

20.7 What is the function of a choke coil and a starter in a fluorescent lamp? State where the twin-fitting

of these lamps is essentially used.

{NCVT 1986 W/man)

20.8 Describe with neat skeich the
better than incondescent lamp?

ion and and

peration of fluorescent tube light and in what way it is
NCVT 1988 Wiman)
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Automobile Electrical System

21.1 DIFFERENT CIRCUITS OF AN AUTO-
MOBILE

In an automobile, electrical energy is supplied
1o all the electrical circuits from a dynamo
or alternator while the vehicle is in normal
running condition. But when the vehiéle is
stationary or running at slow speed, thesc
circuits are supplied elecirical energy from a
lead acid battery which is usually of 6, 12 or
24 V and 100, 150, 200 Ah capacity. This
battery is charged from the dynamo or alter-
nator which gets attached with the engine
of the automobile when it attains a pre-
determined speed.  The electrical circuits of
an automobile can be grouped into five
classes as given below:

(i) Lighting circuit
(1) Starting circuit
(iii) Ignition circuit
(iv) Charging circuit
(v) Electrical devices circuit

21,2 LIGHTING CIRCUIT

This part of the eledtrical circuit provides
lighting inside and outside of the vehicle for
safe operation during night. A lighting circuit
comprises the following sub-circuits:

BT
Head Side Dome Dash Siop Tail Door
light light light Board light light light

light
Lighting Circuit

Headlight Circuit  Headlights are provided
in front of the vehicle. The aim of this circuit
is to illuminate the objects coming from the
opposite side in the night. In headlights,
double-filament bulbs of 6 to 24 V and 12 to
36 W are usually used. These lights are
separately controlled by a “ON" & “OFF"
switch like atwo way switch which is fitted

on the dash _board. This switch puts ‘ON’
any one of the two filaments in head
lights at a time. As the two filaments are of
different wattage they give different illumina-
tion, When less light is needed, low wattage
filament is switched ‘ON’ and when more
light is required, high wattage filament is
operated. A dimmer dipper switch is also
connected in the circuit which is installed
near the foot of the driver. The connection
of head light circuit is shown in Fig. 21.1,

Sidelights These lights are also known as
parking light and are fitted on the front side
of the vehicle to indicate the breadth of it.
These lights arc scparately controlled by a
common switch (shown in Fig. 21.1). They
are left glowing when the vehicle is placed
for parking during night. The usual wattage
of the bulbis 3 to 6 W.

Dome light Dome light Is fitted inside the
vehicle to illuminate the inner objects. This
light should be fitted in such a way that there
is no glare of light from the front glass.

Dash-board Light This light is fitted on the
dash board to illuminate the switch board
fann_cl. This lighting is a type of indirect
ighting and a bulb of 1.5 W is generally used
for this purpose. '

Stop Lights (Danger Lights) These lights are
installed at thé back-side of the auto-vehicle
on its two sides. The control of these lights
is through the brake. When brake is applied,
these lights start flickering thus giving an
indication to the driver of the rear vehicle.
The wattage of the lamp is also 3 W.

Tail Light This light is also of 3 W bulb and
is fitted on the back side of an automobile,
The function of this light is to illumipate the
back number plate of the vehicle during
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Fig.21.1 Lighting clrcuit

night. Its control is kept in such a way that
it must glow whenever eithes of head lights or
side lights glow.

Door Lights The aim of providing these
I is to send indication to the driver

the stationary engine, it takes heavy cur-
rent for developing high starting torque. This
heavy current, of the order of hundred
amperes, passes through a thick cable from
the battery to the motor. As the vehicle
attains speed, this molor is automallr.a_\llg:

whether the doors are open or properly shut.
These lamps are fitted at the dash board.
Glowing of lamp shows that a particular door
is not properly closed.

1.3 STARTING CIRCUIT

When & vehicle is stationary and it is requir-
ed to start the vehicle ils engine must be ro-
tated first. For this purpose a self-starter is
used which takes current from the battery.
This self-starter is a dc serics motor, the
output of which is about ] H.P. The work-
ing voltage of the starter depends upon the
voltage of the lead acid battery which varies
from 6 to 24 V. As this motor is to rotate

d from the bya h
gear arrangement provided on the shaft of
the motor. As far as possible frequent start-
ing of the sell starter should be avoided as
it would discharge the battery soon.

The self starter is either a 2 pole or 4 pole
dc series motor. Fig. 21.2 (a), (b) shows
separate connection of self starter with pedo-
max switch and solenoid switch.

21.4 SPARK PLUG

A spark plug consists of two metal electrodes,
shown in Fig. 21.3 separated by a_porcelain
insulator whifh can withstand high temper-

ature of i gine without 1
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(a)
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Fig.21.2 Starting clrcult

its insulating properties. The air gap between
the two electrodes approximately varies from
0.7 mm to 0.9 mm. A high voltage is applied
between the central and ground electrodes of
the spark plug. This high voltage causes
spark which jumps between the two electrodes
thereby igniting the fuel inthe combustion
chamber,

Fig. 21.3 Spark plog
21.5 IGNITION CIRCUIT

An ignition circuit consists of an ignition coil,
distributor, tact breaker, d and
spark plug. 1o-petrol engine, a spark is required
in a cylinder in a cylinder for starting the
engine when the piston is at the end of com

ression stroke end beginning of working stroke
which ignites the fuel. For producing spark in

the cylinder it is essential to have high voltage,

_But in an automobile only low voltage de iug%y
is available from the lead acid battery. is
low voltage is stepped up with the help of
ignition coil.

Ignition Coil - An ignition coil consists of two
coils separately insulated from each other as
shown in Fig, 21.4.

FROM BATIERY S—:—- TO DISTRIBUTER

LA

Fig. 21.4 Ignition coil

One coil is having only few hundred turns
of thick wire while other coil is having many
thousand number of turns of thin wire wourd
on the same iron core. In fact this coil is a
transformer and works on the principle of
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mutual induction.- But for the operation of
transformer an alternating current or pulsa-
ting current is needed. The current supplied
from the battery is a direct current which is
changed to pulsating current by passing it
through a make break arrangement. This
pulsating current is then passed through the
primary winding of the ignition coil which
sets up a pulsating flux in it and thus a high
voltage of nearly 11 to 40 kV is induced in the
secondary winding of the coil. This high
voltage is applied across the spark plugs and
a spark takes place inside the eylinder.

In an auto-vehicle there are generally
four, six or eight cylinders depending upon
the design of the individual sanufacturer and
a spark is essentially required in each
cylinder just before the working stroke of the
piston. It is therefore necessary to distribute
the high voltage to the spark plugs in turn,
This distribution of current to the spark plugs
is done by distributor.

Distributor A distributor consists of lower
and upper parts. In the lower part of the
distributor a make-break arrangement is pro-
vided for the current of primary winding of
the ignition coil. In the upper part, the distri-
bution of high voltage is given to each cylio-
der. In the middle of the upper part of distri-
butor, a rotor rotates whicll:) can make contact
with the stationary points in the upper part
of the insulated cap of the distributor. These
points are connected to the sparking plugs by
high tension wire which are equal in pumber
to the number of cylinders in the engine.

In the lower part of the distributor there
is an iron piece having symmetrical sides

(al
Fig. 21.5 Ignition clrcuit: (a) Distributor. (b) Ignition coil with distributor

equal in number to the tylinders of the
engine and is known as cam. This iron piece
and the rotor rotate with the rotation of the
driving shaft of the cam and thus interrupt
the current flowing through the primary coil,
This results in iaducing high voltagein the
secondary coil which is applied to the spark
plugs. -

A condenser is also comnected across
breaker point of the distributor. Its function
is to suppress the spmk at the make-break
points at the time of opening the contact by
retaining charge and give quick discharge at
the time of closing these points. These points
are usually made of platinum so as to with-
stand high temperatures. The air gap between
the contact breaker point generally varies
from 0.033 to 0.457 mm (0.0015 1o 0.018%),
Figure 21.5 shows the connection for a 4
cylinder vehicle,

The order in which sparking takes place
in different cylinders is known as firing order
and for a 4 cylinders vehicle this order may
bel,3and 4,20r1,48nd 3,2, etc. For a
six-cylinder _automobile, the firing order
maybel, 3,5 2andd, 60r1,6,3, 5and 4,2
elc.

21.6 CHARGING WITH TWO BRUSH DYNAMO

In an auto-vehicle if the current from the
battery is taken contiouously for all the elec-
trical circuits and no source is provided for
its charging, it will be discharged soon. To
prevent this, a small shunt dynamo of voltage
little higher than the battery voltage is fitted
with the engine along with a 3 unit regulator,

(b)



Electric Horn The common electric horns
in use are of two types viz (i) motor type and
(i) electromagnetic type.

Electric motor type horn  In this type of horn
there s a dcseries motor on the shaft of
which a circular threaded plate is fixed.
Avother similar threaded plate is placed
making contact with it (as shown in Fig. 21.8)
which is attached to a steel diaphram. When
the supply is given to the horn motor, it
revolves the threaded plate which in turn
vibrates the diaphram and thus the necessary
sound will be produced.

L

o

Fig. 21.8 Electric motor type horn

Electromagnetic type electric horn It consits
of a eylindrical hollow coil in the centre of
which there is-a soft iron plunger. This
plunger is attached to a high frequency steel
diaphram. Fig. 21.9 shows the connection of
this type of horn.

CONDENSER

Fig. 21.9 Electromagnet type horn

When the horn switch is put on, acurrent
starts flowing through the winding and the
| is thus magnetised. This plunger now
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pushes the diapbram inside and then open
the contact point and in this way the coil is
demagnetised. Due to the tension of the steel
diaphragm, the plunger returns to its original
condition and thus the contact point is again
made. Again current flows, the plunger is
magnetised which pulls the diaphragm inside,
the contact point breaks and the plunger again
comes to its original position. This procedure
continue as long as the horn switch is made
ON and the diaphragm goes on oscilating
producing a sound.

Horn circuit takes large currents of the
range of 8 to 12A which may damage the
contact point of the ordioary push button.
This beavy current will damage the ammeter
if installed in the circuit. For this reason
supply to the horn circuit is fed direci from
the battery through the horn relay.

