
             

14. Assignment topics with materials 

 
5. Principle of operation of DC Machines 

There are two types of generators, one is ac generator and other is DC generator. Whatever may 

be the types of generators, it always converts mechanical power to electrical power.  

An AC generator produces alternating power. A DC generator produces direct power. Both of 

these generators produce electrical power, based on same fundamental principle of Faraday's law 

of electromagnetic induction. According to this law, when a conductor moves in a magnetic 

field it cuts magnetic lines of force, due to which an emf is induced in the conductor. 

 The magnitude of this induced emf depends upon the rate of change of flux (magnetic line 

force) linkage with the conductor. This emf will cause a current to flow if the conductor circuit is 

closed. 

 

Hence the most basic tow essential parts of a generator are 

 Magnetic field 

 Conductors which move inside that magnetic field. 

 

Single Loop DC Generator 

 

 

In the figure above, a single loop of conductor of rectangular shape is placed between two 



             

opposite poles of magnet. 

 

Let's us consider, the rectangular loop of conductor is ABCD which rotates inside the magnetic 

field about its own axis ab. When the loop rotates from its vertical position to its horizontal 

position, it cuts the flux lines of the field. As during this movement two sides, i.e. AB and CD of 

the loop cut the flux lines there will be an emf induced in these both of the sides (AB and BC) of 

the loop 

Now the loop is opened and connected it with a split ring as shown in the figure below. Split ring 

are made out of a conducting cylinder which cuts into two halves or segments insulated from 

each other. The external load terminals are connected with two carbon brushes which are rest on 

these split slip ring segments. 

Working Principle of DC Generator 

 

It is seen that in the first half of the revolution current flows always along ABLMCD i.e. brush 

no 1 in contact with segment a. In the next half revolution, in the figure the direction of the 

induced current in the coil is reversed. But at the same time the position of the segments a and b 

are also reversed which results that brush no 1 comes in touch with the segment b. Hence, the 

current in the load resistance again flows from L to M. The wave from of the current through the 

load circuit is as shown in the figure. This current is unidirectional. 



             

 

This is basic working principle of DC generator, explained by single loop generator model. The 

position of the brushes of DC generator is so arranged that the changeover of the segments a and 

b from one brush to other takes place when the plane of rotating coil is at right angle to the plane 

of the lines of force. It is so become in that position, the induced emf in the coil is zero. 

 

2. Emf equation of the dc generator 

E. M.F Equation 
The derivation of EMF equation for DC generator has two parts: 

 Induced EMF of one conductor 
 Induced EMF of the generator 

Derivation for Induced EMF of One Armature Conductor 
For one revolution of the conductor, 
 

 Flux produced by each pole in weber (Wb) 
And P = number of poles in the DC generator. 

Therefore, Total flux produced by all the poles  
And, Time taken to complete one revolution 

Where, N = speed of the armature conductor in rpm. 

equal to rate of cutting the flux. 
Therefore, 

 
Induced emf of one conductor is 

 
Derivation for Induced EMF for DC Generator  



             

Let us suppose there are Z total numbers of conductor in a generator, and arranged in such a 
manner that all parallel paths are always in series. 
Here, Z = total numbers of conductor 
  
A = number of parallel paths 
 
Then, Z/A = number of conductors connected in series
 
We know that induced emf in each path is same across the line 
 
Therefore, Induced emf of DC generator 
 
E = emf of one conductor × number of conductor connected in series. 
 
Induced emf of DC generator is 

 
Simple wave wound generator 
 
Numbers of parallel paths are only 2 = A 
 
Therefore, 
Induced emf for wave type of winding generator is 

 
Simple lap-wound generator 
 
Here, number of parallel paths is equal to number of conductors in one path 
i.e. P = A, 
 
Therefore, Induced emf for lap-wound generator is 

 

3. Types of generators 

The performance characteristics of a dc machine are greatly influenced by the way in which the 

field winding is excited with direct current. There are two Methods of Excitation of a dc 

machine. 



             

 

Excellent and versatile ways of controlling the shunt and series excitations are now possible by 

use of solid-state devices and associated control circuitry. 

Another way of classifying machine excitation, which is meaningful for dc machines used as a 

generator, is to distinguish whether the machine field is excited by its own armature 

voltage/current or an independent source is used for this purpose. The two distinct classes of 

machine excitation from this point of view are: 

1. Separate excitation 

2. Self excitation 

In separate excitation a separate dc source is needed for excitation purposes only and is 

obviously inconvenient. The separate excitation arrangement, the shunt field winding, is shown 

in Fig. (a). The separately excited machine is most flexible as full and independent control of 

both armature and field circuits is possible. Permanent magnet machines also fall into this 

category. 

A self-excited dc generator could be excited by its own armature voltage (shunt excitation) as in 

Fig. (b) or by its own current (series excitation) as in Fig. (c). A combination of shunt and series 

excitation (compound excitation) is also used for generators as discussed later in this section. A 

self-excited generator may fail to excite under certain field conditions as is explained in sec 

A dc machine when used as a motor has its shunt field always separately excited as its excitation 

is drawn from the dc supply. Figures (b) and (c) are valid shunt and series excitation schemes for 

dc motors. 

If both shunt and series excitations are used in a dc machine as in Fig (d), it is called a 

compound dc machine. If the series field flux aids the shunt field flux, so that the resultant air-



             

gap flux per pole is increased, then the machine is called a cumulatively compounded dc 

machine (Fig. (d)). However, if a series field flux opposes the shunt field flux, so that the 

resultant air-gap flux per pole is decreased, the machine is called a differentially compounded dc 

machine (Fig. (e)). In Fig. , the field and armature circuits are drawn at 90° (elect.) with respect 

to each other which represents, as pointed out earlier, the actual spatial orientation of the 

magnetic fields produced by field and armature circuits in a dc machine. 

The direction of the arrows in Figs (d) and (e) corresponds to the magnetic fields associated with 

the two field windings. Figure (d) implies that the magnetic fields of two field windings are 

additive. Cumulative compounding of both motors and generators are often used to exploit the 

merits of both shunt and series excitations. 

 

 

 



             

4. Swinburne Test of DC Machine 
This method is an indirect method of testing a DC machine. It is named after Sir James 
Swinburne. Swinburne's test is the most commonly used and simplest method of testing of 
shunt and compound wound DC machines which have constant flux. In this test the efficiency of 
the machine at any load is pre-determined. We can run the machine as a motor or as a generator. 
In this method of testing no load losses are measured separately and eventually we can determine 
the efficiency. 
 
The circuit connection for Swinburne's test is shown in figure below. The speed of the machine 
is adjusted to the rated speed with the help of the shunt regulator R as shown in figure. 

 
Advantages of Swinburne's Test 
The main advantages of this test are: 

 This test is very convenient and economical as it is required very less power from supply 
to perform the test. 

 Since constant losses are known, efficiency of Swinburne's test can be pre-determined 
at any load. 

Disadvantages of Swinburne's Test 
The main disadvantages of this test are : 

 Iron loss is neglected though there is change in iron loss from no load to full load due to 
armature reaction. 

 We cannot be sure about the satisfactory commutation on loaded condition because the 



             

test is done on no-load. 
 

vary with the temperature. 
 In DC series motors

no load test. 
Losses in DC Machine 

 

energy. During this process, the total input power is not transformed into output power. Some 
part of input power gets wasted in various forms. The form of this loss may vary from one 
machine to another. These losses give in rise in temperature of machine and reduce the 
efficiency of the machine. In DC Machine, there are broadly four main categories of energy 
loss. 
Copper Losses or Electrical Losses in DC Machine or Winding Loss 
The copper losses are the winding losses taking place during the current flowing through the 
winding. These losses occur due to the resistance in the winding. In DC machine, there are only 
two winding, armature and field winding. 
Thus copper losses categories in three parts; armature loss, field winding loss, and brush contact 
resistance loss. The copper losses are proportional to square of the current flowing through the 
winding. 
Armature Copper Loss in DC Machine 
Armature copper loss = Ia2Ra 
 
Where, Ia is armature current and Ra is armature resistance. 
 
These losses are about 30% of the total full load losses. 
Field Winding Copper Loss in DC Machine 
Field winding copper loss = If2Rf 
 
Where, If is field current and Rf is field resistance. 
 
These losses are about 25% theoretically, but practically it is constant. 
Swinburne Test of DC Machine 
 
This method is an indirect method of testing a DC machine. It is named after Sir James 
Swinburne. Swinburne's test is the most commonly used and simplest method of testing of 
shunt and compound wound DC machines which have constant flux. In this test the efficiency of 
the machine at any load is pre-determined. We can run the machine as a motor or as a generator. 
In this method of testing no load losses are measured separately and eventually we can determine 
the efficiency. 
 
The circuit connection for Swinburne's test is shown in figure below. The speed of the machine 
is adjusted to the rated speed with the help of the shunt regulator R as shown in figure. 



             

 
Calculation of Effi ciency 
Let, I0 is the no load current (it can be measured by ammeter A1) Ish is the shunt field current (it 
can be measured by ammeter A2) 
Then, no load armature current  

=  
Also let, V is the supply voltage. Therefore, No load power input = VI0 watts. 
In Swinburne's test no load power input is only required to supply the losses. The losses occur 
in the machine mainly are: 
 
Iron losses in the core 
 
Friction and windings losses 
 
Armature copper loss. 
 
Since the no load mechanical output of the machine is zero in Swinburne's test, the no load input 
power is only used to supply the losses. 
 
The value of armature copper loss 

 =  
Here, Ra is the armature resistance. 
 
Now, no to get the constant losses we have to subtract the armature copper loss from the no load 
power input. 
 
Then, 

 



             

After calculating the no load constant losses now we can determine the efficiency at any load. 
Let, I is the load current at which we have to calculate the efficiency of the machine. 
Then, armature current (Ia) will be (I - Ish), when the machine is motoring. 
And  

, when the machine is generating. 
Calculation of Efficiency When the Machine is Motoring on Load 
Power input = VI 
 
Armature copper loss, 

 
Constant losses, 

 Efficiency of the motor: 

 
Calculation of Efficiency When the Machine is Generating on Load 
Power input = VI 
 
Armature copper loss, 

 
Constant losses, 

 Efficiency of the generator: 

 
 
5. Speed control of D.C. Motors - Armature voltage and field flux control methods: 

Speed control means intentional change of the drive speed to a value required for performing the 
specific work process. Speed control is a different concept from speed regulation where there is 
natural change in speed due change in load on the shaft. Speed control is either done manually 
by the operator or by means of some automatic control device. One of the important features 
of DC motor is that its speed can be controlled with relative ease. We know that the emf 
equation of DC motor is given as, 

N = 60A E / PZØ 
 
N = E / kØ  
 
where, k = PZ/60A 
 
N = V - Ia Ra / kØ 
 



             

 
Therefore speed (N) of 3 types of DC motor  SERIES, SHUNT and COMPOUND can be 
controlled by changing the quantities on RHS of the expression. So speed can be varied by 
changing 

 Terminal voltage of the armature V. 
 External resistance in armature circuit Ra. 
 Flux  

The first two cases involve change that affects armature circuit and the third one involves change 
in magnetic field. Therefore speed control of DC motor is classified as 

 Armature control methods 
 Field control methods. 
 Speed Control of DC Series Motor 

Speed control of DC series motor can be done either by armature control or by field control. 
Armature Control of DC Series Motor 
Speed adjustment of DC series motor by armature control may be done by any one of the 
methods that follow, 
Armature Resistance Control Method: 
  
This is the most common method employed. Here the controlling resistance is connected directly 
in series with the supply of the motor as shown in the fig.

 
The power loss in the control resistance of DC series motor can be neglected because this control 
method is utilized for a large portion of time for reducing the speed under light load condition. 
This method of speed control is most economical for constant torque. This method of speed 
control is employed for DC series motor driving cranes, hoists, trains etc. 
Shunted Armature Control:   
 
The combination of a rheostat shunting the armature and a rheostat in series with the armature is 
involved in this method of speed control. The voltage applied to the armature is varies by 
varying series rheostat R1. The exciting current can be varied by varying the armature shunting 
resistance R2. This method of speed control is not economical due to considerable power losses 



             

in speed controlling resistances. Here speed control is obtained over wide range but below 
normal speed. 

 
Armature terminal voltage control:  
  
The speed control of DC series motor can be accomplished by supplying the power to the 
motor from a separate variable voltage supply. This method involves high cost so it rarely used. 
Field Control of DC Series Motor 
The speed of DC motor can be controlled by this method by any one of the following ways  
Field Diverter Method 
 
This method uses a diverter. Here the field flux can be reduced by shunting a portion of 
motor current around the series field. Lesser the diverter resistance less is the field current, less 
flux therefore more speed. This method gives speed above normal and the method is used 
in electric drives in which speed should rise sharply as soon as load is decreased. 

 
Tapped Field Control 



             

 
This is another method of increasing the speed by reducing the flux and it is done by lowering 
number of turns of field winding through which current flows. In this method a number of 
tapping from field winding are brought outside. This method is employed in electric traction. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



             

UNIT -II  
Transformers and performance 

 
5. Single phase transformer and its operation? 

 
A transformer is a static machine used for transforming power from one circuit to another 

without changing frequency. This is a very basic definition of transformer. Since there is no 

rotating or moving part so transformer is a static device. Transformer operates on ac supply. 

Transformer works on the principle of mutual induction 

 

Generally, the name associated with the construction of a transformer is dependent upon how 

the primary and secondary windings are wound around the central laminated steel core. The 

two most common and basic designs of transformer construction are the Closed-core 

Transformer and the Shell-core Transformer 

In core type transformer it has two vertical legs or limbs with two horizontal sections named 

yoke. Core is rectangular in shape with a common magnetic circuit. Cylindrical coils (HV 

and LV) are placed on both the limbs. 

