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UNIT – I 
INDUCTION MOTOR (Course Outcome – 1) 

1. What are the types of rotors used in the induction motor? (Remembering)  
(i) Squirrel cage rotor. 
(ii) Slip ring   (or) wound rotor. 

2. What are the two types of 3 phase induction motor? (Remembering) 
  There are two types of 3-phase induction motor based on the type of rotor used: 
(i) Squirrel cage induction motor.     (ii) Slip ring induction motor. 

3. What is meant by rotating transformer? 
(or) 

     What is the principle used in induction motor? (Remembering) 
Conversion of electric power into mechanical power takes place in the rotating part of 

an Electric motor. In D.C. motor, the electrical power is conducted directly to the armature 
(i.e. rotating part) through brushes and commutators. Hence, in this sense, a D.C. motor can 
be called a conduction motor. However, in A.C. motors, the rotor does not receive electric 
power by conduction but by induction in exactly the same way as the secondary of a 2-
winding transformer receives its power from primary. That is why such motors are called 
induction motors. In fact, induction motors can be treated as a rotating transformer i.e. in one 
which primary winding is stationary but the secondary is free to rotate. 
4. What are the losses present in the Induction motor? (Remembering) 

i. Stator copper loss. 
ii. Stator iron loss. 
iii. Rotor copper loss. 
iv. Windage loss & friction loss. 

5. What is the condition for maximum starting torque? Also write the corresponding 
torque equation at starting condition? (Remembering) 

The condition for maximum torque at the starting condition is, 
                      R2 = X2.  

The torque equation is given by, TST   =   Ns2

3

2

22

2

2

2

2

XR
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Where, 
R2 = rotor resistance, 
X2 = rotor reactance, 
E2 = Rotor induced e.m.f at standstill, Ns = synchronous speed. 

6. What is the condition for maximum running torque? Also write the corresponding 
torque equation at running condition? (Understanding) 

The condition for maximum torque at the running condition is, 
   R2 = S X2 

The torque equation at running condition is, 

   T = 
Ns2

3
 

2
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7. How the starting torque can be improved in slip ring induction motor? 
(Understanidng) 

The starting torque of a slip ring induction motor is increased by improving its power 
factor by adding external resistance in the rotor circuit from the star- connected rheostat. The 
rheostat resistance being progressively cut out as the motor gathers speed because torque 
equation is given as, 

  T = k Ф I2 cos 
2  

Where, 
2  = power factor angle between rotor e.m.f and rotor current, 

Cos 
2   =

2

2

2

2

2

XR

R


. 

Hence by increasing R2 the power can be improved and hence the starting torque of 
induction motor can be improved. 
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8. What is ‘slip’ in an induction motor? (Remembering) 
The induction motor speed is always less than the speed of synchronous speed of 

revolving flux. The difference in speed between synchronously revolving flux and the rotor 
speed is called slip speed. The ratio between the slip speed and synchronous speed of 
induction motor is called slip. It is denoted by‘s’. 

Slip,   S = 
s

s

N

NN 
 . 

% slip,     %S =  
s

s

N

NN 
  100 %. 

 The motor speed is given by, 
   N = Ns (1-S) Rpm. 
9. How can you separate No-load losses in an induction motor? (Understanding) 
The No-load losses are divided as: 

(i) Iron loss (or) core loss. (ii) Mechanical loss (or) rotational loss. 
(iii) Friction loss. 

In an induction motor, slip ring induction motor is taken. The rotor circuit is opened 
and 3-phase supply is given to stator. Now the wattmeter are connected to stator side of 
induction motor reads Iron loss (or) core loss. 

Now the rotor circuit of induction motor is short circuited. When rated voltage is 
applied, the induction motor starts to rotate and the wattmeter readings will read the 
rotational losses. 
10. Why induction motors are called asynchronous? (Understanding) 

Because their rotors can never run with the synchronous speed. The rotor does not 
catch-up the stator flux 
11. What is synchronous speed? (Remembering) 

The speed at which the stator field rotates is called synchronous speed and it 
depends upon the frequency of supply and number of poles for which the stator is wound. 

Ns = synchronous speed in rpm. 
     = 120 f / p. 
f = frequency of supply. 
p = Number of poles in the stator. 

12. What is the rotor frequency in induction motor? (Remembering) 
When a rotor is at standstill, the frequency of the rotor current is the same as that of 

the supply frequency. But when the rotor is rotating its frequency depends upon slip-speed. 
Assume the frequency of the rotor current to be fr , at any slip speed, then, 

   Ns – N = 
p

f r120
  ------------- (1) 

But synchronous speed, 

   Ns = 
p

f120
   ----------------- (2) 

(1) % (2) 

S
N

NN

f

f

s

sr 


  

 (Or) 
 fr = f S 
Rotor frequency, fr = f S 

13. What are the advantages of the slip-ring induction motor over squirrel cage 
Induction motor? (Remembering) 

 It is possible to speed control by regulating rotor resistance. 

 High starting torque of 200 to 250% of full load voltage. 

 Low starting current of the order of 250 to 300% of the full load 
current. 

Hence slip ring induction motors are used where one or more of the above 
requirements are to be met.  
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14. What is the value of rotor E.M.F? (Remembering) 
When the rotor is at standstill the motor is equivalent to a 3-phase transformer with 

secondary short circuited. So induced e.m.f per phase E2 in the rotor, when it is at standstill 
i.e. at the instant of starting is given by, 

   E2 = E1 
1

2

N

N
  . 

  E1 = Applied voltage / phase to stator. 
  E2 = rotor induced e.m.f / phase at standstill. 
  N2 = Number of turns / phase in rotor. 
  N1 = Number of turns/phase in stator. 

 Hence, induced e.m.f in the rotor, which is directly proportional to relative 
speed i.e. slip is also decreased and given by SE2. 

    E r = S E2. 
Hence, for slip S, the induced e.m.f in rotor is S times the induced e.m.f in rotor at 

standstill. 
15. What is nature of starting torque in induction motor? (Remembering) 

The starting torque equation is given by  

 Ts =
2

2

2

2

2

2

2

XR

RkE


. 