Turn signal Turn signals are used to indicate
the side in which the driver wants to take
turn, These signals are of two types, namely
(i) clectromagnetic arm type, and (ii) flasher
type.

Electromagnetic arm type turn signal Some-
times back these type of side indicating
signals were widely in use. But pow a days
they have bezen superseded by the flasher types.
This type of turn signal consists of an arm
and an electromagnet system as shown in
Fig. 21.10, When the curreat is passed
through the electromagnet, it is magnetised
and pulls inside the iron plunger attached to
anarm. This lifts the arm upwards and thus
RIGHT SIDE INDICATOR

LEFT SIDE INDICATOR IN ON POSITION

Fig. 21,10 Electromagnetic turn sigeal (Arm type)



showing the tank to be full. When the tank
is empty, the float is at the bottom of the
tank and thus all the resistance is in series
with the current coil. Maximum current will
flow through the pressure coil and as this coil
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When the ignition swijch is put "ON’ the
solenoid is magnetised and attracts the
plunger upward. This plunger pushes the
diaphragm upward. Due to increased pressure
created in the chamber, the fuel is forced to
the carb through the outlet valve.

bas greater number of turns as ed to
the current coil, it will bave more flux. This
will result in attracting the moving iron
towards the pressure coil and therefore the
needle poiats towards ‘E' on the scale, indi-
cating the tank as empty. When the tank is
half-filled, the sliding contact will be midwa:

During tkis operation the inlet valve remains
closed. Butwhen the plupger gets lifted up-
ward, it opens the contact point of solenoid
and in this way it is demagnetised and returns
to its original downward position. This

Its in reducing ein the chamb
and therefore fuel enters through the inlet

between the resistance and the gneti
strength of both the coils will be equal and
the needle will take its position on ‘H" on the
dial indicating the tank as half-filled.

Electric fuel pump The aim of the fuel pump
is to pump the fuel from the tank to the car-
buretor, Figure 21.13 shows the main con-
nection and working principle of a fuel
pump,

TO CARBURETOR

FROM TANK

QUTLET
e

£
ve
Fig. 21.13 Electric fuel pomp

A fuel pump has one inlet valve and one
outlet valve, The fuel from the fuel tank
enters through the inlet valve and goes out to
the carburetor through outlet valve. These
valves are enclosed in a chamber formed with
the help of a diaphram. This diaphram is
fixed to a plunger which can move vpward
and downward by the opcration of a
solenoid.

valve. As the diaphragm moves to its down-
ward condition, the contact point again
touches each other and solenoid is again mag-
netised and in this manner the whole process
is repeated again and again till the ignition
switch remains closed,

Screen Wiper Its function is to clean the
wind glass to enable the driver to see the road
clearly. It consists of a small dc series motor
having thread on the shaft of its armature
which drives other gears as shown in Fig.
2],14. A moveable rubber blade is fixed to
this gear which clears the front glass when
required.

Fig. 21.14 Electric screen wiper

When the switch is made ‘ON’, the motor
starts rotaling and the threaded portion of the
shafi revolves the gear arrangement shown
in the figure. The high speed of the motor is
reduced to low speed with the help of these
gears, A lever is attached to this gear which

ives to and fro motion in the wind screen
lade which is fixed to the other gear.
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Tronbles

Causes Remedies

4. Loose connection in field wind- Connect feld tightly.

ing.

5. Oily or dirty commutator. Dip the commutator in petrol
and after ihis clean it with sand-
paper.

Sparking at the brushes 1. Worn brushes. Reset or replace brushes,

2. Carbonised commutator. Clean it with sand paper.

3.  Oily Commutator Dip and wash it in petrol,

4. Mica above commulator seg- Commutator to be turned,

ments.

5. Spring tension 160 low. Increase spring tension,

6. Faulty brush contact. Remove the cause of sticking.

Weak sparking in plugpoint. 1. Weak insulation of ignition coil. Replace the coil.

2. Loose conneglion in primary Properly tighten its screws,

winding.

3. Wrong adjustment of contact Adjust the gap correctly,

breaker point.

4. Weak or partial short circuit in Change the condenser,

condenser.

5. Deposit of carbon on spark plug. Clean it with sand paper and
adjust it gap.

Mo sparking 1. Short circuit in primary or Replace the ignition cojl.
secondary winding, .

2. Burning or carbonizing of con- Clean it with sand paper or

tact breaker point. change it with new one,

3. Contact breaker point remains Adjust the gap of contact brea-

open or short circuited, ket point.

#.  Short circuit in condenser. Change the condenser,

5. Burnt ignition switch. Install new switch,

Misfiring at high speed. 1. Increase in gap of contact brea- Adjust gap as recommended.
ker point.
Misfiring at low speed. 1. Less gap in contact breaker poiot. Adjust the gap properly.
2. Weak condenser. Replace condenser.
3. Incorrect gap of spark plug. Adjust the air gap.
Alternator fails to charge 1. Loose mounting or belt, Tighten properly.
2. Blown fuse. Change the blown fuse in the
regulator.
3. Open circuit in the rectifier. Test and remove the fault,
4.  Open circuit in rotating feld. Check the circult for break
and rectify the faolr,
5. Open star of stator winding. Make the continuity alter test,
Alternator charging at 1. Setting of regulator too high. Set according to requirement.
high rate. 2. Regulator not properly earthed. Ground it properly.
3. Regulator contact sticking. Inspect and remove the fault.
Low charging rate. 1. High resistance due to loose Clean and tighten ground con-
connection of ground wire. nection rigidly.
2. Loose battery terminals causes Tighten battery terminals pro-
high resistance which reduces perly.
charging current.
Sound in Alternater. 1. Damaged bearing. Replace bearings.
2. Foundation Loose.

Tighten foundation properly.
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REYIEW QUESTIONS

21.1 Describe with the help of a diagram, the electrical part of the ignition system of a four cylinde
petrol engine motor car.  Explain briefly the king of each used. (NCVT, 1911, 1974 Elect.,
21.2 Describe the electrical system of a molor vehicle and give its layout. (NCVT, 1972 Elect.}
213 What is ignition? How is high voltage generated in the ignition system of an automobile though
the battery voltage is only 12 VI Why distributors are used in cars? (NCVT, 1973 Elect.)
21,4 What is the function of a distributor in an automobile? Draw the wiring diagram of ignition
system, (NCVT, 1976 Elect.)
21.5 Draw the ion di of a battery charging circuit with 3 unit regulator and explain the
function of automatic cut-out.
21.6 Explain the charging system of an automobile using an alternator. State why diodes are used?

21.7 Why does the alternator not require a cut-out relay? Explain the main op g part of al 1
218 Give the ion diag of the following auxilary circuit with a brief explanation

(i) Horn

(ii) Fuel gauge

(ii}) Side indicator
(iv) Tail light circuit
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Fundamentals of Electronics

22.1 INTRODUCTION

An atom consists of a nucleus (i.e. central
part) having protons and neutrons around
which electrons revolve in orbits. These re-
volving electrons are held to the nucleus
with an attractive force between the electrons
and protons.

Different atoms have different number of
electrons in their orbits depending upon the
atomic structure. In matter, they revelve in
a haphazard manner from atom to atom. Jn
ap atom electrons farther from the nucleus
have less force of attraction and are known
as “'free electrons.” These free electrons can
easily be detached from the atom of conduc-
tors by applying suitable electric pressure.
An atom which has lost an electron is left
with a positive charge and is known as a
positive ion and the atom which has gained
an electron is negatively charged and is
called a negative ion.

22.2 ELECTRONICS

Electronics is the science of engineering
which deals with the flow of electrons
through a vacoum, gas tube or semiconductor.
As the flow of electron in one direction is
called electric current, it is essential to know
the different methods of its emission.

22.3 THERMIONIC EMISSION

If a certain thin melal platé or wire is heated
in vacuum to a very high temperature, it
starts emitting electrons from its surface.
The number of emitted electrons depends
vpon temperature and nature of material.
At higher temperatures, more electrons will
be emitted. The obtaining of electron
emission by heating the surface of a metal is
called thermionic emission of electrons.

The most common electron emitters sub-
stances are (i) tungsten emitter, and (ii)
oxide-coated emitter,

Tungsten Emitter It is heated to a very high
temperature of about 2500°C and is known
as bright emitter. These types of emitters
have longer life.

Oxide-Coated Emitter In these types of
emitters a nickel plate is used which is coated
with calcium oxide or barrium oxide and
strontium oxides and this enables it fo emit
clectrons at comparatively low temperature
at approximately 100°C. At this temperature
it is dull red and this require much less
power for the emission of electrons.

224 THERMIONIC VALVE

A thermionic valve allows the current to
pass in one direction omly. It consists of
anode and cathode placed in a glass evacuated
bulb. Thermionic valves are of two types,
namely (i) directly heated valve and (ii) in-
directly heated valve.

Directly Heated Valve In such types of
valves, there is no cathode. The heating
filament itself serves the purpose of cathode.
Fig, 22.1 shows a directly heated thermionic
valves,

ANODE ANDDE
caTHooE CADALE
FILAMENT FILAMENT

Fig. 22.1 Directly heated valve

Indirectly Heated Valve In this type of
thermionic valve, the electron emitter cathode
and heating element have no - electrical con-
nection between them as shown  in Fig, 22.2.
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The heating element is supplied  dircetly
either low voltage de.or ac supply.

cathooe FILAMENT  gynre

CATHODE
FILAMENT

Fig. 22.2 Indirecily heated valve

225 SOME DEFINITIONS

Plate Resistance (r,) It is the ratio between
the change in plate voltage to the plate
current at constant grid voltage.

Mutual Conductanee (g,) It is the ratio bet-
ween change in plate current to the change
in grid voltage at constant plate voltage.

Amplification Faetor (u) It is the change in
plate voltage to the change in grid voltage in
opposite direction when the plate current
remains constant.

Plate characteristics The curves that show
the relation between the variation of plate
current with plate voltage at different grid
voltages.

Mutual Characteristics The curves that give
the relation between the change in plate
current with grid voltage at different plate
voltages.