Shell type transformer: It has a central limb and two outer limbs. Both HV, LV coils are 

placed on the central limb. Double magnetic circuit is present. Berry type transformer: The 

core looks like spokes of wheels. Tightly fitted metal sheet tanks are used for housing this 

type of transformer with transformer oil filled inside. 

Transformer Core Construction 

 

  

Shell type transformer cores overcome this leakage flux as both the primary and secondary 



             

windings are wound on the same centre leg or limb which has twice the cross-sectional area of 

the two outer limbs. The advantage here is that the magnetic flux has two closed magnetic paths 

to flow around external to the coils on both left and right hand sides before returning back to the 

central coils. 

This means that the magnetic flux circulating around the outer limbs of this type of transformer 

construction is equal to 

advantage of decreasing core losses and increasing overall efficiency 

Constructional details: 
 
Two coils of wire (called windings) are wound on some type of core material. In some cases the 

coils of wire are wound on a cylindrical or rectangular cardboard form. In effect, the core 

material is air and the transformer is called an AIR-CORE TRANSFORMER. Transformers used 

at low frequencies, such as 60 hertz and 400 hertz, require a core of low-reluctance magnetic 

material, usually iron. This type of transformer is called an IRON-CORE TRANSFORMER. 

Most power transformers are of the iron-core type. 

 The principle parts of a transformer and their functions are: The CORE, which provides a path 

for the magnetic lines of flux. The PRIMARY WINDING, which receives energy from the ac 

source. The SECONDARY WINDING, which receives energy from the primary winding and 

delivers it to the load. The ENCLOSURE, which protects the above components from dirt, 

moisture, and mechanical damage. 

 (i) CORE 

There are two main shapes of cores used in laminated-steel-core transformers. One is the 

HOLLOWCORE, so named because the core is shaped with a hollow square through the center. 

This shape of core. Notice that the core is made up of many laminations of steel it shows how 

the transformer windings are wrapped around both sides of the core. 

 

 

 (ii)  WINDINGS  



             

 As stated above, the transformer consists of two coils called WINDINGS which are wrapped 

around a core. The transformer operates when a source of ac voltage is connected to one of the 

windings and a load device is connected to the other. The winding that is connected to the source 

is called the PRIMARY WINDING. The winding that is connected to the load is called the 

SECONDARY WINDING. The primary is wound in layers directly on a rectangular cardboard 

form. 

  

  

 

EMF equation - operation on no load - phasor diagrams: 

 
Let the applied voltage V1 applied to the primary of a transformer, with secondary open-

circuited, be sinusoidal (or sine wave). Then the current I1, due to applied voltage V1, will also 

be a sine wave. The mmf N1 I1 and core flux Ø will follow the variations of I1 closely. That is 

the flux is in time phase with the current I1 and varies sinusoidally. 



             

  

 Let, 

NA = Number of turns in primary ;NB = Number of turns in secondary 

 Ømax = Maximum flux in the core in webers = Bmax X A f = Frequency of alternating current 

input in hertz (HZ) 

 As shown in figure above, the core flux increases from its zero value to maximum value Ømax in 

one quarter of the cycle , that is in ¼ frequency second. 

Therefore, average rate of change of flux = Ømax/ ¼ f = 4f ØmaxWb/s 

Now, rate of change of flux per turn means induced electro motive force in volts. 

Therefore, 

average electro-motive force induced/turn = 4f Ømaxvolt 

 If flux Ø varies sinusoidally, then r.m.s value of induced e.m.f is obtained by multiplying the 

average value with form factor. 

 Form Factor = r.m.s. value/average value = 1.11 Therefore, r.m.s value of e.m.f/turn = 1.11 X 4f 

Ømax = 4.44f Ømax Now, r.m.s value of induced e.m.f in the whole of primary winding.= (induced 

e.m.f./turn) X Number of primary turns 

 Therefore, 



             

 EA = 4.44f NAØmax = 4.44fNABmA 

Similarly, r.m.s value of induced e.m.f in secondary is 

 EB = 4.44f NB Ømax = 4.44fNBBmA 

In an ideal transformer on no load, VA = EA  and VB = EB  , where VB is the terminal voltage 

 Voltage Transformation Ratio. 

 The ratio of secondary voltage to primary voltage is known as the voltage transformation ratio 

and is designated by letter K. i.e. 

 Voltage transformation ratio, K = V2/V1 = E2/E1 = N2/N1 

 Current Ratio.  

 The ratio of secondary current to primary current is known as current ratio and is reciprocal of 

voltage transformation ratio in an ideal transformer. 

 Transformer on No Load. 

 When the primary of a transformer is connected to the source of an ac supply and the secondary 

is open circuited, the transformer is said to be on no load. The Transformer on No Load 

alternating applied voltage will cause flow of an alternating current I0 in the primary 

 winding, which will create alternating flux Ø. No-load current I0, also known as excitation or 



             

exciting current, has two components the magnetizing component Im and the energy component 

Ie. Im is used to create the flux in the core and Ie is used to overcome the hysteresis and eddy 

current losses occurring in the core in addition to small amount of copper losses occurring in the 

primary only (no copper loss occurs in the secondary, because it carries no current, being open 

circuited.) 

 From vector diagram shown in above it is obvious that 

 1. Induced emfs in primary and secondary windings, E1 and E2 lag the main flux Ø by and are 

in phase with each other. 

 2. Applied voltage to primary V1 and leads the main flux Ø by and is in phase opposition to E1. 

 3.  Secondary voltage V2 is in phase and equal to E2 since there is no voltage drop in 

secondary. 

 4. Im is in phase with Ø and so lags V1 by 

5. Ie is in phase with the applied voltage V1. 

6. Input power on no load = V1Ie = V1I0 cos Ø0 where Ø0 = tan-1 

 
3. Explain the Operation On  ON Load - Phasor Diagrams  

The transformer is said to be loaded, when its secondary circuit is completed through an 

impedance or load. The magnitude and phase of secondary current (i.e. current flowing through 

secondary) I2 with respect to secondary terminals depends upon the characteristic of the load i.e. 

current I2 will be in phase, lag behind and lead the terminal voltage V+2+ respectively when the 

load is non-inductive, inductive and capacitive. The net flux passing through the core remains 

almost constant from no-load to full load irrespective of load conditions and so core losses 

remain almost constant from no-load to full load. Vector diagram for an ideal transformer 

supplying inductive load is shown 



             

 

  

Resistance and Leakage Reactance In actual practice, both of the primary and secondary 

windings have got some ohmic resistance causing voltage drops and copper losses in the 

windings. In actual practice, the total flux created does not link both of the primary and 

secondary windings but is divided into three components namely the main or mutual flux Ø 

linking both of the primary and secondary windings, primary leakage flux ØL1 linking with 

primary winding only and secondary leakage flux ØL2 linking with secondary winding only. The 

primary leakage flux ØL1 is produced by primary ampere-turns and is proportional to primary 

current, number of primary turns being fixed. The primary leakage flux ØL1 is in phase with 

I1 and produces self induced emf ØL1 is in phase with I1 and produces self induced emf 

EL1 given as 2f L1 I1 in the primary winding. 

 The self induced emf divided by the primary current gives the reactance of primary and is 

denoted by X1. 



             

  

 

ormer 

windings referred to primary and secondary sides are given as below Referred to primary side 

Equivalent resistance, 

Equivalent resistance, = X'1 = Referred to secondary side Equivalent resistance, 

Equivalent resistance, = X2 + K2X1 Where K is the transformation ratio. 

4. Conduct an open circuited test on transformer 

OC  test: 

In this test secondary (usually high voltage) winding is left open, all metering instruments 

(ammeter, voltmeter and wattmeter) are connected on primary side and normal rated voltage is 

applied to the primary (low voltage) winding, as illustrated below 

 

Iron loss = Input power on no-load  

W0 watts (wattmeter reading) No-load current = 0 amperes (ammeter reading) Angle of lag, = 



             

- Caution: Since no load current I0 is very small, therefore, pressure coils 

of watt meter and the volt meter should be connected such that the current taken by them should 

not flow through the current taken by them should not flow through the current coil of the watt 

meter. 

V0 = Rated Voltage 

Wo = Input power 

I0 = Input current = no oad current 

Im = I0 0 

Ic = I0cos 0 

cos 0 = No load power factor 

Hence power input can be written as, 

Wo = V0 I0 cos 0 

W0 = Pi = Iron losses 

W0 = V0I0 cos 0 

cos 0 = W0 / V0I0 = no load power factor 

Ro = V0/Ic  

X0 = V0 /Im 

Short-circuit or Impedance Test. 

This test is performed to determine the full-load copper loss and equivalent resistance and 

reactance referred to secondary side. In this test, the terminals of the secondary (usually the low 

voltage) winding are short circuited, all meters (ammeter, voltmeter and wattmeter) are 

connected on primary side and a low voltage, usually 5 to 10 % of normal rated primary voltage 

at normal frequency is applied to the primary, as shown in fig below. 

Th



             

the full load current of the side in which it is connected. The reading Ws of the wattmeter gives 

total copper loss (iron losses being negligible due to very low applied voltage resulting in very 

small flux linking with the core) at full load. Le the ammeter reading be Is. 

 

Equivalent impedence referred to primary= Commercial Efficiency and All day Efficiency (a) 

Commercial Efficiency. Commercial efficiency is defined as the ratio of power output to power 

input in kilowatts.(b) All-day Efficiency. The all day efficiency is defined as the ratio of output 

in kwh to the input in kwh during the whole day. Transformers used for distribution are 

connected for the whole day to the line but loaded intermittently. Thus the core losses occur for 

the whole day but copper losses occur only when the transformer is delivering the load current. 

Hence if the transformer is not used to supply the load current for the whole day all day 

efficiency will be less than commercial efficiency. The efficiency (commercial efficiency) will 

be maximum when variable losses (copper losses) are equal to constant losses (iron or core 

losses).sign is for inductive load and sign is for capacitive load Transformer efficiency, Where x 

is the ratio of secondary current I2 and rated full load secondary current. 

Wsc = (Pcu) F.L. = full Load copper loss 

Wsc = V sc  I sc sc 

sc = V sc Isc / W sc 

Wsc = I2sc R1e = Copper loss 



             

Z1e = Vsc /Isc = Root(R21e+X2
1e) 

X1e = Root (Z21e  R2
1e) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



             

UNIT -III  
THREE PHASE INDUCTION MOTOR  

1. Working Principle of Three Phase Induction Motor 

An electrical motor is such an electromechanical device which converts electrical energy into a 

mechanical energy. In case of three phase AC operation, most widely used motor is Three phase 

induction motor as this type of motor does not require any starting device or we can say they 

are self-starting induction motors. For better understanding, the principle of three phase 

induction motor, the essential constructional feature of this motor must be known to us. This 

Motor consists of two major parts: 
Stator of Motor 
Stator of three phase induction motor is made up of numbers of slots to construct a 3 phase 
winding circuit which is connected to 3 phase AC source. The three-phase winding is arranged 
in such a manner in the slots that they produce a rotating magnetic field when three-phase AC 
supply is given to them.  

 
Rotor of Motor  

Rotor of three phase induction motor consists of cylindrical laminated core with parallel slots 

that can carry conductors. The conductors are heavy copper or aluminum bars which fit in each 

slot, and they are short-circuited by the end rings. The slots are not exactly made parallel to the 

axis of the shaft but are slotted a little skewed because this arrangement reduces magnetic 

humming noise and can avoid stalling of the motor.  
 



             

 
Working of Three Phase Induction Motor 
Production of Rotating Magnetic Field 
The stator of the motor consists of overlapping winding offset by an electrical angle of 120o. 
When the primary winding or the stator is connected to a 3 phase AC source, it establishes a 
rotating magnetic field which rotates at the synchronous speed. 
Secrets behind the Rotation: According to  law an emf induced in any circuit is due 
to the rate of change of magnetic flux linkage through the circuit. As the rotor winding in an 
induction motor are either closed through an external resistance or directly shorted by end ring, 
and cut the stator rotating magnetic field, an emf is induced in the rotor copper bar and due to 
this emf a current flows through the rotor conductor. 
Here the relative speed between the rotating flux and static rotor conductor is the cause of 
current generation; hence as per Lenz's law, the rotor will rotate in the same direction to reduce 
the cause, i.e. the relative velocity. 
Thus from the working principle of three phase induction motor, it may be observed that the 
rotor speed should not reach the synchronous speed produced by the stator. If the speeds become 
equal, there would be no such relative speed, so no emf induced in the rotor, and no current 
would be flowing, and therefore no torque would be generated. Consequently, the rotor cannot 
reach the synchronous speed. The difference between the stator (synchronous speed) and rotor 
speeds is called the slip. The rotation of the magnetic field in an induction motor has the 
advantage that no electrical connections need to be made to the rotor. 
Thus the three phase induction motor is:  

 Self-starting. 
 Less armature reaction and brush sparking because of the absence of commutators and 

brushes that may cause sparks. 
 Robust in construction. 
 Economical. 
 Easier to maintain. 

2. Slip ring and squirrel cage induction motors: 



             

Slip Ring Motor 
The motor which employing the wound rotor is known as a slip ring induction motor or phase 
wound motor. It consists laminated cylindrical core which has a semi-closed slot at the outer 
periphery and carries three-phase insulated winding. The rotor is wound for the same number of 
poles as that of the stator. 

 

The three finish terminals are connected forming star point, and the three start terminals are 
connected to three copper slip rings fixed on the shaft. The mild steel shaft is passed through the 
centre of the rotor and fixed to the key. The purpose of the shaft is to send mechanical power. 

Definition of Squirrel Cage Motor 

The motor which employing squirrel cage type rotor is known as the squirrel cage motor. The 
construction of the rotor is rugged and simple. The rotor of the motor consists the cylindrical 
laminated core having semi-closed  circular slots and short circuit at each end by copper or 
aluminum ring, called short circuiting ring. It is not possible to add any external resistance in the 
rotor of the circuit. 