From above equation starting torque is increased if the rotor circuit resistance is 
increased. Although increased rotor resistance increases the starting torque, it reduces the 
efficiency due to high I2 R losses. For achieving both high starting torque and high efficiency, 
the motor should have high rotor resistance at starting and low rotor circuit resistance under 
running condition. In squirrel cage type motors, high starting torque is achieved by using 
double cage rotors. In slip-ring motor this is achieved by inserting extra resistance at starting 
condition and gradually reducing this resistance as motor accelerates. 
16. What is the function of slip-rings in 3-phase induction motor? (Remembering) 

The function of slip rings in the case of slip ring induction motor is to add external 
resistance in the Rotor circuit. If External resistances are added in the rotor circuit, it can be 
used for speed control operation. 
17. How do you reverse the direction of rotation of a 3-phase induction motor? 
(Remembering) 

When an induction motor is running in a particular phase sequence, if the motor 
terminals are interchanged such that the phase sequence of supply voltage that is given to 
the induction motor is changed, then the direction of slip-ring induction motor is reversed. 
18. What is the need for starter in an induction motor? (Remembering) 
 At starting when full voltage is connected across the stator terminals of an induction 
motor, large current is drawn by the windings.  This is because; at starting (i.e before the 
rotor starts rotating) the induction motor behaves as s short circuited transformer. At starting, 
when the rotor is at stand still e.m.f is induced n the rotor circuit exactly similar to the e.m.f 
induced in the secondary windings of a transformer.  This induced e.m.f of the rotor will 
circulate a very large current through its windings, due to short.  The primary will draw very 
large current nearly 5 – 7 times of the rated current from the supply mains to balance rotor 
ampere turns.  This current will however be gradually decreasing as motor will pick up 
speed. In order to reduce starting current starters are used.  Induction motor starter will 
supply reduced voltage to the stator of induction motors. 
19. What are the types of induction motor starters available? (Remembering) 
 Types of induction motor starters available are: 

1. Full voltage direct on line starting (or) DOL starter. 
2. Reduced voltage starting  
       a. Star-delta starter 
       b. Auto transformer starter. 
        c. Primary resistance and reactance starter 
3. Rotor resistance starter   Rotor control 
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20. What are the disadvantages of inserting resistance in the rotor circuit in slip ring   
induction motor? (Remembering) 

1. Losses (I2R) is increasing and efficiency of the motor is decreased. 
2. Since speed is dependent on both resistance and load.  We can change speed 

for short periods only 
21. What are the advantage and disadvantage of Induction motor? (Remembering) 
 Advantages 

1. It has very simple and extremely rugged, almost unbreakable construction 
2. Its cost is low and it is very reliable. 
3. It has sufficiently high efficiency. 
4. It require minimum of maintenance  

 Disadvantage 
1. It speed cannot be varied without sacrificing some of its efficiency. 
2. Just like a dc shunt motor, its speed decreases with increase in load torque. 
3. Its starting torque is somewhat inferior to that of a dc shunt motor. 

22. What is the need of skewed type rotor in three phase squirrel cage motor? 
(Understanding) 
 The rotor slots are usually no quite parallel to the shaft but are purposely given a slight 
skew.         
          This is useful in two ways. It helps to make the motor run quietly by reducing the magnetic 
hum it helps in reducing the Locking tendency of the rotor. i.e. the tendency of  the rotor teeth 
to remain under the stator teeth due to direct magnetic attraction between the two. 

 23. Write the two extra features of slip ring induction motors. (Remembering) 
a. Rotor is having 3-phase winding. 
b. Extra resistance can be added in the rotor circuit by connecting through the help of 

three slip rings for improving the power factor, increasing Starting Torque ,limiting the 
starting current  

24. What are the 2 fundamental characteristics of a rotating magnetic field? 
(Remembering) 

a) The resultant of three alternating fluxes separated from each other by 120 degree 
has constant amplitude of 1.5. 
b) The resultant always keeps on rotating with a certain speed in space. 

25. What is induction generator? (Remembering) 
When the slip of the induction motor is negative the induction motor that runs as a 

generator is called induction generator. 
26. What are the merits of inner and outer cage of double cage induction motor? 
(Remembering) 

Merits of inner cage: 
a) Leakage reactance is high. 
b) Resistance is small.  

Merits of outer cage: 
a) Has high starting torque. 
b) Resistance is high. 

 27. What is crawling in I.M? (Remembering) 
The tendency of the motor to run stably at speeds as low as one seventh of its 

synchronous speed with a low pitched howling sound is called crawling 
28. What are the characteristics of double squirrel cage motor, compared to a squirrel 
cage motor? (Remembering) 

(i) High starting torque 
(ii) Excellent running performance 

29. What is the need for starter in an induction motor? (Remembering) 
 At starting when full voltage is connected across the stator terminals of an induction 
motor, large current is drawn by the windings.  This is because,  at starting (i.e before the 
rotor starts rotating) the induction motor behaves as s short circuited transformer. 
 At starting, when the rotor is at stand still e.m.f is induced n the rotor circuit exactly 
similar to the e.m.f induced in the secondary windings of a transformer.  This induced e.m.f 
of the rotor will circulate a very large current through its windings, due to short.  The primary 
will draw very large current nearly 5 – 7 times of the rated current from the supply mains to 
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balance rotor ampere turns.  This current will however be gradually decreasing as motor will 
pick up speed. 
 In order to reduce starting current starters are used.  Induction motor starter will 
supply reduced voltage to the stator of induction motors. 
 
31. Write the starting torque to full load torque ration in case of D.O.L starter? 
(Remembering) 

In D.O.L starter starting torque to full load torque ratio is given by 

f

f

SC

f

st S
I

I

T

T
.

2














  

 Where  
  I = Short circuit line current at the starting condition  
  If = Full – load current. 
  Sf = Full load slip. 
 
32. What is the starting torque to full load torque ratio in case of primary resistance 
(or) reactance starter? (Understanding) 

f

f

SC

f

st S
I

I
x

T

T
.

2

2














  

  Where,      x   reduced voltage to full line voltage ratio 
33. What is the starting torque to full load torque ratio in case of Auto –transformer 
starter? (Remembering)  

f

f

SC

f

st S
I

I
K

T

T
.

2

2














  

 Where  K = tapping of transformation ratio 
      (or) 
    reduced voltage ratio using tapping. 
 
34. What is starting torque to full load torque ratio in case of star-delta starter? 
(Remembering) 

f

f

SC

f

st S
I

I

T

T
.3/1

2














  

 Where  

  scI Short circuited line current at starting. 

  fI  Full load slip. 
 

 
UNIT – II 

PERFORMANCE ANALYSIS AND SPEED CONTROL OF THREE PHASE INDUCTION 
MOTOR (Course Outcome 2) 

 
1. What are the speed control methods available for speed control of induction 

 motor on stator side? (Remembering) 
 Speed control methods available for speed control from stator side are: 

i. By controlling supply voltage  
ii. By pole changing  
iii. Changing supply frequency 
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2. What are the speed control methods available for speed control of induction motor 
           on rotor side? (Remembering) 

 The speed control methods available for sped control of IM on rotor side are; 
i. Rotor resistance control 
ii. Cascade speed control 
iii. By injected voltage method. 

3. What are the three possible speeds that can be obtained in cascaded operation of 
induction motor? (Understanding)  

i.        
a

s
P

f
N

120
  

  Where, Pa = No of stator poles in motor A 

ii.  
b

s
P

f
N

120
  

  Where, Pa = No of stator poles in motor B 

iii. 
ba

s
PP

f
N




120
   

4. What are the disadvantages of inserting resistance in the rotor circuit in slip ring   
induction motor? (Remembering) 
 

1.  Losses (I2R) is increasing and efficiency of the motor is decreased. 
2.  Since speed is dependent on both resistance and load.  We can change 

speed for short periods only. 
5. Under what condition, the slip in an induction motor is (Understanding) 

a. Negative 
   b. Greater than one 

a) Slip of an induction motor is negative when the induction motor is operating in 
generating mode. 

b) Slip of an induction motor is greater than one when the induction motor is 
operating in the braking mode (its direction is opposite to the direction of 
rotating magnetic field). 

