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Electrical Machines

Q.101 Two shunt generators are in parallel with no load voltage 60 V and 50 V and full load power

delivered 400 W and 500 W respectively at 20 V terminal voltage. The common voltage while
delivering 700 W to load is

(a) 30.5V (b) 226V

() 20V (d) 275V

Q.102 A compensated dc machine has 20000 AT/Pole. The ratio of pole arc to pole pitch is 0.8. The
interpolar airgap length and flux density arc 1.2 cm and 0.3 T. For rated armature current
I, = 1000 A, the number of turns on each interpole are,
(@) 7 (b) 8
(© 5 (d) 9

Q.103 A 3-phase, 440 V, 50 Hz, six pole salient pole synchronous motor is drawing a 10 A current
at 0.8 power factor leading. It has X, =10 Q and X =7 Q. The torque angle (d) is
(a) 9.4° (b) 12.1°
(c) 10.7° (d) 13.5°

Q.104 Two similar 400 V, 3-phase alternators share equal kW power delivered to a balanced three
phase, 50 kW, 0.8 p.f. lagging load. If the power factor of one machine is 0.9 lag, then the
current supplied by other machine is A.

Q.105 At 400 V and 50 Hz the total core loss of a transformer was found to be 3200 W. When the
transformer is supplied at 200 V and 25 Hz, the total core loss is 1000 W. The hysteresis and
eddy current loss at 400 V and 50 Hz will be respectively
(a) 1600 W, 1600 W (b) 800 W, 2400 W
(c) 2400 W, 800 W (d) 1200 W, 2000 W

Q.106 A 220, 8 pole, 50 Hz, 3-¢ star connected, wound rotor induction motor has a rotor impedance
of (0.02 + j0.08) Q/phase at standstill and has negligible stator impedance. The maximum
torque developed by the motor is N-m.

Q.107 A 100 MVA, 220 kV/110 kV, A-A, 3-¢ power transformer has a resistance of 0.02 per unit and
a reactance of 0.05 per unit. The transformer supplies a load of 80 MVA at 0.8 pf lagging. The
percentage voltage regulation of the transformer is %.

Q.108 A 20 kW, 6-pole, 50-Hz, 3-phase slip-ring induction motor runs at 960 revolutions per minute
on full load with a rotor current per phase of 40 A. Allowing 300 W for the copper loss in the
short-circuiting gear, and 1100 W for mechanical losses, the resistance per phase of the three-
phase rotor winding will be Q. (upto three decimal places)

Q.109 A three phase induction motor operates at 50 Hz and 400 V. Maximum torque occurs at slip
0.4. The ratio of starting currents when operating at 25 Hz and 50 Hz is

(a) 0.595 (b) 1.68
(c) 0.94 (d) 1.92
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Q.110 A 4-pole, 50 Hz alternator has double layer winding with 10 turns per coil and number of slots

are 60. If each coil is short pitched by an angle to 36° electrical. The fundamental flux per pole
is 0.015 Wb. The line to line induced emf for a 3-¢ star connection is approximately

(a) 1050.2 V (b) 606.33 V

(c) 350.14 V (d) 18189 V

Q.111 A 20 kW, 300 V dc shunt motor is driving a constant torque load with line current of 100 A at
a speed of 1600 rpm. Motor has armature and field winding resistance as 0.02 Q and 100 Q
respectively. If 50 Q external resistance is added in field circuit, then motor is running at
(Assume linear magnetization curve)

(a) 1594.8 rpm (b) 1812.9 rpm
(c) 239218 rpm (d) 2100 rpm

Q.112 A 3-¢ , 50 kVA, 400 V star connected synchronous motor is operating at 75% load with 0.8
leading power factor. Now excitation is decreased by 5% keeping prime mover power constant.
Synchronous reactance of motor is 7.5 Q. New input power factor is
(a) 0.8407 leading (b) 0.952 lagging
(c) 0.952 leading (d) 0.8407 lagging

