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Electrical Machines

R

, This chapter includes various electrical machines
which include,

|1. Transformers ( Single phase and Three phase)

2.D.C. Machines ( D.C. Generators and D.C. Motors)

3, Three phase induction motors

Important Points to Remember

b Sync_hronous Generators

| Part A : Transformers

o

g 4.1 : Definition of Transformer

Q.1 Define transformer and state its use.
BS"[INTU : Part A, May-07, Marks 2]

Ans. : ® The transformer is a static piece of apparatus

by means of which an electrical power is transformed
from one alternating current circuit to another with

the desired change in voltage -and current, without

|

e Its use is to raise or lower the alternating voltages
as per the requirements in the different stages of
clectrical network as generation, transmission,
distribution and utilization.

4.2 : Working Principle of Transformer ‘

Q.2 Explain the working principle of transformer.

D" [INTU : Part B, Dec.-11, May-09,12, Aug.-8, Marks 5]
Ans. : » The transformer works on the principle of
mutual induction which states that when two coils
are inductively coupled and if current in one coil is
changed uniformly then an e.n.f. gets induced in
the other coil.

e In its elerhentary form, it consists of two inductive
coils which are electrically separated but linked

through a common magnetic circuit. The two coils
have high mutual inductance. The basic transformer

is shown in the Fig. Q.2.1.

any change in the frequency.
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Fig. Q.2.1 Basic transformer
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* The coil to which supply is given is called primary
winding having N, number of turns and the other
winding connected to the load is called secondary

winding having N, number of turns.

® When primary winding is excited by an alternating
voltage, it circulates an alternating current.

* This current produces an alternating flux (¢) which
completes its path through common magnetic core

as shown dotted in the
Fig. Q2.1. Thus an altenating flux links with the

secondary winding.

e As the flux is alternating, according to Faraday's
law of an electromagnetic induction, mutually
induced e.m.f. gets developed in the secondary
winding.

e This secondary induced e.m.f. drives the load.

e Thus though there is no electrical contact between
the two windings, an electrical energy gets
transferred from primary to the secondary.

Q.3 What will happen if transformer primary is
excited by d.c. voltage ?
I=[ INTU : Part A, Marks 2 ]
Ans. : e If the primary is excited by d.c, then the
leakage reactance of primary winding is zero as
frequency of d.c. is zero. The resistance of primary is
. very small. Hence the primary current (V; /R, ) will be
very very high than the rated primary current. The
transformer core will get saturated or transformer
-~ will burn due to excessive heat. There will not be any
~ transformer action and secondary voltage will not be
available at the terminals. .

. |
; 4.3 : Construction of Transformer

Q.4 With the help of neat sketches explain the
constructional details of core and shell type
transformers. , -
B[ INTU : Part B, May-09,Dec.-10, Marks 5]
Ans : 1. Core type transformer : | '
It has a single magnetic circuit. The core is
Tectangular  having two limbs. The winding
encircles the core. |

S
v
P

i

e The

Electrical Machines .

Fig. Q4.1(a) shows the SChematic
representation of the core type transformer whjl, -
the Fig. Q4.1(b) shows the view of actuy]

construction of the core type transformer.

Yoke—i
F --------- ~ Core
| ! .
o— T (_4_,
i Hr
pd b | )S
T D <I>
<’|L; | f—0
o | I
|* ________ il
Limb LFlux
(a) Representation
Core
L.V. insulation

L.V. winding
H.V. insulation

H.V. winding

(b) Construction

Fig. Q.4.1 Core type transformer

® Both the coils are placed on both the limbs. The
low voltage coil is placed inside near the core while
high voltage coil surrounds the low voltage coil.

2. Shell type transformer :

¢ It has a double magnetic circuit. The core has three
limbs. |

* Both the windings are placed on the central limb. -
The core encircles most part of the windings.

°The Fig. Q42 - (a) shows the schematic
representation while the Fig. Q4.2 (b) shows the
actual construction of the shell type transformer.

/‘\!
ODE,
=
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' 4.4 : EMM.F. Equation of Transformer

Q.6 Derive the e.m.f. equation of a transformer.

—
Side limb U5"[ INTU : Part B, May-06,09,
Aug.-06,08, Dec.-11, Marks 5]

Ans, : « When the primary winding is excited by an

Centre |j . .
- Reﬂrr: limb Fiux alternating voltage V,, it circulates alternating current,
Presentation producing an alternating flux ¢.

* The maximum value of this flux is ¢, as shown in

RV winding L.V, winding the Fig. Q.6.1
N Flux ¢,
Ome---= ~ a— ¥ =05 sinot
Core ]
i
]
¢ ot
(b) Construction i
af
& 1
Fig. Q.4.2 Shell type transformer
Q5 Compare  core type and ghe| type
transformers. ) i ]
IS°[ JNTU : Part B, Dec.-08, 09, Marks 5] Fig. Q.6.1 Sinusoidal flux
Afts. 3 - - * The alternating flux ¢ linking with  the primary

winding itself induces an e.m.f. in it denoted as E,.

® The flux links with secondary winding through the
common magnetic core. It produces induced e.m.f.
E, m the secondary winding. This is mutually
induced e.m.f.

The winding encircles
{ the core. ’
i i

The cylindrical type of

coils are used. * The various quantities which affect the magnitude

of the induced e.m f. are :

As windings are

¢ = Flux and ¢, = Maximum value of flux
distributed, the natural e
cooling is more N, = Number of primary winding turns
effective. -
: N, = Number of secondary winding turns
i The coils can be easily

- removed from -
maintenance point of
view.

f = Frequency of the supply vdltage
E

1 = RM.S. value of the primary induced
e.am.f,

E, = RMS. value of the secondary induced

em.f. :

The construction is
preferred for low
voltage transformers.

O_From Faraday's law of electromagnetic induction
the -average emf. induced in each tumn is
- proportional to the average rate of change of flux.

It has a Single
magnetic circuit.'

In a single phase type,
the core has two
limbs.

o Average e.m.f.‘pe;' turn = Average rate of change
Lo _

.
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Now, Change in flux

Time required for change in flux

* Consider the 1/4h cycle of the flux as shown in the
Fig. Qé.1. Complete cycle gets completed in 1/f
seconds. In 1/4™ time period, the change in flux i
“from 0 to O

2‘1’ = Pm =0
dt 1
(=)

.+ as dt for 1/4™ time period is 1/4f seconds

=4 f o, Wb/sec

Average e.m.f. per turn = 4 f o, volts
* For sinusoidal quantity,
R.M.S. value _

Form Factor = — "> Vaue
Average value

- RM.S. value = 1.11 x Average value

-~ RM.S. value of induced e.m.f. per turn = 1.11 x 4 f

O =444 f0_

* There are N, number of primary turns hence the
RMS. value of induced e.m.f. of primary denoted
asElisE1=le4.44f' :
o, volts.

® While as there are N, number of secondary turns

the R.M.S. value of induced e.m.f. of secondary
denoted E2 is

E,=N,x444f o, volts.

* The expressions of E, and E, are called emn.f.
equations of a transformer.

E, = 444f¢ N; volts
and E, = 444f¢_N, volts
( Important Points to Remember b

* The ratio of secondary induced e.mf. to primary
induced emf. s

known as  voltage
transformation ratio denoted as K.
Ep .0 Nayww it <
'I'_hus’ E = ﬁl—-—K and E2 . KE]

¢ The currents are in the inverse ratio of the

voltage transformation ratio as the product of |

primary voltage V, and primary current L, is
same as the product of secondary voltage V, and
the secondary current L,. Thus V1 Il = V2 I_,_.

rimary and. secondar,, \
me. This rating is gEanf\ .\

y |
B’ \

on both sides P
[ ]

rating re in
expresscd L

. sa
malr;“’v A (kilo volt amperes ratj,

vili _ Wi

VA rating of a transforMer =000 1000
k o«

...1000 to expregg in -
' A

rimary and secondary
o The full i?eadsﬂgje maximum values of

indicate t (ormer windings can carry,

. ns .
Wh:i‘:hcttxr:;ents can be obtained from th,
loa

rating a%
I(FL) =

CUII‘QI“S :
QMS ]
€ | B
k\l;\

KVA rating X1 000
_’__’___._————-’-_/
v

KVA rating* 1000
KVA ratingX U
v,

1, (FL) =

formers are rated in kVA instepy
g‘,; ;th trans 05" INTU : Part A, Mary 3:‘

Ans. : © The copper loss (IzR) in the | transf‘)l'me‘ :
depends on the cusrent T through the winding Whi
the iron or core loss depends on the voltage A\
frequency of operation is. constant. None of theg
losses depend on the power factor (cos ¢) of the oy

Hence losses decide the temperature rise and hep,

_ the rating of the transformer. As losses depend ony |

as a product of these two parameters Vx1. Thus t
transformer rating is in kVA and not in kW.

Q.8 The maximum flux density in the core o
250/3000 volts, 50 Hz single phase transformer is
1.2 webers per square meter. If the e.m.f. per tum

is 8 volts determine primary and secondary tums

and area of the core.  US°[ INTU : Part B, Marks 5|

Ans.: B, =12T, E, =250V, E,=3000V,

f =50 Hz
emf./turn=§_]1;=%=8 ie. %— =
Ny =381 and N,=37
B =adufq, N,
ie, P_l_=444x50x¢
1

/—\!
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G
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BATE e : B N _ ik
[N—:] Q.11 What is an Ideal transformer ?
S
| Om = 334 x50  dda x5 = 0036 Wb ! IS [ INTU : Part A, Marks 2 )
o Ans. : o A transformer is said to be ideal if it satisfies
B =" je a=%m _ 003603 , rme
a Rt P v following propertics :
2 " - i) It has no losses.
= 0.03003 m i) Its windings have zero resis’ ance.
rakage ¢ is zero i.e. 100 % flux produced by
e number of turns on the primary and iii) LL.ll\?bL lf.lu: is ‘z;r(:hu- C(md; P
e‘condal’y windings of a single phase transformer PRAER s WSS ..ry. oibl
sre 350 and 35 respectively. If the primary is | iv) Permecability of core is so high that negligible
:onnected to a 2.2 kV, 50 Hz supply, determine ‘ current is required to establish the flux in it.
the secondary voltage.  DSC[ INTU : Part B, Marks 5] | e
‘ i
= = = | 4.5 : Practical Transformer on No Load.
ans.: Np=350 Ny =35 =22Kv, f=50 g | e i)
E; _ Ny Q.12 Draw and explain no load phasor diagram of
E, N, transformer.
2
D[ INTU : Aug.-06, May-08, Jan.-10, Marks 5]
N : .
e N2 _ 35 _ ) load, its
E2 N, *rEy S 350 © 22x10% =220V Ans, : ¢ When transformer 1s on no load,

secondary current is zero. But the primary current
under no load condition has to supply the iron losses
i.e. hysteresis loss and eddy current loss and a sm@
amount of primary copper loss. This current 1is
denoted as L,

* The no load input current I has two components :

a10 pifferentiate between ideal and practical
transformer. IS"[ INTU : Part A, May-19, Marks 3 |

Ideal

Practical
. h TR o 1. A purely reactive component 1 called
g“iwe;tzsa;rgcr: Io::";s_’ S magnetizing component of no 1'oad"’ current
i pposses required to produce the flux. This is also called
. The windings have wattless component. '
resistances are zero. | finite resistances. 2. An active component I, which supplies total
The winding leakage The wmdmgs have | - losses under no load condition ctalled power
reactances are zero. | finite reactances. component of no load current. This is also called
B e i wattful component or core loss component of 1
The leakage flux is . The leakage flux exists |

| It has no losses.

oo and-all flme- B ania all the: fliix e The total no load current I, is the vector addition of
produced by primary | produced by primary.- I andI. ‘
links with the - | does not link with ' RO , g
S conidaty, - secondary. L=1,+1, ...phasor addltlgl"‘\mé

Zero current is inite magnetising
required to establish’ '

e The phasor diagram is shown in the Fig. Q.12.1.
% V1 ;‘-h'

The voltage d}_ops are 1 e Iy
zero hence primary ' o : \
il . o 0 .
applied voltage V, is - v !
same as induced e.m.f. 0 -l g
El' , 90 m
The sécoﬂdaryrrinduced 3 Ey
emf: E, is same as d R
load voltage V. e o v =2 S
s ' _ Fig. Q.12.1 Practical transformer on_no load
— E A ; St b i R,
? VTECHNICA_L PUBLICATIONS®- An up thyust for knowledge i ' ' i L!ngl
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i gistance
* In practical transformer, due to winding resistane®

no load current Iy is no longer at 90° with respect
to V. But it lags V, by angle ¢, which is lose tat
90° Thus cos ¢, is called no load power facto
practical transformer.

r of

are
e It can be seen that the two components of Iy are

j Im = IO sin ¢y, |
' magnetizing component lagging . (@121
g V; exactly by 90° |
' I, =1, cos ¢, core loss component . (Q122)

Which is in phase with V, .

e The magnitude of the no load current is given by,
Ty = IR+ .. (Q123)

* The total power input on no load is denoted as Wy
and is given by,

W, =V, I, cos ¢y =V, I_=P; (Iron lossesi)né

¢ It may be noted that the current I; is very small,
hence the primary copper loss is negligibly small.

® Hence power input W, on no load always
represents the iron losses, as copper loss is
negligibly small. The iron losses are denoted as P;
and are constant for all load conditions.

4.6 : Transformer on Load

Q.13 Why there is inrush of primary current when
- the transformer is loaded ? Why transformer is
called constant flux machine ?

[S°[INTU : Part B, Marks 5]

Ans. : ® When the transformer is loaded, the current
L, flows through the secondary winding. The
magnitude and phase of I, is determined by the load.
o There exists a secondary m.m.f. N,I, due to which

secondary current sets up its own flux ¢,.

¢ This flux opposes the main flux ¢ which is
produced in the core due to magnetizing‘
component of no load current. Hence the m.am.f.
N,l, is called demagnetizing ampere-turns,

426 oo
U e o

... Hlectric,,

v reduces the ;.. M
entanly Mmaj \
moIm n \

pe primary induced e Ty
the vector differeny, 1y
. rimary drawg N
ue fo which P S c\"’&i
supl’ly' :

x 02

due to Wh{ ence
reduces:
{ncreases

from the

rrent drawn by primary is
called load component o e X

-~ .
hen¢ 1’2, This current % n’hah!
2y

h

ith Ip- :
ts up its own flux g
se Ql Whlq.

