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Q1

Q.2

Q.3

Q.4

The laws of electromagnetic induction are
summarized in the following equation:

a) e= Lﬂ b) e=iR
) e=L= (b)
d
(c) € :_d_\f (d) None of these

A coil of 1000 turns is wound on a core. A
current of 1 A flowing through the coil
creates a core flux of T mWb. What is the
energy stored in the magnetic field?

1

(6) 3
1

(d) 7J

Hydrogen is preferred to air for synchronous

generator cooling because

(a) the heat transfer capability of hydrogen
is less than that of air but its specific heat
is several times that of air.

(b) the heat transfer capability of hydrogen

is more than that of air but its specific

heat is less than that of air.

(c) the heat transfer capability of hydrogen
is more than that of air and its specific
heat is several times more than that of
air.

(d) the heat transfer capability and specific

heat of hydrogen is almost equal to that

of air.

The synchronous reactance of a 500 V, 50 kVA
alternator having an effective resistance of
0.2 Q, if an excitation current of 10 A produces

Q.5

Q.6

Q.7
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200 A armature current on short circuit and
an emf of 450 volts on open circuit, is

(@) 2.6 Q (b) 5.2 Q

() 225 Q (d) 4.5 Q

Short-circuit ratio of a synchronous machine
is defined as the ratio of

(a) field current required to produce rated
voltage on full-load and field current
required to produce rated current on
short-circuit.

field current required to produce rated
voltage on open-circuit and field current
required to produce rated armature
current on short-circuit.

(¢) field current required to produce rated
voltage on short-circuit and field current
required to produce rated current on
short-circuit.

field current required to produce rated
voltage on full-load and field current
required to produce rated voltage on
short-circuit.

An underexcited motor is operating at no
load on infinite bus of voltage 1.0 p.u. and
drawing a current of 0.8 pu. Its synchronous
reactance is 0.5 p.u. What is the pu value of
its excitation emf?
(a) 1.4

(c) 0.6

(b) 1.0
(d) 0.4

Synchronous reactance, X, (unsaturated) is
obtained as:
Ve = open-circuit voltage (line)
Ig = short-circuit current (line)
Ip= field current



Q.8

Q.9

Voc

(a) ISC Iy (rated)

Voc
(b) Igc

any I'¢

Voc /3

I sC [ £ constant;
in linear region of OCC

(©)

Voc /3

ISC I f constant;
in non-linear region of OCC

(d)

A synchronous motor is operating at 0.8
leading power factor. Now excitation is
increased keeping the prime mover input
constant, power factor angle will

(a) Decrease

(b) Increase

(c) remains same

(d) cannot be determined

The synchronizing coefficient of a
synchronous machine is

dasd
(a) . at operating point; it decreases
e
as 0 increases
ad . e
(b) at operating point; it increases as
dp,
d increases
dp, . e
(©) 5 at operating point; it increase as
d increases
dp, . s
(d) s at operating point; it decreases

as 6 increases

Q.10 A three-phase synchronous motor draws

200 A from the line at unity power factor at
rated load. Considering the same line
voltage and load, the line current at a power

factor of 0.5 leading is

Induction + Synchronous Machines

(a) 200 A
(c) 400 A

(b) 100 A
(d) 300 A

Q.11 The steam input to a turbogenerator

connected to infinite busbars is increased.

Which of the following events will take

place?

(a) The generator will feed more real power
to busbars and its power angle will
increase.

(b) The generator will feed more leading
kVAR to busbars but its power angle will
not change.

(c) The generator will feed more real power
to busbars and its power angle will
decrease.

(d) The generator will feed more lagging
kVAR to busbars but its power angle will
not change.

Q.12 Damper windings of a synchronous machine

are:

(a) Short-circuited copper bars placed on
the rotor in interpolar regions, which
prevent the rotor from running at
subsynchronous speed.

(b) Short-circuited copper bars placed in
pole shoes, which prevent the rotor from
running at supersynchronous speed.