Q.113 A dc series motor is driving a fan load where the load torque is proportional to square of
speed. The resistance of armature and field are 0.03 Q and 0.05 Q respectively. If the motor
takes 15 A and runs at 1500 rpm with supply voltage of 200 V. The value of resistance to be
added in series with the armature to reduce the speed to 750 rpm, is
(a) 20.04 Q (b) 19.96 Q
(c) 20.12 Q (d) 19.88 @

Q.114 A 10 kVA, 1000/230 V, transformer is to be reconnected as autotransformer. The ratio of
conductive transfer to total transfer for best connection is

Q.115 An alternator with a synchronous impedance of (0 + j1.25) p.u. delivers rated current to infinite
bus bar at pf 0.8 lagging. For the same excitation power factor just before falling out of step

would be
(a) 0.785 lagging (b) 0.895 lagging
(c) 0.895 leading (d) 0.785 leading

Q.116 A 230 V, 1800 rpm, long shunt, cumulative compound motor has a shunt field resistance of
460 Q, series field resistance of 0.2 Q and armature circuit resistance of 1.3 Q. The full-load
line current is 10.5 A. The rotational loss is 5% of the power developed. The efficiency (in
percentage) of the motor at full load is

Q.117 Tests are performed on a 1-¢ , 10 kVA, 2200/220 V, 60 Hz transformer and the following
results are obtained.

Open circuit test | Short circuit test
(HV side open) | (LV side shorted)

Voltmeter 220V 150V
Ammeter 25A 455A
Wattmeter 100W 215W
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The approximate equivalent circuit is,

0104Q j0.313Q 0104Q 313Q
o—— T —WW—000——o o— T WW——000——o
\% v/ \% v’
@ " . " (b) " = ; '
48102 89.4 Q 48400 Q = 894 Q
< <
[~ . ] 0
0104Q j0313Q 104Q j0313Q
o MWW TO——o o——————MWW—T00——o
V V. vV V.,
© "= L | @ b2 - !
4810 /894 Q 48400 Q= 78940 Q
< <
[~ 0 o o

Q.118 A 1-¢, 3 kVA, 240/120 V, 60 Hz transformer has the following parameters:
Ry, = 025 Q, R,, = 0.05Q
Xy, = 075 Q, X, =018 Q

If the transformer is supplying full load on LV side at 110 V and 0.9 leading power factor,
then the voltage regulation is

(a) -1.21% (b) 0.95%

(c) -0.95% (d) 1.21%

Q.119 A 6 pole, 50 Hz induction motor has an equivalent rotor resistance of 0.01 Q/phase. If its
stalling speed is 900 rpm, the resistance that must be inserted in rotor windings per phase to
obtain maximum torque at starting is
(a) 0.1 Q/phase (b) 0.09 Q/phase
(c) 0.33 Q/phase (d) 0.03 ©/phase

Q.120 Two identical 250 kVA, 230/460 V transformers are connected in open delta to supply a

balanced 3-¢ load at 460 V and a power factor of 0.8 lagging. The real power delivered to the
load is kW.

(Assume maximum secondary line current without overloading the transformers)

Q.121 In a simple two pole generator the peak flux density of the rotor magnetic field is 0.2 T, and
the mechanical rate of rotation of the shaft is 3600 rev/min. The stator diameter of the machine
is 0.5 m, its coil length is 0.3 m, and there are 15 turns per coil. If the machine is Y-connected,
then the rms terminal voltage of this generator is
(a) 280V (b) 180V
(c) 262V (d) 208 V

Q.122 A 200 kVA, 480 V, 50 Hz, Y-connected synchronous generator with a rated field current of 5 A
was tested, and the following data were taken:
1. Vi oc atrated [ was measured to be 540 V.
2. I g atrated [, was found to be 300 A.
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3. When a dc voltage of 10 V was applied to two of the terminals, a current of 25 A was
measured.

The armature resistance and the approximate synchronous reactance in ohms respectively at
the rated condition is

(a) 1.04 Q and 0.5 Q (b) 0.2 Q and 1.02 Q

(c) 1.02 Q and 0.2 Q (d) 0.5 Q and 1.04 Q

Q.123 A slip ring induction motor drives a constant torque load. If the supply voltage reduces to half
times its previous stator voltage, then slip and rotor current gets modified by factors of:
(Assume voltage control method).