\

o This
the loa

antiphase W
« The current 12
X

opposes the flu

ced by I
PIOdu tained at

o and neutralizes the
2 . Uy

Hence the net flux in th, . !
. constant level. LY
a am maln .
g any load condition, no load tq ful

' b

re is practically constap K
er is called constant flux machyp,

|
g
' the transform
o As the ampet

N2 IZ = N].I,?-

e turns are balanced we can Write
i.e- 1’2 = ‘2'1 =
N, 2 K]l

Thus when a transformer is loaded, the Pring,
[ ]

onents :
current 1; has two comp

1. The no load current I, having two COmpongy :
I, and L. , o “
2 The load component I, which is in antipha |
with 1,. And phase of 1, is decided by the loyg

T

o Hence primary current I is vector sum of I ang rz‘f

L=T+T

4.7 : Equivalent Resistance, Inductance
and Impedance :‘

Q14 What is meant by equivalent resistanc
referred to primary and secondary ?
' 05°[INTU : Part A, Dec.-18, Marks 2|

Ans. : The resistances, reactances and impedances ¢

. the two windings can be transferred to any one s

either primary or secondary without affecting !
performance of the transformer. '
" ® The total resistance referred to primary s

addition of R) and R} called equivalent resist

of transformer referred to primary and denotet

: 5 | L NG R, and given by,
? TECHNICAL PUBLICATIONS®- An up thrust for knowledge - ' : je
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E ‘,‘ Rie = Ry + R;I | };: where K o« 2
| .
ll"(-\ , The total ',-l\:,-l:ihlln‘(' '“.h‘”"‘d to secondary is the
k \ddition of Ry and Ry called equivalent resistance
[l
\ of transformer referred to secondary and denoted
I’le b as Rae given by,
Yy s : o
i = R, + R} =R, + K2 R. where K = N, |
Rye - | N
hith Important Points to Remember ™

};{Sh voltage side = Low current side — High rcsistm{cc:
gidc

Low VOItage side = High current side — Low resistance

side

arly the reactances can be transferred as,

, Gimilarly HE e
( X 2

and X, = X, + X = X, + K2 X,

. The total impedance of primary winding is

Z] = Rl +j XI Q

, The total impedance of the secondary winding is
Z.2 =R2 +j Xz Q

0z, " R, * j X = Total equivalent impedance

referred to primary

e Z," R, *] X29=Tota1 equivalent impedance
referred to secondary

Z)

Zy = Z.l"'ZIZ=Z1'*'K2

e 2
and Zyy= Z,+Zj =2+ K Z;

JR? + X2
2e 2e
O

: _ (2.4 w2 5
Magnitudes, Z,_ = R[; + X{, and Z,, =

4.8 : Phasor Diagram of Transformer
‘ on Load '

|
|

115 Draw and explain the full load phasor
lagrams of a single phase transformer for lagging,
ading and unity power factor loads. '

IS [INTU : Part B, May-19, Marks 5]

LR
TECHNICAL PUBL/CA_TIONSG’- An up thrust for knowledge
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apram are,
Ang. ¢ Steps to draw the phasor diagy

1. Consider flux ¢ a4 reference .
By lags M by 907 Reverse By to pet — By
and E, are in phase.

a p.\rllcul.lr direct
the 'aod

I;I
Assume V, in

Draw 1, depending, on .
in phase with Vo

ading, it leads Vo
X, to v, to get E,

jon.
factor. For umty
for lagging 1t

SLIE T

power factor it is
lags V, and for le

6. Add L, R, and I,
7. Reverse 1, to get L.
Add 1, and I, to get 1
Add I, Ry and 1; X; to ~ E1 v
Tat 4T, Yy Z_E + LR WK

1
| ) ]
(V, ~B-L®iX)

to get Vq

1. Unity power factor : . )
e The phasor diagram is shown in the Fig. Q.15.1.

e Angle between V and 1 is 9 and cos &1
member that 1%, leads 1;
leads 1, by 90° as current
across inductance

is

primary power factor. Re
direction by 90° and LX,
through inductance lags voltage
by 90°.

2. Lagging power factor : _

e The phasor diagram is shown in the Fig. Q15.2.

e As load power factor is lagging cos 0, the current

I, lags V, by angle ¢,.

e Accordingly directions of LR, LX, I, 1y LR, and
I,X, will change. Remember that whatever may be
the power factor of load, 1,X, leads 1, by 90° and
I,X, leads I; by 90°.

3. Leading power factor :
o The phasor diagram is shown in the Fig. Q.15.3.

‘e As load power factor is leading, the current LZ leads
V, by angle ¢,. Accordingly change the directions
of LR, 1X,, I, I, LRy and L,X, . All other steps
remain same as before.

& T
DECOD
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_‘E1 + 11’21|= Vi
1, =2
V2 + [—2.'22 = EZ
| unity power factor load
Fig. Q.15.1 Phasor diagram: for
B ¢
Fig. Q Phasor_ ,d_lagr?‘m-for»laggmg power factor load
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E, Va+iZ,=E,

Direction of I, ;
12Xz L = S

Fig. Q.15.3 Phasor diagram for leading power factor load

AR —

4.9 : Equivalent Circuit of Transformer

.16 Derive the equivalent circuit of a single phase two winding transformer.

OS°[ INTU : Part B, May-08, 11, Jan.-10, Marks 5]

the manetising

Ans.: ® For a smgle phase transformer, no load primary current I, has two components,
called no load

component Iy and coreloss component I, The current I, is assumed to flow through reactance X,
ctance. The current I is assumed to flow through the resistance R,

¢ The eqmvalent circuit of no load barnch is the parallel combination of R, and X, , which is also called

rea

exatmg c1rcu1t. ;
e When the Ioad is connected to the transformer then seconda

drop across R2 and X,. Due to I,, primary draws an additional current I, =1, / K.
ses the voltage dmp across primary

ry current I, flows. This causes voltage

-e The current I, is the phasor addition of I, and 12 This I, cau

_resistance R;- and reactance X
¢ Hence the eqmvalent circuit can be shown as in the Fig. Q.16.1.

Load Z_

~ Fig. Q161

V2 1 |

e —— = = .
TECHNICAL PUBLICA TIONS®- An up thrust for knowledge
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e Jiowr
o not shoY | .
* But in the equivalent circuit, windings are 1 N _ N Q . r
the values to the primary or secondary. [mary ju a8 sho e \
A )8 [t e
* Thus the exact equivalent circuit reforred to I |
I
’IJ | Load
J 7 225
| "
‘f K
, \%
! ‘
f
| rimary
forred to P . |
t re ch is shifted across the anary

Fig. Q.16.2 Exact oqulvaﬂent circu o oeat
P e no
e Practically for simplifying the equivalent Cl’rClllt:r eth
voltage and the resistances R, and Rz 2 .
combined to give R;, while the reactances X, an

X5 are combined to give X,
e Such an equivalent circuit is called approximate
equivalent circuit as in this circuit the drop aross

R; and X; due to I, is neglected. The Fig. Q163
efferred

shows an approximate equivalent circuit r

to primary.
e Referring all the quantities to the secondary side, . .
e equivalent circuit referrey ol

. : ircuit referred to . Q.16.3 Approximat
an approximate equivalent cir ! Fig. Q primary

secondary can be obtained.
hat is an error because of approiximate equivaley
0" [INTU Part A, Dec.-11, Marks )

Q.17 What is an approximate equivalent circuit ? W
circuit ? .
Ans. : Refer Q.16. :

o To get approximate equivalent circuit, the no load branch containing R, and X0 is shifted to the left of

R; and X,. By doing this we are creating an error that the drop across R and X, due to I is

neglected.

4.10 : Voltage Regulation of Transformer

Q.18 Define regulation of transformer. State its expression. How it depends on the load power factor? |
Sketch the regulation characteristics. Draw phasor diagrams. IS [INTU, Part B, May-06,12, Aug.05,
- ' Dec.-05,07,18, Marks 5|

Ans. : ¢ As load on the transformer increases, the secondary voltagé decreases from its no load value

* This decrease in the secondary terminal voltage expressed as a fraction of the secondary terminal

voltage is called regulation of a tranisformer.

rated load at specified power factor is red an
uced to no load with pri k ns
, Primary voltage maintained const t

expressed as the percentage of the rated termina] voltage

®
S TECHNICAL PUBLICATIONS®- ‘An up thrust for kno wisdge
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”{{_._, 3
B )
E, = Secondary terminal voltage on no load

v
/ . Let d
a rmi
v, = Secondary terminal voltage on given load

mgmatically voltage regulati ‘ )
ma 5 gulation at given load can be cxpn-mwd as,

then
- lati E, -V,
o Voltag® regulation = —5—=x100
, The ratio (Fz = 2)/V,) is called per unit regulation.
.condary terminal ag . also
, The secondary voltage does not depend only on the magnitude of the load current but
nature of the power factor of the load
while for leading

on the
f la in ov |

, In case © is Svp ver factor V, < E, and we get positive voltage regulation,

ower factor = = ¥2 and we get negative voltage regulation.

¢ different load power factors.

P
, The Fig- Q.18.1 shows the regulation characteristics of transformer a

- Secondary
voltage V, r
V,=E - V,>Ep, leading p.f. load, _\/e regulation
2= =2 ,
No load voltage itk ~—— Ideally should remain constant
<—— V,<Ej,, lagging p-f load, +Ve regulation
0 = ], Load current ' “,/
N—— e T
Fig. Q.18.1 Regulation characteristics at different power factors

4.11 : Losses in Transformer

occur ? How to minimize
-06, 18, Marks 5]

various losses in.a transformer. In which part these losses
05" [INTU : Part B, May-08, 12, Jan-10, Dec.

19 Explain the
which factors they depend ?

them ? On )
« [n a transformer, there exists two types of losses,

Ans, :
i) Core losses or iron losses and ii) Copper losses.

1. Core or Iron losses =
oDue to alternating flux set up-in the magnetic core of the transformer, it undergoes a cycle of
magnetisation and demagnetisation.
« Due to hysteresis effect there is loss of energy in this process which i
K, BLS7 f v Watts - |

s called hysteresis loss.

It is given by, Hysteresis loss =

Hysteresis constant depends on material and

K, =
B_ = Maximum flux density
f = Frequency and V= Volume of the core. _
p eddy currents in the core and hence responsible for the

T The induced emf in the core tries to set u
_eddy current losses. The eddy current loss is given by,

' Eddy current loss = K, B, f 2t? Watts/unit volume |
— i

' . DECO
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where Ko = Eddy current constant

and t = Thickness of the core,

* The flux in the core is constant o supply voltage
V, at rated frequency § is always constant. “Nm;'
the flux density B, in the core and hence both
hysteresis  and eddy current losses  are constant
losses at all the loads.

* The iron losses are minimized by using high grade
core material like silicon steel having very low
hysteresis loop and by manufacturing the core in
the form of laminations.

2. Copper losses

* The copper losses are due to the power wasted in
the form of IR loss due to the resistances of the
primary and secondary windings.

* The copper loss depends on the magnitude of the

currents flowing through the windings and the
winding resistances.

e Total Cu loss = Il2 R, +I§ R, = Ilz (R +R})

(R, +R}) =1 Ry, =15 R,

2

= I2 2e*
* As the current in the winding depends on the load,
the copper losses also vary with the load. Thus

copper losses are called variable losses.

e Thus for a transformer,

Total losses = Iron losses + Coppg_r_'___lgﬁ&_“gﬁ‘_N“_._ |

* The copper losses are kept minimum by designing
-the windings with low resistance values.

Q.20 Why the copper losses are more in a
transformer ? DS [INTU : Part A, May-19, Marks 2]

Ans. : The iron losses in a transformer are constant
losses and kept to minimum by proper design and
use of high grade material. The eddy currents are
also small causing low eddy current losses. But
copper, losses are proportional to the square of the
currents:in the windings. The winding currents are
'decided by the load and are high. Hence the copper
losses are more in a transformer.

412 : Efficiency of Transformer

Q.21 Define efficiency of a transformer. How to-
obtain it at different loads ?

‘. IS"[ INTU : Part B, Marks 5)

® .
? TECHNICAL PUBLICATIONS®- An up thrust for knowledge -

lih-rrn‘c‘,l \

Moy

3 W la i

a transformer ig d\‘i\n LY

lpl“ Lo power inpy,

i ey Of
e ctficien®? 1
. v OL
[ n“‘ po\vpl

o ©

er output o
input

Ans.

Y
”“- |1\|

l'g\\\ CF' }‘\l\“\ll
[P [';1;\‘6 output + Total \\;\lrc;
n= ‘|‘(\\\'~‘r {
s nt
Poser e
« awer outpui 0 * e
1Q08 i.\nd l'(_‘\l - Cuppcr ‘QSSQS
p = Iron loSsCS
where Y

o If tra
pu\\'t‘

o lying full load thep fu) [
psformer 19 suppry “’"“'«i ‘

" uulpll( is,

2 1 COs \:\
i

load power factor

where cos ¢ 18 Copper losses on full load

Peu 5
2 Ry, or =17 Rye

T v, L[FL] cosdy
__’_,__._'-—"'—T’——_‘—~~
N =, 1,[FL]cos@y + P+ Py

—

but V, FL = (VA RS L
(VA rating) X cosd 100 |

e -« Full loag

F %M = : oS i
| (R (VA rating) X ¢ 8 . efﬁdency

| Rt
e b a1 Gt

then using the appropriate values of Varioy gk
quantities, the efficiency can be obtained.

+ Let n = Fraction by which load is different than full jog
Actual load
T Full load

* For example, if transformer is subjected to half oy 3

then,
_ Halfload _ 1/2) -

Full load 1

* When load changes, the load current changss by |
same proportion.

New I, = n (L)F.L. ,

* Similarly the output V, 1; cos ¢ also reduces by t §

same fraction. Thus fracion of VA rating &
available at the output SR
Le. nx [VA rating] cos ¢ . ﬁ

* Similarly as copper losses are pmpértiml v
Square of current then,

H A e,

0.5

%NewPC‘1 = p? (PCn) FLE Copper losses o0
i t new load

L
Aottt e e, :.
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i . The copper losses get reduced by 12 Wil
o wWhilg |
o5 . In weneral for any fractiona) sy m losaed remain same
Y elliciency e given by
| @r ’
N . VA rating e i
nv -
N (Vo “‘”“N)u--(n "» e nin 11.| v 106 t
SSQ ! tw {
S where n = pFrac |
: ’ l‘;xtlm\ by which load ig leas thay
) ull load ‘ 1 |
qu |
q

.o perive the condition for the
-~

as

max
axlmum effictency for o tranalormaer.