216 DIODE

A diode consists of an anode and a
cathode enclosed in a small evacuated
glass tube. The working principle of a diode
is that when the cathode or the filament is
heated to a high temperature, it starts emite
ting electrons. If the anodeis comnected to
the positive terminal of the supply with
respect to the cathode, the electrons will be
attracted by the anode. This causes an
electric current to flow from anode to
cathode as shown in Fig, 22.3

CURRENT FLOW

LOAD
Fig. 223 Flow of current In a diode when anode Is at

positive
cathode

potentlal  with respect to

When the anode is connected to the
negative terminal of the supply with respect
to the cathode, the emitted electrons will be
repelled back and assembled around the hot
cathode as shown in Fig. 22.4. The accum-
mulation of electrons. between the anode plate
and the cathode is known as space charge
condition.

I - s
NO FLOW OF
CI.HREIHO
Fig. 22.4 Current does got flow In a diode when
anode is at pegative potential

In this case there is no flow of electrons
between cathode and anode. This means,
a diode can only permit the electron to pass
from cathode™ to anode only when the
anode is posilive with respect to the cathode.
In other words we can say thata conven-
tional current flows from anode to cathode
inside the diode valve. The value of the
rectified current in this small tube is very less,

Diode as a rectifier A rectifier is a device
which is used to allow the current to pass in
one direction only, Itoffers high resistance



for the current to pass in the opposite direc-
tion, This property enables it to rectily
alternating current into direct current.

The practical applications of diode valves
are that they can be used as.

(i) Half-wave rectifier, and
(ii) A full-wave rectifier

Half-wave diode Rectifier  Fipure 22.5 (a)
shows the circuit diagram of a hall wave
rectifier. .In this rectifier, the ac input fo
the diode is given through the secondary
of a transformer. The cathode or the heat-
ing element is supplied ac from a separate

low voltage secondary winding of the trans-

former.

A dc current will flow through the load
resistance AB when anode is positive as com-
pared to cathode and there will be no flow
of current through it when the anodeisata
pegative potential relative to the cathode.
In other words it can b2 said that only posi-
tive half of the cycle will cause the current
to flow through the load resistance AB from
A to B and there will be no flow of current
in the negative hall cycle. As only half of
the cycle is converted to pulsating dc, this
diode is known as half wave diode rectifier.
Figure 22.5 (b) and (c) show respectively
the curves of the ac input voltage and dc
output current through the resistance A8,
Full-wave diode Rectifier In the half-wave
diode rectifier only positive half of the wave
is rectified to dcand there is no current in
the load resistance AR during negative half
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of the wave. In & full wave rectifier both
posélive and negative half of cycle is changed
to de.

A full wave diode rectifier has two anodes,
Aand Band a common cathode (shown in
Fig. 22.6) which is supplied ac through a
transformer whose dary is centre tapped
The two termioals T: and Ty of the trans-
former are connected to anmodes 4 and B
respectively. The dc output supply terminals
for the load resistance C and D are taken
from the cathode and centre poiot E of the
transformer secondary.

During the positive half cycle, if anode
Ais at positive potential as compared to B,
a current will start flowiog through the
external load resistance CD from C to D
through anode 4 and the common cathode.
During the negative half cycle, the anode B
becomes {;ositive with respect to anode 4,
current will flow fromanode B to cathode and
to load resistance C to D. Thus there will be
pulsating de through the load resistance from
C to D during both the balf cycles and is
shown in 22.6 (d).

If a capacilor is placed across the load
resistance as shown in Fig. 22.6 (a), it will
acquire a charge when voltage is rising in
the positive hall and discharge into the load
resistance CD when voltage falls in the same
half. Thus current through the load never
falls to zero. This current can be further
smoothed by providing a filler circuit having
inductance and capacitance connecled as
shown in Fig. 22.6 (b).

COMVENTIONAL Flok oF CURRENT

| e
AC = l o
INFUT 3 CUT PUT
= B
-

Loeeia

Fig. 22.5 (a) Halfwave diode rectifier

() le}

(b) Ac input () De output (Pulsating(
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CENTRE-TAPEDT/F .
Fig. 22.6 (a) Full wave diode rectifier
. {with condenser)
[(3]

- Fig. 22.6 () AC input

AANA

DC.OUTPUT WITH CAPACITOR
ACROSS LOAD

e}
(¢) DC outpat with capacitor
22.7 TRIODE
A triode is a vacuum tube which has  three
electrodes, viz.,, anode, cathode and grid.

. CATHODE OR FILAMENT

ANCCE

CATHCDE

Fig. 22.7 Triode

A
INFUT

Fig. 22.6 (b) Full wave rectifier with filter circuit
(i.e. choke and condenser)

| D C OUTPUT
WITHOUT CONDENSER

(d)
Fig. 22.6 (d) DC output without condenser

D.C.OUTPUT WITH FILTER
CIRCWIT

()
(1) DC output with filter circuit

The grid is usually a thin nickel-plated
copper wire spiral attached to one ortwo
supporting rods and is placed in between
anode and cathode havihg no electrical
contact as shown in Fig. 22.7.

This grid controls the anode current if its
potential is made positive or negative relative
to cathode. The anode current can also be
controlled if its potential is kept positive,
negative or zero.

If the grid potential is made positive with
res to cathode, the number of electrons
emitted from the cathode towards anode is
increased and hence the anode current
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?mi“‘ Hu_.rr?an

3

ru.n.n_ Triode as an amplifier

increases. If the grid is made negative with
respect to cathode, the eleclrons emitted
from the cathode are repelled back and there-
fore few electrons are able to reach the
anode. By making the grid sufficiently
negatively charged, the flow of electrons
towards anode can be completely stopped.
Similarly when the grid is kept at zero
potential with respect to cathode, a triode
acts as a diode.

Practical Application of a Triode Valve The
practical application of a triode is to use it
as an amplifier. An amplifier is a device
which may be used to magnify the weak
signal ora small ac input voltage applied
between 'the grid and cathode and may be
amplified in the anode and cathode circuit
(i.c. output terminals), Fig. 22.8 shows the
connection of a triode when employed asa
voltage amplifier.

In Fig, 22.8 load resistance R. of 30 k Qijs
connected between the positive terminal of
the battery and the anode. The voltage
across the load resistance Ri is koown as
output voltage and at anode is called anode
voltage. In between the cathode and grid
a battery of voltage ¥y say 3V (bias Vo[n%e)
is connected in series with the secondary of a

former whose induced emf is dueto
the signal voltage applied to the primary and

which is t i
i hnmo be amplified. The purpose of

1 is. to sup constant tive
potential at the grid, r.’i'&":l. lppl{adn::.hnr
of the anode and is always greater than V.

The grid :..nd Dever positive with respect to

cathode = ore there is no bias
current in it.

Voltage amplification,

output voltage

input voltage

~ Voltage across the load
Vollage across grid (2.1)

. For understanding the amplificat;
triode tube, let us cgmidcrml.hpnlt %’":uﬁg'.
plate current be 5 mA with— 3V for grid and
other values as shown in Fig. 22.8.

Output voltage across 30-k O resistance
= Plate current({,)x load resistance(Rz)
=00 X g
=150V
Plate voltage = ¥, — I, x Ry
=250 — 150 = 100V
If the grid signal voltage is varied & 1V,

the result of amplificatio ill be as gi
in Table 22.1 P " & given

o=

Table 22.1
Grid Signal voltage (V) Plate Current {m.A.) Anode Voltage (V) Qutput Varfm—lf.—r,x).‘
=341m=2 [ 0k x 6mA=IS0 250—180=70
Average voltage—3 5 30kQ x 5mA=150 250—150=100
—3—]e=—d 4 30k0 x 4m A=120 250—120=130
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1t is clear from the above chart that +1 V
ingrid signal voltage produces an ampli-
fication of 4 30V at the load. Thus the
input signal is amplified by a factor of 30.

22.8 SEMI-CONDUCTING MATERIAL AND
DEVICES

Semi-Conducting material Silicon and germ-
anium in pure form are not good conductors
of electricity, but when mixed with impuri-
ties they become good conductor of electric-
ity and allows current to pass in one direc-
tion only. The following types of Semi-
conductors are in use now-a-days in the
mannfacturing of solid state devices.

N-type Semiconductor This type of semi-
conductor has excess of electrons, so  has the
property of dopating electrons.

P-type Semiconductor This type of semi-
conductor has excess of holesin it and has
the polarity of accepting the electrons.

PN Junction It is a_single crystal semicon-
ductor whose oene half side is p-type and the
other half is N-type. The PN
or NP junction is also known
as crystal diode or semicon
ductor. The symbol of crystal
diode is shown in Fig. 22.9.
The arrow head shows the
direction of flow of conven-
tional current.

Forward Bias  When a
battery jis joined to the PN
junction in such a way thatits
positive end is connected to
P-side, and negative side to
M-side, a large' current staris
to flow across the junction be-

A /

Fig. 129 Shows
PN

cause it offers little resistance ctlon
to the conventional flow of {Dicde
current from P to N side. This stal)

roperty of a semi conductor
}: kr:lcown as “Forward Bias™,

B W ey

11
+

Fig. 2210 Forward bias passes the current from the
P 1o the n junction

Reverse Bias  When the battery is connected
to the PN junction such that its posilive

Il
Ay

+
Fig. 22.1F Reverse bias does not allow current

end is joined to N-side and negative end to
P.side, it offers a very high resistance to the
flow of current and thus the current through
the junction is practically zero.

229 SEMICONDUCTOR DIODE

It is a solid state semi-conductor device
which allows the current to flow in one direc-
tion only as shown in Fig. 22.12. It is made
from pure silicon material and is converted
into P-type and N-type material. 1f a layer
of P-type material is formed next to a N-type
layer, this makes a PN Junction. In such a
junction electron can easily pass from N-type
to P-type layer when P is at positive potential.
Hence this junction may be used as a rectifier
which allows the conventional flow of
current in the direction from P-type toN-type
as shown in Fig. 22.12. The arrow head of the
diode shows the conventional flow of cusrent.
DIGDE

_[E—"e =
(S

A
Fig, 22.12 Flow of current In semi-conductor diode
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22.10 TRANSISTOR

A transistor is alsoa solid semi conductor
device which behaves like a triode valve, It
is a single crystal of silicon or germanium
with three elements known as collector,
basc and emitter and can be used for ampli-
fication and oscilati=n. The collector acts
as an anode, base as grid and emitter like
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Fig. 2213 Transistor

cathode. Figure 22.13 shows the symbol of
a transistor,

In the PNP transistor, there are two
P-sections separated by a N-section and in a
NPNmt‘ﬁ]e transistor there are two N-section
apar y a P-section.