             

 

The rotor slots are not parallel but are skewed. The skewing of the rotor has the following 
advantages. 

5. Its reduces humming and thus ensuring the quiet running of a motor. 

6. The skewed rotor gives smooth torque curves for different positions of the rotor. 

7. It reduces the magnetic locking of the stator and rotor. 

8. It increases the rotor resistance due to the increased length of the rotor bar conductors. 

Key Differences between Slip Ring & Squirrel Cage Induction Motor 

18. The motor whose rotor is wound type such type of motor is called slip ring induction motor, 

whereas the squirrel cage motor, has a squirrel cage type rotor. 

19. The rotor of the slip ring motor has a cylindrical core with parallel slots, and each slot consists 

each bar. The slot of the squirrel cage motor is not parallel to each other. 

20. The slip ring motor is also called phase wound rotor. The another name of the squirrel cage 

motor is cage motor. 

21. The construction of the slip-ring motor is complicated because it consists slip ring and brushes 

whereas the construction of the squirrel cage motor is simple. 

22. The phase wound motor consists external resistance circuit, whereas in squirrel cage motor it is 

not possible to add any external resistance circuit because their rotor bars are permanently 

slotted. 

23. For starting the slip ring motor the rotor resistance starter is used, whereas the slip ring motor 

does not require any starter. 

24. The starting torque of the slip-ring motor is high, whereas in squirrel cage motor it is low. 



             

25. The maintenance cost of the slip ring motor is high as compared to squirrel cage motor because 

the slip ring motor consists brushes and rings. 

26. The copper loss is more in slip ring motor as compared to squirrel cage motor. 

27. The slip ring motor has brushes for transferring the power whereas the squirrel cage motor is 

brushless. 

28. The copper loss in the phase wound motor is high as compared to squirrel cage motor. 

29. The efficiency of the slip ring motor is low whereas the squirrel cage motor has high 

efficiency. 

The overloading capacity of the slip ring motor is high as compared to squirrel cage motor and it 
is smoothly running under heavy loads. It is less sensitive and also has no abnormal heating 
during the starting. 

Basis For 
Comparison 

Slip Ring Motor Squirrel Cage motor 

Defintion The rotor of the motor is 
constructed as a slip ring 
type. 

The rotor of the motor is a squirrel cage 
type. 

Rotor Cylindrical laminated core 
with parallel slots and each 
slot consist one bar. 

The slots of the rotor are not parallel, 
but are skewed. 

Other name Phase wound rotor Cage motor 

Construction Complicated Simple 

Resistance Added external to the rotor The rotor bar is permanently shorted at 



             

the end of the ring, thus it is not 
possible to add any external resistance. 

Starter The rotor resistance starter 
can be used. 

Rotor resistance starter can not be used. 

Starting Torque High Low 

Brushes Present Absent 

Maintenance Frequent maintenance 
required 

Less maintenance required 

Copper Loss High Low 

Efficieny Low High 

Speed Control Possible Not Possible 

Power Factor Low HIgh 

Cost Costly Cheap 

Starting 
Current 

Low High 



             

Uses Use in hoist, cranes, elevator 
where high torque is required. 

Use in lathe machines, fan, blower, 
profiting machines, etc. 

 
 
 

3. Torque Slip Characteristics of Three Phase Induction Motor 

The torque slip curve for an induction motor gives us the information about the variation of 
torque with the slip. The slip is defined as the ratio of difference of synchronous speed and 
actual rotor speed to the synchronous speed of the machine. The variation of slip can be obtained 
with the variation of speed that is when speed varies the slip will also vary and the torque 
corresponding to that speed will also vary. The curve can be described in three modes of 
operations. 

The torque-slip characteristic curve can be divided roughly into three regions:  

 Low slip region 
 Medium slip region 
 High slip region 

Motoring Mode In this mode of operation, supply is given to the stator sides and the motor 
always rotates below the synchronous speed. The induction motor torque varies from zero to full 
load torque as the slip varies. The slip varies from zero to one. It is zero at no load and one at 
standstill. From the curve it is seen that the torque is directly proportional to the slip. 
That is, more is the slip, more will be the torque produced and vice-versa. The linear relationship 
simplifies the calculation of motor parameter to great extent. Generating Mode In this mode of 
operation induction motor runs above the synchronous speed and it should be driven by a prime 
mover. The stator winding is connected to a three phase supply in which it supplies electrical 
energy. Actually, in this case, the torque and slip both are negative so the motor receives 
mechanical energy and delivers electrical energy. Induction motor is not much used as generator 



             

because it requires reactive power for its operation. 
 
That is, reactive power should be supplied from outside and if it runs below the synchronous 
speed by any means, it consumes electrical energy rather than giving it at the output. So, as far as 
possible, induction generators are generally avoided. Braking Mode In the Braking mode, the 
two leads or the polarity of the supply voltage is changed so that the motor starts to rotate in the 
reverse direction and as a result the motor stops. This method of braking is known as plugging. 
This method is used when it is required to stop the motor within a very short period of time.  
 
The kinetic energy stored in the revolving load is dissipated as heat. Also, motor is still receiving 
power from the stator which is also dissipated as heat. So as a result of which motor develops 
enormous heat energy. For this stator is disconnected from the supply before motor enters the 
braking mode. If load which the motor drives accelerates the motor in the same direction as the 
motor is rotating, the speed of the motor may increase more than synchronous speed. In this 
case, it acts as an induction generator which supplies electrical energy to the mains which tends 
to slow down the motor to its synchronous speed, in this case the motor stops. This type of 
breaking principle is called dynamic or regenerative breaking. 
 

4. Torque Slip Characteristics of Single Phase Induction Motor 

 
From the figure, we see that at a slip of unity, both forward and backward field develops equal 

torque but the direction of which are opposite to each other so the net torque produced is zero 

hence the motor fails to start. From here we can say that these motors are not self starting unlike 

the case of three phase induction motor. There must be some means to provide the starting 

torque. If by some means, we can increase the forward speed of the machine due to which the 

forward slip decreases the forward torque will increase and the reverse torque will decrease as a 

result of which motor will start. 

 
Efficiency of Three Phase Induction Motor 
Efficiency is defined as the ratio of the output to that of input 

 
Rotor efficiency of the three phase induction motor , 



             

 
= Gross mechanical power developed / rotor input 

 
Three phase induction motor efficiency, 

 
3 phase induction motor efficiency 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



             

Unit -IV  
Alternators  

1. Constructional details of Synchronous Machines: 
                Construction wise, an alternator generally consists of field poles placed on the rotating 

fixture of the machine i.e. rotor as shown in the figure above. Once the rotor or the field poles 

are made to rotate in the presence of armature conductors housed on the stator, an alternating 

 voltage 

 electrical power generating stations use this 

 synchronous 

generator has become a subject of great importance and interest for power engineers. 

An alternator is basically a type of AC generator which is also known as synchronous generator, 

for the simple reason that the field poles are made to rotate at synchronous speed Ns =120f/P for 

effective power generation. 

Where, f signifies the alternating current frequency and the P represent the number of poles. 

 

 

                In most practical construction of alternator, it is installed with a stationary armature 

winding and a rotating field unlike in the case of DC generator where the arrangement is exactly 

opposite. This modification is made to cope with the very high power of the order of few 100 

Mega watts produced in an AC generator contrary to that of a DC generator. To accommodate 

such high power the conductor weigh and dimension naturally has to be increased for optimum 

performance. And for this reason is it beneficial to replace these high power armature 

windings by low power field windings, which is also consequently of much lighter weight, thus 



             

reducing the centrifugal force required to turn the rotor and permitting higher speed limits. 

There are mainly two types of rotor used in construction of alternator, 

 Salient pole type. 

 Cylindrical rotor type. 

Salient Pole Type 

The term salient means protruding or projecting. The salient pole type of rotor is generally used 

for slow speed machines having large diameters and relatively small axial lengths. The pole in 

this case are made of thick laminated steel sections riveted together and attached to a rotor with 

the help of joint. 

An alternator as mentioned earlier is mostly responsible for generation of very high electrical 

power. To enable that, the mechanical input given to the machine in terms of rotating torque 

must also be very high. This high torque value results in oscillation or hunting effect of the 

alternator or synchronous generator. To prevent these oscillations from going beyond bounds the 

damper winding is provided in the pole faces as shown in the figure. The damper windings are 

basically copper bars short circuited at both ends are placed in the holes made in the pole axis's. 

When the alternator is driven at a steady speed, the relative velocity of the damping winding 

with respect to main field will be zero. But as soon as it departs from the synchronous speed 

there will be relative motion between the damper winding and the main field which is always 

rotating at synchronous speed. This relative difference will induce current in them which will 

exert a torque on the field poles in such a way as to bring the alternator back to synchronous 

speed operation. 

The salient features of pole field structure has the following special feature- 

9. They have a large horizontal diameter compared to a shorter axial length. 

10. The pole shoes covers only about 2/3rd of pole pitch. 

11. Poles are laminated to reduce eddy current loss. 

12. The salient pole type motor is generally used for low speed operations of around 100 to 400 

rpm, and they are used in power stations with hydraulic turbines or diesel engines. 

Salient pole alternators driven by water turbines are called hydro-alternators or hydro generators. 

 

Cylindrical Rotor Type  



             

 

The cylindrical rotor is generally used for very high speed operation and employed 

in steam turbine driven alternators like turbo generators. The machines are built in a number of 

ratings from 10 MVA to over 1500 MVA. The cylindrical rotor type machine has uniform length 

in all directions, giving a cylindrical shape to the rotor thus providing uniform flux cutting in all 

directions. The rotor in this case consists of a smooth solid steel cylinder, having a number of 

slots along its outer periphery for hosing the field coils. 

The cylindrical rotor alternators are generally designed for 2-pole type giving very high speed of

Or 4-pole type running at a speed of

Where, f is the frequency of 50 Hz. 

The cylindrical rotor synchronous generator does not have any projections coming out from the 

surface of the rotor, rather central polar area are provided with slots for housing the field 

windings as we can see from the diagram above. The field coils are so arranged around these 

poles that flux density is maximum on the polar central line and gradually falls away as we move 

out towards the periphery. The cylindrical rotor type machine gives better balance and quieter-

operation along with lesser windage losses. 

The electrical machine can be defined as a device that converts electrical energy into mechanical 

energy or mechanical energy into electrical energy. An electrical generator can be defined as an 

electrical machine that converts mechanical energy into electrical energy. An electrical generator 



             

typically consists of two parts; stator and rotor. There are various types of electrical generators 

such as direct current generators, alternating current generators, vehicular generators, human 

powered electrical generators, and so on. In this article, let us discuss about synchronous 

generator working principle. 

2. Working principle of Synchronous Generator: 

The rotating and stationary parts of an electrical machine can be called as rotor and stator 

respectively. The rotor or stator of electrical machines acts as a power-producing component and 

is called as an armature. The electromagnets or permanent magnets mounted on the stator or 

rotor are used to provide magnetic field of an electrical machine. The generator in which 

permanent magnet is used instead of coil to provide excitation field is termed as permanent 

magnet synchronous generator or also simply called as synchronous generator. 

Construction of Synchronous Generator 

In general, synchronous generator consists of two parts rotor and stator. The rotor part consists 

of field poles and stator part consists of armature conductors. The rotation of field poles in the 

presence of armature conductors induces an alternating voltage which results in electrical power 

generation. 

 

Construction of Synchronous Generator 

The speed of field poles is synchronous speed and is given by 

 



             

 

3. Synchronous Generator Working Principle 

The principle of operation of synchronous generator is electromagnetic induction. If there exits a 

relative motion between the flux and conductors, then an emf is induced in the conductors. To 

understand the synchronous generator working principle, let us consider two opposite magnetic 

poles in between them a rectangular coil or turn is placed as shown in the below figure. 

 

 

Rectangular Conductor placed in between two opposite Magnetic Poles 

If the rectangular turn rotates in clockwise direction against axis a-b as shown in the below 

figure, then after completing 90 degrees rotation the conductor sides AB and CD comes in front 

of the S-pole and N-pole respectively. Thus, now we can say that the conductor tangential 

motion is perpendicular to magnetic flux lines from north to south  pole. 

 

 

Direction of Rotation of Conductor perpendicular to Magnetic Flux 



             

So, here rate of flux cutting by the conductor is maximum and induces current in the conductor, 

the direction of the induced current can be determined using . Thus, we 

can say that current will pass from A to B and from C to D. If the conductor is rotated in a 

clockwise direction for another 90 degrees, then it will come to a vertical position as shown in 

the below figure. 

Now, the position of conductor and magnetic flux lines are parallel to each other and thus, no 

flux is cutting and no current will be induced in the conductor. Then, while the conductor rotates 

from clockwise for another 90 degrees, then rectangular turn comes to a horizontal position as 

shown in the below figure. Such that, the conductors AB and CD are under the N-pole and S-

rrent induces in conductor AB from 

point B to A and current induces in a conductor CD from point D to C. 

So, the direction of current can be indicated as A  D  C  B and direction of current for the 

previous horizontal position of rectangular turn is A  B  C  D. If the turn is again rotated 

towards vertical position, then the induced current again reduces to zero. Thus, for one complete 

revolution of rectangular turn the current in the conductor reaches to maximum & reduces to 

zero and then in the opposite direction it reaches to maximum & again reaches to zero. Hence, 

one complete revolution of rectangular turn produces one full sine wave of current induced in the 

conductor which can be termed as the generation of alternating current by rotating a turn inside a 

magnetic field. 

Now, if we consider a practical synchronous generator, then field magnets rotate between the 

stationary armature conductors. The synchronous generator rotor and shaft or turbine blades are 

mechanically coupled to each other and rotates at synchronous speed. Thus, the magnetic 

flux cutting produces an induced emf which causes the current flow in armature conductors. 

Thus, for each winding the current flows in one direction for the first half cycle and current 

flows in the other direction for the second half cycle with a time lag of 120 degrees (as they 

displaced by 120 degrees). Hence, the output power of synchronous generator can be shown as 

below figure. 