US [INTY 5 Part 6, 0ec.-04,00,10, May-09, Marks 5]

alns maxdmum value s denoted as 1, and maximum

e The load current at which \he
Ans

; cfh’civncy att
ol

oy is denoted as Mg,
» The efficiency is a function of 1o W e

loa . v The secondar
terminal voltage V ad current 1, assuming cos ¢, constant. The secondary

> is also assumed constant

« So for maximum efficiency,

dn i
ao = 0 while n= Vi 1, cos¢,
2 Vi 1, cosdy + P + l% Ry,
dilrl -4 Vi 1y cos¢,
) 2 dl: ,;\ 12 COSQ: + Pl + 1‘2‘ R_‘c =(

(V2 15 c0s02 + P +13 Rae) (Vy 050, ) = (Vs 1 cosdy) (Vg cosd +21; Rye)=0
o Cancelling (V; cos ¢, ) from both the terms we get,
Vy I cos®; + B +13 Ry, = V3 I, cosg, —212 R, =0

je. © P.=1

1

K

R:E=O

P, = I Ry, = Pg,

So condition to achieve maximum efficiency is that,

Copper losses = Iron losses ie. P;= P !

—

Important Points to Remember

! ¢ Load current I, at maximum efficiency is given by,

L, = (L)F.L. M i.e. n for Ny = S S
(Pcy JE.L. (Pcy )E.L.
_ * kVA supplied at maximum efficiency is given by,

kVA at .= (kVA rating) X

¢ Substituting condition for 1 max' in the expression of efficiency, we can write expression for Nmax s,

V, I cos ¢
% =__2°72m x100 as P, =P
Nmax V; Iy, cosd+ 2P; Cllt 2l

‘
N

w
®
I TECHNICAL PUBLIGATIONS®. An up thrust for knowledgs

\\

Scanned with CamScanner



Eleclnca] Ma,

y iy
. w and 400 w respeﬁt] b
or maximum efficien, vy

Basic Electrical & El 4'14 g 1059 arekVA rt B, Aug.-08 W
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Q.23 In a 25 kVA, 2000/200 V tmnsform“- the lr an e
at full load. Calculate : i) Efficiency at half loa
Maximum efficiency at 0.8 p.f.
Ans. : P = 200 W, P, g1, = 400 W, 25 kVA
i) cos ¢ = 0.8, half load i.e. n=0.5
n VA cos ¢ x 100
9 -
foN L 1 VA cos¢+ Py + [n? Peu (FL)] 108 %
0 =97
0.5x 25% 10° X 0.8 % 10
0+ [0.52 X 400]

T 05x 25% 102 x 0.8+ 20

P, zsx\/?@ - 17.677 KVA |
ii) kVA at Mmax = kVAX Pcu (FL) 400 ~-'Pcu = Pi for T\m
. ax

. VA fornmax X €05¢ _» 100
iii) oNmax =~ VA fornmaxxcos¢+2 i

17.677% 10308 100 = 97.25 %
17.677% 103 x 0.8+ [2x 200] ;
ansformer is 9

at full load 0.8 power factor ang

8.77 % ¢ full and half full loads,

Q.24 The efficiency of a 400 kVA, single phase tr Cu losses @
99.13 % at half full load unity power factor. Find : i) Iron losses ii) USe[ INTU ¢ Part B, Dec.-4, May-08, Marks )
Ans. : 400 kVA, Ng = 98.77 %, cos o= 0.8,
=99.13 %, cos 0=1
o VA cos ¢) % 100
% MFL = VA cos 0+ P, + Py (E-L)
3x08
0.9877 = 40010~ x0.
400x103 x 0.8+ P; + P (F.L.)
P, +P_(FL) = 3985.01569 _ (1)
% Ny = n VA cos ¢ % 100
n VA cos ¢+P; + n? P, (F.L.)
‘ 0.5x 400x103 x1
0.9913 = =
where n =05
~ 0.5x400x103x1+P; +(0.5)? Py (F.L.)
9 Pi +0.25 P‘_,u (F.L.).= 1755.27085 _ 0

~ Subtracting equation (Q.24.2) from (Q.24.1)

2229.74483 ie. P o (L) =29729931 W
1012.0225 W

075 P_ (F.L)
P,

1

i) Iron losses remain same on full load and half load which are P 1012 |
0225 W
ii) Copper losses on full load = P, (EL) =2972.9931 W

iii) Copper losses on half load = (0.5)* p (FL) =743 24824W
cu Vo) T .

| ®
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o B PR
imum efficiency of a 19

¢ max 0 kVA
0-25f::1m¢f is 98.40 % and operates at 90 % ful]
‘f’nsunify power factor. Calculate the efficiency of
W"ngfoﬂ“” at unity power factor at full load,
ot I35° [ INTU : Dec.-10, Marks 5]

. 100 kVA, NMmax = 98.4 %, kVA for Nmax = 90 %
A‘::J'ﬂ' Joad while cos ¢=1

¢ (VA) for Npiax X €os ¢

drimss = (VA) formax + 28, <100 i.e: 0984

0.9x 100x103 x1
T 0.9x100x103x1+2 P;

P, = 731.7073 W

At Nimax? Copper losses = Iron losses
Poi = 731.7073 W at 0.9 of full load i.e. n = 0.9,

Py o 1% e (VA)?

(Pcu)FL = ﬂn-_ i
ie ”13;’ 0.9 (VA)FL

Now

1 2
(Po)p = 7317073 x (WJ - 9033423 W

L (V4) c0s.9 x 100
%NFL (VA)cos ¢ +P; + (P ) pr

100x103 x1
= . x 100
100 x 103 x1 + 731.7073 + 903.3423

= 98.3912 %

Q.26 A 50 kVA, 1000/10000 V, 50 Hz single
phase transformer has iron loss of 1200 W. The
copper loss with 5 A in the high voltage
winding is 500 W. Calculate the efficicency at
i) 25 % ii) 50 % iii) 100 % of normal load at
power factor of 0.8. EF°[INTU : May-19, Marks5]

Ans.: 50 kVA, P; = 1200 W, P.,= 500 W with
L=5A

VA _ 50x 103
L(FL) = v, - 10000 =5A
*Asl, =5 A = I, (FL), given copper losses represent
full load copper loss.

Feu (FL) = 500 W
nVAcoso 100

%n =
nVA cos¢+P; +n? P, (FL)

—
r TECHNICAL PUBLICATIONS®- An up thrust for knowledge
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i) 25 % load, n = 0.25, cOSO= 0.8
0.25% 50x10> %08 100

- % = 0.8 + 1200+ [0.25% %500]

0.25% 50x10>
= 89.037 %

ii) 50 % load, n = 0.5, cos = 0.8

R 0.5% 50x10° %0.8 <100

M 5% 50x10° 0.8 + 1200 + [0.5% x500]

93.797%
iii) 100 % load, n =1, cos 0= 0.8
3
50x103 x0.8 -
50%103 x0.8 + 1200 + [12 x500]

S %N =

95.923 %
- i

4.13 : Three Phase Transformer Connections |

Q.27 What are the advantages of 3-phase

transformers ? {SF[INTU : Part B, Dec.-18, Marks 5]

Ans. :

1. A three phase transformer occupies less space for
same rating, compared to a bank of three single

phase transformers.

2. It weighs less.

3. Its cost is less.

Only one unit is required to be handled which
makes it easy for the operator.

5. It can be transported easily.

6. The core will be of smaller size and the material
required for the core is less.

Single three phase unit is more efficient.

8. In case of three single phase units, six terminals
are required to be brought out while in case of
one three phase unit, only three terminals are
required to be brought out. '

9. The overall busbar structure, switchgear and
installation of single three phase unit is simpler.

Q.28 What are the possible connections of three
phase transformers ? State where they are used.

I=°[ INTU : Part B, Marks 5 )

Ans. : e The various possible connections of three
phase transformers are,
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Fig Q201 Star-St :

shase voltage is 113 4 Nes
oltage transformers as pl o
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and the quantity of insulat L

» Thia Partivalar connecion it gsnd for small hl){ii ¥
hat of linw voltage, the number of tums pet rh"“,

Mnden tonis .
Tanisnmm

< Deita-Dsita connection

' as shown in the Fig. Q215
“ In this. both the primary and secondary windings are connected in delta

] S
R o
- ‘ /I' ly
A
<§ 5 Vo |V
Vay | Var ' :

/
g / — T iy Y

Y -
{ Vya ] s
8 e—L ! e i
A yside”
Secondary side

B e

Fig. Q.28.2 Delta-Delta connection

shown in the Fig, Q.28 3,

is used for large high voltage step down' transformers
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4. Delta-Star connection : Fig. Q.20.3

¢ this. the primary is connecte
o l1 I connected in delta fashion while

jected in stat fashion as
chown in the Figo Q28.4,

« the secondary is cong

On secondary side, neutral is avai o
. tral is available, due to which it can be used for 3 phase

wstem. Large unbalance e
svst B ilanced loads can be handled without any difficulty.

4 wire supply

Ro—
Ir
Vry|Ver
I
e T
Vys
Bo
Ig
Primary side Secondary side p.

ety S ———

Fig. Q.28.4
Part B : D.C. Machines

4.14 : Construction of D.C. Machine E

Q29 With suitable diagram, explain the constructional features of a d.c. machine. 4
' IS [INTU : Part B, Aug.-06, 08, May-06, 03,

Dec.-07, Marks 10]
Ans. : o The construchon of a d.c. machine is shown in the Fig. Q 291,

o It con51sts of the following parts :

1. Yoke : It is outermost cover of a d.c. machine. It provides the mechanical support to the poles and
forms a part of magnetic circuit. It protects the insulating material from ham\ful atmosperic
elements like moisture, dust etc. '

2, Poles : Each pole is divided into two parts namely, =
1) Pole core and IT) Pole shoe. o

« The pole core carries the field winding. It directs the flux through the air gap to the. armature core.

ECHNICAL PUBLICATIONS®: An up thrust for kriowledge
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' Yoke A ‘
FyF v . 2 2
»2 |" . /;Tmer polar axis ﬂ“,:“diﬂg' Pa
. i e
N -1=r'-.. W o 1al
S I Flux produced feRav® |,
., AR 4% s
Field winding P Ty P N Pole shoe ihoe b‘;ha‘
,/ k N Vol - 0'31h¢9 a
Commutator - (B : -3 = 2 .:.,_‘ Pole core din ‘ o
Polar or field axis '-'\:' - B > > T Armature winding . Th
b Tl e S Armature - .
Armature \ ‘ [ '’ tooth ‘:;m co
core e b WY ‘aﬁoﬂan
AN - i -7 \"\. 5 al
M i - Brush e"teﬂ;tat
Shaft—= i { a5t
: ' ] co ul
BASE f Omm
IT ' e S J ‘;I\d c
< - .M‘—‘W’*'WMWMN e :
N _.,__-wl- d.c. machine Comﬂ;:
Fig. Q.29.1 A cross-section of typical €.5 lindrical in g of °
e . i indrical in sha
tator : It 1s cylndr Pe anq .

* Pole shoe has been given a particular shape so that 5. fn(’:;:“; p of wedge shaped segments ¢ ial“d 4.1
it enlarges the area of armature core to come across drawn, high conductivity copper. k: 5
the flux. insulated from each - Q.

segments are other , |

® It is made up of magnetic material like cast iron or ¢ 'I’l*fese gmf mica b . gen®

¢ steel thin layer o : S < W
cast steel. i
mmutator segment 1s connected to -
3. Field winding : It carries a current to produce * Each co by means of co te 7 Ans
" 4 : armature conductor by Pper Iy | ayn
e necessary flux. . :
. Stl'lp. ; 4 tt\e
* It is made up of conducting material like co per. . e : g
] -p o 8 IP _ o It converts internally developed alternating emfy b it
’ 'Ih;ﬁeld winding is wout;d ar(])und the I;f ¢ co;e ,1; unidirectional (d.c.) em.f. £ " for
such a direction such that alternate ‘N’. an . :
oles are formed 6. Brushes and brush gear : Brushes are Stationgy | .
4 ! Armatu It .' further divided into two parts andirescingfon, the.surface 6F e COmtator, ;
. ature : It is er divide _
I - * Brushes are normally made up of soft material i, f- |
namely, :

I) Armature core and II) Armature winding

* Armature core provides house for

winding. It also provides a path of low reluctance

to the magnetic flux produced by the field winding.

It is made up of magnetic material like cast iron or
cast steel. It is made 'up of laminated construction.

* Armature  winding nothing  but the
interconnection of the armature conductors, placed
in the slots provided on the armature core
periphery. It is made up of conducting material like

_ copper.

armature

is

carbon.

in brush holders, which are usually of box type.

adjusted with the help of lever.

® ;
? TECHNICAL PUBLICATIONS®: An up thrust for knowledge

¢ Brushes are rectangular in shape. They are houst ¥

* The brushes are made to press on the commutiuf
surface by means of a spring, whose tension cn's &

* Brushes collect current from commutator and mk
it available to the stationary external circuit. |

7. Bearings : Ball-bearings are usually used as 1 b 3
ar¢ more reliable. For heavy duty madi® i
roller bearings are preferred. ‘
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* The direction of the induced em.f. can be obtained

1 commutator, To avoid by using Fleming's right hand rule

* If angle between the plane of rotation and the plane
of the flux is ' 8 ' as measured from the ads of the
Plane of flux then the induced e m.f. is given by,

made up

415 .‘Y,‘?T'f‘“.g Prin_c!ple of DC Generatd} |

E = B (v sin &) volts

th
Q.Sin F;:l"“ ¢ working principle of a g where v sin 6 is the component of velocity which is
gen : . perpendicular to the plane of flux and hence
€5 [INTU : Part B, May-06,09, Dec.-11, Aug.-08, Marks 51 responsible for the induczd em.f.
Ans.: o All .generators work on the pri'nciple of * As seen from the equation of induced emd. E, it is
dynamically induced e.m.f. It states that, 'whenever - sinusoidal in nature. Thus to convert it to dc
the number of magnetic h:nES of force i.e. flux linking commutator is used in d.c. generator. Hence fnally
with a conductor or a coil changes, an electromotive the output voltage of generator is d.c. in nature.

force is set up in that conductor or coil.’