(c) Short-circuited copper bars placed in
pole shoes, which help to reduce rotor
oscillation about the operating point.

(d) Short-circuited copper bars placed on
the rotor in the interpolar regions, which
help reduce rotor oscillation about the

operating point.

Q.13 A synchronous motor operates at unity

power factor. The points to the right of the
unity power factor locus of V-curves

corresponds to
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(a) over excitation and lagging current input.

(b) under excitation and leading current
input.

(c) under excitation and lagging current
input.

(d) over excitation and leading current input.

Q.14 An alternator with higher value of SCR has

(a) poor voltage regulation and higher
stability limit.

(b) better voltage regulation and lower
stability limit.

(c) poor voltage regulation and lower
stability limit.

(d) better voltage regulation and higher
stability limit.

Q.15 The power-angle characteristic of a salient
machine contains a second harmonic term,
because
(a) of the slot harmonics.

(b) the frequency has a second harmonic
component.

(c) of the difference in reluctance of air gap
in the direct and quadrature axis.

(d) the air-gap flux density has a second
harmonic component.

Q.16 Consider the following methods to prevent
hunting phenomenon in synchronous
machines:

1. By using a flywheel.

2. By designing the synchronous machine
with suitable synchronizing power
coefficient or stiffness factor.

3. By employment of damper windings.

Which of the above are correct?

(@) 1 and 2 only (b) 1 and 3 only

(c) 2 and 3 only (d)1,2 and 3

Q.17 An alternator is operating on infinite bus. It
will develop maximum synchronizing power
when it is operating on
(a) no load
(b) full load

(c) in steady-state stability limit
(d) any load

Q.18 The nature of armature mmf for a zero power
factor lagging load in a 3-phase alternator is
(a) magnetizing (b) de-magnetizing
(c) neutral (d) cross-magnetizing

Q.19 Compounding curve for an alternator is:
(a) plot of I, v/s I at constant load
(b) plot of power factor v/s I
(c) plot E; (excitation emf) v/s I; at constant
load
(d) None

Q.20 A cage induction motor has a full load slip
of 0.05. The motor starting current at rated
voltage is 5.5 times its full load current. Find
the tapping on auto transformer starter which
should give full load torque at starting

(a) 81.3% (b) 85%
(c) 84% (d) 82.7%
Q.21 For maximum starting torque in an induction
motor
(@) r,=05x, (b) r,=x,
(c) r,=2x, (d) r,=0

Q.22 Which one of the following is the correct

statement?

In a 3-phase induction motor, the resultant

flux is of a constant nature and is

(a) equal to ¢, where ¢_ is maximum flux
due to any phase

(b) 1.5 time maximum value of flux due to
any phase

(c) +/3/2 times maximum value of flux due

to any phase
(d) 3 oy,

Q.23 The crawling in the induction motor is caused
by
(a) Improper design of stator laminations
(b) Low voltage supply
(c) High loads
(d) Harmonics developed in motor
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Q.24 A 6-pole 50 Hz induction motor runs at a
speed of 950 rpm. The frequency of rotor
currents is
(a) 47.5 Hz
(c) 5Hz

(b) 50 Hz
(d) 25 Hz

Q.25 The starting current of an induction motor
is five times the full-load current while the
full-load slip is 4%. The ratio of starting
torque to full-load torque is
(a) 0.6 (b) 0.8
(c) 1.0 (d) 1.2

Q.26 As resistance is added in the rotor circuit of

a slip ring motor

(a) its maximum torque increase but occurs
at the same slip.

(b) its maximum torque decreases but occurs
at the same slip.

(c) its maximum torque remains the same
and also occurs at lower slip.

(d) its maximum torque remains the same
but occurs at higher slip.

