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PART A - I 

1.   

a. Non-salient pole type alternator. 

b.  Salient pole type alternator. 

 

2.  To prevent hunting. 

 

3.  

a. EMF method 

b. MMF method 

c. ZPF method 

d. Direct load test 

 

4.  

a. Using pony motor. 

b.  Using DC motor. 

c. With the help of damper windings. 

 

5.  

a. Permanent magnet stepper motor. 

b. Variable reluctance stepper motor. 

c. Hybrid stepper motor. 

PART B – II 

1. 

 The stationary armature coils can be insulated easily. 

 Higherspeeds can be achieved in the rotor. 

 Cooling of the winding is more efficient. 

 Only two slip rings are required to give DC supply to the field system. 

 Output current can be easily supplied to the load circuit. 

 Heavy bearings are not needed. 

2. The Synchronous Impedance Method or Emf Method is based on the concept of replacing the effect of armature reaction by an 

imaginary reactance. 

 Conduct SC test and OC test. 

 Find the value of armature resistance. 

 Plot OCC and SCC as shown in figure. 

 



www.madinpoly.com  

   

 

 Determine the value of short circuit current Isc and the rated alternator voltage per phase. 

 The synchronous impedance ZS is given as, 

 

  The synchronous reactanceXs is determined as, 

 

 No load induced e.m.f. per phase, Eph can be determined by, 

Eph= √[(V cosφ+IRa)²+ (V Sinφ+IXs)² ] 

 Positive sign for lagging power factor while negative sign for leading power factor, Ra and Xs values are known from 

the various tests performed. 

 The regulation then can be determined by using formula 

 

 

3. 

 The terminal voltage of the incoming alternator must be equal to that of bus bars voltage. 

 The speed of the incoming alternator must be such that its frequency is equal to that of bus bars. 

 The phase sequence of incoming alternator must be the same as that of bus bars. 

4. Whenever a three phase supply is given to the stator, a rotating magnetic field is produces which is rotating at very high speed 

depending up on the no. of poles and frequency of supply. Due to change in flux w.r.t time an emf is induced in the rotor and torque in 

developed in anticlockwise direction (direction is taken acc. to fleming right hand rule. Now stator fields are rotating very fast i.e. at a 

speed Ns  r.p.m. Due to inertia, before rotor hardly rotates in the direction of  anticlockwise torque, to which it is subjected, the stator 

poles change their positions. Consider an instant half a period latter where stator poles are exactly reversed but due to inertia rotor is 

unable to rotate from its initial position. This is shown in the Fig. 

 

At this instant, due to the unlike poles trying toattract each other, the rotor will be subjected to a torque in clockwise direction. 

This will tend to rotate rotor in the direction of rotating magnetic field. 

X 100 
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But before this happen, stator poles again change their position reversing the direction of the torque exerted on the rotor. 

As a result, the average torque exerted on the rotor is zero. And hence the synchronous motor is not self starting. So under any 

case, whatever may be the starting position of the rotor, synchronous motor is not self starting. 

5. 

         

6.  A Capacitor Start Capacitor Run Induction Motor is a single phase motor consists of a stator and a single-cage rotor. The stator 

has two windings i.e. main winding and an auxiliary winding. The auxiliary winding is also known as starting winding. In 

construction, these two windings are placed 90° apart in space. This motor has two capacitors i.e. Cs and Cr. This motor is also 

known as Two value capacitor motor. The Capacitor Start Induction Motor is shown in figure below. 

 

7. Stepper motors are DC motors that move in discrete steps. They have multiple coils that are organized in groups called 

"phases". By energizing each phase in sequence, the motor will rotate, one step at a time. There are three main types of stepper 

motors, they are: 

 Permanent magnet stepper 

 Hybrid synchronous stepper 

 Variable reluctance stepper 

Some of their applications are in, 

 Industrial Machines. 

 Security  industry. 

 Medical field. 

 Military applications. 
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PART C 

UNIT – 1 

III – A 

 

III –B 

The AC generator (alternator) or synchronous generator is a machine which converts the mechanical power or energy into 

electrical power. 

The construction of an alternator is very similar to the DC generator but the main difference between them in DC generator the 

armature winding is the rotating part and field winding is the stationary part whereas in an alternator the armature winding is 

stationary and field winding is the rotary part. 

Stator 

 As the name suggests it is the stationary part of the machine and it is made up of special magnetic material which can 

allow high magnetic permeability and low magnetic hysteresis such as fabricated steel. 

 The stator core is laminated to minimize the effect of eddy current losses. 
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 The slots are provided in the inner periphery of the core and the armature conductors or coils are assembled in it. 

  

Rotor 

 The revolving field structure of the electrical machine is called as the rotor. In a synchronous generator, the rotor 

carries a field winding which is supplied by the DC source. 

 There are two types of rotor construction 

1. A.Salient pole type rotor : The salient pole type rotor is used for low and medium speed machines (less than 

1200 rpm) and have the large diameter and small axial length. 