Collector It is a section omone sideof a
transistor and has low conductivity. It
collects the electrons emitted by the emitter.
It is always® biased in the reverse direction
as compared to other section of the transistor.

‘Emitter Itis a section on the other side of
the transistor and has large conductivity, so

supplies a large number of electroms. It is
always biased in the forward direction with
respect to other section of the transistor.

Base It is the thin central part of a transis-
tor and is in between the . collector and
emitter.

A transistor is a two junction device, one
juncticn is forward biased and other reverse
biased and has three ends. One end is made
common between input and output circuit.
The input s given bétween the common end
and one of the other two ends. The output is
taken between the common end and the re-
maining end.

REVIEW QUESTIONS
22,1 Skeich and describe the construction of an indirectly heated cathode.
222 Explain why a diode permits current only in one direction?
22.3 Draw a sketch and explain the construction of a diede.  Sketch the function of each of its parts
22.4 Explain why the grid is usually kept at negative potential?
22.5 What do you mean by rectification? Draw the circuit diagram of a half wave diode rectifier and

explair its functjon.

22.6 What are the advantages of a full-wave rectifier over a half-wave rectifier?

22,7 State the working of a diode and triode. Mention thejr uses.:

(NCFT, 1976 Wiman)

22.8 Explain why a large current flows In a forward-biased PN junction.

22,9 Write Short notes on the following.
fa) N-type semiconductor
(b) Diode tube

(NCTV, 1956 Wman)
(NCVT, 1968 Elect.[1970 W man)
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Conversion of AC to DC

231 METHODS OF CONVERSION OF AC TO DC

In recent years, generation of ac has gained
populantx_over dc due to the ease with which
it can easily be stepped up or stepped down
for economical transmission and distribution
of supply. Conversion of ac to de (or vice
versa) is essential because some operation like
electroplating, electrolysis, battery charging,
relays function, etc. can only be performed
on dc supply.

The following are the general methods of
converting ac to dc,

(i) Motor generator set

(ii) Metal plate rectifier
(fi) Mercury arc rectifier
(&) Rotary convertor set

23.2 MOTOR-GENERATOR SET

‘In this method an ac motor is mechanically
coupled to a de generator. The motor may
be cither single phase or three phass. The
motor supplied ac drives the dc generator
and thus direct current is produced. This
method of conversion of ac to dc is generally
employed for electric welding, electroplating and
battery charging.

Advantages of Motor-Generator Set
(i} 1t is easy to start the set.

(#) De output voltage can casily be con-
trolled by adjusting the shunt field
regulator,

(ili) The dec output voltage is practically -

constant and is not affected by the
change of ac voltage as the speed of an
induction motor is constant.

(iv) It is easy to locate faults in the set.

Disadvantages of Motor-Generator set
(i) Astwo different machincs are required,
its cost is more.
(ii) Its maintenance cost is more due to
its having two machines.
(ifi) 1t requires more floor space.
(iv) It has comparatively low efficiency.
(v) It is possible to convert ac to dc and
not de to ac.
(vi) Overall efliciency of the set is less.

233 METAL PLATE RECTIFIER

A solid contact metal plate rectifier is based
on the principle that the contact of the two
different metal offers different resistance to
the passage of current through them in diffe-
rent directions. In other words, the resistance
offered to the flow of current when passed
in one direction is comparatively less than
the resistance offered if the direction of
current is changed, The difference of resis-
tance depends upon the different metals selec-
ted for the purpose.

These rectifiers are of the following types:

(i) Copper plate rectifier
(i) Selenium rectifier

Copper-plate rectifier These types of rectifiers
are suitable for low current output, They are
made of copper discs, on one side of which is
put a thin layer of cuprous oxide. It is
practically seen that this cuprous oxide casily
allow the couventional current to pass from
copper oxide tc copper (or electrons from
copper to copper oxide) but offers very high
resistance to curreat in the opposite direction.

This rectifier consists of copper discs
having copper on one side, and copper oxide
on the other side, soft metal lead washers, cooling
fins d on an insulated rod and ped
together as shown in Fig. 23.1. The lead
washers are used to have good electrical
contact with the disc.
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Fig. 23.1 Detnil view of copper oxide reclifier

Figure 23.2 shows the connection of a. half
wave metal plate rectifier. For full wave
rectification there are two possible methods
of connection as given below*

(i) Centre-tapped secondary method

(i) Bridge method

]
LT
aC
INPUT !
— 1

¢
CUTPUT
Fig. 23.2 Halfl-wave metal rectifier

+

Centre-Tapped Secondary Method The opera-
tion of a full-wave metal plate rectifier is
made through a centre tapped secondary ofa
transformer. Its two terminals T, and Ty are
connected to two rectifiers R, and Ry respee-
tively. The common points of the rectifiers
and centre tap of the transformer are taken
out as tferminals for dc output as shown in
Fig. 23.3. i
When the transformer terminal Tp is
positive with respect to Ty, a current will low
from rectifier Ry to load, i.c. from 4 to # mak-
ing terminal A positive. During the negative
half cycle, terminal T, becomes positive re-
lative to Th. Current again pagses from 4 to
B making terminal A paositive for the de out-
put. For smoothing the de output, a filter
circuit is to be employed (not showa in the
figure).
Bridge Method This method is -mployed
to take large output current. In this method
of rectification four metal rectifiers are used

—

Fig. 23.3  Full-wave rectifier with ceatre tapped
Secondary

and are connected in the form of bridge as
shown in Fig. 23.4

Suppose during the positive half cycle,
terminal T of transformer secondary is posi-
tive with respect to Ty, In this condition dc
will flow from Ti to load LM through rectifier
AB and will go back to T; through rectifier
DC. When terminal T, becomes positive
during the negative haif cycle, the currens
will pass through rectifier C8 to load LM and
back to T, through rectifier DA. The current
through the load LM remains from I to M
during both the half cycles. Figure 23.4(c)
shows the curve for the current through the
load resistance LM,

Many plate rectifiers are used in series to
increase the working voltage of the unit
because a single unit of 2 em dia disc can only
operate on 8 V. To iocrease the current
output of the rectifier, many such plates are
connected in_ parallel as shown in Fig. 23.5.
Such type of rectifier, are used for clectro-
platiog plants in which case they give high
output current at low voltage (i.c. 5 to 48 V),
This type of rectifier is also suitable for X-ray
machine and used with moving coil instru-
ment for measuring alternating current and
voltage at low current and very high voltage.
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Conversion of AC to DC

Fig. 23.6 Threc-phase full-wave rectification

Figure 23.6 shows the connection of full-
wave rectification of a three-phase supply
system through a metal plate rectifier,

Selenium Rectifier  Selecium rectifiers are
extensively used nowadays for battery charg-
i electroplating ete. for output upto
100 kW.

In this rectifier, steel (or aluminium) plates
are used. A layer of selenivm is deposited on
one side of the plate. This contact of steel
and selenium has the same property as that
of copper and copper oxide.

Germanium and silicon rectifiers may be
used for an output of up to 100 MW.

23.4 MERCURY ARC RECTIFIER

The function of a mercury arc rectifier
depends upon the valve action of the arc deve-
loped in a mercury pool. The arc developed
in the mercury pool permits the Aow of-
current in one direction only.
It is also a type of thermionic valve which
ists of a big ev ted glass bulb having
an anode of graphite or iron at the top and a
mercury pool at the bottom to act as cathode
as shown in Fig. 21.7.

GlasseuLs

MERCURY
VAPOUR

A sy
MERCuAY

MERCURY
FOOL
CATHODE
Fig. 23,7 Mercury arc rectifier

This glass bulb also contains some mercury
vapours in it. Suppose an arc is created on

the surface of the mercury which is operating
at a very high temperature about SOOd?'eC. At
this very high temperature, the surface ofthe
mercury emits some electrons. Ifa potential
difference is now maintained between anode
and cathode with anode at positive potential,
these free el will be d by anode
and will travel with high speed towards anode.
On the way they will strike with the neutral
mercury vapour and break them into positive
and negative ions. Thus more electrons are
liberated towards anode to make up the defi-
ciency of elecirons there. The separated
positive ions will move towards cathode and
will collide on the surface of pool of mercu
to liberate more electrons. These free elec-
trons will again travel towards anode and
will strike with neatral mercury vapour and
the process continues. The point at which
the positive ions hil the mercury cathode
atlains a very high temperature is known as
“Arc cathode point”. This point moves on’
the surface of mercury pool in an irregular
manner. The negatively charged electrons
also strike the anode but, cannot produte
much heat because they are very light in
weight, '

The continuous movement of negative ions
from cathode to anode and positive ions to
cathode establish a flow of current through
the bulb till the anode is positive. If anode
is m1d: negativs, the emitted electrons will
b2 repelled back to mercury cithode and thus
there will be no flow of current through the
rectifier. )

It is clear from the above that once the
arc is developed, it will i to exist till
the anode is at positive potential.

Single-Phase Half-Wave Mercury Arc Rectifier
In a single-phase half-wave mercury arc recti-
fier only one anode at the top of the glass
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bulb is used and mercury at the bottom serves
the function of a cathode. The anode is
connected to one end of the secondary wind-
ing. The other end of the transformer's
secondary and cathode are the terminals of
dc output as shown in Fig. 23.8. The func-
tion of this rectifier is similar to a thermonic
valve. In this rectifier only half of the cycle
is rectified as shown in Fig. 23.8(b) and heénce
is known as half wave mercury arc Rectifier.

.C.
INPUT |

(b}
Fig. 2.8 Single-phase half-wave mercury arc
rectifier

Single-Phase Full-Wave Mercury Arc Rectifier
In a single-phase full-wave mercury arc recti-
fier two anodes @ and b at the top of the bulb
are provided which are connected with the two
terminals T, and T of a centre-lapped secon-
dary of a transformer.” The dc output is
taken from cathode and the centre tap of

dary of the former. Figure 23.9
shows the connection of a full wave mercury
arc rectifier.