Q.27 The advantage of the double squirrel-cage
induction motor over single cage rotor is that
its
(a) efficiency is higher
(b) power factor is higher
(c) slip is larger
(d) starting current is lower

Induction + Synchronous Machines 5

Q.28 The injected e.m.f in the rotor of induction

motor must have

(a) The same frequency as the slip frequency

(b) The same phase as the rotor e.m.f

(c) A high value for satisfactory speed
control

(d) The same phase as the rotor e.m.f and a
high value for satisfactory speed control

Q.29 Which one of the following statements is
correct? A smaller air gap in a polyphase
induction motor helps to
(a) reduce the chances of crawling
(b) increase the starting torque
(c) reduce the chance of cogging
(d) reduce the magnetizing current

Q.30 In a 3-phase induction motor the rotor
impedance angle at stand still is 8. The load

angle & will be
(a) n+6

(© 5+0 (d)
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Answer Keys

1. (o) 2. (d) 3. (o) 4. (o) 5. (b) 6. (b) 7. (o)
8. (b) 9. (d) 10. (o) 11.  (a) 12.  (c) 13. (d) 14. (d)
15. (c) 16. (d) 17. (a) 18.  (b) 19. (d) 20. (a) 21. (b)
22. (b) 23. (d) 24. (d) 25. (o) 26. (d) 27. (d) 28. (a)
29. (d) 30. (c)
Detailed Solutionsutions
1. (c)
From Faraday’s law of electromagnetic induction,
_ iy
T
(minus sign is due to Lenz’s law).
2. (d)
-3
= W _ 100010 S
I 1
1 1 1
Energy stored = EUZ :EX1X12 =5 Joule
3. (c)

Hydrogen is preferred to air for synchronous generator cooling because:
(i) Hydrogen has specific heat 14 times that of air.

(i) Hydrogen has heat transfer coefficient 1.5 times of that of air.

(iii) Hydrogen has thermal conductivity 7 times that of air.

So, hydrogen takes away heat more effectively.

4, (c)
Given, 1%

oc

450 V; I_.=200 A
Let X, be synchronous reactance

X = i 200=2.25§2

5. (b)

Short-circuit ratio (SCR) i

rated

Field currents required to produce rated voltage on OC

Field currents required to produce rated voltage on SC

Vrated /XS(Sat) _ ZBase
Irated Xs(sat)
1 1

Xs(sat) / ZBase Xs(sat) pu

[@ Copyright MEBDE ERSY www.madeeasy.in j




Induction + Synchronous Machines 7

MRDE ERSYH
6. (b
At no load drawing a current of 0.8 p.u.

-

Ef = V-I,(jX,) =1£0° - 0.8£0° (j0.5) = 1.077.£-21.8°

Ef \p_u. 1.077 p.u. = 1.0 p.u.

_ Voc /3
I sC |Atlf corresponding

X

s(unsaturated)

to linear part of OCC

s(unsaturated) Value would be much higher and would give voltage regulation value far larger than
the actual value.

8. (b)
Inverted V curve is the curve between power factor and field current.
Power
factor

9. (d)
Ef V _
Power develope, l. & X sind
s
Sonchronizine coeffic a, _ EVi <
ynchronizing coefficient, B X,
dp, E;V,
Sy =—< = L coss
Poods 5=5, X, 0
at operating point
It is decreases as 8 increases.
10. (c)
P VI cos ¢
For same voltage and load, I cos ¢ = constant
I, cos ¢; = I, cos ¢,
at unity power factor, I, = 200 A
200x1 = 1,%0.5
I 400 A

2
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11.

12.

13.

14.

15.
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(a)
The steam input to a turbo-generator connected to infinite busbar is increased means the generator

will feed more real power to busbars and its power angle will increase but not change in reactive
power.

Change in real power AP o Steam input power

Change in reactive power AQ o< AV.
(c)

Damper windings consists of short-circuited copper bars embedded in the face of the field poles
of synchronous machine when the speed of the machine deviates from the synchronous speed or
hunting takes place, there is a relative motion between the rotor (or damper winding) and the air
gap flux and therefore eddy currents are set-up in this winding in such a way as a suppress the
oscillations. The effectiveness of the damping winding in suppressing the rotor oscillation however
depends upon the resistance of this winding; the lower the resistance, the stronger is the damping
action.