(a) 4 and 2 respectively (b) V2 and 2 respectively
1 . 1 .
(c) 2and N respectively (d) 4 and ) respectively

Q.124 A 3-phase induction motor has an efficiency of 0.9 when the load is 37 kW. At this load the
stator copper and rotor copper loss each equals the iron loss. The mechanical losses are one-
third of the no load loss, then the slip is

Multiple Select Questions (MSQ)

Q.125 The parameters of approximate equivalents circuit of 100 kVA 2000/200 V single-phase
transformer are as follows:

R, =02Q; R, = 2 mQ;
X, =045 Q, X, = 4.5 mQ
R. = 10 kQ ; X, = 1.55 kQ

Choose the correct statement.

(a) Full load copper loss and iron losses are 400 W and 1000 W respectively.
(b) Efficiency of transformer at full load and 0.8 pf lag is 98.28%.

(c) Equivalent impedance referred to primary is 0.90 Q.

(d) Equivalent resistance referred to primary is 0.4 Q.
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Detailed Explanations
101. (d)
5 p
500 W
From similarity of triangles for generator 1,
50~y 50 -20
x 500
50 -y = 0.06 x
0.06 x +y = 50 (1)
For second triangle,
60-y  60-20
700-x 400
60-y =70-01x
01x-y =10 ...(ii)
Solving the equations (i) and (ii), we get
y =275V
Voltage = 275V
102. (a)
Pole arc
= AT, k)X ———
ATcy/Pole o(peak) Pole pitch
= 20000 x 0.8 = 16000
AT (peak) interpolar region = 20000 - 16000 = 4000
AT. = AT,(peak) +Elgl
1 “’0
0.3 )
= 4000+ ———=x1.2x107" | = 6865 AT/P
4mx 10"
N 6865 ;
i = 7000 T turns
103. (c)
B - T,
X g = 7 Q
lue of X = ohmic value
P VAU 08 % 7 “base value
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&
%)
0 - 254 Q

Base ohms

7
p-u. value of X, = eV 0.2756 p.u.

1 - ((j0.2756) x 1cos™ (0.8))
1.18£-10.71° p.u.
10.71°

Pl

E

Torque angle, &

[V]

|E|

Alternative method:

tan

IX, cos8
Torque angle, 6

V+ IXq sin®

tan

L] 10x7 x cos(36.87°)
| 254+ (10 x 7sin(36.87°))

(o7}
Il

10.71°
104. 51.47 (51.00 to 52.00)

Active power supplied to load is = 50 kW
Reactive power supplied to load,
Q =Ptan ¢
= 50 tan (cos™! 0.8)
= 37.5 kVAR
Active power supplied by one generator
50
=5 " 25 kW

Power factor of generator 1 = cos ¢, = 0.9 lag
Reactive power supplied by generator 1
= 25 x tan (cos™! 0.9) = 12.10 kVAR
Reactive power supplid by generator 2

= 37.5-12.10 25 kW
= 254 kVAR o,
—1( 254
¢, = tan 1(?} = 45.45° 254 KVAR
cos ¢, = 0.701 lagging
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Current supplied by machine 2 is,
P, 25x10°
L= BV, costy Bx400x0701 ~ 147 A
105. (b)
For first case; LR
or first case; AT 50
F d . ﬁ = @— 8
or second case; h - s
o "
Since, E = E = 8 ; the flux density B, remains constant
Now, Hysteresis loss, P, = K.,f
and Eddy current loss, P, = K,f?
Then, Iron loss, P, = K f+ K,/
b
or, ? = K, + Kf ..(1)
Now, from I* case:
3200 .
I K, + K, x50 ...(if)
From 11" case:
1000
5 T K, +25K, ...(iii)
From (ii) and (iii), we get
K, = 16
24
and K, = 5
Hysteresis loss, P, = 16 x 50 = 800 W
24
and, eddy current loss, P, = —=X 2500 = 2400 W
106. 3850.51 (3845.00 to 3855.00)
The slip at maximum torque is,
R, 0.02
S = —2=--""=025
maxT X, 0.08
120 x 50
Synchronous speed, N, = 3 =750 rpm
27 27
o, = @X Ng = @X 750 = 7854 rad/sec
220
Stator voltage, V, = Nl 127V
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Maximum torque developed by the motor,