» The magnitude of induced e.m.f. in a conductor is
proportional to the rate of change of flux associated

with the conductor. This is mathematically given

. d
by, e (magnitude) = d—?

1416 : Types of Armature Winding |
Important Points to Remember

* The two types of armature windings used in d.c.
machines are,

a) Lap winding b) Wave winding

* Number of parallel paths are denoted as A hence
A =P for lap winding and A = 2 for wave
winding.

* The two conductors placed in different slots

when connected together forms a tum. Hence
number of conductors Z =2 x number of tums.

* The distance between the two adjacent poles is
called a pole pitch, It is defined as total slots

* The relative motion can be achieved by rotating :
conductor with respect to flux or by rotating flux
with respect to a conductor. !

* S0 a voltage gets generated in a conductor, as long li
as there exists a relative motion between conductor ‘
and the flux. i

*Such an induced e.m.f. which is due to physical 11!
movement of coil or conductor with respect to flux |
or movement of flux with respect to coil or ‘
conductor is called dynamically induced e.m.f. along the periphery of armature divided by the

*S0 a generating action requires following basic totalgnum\fe r:?fpoles. ‘ B

components to exist, i) The conductor or a coil | - —

()]
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Q.33 Cumpnm |np and wave type of winding#® us ding
wave Win
Ans, : e
‘ o (A) = 2 (always)
Sr. Lap winding | s pm‘ﬂ“v’l PathS ( ) s Nes -
No, 7 - Number 0 s rcc]U1rcd is always
. rush 5
1 Number of parallel paths (A~ Poles { umber :’fﬂl; ) .
al to wo: . .
ol Dl sets required 19 .,qu.\l t . l,qual “_’,. oltage, low current
2, Number of brush =el 1 for high v 34
number of poles. . preferable = o
ver l . vcncralor" RN .
J. Preferable for high current, low voltage - cnpnclt)’ Bv Aérators of capacity less
capacity generators, '? I)rc[crr(_'d for g€ o
4 Normally used for generators of capacity ‘ than 500 A. = Af conductors then,
. ally u 1 | .
more than 500 A, numb‘-'
5. If Z = Total number of conductors ther, 1
/ 1,/P
1P " Zip conducion i ::
' In sarles E
Z/P conductors - |—! ’P/, .
~ o hserles 77 ]
H ]8
| otal A= P
14/P i mbe-: of parauel paths
TotalA=P !
number of parallel paths 'z

—
JRSIRISS S H

tor

4.17 ;: EM.F. Equation of D.C. Genera

- ', Part B, Dec.-04, 05, 07, 08, 11, 12, May-0, 1y,
Q.34 Derive the e.m.f. equation of a d.c. generator. I [INTU : Part B AUG-08. Marks G

Ans. : Let P = Number of poles,

¢ = Flux per pole in webers (Wb)
N = Speed of armature in r.p.m, Z = Total number of armature conducto;s

A = Number of parallel paths, =~ N = Speed in r.p.m.

* S0 A =P for lap type of winding and A =2 for wave type of winding
* Now em.f. gets induced in the conductor according to Faraday’s law of electromagnetic inducti
Hence average value of e.m.f. induced in each armature conductor is,

e = Rate of cutting the flux = i—?

» Consider one revolution of conductor. In one revolution, conducior will cut total flux prodﬁcedt
the poles i.e. ¢ x P. While time required to complete one revolution is 6—1\0] éeconds as-speed isNt

: e'—.~¢_-P=¢P_N e | S 3 | |
: "~ 60 %0 - This is the e.m.f. induced in one cond
N ' Gt e
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are
Z
Parauf—‘I paths, hence A humber of condyet
uctors are always j
S 1 °ri i
the paraue] pat‘hs. Y n series and emf Tremains same across au
. Total em.f. can be expressed as, E = o P N z
%0 < "y volts

is is nothing b '
, This is g but the em.f. €quation of a d.c. generator

. E = 9PNz
60A o em.f, equation

.50,
WlthA: P for Lap and A =2 for Wave ‘

Important Points to Remember
: The two cond in di
Turn nductors placed in different slots when connected together, forms a turn hence

7 = 2 x Number of turns.

Coil : The turns are grouped together to form a coil. If coil contains only one turn it is called single

turn coil while coil more than one turn is called multiturn coil.

; Coilside : Two coilsides form one coil. These coilsides are placed in different slots having a distance of
around one pole pitch between them.
Single layer winding : Each slot contains only one coil side of a coil.

Double layer windi.ng : There are two coilsides per slot, one in the top half of the slot and other in the

bottom half of the slot.

035 A 4-pole d.c. generator has a lap ‘wound armature having 400 conducors. It generates an emf. of 300 V
when the flux per pole is 0.02 Wb. Find the speed of rotation of its armature.

' : DS [INTU : Part B, Marks 5]

P=4, lap ie. A =P, Z =400, ¢=0.02 Wb, Eg =300 V.

_ ¢PNZ _ 300x60x4 _ 5
Eg = C0A ie. = 002x4x400 - 2250 r.p.m.

Ans, :

ot. The flux per pole is

U6 A 4 pole wave wound d.c. generator has 50 slots and 24 conductors per sl
10 mWb. Determine the induced e.m.f. in the armature if it is rotating at a speed of 700 r.p.m. o
" : IS [INTU : Part B, Marks 5]

Ans.: p - 4, Wave i.e. A =2, 50 slots, 20 conductors/slot, ¢ =10 mWb, N =700 r.p.m.

slots x conductors/slot =50 x 20 =1000

7 =
_ PNZ _ 10x 107> x4x700x 1000 _ 533333y
B = goa ~~  60x2 . s

i, it v & e 5 e L b S
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4-1}] : Types of D.C. Generators |
gpnelﬂt"r"

Q.37 State the varlous types of d.c.
tate thelr

Draw thelr connection diagrams and ®
voltage and current relatlonships. 10
BSTINTU : Part B, May-08,11,19, Dec.-06,09,11, Marks u

e called
Ans.: The field winding of a d.c. generator is callet

exciting winding.

e Supplying current to the field winding 1% c‘.‘”cti
excitation and the way of supplying the cxctlhﬂ;
current (field current) is called method © |

excitation,
pending on type

e The d.c. generators are classified de
n are,

of excitation used. The two types of excitatio
a) Separate excitation and b) Self excitation.

a) Separately excited genarator

e In this type, a separate external d.c. supply 18 u_s E(cil
to provide exciting current through the ~fiel
winding.

e The Fig. Q37.1 shows the circuit of separately
excited generator

D.C. supply

Fig. Q.37.1 Separately excited generator

e The induced e.m.f. E has three componénts namely,
i) Terminal voltage V, ii) Armature resistance drop

;EEIa = IL-

b) Self excited generator

o The d.c. generator produces d.c. voltage. If this
generated voltage itself is used to excite the field
winding of the same d.c. generator, it is called self
excited generator. |

o Based on how field winding is connected to the
armature to derive its excitation, self excited
generators are further divided into following three
types : i) Shunt 1ii) Series -and '

iii) Compound generator.

®
?_ TECHNICAL PUBLICATIONS®: An up thrust for knowledge -

y o al
y ks f‘c
Electricq, :ﬁ/lff,./’ |
| A “ah, ’;}E g sh?
Jtof ° n this l)i:‘;l-, ‘\:'\l' fielq Wi " .r‘}‘;';is KY?'
ners ) je} with the arm; Y, § 5 i
ghunt P’f:uql in qu“?;lhc Joad. lurg N g seﬂes
is conn | ton Acros: N dif‘g >
the co™ 7.2 W
I L
e Fif @ v,
ffrom K e
1, + I.ﬂh' sh R sh
].| 1!
‘ v, * 1R, * Vbrur.h
B~ Wt 1 f
I .
Ish
Fi
F2 F
¢
L
1g. Q.37:2 Shunt generstor i
19- - ~
i
rator ¢ 1D this type the field wing W i
5. Series gen® des with the armature Winding w}l -
connected 1 5€ i iy
supplying the 1°a7'3
e From the Flg Q3 _.,_..r»—-w-*- S
T a
1 = Ise— L an

a

E,=V, * IaRa+IaRse+mesh )

3. Compound generator : In this type, the pazt d
the field winding is connected in parallel wib
armature and part in series with the armature

« Depending upon the connection of shunt and seré

field winding, compound generator is furte
classified as : i) Long shunt compound genetald
_ii) Short shunt compound generator.
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9 "‘ gpiers i 1 1 3% Qhnas ha spuleatlnee of vaslaie [ETTTTT S §
el :qz ae shovr N the Fig O 1+ 1 4 e B At nhany
. EHF LN . fgen i Tuyg. N A0 My na A9 (3 1D
Moes NT Warke L
" o ‘ LYo Sagavataly svcited gumaritors
¥ & S . ' - v by ratyrred ave it sl i, he
i "“‘ = + . \ - el bind vowrive apesial sonlicatinng ks
I ] X ,' e . :.'.-m‘- ol brve snliovie 2 oF mnteriala are
; EU:.; ——) [V-_i?:‘_-] (') Thunt gemaratinge .
d Iy ‘ | | * Commoniy wusedd s batlers rhatging and ordinary
I | {
‘ ! ’ ’ I!"_',»’;('.: 'L"I,".'-:\".—
AL \
f “ i Setien generatufe
f | I s
§ e Commaonly used as baemtors o e femdors, as a
i @ Qa7 4 Long shunt compoung genaratar onstant current generators e welding ZeTuer atoy
! and arc lamps
f p=la*h 2
{ » Cumulatively compound generators :
|
v, ¢ These are used for domestic ligh ung, purposes anc
& ™ R, to transmit energy over long distance
4,
e Differential compound generator -
VeIlIR 1L R +V ‘
BTN TN N e brush The use of this type of generators is very rare and it
is used for special application like electric are
unt Compound Generator : In this type :
j Short Sh -ompot ype. welding,
unt field winding is connected, only across the } I — Bty
. . 3 A ‘
ymature, excluding  series  field winding as | 4.20 : Working Prlnclple of D.C. Motors
N - e i e e ey pateem—teta et s —————— e W/
shown in the Fig. Q.37.5.

/ Important Points To Remember

* An electrical machine which converts electrical

energy into mechanical energy is called an
electric motor.

" * The d.c. motors convert d.c. electrical energy into
! Q\echamcal ener
8Y-

Q.39 Explain the working principle of a d.c. motor,
U [INTU : Part B, May-04, 08, Dec.-07, 12, Marks 5]

Ans. : The principle of operation of a d.c. motor can

Fig. Q.37.5 Short shunt compound generator be stated as ‘when a current carrying conductor is

e — placed in a magnetic field; it experiences a
L=+, : mechanical force’.
E,-L.R V. +1, R * Consider a single conductor placed in a magnetic
Iy = gﬁ — = RL = Le = I flux. In a practical d.c. motor magnetic flux is
5 h produced by the field winding when it carries a
.’:"thHaRa"'I Roe * Virush current, :

e This conductor is excited by a separate supply so

T ' _ that it carries a current in a particular direction.

F 7echica ® ; - | | o Drcont”
TECHNICAL PUBLICATIONS®- An up thrust for knowledge : i TR )
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® An
y current carrying conductor produ
ductor also

ma ic fi
" gnehc .ﬁeld around it, hence this con
produces its own flux, around it.

e Th
us there are two fluxes present,

1. The flux produced by the field winding called
main flux.

2. The flux produced by the current carrying
conductor.

ch that

« Both the fluxes interact with each other su
re in

on one side of the conductor, both the fluxes &
the same direction and assist each other. As against
this, on the other side of the conductor, the twoO
fluxes are in opposite direction and hence try to

cancel each other.

e Due to this, there exists low high flux dens
on one side of the conductor and low flux
area on the other side of the conductor.

e This flux distribution around the conductor acts like

a stretched rubber band under tension. This exerts a

n_lecham'cal force on the conductor which acts from

high flux density area towards low flux density
area.

e All the armature conductors,
periphery of the armature drum,
such mechanical force.

e Due to this, overall armature experiences 2 twisting
force called torque and armature of the motor starts

rotating.

ity area
density

mounted on the
get subjected 10

Q.40 How to reverse the direction of rotation of
d.c. motor ? [S°[INTU : Part A, May-09. Marks 2]

on of rotation of d.c. motor,
duced by the field
n of the current

Ans. : To reverse directi
either direction of main field pro
winding is reversed or directio
passing through the armature is reversed.

The direction of the main field can be reversed by
changing the direction of current passing through the
field winding, which is possible by interchanging the
polarities of supply which is given to the field

winding.

-
f 4.21 : Back E.M.F. and its Significance

Q.41 What s back emf. ? Explain the

'significance of a back e.m.f.