For starting the arc an ignition anode is
placed a little labove the mercury pool. For
this purpose a potential difference is maintain-
ed betwcen ignition anode and cathode which
is supplied from an auxiliary secondary of the
transformer. An electromagnet is placed
below this ignition anode and is magnetised
when the push button is pressed. This altracts
‘e ignition anode which makes contact with

the mercury and current starts flowing from
the ignition anode to the cathode through

A.C.
SINGLE FHASE

ELECTROMAGNET
()

()
Fig. 23.9 Single-phase full-wave mercury nrc
rectifier

mercury. When the push button is released
the ignition anode breaks the contact from
the mercury cathode and :(?ark is produced
and maintained as explaiped.

In this rectifier both the halves of a eycle
are converted to dc and thus the currentis’
available for whoele period. To smoothen the
fluctuation of dc output a reactor is used on dc
side. Fluctuation on dc side can also be
minimized by increasing the number of pbases
of input supply, say 2, 3 or 6.

Three-Phase Mercury Arc Rectifier In a three-
phase half wave mercury arc rectifier, there
are threc anodes rllced at equidistance in a
circle and at equal dist from the cathode.
These anodes are supplied potential from a
star connecled secondary of a transformer,
F;gure 23.10 shows the essential conmnections
of a three phase Lalf wave mercury arc

rectifier.




|

Fig. 23.10 Three-Phase half-wave mercury arc rectifier
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In such rectifiers each anode carries the
arc when it is at higher positive potential with
respect to other two anodes for one-third of a
cycle and the arcis transferred from one
anode to the other in turn, It means, a three
phase three anodes mercury arc rectifier is a
three-phase half-wave rectifier.

Figure 23.11 shows the connecclion of a
three-phase full-wave arc rectifier. This
rectifier bas six anodes placed in a glass bulb
in the form of a circle and equidistant from
each other and from the cathode. These six
anodes are supplied potential difference from
two secondaries of a transformer which are
connected in double star as shown. The
ncutral point of the secondaries and the
cathode are the terminals for dc output. In
this rectifier two auxiliary anodes are also
provided near the mercury pool to keep the
arc alive. These auxiliary anode function as
constant load on the rectifier and are supplicd
from an auxiliary secondary of the irans-
former. A reactor (i.e. choke coil) is used in
the circuit to limit the current in the circuit.

This rectifier is a three phase full.wave
mercury atc rectifier. Figure 23.11(b) shows
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the curve for input ac supply and dc output,
From the dc curveit is clear that in this case
dc output is better rectificd than in the three-
anode half-wave rectifier.

Advantages of a Mercary Arc Rectifier The
following are the advantages and disadvant-
ages of a mercury arc rectifier as compared
with other types of rectifiers.

Advantages
(i) There are less chances of faults as there
is no moving part in it

(if) Maintenance cost is very low due to
less wear and tear.

(iii) Simple in operation in comparison with
other types of ac to dc rectifiers.

(iv) Vaporized mercuryis not wasted be-
cause after cooling it falls down in the
mercury pool,

(v} It occupies less floor space.

(vi) It is lighter in weight and is noiseless.

(vif) Its cost is less as compared to rotary
convertor.
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Fig. 23.11 Three--phase full-wave mercury arc rectifier

(vii) The efficiency of the mercury arc recti- Solution:

fier is high and is about 95-96%,.

(ix) It is easy to start and has sufficient
overlnad capacity.

Discdvantages

() As the container of the bulb is made
of 2lass, there are chances of its being
broken due to rough handling.

(if) Due to excessive heat developed in the
bulb, a cooling arrangement is cssen-
tial.

(iii) It cannot be used as.an invertor.

(iv) There is always some power loss in the
excitation anode circuit when working
without load.

ExampLe 23.1 A three-anode mercury arc rectifier
supplies a load of 20 kW ar 250 Vde. The arc drop is
20V, Find the kVA of the transformer at this load,
Assume a power factor of 0.8.

Dc load current, / -'7“’
201000 .
== =8 A
Power loss in the rectifier,
W=V [=20x 80 = 1600 W
Output of transformer = 20,000 + 1600
= 21,600 W

= 11.6 kW
output of transtormer, kVA

o 26
0.8
= 27 kVA

kw

cosg

Ans.
23,5 ROTARY CONVERTOR

In a dc generator voltage generated in the ar-
mature is alternating in pature. In the out-
put circuit de is made available through a
brushes and commutator arrangement, If:




(@
Fig. 23.12  Single-phase rotary convertor

tappings from the armature winding are
brought out to sliprings mounted on the shaft
opposite ta the commutator side, alternating
current will be available at the sliprings when
its armature is rotated.

A rotary convertor is similar in construc-
tion to a de shunt or compound machine with
additional sliprings on one side and commu-
tator on the other side. The stator is made
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b)

comparcd to a three-phase rotary convertor
for a particular output. For geiting 3, 6 or
12 phase supply for rotary, the input supply
to the primary of the transformer is usually
threc-phase and the secondary of the trans-
former is wound for 3, 6 or 12-phase output,

Tappings for Wave Winding In case of wave
winding as there are only two parallel paths

of lamination having inter-poles (or
tating poles) and damping windings are also
provided in the machine. The damping
winding is done on the faces of the pole shoe
which is short circuited by rings on both
sides. If the machine is supplied with ac,
it operates as an auto synchronous motor and
delivers de output., If de is given to the
machine, it acts as. a dc shunt or compound
motor and gives out ac at the sliprings,
(known as “rotary invertor™). If the arma-
ture is rotated by a primover, dc will be
available at the brushes of the commutator
and ac at the brushes of sliprings.

in the hine irrespective to the ber of
poles. Therefore in a single phase machine
there will be two sliprings, so two tappings
will be brought out, one for cach slipring at
180° apart. Similarly a three-phase machine
has three sliprings, so there will be 3 tappings
one for each slipring at 120°, A six phase
machine bas six slipring, so six tappings are
taken out at 60° apart, one for each sliprings
anda 12 phase machine bas 12 slipring, so
12 tappings are taken out at 30°, one for each
slipring.

Tappings for Lap Ifludmx In lap wound
ar,

Figure 23,12 shows the essential
tion of single phase rotary convertor. A
single phase rotary converlor has two slip-
rings and a three-phase rotary may have three
sliprings. Generally a2 rotary convertor has
6 or 12 sliprings, due to the fact that a 6 or
12 phase rotary convertor is smaller in size as

e, the of parallel path

is equal to the number of poles. So for any

given potential, there will be as many equi-

potential points in the winding as there are

pair of poles.

.'. Total tappings = Mo. of pair of poles
X no. of sliprings
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Fig. 23.13 Three-phase rotary cannrlﬁr

For a two pole single-phase machine, there
will be two tappings one for'cach of the two
slipriogs and in case of a 4 pole single-phase
machine, there will be 4 tappings, two for
each of the two sliprings. Similarly fora
two pole three-phase machine, there will be
3 tappings, onc for cach of the three sliprings
and for a four pole three phase machioe,
there will be 6 tappings, two for each of the
three sliprings. In case of a six poles three-
phase machine, there will be 9 tappings, three
for each of the three sliprings. Figure 23,13
shows the connection of a three-phase rotary
convertor.

Starting of Rotary Convertor A rolary con-
vertor can be started either from the dc side,
or from ac side.

Starting of Rotary Convertor from ac Side
Rotary convertors are generally used to con-
vert ac to dc. In all modern power station
ac is generated, but for special purposes like
battery charging, electro-plating etc., it is
required to convert ac to de. Starting the
rotary convertor from dc side may not be
required. However, when dc supply is avail-
able, ac supply can be obtained by starting
the machine from the dc side.

Starting of Rotary Convertor from ac Side
When starting the rolary convertor from the
ac side, the fleld switch and dc main switch
are kept open. The ac main switch is put “ON"
and reduced voltage is applied to the sliprings
from a step-down transformer. Now, a three-
phase current flows through the armature



winding and produces rotating magnetic field.
This rotating magnetic field cuts the damping
windiogs on the pole faces and thus the
rotary starts as inverted-induction moter.
When the ° machine  attains normal
speed, the field switch is closed. Now
tr: other side of rotary acts as a shunt
or compound generator and the motor
now pulls ioto synchronism and runs
as a synchronous motor. When the rotary
convertor attaios synchromous s , the
relative speed of the armature with respect
to rotating magnetic field b zero and
it so seems that the armature field comes
from the projected poles and the output
current on the brushes of the commutators is a
direct current. The rotary convertor is now
said to have pulled in step and the polarity
of the brushes depends upon the relative posi-
tion of the armature and field pole at the
moment of pulling into step. Therefore, it is
possible  that the dc output voltage may
develop in wrong direction which is indicated
by the zero-centre voltmeter. To develop the
correct polarity at the commutator, the field
switch for an instant is opened and then
sgain it is brought back to its original posi-
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tion. This will canse the armature field to
be repelled by the main field and thus dc
voltage will develop in correct direction.

At starting the field switch is kept open
and is closed when the motor is runnming
at normal speed. Thisis due to the fact that
the rotating magpetic field of the armature
cuts the large number of field winding turns on
the main poles at s{llchronous speed. There-
fore, a very high voltage is induced in the field
winding. To control the induced emf, the field
winding is made of sections and kept open as
shown in Fig.23.14. In normal working
condition, the armature runs at synchronous
speed and the armature field is stationary
with respect to rotaling magnetic field and
no voltage is generated in the field winding.
For this reason, the field switch is kept open
at the time of starting, for otherwise a heavy
circulating-current would cause sparking on
the commutator.

Inverted Rotary Convertor The
rotary convertor is also known as an
“invertor”. An iovertor is actually a rotary
convertor which is used to convert dc into ac.
When working as convertor, it works as a

inverted
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synchronous motor on ac side and its speed
is comstant. But when it operates as an
invertor, its dc side will function as a dc
shunt or compound motor and in this case
the speed is not constant (because the speed
depends upon the flux per pole). When the
power factor on ac side is lagging, there will
be demagnetising effect of the armature
current which will reduce the flux of the field
poles and hence the speed will increase. If,
the power factor becomes very poor, the
machine may attain a dangerously high speed
like a dc series motor operating without load.