3V 3x(127)

T = = = 3850.51 N-
max T 9 x X,  2x7854x008 o
107. 3.70 (3.50 to 4.00)
Base current in secondary side,
100 x 10°
I =524.86 A

2(0as) ~ 3% 110x10°
Since the transformer supplies a load of 80 MVA at 0.8 pf lagging, so secondary line current of
the transformer is

L 80 x10° 0 A
ST 3x110x10°
420 4
([5)pu = %Acos (0.8)

0.8£-36.87° p.u.
Per unit no load voltage of this transformer is
Ey = Vs+lz
1£0° + (0.8£-36.87°) (0.02 + j0.05)
1.037£1.24° p.u.

No load voltage — Full load voltage 100

According to definition of V.R.

Full load voltage
VR = S Lx100% = 37 %
108. 0.121 (0.100 to 0.150)
Given, Pole, P =6
f=50Hz

120f  120x50
Synchronous speed, N, = P - ¢ = 1000 rpm

1000 — 960
Slip, s= — =004

1000
Mechanical power developed

P_ ., = 20000 + 1100
= 21100 W
Rotor copper loss = 1-: * mechanical power developed
0.04
= ———x 21100 .
(1-0.04) (1)

Also rotor copper loss = 3I§ x Ry +300
=3 x (40)? x R, + 300 ...(ii)
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From equation (i) and (ii), we get
0.04
+ = ————x 21100
4800 x R, + 300 (1-0.04)
4800 R, = 579.17
R, =0.121 Q
109. (b)
At starting slip, s =1
.V
JRS + X3
(Xson, = X5
and (X351, = 05X,
14
Current, (I)s)py, = 2
o 2]
X5
1%
and Current, (I)ys 1y, = 2
o) vos
2
(1) ha! R
BHz | A Given,s,, = —2 =04
(D501 sy, +0.25 X,
(1)os 11, V047 +1 e
(Dsom, J0.4% +0.25
110. (a)
For double layer winding,
No. of slots = No. of coils
Total number of turns = 60 x 10 = 600
600
Turns per phase = 3 = 200
Pitch factor (K) = cos 18° = 0.951
sin%ﬁ
Distribution factor (K,) = }
msin
2
60 1
= — — = 5
"=y
B = 180 190
60/4
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. 5x12
sin 5
K, = — 12 =0.9567
5sin—
2
Induced emf, Eph = \/§an¢ fTon
Eph = /21x0.9567 x 0.95 % 0.015 x 50 x 200
E , = 60633V
p
E , = 1.05kV
111.  (¢)
Case-I:
°
100 A I, 3A
300V R,=0.02Q Q g 100 Q
[
Armature current, [, =100-3=97 A
Back emf, E, = 300-97x0.02
E, = 298.06 V
Case-II:
When 50 Q external resistance added in field circuit,
+
T 100 A I, 2A
300V R,=002Q Q /§/150 Q
Load torque is constant
Te< 0 I
Oolpp = 011,
¢ o< If
N 3 _
I, = I,ﬂg— 97><§ =1455 A
E, = 300 -145.5 x 0.02
E, = 29709V
We know that, E, =< ¢w,
B _ % No
Eu o1 Ny
29709 2 « N,
208.06 3 1600
N, = 239218 rpm
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112. (d)

Vi _ 400>
Sp 50000 -

Base impedance (Z;) = 32Q

Synchrnous reactance,

7.5
(X)pu = 35 = 234375 pu.

When motor is operating at 75% load with 0.8 p.f. leading

Ef]_ = V—jfulx
1£0° - j(0.75£co0s71(0.8)) x (2.34375)
2.49/-34.4° p.u.