IS°[INTU : Part B, May-05, Aug.-06, 08, Dec.-10, Marks 5]

@
r rECHNICAL PUBLICATIONS - An up thrust for knowledge

4-24

‘Elecln'cn, M
_— 2 ae

en motor starts bn,
or w . TOt . il
moto™ tate in the flux Drot;“n
‘ch\j

ture s

i tors cut the g,
in the rotating 4 a,
u jndu day’ g,
o Thus | mccord'mg to Faraday's 15, h‘fs
n.- o

this induced emg
: : ite direcs: . &
ding cts in *—he_OPPOS] TeCtjy, |t
o AccOT ways, a it which is the supply '\’Dl?: ty
¢ up a current throy g}\g‘-
o This &7 ich i the opposite direcyy, ¢
ature itage is forcing throygy
arm _ uppl)’ voltag gh the

to S€

_ opposes the supply o),
o So as tht back et and der}oted as E,. n\%e,

. d basica]ly it gEts generated
hence its magnitude cap b.
R

i o ote
it is d i action ;
f. equation as,

getermined Y?ﬁf?ém o
~TTgPNZ yolts  le N
Eb"7ﬁ?fwwwwwwmmwmmfﬁw_No

Significance of back em.f. :
In case of a d-c motoT, supply voltage V hag
ca g )

. o e ba & emf. Ey which 1s OPPC’S“‘E Vg

over drops as armature resistance dmp‘

L]

also vyarious
R, brush drop et¢

e the voltage equation of a d.c. motor can g

e Henc
written as el
;, = Eb;IaRa + Brush drop and negelcting '.
V-Ey
brush dIOP: Ia = Ra

ddenly put onto the motor, moto
tries to slow dowm. So speed of the motor reduces
due to which back e.m.f. also decreases. So the net
voltage across the armature (V — Ep) increases and
motor draws more armature current.

o Due to increased current, force experienced by the
conductors increases and hence the torque on the
armature increases. This satisfies increased load

demand.
e When load on the

« When load is Su

motor is decreased, the speed of
the motor tries to increase. Hence back emi

increases. This causes (V - E,) to reduce whid
eventually reduces the current drawn by ¥

armature. This produces the less torque required ¢
the new load.
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05 .
I F > saulatE
((% us ack e.m.f. regulates the flow of armature
, T ¢ and it automatically alters the armature

T , i
o 1o mect the load requirement. Thia ia the

ent =
;li("ll 5{3]11(!(‘.‘"1(“1‘ of the back e.m.f
actics e ik
pr ]mpnrl:ml Points to Remember

; aquﬂuon of a d.c. motor :

| a ! 21 g M
h(. ’ Mu“f[‘-lf\'“‘ﬂ both sides of the voltage equation |W.
o ’ o got power equation as,
J [" we .‘ﬂ‘ 3 2
' W E I+ 1 R
. '
. vi, = Net electrical power input to the armature
‘ L a
0 mN-‘-'U“‘d in watts.
0 2 Ry ° Power loss due to the resistance of the
o g D2

fmature called armature copper loss.
A

- Electrical uqtliv.\lcnt of gross mechanical

o Epla
power developed by the armature. This is
od2 A 220 V, d.c. motor has an armature
”.smance of 0.75 Q. It Is drawing an armature
current of 30 A, driving a certain load. Calculate
e induced e.m.f. in  the motor under this
condition- [ [INTU : Aug.-08, Part A, Marks 2]

ans.: V= 200 V, I, =30 A, R, = 0.75 Q are the given

values.
For a motor,V = Eb + Ia Ra
220 = E, +30x0.75
E, 197.5 volts
This is the induced em.f. called back emf. in a

motor.

r
i 4,22 : Torque Equation

Q.43 Derive from the first principle an expression
for the torque developed in a d.c. motor.
[F[INTU : Part B, May- 08, 09, 10, Dec.-09, 11, Marks 5]

Ans.: e Cbnsider

; /_\\Rotation
a wheel of radius A
R metres acted
upon by a g
circumferential Fig. Q.43.1

force F newtons as shown in the Fig. Q43.1.
¢ The wheel is rotating at a speed of N r.p-m.

* Then angular speed of the wheel is,
27N
6

rad/sec

o=

* So work done in one revolution is,
. ‘W = F x Distance travelled in one revolution

= Fx2nR joules

B0
T TECHNICAL PUBLICATIONS?— ‘An up thrust for knowledge
I

¥
L

Flectrical Machines

Work done

And I' = Power developed = — E
Time
b 2R Fr2nR . (27N}
Time for | rev h [ 60y = {HNE) V-\,‘ 60 \
\'N |
P =~ T 2w walts
where T = Torque in M -m  and
w = Angular speed in rad/sec.
et l‘a be the gross torque (J('V'?l-’)p!_‘d by the

armature of the motor. It is also called armature
torque

e The gross mechanical power developed in the
armature is Eg 1 from the power equation.

e So if speed of the motor is N r.p.m. then

Power in armature = Armature torque # o Le.

. N
F‘b]a = ]"a /_(;O_

e But E, in a motor is given b JOPNZ
Eb nglVLr\ y’ E’b oy
OPNZ . _2mN
60 A xI, = T, %55
T, = ﬁQIaKT = 0.159 013-_;; Nm

e This is the torque equation of a d.c. motor.

- Important Points to Remember

e The total armature torque T, is not available at
the shaft to drive the load because of friction and
windage losses.

e The torque required to overcome these losses is
called lost torque, denoted as T

e The torque which is available at the shaft for
doing the useful work is known as load
torque or shaft torque denoted as Tg. So
Ta = Tf + Tsh' '

e The product of shaft torque Ty and the angular
speed o rad/sec is called power available at the
shaft i.e. net output of the motor. '

e Net output of motor =P = T, X0
... Rating of motor /

Q.44 The armature of a 6 pole, d.c. shunt motor
takes 300 A at the speed of 400 revolutions per
minute. The flux per pole is 75 mWhb. The number
of armature tums is 500. The torque lost in
windage, friction and iron losses can be assumed

a 2.5 %. Calculate :
i) Torque developed by the armature
ii) Shaft torque ili) Shaft power in kW.
. B [INTU : Part B, May-08, Aug.-08, June-09,
Jan.-10, Marks 5]
= -7i = - ——— /—\‘-.
DECODH

~—

: _"_._.._,;.L_——‘
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. ) ('fr" A, N iy
Ans, : p _ 6 | nics Eng

¢ =75 MW, 1 =300 4,

incery ng

N = 400 rp.m,,

’ l'l ) 2 5w :
st [ I Y of l
VO condy ’
Ctors U
urns =3 constitute ope tum hence 7 - 2x

Assume |,

ap C et P

) )$ l:)_nnutui armature .o, A = p,
2,1 q‘l“ X== =

=X 75x 1073 300x 9% 1000
‘.’\ 2 T 0 x —~—-—-()
= 3580.986 Nm

T o o 2.5
) Tiost= 2.5 % of T o 100 X 3580.986 = 89.5246 Nm

Ty, =T, ~Tost = 3491.461 N

i) P, = Ty, X @ = T, x 220N = 3491.461x 2 tx 400
60
= 146.25 xw
| 4.23 D.C. Motor.

L_%Ww;"{‘ypes of D.C, Motor»]

R S

o dans ),

_ motors
tage and current relationships.

05, 07, Dec. -04, 08, Marks 5]

l’ = b
[sh L
R Supply
? BRen voltage
' %

§V=Eb+I R +V

aa brush

* Flux produced by the field winding is proportional
to the-current passing through it i.e. Lioox -

b= Ly

2. D.C. Series motor : The series field winding is
connected in series with the armature and the supply,
as shown in the Fig. Q.45.2. t g :

IL‘-“ =

® "
? TECHNICAL PUBLICATIONS®. An up thrust for knowledge .

- Voltage equation -

Supply
voltage
Ra vV

|

Flg. Q.45.2 D.C. sorles moto

to overcome the (y,

ly voltage h.as - 0 .

. i:rli)gs,yﬁeld winding n addition to E, anig
across armature winding.

| V=E, +1, (R, + Re) * Vorush ™ Vol

3. Long shunt compound motor :
e The shunt field winding is connecteq ,

1CTOSs
combination of armature and the serjq, ﬁel;
winding as shown in the Fig. Q.45.3,
_ L
+
Len
Rsh V

Fig. Q.45.3 Long shunt compoung motor

IL=Isé+Ish
=]

se a

I =— |
gh R'.=.h'§

e S |

V=B +L R + Red) * Voruen .. Voltage equatio

4. Short shunt compbt‘md motor :

The shunt field is. connecteq purely in parallel w
armature and the serjes field is- connected in se
with this combinaﬁon shown in the Fig. Q.454.

e

S

" Scanned with CamScanner
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‘»’. ‘J’.’.’ .‘: i
! 4 A
-1 b
! . -
" v .

j .u/_.l
s -
; ria O 454 Bhett ehimt enmpeund mang
M, y =g
e f .
"i ! r oL ® i
{
| « 1R IR =\ Voltage
i ¢ s B - . ' 1
l,-: ‘:!l ' . Suation
{ Vol Re _Eyptl, Rye
i‘ﬂ = )-':x'k H E}
i s caced
; “Important Points to Remember S
{ — aquation.
’ " r « ¢l - from torque equation.
o = lgaa flux proportional to field
current
Far d ¢ <hunt motor,
N T =1, ... & is constant
, Fordc series motor,
¢ B
‘ T< I, ¢ =<h e 9oy e
‘ 4 . .
ation, E,, =< ¢N ie. N o« 2
E i ) N -N
’: % Spﬂ‘.‘d regu]atlon = _no lor:’d full load % 100
[ full load /
——
045 A 120 V dc shunt motor having an armature
f 0.2 Q and field circuit

drcuit resistance O
resitance of 60 2, draw a line current current of

40 A at full load. The brush voltage drop is 3 V
and rated full load speed is 1800 rpm. Calculate :
) The speed at half load ii) The speed at 125 %
of full load. EZ[INTU : Part B, Jan.-10, Marks 5]

ns.:V=120V, R, =029 Ry =60Q
IFL =40 A, Vbrush =3 V, NFL = 1800 r.p.m.

V.24

ISh i Rsh
= IFL-ISh =38A

= V=Ip Ry = Voruepy = 120-38%02-3
1094 A

n

ECHNICAL PUBLICATIONS®- An up thrust for knowledge

v

l A 220 1 i Eiia
= FRERATLENG e ST G

-1
]
i w» )
ey
14
Flg. ThAR 4
il f N mata
NS bealf 1t ¥.
{ ! | R
! v
| - 19 A
L - V.1 = 113 J
) i
N i
il
'\;ll ‘,” Lo N - R \.
Wi 100F &

Nin Ew
- 1862.52 r.p.m.
ii)At 125 % of full load e T, = 1257,

T i .

) e e 125X

0 L WL
ie. 1, =475A

Epy = V-IaRy = Ve = 1075V
1800« 107.5

Neg _ Epr
_— —— 1.e. 3 T cre——
1054

N, Eyps

N; = 1768.74 r.pam. ... Speed at 125% of FL

4.24 : Characteristics of D.C. Shunt Motor i;

Q'.4\7Draw the torque-armature current, speed -
torque and speed-armature current characteristics

of d.c. shunt motor.
USP[INTU : Part B, Aug.-06, May-09, Dec.-09, Marks 5]

Ans, : i) Torque-Armature current characteristics :

¢ For a d.c. motor,

Te ¢
o For a constant values of Ry and supply voltage V,

[sh is also constant and hence flux is also constant.

-~

e The eqﬁation represents a straight line, passin;
through the origin, as shown in the Fig. Q47.1.
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1
Torque increases {
linearly with armature, 'a |
current, '

T

——ge
| | t

| |
i {

Iﬂ

o

|
|
|
I
{
i
i
|

Fig. Q471 T Vs I, for shunt motor
* Torque increases linearly with armature current.
ii) Speed-Armature current characteristics :

® From the speed equation we get,
N « V-LR,
¢

~V-1 R, ...as ¢ is constant.
® So as load increases, the armature current increases
and hence drop IR, also increases.

* Hence for constant supply voltage, V - LR,
decreases and hence speed reduces. But as R, is
very small, for change in I, from no load to full
load, drop I, R, is very small and hence drop in

speed is also not significant from no load to full
load.

® So the characteristics is slightly droping as shown
in the Fig. Q.47.2.

Constant sEeed Iiﬁe

I/

\ I/

Drop is small |
5 as R, is small.

i

i

Fig. Q.47.2 N Vs I, for shunt m-otor
_ iii) Speed-Torque characteristics :

e The graph is similar to speed-armature current
characteristics as torque is prqurtional to the
. armature current.

Electricq)
Mq‘,h
""Q 3
{

This curve shows that the speed almost

- £ .

t though torque changc's from nq loag 8§
conditions. This is  shown Wi

Maj
constan
full load

Fig. Q47.3.

Constant spaad ling

e i o ot e

| I ——

Fig. Q47.3 N Vs T for shunt motor

--4.25 : Characteristics of D.C. Series Motgr

e

Q.48 Draw the torque-armature current, speeq . |

torque -and speed-armature current chmdgﬁ,ﬁq

of d.c. series motor. i
O [INTU : Part B, May-07, Aug.-08, Dec.-10, Marks 5]

Ans. : i) Torque-Armature current characteristics :

e In case of series motor the series field winding i
carrying the entire armature current. So fin |
produced is proportional to the armature current §

: 2
T,o= 0L < 12

Hence skl = Ia

* Thus torque in case of series motor s |
proportional to the square of the armature
current. This relation is parabolic in nature = |
shown in the Fig. Q.48.1.

* As load increases, armature current increases and
torque produced increases proportional to th
square of the armature current upto a certain limit |

T = ] 4t

4 ........ - T;=<la »»»»»»»»» ATa--w-——‘;“—;
i ‘

e, - -,._._,,Toch LAY . \\ J§—~—’

{ /| Pointof | :

saturaﬁcn"l'—‘

- ...5...-...... ettaan s enranens, Avl] i"“’"‘

L{; , ]

12057 Gl

Fig. 9.48.1 T Vs L for series motor
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saturation the flux remains constant. Hence

fter
oA saturation the characteristics take the shape of

after
ualgh
ii) SPeed'
the speed equation we get,

m
J Fro By VoLR, LR
0 »

t line as flux becomes constant, as shown.

Armature current characteristics :

se

as q)ocla

, The values of R, and R, are so small that the effect
fa ange in I, on speed overrides the effect of

ChangemV—I R, - I, R, on the speed.

, Hence in the speed equation, E, = V and can be
assumed constant. So speed equation reduces to,

N o<

Ll
Ia
current characteristics is
rectangular hyperbola type as shown in the

' 50 speed-armature

N
=] For small I,
. |—1—5~"] speed is very high. [{-—+——
\
\\
(Ey—-— e
0 N M

Fig. Q.48.2 N Vs L, for series motor

ii) Speed-Torque characteristics :

1
'In case of series motors, T <12 and N o '
- a

lence we can write,

Thus as torque increases when load mcreases, the
Speed decreases.

On no load, torque is very less and hence speed
increases to dangerously high value.

F =

TECHNICAL PUBLICATIONS®- An up thrust for Kknowledge
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he speed-torque characteristics
nature of the speed-armature

own in the Fig. Q. 48.3.

e Thus the nature of t
is similar to the

current characteristics as sh

Fig. Q.48.3 N Vs T for series motor

Q.49 Why d.c. series motor is never started on no
load ?

0SS [INTU : Part A, May-08, Marks 3]

Ans.: s The armature current of a d.c. motor is

decided by the load.
e On light load or no load, the armature current

drawn by the motor is very small.

e In case of a d.c. series motor, ¢ <[ and on no load
as I is small hence flux produced is also very
small.