6. How the speed is controlled by changing the supply voltage? (Remembering) 
Since,  

   Torque, 
2VT   

By changing the supply voltage, torque is proportional to the square of the supply 
voltage.  Hence, example if voltage is reduced by half (1/2), the torque will be 
reduced by (1/4) quarter. 

7. How the speed is changed by changing the supply frequency, f? (Remembering) 
  Since 

p
N

120
 , 

 By changing the supply frequency directly, the speed is reduced directly. 
8. How the speed is controlled by changing the supply voltage? (Remembering) 
 Since 

p
N

1
  

Speed is inversely proportional to number of poled, the speed decreases with increase in 
number of poles. However, torque capability of motor increases with increase  in number 
of poles. 
9. How speed control can be achieved by inserting resistance in the rotor circuit of 
slip ring induction motor? (Understanding) 
 By inserting external resistance in the rotor circuit of slip ring induction motor,  the 
total rotor circuit resistance is increased.  For a particular motor speed, the  induced 
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e.m.f in the rotor is constant.  Hence, with increase in the rotor circuit  resistance, rotors 
winding current will decreases. 

  
2

2

2
R

SE
I  [Without adding external resistance] 

   rtR

SE
I

2

21

2  [By adding external resistance r ] 

 Hence, the new current 
1

2I  is smaller than 2I .  But torque, 

     CosIT 2  

 Since I2 is decreased torque is decreased and the motor is peed starts to fall. 
When motor speed is reduced, the term SE2 will be becomes increased since slip S is 
increased. Hence with decrease in motor speed, rotor circuit current I2 will increase and 

hence the torque will goes on increasing. The motor will attains a speed at which 
12 II   

condition achieved ie the motor is able to handle the load torque. 
10. What is slip power? (Remembering) 
It is the power wasted in the rotor circuit resistance.  IN case of slip ring induction motor,  the 
speeded control is achieved by adding external resistance in the rotor circuit.  But, with 
adding external resistance in the rotor circuit, (I2R) losses in the external  resistances will be 
increased. Hence, slip power is wasted in rotor resistance. Without wasting this slip power, 
the slip power can be usefully utilized in slip  power  recovery scheme. 
11. What is slip power recovery scheme? (Remembering) 
The power wasted in the external resistance in the rotor circuit in case of slip ring induction 
motor, is called slip power. This wastage slip power can be usefully fed back to the source 
by used of slip power recovery scheme. Two types of slip power recovery scheme available 
are; (i) Static scherbius drive (ii) Static Kramer’s drive 

 
UNIT – III 

 
SINGLE PHASE INDUCTION MOTORS (Course Outcome 3) 

1. Why is the hysteresis motor free from mechanical and magnetic vibrations? 
(Remembering) 

The stator of hysteresis motor carries main and auxiliary windings to produce rotating 
magnetic field or of shaded pole type also. The rotor is smooth cylindrical type made up of hard 
magnetic material. The torque in this motor is constant at all speeds. It runs at synchronous 
speed. There is not only relative motion between stator and rotor field so the torque due to 
eddy currents vanishes. Only hysteresis torque is present which keeps rotor  running at 
synchronous speed. The high retentivity ensures continues magnetic locking  between stator 
and rotor. Hence it is free from magnetic vibrations. Since there are no   teeth, no winding there 
are no mechanical vibrations. Hence the operation is quiet and noiseless. 

2. Given advantages and applications of stepper motor? (Remembering) 
Advantages: 

1. These motors are compatible with digital equipments and are flexible in operation. 
2. The dynamic response is fast. 
3. The step angle is dependent on number of input pulses. Hence by controlling number 

of input pulses, position can be controlled precisely and accurately. 
4. For high rate of pulses due to inertia it rotates smoothly like dc motors due to which it 

is used in speed control systems. 
Applications 
 Stepper motors are widely used in computer peripherals such as serial printers   tape 
 drives, floppy disc drives. They are used in numerical control of machine tools, robotic 
 control systems, number of process control systems, actuators and X-Y recorders. 
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3. What modifications are necessary in a D.C. series, so that it may work satisfactorily on 
ac? Explain its operation. (Remembering) 
 In a normal dc motor if direction of both field and armature current is reversed, the 
direction of torque remains unchanged. So when normal dc series motor is connected to ac 
supply both field and armature current get reversed and unidirectional torque gets produced in 
the motor hence motor can work on ac supply.  
 Some modifications are required to have satisfactory performance of dc series motor on 
ac supply, when it is called ac series motor. The modifications are, to reduce the eddy current 
losses; yoke and pole core construction is laminated. 
 The power factor can be improved by reducing the magnitudes of field and armature 
reactance. Field reactance can be decreased by reducing the number of turns. But this reduces 
field flux. But this reduction in flux (N α 1/Φ) increases the speed and reducing the torque. To 
keep the torque same, it is necessary to increase armature ampere turns proportionately. This 
increases the armature inductance. 
 Now, to compensate for increased armature flux which produces severe armature 
reaction, it is necessary to use compensating winding. The flux produced by this winding is 
opposite to that produced by armature and effectively neutralizes the armature reaction. 
4. What are the specific characteristic features of the repulsion motor? (Remembering) 
 Repulsion motors give excellent performance characteristics. A very high starting torque 
of about 300 to 350 % of full load can be obtained with starting current of about 3 to 4 times the 
full load current. Thus it has got very good operating characteristics. The speed of the motor 
changes with load. With compensated type of repulsion motor, the motor runs with improved 
power factor as the quadrature drop in the field winding is neutralized. Also the leakage between 
armature and field is reduced which gives better speed regulation. 
5. What is mean by stepper motors? & discuss the types of stepper motors with an 
application for each. (Remembering) 
 Stepper motor is known by its important property to convert a train of input pulses i.e. a 
square wave pulses into a precisely defined increment in the shaft position. Each pulse moves 
the shaft through a fixed angle. 
 Stepper motor is a special type of synchronous motor which is designed to rotate 
through a specific angle called a step for each electrical pulse received by its control unit. 
Types of stepper motors: 
 i) Variable reluctance motor used in computer peripherals, IC fabrication textile 
industry. 
 ii) Permanent magnet stepper motors are used in robotics. 
 iii) Hybrid stepper motors used in applications requiring incremental motion such as 
line printers, typewriters, tape drives, floppy disc drives. 
6. Define the following terms in stepper motor? i) Holding torque ii) detent torque iii) Step 
angle iv) Critical torque. (Remembering) 
Holding torque: 
 It is defined as the maximum static torque that can be applied to the shaft of an excited 
motor without causing a continuous rotation. 
Detent torque: 
 It is defined as the maximum static torque that can be applied to the shaft of an 
unexcited motor without causing a continuous rotation. Under this torque the rotor comes back 
to the normal rest position even if excitation cases. Such positions of the rotor are referred as 
the detent positions. 
Step angle: 
 It is defined as the angular displacement of the rotor in response to each input pulse. 
Critical torque: 
 It is defined as the maximum load torque at which rotor does not move when an exciting 
winding is energized. This is also called pullout torque. 
7. Define the following terms in stepper motor? i) Limiting torque ii) synchronous 
stepping rate iii) slewing rate (Remembering) 
Limiting torque 
     It is defined for a given pulsing rate or stepping rate measured in pulses per 
second, as the maximum load torque at which motor follows the control pulses without missing 
any step. This is also called pull in torque. 
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Synchronous stepping rate 
  It is defined as the maximum rate at which the motor can step without missing steps. The 
motor can start, stop or reverse at this rate. 
Slewing rate  
 It is defined as the maximum rate at which the motor can step unidirectional. The slewing 
rate is much higher than the synchronous stepping rate. Motor will not be able to stop or reverse 
without missing steps at this rate. 
 