Now excitation emf is decreased by 5%
E;sin§ = constant

Ef1 sin 8, = Ef2 sin J,
E,. = 095 %249 =237

'f2
E
5. = sin”! i><sir\81
2 EfZ

3, = sin™ (0.594)

3, = 36.44°

L V-Ep  1-237/-3644°
Current, [, = iX, - j2.34375

-

I = 0.7144.£32.78°

a

Power factor = cos 32.78° = 0.8407 lagging

113. (b)
Load characteristic is
T, o= N?
For dc series motor, torque-current relation is given by
T, e 12
Iy Ny
[n Ny
Lo _ 750
15 1500
I, =75A
Case-I:
005Q I,
T
0.03 © (Eq) 201 v
www.madeeasy.in Day 5: Q101-Q.125 © Copyright:MADEEASY Page 11
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E, = 200 -15 x (0.03 + 0.05)
q = 1988V
Case-II:
When additional resistance added in series with the armature circuit,
I, =75A,
N, = 750 rpm
Now, E, =< ¢o,
E N, I
E_Z = N_jﬁ (In dc series motor ¢ < 1))
Epn  750x75
198.8 ~ 1500x 15
E, =497V
E, = 200 -75(0.08 + R, ) = 49.7
200 —49.7
008 +R,, = 75
R, = 20.04 - 0.08
= 19.96 Q
114. 0.813 (0.729 to 0.872)
Two winding transformer:
10 A A C 4348 A
230V
1000 V
[
B
kVA rating = series winding current x voltage
= 43.48 x 1230 = 53.48 kKVA
Conductive transfer = Total kVA - Inductive transfer
= 5348 - 10 = 43.48 kKVA
Conductive transfer _ 4348 0.813
Total transfer T 5348
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115. (0)
Take, V, = 1£0° p.u.
So, I, = 1£-cos71(0.8) p.u.

Alternator excitation emf,

—

Ef = Vt+Tuzs

Ef = 1£0° + [1£-cos™ (0.8)] x 1.25£90°
Ef = 1+1.25/5313°
’1?; f’ = (1+1.25c0853.13%) + (1.255in53.13°)2 =201 p.u.
When motor just fall out of step,
d = 90
Now for same excitation,
2.01£90° = 1£0° + 1, x 1.25290°
. j2.01-1 _
Iu = ]1‘25 =1.608 +]08

—
]

1.8£26.45° p.u.
€0s(26.45°) = 0.895 leading

Power factor

116. 84.57 (84.00 to 85.00)
At full load:

05A

460 Q 230V

OO0

At full load,

Armature current, [, =

|
—_
o
a1

|

&l

Il
=
o
>

Back emf, E, = V-1 (R, +R,)
= 230 -10(1.3 + 0.2)
E, = 215 Volt
~.Power developed in armature = E, . I,
= 215 x 10 = 2150 Watt
Given that, rotational losses is 5% of power developed
p output = 095 xP developed

0.95 x 2150
2042.5 Watt

P output 2042.5

Efficiency, n

Popat 230105 = 08457 (or) 84.57%
www.madeeasy.in Day 5 . Qo1 01 - Q.1 25 © Copyright: MADEEASY Page 13
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117.  (c)
Lets take circuit referred to low voltage side,
+ O —————WW——T000—o
IO
LV=220V  {I I, HV'
b
Rc E: Xm
-0 o

Watt meter reading = VI cos ¢

100
_ 190 51818
SO = 50025

sin ¢ = sin (cos™! (0.1818)) = 0.9833
I, = I,cos¢=25x0.1818 =0.4545 A

I, = Iysin ¢ =25 x 0.9833 = 2.46 A
v 220

R = 1,7 04545 =4840
V220

Xy = T =g ~940

. Option (c) is the only equivalent circuit matching.