‘¢ According to speed equation,

N e %) as E.b is almost constant

e So on very light load or no load as flux is very

small, the motor tries to run at dangerously high
speed which may damage the motor mechanically.

e On low armature current and low torque condition
motor shows a tendency to rotate with dangerously
high speed. Hence d.c. series motor is never started
on light load or no load.

eeang,
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4.26 : Applications of D.C, Motors = it | Mgy ?494 @
Q50 s o ¥y ! i
* tate the applications of d.c. motors. “:ﬁ_./ o ot ' M a4
m’[JNTU : Part A, Jan.-10, M-y-ll. Marks 3] g Py ;‘ ah / ‘,"::’r’,,.l\ ' ‘ vdaﬂ
S. . ) u’
f__ﬁ_ . o ) My I/ 09 /'w'“ ,‘ "ft,’ ;
|  Types of Characteristics Applications | —" ™ ¢ ;
n-lofor tic control Fig. QA.51.2 N vg Vol 'ﬂ“’ 4
hu T 1.1 Rhoost? W iy
Shunt Speed is fairl 1) Blowers and fans Fig. Q.8 ing ﬂ@‘dﬁ
| constant anc N al sition js mInimum ang y
| medium starting 2) Cu,"r“uhf'l and ally the rheostat PO oy the armature, G, Fateq ‘0"
; [ torque. reciprocating « Initially 5 apPli“d acros * 50 tpey, f&w
pumps voltage B
3) Lathe machines .y also rated: p . current iy fiy. ‘
! ) o . Joad, armaturt 1 }‘ fired, o
{ 4) Machine tools o For a BV igtance 15 added In the arm,,
j, | 5) Milling ma hines ‘ when c;(trrcmains samc.i z{,jn?l g;eru is vulmp.,. d"rp
i . ircuit g > ed (L J%).
/ 6) Drilling machines Z’ff:ss' ne resistanc® ad i B e xtadiiEd M
— - = 55 e = ©Crey,,
ries | High starting 1) Cranes « Hence volt;gesp:‘fdfobclow normal value, Ay,
! i e
! torque. i evators ecreasing t ! . .
q 2) Hoists, El d ) this extra resistance, variousg Bpeed,
3) Trolleys e By varyins value can pe obtained. '

gNo load condition
: is dangerous. :
. Variable speed. | 4) Conveyors |
- 5) Electric
‘ locomotives sty |

Cumulative: High starting ' 1) Rolling mills
compound | torque. No load ' 3y punches
! condition is ;3 Sh
allowed. Fo)eheals
- 4) Heavy planers

 5) Elevators

Differential ;":Speed increases as Not suitable for any
compound : load increases.  practical application.

4.27 : Speed Control of D.C. Motors

Q.51 Explain the speed control methods of d.c.

shunt motors.
Ans.: The speed of d.c. shunt motor is controlled by

two methods called, i) Armature voltage control
ii) Flux control i

i) Ammature voltage control :
As the supply voltage is normally constant; the
voltage across the armature can be controlled by
adding a variable resistance in series with the
armature as shown in the Fig. Q.51.1. _
e The field winding is excited by the normal voltage

hence I; is rated and constant in this method.

en speed and voltage aCroyy,

below rated
in the Fig. Q51.1,

. The relationship PefWe
the armature is shown

speed is inVﬂrsﬂy

The

flux. .
dent on the current t‘nmugh the

Thus flux can be controlleq by
ariable resistance) in series vy,
shown in

ii) Flux control :
proportional to the

e The flux is deperl
shunt field winding.

adding a rheostat (v

the shunt field winding, as

Fig. Q.51.3.

o At the beginning the rheostat R is kept at minimup
indicated as start in the Fig. Q.51.3.

o The supply voltage is at its rated value. So curren
through shunt field winding is also at its rated
value. Hence the speed is also rated speed i

called normal speed.
+
Start
Rheostat
R
Supply
: ¥y v

Ren rated

e

®© _
? TECHNICAL PUBLICATIONS®- An up thrust for knowledge
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Fig. Q.51.3 Flux control of shunt motor
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Leﬂ 2 resxstaanIe R is increaseq e S
: current decr 0 whi |
g, ‘ﬂ‘uﬂt field sh eases, decreﬂsing " hich
o uced- " Q ﬂux

P Noc(l/‘p), the speepl of the m

AN d val
’ d its rated value.
pey "

0 .
tor INcreageg

v py this method, the speed cop
) 'T:(llise is POssible. trol above rated
% Vﬁs js shown in the Fig. Q51 4 by speed
4 e .
' ad current curve. The curve gy o the ii?:emSt
: lation between N and ¢ o5 natur e
q o angular hyperbola. e is

't

" Normal

speed :
, Ish rated (0"
Fig. @514 N Vs I, (6) for shunt Mmotor

X Explain the speed contro] methods of d.c,
geﬂe’ mofol'so

pns.: The speed control methods of d.c. series motor
are Cﬂuedl

j) Rheostatic control  ii) Flux control
i Rheostatic control : .
o The arrangement is shown in the Fig. Q.52.1.

Fig. Q.52.1 Rheostatic control of series motor
*In this method, a variable resistance (R,) is inserted
in series with the motor circuit. As this resistance is
inserted, the voltage drop across this resistance

TR) occurs. This reduces the voltage across the
Armature,

Electricel Mchines

L] .
As speed i directly proportional to the voltage
aACross the armature, the speed reduces. By varying

the resistance the various speeds can be obtained.
) Flux controy

* In this methog the various techniques are used to
control the flux, These techniques are,

a) Field Divertor Method :

* In this method the series field winding is shunted

by a variable resistance (R,) known as field
divertor. The

Fig. Q.52.2.

shown in the

arrangement is

Fig. Q.52.2 Field divertor method

* Due to the parallel path of R,, by adjusting the
value of R, any amount of current can be diverted
through the divertor. Hence current through the
field winding can be adjusted as per the
requirement. Due to this, the flux gets controlled
and hence the speed of the motor gets controlled.

b) Armature Divertor Method :

* An armature of the motor is shunted with an
external variable resistance (R) as shown in the

Fig. Q.523. This resistance R, is called armature
divertor.

Fig. Q.52.3 Armature divertor

~* Any amount of armature current can be diverted

through' the divertor. Due to this, armature current
reduces.

®
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® But as T¢I, and load torque is constant, the (ux
is to be increased. So motor reacts by drawing more
current from the supply. So current through flelc
winding increases, so flux increases and speed of
the motor reduces.

¢) Tapped Flold Mothod :

* In this method, flux change is achieved by changing
the number of turns of the field winding.

T R A
SN

e The field winding is provided with the taps as
shown in the Fig. Q.52.4.

Fig. Q.52.4 Tapped field

* The selector switch 'S' is provided to select the
number of turns (taps) as per the requirement.

» When the switch 'S' is in position 1 the entire field
winding is in the circuit and motor runs with
normal speed. As switch is moved from position 1
to 2 and onwards, the number of turns of the field
winding in the circuit decreases. Due to this m.m.f.
required to produce the flux, decreases. Due to this
flux produced decreases, increasing the speed of the
motor above rated value.

d) Series-Parallel Connection of Field :

e In this method, the field coil is divided into various
parts. These parts can then be connected in series
or parallel as per the requirement to change the
m.m.f. produced and to obtain speed control.

* The Fig. Q525 (a) and (b) show the two parts of
field coil connected in series and parallel.
Parallel

_____

)
Fig. Q.52.5 Series-Parallel grouping of field coils

Basie Electrical & Electronics E 4-32
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. . Three Phas¢ Induction Maqy,, B
tC: VY " l T
""‘..~-""]§:.;bt of Rotating Magnetic pig), - 8
oncept 08 e 9

rotating magneucn“ ‘
e

otor 7 1
¢ Inducﬂoﬂ m[@”[JNTU : Part A, May-lg, Mal’kg 2] ;ﬁ‘

. motor, rotor is stationary 5 = :
nduction ¢, in the rotor by in4 t‘xn \ %F |
duced em-t . “ch% | ;
To have 10 st cut the magnetic flux. " B
principlcl ionary, the magnetic flu>.< must be oy ke
rotor is stati® cutting of flux. This causes indu% g
so as to have Hence there is rotor current, roty, y
e.m.f. in TOtOT: starts due to interaction of statg, ﬂx
and the moter Thus for starting of induction - 0): E
:hnd r?:o:eizity of rotating magnetic field. :
ere

¢ the resultant field in caq,

tha
Q.54 Prove on motor is given by or = 15 0

' cti _ .
3}:!1::9‘: ind; the maximum flux in any one phag.’ |
whe max

IS [INTU : Part B, Aug--06, 08, May-06, Marks 5 |

of :1

: ‘-{,—" 3

OR Explain the production of rotating Magneg, %
field in a 3 phase induction motor.
[S°[INTU : Part B, Aug.-06, 08, Dec.-18, Marks 9

Ans. : » When 3 phase stator winding is excited by 3
phase ac. supply then three fluxes are produe |
namely ¢, ¢y and 9. There is phase difference
120° in between these three fluxes. The equations o |

these fluxes are, |
0p = Om sin (wt) = ¢y sin O e () |

by = On sin (@t -120 = @y sin (@-120) |
w0

g = O sin (0t —240°% = ¢, sin (0-2409

- @)

¢ Let the resultant of these three fluxes is 01 5_

. I;.et the assumed positive directions of these fluxes |
-are as shown in the Fig. Q.54.1. ’
) _

1200

by

® = = Fig' Q-54-1
T TECHNICAL PUBLICATIONS®- An up thrust for knowledge _ : : ‘
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hy 0= 0° 4.3

Otﬁr "(-~ e Flectrical Machines
P A .t
F‘QI!I L," 2B O R is positive anl &y i negative and hence
(] / i s Yrawing appropriate directions we get phasor
€ n ¢ A dingiram as » “
qu , . ETaM as shown in the Fig Q.54
. \ * Dovigyge Y,
ks Bwnn. D | 'R the same caonstruction, drawing
i ?) &n nge )o.', Perpendicylar from B on o at D we get the same
_ S'ar' +0.860 &y \a—a, 60e ~0.860 ¢, reault ae,
Jl,c“” 4 [ ‘ o
Blu ? // i ? Pen
bay, 8 ‘ b * But it can be seen that though its magnitude is
-l(jh» Aseumed positive,” L5 O 4 has rotated through 60° in space, in
dyg, girectionof oy £ clockwi { ition
rood se direction, from its previous pos .
! g"\' Fig. Q.54.2 Vector diagram for 0= Q- * For various values of 0, it can be seen that the
Ux otz i the equati . Magnitude of the res Itant flux &, remains constant
Oto, ’a,;h‘f"“m“‘” in : ¢ equations (1), (2) ang (3) we got equal to | r: o ‘,ln: """:{:gpq‘]:\ q;nt‘r'
: e == 0866 0, 60 =4 Y - me et
' 6 -\c:wr addition o;‘ all :‘ho-;- (f]\a(‘,(‘ of“ * Such a magnetic field having constant magnitude
of 1 FMNQYG-IZ. S¢ Huxes is showp in and rotating in space is called rotating magnetic
™y e Fig. &% field.
e, jtive values are sh in e
5) o The F_"’smu_hﬂ SRt \OWn ' assumed positive | Important Points to Remember
groctions W e. egative values are shown in | ‘ '
ie 3 pxsi!l’ direction to the assumed ositi T g Speed of rotating magnetic field is synchronous
‘:‘;‘Kﬂons of the respective fluxes. Foalive J speed denoted as N_ and given by,
' 1 | - ; = lzor = - -
,BD is drawn perpendicular from B op 91 . It bisects B Ny =— Speed of RM.F
3 U =
d us or where f is supply frequency and P is number of
f OD = DA = =5 stator poles.
F ® The direction of rotating magnetic field can be
i BD, ZBOD = 30° ’
+In triangle O oD ‘ ¢>r/23 2 reversed by interchanging any two terminals of the
cos 30° = OB 03660 three phase windings while connecting to the three
' . Qhase supply.
o1 =2x0866 ¢, x cos30° = 1.5 Om Q.55 For a machine having 4 poles, find the speed
+ So magnitude of o1 is 1.5 ¢, and its position is of rotating magnetic field if it is excited by 50 Hz
. supply. D5 [INTU : Part A, Marks 3
vertically upwards at 6 = 0°, : Ans.: . P =4 0= 50Hz l :
CGse2: 6 = 60° 120f  120x 350
N =——-=—"= p.m.
A 3 3 1500 r.p
- 0.866 ¢y, ... speed of rotating magnetic field
Q.56 How to reverse the direction of rotation of
3 phase induction motor 2B [INTU : Part A, Marks 3]
:::;:l;"eed Ans. : By interchanging any two terminals of three
/ . . . .
ofgy * phase winding while connecting it to three phase a.c.
Fig. Q.54.3 Vector diagram for 8 = 60° supply, direction of rotam.m o'f rot-atmg magm?hc field
* Equations (1 . gets reversed. Due to this direction of rotation of 3
ons i Y R ' i
: (1), (2) and (3) give us, phase induction motor gets reversed.
% =+0.866 Oms Gy == 0.866 ¢r,, Op = 0
ECHNICAL PUBLICATIONS®. An up thrust for knowledge - ~—
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4.29 : Construction of Three Phase
Induction Motor

Q.57 Explain the c -
n  the const
induction e struction of

three phase
US[INTU : Part B, May-09, Marks 5]

(o]
hR Describe the constructional details of three
phase slip ring induction motor.

USS*[INTU : Part B, May-19, Marks 5]
Ans. : o The three phase induction motor consists of
two main parts, namely
1. The part carrying three phase windings, which is
stationary called stator.
2. The part which rotates and is connected to the
mechanical load through shaft called rotor.

1. Stator : The stator has a laminated type of
construction made up of stampings which are 0.4 to
0.5 mm thick.

* The stampings are slotted on its periphery to carry
the stator winding. The stampings are insulated
from each other. Such a construction essentially
keeps the iron losses to a minimum value.

® The number of stampings are stamped together to
build the stator core.

® The slots on the periphery of the stator core carries
a three phase winding connected either in star or
delta. This three phase winding is called stator
winding. It is wound for definite number of poles.

® The radial ducts are provided for the cooling
purpose. The Fig. Q.57.1 shows a stator lamination.