8. What is the function of capacitor in a single phase induction motor? (Understanding) 
 Capacitor is used to improve the power factor of the motor. Due to the capacitor 
connected in series with the auxiliary winding, the capacitive circuit draws a leading current 
which increases the split phase angle α between two phase currents Im and Ist. 
9. What is the use of shading coil in the shaded pole motor? (Remembering) 
 In shaded pole motors, the necessary phase-splitting is produced by induction. These 
motors have salient poles on stator and a squirrel cage type rotor. The poles are shaded i.e.; 
each pole carries a copper band one of its unequally divided part called shading band. 
 When single phase A.C. supply is given to the stator winding, due to shading provided to 
the poles, a rotating magnetic field is generated. 
10. Why capacitor-start induction motors advantageous? (Understanding) 
 In capacitor-start induction motors, capacitor is connected in series with the auxiliary 
winding. When speed of the motor approaches to 75 to 80% of the synchronous speed, the 
starting winding gets disconnected due to the operation of the centrifugal switch. The capacitor 
remains in the circuit only at start. The starting torque is proportional to phase angle α and 
hence such motors produce very high starting torque. 
11. List out four applications of shaded pole induction motor? (Remembering) 
  Shaded pole motors have very low starting torque, low power factor and low 
efficiency. These motors are commonly used for small fans, toy motors, advertising displays, 
film projectors, record players, gramophones, hair dryers, photo copying machines etc. 
12. What are the types of single phase induction motors? (Remembering) 
 The types of single phase induction motors are: 
            i) Split phase induction motor. 
            ii) Capacitor start induction motor. 
           iii) Capacitor start and capacitor run motor. 
           iv) Shaded pole induction motor. 
13. List some applications of linear induction motor? (Remembering) 
 Applications of Linear Induction Motor: 
 They are used in machine tool industry and in robotics. They are used in trains operated 
on magnetic levitation. Reciprocating compressors can also be driven by linear motors. 
14. Is the single phase induction motor self-starting? Why? (Understanding) 
        No, the single phase induction motor is not self-starting. Because according to the 
double revolving theory the alternating quantity is resolved into two rotating components 
(forward & backward) which rotate in opposite direction and each having magnitude as half 
of the maximum magnitude of the alternating quantity. Due to this components flux produced 

in the rotor. This rotor flux interacts with forward components f to produce a torque in one 

particular direction say anticlockwise direction. While rotor flux interacts with backward 

component b to produce a torque in clockwise direction. Thus net torque experienced by 

the rotor is zero at start. Hence the single phase induction motor is not self-starting. 
15. How can make the single phase induction motor as self-starting. (Understanding) 
 A single phase induction motor is not self-starting. To overcome this draw back and 
make the motor self-starting, it is temporarily converted into a two phase motor during starting 
period. For this the stator of single phase induction motor is provided with an extra winding, 
known as starting winding, in addition to the main or running winding. The two windings are 
spaced 90 degree electrically apart and are connected in parallel across the single phase 
supply. 
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16. What is the use of shading coil in the shaded pole motor? (Remembering) 
In shaded pole motors the necessary phase -splitting is produced by induction. 

These motors have salient poles on stator and a squirrel cage type rotor. The poles are 
shaded ie each pole carries a copper band one of its unequally divided part is called shading 
band. 

When single phase ac supply is given to the stator winding due to shading provided 
to the poles a rotating magnetic field is generated. 

 
17. Why capacitor -start induction motors advantageous? (Remembering) 

In capacitor start induction motors capacitor is connected in series with the auxiliary 
winding. When speed of the motor approaches to 75 to80%of the synchronous speed the 
starting winding gets disconnected due to the operation of the centrifugal switch. The 
capacitor remains in the circuit only at start. The starting torque is proportional to phase 
angle ά and hence such motors produce very high starting torque.  
18. What are the drawbacks of the presence of the backward rotating field in a single 
phase induction motor? (Remembering) 

Due to cutting of flux, e.m.f gets induced in the rotor which circulates rotor current 
.the rotor current produces rotor flux. This flux interacts with forward component φf to 
produce a torque in one particular direction say anticlockwise direction. While rotor flux 
interacts with backward component φb to produce a torque in the clockwise direction. So if 
anti clock wise torque is positive then clockwise torque is negative thus net torque 
experienced by the rotor is zero at start. 
 19. Why is hysteresis motor free from mechanical and magnetic vibrations? 
(Remembering) 

The stator of hysteresis motor carries main and auxiliary windings to produce rotating 
magnetic field or of shaded pole type also. The rotor is smooth cylindrical type made up of 
hard magnetic material. The torque in this motor is constant at all speeds it runs at 
synchronous speed. There is not relative motion between stator and rotor field so the torque 
due to eddy current vanishes only hysteresis torque is present which keeps rotor running at 
synchronous speeds .the high retentivity ensures continuous magnetic locking between 
stator and rotor. Hence it is free from magnetic vibrations 
20. What types of motor is used in computer drives and wet grinders? (Remembering) 

For computer drives permanent magnet dc motors are used while in wet grinder 
universal motor may be used. 
21. What are the specific characteristic features of the repulsion motor? 
(Remembering) 

 Repulsion motors give excellent performance characteristics.   
 A very high starting torque of about 300 to350% of full load can be obtained with 

starting currents of about 3 to 4 times the full load current thus it has got very good 
operating characteristics.  