 

 

2. Non-Salient Pole Alternator 

This type of Rotor is used for steam driven alternator i.e turbo alternator which runs at very high speed 
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IV A 

Let, 

P = No. of poles 

Z = No. of Conductors or Coil sides in series/phase  

i.e. Z = 2T…Where T is the number of coils or turns per phase (Note that one turn or coil has two ends or sides) 

f = frequency of induced EMF in Hz 

Φ = Flux per pole (Weber) 

N = rotor speed (RPM) 

 

 

Kc or KP = Cos α/2 

If induced EMF is assumed sinusoidal then, 

Kf = Form factor = 1.11 

In one revolution of the rotor i.e. in 60/N seconds, each conductor is cut by a flux of ΦP Webers. 

dΦ = ΦP and also dΦ = 60/N seconds 

then induced emf per conductor (average) 

          ….. (i) 

But we know that: 

f = PN / 120 or N= 120f / P 
Putting the value of N in Equation (i), we get, 

Average value of EMF per conductor = 

 

∴ (N= 120f/P) 

If there are Z conductors in series per phase, 

Kd= Distribution factor =  

                

https://www.electricaltechnology.org/wp-content/uploads/2012/11/EMF-EQUATION-OF-AN-ALTERNATOR-OR-AC-GENERATOR.png
https://www.electricaltechnology.org/wp-content/uploads/2012/11/EMF-EQUATION-OF-AN-ALTERNATOR.png
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 then average e.m.f per phase = 2 f Φ Z Volts = 4 f ΦT Volts ….. (Z=2T) 

Also we know that; 

Form Factor= RMS Value / Average Value 

 RMS value= Form factor x Average Value, 

= 1.11 x 4fΦT = 4.44fΦT Volts. 

Considering Kp and Kc 

EMF induced = 4.44Kc Kd f ΦT Volts. 

IV – B 
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UNIT – II 

V A 

The entire induced e.m.f. cannot be made available to the load due to the various internal voltage drops. So the voltage available to the 

load is called terminal voltage denoted as Vt or Vph. The terminal voltage will be always less than induced emf. This is because of, 

 Drop due to armature resistance.( IaRa) 

 Drop due to leakage reactance.( IaXL) 

 Drop due to armature reaction.( IaXar) 
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The drop in voltage due to armature reaction may be accounted for by assuming the presence of fictitious reactance Xar in the armature 

winding. 

Now, Synchronous reactance Xs = XL + Xar. 

Vector diagram shows the difference between terminal voltage and generated voltage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

V – B 
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VI – A 

For single phase Alternators; 

 The terminal voltage of the incoming machine and the alternator which is to be connected in parallel or with the Busbar voltage 

should be equal. 

 The frequency of the generated voltage of the incoming machine and the frequency of the voltage of the Busbar should be 

equal. 

 

For three phase alternators; 
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 The phase sequence of the Busbar voltages and the incoming machine voltage must be the same. 

 The terminal voltage of the incoming machine and the alternator which is to be connected in parallel or with the Busbar voltage 

should be equal. 

 The frequency of the generated voltage of the incoming machine and the frequency of the voltage of the Busbar should be 

equal. 

VI – B 

 

 

 

 

 

 

UNIT - III 
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VII – A 

 

1.  Synchronous motor runs at constant synchronous speed, regardless of the load.  

2.  If the load on a synchronous motor is increased, the motor continues to run at synchronous speed. 

3. The torque angle δ increases.  

4. If the excitation voltage Ef remains constant. The armature current Ia drawn from the supply increases.  

5. The load on the shaft is increased.the rotor slows down momentarily, as it required some time to take increased power from the 

line. In another word, it can be said that even if the rotor is rotating at synchronous speed, the rotor slips back in space because 

of the increase in the load. In this process, the torque angle δ becomes larger and, as a result, the induced torque increases. 

The induced torque equation is given as Consider a synchronous motor operating initially with a leading power factor. The 

phasor diagram for leading power factor is shown below. 

 

 

 

 

 

 

 

 

 

 

 

VII – B 

https://image.slidesharecdn.com/effectofloadonasynchronousmotor-180907182207/95/effect-of-load-on-a-synchronous-motor-3-638.jpg?cb=1536344662
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VIII – A 

 

V-Curve of a Synchronous motor is graphical representation of load-current versus field current. Set of V-Curves can be drawn for the 

same motor, each curve corresponding to particular output/input power held constant. Synchronous motors are capable of operating at 

any desired power-factor. If the power factor (cos ф ) is plotted against field current (If), then the shape of the graph looks like an inverted 

V. Such curves obtained by plotting p.f. against If, at various load conditions are called Inverted V-curves of synchronous motor 

VIII – B 

Starting torque: It is torque developed by the synchronous motor when name plate voltage is applied to its armature winding. It is also 

called as breakdown torque.  

Running torque:It is torque developed by the synchronous motor under running condition. It is determined by horse power and speed of 

the motor. 

Pull in torque: The amount of torque requires for synchronous motor to pull into synchronism is called as pull in torque. 