Fig. Q.57.1 Stator lamination
2. Rotor : The rotor is placed inside the stator.
e The air gap between stator and the rotor is 0.4 mm
to 4 mm. | ‘
e The two types of rotor constructions which are
used for induction motors are, a. Squirrel cage rotor
and b. Slip ring or phase wound rotor

R ——

A 4-34

| “similar to the stator.

e The rotor construction is laminated and slotted. The °

... Electricq) Mag,,
s h‘ ;
b |

. e rotor : )

a) squirrol ¢ag o is cylindncal and slotteq 5

e The rotor €0 itg
periphery- of uninsulated COppe;

lled rotor conductors, The , &

© bay, |

e The rotor
alumini

. placed in ]
are
are p Pcrmanently shorted at eaq, ‘

are o
wilfhest ba:?d of conducting COPPET TINg cailg :
with the help are usually brazed to the epg "l:?“

» bars
:ingro]\'rl;;e good mechanical strength. "2
o !

e structure looks like a cage, formy,
circuit. So the rotor g c
The construction is shg

e The entir i
closed electrical

e
1 cage rotor. ;

squirre wn in
the Fig. Q57-2-

Copper or - \

aluminium bars End ring

(a) Cage type structure of rotor

(b) Symbolic representation
Fig. Q.57.2 Squirrel cage rotor

b) Slip Ring Rotor or Phase Wound Rotor : )
e In this type of construction, rotor winding is exactly E

e The rotor carries a three phase star or delta
connected, distributed winding, wound for same =
number of poles as that of stator.

slots contain the rotor winding.

3

* The three ends of three phase winding, available
after connecting the winding in star or delta, ar
permanently connected to the slip rings. |
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e ring
# cREuh—— i feen .
q o e Llectrical Machine
On
)Pel. —
SR ——
a“s "’ Slip i
Slip rings
. : "
:d th :| ‘)/ Shaft
| I,ig"lq
1 - —— 13
g-s ) N R B Brush
Lng [ S = '%" gq | 61a \
3 | tar Connecteq < < = xtornal Aj :] "
Q roto connoctad rheosta’
Ueg 3 200 Winding " Rotor
LN o frame

, with the help of slip rings, the extern

conditi
‘o the running 1ton, the Shp rmgs are shorteq.
25 Compa’e sqmrre]

Cage

5 and  wound type
sobofs =
Aﬂs.:
r*"‘“_j'”w
Sr

w umwm‘"mwm

Wound or slip ring
rotor

nNo

"

Squirrel Cage rotor

. AR AR A e o s .

i g,

1. 'Rotor consists of a three
| phase winding similar to
i the stator winding.

Rotor consxsts of bars :
‘ which are shorted at the
- ends with the help of
end nngs

{

2 Construction is
; complicated.

Constructxon is very
! Slmple

Res:stance can be added As permanently shorted
externally

extemal resistance cannot
be added

Shp rings and brushes
; are present to add

Shp rings and brushes
i external resistance.

are absent.

5. | The construction is
; delicate and due to
{ brushes, frequent

| maintenance is necessary

| The construction is
i robust and maintenance

i free.

-.._-—,__.».

 The rotors are very  Due to simple
costly | construction, the rotors

i are cheap.

5: 2573 sup ""98 or wound rotor st |
al resjst; ag . S N 3
can be added in series with cach Phase of tlihnCL 7. Only 5 % of inducllon Vcry common and
winding: This arrangement ;¢ shown i, rott}?r elip g o
Fig. Q.57.3. ¢

. almost 95 % induction

i
:
slip ring rotor. | motors use this type of %

‘ rotor
8. High starlmg torque can ; Moderate startmg torque %‘
be obtained. | which cannot be ]
| controlled ’2
9. Rotor resistance starter Rotor resistance starter 3‘
can be used. c:annot be used i
10. Rotor must be wound for 'I'he rotor automatxcally :
the same number of | adjusts itself for the same%
poles as that of stator. | number of poles as that ‘i
| of stator. |
; i
11. | Speed control by rotor . Speed control by rotor |
res1stance is possxble re51stance is not possible. -1
12-‘ Rotor copper losses are

high hence efficiency is less hence have higher
less.

|  efficiency.
13. |

Used for lifts, hoists,
cranes, elevators,

 Used for lathes, drilling
compressors etc.

%

:

3

i

;

}

i machines, fans, blowers, i
!

%

3

: water pumps, grinders,
: printing machines etc.

Q.59 Write the merits and demerits of slip-ring
induction motor. U5 [INTU : Part A, Dec.-18, Marks 2]

Ans. : Merits of slip ring induction motor,
~ External resistance can be added.

Starting torque can be controlled:
Rotor resistance starter can be used

Speed control from rotor side is possible

N

1.
2,
3.
4. .
5. Smooth acceleration on .heavy loads
6.

High over loading capacity.
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Demerits of slip ring induction motor,

1. Initial cost is high.

2. Due to slip rings and brushes, maintenance cost
is high.

3. Speed regulation is poor.

4. Efficiency and power factor is low.

5. Sensitive to supply voltage fluctuations.

4.30 : Working Principle of ;
Three Phase Induction Motor

Q.60 Explain the working principle of three phase
induction motor.

] 0S° [INTU : Part B, May-06,08,09,Dec.-09,10,Aug.-06,Marks 5]

i Ans. : » Induction motor works on the principle of
1 electromagnetic induction.

e When a three phase supply is given to the three
‘phase stator winding, a rotating magnetic field ?f
constant magnitude is produced. The speed of this
rotating magnetic field is synchronous speed,

N, r.p.m.
N, = %‘ = Speed of rotating magnetic field.

e This rotating field produces an effect of rotating
poles around a rotor.

» At this instant rotor is stationary and stator flux
R.M.F. is rotating. So its obvious that there exists a
relative motion between the R.M.F. and rotor

conductors.

e Whenever conductor cuts the flux, emf. gets
induced in it. So e.m.f. gets induced in the rotor

conductors called rotor induced e.m.f.

e As rotor forms closed circuit, induced e.m.f.
circulates current through rotor called rotor current.

® Any current carrying conductor pfoduces'its own
flux. So rotor produces its flux called rotor flux.

¢ The two fluxes, stator flux and the rotor flux
interact with each other such that on one side of
rotor conductor, two fluxes are in same direction
hence add up to get high flux area while on other
side, two fluxes cancel each other to produce low
flux area.

@
" TECHNICAL PUBLICATIONS® An up thrust for knowledgs

Electricq) Mag,
; - ng

’ ;5 strctChed rubber band, hig f

e ush on rotor cong Uy 1
As flux lin exerts 2 P area. So rotor cf)n(d“ t, ¥ ;
sty @r density . ey,
den s lo ux due to interaction of y, t\: L
ar ce 1
":::crlcncﬂs a for "
e ) |
fluxes: tor conductors expfnre‘fff a forcg, e §
+ 1O . o -
o As all the T periences 2 q d St
yverall roto e
C %
' irection :
rotating t Lenz's 1aw the di Ofthmd“Ceq
| 0 = : 0 oppose
o Accordlr'lg the rotor js so as to Opp & Cag,
current 11 .
ing it- _
oducing curr is the indu
> of rotor e t- t_Ced my
e The caus€ e pecatise of relahvledmo ion pre
ich is inct ic field and
e the rotating Mag™ el & the roy,,
petween
conductors.

the relative motion ie. to Tedyg,

eriences a torque ;
. speed, the TotoT €XP que i
the relat;v‘:;rlzctib“ as that of R.M.F: a1'1d tries
ﬂlec;a;; the speed of rotaﬁng magnetlc field.
cat

induction ~motor

o Hence to 0ppos€

can not rup at

Q.61 Why

?
nous speed ?
syncnﬁ’hm[mru . Part B, May-07, Dec.-11, Dec.-10, Mars 5)

s. :  The rotor starts rotating in the same directio,

Ans. : ) .
as that of rotating magnetic field so as to reduce the

relative speed between the rotating magnetic fielg

and the fotor. Thus rotor tries to catch the Totating

magnetic field.

e But if it catches the speed of the rotating magnetic
field, the relative motion between rotor and the
rotating magnetic field will vanish (Ng -~ N =0),

e In fact the relative motion is the main cause for the
induced em.f. in the rotor. So induced e.m.f. wil
vanish and hence there cannot be rotor current and
the rotor flux which is essential to produce the
torque on the rotor.

* Eventually motor will stop. But immediately ther
| will exist a relative motion between rotor an
rotating magnetic field and it will start.

* But due to inertiq of rotor, this does not happen
Practice and rotor continues tg rotate with a spe
slightly 1§SS than the synchronous speed of 1

Totating magnetic field in the steady state.

—
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e N = Slip speed of ihe Motos in ¢ B

5 | cae olip of induction Maotny
s.;g v FILINTY ¢ Py Marky 3
‘ o The difference between the .
;,g-' . gad and the actual rotog eed s cal
N - N =Sk 2 |
33‘: ol it N, lp speed of the motor,

'; Shp speed = N, =N

ood of rotarin.
otating

hed

- o the induction motor s defined a5 the
‘M” hetwoen the synchronous speed (N)) and
o gﬂd of rotor ie. motor (N) expressed as a
s of the simchronous speed (N,). This is also
i sbsolute slip or fractional slip and s
jmated 23 '8

LA e g
.

N, =N

N, -N

\J
g

and % s =

x 100

e
m SEREST

e —— - - — -

Important Points to Remember

+In terms of slip, the actual speed of motor (N)
= be expressed as,

e

... (From the
expression of slip)

N =N (-3

* At sari, motor is at rest and hence its speed N
S o,

5 = | at stant

*This is maximum value of slip s possible for
i Mm"mmrwhichocmmatstart.

“. The slip of induction motor cannot be zero
| any circumstances.

: f'ﬁa‘ﬁ“n)’ motor operates in the slip range of
- Wlto 005

1 Rl5 % he slip corresponding to full load
ed of the motor is called full load slip.
\\_—“—‘—‘ — e

\
2"
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v A 3 phase. 4 pote. 50 He, Induction motos
WM T80 4 oy Determing ita percentage slip.
EF 1910 « pyet 2 Map-11. March . 08, Markx 3]

.\‘h‘ .=
PEANSE rpm, (= 0 2
) 1207 YWiv A
N, o 100 10230 o 1000 ¢ pm
¢ &
%1 b Y =0 - i
¢ o D3N e o 19080, 100
X 15
¥4
= JeaT

431 : Torque Fguation of
Three Phase Induction Motor

Q84 State 1he tatgque equation of thyea phaas
Induction mator stating meaning of each terms In
I On which factors the torque depends ? Henca
Write the expression far the starting torgua.

B [INTU 1 Part B, May-0%, Aug-C8. Mars 5]

Ans. : s The torque of a three phase induction moto?
Is given b)-‘

ksE* R, 3
Te®—2— N.m where k = —y
RY +(sX;y ) el

n, = Synchronous speed in r.ps.,

s = Slip, R, = Standstll resistance,

= Standstill reactance

and E, = Standstill rotor induced e.m.f.

* The torque produced in the induction motor
depends on the following factors :

1. The part of rotating magnetic field which reacts

with rotor and is responsible to produce induced
e.m.f. in rotor.

2. The magnitude of rotor current in running
condition.

3. The power factor of the rotor circuit in running
condition.

The expression for the starting torque T,, is,

3 EJ R,

=
1

..5 =1 at stant ;

nng (R';' +f{)

T
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%{Slj{lfl“cg'ﬁml & Llectronics Engincering 4-34 phase induction motor.

f3 rt B, Dec.-18, M
ndition © ~[JNTU : Part B, + Markg
Q.65 Derive the condition for maximum torque under running €@ 0 [ 3

,
: " 8, ¢sES Ra
Ans. : The only parameter which controls the torque is slip s ks by

== Te—5""7 v 12
fto, 4T = 0 where T 237 (5x5)
* Mathematically for the maximum torque we can Wrile, S0

stants. The only variab), is
are consts
2 X, and k¢
* While carrying out differentiation remember that Ey Rg, X2 ¢ T
: i { i eclqaes e tor
slip s. Jip changes. This slip Que
* As load on motor changes, its speed changes and hence 81}

produced corresponding to the load demand.
KSE? R,

e
2

?1;’ +52X2

3
]
i
|
{
1

2 42
Writing (sX3) = s X3

: ect to s using the rule
T iate T with resp
* As both numerator and denominator contains s terms, differentia
of differentiation for u/v. d E2 R,)
2y2y — (ks 2
ar  (KsEZ RZ)%(R§+52X§)—(R§+S X3) g 2 =0

ds

(R§ +s2 Xg )?
ks B} Ry2sX2] - (R2 + ¢° X3) (k E3 Ry) = 0

ks? X7 E2R, -RZKEIR, = 0

LS N

2
2: . i =
sX3 -RZ = 0 ( Taking k EZ R, common) ie s

Sm = = slip condition at maximum torque |

Salbe

* This is the slip at which the torqué is maximum and is denoted as sg,. It is the ratio of standstill per

Phase values of resistance and reactance of rotor, when the torque produced by the induction motor js
at its maximum.

4.32 : Torque-Slip Characteristics of Three Phase Induction Motor

Q.66 Draw the torque-slip characteristics of a three phase induction motor and explain its various regions,

DS [INTU : Part B, May-05, 11, Aug.-06, Dec.-18, Marks 5)

Ans. :  The graph obtained by plotting the torque developed against the slip values from s=1 (at start) to s =1
(at synchronous speed) is called torque-slip characteristics of the induction motor.

* For a constant supply voltage, E, is also constant. So

T e 5R; |
5 R§_+(sx2 )2

We can write torque equation as,

i) Low slip region : hi ‘
ow slip region 2ln IOVf" slip region, 's' is yery ‘very' small. Due to this, the term (s X2)2 feksoustal
as compared to R} that it can be neglected.

! sR .
* Hence T o —-2—2 * 5 as R, is constant.
2

® : X ;
!P TECHNI_CAL PUBLICA TIONS®~ An up thrust for knowledge
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o Hence in low slip region tﬂrque is
]

S lineay]
Y in thig 1
i W 0w gl
eraﬂoﬁ- p

: msgpthretgtllt:n - thzis FBION, slip i gy i
a et ' 3 rh je.
assume = R2 18 very very sm;ﬂl} )

NOminatgy

al to slip. Hence the graph is straight line B
region hence this s called stable region of
i) ' | )
slip value iy approaching to 1. Here it can

a5 compared tq (s Xl)z-

rWegel 7. ,_.S,_l,{z__‘_ o 1

. . o (sz )2 o
, 50 in high slip region torque s inverse

1 16 .
hyperbola. Y Proportional 1o the slip, Hence its nature is like rectangular
o, When load increases, load demangd increases but
. . 5
In high SHp region as T o 1/ torque decreages a
the load demand. As torque

: 2
, Hence neglecting R2 from the de

Peed decreases. As speed decreases, slip increases.