 The speed of the motor changes with load. 
 With compensated type of repulsion motor the motor runs with improved power factor 

as the quadrature drop in the field winding is neutralized.  
 Also the leakage between armature and field is reduced which gives better 

regulation. 
22. Discuss characteristics of single phase series motor (Remembering) 

 To reduce the eddy current losses, yoke and pole core construction is laminated 
 The power factor can be improved by reducing the number of turns. But this reduces 

the field flux. But this reduction in flux increases the speed and reducing the torque.  
 To keep the torque same it is necessary to increase the armature turns 

proportionately. This increases the armature inductance. 
23. What are the demerits of repulsion motor? (Remembering) 

 Very expensive 
 Speed changes with load 
 On no load speed is very high causing sparking at brushes  
 Low power factor on no load 
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24. List four applications of reluctance motors? (Remembering) 
 Signaling device 
 Control apparatus 
 Automatic regulators 
 Recording instruments 
 Clocks and all kinds of timing devices 
 Teleprompter 
 Gramophones. 

25. What is a universal motor? (Remembering) 
There are small capacity series motors which can be operated on DC supply or 

single phase AC supply of same voltage with similar characteristics called universal motors. 
The construction of this motor is similar to that of ac series motor 

UNIT – IV 

ALTERNATOR (Course Outcome 4) 

1. What is synchronous reactance? (Remembering) 
The armature winding of an alternator has one more parameter which is armature 
reactance in addition to its resistance and leakage reactance. 
The sum of the fictitious armature reaction reactance accounted for considering 
armature reaction effect and the leakage reactance of the armature is called 
synchronous reactance of the alternator denoted as XS. 

XS = XL + Xar Ω/ph. 
2. Why is the field system of an alternator made as a rotor? (Understanding) 

The field system of an alternator is made rotating to avoid interaction of mechanical 
and electrical stresses. Also with rotating field system, it is easier to collect currents 
at very high voltages from stationary member. Due to low voltage on field side the 
insulation required is less. The problem of sparking is avoided. The construction with 
rotating field is simple and only two slip rings are required to provide external dc 
supply. 

3. Compare salient pole and cylindrical pole rotor? (Understanding) 
 

4. Define coil-span factor? (Remembering) 
The coil span factor is defined as the ratio of resultant e.m.f when coil is short pitched 
to the resultant e.m.f when coil is full-pitched. It is defined by Kc and is less than one. 
Mathematically it is given by, 

   KC = cos 








2


 

5. Define voltage regulation. What are the methods available for determination of 
voltage regulation of alternator? (Remembering) 
The voltage regulation of an alternator is defined as the change in its terminal 

 voltage when full load is removed, keeping field excitation and speed constant 
 divided  by the rated terminal voltage. 

S.No Salient pole Type  Smooth Cylindrical Type 

1. Poles are projecting out from the 
surface. 

Poles are non-projecting. 

2. Non-uniform air-gap. Uniform air-gap. 

3. Diameter is high and axial length is 
small. 

Diameter is small and axial length is 
large. 

4. Preferred for low speed 
alternators. 

Preferred for high speed alternators. 

5. Prime mover used is water 
turbines, IC engines. 

Prime mover used is steam turbines, 
electric motors. 

6. Separate damper winding is 
provided. 

Separate damper winding is not 
necessary. 
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  Vph = Rated terminal voltage  
  Eph = No-load induced e.m.f 
Mathematically voltage regulation is defined as,  
   % Regulation = (Eph – Vph ) / Vph x 100 
Different methods available to determine the voltage regulation of an 

 alternator are. 
1. Direct loading method. 
2. synchronous impedance method or E.M.F. method 
3. Ampere turns method or M.M.F. method. 
4. Zero power factor method or potier triangle method. 
5. ASA method form of M.M.F. method. 
6. Two reaction theory. 

6. What are the experimental data required for potier method? (Remembering) 
The experimental data required for potier method is the data obtained after 
conducting open circuit test and zero-power factor test. In open circuit test a graph of 
If and (Voc)ph i.e. field current and open circuit voltage per phase is plotted to some 
scale. In zero-power factor test, there is no need to obtain number of points to obtain 
the curve. Only two points are enough to construct a curve. 

 
7. What are the reasons for the variation in the terminal voltage of a loaded 
alternator? (Understanding) 

The terminal voltage of a loaded alternator varies as there is drop in armature 
resistance Ra, armature reactance XL and reactance corresponding to armature 
reaction. As load changes, load current changes hence the voltage drop across 
resistance changes and hence the terminal voltage changes. 

With change in load current, the drop across the armature leakage reactance 
XL also changes and hence the terminal voltage changes. 

As the load changes, the power factor associated with the load also changes 
and the value of armature reaction reactance changes which changes the terminal 
voltage. 

8. State the requirements for paralleling alternators? (Remembering) 
The requirements for parallel operation of alternators are as given below. 

1. The terminal voltage of the alternators working in parallel must be same. 
2. The frequency of the alternators working in parallel must be same. This 

necessitates the speed must be properly adjusted.  
(f = PN/120). 

3. The phase sequence of the alternators working in parallel must be same. 
4. With respect to external load, the phase of alternators working in parallel 

 must be identical. So that there will not be any local current in the 
 internal circuit. 

9. What is the need of parallel operation of alternators? (Understanding) 
 The alternators are required to be operated in parallel for their optimum  utility and 
maintaining continuity and reliability of the supply. The maintenance of  alternators 
is possible without interruption in the service as number of alternators  is operated in 
parallel. The alternators can be effectively and efficiently used  through the parallel 
operation so overall economic operation is possible due to  parallel operation of 
alternators.  
10. List out the two advantages of synchronizing lamps used for synchronizing? 

(Remembering) 
 The advantages of synchronizing lamps are listed below. 

1. It provides sharp and accurate method for synchronization. 
2. No extra device is required for synchronization which is not the case with 

method of synchrocsope as phase sequence indicator is additionally 
required. 

3. All the conditions that are required for synchronization can be 
simultaneously checked with the use of lamps. 
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11. Bring out the characteristics of two alternators working in parallel. What is  
 the effect of change in excitation on load sharing? (Remembering) 

  Consider two alternators operated in parallel as shown in the fig.1. 
             The characteristic of two alternators operated in parallel are given below 

1. The induced e.m.f’s in the two alternators are in the same phase as far as 
 external load or circuit is considered. It is shown in the fig. 2. 

2. In the local circuit, the two e.m.f’s are in phase opposition as shown in the 
 fig.3. 

3. If no load is connected to the alternators only circulating current Isy will flow 
 in the circuit which is given by, 

ISY = 
21

21

ZZ

EE




 

4. When there is load on the alternators operated in parallel the division of load 
 current is as given below 

I1 = 

Z

ZZ
ZZ

EE

Z

ZZ
ZZ

E

1
21

21

2

1
1

1








 

  Effect of change in excitation on load sharing: 
12. List out two advantages of synchronizing lamps used for synchronizing? 

(Remembering) 
 The advantages of synchronizing lamps are listed below: 

1. It provides sharp and accurate method for synchronization. 
2. No extra device is required for synchronization which is not the case with 

method of synchroscope as phase sequence indicator is additionally 
required. 