To prevent this, the field system of an
invertor is always separately excited from an
excitor mounted on the shaft of the machine.
This excitor rotates with the same speed as
that of the armature and supplies current to
the field winding of the invertor.

When the speed of the invertor increases
due to demagnetising effect of armature
current, the excitor voltage will also increase,
This increased voltage will also circulate
increased current in the field winding which

TanLe 23.1 CompearisoN Between Motog-

will increase the field flux and thus neutralize
the demagnelising effect.

Power Factor of Rotary Convertor Power
factor of a rotary convertor depends upon its
field excitation. I the excitation is high,
the power factor will also be high. This
high power factor decreases the current
taken by the rotgry and thus reduces the
losses and increpses the efficiency. To
improve the power of a rotary convertor it is
essential to increase the exciting current,

The rating of the rotary convertor
decreases with the decrease of power factor
because it increases the losses in the armature,
So the improvement of the power factor
increases the rating of the convertor which
can further be increased by increasiog the
number of phases. It is only possible if they
are designed to operate on poly phase system
and should work on or pear unity power
factor. Therefore single phase rotary con-
vertors are rarely used because its efficiency
is comparatively less than poly phase con-
vertors.

GENERATOR SET AND RoTaRY CONVERTOR

5.No. Moior-Generator Set

Rotary Convertor

. It oecupics more space as it has two machines. 1.

-

It occupy less space because it has only one
machine.

2. Its initial cost is high. 2. Less costly,
3. Its overall efficiency is less. 3, Iis efficiency is high.
4. Require freq i 4. Require less maintenance.
5. I is very noisy. 5. Less noisy
TanLe 23.2 CoMPARISON BETWEEN.RoOTARY CONVERTOR, METAL PLATE RECTIFIER AND MERCURY ARC
REcTIFIER
Si. No.  Particular Rotary Convertor Metal Plate Mercury Are Reetifier
Rectifier

1. Construction Very difficult to Most casy lo construct  Easy (0 construct as
construct compared with rotary

convertor.

2. QOperation Requires great care Tts starting operation Operation * easier than
at the time of is most easy that of rotary convertor
starting

3. Sound and vibration Produces sound and ~ Soundless and pro-  No vibration and sound

vibration

duces no vi
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Generation, Transmission and
Distribution of Electricity

24.1 SOURCES OF GENERATION OF
ELECTRICITY

Electrical epergy in bulk quantity is generated
at a big power station from where it is trans-
mitted to the substation and then distributed
to. the consumers for use. These power
stations are of many types and are known
according to the cnergy used to rotate the
prime-mover of allernator. These power
stalions are:

(i)
(i)
(iii)
(i)

+ Hydro Power Stalions In this system the
geaerator is driven by the water turbine. The
water for the turbine to rotate is brought
down from a high level reservoir through a
spiral pipe and is thrown on the blades of
the turbine thereby it starts rotating. The
generator coupled with the turbine also starts
rotating, This system is adopted onm such
types of rivers where there is no shortage of
water throughout the year. Dams are con-
structed on rivers to water heads. Examples
are Bhakra Dam, Hirakund Dam, etc.

The generator used for this system runs at
low speed and has more number of poles.
The runping cost of such type of generating
station is comparatively less than the initial
commissioning cost.

Thermal

Hydro power station
Thermal power station
Diesel power station
Atomic power station

Power Stations This system is
generally” used at  places where there is a
shortage of water. In this system steam is
produced in the boiler by burning coal and
then it is used to drive the steam turbine.
The steam turbine rotates the generator.

Such type of stations are of medium capacity
and their initial and running costs are high,
Badarpur and Indraprastha thermal power
stations of Delhi are the examples of this type
of generating stations.

Diesel Power Stations This system of gencra-
tion is usually used at such places where there
is scarcity of water resources and coal, such
as in deserts, hilly areas, war field areas and
military camps ete.

In this system diesel engine is uvsed to
drive the shaft of the generator. The output
rating of such type of stations is very low and
requires high initial and runing cost.

Atomic Power Stations In this type of
stations atomic power is used to produce the
steam which drives the steam turbine of a
generator. No doubl its commissioning cost
is very high but its running cost is comparati-
vely lower than a thermal power siation. The
output capacity of an atomic power station
can be very high. Such type of power stations
in India are at Narora Buland Shahar,
Trombay, etc.

24.2 TRANSMISSION OF ELECTRICITY

The generator used for the production of
supply may either be ac or dec. However,
these days ac generators are used (usually
three phase 11-kV) because the voltage can
casily be stepped up and stepped down. The
usual gencrating veltages at the gencrating
stations are 3.3, 6.6 and 11 kV Energy generat-
ed at the generating stations is transmitted
through the transmission line to the sub-
station from where it is supplied to the
consumer through the distribution lines
(known as distributor) and supply mains,



Figure 24.1 shows the single line diagram
of supply system from generating station
to consumer.
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Fig. 24.1 Single line diagram of complcte supply
system

The following terms are used for different
scctions of supply system,

Feeder Mains These are bare or insulated
conductors which are used to take current
from the generating station and supply to the
transmission line.

Transmission Feeders These arc the supply
lines which ecarry power at high voltage from
generaling station and supply it to the sub-
station,

Distribution Line A distribution line is tapp-
cd off from the transmission feeder at the
substation and supplies energy to the service
mains.
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Service Mains 'These are the small overbead

or underground conductors of the line used

to take the energy from the distribution line

to t_l_h; consumer premises.
e Tard Gole

. . - M or

lines in India are 220, 132, 110, and
66 kV. Work on 440 kV transmission line is
still under consideration for Beas Satluj trans-
mission Liok Project. The transmission line
of 220 or 132 kV is ste{pcd down to 33 kVin
grid stations. This 33 kV transmission line is

* further stepped-down to 11 kV for distribu-

tion and 1s distributed to differcnt ‘main
stations of the city. From these main stations
secondary distribution lines are taken for
different substations where it is stepped down
to three 440 for distribution of supply to the
consumer premises,

Advantages of High-Voltage Transmission
Transmission of electrical energy at high vol-
tage has the following mein advantages.

Saving in Conductor Material For a constant
power output, if the transmission voltage is
increased the current in the transmission line
reduces. This reduces the size of the conduc-
tor required for transmission line or in other
words it decreases the weight of material
needed for the line.

For example let 20 kW power be trans-
mitted at V. The line current,

20 X 1000 _
s00 = 40A.

If the transmitting voltage is now stepped up
upto 1000 V, the current will be

20X 1000 _
="Joo0 —204

I=

For 20 A, the size of the conductor will be
only half as that of the first case. Hence it
reduces the weight and cost of material.

Reduction in Power loss of Transmission line
We know power loss, W= I'R. As the
current required in the second case of the
previous example is only one—half of the first
case, the power loss in the line will only be
one-fourth as compared to the first case.

Better Efficiency of Line Due to decrease of
power loss in the transmission line, the
cfficiency of transmission line is i d
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Better Voltage Regulation Tr ission at
high voltage reduces the voltage drop of the
line due to decrease of current and thereby
improves the voltage regulation.

Saving of Maiterial With the saving of
material, the size of the cross arm reduces.
The distance between the poles increases

which reduces the number of poles required. -

It also minimizes the cost of labour required
for erection etc.

243 DISTRIBUTION SYSTEM

The following are the distribution systems of
supply.

Radial distribution system
Ring distribution system
Grid distribution system

Radial System Figure 24.2 shows the connec-
ticn of a radial system. lIn radial system
each load junction is supplied by an individu-
al feeder which is controlled at the sub-
station. This system is adopted for low
voltage and generator is instalied in the centre
of the city or load. No doubt this system is
very simple but suffers from a disadvantage
that incase of fault the whole circuit or
area is interrupted.
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Fig. 24.2 Radial distribution system

Ring System In this system each load junc-
tion is connected to the next and forms a
closed ring as shown in Fig. 24.3. Ttis clear
from the figure that each load junction has
two supply sources. The main advantages of
this system is that the faulty section can
easily be disconnected from the circuit with-
out disturbing the others. Moreover it is
easy to repyir and in case of a break in the
feeder line, the load can be supplied from the
other side, This system of supply is applied
for low and high voltage distribution systems.

Grid System  This distribution system is also
known as “interconnected  distribution

FEECER FEEDER

RiNG FEEDER
FEEDER (]
(a} Fig. 24.3 Ring distribution system




system". In this system the important generat-
ing stations or substations of the country or
city are connected together so as to meet the
demand during the ume of need. Ina grid
system, the transmitted voltage is stepped
down to 33 kV at some convenient paint From
where it is supplied to ring distribution main.
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Fig. 244 Grid system

Distribution of supply According to the
procedure of construction there are ‘two
systems of distribution of electrical encrgy
viz,

(/) Overhead system
(#i) Underground system,

Overhcad System of Distribution In this
system bare conductors are run on pole or
tower which are fastened to the insulators
provided on the cross arm. This system of
erection is very cheap. It is also easy to take
brauch line from such system.

Underground  Distribution  system  Several
methods are employed to bury the armoured
cables in the ground. The most common
method of burying the cable under the ground
is to make a trench about I m deep and 0.5m
wide along the road or as required. Before
laying a cable in in the trench a layer of sand
of about 5 cm thick is spread at the bottom
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of the trench. After this the cable is rolled
over the trench and placed in it. After laying
the cable, it is covered with sand to a height

of about 15 cm as shown in Plg. 24.5.
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Fig. 24.5 Laying of cable

Now a siogle layer of bricks is spread
over the surface of sand which is then coverd
with earth. The layer of bricks is given to
protect the cable from any mechanical damage
(in case another party digs the earth for water
mains etc). While laying a cable care should
be taken not to fold or twist the cable,

244 TYPES OF CABLES

As discussed earlier, power from the generat-
ing station is transmitted to the substation
through cables. These cables are available
in single-core, two-core, three-core, four-core
and three-and-a-half-core and can be grouped
according to the voltage for which they are
to operate.

(f) Low tension cables (LT cables)—up to
1000 v

(ii) High tension cables (HT cables)—up to
11600 Vv

(7ii) Super tension cables (ST cables)—from
22kV up to 33 kV
(iv) Extra high tension cable (EHT cables)
—from 33 kV to 66 kV
(+) Oil filled and gas filled pressurised
cables—from 66 kV to 132 kV or above
The main parts of a cable are shbwn in
Fig. 24.6.