             

 

Do you want to know more about synchronous generators and are you interested in 

designing electronics projects? Feel free to share your views, ideas, suggestions, queries, and 

comments in the comment section below. 

3.Derive the EMF equation of Synchronous Generator

4. EMF EQUATION  

Let, 

P= No. of poles 

Z= No. of Conductors or Coil sides in series/phase i.e. Z=  T is the number of 

coils or turnsperphase(Notethatoneturnor coil hastwo endsor sides)

f = frequency of induced e.m.f in Hz 

 = Flux per pole (Weber) 

N = rotor speed (RPM) 

Kd=Distribution factor=Kc or KP = Cos  

If induced e.m.f 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   

Webers.  P and also dt= secionds60/N 

then induced e.m.f per conductor ( average) =  dt=  =P N  

But We know that f = PN/120 or N= 120f/P 

Putting the value of N in Equation  We get the average value of e.m.f per conductor is 

=  x 120 f/P = 2f  Volts. {N= 120f/P} 

If there are Z conductors in series per phase, 

 then average e.m.f per phase =  Volts= Volts {Z=2T}  

Also we know that Form factor= RMS Value/AverageValue   

= RMS value= Form factor x Average Value, 



             

= 1.11 x  =  Volts. ( Note that is exactly the same equation as the e.m.f equation 

 of the transformer) 

And the actually available voltage per phase = 4 Kc Kd  =4 KfKc Kd  Volts. 

Note: If alternator or AC Generator is Star Connected as usually the case, then the 

 Line Voltage is  times the phase voltage. 

 

 

4. EMF method for calculating the regulation. 

The method is also called E.M.F. method of determining the voltage regulation. The method 

requires following data to calculate the regulation. 

1. The armature resistance per phase (Ra). 

2. Open circuit characteristics which is the graph of open circuit voltage against the field 

current. This is possible by conducting open circuit test on the alternator. 

3. Short circuit characteristics which is the graph of short circuit current against field current. 

This is possible by conducting short circuit test on the alternator. 

       Let us see, the circuit diagram to perform open circuit as well as short circuit test on the 

alternator. The alternator is coupled to a prime mover capable of driving the alternator at its 

synchronous speed. The armature is connected to the terminals of a switch. The other terminals 

of the switch are short circuited through an ammeter. The voltmeter is connected across the lines 

to measure the open circuit voltage of the alternator. 

       The field winding is connected to a suitable d.c. supply with rheostat connected in series. 

The field excitation i.e. field current can be varied with the help of this rheostat. The circuit 

diagram is shown in the Fig. 



             

 

Fig. 1  Circuit diagram for open circuit and short circuit test on alternator  

 

 

1.O.C. Test: 

 Procedure: 

i) Start the prime mover and adjust the speed to the synchronous speed of the alternator. 

ii) Keeping rheostat in the field circuit maximum, switch on the d.c. supply. 

iii) The T.P.S.T switch in the armature circuit is kept open. 

iv) With the help of rheostat, field current is varied from its minimum value to the rated value. 

Due to this, flux increasing the induced e.m.f. Hence voltmeter reading, which is measuring line 

value of open circuit voltage increases. For various values of field current, voltmeter readings 

are observed. 

 

 

 

 

 

 

 



             

Observation table for open circuit test : 

 

       From the above table, graph of (Voc)ph against If is plotted. 

Note : This is called open circuit characteristics of the alternator, called O.C.C. This is shown in 

the Fig. 

 

O.C.C. and S.C.C. of an alternator 

2. S.C.Test 

       After completing the open circuit test observation, the field rheostat is brought to maximum 

position, reducing field current to a minimum value. The T.P.S.T switch is closed. As ammeter 

has negligible resistance, the armature gets short circuited. Then the field excitation is gradually 

increased till full load current is obtained through armature winding. This can be observed on the 

ammeter connected in the armature circuit. The graph of short circuit armature current against 



             

field current is plotted from the observation table of short circuit test. This graph is called short 

circuit characteristics, S.C.C. This is also shown in the Fig. 2. 

Observation table for short circuit test : 

 

The S.C.C. is a straight line graph passing through the origin while O.C.C. resembles B-H curve 

of a magnetic material. 

Note : As S.C.C. is straight line graph, only one reading corresponding to full load armature 

current along with the origin is sufficient to draw the straight line. 

5. Impedance from O.C.C. and S.C.C. 

       The synchronous impedance of the alternator changes as load condition changes. O.C.C. and 

S.C.C. can be used to determine Zs for any load and load p.f. conditions. 

       In short circuit test, external load impedance is zero. The short circuit armature current is 

circulated against the impedance of the armature winding which is Zs. The voltage responsible 

for driving this short circuit current is internally induced e.m.f. This can be shown in the 

equivalent circuit drawn in the Fig. 

           

           Equivalent circuit on short circuit  

 From the equivalent circuit we can write, 

Zs = Eph/ Iasc  

This is what we are interested in obtaining to calculate value of Zs. So expression for Zs can be 

modified as 



             

                                                                              

                

So O.C.C. and S.C.C. can be effectively to calculate Zs. 

4. Regulation Calculations: 

From O.C.C. and S.C.C., Zs can be determined for any load condition. 

The armature resistance per phase (Ra) can be measured by different methods. One of the 

method is applying d.c. known voltage across the two terminals and measuring current. So value 

of Ra per phase is known. 

 

So synchronous reactance per phase can be determined. 

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

derived earlier. 

                        

where     Vph = Phase value of rated voltage Ia = Phase value of current depending on the load 

condition 

 

        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, 

                                             

 

 

 



             

UNIT -V 
Special motors & Electrical Instruments 

1. Shaded pole motor is a split phase type single phase induction motor.  
The shaded pole motor is very popular for ratings below 0.05 HP (~ 40 W) because of its 
extremely simple construction.  
 
 

 
It has salient poles on the stator excited by single-phase supply and a squirrel cage rotor. A 

portion of each pole is surrounded by a short-circuited turn of copper strip called shading coil.  
 

A shaded pole  motor and its schematic diagram are shown in the figures above. 

Construction of Shaded Pole Induction Motor 

A shaded pole motor may be 2 pole or 4 pole. Here we are considering a 2 pole shaded pole 
motor. The pictures in this article also shows a 2 pole motor. 

Stator 

 
The stator has salient poles. Usually 2 to 4 poles are used. Each of the poles has its own exciting 
coil. A part of each pole is wrapped by a copper coil. The copper coil forms a closed loop across 
each pole. This loop is known as the shading coil. 
The poles are laminated. A slot is cut across the lamination of the pole. The slot is approximately 
one third distance from the edge of the pole. The short circuited copper coil described above is 
placed in this slot. So we can call this part as the shaded part and other part of the pole as 
unshaded part. 
 
 



             

Selecting a 2 poled stator gives a synchronous speed of 3000 rpm while a 4 poled stator speed 
will  be 1500rpm for 50Hz supply. 

Rotor 

The rotor of shaded pole induction motors is Squirrel Cage type rotor. The rotor bars are 
provided with a 60 degree skew. This is to obtain an optimum starting torque and for limiting the 
torque dip during run up. 
 
 

 

Parts of a Shaded Pole Induction Motor 

Airgap length between stator and  rotor is of the order 0.25 to 0.5 mm. Too short air-gap may 
result in starting-torque variations due to rotor slotting. 
Shaded pole induction motor has no commutator, brushes, collector rings, contactors, capacitors 
or moving switch parts, so it is relatively cheaper, simpler and extremely rugged in construction 
and reliable. Absence of centrifugal switch eliminates the possibility of motor failure due to 
faulty centrifugal switch mechanisms. 

Working of Shaded Pole Induction Motor 

The operation of the motor can be understood by referring to figure which shows one pole of the 
motor with a shading coil. Considering a cycle of alternating current (fig 1) applied to the stator 
winding we will  explain the working of shaded pole motor. 



             

 During the portion OA 
During the portion OA of the alternating-current cycle [Fig 1], the flux begins to increase and an 
e.m.f. is induced in the shading coil. The resulting current in the shading coil will  be in such a 
direction  law) so as to oppose the change in flux. Thus the flux in the shaded portion of 
the pole is weakened while that in the unshaded portion is strengthened as shown in figure 2. 

 During the portion AB 
During the portion AB of the alternating-current cycle, the flux has reached almost maximum 
value and is not changing. Consequently, the flux distribution across the pole is uniform [See Fig 
3] since no current is flowing in the shading coil.  

 During the portion BC 
As the flux decreases (portion BC of the alternating current cycle), current is induced in the 
shading coil so as to oppose the decrease in current. Thus the flux in the shaded portion of the 
pole is strengthened while that in the unshaded portion is weakened as shown in Fig 4. 
 
 
The effect of the shading coil is to cause the field flux to shift across the pole face from the 
unshaded to the shaded portion. This shifting flux is like a rotating weak field moving in the 
direction from unshaded portion to the shaded portion of the pole. 
 



             

The rotor is of the squirrel-cage type and is under the influence of this moving field. 
Consequently, a small starting torque is developed. As soon as this torque starts to revolve the 
rotor, additional torque is produced by single-phase induction-motor action. The motor 
accelerates to a speed slightly below the synchronous speed and runs as a single-phase induction 
motor. 

Important Characteristics of Shaded Pole Motors 

Some of the important characteristics of shaded pole induction motors are given below. The 
details of characteristics of shaded pole motor will  be discussed later.  
3. The salient features of this motor are extremely simple construction and absence of 

centrifugal switch. 
4. Since starting torque, efficiency and power factor are very low, these motors are only 

suitable for low power applications e.g., to drive: (a) small fans (b) toys (c) hair driers (d) 
desk fans etc. 

2. Capacitor Motor:  
A capacitor C is connected in series with the starting winding through a centrifugal switch as 

 
shown in figure. The value of capacitor is so chosen that  the current Is in the auxiliary coil leads 
current Im in main coil by about 80° (i.e.,  ~ 80°) which is considerably greater than 25° found 
in split phase motor. This becomes a balanced 2 phase motor if the magnitude of Is and Im are 
equal and are displaced in time phase by 90° electrical degrees. 
 



             

 
Consequently, starting torque (Ts = ) is much more than that of a split-phase motor. 
The starting winding is opened by the centrifugal switch when the motor attains about 75% of 
synchronous speed. The motor then operates as a single-phase induction motor and continues to 
accelerate till  it reaches the normal speed. 
 
 
The motor will  start without any humming noise. However, after the auxiliary winding is 
disconnected, there will  be some humming noise. 
 
 
Since the auxiliary winding and capacitor are to he used intermittently, these can be designed for 
minimum cost. However, it is found that the best compromise among the factors of starting 
torque, starting current and costs results with a phase angle somewhat less than 
90° between Im and Is. 

Characteristics of Capacitor Start 1  Induction Motor  

Some of the characteristics of Capacitor start single phase induction motor are given below 
 Although starting characteristics of a capacitor-start motor are better than those of a split-

phase motor, both machines possess the same running characteristics because the main 
windings are identical. 

 The phase angle between the two currents is about 80° compared to about 25° in a split-
phase motor. Consequently, for the same starting torque, the current in the starting winding 
is only about half that in a split-phase motor. Therefore, the starting winding of a capacitor 
start motor heats up less quickly and is well suited to applications involving either frequent 
or prolonged starting periods 

 Capacitor start motors are used where high starting torque is required and where the starting 
period may be long e.g., to drive: (a) compressors (b) large fans (c) pumps (d) high inertia 
loads 

  

 
The power rating of such motors lies between 120 W and 7-5 kW. 

Applications of Capacitor Start Motor 



             

Capacitors in induction run motors enable them to handle heavier start loads by strengthening 
the magnetic field of the start windings. These loads might include refrigerators, compressors, 
elevators, and augers.  
 
 
The size of capacitors used in these types of applications ranges from 1/6 to 10 horsepower. 
High starting torque designs also require high starting currents and high breakdown torque. 

3. AC Servo Motor 
 

Based on the construction there are two distinct types of AC servo motors, they are synchronous 
type AC servo motor and induction type AC servo motor. 

Synchronous-type AC servo motor consist of stator and rotor. The stator consists of a 
cylindrical frame and stator core. The armature coil wound around the stator core and the coil 
end is connected to with a lead wire through which current is provided to the motor. 

The rotor consists of a permanent magnet and hence they do not rely on AC induction type rotor 
that has current induced into it. And hence these are also called as brushless servo motors 
because of structural characteristics. 

 
 



             

 
Synchronous-type AC servo motor 
When the stator field is excited, the rotor follows the rotating magnetic field of the stator at the 
synchronous speed. If the stator field stops, the rotor also stops. With this permanent magnet 
rotor, no rotor current is needed and hence less heat is produced. 

Also, these motors have high efficiency due to the absence of rotor current. In order to know the 
position of rotor with respect to stator, an encoder is placed on the rotor and it acts as a feedback 
to the motor controller. 

The induction-type AC servo motor structure is identical with that of general motor. In this 
motor, stator consists of stator core, armature winding and lead wire, while rotor consists of shaft 
and the rotor core that built with a conductor as similar to squirrel cage rotor. 

induction-type AC servo motor 
The working principle of this servo motor is similar to the normal induction motor. Again the 
controller must know the exact position of the rotor using encoder for precise speed and position 
control. 

Working Principle of AC Servo Motor 



             

The schematic diagram of servo system for AC two-phase induction motor is shown in the figure 
below. In this, the reference input at which the motor shaft has to maintain at a certain position is 
given to the rotor of synchro generator as mechanical input theta. This rotor is connected to the 
electrical input at rated voltage at a fixed frequency. 

The three stator terminals of a synchro generator are connected correspondingly to the terminals 
of control transformer. The angular position of the two-phase motor is transmitted to the rotor of 
control transformer through gear train arrangement and it represents the control condition alpha. 