3. All the conditions that are required for synchronization can be 
simultaneously checked with the use of lamps. 

13. Define the following terms: i) Turn ii) Pole pitch (Remembering) 
Turn: A conductor in one slot, when connected to a conductor in another slot     

forms a turn. So two conductors constitute a turn. 
            Pole pitch: It is center to center distance between the two adjacent poles. 

14. How the armature windings are classified?  (Remembering) 
            The general armature windings are classified as, 

a) Single layer and double layer winding 

b) Full pitch and short pitch winding 

c) Concentrated and distributed winding 
15. Why salient pole construction is not used for high speed alternator? 

(Remembering) 
         Due to the following reasons, the salient pole construction is not used for 
 high speed alternator 

a) The rotating parts are subjected to very high mechanical stresses. 
b) Excessive windage loss. 
c) The machine would be very noisy. 

16.  Define synchronous speed. (Remembering) 
                    Synchronous speed is the speed at which an alternator must run inorter to 
 generate an e.m.f of the required frequency. 

                                                      
p

f
N s

120
  

17. Name the two types of alternator depending on the rotor construction. 
(Remembering) 

                The two types of alternator depending on the rotor construction are, 
a) Salient pole synchronous generator 
b) Smooth cylindrical (non salient pole) synchronous generator 
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18.  Explain why distributed windings are preferred over concentrated winding   
 in making armature windings. (Remembering) 

             The advantages of distributed windings are, 
a) Better dissipation of heat developed due to copper losses in the winding. 
b) Better e.m.f waveform. 

      19. What is meant by pitch factor of an armature winding? (Remembering) 
            Pitch factor is defined as the ratio of e.m.f induced in a short pitch coil to the 
 e.m.f induced in a full pitch coil. 

19.  What is meant by synchronizing? (Remembering) 
                    The operation of connecting the alternator with another alternator or with   

common bus bar is known as synchronizing. 
20.  What are the advantages of parallel operation of an alternator? (Remembering) 

            The advantages of parallel operation of an alternator are, 
a) Repair and maintenance of individual generating units can be done keeping 

the continuity of supply by properly scheduling maintenance of generators 
one after the other. If only one large generator is installed, supply is to be 
cut off for maintenance work. 

b) Additional sets can be connected in parallel to meet the increasing demand 
thereby reducing the initial capital cost of buying large units in anticipation 
of increasing demand. 

21.  Why the salient pole alternators are more suitable for low speed operation? 
(Remembering) 

                  Salient pole rotor has a large number of projecting poles. It is not practicable 
 to employ the types of rotor in high speed alternator because of the very high 
 peripheral speed and the difficulty of obtaining sufficient mechanical strength. 
 Therefore it is used in low and medium speed alternator. 

22.  What is synchronizing torque? (Remembering) 
                 When the synchronizing current flows, one machines works as motor and 

other as   generator. This current syI  sets up a torque which tends to restarts the 

generating machines and accelerates the motoring machines. This torque produced 
by a synchronizing current is called synchronizing torque. 

24.  Write down the equation for frequency of e.m.f induced in an alternator. 
(Remembering) 

              f = PN / 120 Hertz 
          Where P = No. Of poles 
                    N = Speed in rpm. 

25.  What is the relation between electrical degree and mechanical degree? 
(Remembering) 

   Electrical degree θe and mechanical degree are related to one another by the 
 number of poles P, the electrical machine has, as given by the following equation. 

θe = (P/2) θm 
      26. What is the meaning of electrical degree? (Remembering) 

  Electrical degree is used to account the angle between two points in rotating 
electrical machines. Since all electrical machines operate with the help of magnetic 
fields,the electrical degree is accounted with reference to the polarity of magnetic 
fields. 180 electrical degrees is accounted as the angle between adjacent North and 
South poles. 

      27.  Why short-pitch winding is preferred over full pitch winding? (Remembering) 
 Advantages: - 

 Waveform of the e.m.f can be approximately made to a sine wave and distorting 
 harmonics can be reduced or totally eliminated. 

 Conductor material, copper is saved in the back and front-end connections due to          
less coil span. 

 Fractional slot winding with fractional number of slots/phase can be used which in 
 turn reduces the tooth ripples. 

 Mechanical strength of the coil is increased. 
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      28.  Write down the formula for distribution factor. (Remembering) 
 

Kd = sin (mβ/2) or  Kdn = sin (mnβ/2) 
       msin(β/2)                    msin(nβ/2) 

  Where 
   m - Number of slots/pole/phase 
   β - Angle between adjacent slots in electrical degree 
   n - Order of harmonics. 
 29. Define winding factor. (Remembering) 
  The winding factor Kw is defined as the ratio of phasor addition of e.m.f induced in all 

the coils belonging to each phase winding of their arithmetic addition.  
 30. Why are alternators rated in KVA and not in kW? (Remembering) 
  The continuous power rating of any machine is generally defined as the power the 

machine or apparatus can deliver for a continuous period so that the losses incurred in the 
machine gives rise to a steady temperature rise not exceeding the limit prescribed by the 
insulation class. Apart from the constant loss the variable loss incurred in alternators is the 
copper loss, occurring in the 3-phase winding, which depends on I2R, the square of the 
current delivered by the generator. is directly related to apparent power delivered by the 
generator,Thus the alternators have only their apparent power in VA/kVA/MVA as their 
power rating. 

 31. What is meant by armature reaction in alternators? (Remembering) 
  The interaction between flux set up by the current carrying armature conductors   and 

the main field flux   is defined as the armature reaction. 
 32. What is synchronous impedance? (Remembering) 
  The complex addition of resistance R and synchronous reactance jXs is synchronous 

impedance Zs. 
Zs = (R+jXs) = Zs∟θ 

           Where θ = tan –1(Xs/R) 
         |Zs| = √(R2+jXs

2)  
 33. Why is the MMF method of estimating the voltage regulation is considered as the 

optimization method?  (Remembering) 
  Compared to E.M.F method, MMF method involves more number of complex 

calculation steps. Further the OCC is referred twice and SCC is referred once while 
predetermining the voltage regulation for each load condition. Reference of OCC takes core 
saturation effect. As this method requires more effort, the final result is very close to the 
actual value. Hence this method is called the optimistic method. 
34. What are the advantages of having rotating field system? (Remembering) 
1. Better insulation   2. Ease of current collection 3. Increased armature tooth strength.               
4. More rigid construction 5. Reduced armature leakage reactance. 6. Lesser number of slip 
rings. 7. Lesser rotor weight & inertia 8. Improved ventilation & heat dissipation. 
35. Why is E.M.F method called Pessimistic method? (Remembering) 

The value of voltage regulation obtained by E.M.F method is always more than the 
actual value, therefore it is called Pessimistic method. 
36. Why is MMF method called Optimistic method? (Remembering) 

The value of voltage regulation obtained by MMF method is less than the actual 
value, therefore it is called Optimistic method. 
37. How is the armature winding in alternators different from those used in dc 
machines? (Remembering) 
  The armature winding of the alternator is placed in the stator, but the in case of dc 
machines, armature winding is placed in rotor. 
38. What are the methods by using zero p.f. lagging curve can be obtained? 
(Remembering) 