Core All underground cables consist of
single, two, three, four and three-and-a-half
cores of stranded aluminium or copper con:
ductors.



together with oil impregnated paper and the
empty space between them is filled with jute
filling as shown in Fig. 24.6. After the
covering of impregnated paper, a layer of lead
sheathing is given which is again covered with
a layer of impregnated paper, jute bedding,
two layers of pgalvamiscd steel wire with
impregnated fibrous separator, jute serving,
In a paper-insulated oil filled armoured
cable, special care should be given to avoid
leakage of insulating oil from the cable, For
this purpose special sealing boxes (for indoor
and outdoor) are used to seal the cable ends
at the terminating points where the wires are
lead out or joined together along the route of
the cable for straight or tee i All
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(vii) High corrosion resistance and can be
laid directly underground in places
where soil is of active nature

24.5 MATERIAL FOR OVER HEAD DISTRIBU-
TION LINE

The following materials are required for the
erection of overhead distribution systems.

Bare Conductors Bare solid or stranded
copper and aluminium conductors are used
in overhead distribution lines. In spite of
aluminium conductors being cheap they can-
not be used for long span due to their low
tensile strength. To increase its tensile

cable boxes are provided with suitable devices
such as brass gland and armoured clamps to
give good mechanical protection to the cable,
to avoid entry of moisture in the cable and
maintain earth continuity. These cables are
manufactured in various sizes from 0,007 to
1sq. inch up to 33 kV.

Oil-filled and  gas-filled pressurised
cables are used for extra high vollage up'o
132 to 220 kV.

PVC Cable Nowadays, polyvinyl chloride
(PVC) cables are used for low and medium
voltage dis'ribution system. The conductors
used in these cables are also of stranded
aluminium or copper wires which are separa.
tely insulated with PVC insulation, After
this all the conductors are kept close together
and then again a layer of PVCis given all
around them. The space between these insu-
lated conductors is filled with jute. On this
outer covering of PVC cable, a liyer of gaiva-
nised steel wire i3 ad-ded which is then cove-
red with a thick layer of PVC insulation,

PVC cables are more flexible, non-drain-
ing, and have the following properties.

{i) High mechanical strength
(i} High resistance to abrasion
(iffy High fire resistance at high temperature
{i¥) High resistance to acid, oil and chemi-
cal fumes
{v) High dielectric strength and high
insulation resistance even when dipped
in water

(vi) High ageing property

gth, a steel ductor is placed in the
centre of all the aluminium conductors and is
known as “‘aluminjum conductor stecl rein-
forced™ (ACSR).

Poles Figure 24,7 shows the different types
of poles used in overhead distribution
lines. Poles are used for supporting the con-
ductor above the ground. These are of diffe-
rent types as given below,

() Wooden pales
(i) Mild Steel poles
(iiiy Concrete poles
(iv) Steel latticed poles or towers

Wooden Poles Nowadays these types of poles
are rarely used because they have very short
life. However, they can be employed for
temporary overhead line, electrification of
rural areas. Wooden poles are prepared from
a well seasoned teak wood. The pole is then
dipped io beated creosote oil to prevent it
from insects. The approximately life of such
type of a pole is 10 years.

Mild Steel Poles Mild steel poles are of two
types as follows.,

(i) Tubular type mild steel poles

{ii) Rail type mild steel poles

The life of such :fpe of poles is 50 years
approximately provided they are painted afier
every 3 years to prevent it from rust. Their
usual beight is 9 to 11 m (30 to 34 feet) and
;;e generally used in supporting of lines upto
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STEEL TUBLLAR

Conerete Poles ‘These poles are known as
reinforced cement concrete (RCC) poles and
are of the following two types.

(i) Hollow type
(i} Solid type

Both these types of poles are used for light
and .power distribution upto 11 kV. Their
life is long as compared to wooden poles.

Steel Latticed Poles or Tower Latticed poles

are made_of steel frame work and are used.

for high tension transmission
132 kv,

Cross Arms These are also known as insula-
tor supports and are made of either wood or
angle iron. Cross arms are installed at the
top of the pole for holding the insulator on
which conductors are fastened. They are also
known according to their position relative
to poles, If the cross arm is fixed in the centre
of the pole then it is called as a cross arm and
if installed on one side of the pole, then it is
termed as side cross arm. U shaped cross
arms are specially used for three-phase lines.

lines upto

Line Insulators The aim of using the line
insulator in an overhead line is fo hold the
live conductor and to prevent leakage of
current from the conductor to the pole. These
are made of porcelain clay and are thoroughly

d)
Fig.24.7 Types of poles used in overhead distribution system

(c) ()

glazed to avoid the absorbtion of moisture
in the porcelain,

The following are the common types of
insulators in use.

(i) Pin-type insulator
(if) Shackle insulator
(iii) Suspension insulator
(/) Stay insulator

Pin Insulators Pin i s are used for
holding the line conductors on straight run-
ning of poles. Pin insulators are of three
types, i.e. single shed, double shed and triple
shed. The single-shed pin insulators are used
for telephone lines only. The double shed pin
iosulators are used for LT lines while the
triple shed typesare used for over 3000 V.
These sheds are used to drip off the rain
water.

Shackle Insulators Shackle insulators are
generally used for terminating or corner poles.
These insulators are used for medium voltage
line only.

Suspension Insulators These insulalors are
also known as disc or link insulators and are
used for high and extra high tension over-
head lines, Many discs are connected ie
series to withstand the high tension supply
as a single disc can safely operate on 11 kV.
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Stay Insulator Stay insulators are also known
as strain insulator, and are generally used
upto 33 kV line. These insulators should not
be fixed below threz metres from the ground
level. These insulators are also used where
the lines are strained.

Stay Wire The supporting wire which is
used in the opposite direction of tension on
the pole due to overhead conductorsis known
as “'stay wire'", It prevents the bending of
the pole due to tension of the conductor and
consists of 4 to 7 strands of GI wire. The
correct size to be used depends upon the ten-
sion on the paole,

Stay and Strut  Stay and struts arc the diffe-
rent types of supporting wires for the pole.
Stays are generally used for angle and termi-
nating poles to prevent its bending where as
struls are uscd where space for stay is very
less. Figure 249 shows both the stay and
strut,

One end of the stay or strut is fixed at the
top of the pole and its other end is grouted
in the conerete foundation.

Guard Wire A guard wire is a safety cage or
craddle wire shown in Fig. 24.9(a) which
runs along the distribution'line, This wire is
properly earthed.

If a live conductor falls down due to
storm, it may cause electrical accident. To
avoid this, it is necessary lo provide guarding
to all the conductors of low, medium and
high voltage lines. In case of breakage of live
conductor, it would first come in contact with
the earth wire and thus will trip off the
circuit breaker immediately.

24.6 ISOLATORS AND CIRCUIT BREAKERS

Isolator An isolator is a swilch which is used
for isolating a circuit under no load condition
only. If an isolater is switched OFF when a
high current is flowing through the circuit, a
heavy spark will be produced. This heavy
spark may break the supporting insulator of
the insolator which may cause a fatal
accident to the operator.

Circuit Bresker It is a controlling device

which is used for switching ON and OFF the
circuit quickly, under any load condition.
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{c} Craddle guarding

Itis alse provided with automatic arrange-
ment 10 come to OFF position when an ab-
normal current flows through the circuit due
to over load, short circuit or earth fault,

Types of Cireuit Breakers Circuit breakers
are of two types as given below:

() Oil circuit breaker
(#i) Air circuit breaker,

Oil Circuit Breaker (OCB) Ewvery circuit
breaker has two types of contact,

{f) Fixed contact and

(ii) Moving contact

These contacts are immersed in insulat-

ing oil contained in the tank. The oil in the
tank reduces and stops the sparking when
0.C.B. is operated. In 50 Hz ac circuit, .the
current goes through zero value 100 times per
second, The oil extinguishes the arc at one of
the zero values. For this reason O C.Bs are
employed on ac circuit. However if they are
used on dc circuit, the full current has to be
switched off which results in heavy sparking on
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contact points at the time of make and break.
Morcover it is difficult to extinguish heavy
sparking which remains for longer time and
there is a risk of fire, This I{pe of circuit
breaker is used for controlling the distribution
line.Figure 24.10 shows digram of single-phase
and three phase oil circuit breaker in open
posilion, oil circuit breakers are gencrally
used for indoor as a switch gear vpto 12 kV,

Advantages of OCE

(i) Oil in ketween the contact points serves
as an insulator.

(/i) Oil in the tank suppresses the arc and
thus reduces the heat of the arc.

(iif) il circuit breakers are cheaper in cost
as compared to air break circuit
breaker.

Disadvantage

(i) Danger of fire in the oil of the circuit
breaker.

(if) Oil circuit hreakers cannot be used on
dec circuit.

Air Circuit Breaker Tt is seen that the use of
oil in the circuit breaker may cause a fire.
So, in all circuit breakers of large capacity,
air at high pressure is used which js maxi-
mum at the time of quick tripping off the
contacts. This reduces the possibility of
sparking. This high pressure of air is obtained
from a compressor which is attached to the

Termingls
[ w

. - Fixed contac!
In sulating
rod : | —Moving contact
Insulaling g
el T

Fig. 24.10(s) Single-phase oll-clrcult breaker
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Fig. 24.10 (b) Three-phase oil-circuit breaker

circuit breaker. This high pressure may vary
from 50 to 60 KG/cm for high and medium

pacity circuit breakers. These circuit
breakers are used for controlling the high
transmission voltage circuit.

It consists of a handle, trip coil, lever with
spring, auxiliary, fixed and moveable coatacts
as shown in Fig. 24.11. The trip coil is either
connected in series or in parallel or provided
with the auxiliary circuit. It carries the load
current and its magnetic attraction is propor-

tional to the load current. When the current
reaches the pre-determined maximum value,
the power of the tripping coil becomes suffi-
cient enough to attract the lever. This lever
causes the handle to come back to its ‘off*
position. This results in disconnecting the
moveable contacts of the breaker from the
fixed contacts and thus the makimum sparking
takes place at the time of switching "ON’ and
OFF, For subsiding the sparking in the
circuit breaker, arc shields (i.e. arc-ch )
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Flg. 24.11 Alr-circuit breaker

are made of asbestos and are provided in the
arc quenching chamber.