Initially, there exist a difference between the synchro generator shaft position and control 
transformer shaft position. This error is reflected as the voltage across the control transformer. 
This error voltage is applied to the servo amplifier and then to the control phase of the motor. 

With the control voltage, the rotor of the motor rotates in required direction till the error 
becomes zero. This is how the desired shaft position is ensured in AC servo motors. 

Alternatively, modern AC servo drives are embedded controllers like PLCs, microprocessors and 
microcontrollers to achieve variable frequency and variable voltage in order to drive the motor. 

Mostly, pulse width modulation and Proportional-Integral-Derivative (PID) techniques are used 
to control the desired frequency and voltage. The block diagram of AC servo motor system using 
programmable logic controllers, position and servo controllers is given below. 

4. AC Tachometers: 

Basically these types of tachometers have small AC or DC generators which translate the 
rotational speed into voltage. 

  
As we see in above figure (a), coil is attach with shaft and this coil can rotate in between two 
permanent magnets. So, when tachometer is attach with rotating shaft it rotate in between 

 voltage should be 



             

produced in coil. This produced voltage is proportional to coils speed alternatively proportional 
to shaft speed. Voltage generated inside is calibrated in terms of RPM and hence tachometer 
shows RPM of shaft. In this, DC voltage is produced. 

In figure (b), permanent magnet rotate instead of coil and hence AC voltage is produced. Rest 
procedure is same. 

Synchros: 
Synchro systems were first used in the control system of the Panama Canal in the early 1900s to 
transmit lock gate and valve stem positions, and water levels, to the control desks. 

 
View onto the connection description of a synchro transmitter 

 synchro (also known as Selsyn and by other brand names) is, in effect, a transformer whose 
primary-to-secondary coupling may be varied by physically changing the relative orientation of 
the two windings. Synchros are often used for measuring the angle of a rotating machine such as 
an antenna platform. In its general physical construction, it is much like an electric motor. The 
primary winding of the transformer, fixed to the rotor, is excited by an alternating current, which 
by electromagnetic induction, causes currents to flow in three Y-connected secondary windings 
fixed at 120 degrees to each other on the stator. The relative magnitudes of secondary currents 
are measured and used to determine the angle of the rotor relative to the stator, or the currents 
can be used to directly drive a receiver synchro that will rotate in unison with the synchro 
transmitter. In the latter case, the whole device may be called 
a selsyn (a portmanteau of self and synchronizing). 

Fire-control system designs developed during World War II used synchros extensively, to 
transmit angular information from guns and sights to an analog fire control computer, and to 
transmit the desired gun position back to the gun location. Early systems just moved indicator 
dials, but with the advent of the amplidyne, as well as motor-driven high-powered hydraulic 
servos, the fire control system could directly control the positions of heavy guns. 

Smaller synchros are still used to remotely drive indicator gauges and as rotary position sensors 
for aircraft control surfaces, where the reliability of these rugged devices is needed. Digital 
devices such as the rotary encoder have replaced synchros in most other applications. 

Selsyn motors were widely used in motion picture equipment 
tosynchronize moviecameras and sound recording equipment, before the advent of crystal 
oscillators and microelectronics. 

Large synchros were used on naval warships, such as destroyers, to operate the steering gear 
from the wheel on the bridge 



             

 

 

 

 

 

 

 

5. Stepper Motor: 
The Torque pulse rate Characteristics of a Stepper Motor gives the variation of an 
electromagnetic torque as a function of stepping rate in pulse per second (PPS). There are two 
characteristic curves 1 and 2 shown in the figure below. Curve one is denoted by a blue colour 
line is known as the Pull-in torque. It shows the maximum stepping rate for the various values 
of the load torque at which the motor can start, synchronise, stop or reverse 

 



             

Similarly, the curve 2 represented by Red colour line is known as pullout torque characteristics. 
It shows the maximum stepping rate of the motor where it can run for the various values of load 
torque. But it cannot start, stop or reverse at this rate. 

Let us understand this with the help of an example, considering the above curve. 

The motor can start, synchronise and stop or reverse L if the pulse rate is 
less than S1. The stepping rate can be increased for the same load as the rotor started the rotation 

L1,after starting and synchronising, the stepping rate can be 
increased up to S2without losing the synchronism. 

If the stepping rate is increased beyond S2, the motor will lose synchronism. Thus, the area 
between curves 1 and 2 represents the various torque values, the range of stepping rate, which 
the motors follow without losing the synchronism when it has already been started and 
synchronised. This is known as Slew Range. The motor is said to operate in slewing mode. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



             

15. Tutorial topics and Questions

   Tutorial Topics:  

UNIT-I 

1.  EMF equation of DC generator 

2.  Types of DC motors 

UNIT-II  

1. The constructional features of single phase transformer  
 

2. Conduct a OC and SC tests on transformers 
 

UNIT-II I 

 

1. Classification of 3-phase induction motors? 
 

UNIT-IV 

1. Principle and operation of alternators? 
 

2. Comparison between salient pole and cylindrical type rotors 
 

UNIT-V 
1. MI and PMMC type instruments 

 

 

 

 

 

 

 

 



             

Tutorial Questions: 

UNIT-I 
 

1.  Derive the EMF equation of DC generator 

2.  Classify the types of DC motors 

UNIT-II  

1. Explain the constructional features of single phase transformer  
 

2. Conduct OC and SC tests on transformers and calculate the copper losses and iron losses by 
taking one example problem 

 

UNIT-III  

1. Classify the of 3-phase induction motors? 
 

2. Explain the slip ring induction motors? 
 

UNIT-IV 

1. Principle and operation of alternators? 
 

2. Comparison between salient pole and cylindrical type rotors 
 

UNIT-V 
 

1. Differentiate the MI and PMMC type instruments? 

2. Explain about capacitor start type motors? 

 

 

 

 

 

 

 



             

16. Unit wise-Question bank 

UNIT -I  

DC Generators and Motors 

 

2-Marks Question and answers 

1. What is the function of Generator? 

 An electric generator is a machine that converts mechanical energy into electrical energy  

2. What is the basic principle of DC Generators? 

 This principle is nothing but the Faraday's law of electromagnetic induction. It states that, 
'whenever the number of magnetic lines of force i.e. flux linking with a conductor or a coil 
changes, an electromotive force is set up in that conductor or coil. 

3. Define Fleming's Right Hand Rule  
 
If three fingers of a right hand, namely thumb, index finger and middle finger are outstretched so 
that everyone of them is at right angles with the remaining two, and if in this position index 
finger is made to point in the direction of lines of flux, thumb in the direction of the relative 
motion of the conductor with respect to flux then the Outstretched middle finger gives the 
direction of the e.m.f. induced in the conductor. 

4. What are the essential parts of DC Machines 
 
    The essential parts of the DC machine are  
1. Magnetic Frame or Yoke 2. Pole-Cores and Pole-Shoes  
2. Pole Coils or Field Coils 4. Armature  
3. Armature Windings or Conductors 

5. What is the function of Yoke? 
 
 The outer frame or yoke serves two main purposes. They are  
(i) It provides mechanical support for the poles and acts as a protecting cover for the whole 
machine.  
(ii )It carries the magnetic flux produced by the poles. 

 



             

 

3-Marks Question and answers 

1. What do mean by Separately Excited DC Generators  
 

A DC generator whose field winding is supplied from an independent external DC source (e.g., a 
battery etc.) is called a separately excited generator. 

2. What is the function of no-voltage release coil in D.C. motor starter? 
 
As long as the supply voltage is on healthy condition the current through the NVR coil produce 
enough magnetic force of attraction and retain the starter handle in ON position against spring 
force. When the supply voltage fails or becomes lower than a prescribed value then 
electromagnet may not have enough force to retain so handle will come back  to OFF position   
due to spring force automatically 
 
3. Enumerate the factors on which speed of a d.c.motor depends? 
     N= (V-   

     so speed depends on air gap flux, resistance of armature, voltage applied to armature. 
 

4. What are the conditions to be fulfilled by for a dc shunt generator to 
build back emf? 

 
     The generator should have residual flux, the field winding should be connected in sucha 

manner that the flux setup by field in same direction as residual flux, the field resistance 
should be less than critical field resistance, load circuit resistance should be above critical 
resistance. 

 
5. Define armature reaction in dc machines? 

The interaction between the main flux and armature flux cause disturbance called 
as armature reaction 
 
 
 
 
 
 
 
 
 
 
 



             

5 marks Questions and answers 

1. Explain the principle and operation of DC generator? 
 

There are two types of generators, one is ac generator and other is DC generator. Whatever may 

be the types of generators, it always converts mechanical power to electrical power.  

An AC generator produces alternating power. A DC generator produces direct power. Both of 

these generators produce electrical power, based on same fundamental principle of Faraday's law 

of electromagnetic induction. According to this law, when a conductor moves in a magnetic 

field it cuts magnetic lines of force, due to which an emf is induced in the conductor. 

 The magnitude of this induced emf depends upon the rate of change of flux (magnetic line 

force) linkage with the conductor. This emf will cause a current to flow if the conductor circuit is 

closed. 

 

Hence the most basic tow essential parts of a generator are 

 Magnetic field 

 Conductors which move inside that magnetic field. 

 

Single Loop DC Generator 

 

 



             

In the figure above, a single loop of conductor of rectangular shape is placed between two 

opposite poles of magnet. 

 

Let's us consider, the rectangular loop of conductor is ABCD which rotates inside the magnetic 

field about its own axis ab. When the loop rotates from its vertical position to its horizontal 

position, it cuts the flux lines of the field. As during this movement two sides, i.e. AB and CD of 

the loop cut the flux lines there will be an emf induced in these both of the sides (AB and BC) of 

the loop 

Now the loop is opened and connected it with a split ring as shown in the figure below. Split ring 

are made out of a conducting cylinder which cuts into two halves or segments insulated from 

each other. The external load terminals are connected with two carbon brushes which are rest on 

these split slip ring segments. 

Working Principle of DC Generator 

 

It is seen that in the first half of the revolution current flows always along ABLMCD i.e. brush 

no 1 in contact with segment a. In the next half revolution, in the figure the direction of the 

induced current in the coil is reversed. But at the same time the position of the segments a and b 

are also reversed which results that brush no 1 comes in touch with the segment b. Hence, the 

current in the load resistance again flows from L to M. The wave from of the current through the 

load circuit is as shown in the figure. This current is unidirectional. 



             

 

This is basic working principle of DC generator, explained by single loop generator model. The 

position of the brushes of DC generator is so arranged that the changeover of the segments a and 

b from one brush to other takes place when the plane of rotating coil is at right angle to the plane 

of the lines of force. It is so become in that position, the induced emf in the coil is zero. 

2. Derive the emf equation of the dc generator? 

E. M.F Equation
The derivation of EMF equation for DC generator has two parts: 

 Induced EMF of one conductor 
 Induced EMF of the generator 

Derivation for Induced EMF of One Armature Conductor 
For one revolution of the conductor, 
 

 Flux produced by each pole in weber (Wb) 
And P = number of poles in the DC generator. 

Therefore, Total flux produced by all the poles  
And, Time taken to complete one revolution 

Where, N = speed of the armature conductor in rpm. 

equal to rate of cutting the flux. 
Therefore, 

 
Induced emf of one conductor is 

 



             

Derivation for Induced EMF for DC Generator  
Let us suppose there are Z total numbers of conductor in a generator, and arranged in such a 
manner that all parallel paths are always in series. 
Here, Z = total numbers of conductor 
  
A = number of parallel paths 
 
Then, Z/A = number of conductors connected in series
 
We know that induced emf in each path is same across the line 
 
Therefore, Inducedemf of DC generator 
 
E = emf of one conductor × number of conductor connected in series. 
 
Induced emf of DC generator is 

 
Simple wave wound generator 
 
Numbers of parallel paths are only 2 = A 
 
Therefore, 
Induced emf for wave type of winding generator is 

 
Simple lap-wound generator 
 
Here, number of parallel paths is equal to number of conductors in one path 
i.e. P = A, 
 
Therefore, Induced emf for lap-wound generator is 

 

3. Classify the DC generatorsand describe with neat sketch? 

Types of generators 



             

The performance characteristics of a dc machine are greatly influenced by the way in which the 

field winding is excited with direct current. There are two Methods of Excitation of a dc 

machine. 

 

Excellent and versatile ways of controlling the shunt and series excitations are now possible by 

use of solid-state devices and associated control circuitry. 

Another way of classifying machine excitation, which is meaningful for dc machines used as a 

generator, is to distinguish whether the machine field is excited by its own armature 

voltage/current or an independent source is used for this purpose. The two distinct classes of 

machine excitation from this point of view are: 

1. Separate excitation 

2. Self excitation 

In separate excitation a separate dc source is needed for excitation purposes only and is 

obviously inconvenient. The separate excitation arrangement, the shunt field winding, is shown 

in Fig. (a). The separately excited machine is most flexible as full and independent control of 

both armature and field circuits is possible. Permanent magnet machines also fall into this 

category. 

A self-excited dc generator could be excited by its own armature voltage (shunt excitation) as in 

Fig. (b) or by its own current (series excitation) as in Fig. (c). A combination of shunt and series 

excitation (compound excitation) is also used for generators as discussed later in this section. A 

self-excited generator may fail to excite under certain field conditions as is explained in sec 



             

A dc machine when used as a motor has its shunt field always separately excited as its excitation 

is drawn from the dc supply. Figures (b) and (c) are valid shunt and series excitation schemes for 

dc motors. 

If both shunt and series excitations are used in a dc machine as in Fig (d), it is called a 

compound dc machine. If the series field flux aids the shunt field flux, so that the resultant air-

gap flux per pole is increased, then the machine is called a cumulatively compounded dc 

machine (Fig. (d)). However, if a series field flux opposes the shunt field flux, so that the 

resultant air-gap flux per pole is decreased, the machine is called a differentially compounded dc 

machine (Fig. (e)). In Fig. , the field and armature circuits are drawn at 90° (elect.) with respect 

to each other which represents, as pointed out earlier, the actual spatial orientation of the 

magnetic fields produced by field and armature circuits in a dc machine. 