Zero power factor characteristic of an alternator gives the variation of terminal 
voltage with field current, when the alternator is delivering its full rated current to a zero 
power factor (lagging) load. This characteristic is obtained by running the machine at 
synchronous speed and connecting a purely inductive 3phase load to its terminals. The load 
is varied in steps and at each step the field current is adjusted, so that the armature current 
is equal to its rated value. 
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39. What are squirrel-cage windings of alternators? How and why are they used? 
(Remembering) 

Damper windings are squirrel cage windings of the alternators. This winding is placed 
in rotor pole shoes.            
40. What is the necessity for predetermination of voltage regulation? (Remembering) 

Most of the Alternators are manufactured with large power rating hundreds of kW or 
MW, and also with large voltage rating up to 33kV. For Alternators of such power and 
voltage ratings conducting load test is not possible. Hence other indirect methods of testing 
are used and the performance like voltage regulation then can be predetermined at any 
desired load currents and power factors. 
41. Name the various methods for predetermining the voltage regulation of  
      3-phase Alternator. (Remembering) 
  The following are the three methods which are used to predetermine the voltage 
regulation of smooth cylindrical type Alternators 

Synchronous impedance / E.M.F method  

Ampere-turn / MMF method  
 Potier / ZPF method 

42. What are the advantages and disadvantages of estimating the voltage regulation 
of an Alternator by E.M.F method? (Remembering) 
Advantages: 

Simple no load tests (for obtaining OCC and SCC) are to be conducted  
Calculation procedure is much simpler  

Disadvantages: 

The value of voltage regulation obtained by thismethod is always higher than the 
actual value  
43. Why is the MMF method of estimating the voltage regulation considered as the 
optimistic method? (Remembering) 

Compared to the E.M.F method, MMF method, involves more number of complex 
calculation steps. Further the OCC is referred twice and SCC is referred once while 
predetermining the voltage regulation for each load condition. Reference of OCC takes care 
of saturation effect. As this method requires more effort, the final result is very close to the 
actual value. Hence this method is called optimistic method. 
 44. List the factors that affect the load sharing in parallel operating generators? 
(Remembering) 

The total active and reactive power delivered to the load, connected across the 
common bus-bars, are shared among Synchronous generators, operating in parallel, based 
on the following three factors 

Prime-mover characteristic/input, Excitation level and Percentage synchronous 
impedance and its R/X ratio. 

 

UNIT – V  
SYNCHRONOUS MOTOR (Course Outcome 5) 

 
1. What is hunting? (Remembering) 

   When synchronous motor is on no load, the stator and rotor pole axes 
coincide with each other. When the motor is loaded, the rotor pole axis falls back with 
respect to stator. If the load connected to motor is suddenly changed by a large amount, 
the rotor tries to retard to take its new position. But due to the inertia of rotor, it cannot 
achieve equilibrium instantaneously while achieving new position; it passes beyond its 
final position corresponding to new load. This will produce more torque than demanded. 
So the load angle is reduced and rotor swings in other direction.  
  Such oscillations of the rotor about its new equilibrium position, due to sudden 
application or removal of load is called hunting. 
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2. Compare between synchronous motor and induction motor? (Remembering) 

 
3. What are synchronous condensers? (Remembering) 

         When synchronous motor is overexcited it takes leading p.f. current. If synchronous 
motor is on load, where load angle δ is very small and it is over excited  (Eb > V) then 
power factor angle increases almost up to 90˚. And motor runs with almost zero leading 
power factor condition. This characteristic is similar to a normal capacitor which always 
takes leading power factor current. Hence over excited synchronous motor operating on no 
load condition is called as synchronous condenser or  synchronous capacitor. This is 
the property due to which synchronous motor is used as  a phase advancer or as power 
improvement device. 

4. What are the disadvantages of low power factor? (Remembering) 
The disadvantages of low power factor are: 
1. For higher current, conductor size required is more which increases the cost. 
2. For p.f. is given by 

cos Φ = Active power / apparent power = P in kW / S in kVA rating 
Thus for fixed active power P, low p.f. demands large kVA rating alternators and 
transformers. This increases the cost. 
3. A large current means more copper losses and poor efficiency. 
4. Large currents causes large voltage drops in transmission lines, alternators and 

other equipments. This results into poor regulation. To compensate such drop 
extra equipment is necessary which further increases the cost. 

5. How uses of damper windings prevent hunting in synchronous motor? 
(Remembering) 
When rotor starts oscillating i.e. when hunting starts a relative motion between damper 

winding and the rotating magnetic field is created. Due to this relative motion, e.m.f gets 
induced in the damper windings. According to Lenz’s law, the direction of induced e.m.f is 
always so as to oppose the cause producing it. The cause is the hunting. So such induced 
e.m.f opposes the hunting. The induced e.m.f tries to damp the oscillations as quickly as 
possible. Thus hunting is minimized due to damper winding. The time required by the rotor to 
take its final equilibrium position after hunting is  called as setting time of the rotor. If the 
load angle δ is plotted against time, the schematic  representation of hunting can be 
obtained as shown in fig. It is shown in the diagram that  due to damper winding the 
setting time of the rotor reduces considerably. 

S.No Synchronous Motor Induction Motor 

1. Construction is complicated Construction is simplest, particularly in case of 
cage rotor. 

2. Not self starting. Self starting. 

3. Separate D.C. source is required 
for rotor excitation. 

Rotor gets excited by the induced e.m.f. so 
separate source is not necessary. 

4. The speed is always synchronous 
irrespective of load. 

The speed is always less than synchronous 
but never synchronous. 

5. Speed control is not possible. Speed control possible though difficult. 

6. As load increases, load angle 
increases, keeping speed 
constant as synchronous. 

As load increases, the speed keeps on 
decreasing. 

7. By changing excitation, the motor 
p.f. can be changed from lagging 
and leading. 

It always operates at lagging p.f. and p.f. 
control is not possible. 

8. It can be used as synchronous 
condenser for p.f. improvement. 

It cannot be used as a synchronous 
condenser. 

9. Motor is sensitive to sudden load 
changes and hunting results. 

Phenomenon of hunting is absent. 

10. Motor is costly and requires 
frequent maintenance. 

Motor is cheap. Especially cage motors are 
maintenance free. 
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6. What are the methods of starting of synchronous motor? (Remembering) 

The various methods of starting of synchronous motor are: 
d) Using pony motors 
e) Using damper winding 
f) As a slip ring induction motor 
g) Using small D.C. machine coupled to it. 