Pull out torque: It is maximum torque which the synchronous motor can develop without pulling out of step.  

UNIT – IV 

IX – A 

AC series motors are also known as the modified DC series motor as their construction is very similar to that of the DC series motor. 

Before we discuss these modifications, here it is essential to discuss what is the need and where do we need to do modifications. In order 

to understand this, consider this question. What will happen when we give an AC supply to DC series motor? Answer to this question is 

written below: 
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1. An AC supply will produce an unidirectional torque because the direction of both the currents (i.e. armature current and field 

current) reverses at the same time. 

2. Due to presence of alternating current, eddy currents are induced in the yoke and field cores which results in excessive heating 

of the yoke and field cores. 

3. Due to the high inductance of the field and the armature circuit, the power factor would become very low. 

4. There is sparking at the brushes of the DC series motor. 

So considering above points we can say that we don’t have good performance of DC series motor on the application of AC supply. Now in 

order to reduce the eddy currents there is need to laminate the yoke and field core. This is our first modification to DC series motor. 

What about power factor how we can improve power factor? Now the power factor is directly related to reactance of the field and armature 

circuit and we can reduce the field winding reactance by reducing the number of turns in the field winding. 

But there is one problem: on reducing the number of turns, field mmf will decrease and due to this the air gap flux decrease. The overall 

result of this is that there is an increase in the speed of the motor but decrease in the motor torque which is not desired. Now how to 

overcome this problem? The solution to this problem is the use of compensating winding. 

 

 

IX – B 

In addition to the main winding or running winding, the stator of single phase induction motor carries another winding called auxiliary 

winding or starting winding. A centrifugal switch is connected in series with auxiliary winding. The purpose of this switch is to disconnect 

the auxiliary winding from the main circuit when the motor attains a speed up to 75 to 80% of the synchronous speed. We know that the 

running winding is inductive in nature. Our aim is to create the phase difference between the two winding and this is possible if the starting 

winding carries high resistance. 

Irun is the current flowing through the main or running winding, 

Istart is the current flowing in starting winding, and VT is the supply voltage. 

 

We know that for highly resistive winding the current is almost in phase with the voltage and for highly inductive winding the current lag 

behind the voltage by large angle. The starting winding is highly resistive so, the current flowing in the starting winding lags behind the 

applied voltage by very small angle and the running winding is highly inductive in nature so, the current flowing in running winding lags 

behind applied voltage by large angle. The resultant of these two current is IT. The resultant of these two current produce rotating magnetic 

field which rotates in one direction. In split phase induction motor the starting and main current get splitted from each other by some angle 

so this motor got its name as split phase induction motor. 
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X – A 

 

The Permanent Split Capacitor motor also has a cage rotor and the two windings named as main and auxiliary windings similar to that of 

a Capacitor Start and Capacitor Start Capacitor Run Motor. It has only one capacitor connected in series with the starting winding. The 

capacitor C is permanently connected in the circuit both at the starting and the running conditions. It is also called as a Single Value 

Capacitor Motor. As the capacitor is always in the circuit and thus this type of motor does not contain any starting switch. The auxiliary 

winding is always there in the circuit.  Therefore, the motor operates as the balanced two-phase motor. The motor produces a uniform 

torque and has noise free operation. 

Advantages of Permanent Split Capacitor Motor 

 No centrifugal switch is required. 

 Efficiency is high. 

 As the capacitor is connected permanently in the circuit, the power factor is high. 

 It has a higher pullout torque. 

 

 

 

 

 

 

X – B 

A Printed Circuit Board or a Disc Armature motor consists of a rotor disc made of non-magnetic and non-conducting material. The 

armature winding and the commutator are printed with copper on both the sides of the disc. The disc armature is placed between two sets 

of permanent magnets mounted on the ferromagnetic plates. Brushes are placed around the inner periphery. 
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The arrangement of the assembly of the motor provides axial flux through the armature. The Torque in the motor is produced by the 

interaction of the axial flux and the current flowing through the armature disc. 

Advantages of Printed Circuit Board Motor 

 The motor provides quick acceleration and retardation. As the inertia of the motor is very low and therefore, the ratio of torque 

and inertia is very high. 

 The rotor does not contain iron, thus the armature inductance is low. 

 The lower inductance of the motor reduces sparking and as a result life of brushes is increased. 

 Cogging torque is absent because of the non-magnetic rotor. 

 A PCB motor has a high overload current capacity. 

 There is a negligible armature reaction and flux distortion and hence the speed torque curve of the motor is linear. 

Applications of the Printed Circuit Board Motor 

The characteristics of the PCB motor, i.e. the high torque and inertia ratio makes the motor suitable for controlling applications. The 

various usage of the motor is as follows:- 

 Used in high-speed tape readers. 

 PCB motor is used in X-Y recorders, point to point tool positioner. 

 Used in robots and other servo drives. 

 It is also suitable for heavy-duty drives such as lawn mowers. 

As there is inbuilt optical position encoder thus it can be used in some place of the stepper motor. 

 

 