The direction of the arrows in Figs (d) and (e) corresponds to the magnetic fields associated with 

the two field windings. Figure (d) implies that the magnetic fields of two field windings are 

additive. Cumulative compounding of both motors and generators are often used to exploit the 

merits of both shunt and series excitations. 

 

 



             

 

4. Conduct a swinburne test on dc motor and calculate the efficiency ? 

Swinburne Test of DC Machine 
This method is an indirect method of testing a DC machine. It is named after Sir James 
Swinburne. Swinburne's test is the most commonly used and simplest method of testing of 
shunt and compound wound DC machines which have constant flux. In this test the efficiency of 
the machine at any load is pre-determined. We can run the machine as a motor or as a generator. 
In this method of testing no load losses are measured separately and eventually we can determine 
the efficiency. 
 
The circuit connection for Swinburne's test is shown in figure below. The speed of the machine 
is adjusted to the rated speed with the help of the shunt regulator R as shown in figure. 



             

 
Advantages of Swinburne's Test 
The main advantages of this test are: 

 This test is very convenient and economical as it is required very less power from supply 
to perform the test. 

 Since constant losses are known, efficiency of Swinburne's test can be pre-determined at 
any load. 

Disadvantages of Swinburne's Test 
The main disadvantages of this test are : 

 Iron loss is neglected though there is change in iron loss from no load to full load due to 
armature reaction. 

 We cannot be sure about the satisfactory commutation on loaded condition because the 
test is done on no-load. 

 
vary with the temperature. 

 In DC series motors
no load test. 

Losses in DC Machine 
 be destroyed, it can only be transferred 

energy. During this process, the total input power is not transformed into output power. Some 
part of input power gets wasted in various forms. The form of this loss may vary from one 
machine to another. These losses give in rise in temperature of machine and reduce the efficiency 
of the machine. In DC Machine, there are broadly four main categories of energy loss. 
Copper Losses or Electrical Losses in DC Machine or Winding Loss 
The copper losses are the winding losses taking place during the current flowing through the 
winding. These losses occur due to the resistance in the winding. In DC machine, there are only 
two winding, armature and field winding. 
Thus copper losses categories in three parts; armature loss, field winding loss, and brush contact 
resistance loss. The copper losses are proportional to square of the current flowing through the 
winding. 
Armature Copper Loss in DC Machine 
Armature copper loss = Ia2Ra 



             

 
Where, Ia is armature current and Ra is armature resistance. 
 
These losses are about 30% of the total full load losses. 
Field Winding Copper Loss in DC Machine 
Field winding copper loss = If2Rf 
 
Where, If is field current and Rf is field resistance. 
 
These losses are about 25% theoretically, but practically it is constant. 
Swinburne Test of DC Machine 
 
This method is an indirect method of testing a DC machine. It is named after Sir James 
Swinburne. Swinburne's test is the most commonly used and simplest method of testing of 
shunt and compound wound DC machines which have constant flux. In this test the efficiency of 
the machine at any load is pre-determined. We can run the machine as a motor or as a generator. 
In this method of testing no load losses are measured separately and eventually we can determine 
the efficiency. 
 
The circuit connection for Swinburne's test is shown in figure below. The speed of the machine 
is adjusted to the rated speed with the help of the shunt regulator R as shown in figure. 

 
Calculation of Efficiency 
Let, I0 is the no load current (it can be measured by ammeter A1) Ish is the shunt field current (it 
can be measured by ammeter A2) 
Then, no load armature current  

=  



             

Also let, V is the supply voltage. Therefore, No load power input = VI0 watts. 
In Swinburne's test no load power input is only required to supply the losses. The losses occur 
in the machine mainly are: 
 
Iron losses in the core 
 
Friction and windings losses 
 
Armature copper loss. 
 
Since the no load mechanical output of the machine is zero in Swinburne's test, the no load input 
power is only used to supply the losses. 
 
The value of armature copper loss 

 =  
Here, Ra is the armature resistance. 
 
Now, no to get the constant losses we have to subtract the armature copper loss from the no load 
power input. 
 
Then, 

 
After calculating the no load constant losses now we can determine the efficiency at any load. 
Let, I is the load current at which we have to calculate the efficiency of the machine. 
Then, armature current (Ia) will be (I - Ish), when the machine is motoring. 
And  

, when the machine is generating. 
Calculation of Efficiency When the Machine is Motoring on Load 
Power input = VI 
 
Armature copper loss, 

 
Constant losses, 

 Efficiency of the motor: 

 
Calculation of Efficiency When the Machine is Generating on Load 
Power input = VI 
 
Armature copper loss, 

 



             

Constant losses, 

 Efficiency of the generator: 

 
 
 

5. Explain the speed control methods of DC motors? 

Speed control of D.C. Motors - Armature voltage and field flux control methods: 

Speed control means intentional change of the drive speed to a value required for performing the 
specific work process. Speed control is a different concept from speed regulation where there is 
natural change in speed due change in load on the shaft. Speed control is either done manually by 
the operator or by means of some automatic control device.One of the important features of DC 
motor is that its speed can be controlled with relative ease. We know that the emf equation 
of DC motor is given as, 

N = 60A E / PZØ 
 
N = E / kØ  
 
where, k = PZ/60A 
 
N = V - Ia Ra / kØ 
 
 
Therefore speed (N) of 3 types of DC motor  SERIES, SHUNT and COMPOUND can be 
controlled by changing the quantities on RHS of the expression. So speed can be varied by 
changing 

 Terminal voltage of the armature V. 
 External resistance in armature circuit Ra. 
 Flux  

The first two cases involve change that affects armature circuit and the third one involves change 
in magnetic field. Therefore speed control of DC motor is classified as 

 Armature control methods 
 Field control methods. 
 Speed Control of DC Series Motor 

Speed control of DC series motor can be done either by armature control or by field control. 
Armature Control of DC Series Motor 
Speed adjustment of DC series motor by armature control may be done by any one of the 
methods that follow, 
Armature Resistance Control Method: 



             

  
This is the most common method employed. Here the controlling resistance is connected directly 
in series with the supply of the motor as shown in the fig. 

 
The power loss in the control resistance of DC series motor can be neglected because this control 
method is utilized for a large portion of time for reducing the speed under light load condition. 
This method of speed control is most economical for constant torque. This method of speed 
control is employed for DC series motor driving cranes, hoists, trains etc. 
Shunted Armature Control:   
 
The combination of a rheostat shunting the armature and a rheostat in series with the armature is 
involved in this method of speed control. The voltage applied to the armature is varies by 
varying series rheostat R1. The exciting current can be varied by varying the armature shunting 
resistance R2. This method of speed control is not economical due to considerable power losses 
in speed controlling resistances. Here speed control is obtained over wide range but below 
normal speed. 

 



             

Armature terminal voltage control:  
  
The speed control of DC series motor can be accomplished by supplying the power to the 
motor from a separate variable voltage supply. This method involves high cost so it rarely used. 
Field Control of DC Series Motor 
The speed of DC motor can be controlled by this method by any one of the following ways  
Field Diverter Method 
 
This method uses a diverter. Here the field flux can be reduced by shunting a portion of 
motor current around the series field. Lesser the diverter resistance less is the field current, less 
flux therefore more speed. This method gives speed above normal and the method is used 
in electric drives in which speed should rise sharply as soon as load is decreased. 

 
Tapped Field Control 
 
This is another method of increasing the speed by reducing the flux and it is done by lowering 
number of turns of field winding through which current flows. In this method a number of 
tapping from field winding are brought outside. This method is employed in electric traction. 



             

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



             

Objective Type Questions 

1. Which of the following two windings produces/induces the working flux and working EMF 
respectively? 
a) field winding and armature winding 
b) armature winding and field winding 
c) both are produced in field winding 
d) both are produced in armature winding 
 

2. Armature winding carries which of the following current? 
a) magnetizing current only 
b) load current only 
c) both magnetizing current and load current 
d) none of the mentioned 
 

3. Field winding carries which of the following current? 
a) exciting current only 
b) load current only 
c) both exciting current and load current 
d) none of the mentioned 
 

 
4. Which of the following statements are correct regarding exciting current? 
(i) exciting current varies with the load 

 
(iii) exciting current produces only a working magnetic flux 
(iv) exciting current is not responsible for the production of working magnetic flux 
a) (i),(iv) 
b) (ii),(iii)  
c) (i),(iii)  
d) (ii),(iv) 

 
 
 
5. Current in the field winding is ___________ 
a) AC always 
b) DC always 



             

c) Both AC and DC 
d) Either AC or DC 

 
6. A starting resistance is inserted at the starting in an induction motor as well as dc motor. 
a) Induction motor has to control starting torque whereas in dc motor, it is done to avoid large 
current 
b) To limit starting current in both the machines 
c) To limit starting speed 
d) All of the mentioned 

 
7. Considering a human handed control system for the dc motor speed control, if the resistance 
wire cut out too slowly, then 
a) starting resistance would burn 
b) field winding would burn 
c) speed will rise steeply 
d) any of the mentioned 

 
8. A 100 hp, 250 V, 350 A shunt dc motor with an armature resistance of 0.05 ohms. To limit 
maximum starting current to twice the rated of its value, what will be the number of stages of 
starting resistances? 
a) 3 
b) 2 
c) 4 
d) 5 
 

9. For a dc shunt motor of 5 kW, running at 1000 rpm, the induced torque will be 
a) 47.76 N 
b) 57.76 N 
c) 35.76 N 
d) 37.76 N 

10. The flux and the internally generated voltage of a dc machine is a ________ function of its 
magneto-motive force. 
a) non-linear 
b) linear 
c) constant 
d) inverse 



             

 
Fill In The Blanks 
 
1. The PWM control of DC motor varies ___________. 
2. _________ is the principle of torque production in a dc machine. 
3. The magnetic field vanishes at the pole terminals and thus the cross product with the magnetic 
field yields _________ 
4. The torque at steady state of operation is zero as the emf induced is equal to the 
___________________ 
5. The electromagnetic torque generated in the dc generator is in the direction in which 
the________________. 
6. When both field current and armature current are reversed then the direction _____________ 

__________ are known. 
8. The iron losses cause heating of the core which causes reduction in efficiency and 
____________________ 
9. Commutator is a ___________ to which brushes are attached. 
10. A 200 V dc machine working at rated speed. Voltage across the commutating terminals 
should ideally be ________ 
 
 
 
 
 

MCQ Answers: 

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 
a b a c b a a a a a 
 

Fill in  the blank Answers: 

1. 2. 3. 4. 5.
 

6.
 

7.
 

8.
  

10.  

  

 

 



             

UNIT -II  

TRANSFORMERS AND PERFORMANCE 

 

2-Marks Question and answers 

1. Define a transformer? 

A transformer is a static device which changes the alternating voltage from one level to 
another. 

3. What is the turns ratio and transformer ratio of  transformer? 
Turns ratio = N2/ N1 Transformer = E2/E1 = I1/ 
I2=K 

 
4. Mention the difference between core and shell type transformers? 

In core type, the windings surround the core considerably and in shell type the core 
surrounds the windings i.e winding is placed inside the  core 

 
5. What is the purpose of laminating the core in a transformer? 
     In order to minimize eddy current loss. 

 
6. Give the emf equation of a transformer and define each term? 

-----------freq of AC input 
---------maximum value of flux in 

thecore 
N1, N2----Number of primary & secondary turns. 

 

 

 

 

 

 

 



             

3-Marks Question and answers 

1. Does transformer draw any current when secondary is open? Why? 
Yes, it (primary) will draw the current from the main supply in order to magnetize the  core 

and to supply for iron and copper losses on no load. There will not be any current in the 
secondary since secondary is open. 

  
2. Define voltage regulation of a transformer? 

When a transformer is loaded with a constant primary voltage,the secondary voltage decreases 
for lagging PF load, and increases for leading PF load because of its internal resistance and 
leakage reactance. The change in secondary terminal voltage from no load to full load 
expressed as a percentage of no load or full load voltage is termed as regulation. 

%regulation =E2-V2/E2*100  
V2>E2 for leading p.f load 
 V2<E2 for lagging p.f load 

 
3. Define all day efficiency of a transformer? 
It is computed on the basis of energy consumed during a certain period, usually a day of 24 hrs. 

All day efficiency=output in kWh/input in kWh for 24 hrs. 
   

4. Why transformers are rated in kVA? 
     Copper loss of a transformer depends on current & iron loss on voltage. Hence total losses 

depend on Volt-Ampere and not on PF. That is why the rating of transformers is in kVA and 
not in kW. 

 
5. Explain on the material used for core construction? 

 
The core is constructed by sheet steel laminations assembled to provide a continuous magnetic 
path with minimum of air gap included. The steel used is of high silicon content sometimes heat 
treated to produce a high permeability and a low hysteresis loss at the usual operating flux 
densities. The eddy current loss is minimized by laminating the core, the laminations being used 
from each other by light coat of coreplate vanish or by oxide layer on the surface. The thickness 
of lamination varies from 0.35mm for a frequency of 50Hz and 0.5mm for  a frequency of25Hz. 

 
 
 
 
 
 
 
 
 



             

5 marks questions and answers 
 

1. Describe the single phase transformer and its operation? 
 
A transformer is a static machine used for transforming power from one circuit to another 

without changing frequency. This is a very basic definition of transformer. Since there is no 

rotating or moving part so transformer is a static device. Transformer operates on ac supply. 

Transformer works on the principle of mutual induction 

 

Generally, the name associated with the construction of a transformer is dependant upon how the 

primary and secondary windings are wound around the central laminated steel core. The two 

most common and basic designs of transformer construction are the Closed-core 

Transformer and the Shell-core Transformer 

In core type transformer it has two vertical legs or limbs with two horizontal sections named 

yoke. Core is rectangular in shape with a common magnetic circuit. Cylindrical coils (HV and 

LV) are placed on both the limbs. 