§ slip increases. But torque must increase to satisfy

due to extra 1oadi es and slip
i ; oadin urther decreas

further increases. Again torque decreas ‘ g effect, speed f

> 1/s hence same load acts as an extra load due to

. Thus the motor cal‘mot continue to rotate at any point in this high slip region. Hence this region is
called unstable region of Operation,

» Every motor has its own limit to Produce a tor

) que. The maximum torque, the motor can produce as
Joad increases is T, which occurs at

= Sm- So linear behaviour continues till s=5s_.

o If load is increased beyond this limit, motor slip acts dominantly pﬁshing motor into high slip region.
Due to unsiable conditions, motor comes to standstill condition at such a load. Hence T, ie.
maximum torque which motor can produce is also called breakdown torque or pull out torque.

» S0 range s = 0 to s =s_, is called low slip region,
operates at a point in this region.

s At's =

known as stable region of operation. Motor always

1, N =0 i.e. at start, motor produces a torque called starting forque denoted as Tg;.
The entire torque-slip characteristics is shown in the Fig. Q.66.1.

Torque \
A
Tm p=mmmmmog —— Maximum torque
) 1 N
' ! N ; OA = Stable region
2 N —Stebleregion L Unstable region
: ™ , Point A= Maximum torque
i o \\-— Unstable region ~ Point B = Starting torque
T. c B N Point C = Full load torque
FL ==~ 1 \\ .
| 5
i by \s\‘
; Tst """"" Tl """"""""" ’l B
I !
: .
| ————» Sii
0O S=5p, s=1 P
§= (N=0)
‘u e T (N=N) —_—5 r

Fig. Q.66.1 Torque-slip characteristics .
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i 4.33 : Speed Control of Three Phase
, Induction Motor

i 1

|

Important Points to Remember

* The speed control of three phase induction motot
is not easy. The speed of three phase induction
motor ' be  changed by chanping o
synchronous speed. To change the .-a\'m"lnmmu,-:
speed, it is necessary  to change  the supply

van

|
]

' frequency or to change the number ol |mh‘."l for
which stator winding is wound, This s difficull
4 in practice. -
R

; Q.67 Explain  the VA control method for
/ controlling speed of three phase Induction motor.

! UR"[INTU : Part B, Marks 5]

‘F . Ans.: e When  supply frequency
synchronous speed changes hence the speed of the
induction motor changes.

e But it is necessary to keep V/f ratio constant while
changing the frequency by controlling the- voltage
also.

changes, the

e If the supply frequency f is changed, the value of
air gap flux also gets affected. This may result into
saturation of stator and rotor cores.

* Such a saturation leads to the sharp increase in the
(magnetization) no load current of the motor. Hence
it is necessary to maintain air gap flux constant
when supply frequency f is changed.

* Hence to keep air gap flux constant, the V/f ratio is-

maintained constant while using this speed control
method. : ‘ |

* The scheme of V/t method is shown in the
Fig. Q.67.1.

] 'Ihe normal supply available is constant voltage
constant frequency a.c. supply. The converter
converts this supply into a d.c, supply.

- v

q4-40

I:lr'r'lrfru!,-.,’u”
iy,

Jdyven to the inver,

N }
js the qts doe, g e
1.c. aupply ce which conver UPply, e
o This & jn ¢ jevic® ple frequency aco, ot
arin : 49N
[ﬂVt"“‘r vn“‘l,:l' V']: p V/f ratio constant, IM/
qable to kee
variab sired and mai
] a ,p([‘ . cncy anc ”'lr']lnt.' A
\Vh“h i )f‘)p"r [rL‘lu f } . ']”“rl',
, the | { control of the inqg, %
By pelecting nooth 6PEes ey
[} i
nlﬂl !

v/ const
motor 19 PO
ain di
htal

» Ui
hich req .
eme for a sepa

g),‘l")]"‘

gadvantag ta

ned cannot D¢
- re const

of this method is th’“t

used to supply "th:':
ant voltage. Heng, :
rate motor is ""q”ifeq

;L'

o The M
supply ot
devices W
individual
which make

gch
4 it costly:

speed control of 3-¢ ‘"dUCtlgn
e

in th control.
Q.68 Expla slstance
motor using rotor rn:«-?e [INTU ¢ part B, Dec.-18, Mari, 5]
Ans. :
I3 E% R2

s e
e We know, T R§+(5X2)2
(sX5)® << R, and can be

: regiOl'l
e For low slip tant supply voltage E, is )

. neglected and for cons

constant.

S R2 oc S
R

(Ry)? 2

e Thus if the rotor resistance is increased, the torque

T o<

produced decreases.

¢ But when the load on the motor is same, motor has
to supply same torque as load demands. So motgy
reacts by increasing its slip to compensate decrease
in T due to R, and maintains the load torque

constant.

* So due to additional rotor resistance R,, motor sl
increases i.e. the speed of the motor decreases.

* Thus by increasing the rotor resistance Ry, spee

below normal value can be achieved.

* Another advantage of this
starting torque of the
to rotor resistance,

method is - that t
motor increases ‘proportio

oA vF
A o,
MWMW-.MMM; A

: AC. o %
Input D.C varabiet )
' constant v Converter St i e ’
o - Cconstant f Bl
e e rrerr s reres a..".n.*.rf_;.“'..n.m.n..,.W. '/,
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Fig. Q.67.1 Electronic scheme for

v,
N e v 4 e, r
3 o e e ey ey et
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e, ,ﬁ’/t 1.34° Applications of Three -~ — 11
Th, Induction Motop ase
: t() “‘""‘ —
Ply, e the applications ¢
seot tor. S[INTU : py three Phage
# jon mO "t A, May.oq
Juﬂdo i » Markg 3)
g y 0) Squ;rr_e Be type of Motors |,
h [uls‘ starting  torque and Ny nvin,;
odarate £ d ) Constany speed
" eristics precerred for driving  fapg blo (
\ 4! 1 Dy Wers
e #* umps grmdex:s, lathe Machinges, ri L.m'
r ,.'ﬂfe{ o5, drilling machine. Printing
1
!

#¢.  ring induction motors can have high s
il orque as high as maximum torque, th g

£ preferred for lifts, hoists, elevat
compressors.

part D Three Phase Synfhr()nous Generatorg

/~ Important Points To Remember -

The machines generating a.c, o
'altemators. The alternators wor
constant speed called synchro
produoe ac. em.f. at rated fre
clled synchronous generators.

, In d.c. generators, the armature is rotating while
in synchronous generators field is rotating and
' rmature is stationar)j. /

artin A
Hence they
ors

J Cl‘ﬂnes’

m.f. are called
k at a Specific
Nous speed to
quency and are

4.35 : Advantages of Rotating Field
Stationary Armature

070 What are the advantages of armature winding
placing in its stator ?

[S°[INTU : Part A, May-19, Marks 3]

Ans.: The advantages of stationary armature are,

) For stationary. armature large space can be
provided to accommodate large number of
conductors and the insulation. '

) It is always better to protect high voltage
winding from the centrifugal forces caused due
to the rotation. So high voltage armature is
generally kept stationary.

) Itis easier to collect larger currents at very high-
voltages from ‘a stationary member than from the
fotating member through slip ring and brush
assembly. | |

9

The problem of sparking at the slip rings can be

avoided by keeping field rotating WhiCh is low |

? TECHNICAL PUBLICATIONS®- An up thrust for knowledge

¥ '

Electrical Machines
solage circuit and high voltage armature as
S‘Miﬂnnry.

k '_)ll(-, to low voltage level on the field side, the
‘nsulation required is less and hence field system
o very low inertia. It is always better to rotate
low inertia system than high inertia, as efforts
fequired to rotate low inertia system are always
less,

) Rotating field makes the overall construction very

.';implu.

The ventilation arrangement for high voltage side
can be improved if it is kept stationary.

7)

4.36 : Construction of Three Phase

Q.71 Explain the construction of synchronous
generator. 0" [INTU : Part B, May-19, Marks 5]

Ans. : o In synchronus generators i.e. alternators Ehe
stationary winding is called 'Stator’ while the rotating
winding is called 'Rotor'.

1. Stator : The stator is a stationary armature. This
consists of a core and the slots to hold the
armature winding.

» The stator core uses a laminated construction. It is
built up of special steel stampings insulated from
each other with varnish or paper. The laminated
construction is basically to keep down eddy
current losses.

*» The entire core is fabricated in a frame made of
steel plates. The core has slots on its periphery
for housing the armature conductors.

¢ Ventilation is maintained with the help of holes
casted in the frame.

¢ The section of an alternator stator is shown in th
Fig. Q.71.1.

Stator

conductor

with an
insulation lining around

Fig. Q.71.1 Section of an alternator stator
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2. Rotor : There

are two types 3 i
ajtemators' Ypes of rotors used in
i) Salient pole or projected pole

This is also calle
poles are pmjectc

type :
d projected pole type as all the
d out from the surface of the rotor.

L & 8] } N
The poles are built up of thick steel laminations.

T:he poles are bolted to the rotor as shown in the
Fig. Q.71.2.

Flold winding

—Projected
pole

Fig. Q.71.2 salient pole type rotor

° T'he pole face has been given a specific shape as
dl.scussed earlier in case of d.c. generators. The field
winding is provided on the pole shoe.

® These rotors have large diameters and small axial

lengths.

* As mechanical strength of salient pole type is less,
this is preferred for low speed alternators ranging
from 125 r.p.m. to 500 r.p.m..

® The prime movers used to drive such rotor are
generally water turbines and I.C. engines.

ii) Smooth cylindrical or non salient type :

e This is also called
non-projected pole type of rotor.

* The Fig. Q.71.3 shows smooth cylindrical typé of
rotor. |

non salient

type or

4-42

Fig. Q.71.3 Smooth cylindrical rotor

’TECHNICAL PUBLICATIONS®- An up thrust for knowledge

EICC'”CQ[ Mach
= 1

- tor consists of smooth solid steel i d\
e The ro f slots to accommodate the N

lhl\/"l“ nu:anI o

. o © th O W]th 1 le]i

C()ll ll 5 ‘i]()tq are C(’VC[C a et p ‘
e - d t

¢l or manganese wedges. b
ns of the cylinder itser , |

of ste
d portio "
s are not projecting out ang

ag
mooth which m aint;-he y
Ing

e The unslotte
the poles. The pole ° 0
surface of the rotor 1S b

iform air gap between stator an e rotor,
un a . :
rotors have small diameters and large -

These ) |
" (et This is to keep perlpheral Speed Wilh:‘

lengths.
limits. )
e The main advantage of this type is that theg are
mechanically very Sstrong an'd thus - preferreq fop !
high speed alternators ranging between 15 to !
3000 r.p.m. Such high speed alternators are Calleg.

‘turboalternators’. ;
ers used to drive such type of Totor

e The prime moV .
P electric motors,

are generally steam turbines, i

4.37 : Working Principle of Three Phase |

Synchronous Generators ” .jﬁ .

Q.72 Explain the working principle of synchrongys
generator. s
Ans. : » The alternators ie. synchronous generator..
work on the principle of electromagnetic induction,
When there is a relative motion between the |
conductors and the flux, em.f. gets induced in the
conductors.
e Consider a relative motion of a single conductor |
under the magnetic field produced by two
stationary poles. The magnetic axis of the two poles |
produced by field is vertical, shown dotted in the -
Fig. Q.72.1.

e Let conductor starts rotating from position 1. At |
this instant, the entire wvelocity component is
parallel to the flux lines. Hence there is no cutting -
of flux lines by the conductor. Hence induced *
e.am.f. in the conductor is also zero. X

e As the conductor moves from position 1 towards :
position 2, the part of the velocity component s
becomes perpendicular to the flux lines and
proportional to that, emf. gets induced in the 3
conductor. The magnitude of such an induced e.m.f.f.:‘

increases as the conductor moves from position 1°

towards 2. .
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to flux ;
IE‘S@
ap, —
feq ¢ Fig. Q.72
500 * . th , ‘1 Two pole alternator
ca] © At position % the entire velocity compg .
Ied ' grPend“u‘ar to the flux lines, Hence thp nentl is
4 cutting of the f] ere exists emf.
padmim ranll ux lines. Ang at th ﬂ
forg jnstants the induced e.m.f. in the conductor js ot 1:3
. s
- ma,amum
a5 the position of conductor changes f
: ds 3 the velocity com rom 2 ‘ 9 ——= time
owards 3 i . Ponent perpendiculay o 11 2 3 41
the flux starts decreasing and hence indyceg em.f.
s magﬂimde also starts decreasing. At position 3 1 cycle \
s aga:in the entire velocity component is paralle] t, e 360° —
lines and hen L. Y electrical
tor the flux ce at this instant induced ’
n emf. in the conductor is zero. Fig. Q.72.2 Alternating nature of e.m.f.

+ As the conductor moves from position 3 towards 4,

the velocity component perpendicular to the flux
lines again starts increasing. But the direction of
velocity component now is opposite to the direction
of velocity component existing during the
movement of the conductor from position 1 to 2.
Hence an induced e.m.f. in the conductor increases
but in the opposite direction.

» At position 4, it achieves maxima in the opposite
.direction, as the entire velocity component becomes
- perpendicular to the flux lines. '

v Again from position 4 to 1, induced e.m.f. decreases

and finally at position 1, again becomes zero. This

| gde continues as conductor rotates at a certain
. Speed.’ '

..V'lwsorif we plot the magnitudes of the induced e.m.f.
.~ %ainst the time, we get an alternating nature of the
_ Iduced e.m.f, as shown in the Fig. Q.72.2

3 o 2
T TECHNICAL PUBLICATIONS®- An up thrust for knowledge

Q.73 Why a.c. generators are called synchronous ?
Ans. : o For fixed number of poles, alternator has to
be rotated at a particular speed to keep the frequency
of the generated e.m.f. constant at the required value.
Such a speed is called synchronous speed of the
alternator denoted as N,

N = 22
So $ P

where f = Required rated frequency E

120 i
!

¢ In our nation, the frequency of an alternating e.m.f.
is standard equal to 50 Hz.

|
e Such a machine bearing a fixed relationship\
between' P, N and f is called synchronous}
machine and hence alternators are also called%
synchronous generators.

—
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Q.74 What are the two types of synchronous
generators ? Where are they used suitably ?
IS"[INTU : Part A, Dec.-12, Marks 2]

Ans.: Two types of synchronous generators are
salient pole or projected pole type and -smooth
cylindrical or nonsalient pole type. Salient pole type
are used for low speed alternators with speeds
ranging from 125 to 500 r.p.m. The nonsalient pole
‘type are used for high speed alternators called
turboalternators  with speeds rangmg from 1500 to
3000 r. p m. |

3 P
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