‘The length of the auxiliary contact point is
larger than the main contacts which carry the
full load current. For this reason while switch-
ing ‘ON’ it makes contact much earlier than
the main contacts. Similarly while switching
‘OFF' this contact point breaks the circuit
after the main contacts open. These contacts
can easily be replaced on damage and thus
the main contacts are saved from sparking
to provide better performance.

The main advantages of the air circuit
breaker is that they are ne:at in appearance
and require less maintenance,

24,7 STATIC LIGHINING DISCHARGE CON-
TROLLING DEVICES

An electric discharge is produced belween
the charged clouds (due to friction) and earth
or within clouds which may destroy anything
in its path. This electric discharge is known
as lightning. The device which is used to
suppress the arc produced by lightning is
known as lightning arrester.

Purpose of a Lightning Arrester A lightning
arrester is an apparatus or device which is
used for providing path to the static electric

discharge between the charged clouds and
earth.

Lightning Sarge Tt is a temporary electrical
disturbance in an electric line due to lightn-
ing.

For providing path to the lightning surge,

a copper or GI wire is run along-with the
overhead line and this wire is connected to
carth at four points for each 1.609 km (i.c.
1 mile). The atmospheric electric discharge
will go to earth through this earth wire and
thus save the line and equipment. A light-
nipg arrester should at least have the follow-
ing properties.

(f) It should not allow the flow of current
to the carth so far as the voltage across
it is the normal working voltage of the
a})paralus to be protected from light-
ning.

(i)} 1t must give path to the flow of current
when the line voltage reaches to a
value about 20 per cent above the
highest normal working voltage of the
system to be protected.

(iii) After discharge it should be ready
again for next safe guarding operation.

Type of Lightaing Arresters The following
are the main types of lightning arresters



484 Basic Eloctrical Enginearing

Horn gup

{
X7

Az .
P .h}

resistance

%}l (%3 i’j-

NS ————

Ceil of high __i_
-

— | Y

Lighting

—-Earth wire

N1 MK deetribators

“High reactance
choke coi

Fig. 24,12 Horn gap lightaing arrester

{i) Horn gap lightning arrester
(i) Oxide film lightning arrestzr
(iii) Pellet lightaing arrester
(i¥) Thyrite lightning arrester

Horn Gap Lightning Arrester This arrester
consists of iwo horn shaped terminals having
am air gap between them. Onec terminal of
the horn is conascled to the apparatus or line
to be protected and other to the earth wire
through a series resistance as shown in
. Fig. 24.12.

Each supply line should have scparate
lightning arrester at the power stations, sub-
stations, An air-core inductive coil is k2pt in
series with the costly apparatus to be protected
justahead of the horn gap arrester This induc-
tive coil consists of coppsr wire which easily
allow the line current to pass to the apparalus
at normal frequency. This coil offers in-
creased high opposition (inductance due to
high frequency of lightning) when lightning
occurs, stops  the sudden lightnisg surge
current anc forees it.to get discharge through
the horn gap to the ground.

“When the line voltage exceeds about 70
per cent above the highest working voliage
of the apparatus, a discharge tukes place

across the narrowest part of the gap between
the horns,  To control the discharge current,
a resistance is connected in series with the
earth wire. The horn gap is so shaped that
the heat forces the arc to move upward to
wider part and thus lengthens the gap. The
arc is thus stopped and the passage of the
current to carth is broken. Thus the normal
conditions of the system is restored. The
length of the gap is directly proportional  to
the working voltage and is 1.6 mm for 440 V
line, 10 mm for 5000 V and 15mm for
11000 V.

Ouxide Film Lightning Arrester The oxide film
lightning arrester is made of a number of small
disc with a gap in series and is connected _bet-
ween line and earth. Each disc consists of two
round brass discs (size 21" dia and 3" thick)
fitted in between the porcelain tube The space
betwesn the discs is filled with lead peroxide
(which “has low resistance) and  varnish
whicth actsas an insulator. The operating
voltage - of each disc is 300 V approximately.
The number of discs required for a system is
confirmed from its working voltage,

When lightaing voltage sparks over the
gap, it develops a small puncture on the insu-
lating coating and give passage to the dis-
charge current to carth through the discs.
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Fig. 24.13  Oxide film lightning arrester

This type of arrester is used for indoor
and outdoor protection services up to 220 kV
system,

Pellet Lightning Arrester This type of arres-
ter is a modification of oxide film arrester.
In this type of arrester, many small pellets or
pills of lead peroxide of diameter }* are vsed.
These lead peroxide pills are coated with
litharge powder which serves as an insulating
film around the pills and are placed in a
porcelain tube having metal electrodes at its
each end. The litharge film on the pellets
functions as a porous spacer and notasa
solid insulation.

When a spark occurs over the film due to
high surge voltage; it puactures the flm
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COATING _OF
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METALLIC CAP
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Fig. 24.14 Pclict lightning arrester

which again comes to its original condition
after the discharge and thus becomes ready
for next operation.

Pellet arresters are suitable for outdoor
protection service systems of up to 73 kV.

Thyrite Lightning Arrester This type of light-
ning arrester consists of oumber of discs of
inorganic ceramic compound. These discs
are placed in a series having some gaps in
between them and are sealed in a porcelain
tube. This tube has metallic caps and elec-
trodes at its ends. i

The compound used for the Efeparauon
of the discs serves as an insulator but changes
to a good conductor when the vollage across
it rises to a certain predetermined value. This
lightning arrester is also used up to 240 kV
transmitting system,

Perf of Lightning Arrester The
following conditions must be fulfilled for
satisfactory performance of a lightning arres-
ter soas to provide good protection to the
electrical machines.

({) The earth resistance of the arrester
circuit should be as minimum as possi-
ble because it will not function effec-
tively wiih high ground resistance,

(i) Till the voltage across the arrester is
normal, it should not allow the current
to the ground,

When the voltage increases predeter-
mined value, lightning arrester must
give way to the flow of current to go to
earth without any further increase in it.

(i)

(iv) A lightning arrester should be installed
pearest the hine to be pr d
because it will not provide sufficient

protection if installed too far away.
The arrester should be selected for the
proper voltage.

(vi) After the discharge through the arres-
ter, it must close the path for the cur-
rent to flow to earth.

(vii) It should keep itself ready for the
second discharge after first discharge.

®
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248 COMPARISION BETWEIN OVERHEAD AND UNDERGROUND IMSTRIBUTION SYSTEM

81, No. Overhead System Underground syxrfm—_
1- Supply lines are taken above the ground on 1. Armourcd cables are run underneath the
poles. ground.
2. As bare l:nndllc‘m_n are used in overhead 2, Armoured cables arc used in  underground
system, their cost is comparatively less than © system.  This system is very costly,
armoured cable.
3. It is easy to find faults and repair them, 3. l;' is difficult to trace the faults and repair
them,
4, There are more chances of faults in this system 4. There are less chances of faults.
as the conductors are open.
5. Maintenance cost is high. 5. Iismai e cost is tively less,
6. Fasy to install and requires less cost, 6. Difficult to erect and its erection cost is high.
7. This system is more flexible, 7. This system is less flexible than overhead
. system.
8. Overhead system does not give nice look. 8. Underground system presents neat appearance

as cables are not visible. For this reason this
system is adopted in modern citjes.
9, Easy to extend the new lines and tapping off 9. New trench is 1o be made for expansion of
lines and is difficuli to tap off lires.

service lines.

10. Operating voltage of the system can be increa- 10.  New cable of high voltage is required to run
sed by increasing the distance between the for higher operating voltage ol the sysiem
conductors (i.e. insulsior). which is very cosily.

11. Thissystem can be overloaded upio certain 11.  Underground system cannot be overloaded as
extent as the conductors exposcd 1o air des- the heat developed is not dessipated in the
sipate the heat developed. air.

12, There are chances of overhead conductors 12, There are no chances of five in case of short
being short circulted in case of storm and may circuit as the cables arc laid in the ground.
cause fire.

13. Moisture cannot affect the insulation between 13, Entry of small amount of moisture in the

the conguctors to a large catent as the con- cable can puncture its insulating properties.

ductors are well spaced.
14. It is difficult to erect overhead lines at narrow 14.  Underground cables can be run at narrow

places. places even in zigzag ways,

REVIEW QUESTIONS

24,1 What is the difference between a transmission line and distribution line?

24.2 Why ACSR conductors arc widely used nowadays for transmission lines?

24.3 What are the advantages of high voltage transmission.

24.4 Explain briefly the different distribution system prevailing in the country and discuss their merits and
demerits. {NCVT, 1970 W/ man

24.5 Describe with neat sketch the construction of 3} core PILCDSTA medium voltage cable. Describe

the method of inating such cable through a dividing box into TPIC switch. (NCV'T, 1974 Elecr.)

246 Differcntiate between a switch and a circuit breaker. Explain the working of an oil circuit breaker

and an air circuit breaker. Discuss their advant and disadvant over each other. (NCVT, 1974 Elect.)

247 What is a circuit breaker? On what principle does the automatic circuit breaker work and stale its

advantages, (NCV'T, 1983 Flect)

24.8 Describe the procedure of laying underground cubles. (NCVT, 1986 W man)

249 Write a short note on the horn gap lightning arrester. (NCVT, 1986 Wiman)
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Directorate General of Employment and Training for the Craftsman Training
Scheme and the Apprenticeship Training Schema for the Electrical Trades
(Electrician, Wireman and Lineman).

The first volume covers what should be taught in the first year. This second
volume covers what should be taught in the second year, The language is
very simple and the concepts are explained with the help of clear illustrations.
The theory is supported by practical applications of the concepts, A number
of solved examples have been provided. At each chapler end is a set of
unsolved numerical problems and review questions. Answers to these have
been provided. These review questions are taken from the examination
papers of the National Council for Vocational Trades and from the All India
Skill Competiticns. This book will help trainees and apprentices prepare
themselves for the final examination and for job interviews.
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