Shell type transformer: It has a central limb and two outer limbs. Both HV, LV coils are placed 

on the central limb. Double magnetic circuit is present. Berry type transformer: The core looks 

like spokes of wheels. Tightly fitted metal sheet tanks are used for housing this type of 

transformer with transformer oil filled inside. 

Transformer Core Construction 

  



             

Shell type transformer cores overcome this leakage flux as both the primary and secondary 

windings are wound on the same centre leg or limb which has twice the cross-sectional area of 

the two outer limbs. The advantage here is that the magnetic flux has two closed magnetic paths 

to flow around external to the coils on both left and right hand sides before returning back to the 

central coils. 

This means that the magnetic flux circulating around the outer limbs of this type of transformer 

construction is equal to 

advantage of decreasing core losses and increasing overall efficiency 

Constructional details: 
 

           Two coils of wire (called windings) are wound on some type of core material. In some cases the 

coils of wire are wound on a cylindrical or rectangular cardboard form. In effect, the core 

material is air and the transformer is called an AIR-CORE TRANSFORMER. Transformers used 

at low frequencies, such as 60 hertz and 400 hertz, require a core of low-reluctance magnetic 

material, usually iron. This type of transformer is called an IRON-CORE TRANSFORMER. 

Most power transformers are of the iron-core type. 

 The principle parts of a transformer and their functions are: The CORE, which provides a path 

for the magnetic lines of flux. The PRIMARY WINDING, which receives energy from the ac 

source. The SECONDARY WINDING, which receives energy from the primary winding and 

delivers it to the load. The ENCLOSURE, Which protects the above components from dirt, 

moisture, and mechanical damage. 

 (i) CORE 

There are two main shapes of cores used in laminated-steel-core transformers. One is the 

HOLLOWCORE, so named because the core is shaped with a hollow square through the center. 

This shape of core. Notice that the core is made up of many laminations of steel it shows how the 

transformer windings are wrapped around both sides of the core. 

 (ii)  WINDINGS  



             

 As stated above, the transformer consists of two coils called WINDINGS which are wrapped 

around a core. The transformer operates when a source of ac voltage is connected to one of the 

windings and a load device is connected to the other. The winding that is connected to the source 

is called the PRIMARY WINDING. The winding that is connected to the load is called the 

SECONDARY WINDING. The primary is wound in layers directly on a rectangular cardboard 

form. 

  

  

2. Derive the EMF equation under no load condition? 

 

EMF equation - operation on no load - phasor diagrams: 

 
Let the applied voltage V1 applied to the primary of a transformer, with secondary open-

circuited, be sinusoidal (or sine wave). Then the current I1, due to applied voltage V1, will also 

be a sine wave. The mmf N1 I1 and core flux Ø will follow the variations of I1 closely. That is 

the flux is in time phase with the current I1 and varies sinusoidally. 



             

  

 Let, 

NA = Number of turns in primary ;NB = Number of turns in secondary 

 Ømax = Maximum flux in the core in webers = Bmax X A f = Frequency of alternating current 

input in hertz (HZ) 

 As shown in figure above, the core flux increases from its zero value to maximum value Ømax in 

one quarter of the cycle , that is in ¼ frequency second. 

Therefore, average rate of change of flux = Ømax/ ¼ f = 4f ØmaxWb/s 

Now, rate of change of flux per turn means induced electro motive force in volts. Therefore, 

average electro-motive force induced/turn = 4f Ømaxvolt 

 If flux Ø varies sinusoidally, then r.m.s value of induced e.m.f is obtained by multiplying the 

average value with form factor. 

 Form Factor = r.m.s. value/average value = 1.11 Therefore, r.m.s value of e.m.f/turn = 1.11 X 4f 

Ømax = 4.44f Ømax Now, r.m.s value of induced e.m.f in the whole of primary winding.= (induced 

e.m.f./turn) X Number of primary turns 

 Therefore, 

 EA = 4.44f NAØmax = 4.44fNABmA 



             

Similarly, r.m.s value of induced e.m.f in secondary is 

 EB = 4.44f NB Ømax = 4.44fNBBmA 

In an ideal transformer on no load, VA = EA  and VB = EB  , where VB is the terminal voltage 

 Voltage Transformation Ratio. 

 The ratio of secondary voltage to primary voltage is known as the voltage transformation ratio 

and is designated by letter K. i.e. 

 Voltage transformation ratio, K = V2/V1 = E2/E1 = N2/N1 

 Current Ratio.  

 The ratio of secondary current to primary current is known as current ratio and is reciprocal of 

voltage transformation ratio in an ideal transformer. 

 Transformer on No Load. 

 When the primary of a transformer is connected to the source of an ac supply and the secondary 

is open circuited, the transformer is said to be on no load. The Transformer on No Load 

alternating applied voltage will cause flow of an alternating current I0 in the primary 

 

 winding, which will create alternating flux Ø. No-load current I0, also known as excitation or 

exciting current, has two components the magnetizing component Im and the energy component 



             

Ie. Im is used to create the flux in the core and Ie is used to overcome the hysteresis and eddy 

current losses occurring in the core in addition to small amount of copper losses occurring in the 

primary only (no copper loss occurs in the secondary, because it carries no current, being open 

circuited.) 

 From vector diagram shown in above it is obvious that 

 1. Induced emfs in primary and secondary windings, E1 and E2 lag the main flux Ø by and are 

in phase with each other. 

 2. Applied voltage to primary V1 and leads the main flux Ø by and is in phase opposition to E1. 

 3.  Secondary voltage V2 is in phase and equal to E2 since there is no voltage drop in secondary. 

 4. Im is in phase with Ø and so lags V1 by 

5. Ie is in phase with the applied voltage V1. 

6. Input power on no load = V1Ie = V1I0 cos Ø0 where Ø0 = tan-1 

3. Explain the Operation On ON Load - Phasor Diagrams ? 

The transformer is said to be loaded, when its secondary circuit is completed through an 

impedance or load. The magnitude and phase of secondary current (i.e. current flowing through 

secondary) I2 with respect to secondary terminals depends upon the characteristic of the load i.e. 

current I2 will be in phase, lag behind and lead the terminal voltage V+2+ respectively when the 

load is non-inductive, inductive and capacitive. The net flux passing through the core remains 

almost constant from no-load to full load irrespective of load conditions and so core losses 

remain almost constant from no-load to full load. Vector diagram for an ideal transformer 

supplying inductive load is shown 



             

 

 Resistance and Leakage Reactance In actual practice, both of the primary and secondary 

windings have got some ohmic resistance causing voltage drops and copper losses in the 

windings. In actual practice, the total flux created does not link both of the primary and 

secondary windings but is divided into three components namely the main or mutual flux Ø 

linking both of the primary and secondary windings, primary leakage flux ØL1 linking with 

primary winding only and secondary leakage flux ØL2 linking with secondary winding only. The 

primary leakage flux ØL1 is produced by primary ampere-turns and is proportional to primary 

current, number of primary turns being fixed. The primary leakage flux ØL1 is in phase with 

I1 and produces self induced emf ØL1 is in phase with I1 and produces self inducedemf EL1 given 

as 2f L1 I1 in the primary winding. 

 The self induced emf divided by the primary current gives the reactance of primary and is 

denoted by X1. 

  



             

 

Equivalent Resistance and Reactance. The e

windings referred to primary and secondary sides are given as below Referred to primary side 

Equivalent resistance, 

Equivalent resistance, = X'1 = Referred to secondary side Equivalent resistance, 

Equivalent resistance, = X2 + K2X1 Where K is the transformation ratio. 

4. Conduct an open circuited test on transformer? 

OC  test: 

In this test secondary (usually high voltage) winding is left open, all metering instruments 

(ammeter, voltmeter and wattmeter) are connected on primary side and normal rated voltage is 

applied to the primary (low voltage) winding, as illustrated below 

 

Iron loss = Input power on no-load  

W0 watts (wattmeter reading) No-load current = 0 amperes (ammeter reading) Angle of lag, = 

- Caution: Since no load current I0 is very small, therefore, pressure coils of 

watt meter and the volt meter should be connected such that the current taken by them should not 



             

flow through the current taken by them should not flow through the current coil of the watt 

meter. 

V0 = Rated Voltage 

Wo = Input power 

I0 = Input current = no oad current 

Im = I0 0 

Ic = I0cos 0 

cos 0 = No load power factor 

Hence power input can be written as, 

Wo = V0 I0 cos 0 

W0 = Pi = Iron losses 

W0 = V0I0 cos 0 

cos 0 = W0 / V0I0 = no load power factor 

Ro = V0/Ic  

X0 = V0 /Im 

 

5. Conduct short circuited test on transformer? 

 Short-circuit or Impedance Test. 

This test is performed to determine the full-load copper loss and equivalent resistance and 

reactance referred to secondary side. In this test, the terminals of the secondary (usually the low 

voltage) winding are short circuited, all meters (ammeter, voltmeter and wattmeter) are 

connected on primary side and a low voltage, usually 5 to 10 % of normal rated primary voltage 

at normal frequency is applied to the primary, as shown in fig below. 

the ammeter A indicates 

the full load current of the side in which it is connected. The reading Ws of the wattmeter gives 



             

total copper loss (iron losses being negligible due to very low applied voltage resulting in very 

small flux linking with the core) at full load. Le the ammeter reading be Is. 

 

Equivalent impedence referred to primary= Commercial Efficiency and All day Efficiency (a) 

Commercial Efficiency. Commercial efficiency is defined as the ratio of power output to power 

input in kilowatts.(b) All-day Efficiency. The all day efficiency is defined as the ratio of output 

in kwh to the input in kwh during the whole day. Transformers used for distribution are 

connected for the whole day to the line but loaded intermittently. Thus the core losses occur for 

the whole day but copper losses occur only when the transformer is delivering the load current. 

Hence if the transformer is not used to supply the load current for the whole day all day 

efficiency will be less than commercial efficiency. The efficiency (commercial efficiency) will 

be maximum when variable losses (copper losses) are equal to constant losses (iron or core 

losses).sign is for inductive load and sign is for capacitive load Transformer efficiency, Where x 

is the ratio of secondary current I2 and rated full load secondary current. 

Wsc = (Pcu) F.L. = full Load copper loss 

Wsc = V sc  I sc sc 

sc = V sc Isc / W sc 

Wsc = I2sc R1e = Copper loss 

Z1e = Vsc /Isc = Root(R21e+X2
1e) 

X1e = Root (Z21e  R2
1e) 



             

Objective Type Questions 

1. The primary and secondary of a transformer are ________ coupled but _______ connected. 
a)  Magnetically, not electrically 
b) electrically, not magnetically 
c) magnetically, also magnetically 
d) electrically, also electrically 

 
2. We can employ transformers for a power range of 
a) lower and higher values 
b) lower values 
c) higher values 
d) medium values 

 
3. A transformer has comparatively much higher efficiency than a similar induction machine due 
to 
a) small air gaps 
b) no moving parts 
c) strong coupling 
d) all of the mentioned 

 
4. It was needed that to isolate dc noise coming from the transmitted signal, to attain the same 
which machine can be used without suffering significant loss 
a) transformer 
b) dc machine 
c) induction machine 
d) stepper motor 

 

5. The most widely used material in the core of the transformer is 
a) cold rolled grain oriented sheet steel 
b) cold rolled grain steel 
c) soft iron 
d) steel 

6. I. Zero winding resistance 

II. Zero leakage flux 

III. Constant core losses 



             

which of the above statements support the ideal transformer features? 

a) I,II 

b) III 

c) I,III  

d) I,II,III  

 

7. The voltage induced at the end of primary terminals of a two winding transformer consisting 

of N turns is 

a) -  

 

c) -  

d) -  

 

8. Identify the phasor diagram for an ideal transformer at no load 

 

a)  



             

 

b)  

c)  

d)  

 

 



             

9. Consider a 2-winding transformer as below. If the switch is kept open then the emf 

 

 
a) zero 

b) 2E1 

c) E/2 

d) E1 

 

10. Which of the below mentioned losses occur in a transformer? 

a) Hysteresis losses ;Eddy current losses; Dielectric losses; Stray load losses 

b) Hysteresis losses ;Eddy current losses; 

c) Dielectric losses; Stray load losses 

d) Hysteresis losses ;Eddy current losses; Stray load losses 

 
Fill In The Blanks 
 
1. Power required during the open circuit and short circuit test is ____________incurring in the 

transformer 
2. OC test is performed on the l.v. side of the transformer because __________will have lower 

stress on the insulation and no damage will occur. 
3. To circulate the rated current in the winding, we should opt for ________of the current so 

that winding will not damage. 
4.  If the frequency at the primary supply is varied gradually, then the secondary terminal 

voltage will _____________ 
5. The magnetizing current does not depend on the _________________fed to it. 
6. The power and the KVA of an ideal transformer always remains same assuming negligible 

_____________ 
7. If the magnetization is non linear in nature then it will cause a saturation in the core and 

harmonics will be introduced to cause _______________ 
8. Impedance is transformed in square of the _______________ 
9. Laminations provide larger area so that the current path____ and current ____________ 



             

10. CRGO has magnetization in the rolling direction and ___________and very high 
permeability than present materials. 

MCQ Answers: 

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 
a a d a a a a a a a 

Fill in the blank Answers: 

 
  

  

 
 

  

 

 
 

 

 

 

 

 

 

 

 

 

 



             

UNIT -III  

INDUCTION MOTORS  

2-Marks Question and answers 

 

1.  What is the meaning of electrical degree? 
 
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 

2. Why short-pitch winding is preferred over full pitch winding?  

Advantages: -Waveform of the emf 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. 

3. Write down the formula for distribution factor.  

Kd =  Or  

  

where 
m - number of slots/pole/phase 

- angle between adjacent slots in electrical degree n - order of harmonics. 
 