7. What are the applications of three phase synchronous motor? (Remembering) 
 Applications: 

1) Used in machine tools 
2) Motor generator sets 
3) Synchronous clocks 
4) Timing devices 
5) Stroboscopic devices 
6) Timing devices 
7) Belt driven reciprocating compressors 
8) Fans and blowers 
9) Centrifugal pumps 
10) Vacuum pumps 
11) Pulp grinders 
12)    Textile mills 
13) Paper mills line shafts 
14) Rolling mills 
15) Cement mills 

  8. What are the steps followed to start a synchronous motor? (Remembering) 
1. Give three phase A.C. supply to a three phase winding. This will produce a rotating 
magnetic field rotating at synchronous speed. 
2. Then drive the rotor by some external means like diesel engine in the direction of 
rotating magnetic field, at a speed very near or equal to synchronous speed. 
3. Switch on the d.c. supply given to the rotor which will produce rotor poles. Now there 
are two fields one is rotating magnetic field produced by stator while the other is 
produced by rotor which is physically rotated almost at the same speed as that of 
rotating magnetic field. 
4. At a particular instant, both the fields get magnetically locked. The stator field pulls 
rotor field into synchronism. Then the external device used to rotate rotor can be 
removed. But rotor will continue to rotate at the same speed as that of rotating magnetic 
field i.e. NS due to magnetic locking. 

   9. State the principle of operation of synchronous motor? (Remembering) 
 Synchronous motor work on the principle of the magnetic locking. When two unlike 

poles are brought near each other, if the magnets are strong, there exists a tremendous 
force of attraction between these two poles. In such condition the two magnets are said to 
be magnetically locked. 

If now one of the two magnets is rotated, the other also rotates in the same 
direction, with the same speed due to the force of attraction i.e. due to magnetic locking 
condition. So to have the magnetic locking condition, there must exist two unlike poles 
and magnetic axes of two must be brought very close to each other.  

  10. Write the equations for power developed in an synchronous motor? 
(Remembering) 

 The equation for maximum power developed in an synchronous motor is, 

  Pm = 3 Ebph Iaph cos     

 ‘+’ sign for lagging power factor and ‘-‘ sign for leading power factor. 
 Alternate expression for power developed in an synchronous motor is, 
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11. Derive the condition for maximum power developed in a synchronous motor? Also    
write the value of maximum power developed in a synchronous motor? 
(Remembering) 

   The value of δ for which the mechanical power developed is maximum can be 
 obtained as, 

0
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  This is the condition for maximum power developed in a synchronous motor. 

 At    the maximum power can be developed in a synchronous motor. 

  Substituting the above value in power equation we get, 

  (Pm)max  =   
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 when Ra is negligible,   90 and hence,0)cos(   

    (Pm)max  = 
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 ------------- (when Ra is negligible) 

 We know that ZS = Ra + j XS = SZ  

  Ra = ZS cos θ and XS = ZS sin  θ 

 Substituting 
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cos  in equation (2) we get, 
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12. Why a 3-phase synchronous motor will always run at synchronous speed? 
(Remembering) 

                  Because of the magnetic coupling between the stator poles and rotor poles the 
motor  runs exactly at synchronous speed. 

 13. What are the principal advantages of rotating field system type of construction of 
synchronous machines? (Remembering) 

 Form Stationary connection between external circuit and system of conditions 
enable the machine to handle large amount of volt-ampere as high as 500 MVA. 

 The relatively small amount of power required for field system can be easily 
supplied to the rotating field system via slip rings and brushes. 

 More space is available in the stator part of the machine for providing more 
insulation to the system of conductors. 

 Insulation to stationary system of conductors is not subjected to mechanical 
stresses due to centrifugal action. 

 Stationary system of conductors can easily be braced to prevent deformation. 

 It is easy to provide cooling arrangement. 
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14. What are the advantages of salient pole type of construction used for 
synchronous machines? (Remembering) 

 They allow better ventilation. 

 The pole faces are so shaped radial air gap length increases from the pole center 
 to the pole tips so that flux distribution in the air gap is sinusoidal in shape which 
 will help to generate sinusoidal e.m.f. 

 Due the variable reluctance, the machine develops additional reluctance power, 
 which is independent of excitation. 

 15. What could be the reasons if a 3-phase synchronous motor fails to start? 
(Remembering) 

                    It is usually due to the following reasons 
               a. Voltage may be too low. 
                         b. Too much starting load. 
                        c. Open circuit in one phase or short circuit. 
                d. Field excitation may be excessive 
  16. What is an inverted 'V' curve? (Remembering) 
                   For a constant load, if the power factor is plotted against various values of field exciting 

current, the curve formed is inverted V Shape and called as inverted 'V' curve. 
 17. When is a synchronous motor said to receive 100% excitation? (Remembering) 
        When Eb = V, synchronous motor receive 100% excitation.  
 18. What is a synchronous capacitor? (Remembering) 

An over excited synchronous motor, running without any mechanical load, used 
specifically for power factor correction is known as synchronous capacitor. 
19. When is a synchronous motor said to be under - excited? What will be the p.f at  
this condition? (Remembering) 

Excitation e.m.f Eb less than supply voltage Eb < V 
Lagging power factor. 

20. What are the inherent disadvantages of synchronous motor? (Remembering) 
i)  Higher cost 
ii) Necessity of a dc excitation source 
iii) Greater initial cost 
iv) High maintenance cost 
 

21. What is the role of synchronous motor in a transmission line? How? 
(Understanding) 

Synchronous motor acts as a voltage regulator in a transmission line. 
When line voltage decreases due to inductive load, motor excitation is increased 

thereby increasing its power factor which compensates for the line voltage drop. 
When the line voltage increases due to line capacitive effect, synchronous motor 

excitation is decreased, thereby making its power factor lagging which helps to the maintain 
the transmission line voltage at its normal value. 
22. Enlist the advantages and disadvantages of synchronous motor. (Remembering) 
Advantages of Synchronous Motors: 

1. The speed is constant and independent of load. 
2. These motors usually operate at higher efficiencies. 
3. Electromagnetic power varies linearly with the voltage. 
4. These motors can be constructed with wider air gaps than induction motors, 

which make them better mechanically. 
5. An Over excited synchronous motor having a leading power factor can be 

operated in parallel with induction motors. 
Disadvantages of Synchronous Motor: 

1. It cannot be started under load. 
2. It requires dc excitation which must be supplied from external source. 
3. It has a tendency to hunt. 
4. It cannot be used for variable speed jobs as there is no possibility of 

speed adjustment 
5. Collector rings and brushes are required. 
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 23. Define pullout torque in synchronous motor (Remembering) 
The maximum torque which the motor can develop without pulling out of step or 

synchronism is called the pull out torque. 
24. What is synchronous condenser? (Remembering) 

Synchronous motor is operating at an over excited condition is called synchronous 
condenser. The synchronous condensers having leading power factor are widely used for 
improving power factor of those power systems which employ a large number of induction 
motors and other lagging power factor loads. 
25. Define pull in torque in synchronous motor: (Remembering) 

It pertains to the ability of the machine to pull into synchronism when changing from 
induction to synchronous motor operation. 
26. Why does the synchronous motor always run at synchronous speed? 
(Remembering) 

A synchronous motor always runs at synchronous speed because of the magnetic 
locking between the stator and rotor poles.  

 
    

 

 




