118. (¢)
3000
L oted = 510 - 125 A
I, rated is obtained by,
L _ N
L N
N, 240
= 21 2 125x— =
I, = I3 x N, 120 25 A (rated current)
Since given load voltage, V, = 110 Vso, V,) =220 V
RHV XHV RZV X{V
(0.25 +j0.75)Q 02 +j0.72)Q
v, C~> I, =125,258° A Vy =220V
2
, Ny
Ziy = ZLy X (N_J
2
= (0.05+ j0.18) x (@j
120
Ziy = (02 +;0.72) Q
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I, = 125Zcos (0.9) = 125/25.8° A
V, = [(125£25.8°)(0.45+ j1.47) ]+ (220.£0°)
Vl

= 217.945° V
. 217.9-220
Percentage voltage regulation = TX 100 = -0.95%
119. (b)
120 x 50
Synchronous speed, N, = 6 =1000 rpm
Stalling speed = 900 rpm
Slip at stalling torque, s = 10002900 _ 4
! 1000
o R, 001
Slip at maximum torque; S, , = X, - X,
0.01
01 = X_2
X, =01Q

To obtain maximum torque at starting,
Let rotor resistance = R,
at starting, s = 1

Ry

SmT = X_2

Ry

- 1= 01
= R, = 0.1 Q/phase

The external resistance to be added,
R, = 01-0.01
= 0.09 Q/phase

120. 346.41 (345.00 to 347.00)

The maximum secondary line current without over loading the transformers is,

KVA _ 250x10°
v 460

I, = =543.48 A

In open delta connection,

P, = VIcos (30° + ¢)

P, = VI cos (30° - ¢)
= P, + P, = Vi[cos (30° + ¢) + cos(30° - ¢)]
2 VI cos 30° cos ¢

= \/EVLIL cosd

V3 x 460 x 543.48 x 0.8
346.41 kW

p

delivered

el
Il
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121.  (d)
The flux in this machine is given by,
¢ = dIB [where d is diameter and [ is length of the
coil]
¢ = (0.5) (0.3) (0.2)

= 0.03 Wb
speed of the rotor is given by,

o = 3600><2—;c = 377 rad/sec

The magnitude of peak phase voltage,

Emax = NC q) ®
= 15x0.03 x 377
= 169.65 V
Epax _ 169.65
Rms phase voltage, E_ . = NG = ~n - 120V

Since generator is Y-connected,
Vterminal = \/5(120) =208V

122. (b)
The generator described above is Y-connected, so the direct current in the resistance test
flows through two windings

v,
2RA= IDC

DC
R, = 10 =02Q
AT 2x25

Internal generated voltage,

Ey = Vinoc = NE

540

E, ﬁ =311.77 V

The short circuit is equal to line current, since generator is Y-connected,
I, oc = 1, =300 A

I, - R exd

- [ -0

s =1020

>
I
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123. (a)
We know that,
3 2
Torque, T = X —-5 (for low sli
q oy, Ry p)
Now, T = constant T < V2
(or) Vis, = Vi
or s, = |5 | 51
2 A
(or) s, = 4s;,
hence slip increases 4 times,
12 ’
Also, T = 303 x —2 = const.
(Dsm
(or) Iéz oc S
Il 51 1
Hence, current increases by 2 times.
124. 0.03 (0.01 to 0.10)
Given, n =09
Let, P = Stator copper loss
= Rotor copper loss = Iron loss
No load losses = P,
Mechanical loss = P,
No load losses = Iron loss + Mechanical losses
Py, =P+P,
3 PmL =P+ PmL
_ P
PmL - E
o Output Power 37
Efficiency, n = Output power + losses P
37+P+P+P+ 5
0.90 = 7
7Y 37+435P
P = 11746 = 1.175 kW
Airgap power = P_,.... + Mechanical losses + Rotor copper losses
. Rotor copper losses
Now slip, s = =753, gap power
ST -
37 +———+1.175
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125. (b, d)
_ 290 _o1
2000
, R 0.002
Ry = Ri+R; :R1+K—§:0.2+ o2 - 04 Q
, X 0.0045
Xy = X1+X5=X; +K—§=0.45+ o 0.9 Q
Z, = YR +X§ =0984Q
V2 20002
Iron loss, P, = R = 70000 = 400 Watts

Copper loss at full load,

2
100 % 1000
P, = IRy =(2>(;T) x0.4 =1000 W

100 x 1000 x 0.8
% = 100 = 8%
"M = 100x1000x0.8+ 1000+ 400 o2
HEEE
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