(d)
~N /
Armat &/
rmature S/ Full load
current (1) o
&, Half load
N
/, No load

Lagging Leading p.f. region
pf. region /

I; (field current)

. As we go right of the unity power factor locus of V-curve we obtain over excitation and leading
current input.

(d)
1 Air gap

SCR =
XS (sat) N ph

SCR T, X (sat) !, voltage regulation improves, air gap T, stability T due to increase in moment of
inertia of machine.

(c)
VE 2
f sin5+V— 1_1 sin 26
Xd 2 Xq Xd
P = E N . s M
xcitation Reluctance
Power Power
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16.

17.

18.

19.

20.

(d)
All statements are correct.

The prime mover is provided with a large and heavy fly wheel. This increases the inertia of the
prime mover and helps in maintaining the rotor speed constant and hence hunting is reduced.

(a)

E/V,
P = S ing
XS
_ 4P Viky cosd
Synchronous power, Psy =B X,
P, is maximum for 8 =0°
At 6 =0, P =0
But, PSyn = x

ie. PSyn is maximum at no load.

(b)

The given phasor below is best way to remember the effect of armature reaction. In generator,

EMY F, (unity p.f. current)
S0, cross magnetizing
F,. (leading)
So, magnetizing

F

F _

F, (lagging)

so, demagnetizing

and, reverse effect for motor as in generator.

(d)
Compounding curve is a plot of I i against armature current required to maintain constant terminal
voltage while a constant pf load is varied
I
f

0.8 pf lag

(a)

Full load slip, Sﬂ = 0.05
st = (55) Iﬂ
T, I ’
For auto-transformer starter, =t _ xS JiRe —=<
Tn In
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and Ty, = T, (given)
1 = x2x0.05 x (5.5)?
x = 0.8131 or 81.31%

21.  (b)

T

*  Maximum torque in an induction motor occurs at s = E
* For maximum starting torque occurs when s =1
n
i.e. when, - =1
X2
ie. r, =X,
22. (b)
Resultant field rotate in space at synchronous speed and is given by,

[ = %fm cos{wt — 0)

i.e. peak of the resultant mmf is

f= 2 ha =15,

Where f, — peak of any phase’s mmf
23. (d)

Induction motor running stably at very low speed (1/7th of the normal speed) is known as crawling
due to asynchronous torque generated due to slot harmonics.
24. (d)
Synchronous speed of motor,
120 f  120x50

N, = P 6 =1000 rpm
Rotor speed,
N, = 950 rpm
1000 —950
and Slip, s = W =0.05
Rotor frequency,
f, = sf=0.05x50=25Hz

25. (c)
We know that,
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26.

27.

28.

29.

30.

(d)
Maximum torque of induction motor is independent of rotor circuit resistance
-1V
max ’

20)5m Xy

r/

2
and STmax - x'z

i.e. as the resistance is added in the rotor circuit of a slip ring motor its maximum torque remains
the same but occurs at higher slip.

(d)

Double squirrel cage induction motor is designed to provide a high starting torque with a low
starting current. The rotor is so designed that the motor operates with the advantages of a high
resistance rotor circuit during starting and a low-resistance rotor circuit under running conditions.

(a)
EMF injection method is a speed control method of SR/M (slip ring induction motor) in which

injected emf have same frequency as the slip frequency. The injection of voltage in rotor is called
doubly effect:

L R X5
sk,

Small air gap = lower reluctance = higher inductance = smaller magnetising current as [ o %

Einicctcd

(d)

from the eqn. N¢ = LI
(c)

* Torque angle of induction motor

= E+9=5
2

£<8<
5 T

*  When rotor leakage inductance << rotor resistance

0=0°andd= =
= an —2
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