4. Define winding factor. 

The winding factor Kw is defined as the ratio of phasor addition of emf induced in all the coils 
belonging to each phase winding of their arithmetic addition. 
 
5. Why are alternators rated in kVA and not in kW? 

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. 



             

3-Marks Question and answers 

2. What are the causes of changes in voltage of alternators when loaded? 

Voltage variation due to the resistance of the winding R 
 Voltage variation due to the leakage reactance of the winding X1 
 Voltage variation due to the armature reaction 
 
2. What is meant by armature reaction in alternators? 

The interaction between flux set up by the current carrying armature conductors and the main 
field flux is defined as the armature reaction. 

3. What do you mean by synchronous reactance? 

It is the sum of the leakage reactance X1 and armature reactance Xa 
Xs = X1 + Xa 
 

4. What is effective resistant? 

The apparent increase in resistance of the conductor when an alternating current is flowing 
through it is known as effective resistance. 
 
5. What is synchronous impedance? 
 
The complex addition of resistance R and synchronous reactance jXs is synchronous impedance 
Zs. 

 
1(Xs/R) 

 
 

 

 

 

 

 



             

5 marks question and answers 

1. Explain the Working Principle of Three Phase Induction Motor? 

An electrical motor is such an electromechanical device which converts electrical energy into a 

mechanical energy. In case of three phase AC operation, most widely used motor is Three phase 

induction motor as this type of motor does not require any starting device or we can say they 

are self-starting induction motors. For better understanding, the principle of three phase 

induction motor, the essential constructional feature of this motor must be known to us. This 

Motor consists of two major parts: 
Stator of Motor 

 is made up of numbers of slots to construct a 3 phase 
winding circuit which is connected to 3 phase AC source. The three-phase winding is arranged in 
such a manner in the slots that they produce a rotating magnetic field when three-phase AC 
supply is given to them.  

 

Rotor of Motor  

Rotor of three phase induction motor consists of cylindrical laminated core with parallel slots 

that can carry conductors. The conductors are heavy copper or aluminum bars which fit in each 

slot, and they are short-circuited by the end rings. The slots are not exactly made parallel to the 

axis of the shaft but are slotted a little skewed because this arrangement reduces magnetic 

humming noise and can avoid stalling of the motor.  
 



             

 

Working of Three Phase Induction Motor 
Production of Rotating Magnetic Field 
The stator of the motor consists of overlapping winding offset by an electrical angle of 120o. 
When the primary winding or the stator is connected to a 3 phase AC source, it establishes a 
rotating magnetic field which rotates at the synchronous speed. 

Secrets behind the Rotation: According to  an emf induced in any circuit is due 
to the rate of change of magnetic flux linkage through the circuit. As the rotor winding in an 
induction motor are either closed through an external resistance or directly shorted by end ring, 
and cut the stator rotating magnetic field, an emf is induced in the rotor copper bar and due to 
this emf a current flows through the rotor conductor. 
Here the relative speed between the rotating flux and static rotor conductor is the cause of current 
generation; hence as per Lenz's law, the rotor will rotate in the same direction to reduce the 
cause, i.e. the relative velocity. 
Thus from the working principle of three phase induction motor, it may be observed that the 
rotor speed should not reach the synchronous speed produced by the stator. If the speeds become 
equal, there would be no such relative speed, so no emf induced in the rotor, and no current 
would be flowing, and therefore no torque would be generated. Consequently, the rotor cannot 
reach the synchronous speed. The difference between the stator (synchronous speed) and rotor 
speeds is called the slip. The rotation of the magnetic field in an induction motor has the 
advantage that no electrical connections need to be made to the rotor. 
Thus the three phase induction motor is:  

 Self-starting. 
 Less armature reaction and brush sparking because of the absence of commutators and 

brushes that may cause sparks. 
 Robust in construction. 
 Economical. 
 Easier to maintain. 



             

 

2. Draw and explain the slip ring induction motor with relationship between torque and resistance? 

Slip ring and squirrel cage induction motors: 
Slip Ring Motor 

The motor which employing the wound rotor is known as a slip ring induction motor or phase 
wound motor. It consists laminated cylindrical core which has a semi-closed slot at the outer 
periphery and carries three-phase insulated winding. The rotor is wound for the same number of 
poles as that of the stator. 

 

The three finish terminals are connected forming star point, and the three start terminals are 
connected to three copper slip rings fixed on the shaft. The mild steel shaft is passed through the 
centre of the rotor and fixed to the key. The purpose of the shaft is to send mechanical power. 

Definition of Squirrel Cage Motor 

The motor which employing squirrel cage type rotor is known as the squirrel cage motor. The 
construction of the rotor is rugged and simple. The rotor of the motor consists the cylindrical 
laminated core having semi-closed  circular slots and short circuit at each end by copper or 
aluminum ring, called short circuiting ring. It is not possible to add any external resistance in the 
rotor of the circuit. 



             

 

The rotor slots are not parallel but are skewed. The skewing of the rotor has the following 
advantages. 

Its reduces humming and thus ensuring the quiet running of a motor. 

The skewed rotor gives smooth torque curves for different positions of the rotor. 

It reduces the magnetic locking of the stator and rotor. 

It increases the rotor resistance due to the increased length of the rotor bar conductors. 

Key Differences between Slip Ring & Squirrel Cage Induction Motor 

The motor whose rotor is wound type such type of motor is called slip ring induction motor, 

whereas the squirrel cage motor, has a squirrel cage type rotor. 

The rotor of the slip ring motor has a cylindrical core with parallel slots, and each slot consists 

each bar. The slot of the squirrel cage motor is not parallel to each other. 

The slip ring motor is also called phase wound rotor. The another name of the squirrel cage 

motor is cage motor. 

The construction of the slip-ring motor is complicated because it consists slip ring and brushes 

whereas the construction of the squirrel cage motor is simple. 



             

The phase wound motor consists external resistance circuit, whereas in squirrel cage motor it is 

not possible to add any external resistance circuit because their rotor bars are permanently 

slotted. 

For starting the slip ring motor the rotor resistance starter is used, whereas the slip ring motor 

does not require any starter. 

The starting torque of the slip-ring motor is high, whereas in squirrel cage motor it is low. 

The maintenance cost of the slip ring motor is high as compared to squirrel cage motor because 

the slip ring motor consists brushes and rings. 

The copper loss is more in slip ring motor as compared to squirrel cage motor. 

The slip ring motor has brushes for transferring the power whereas the squirrel cage motor is 

brushless. 

The copper loss in the phase wound motor is high as compared to squirrel cage motor. 

The efficiency of the slip ring motor is low whereas the squirrel cage motor has high efficiency. 

The speed of the phase wound motor is controlled by using the resistance circuit. It is impossible 

to control the speed of the squirrel cage motor. 

The slip ring motor has low power factor as compared to squirrel cage motor. 

The cost of the phase wound rotor is high because it consists brushes. The squirrel cage motor is 

cheap. 

The starting current of the phase wound rotor is low because it is controlled by resistance circuit 

whereas it is high in squirrel cage motor. 

The phase wound motor is mostly used in places where high starting torque is required like a 

hoist, cranes, etc. The squirrel cage motor is used in a drilling machine, lathe machine, etc., 



             

The overloading capacity of the slip ring motor is high as compared to squirrel cage motor and it 
is smoothly running under heavy loads. It is less sensitive and also has no abnormal heating 
during the starting. 

3. Compare the difference between squirrel cage induction motor and slip ring 
induction motors? 

Basis For 
Comparison 

Slip Ring Motor Squirrel Cage motor 

Defintion The rotor of the motor is 
constructed as a slip ring 
type. 

The rotor of the motor is a squirrel cage 
type. 

Rotor Cylindrical laminated core 
with parallel slots and each 
slot consist one bar. 

The slots of the rotor are not parallel, 
but are skewed. 

Other name Phase wound rotor Cage motor 

Construction Complicated Simple 

Resistance Added external to the rotor The rotor bar is permanently shorted at 
the end of the ring, thus it is not 
possible to add any external resistance. 

Starter The rotor resistance starter 
can be used. 

Rotor resistance starter can not be used. 



             

Basis For 
Comparison 

Slip Ring Motor Squirrel Cage motor 

Starting Torque High Low 

Brushes Present Absent 

Maintenance Frequent maintenance 
required 

Less maintenance required 

Copper Loss High Low 

Efficieny Low High 

Speed Control Possible Not Possible 

Power Factor Low HIgh 

Cost Costly Cheap 

Starting 
Current 

Low High 

Uses Use in hoist, cranes, elevator 
where high torque is required. 

Use in lathe machines, fan, blower, 
profiting machines, etc. 

 



             

4. Draw the Torque Slip Characteristics of Three Phase Induction Motor? 

The torque slip curve for an induction motor gives us the information about the variation of 
torque with the slip. The slip is defined as the ratio of difference of synchronous speed and actual 
rotor speed to the synchronous speed of the machine. The variation of slip can be obtained with 
the variation of speed that is when speed varies the slip will also vary and the torque 
corresponding to that speed will also vary. The curve can be described in three modes of 
operations. 

The torque-slip characteristic curve can be divided roughly into three regions:  

 Low slip region 
 Medium slip region 
 High slip region 

Motoring Mode In this mode of operation, supply is given to the stator sides and the motor 
always rotates below the synchronous speed. The induction motor torque varies from zero to full 
load torque as the slip varies. The slip varies from zero to one. It is zero at no load and one at 
standstill. From the curve it is seen that the torque is directly proportional to the slip. 

That is, more is the slip, more will be the torque produced and vice-versa. The linear relationship 
simplifies the calculation of motor parameter to great extent. Generating Mode In this mode of 
operation induction motor runs above the synchronous speed and it should be driven by a prime 
mover. The stator winding is connected to a three phase supply in which it supplies electrical 
energy. Actually, in this case, the torque and slip both are negative so the motor receives 
mechanical energy and delivers electrical energy. Induction motor is not much used as generator 
because it requires reactive power for its operation. 
 
That is, reactive power should be supplied from outside and if it runs below the synchronous 
speed by any means, it consumes electrical energy rather than giving it at the output. So, as far as 
possible, induction generators are generally avoided. Braking Mode In the Braking mode, the 
two leads or the polarity of the supply voltage is changed so that the motor starts to rotate in the 



             

reverse direction and as a result the motor stops. This method of braking is known as plugging. 
This method is used when it is required to stop the motor within a very short period of time.  
 
The kinetic energy stored in the revolving load is dissipated as heat. Also, motor is still receiving 
power from the stator which is also dissipated as heat. So as a result of which motor develops 
enormous heat energy. For this stator is disconnected from the supply before motor enters the 
braking mode. If load which the motor drives accelerates the motor in the same direction as the 
motor is rotating, the speed of the motor may increase more than synchronous speed. In this case, 
it acts as an induction generator which supplies electrical energy to the mains which tends to 
slow down the motor to its synchronous speed, in this case the motor stops. This type of breaking 
principle is called dynamic or regenerative breaking. 
 

Torque Slip Characteristics of Single Phase Induction Motor 
 

 

From the figure, we see that at a slip of unity, both forward and backward field develops equal 

torque but the direction of which are opposite to each other so the net torque produced is zero 

hence the motor fails to start. From here we can say that these motors are not self starting unlike 

the case of three phase induction motor. There must be some means to provide the starting 

torque. If by some means, we can increase the forward speed of the machine due to which the 

forward slip decreases the forward torque will increase and the reverse torque will decrease as a 

result of which motor will start. 

 
5. Evalute the Efficiency of Three Phase Induction Motor? 

 
Efficiency of Three Phase Induction Motor 
Efficiency is defined as the ratio of the output to that of input 

 

Rotor efficiency of the three phase induction motor , 



             

 

= Gross mechanical power developed / rotor input 

 

Three phase induction motor efficiency, 

 

3 phase induction motor efficiency 

 

 

  



             

Objective type Questions 

1. Which type of slots are used in the construction of large size and small size induction motors 

respectively? 

a) open slots and semi closed slots 

b) semi closed slots and open slots 

c) open slots and open slots 

d) semi closed slots and semi closed slots 

 

2. In which of the following applications, wound rotor type of induction motor is used? 

a) where the driven load requires speed control 

b) where high starting torque is required 

c) when external resistance is to be inserted 

d) any of the mentioned 

 

3. For an induction motor, 

(i) squirrel cage type is simpler and more economical in construction 

(ii) wound rotor type requires less maintenance 

(iii) squirrel cage type is more rugged and requires less maintenance 

(iv) no external resistance can be inserted in the rotor circuit of squirrel cage induction motor 

(v) no external resistance can be inserted in the rotor circuit of a wound rotor induction motor 

Which of the above statements are correct? 

a) (ii),(v),(iii)  

b) (ii),(iii),(v)  

c) (i),(iii),(iv)  

d) (i),(ii),(iv)  

 

4. What are the advantages of providing the field winding on rotor and armature winding on the 

stator? 

a) more economical 

b) more efficient 

c) efficient cooling 

d) all of the mentioned 

 



             

5. The stator frame and end covers in synchronous and induction machines are designed to 

___________ 

a) carry the magnetic flux 

b) to serve as a mechanical support 

c) to provide cooling or to carry induced EMF 

d) any of the mentioned 

6. What is the equation for frequency of generated EMF? 

a) f = PN/120 Hz 

b) f = 120/PN Hz 

c) f = P/120 Hz 

d) f = N/120 Hz 

7. Voltage induce in the induction motor is highest at 

a) starting 

b) standstill 

c) rated speed 

d) any of the mentioned 

8. Starters are required in the induction motor because 

a) of high starting current 

b) they are not self starting 

c) torque produced is very low at starting to overcome inertia 

d) all of the mentioned 

9. Full voltage starting of induction motor may cause 

a) dip in the voltages 

b) high inrush current 

c) high losses 

d) all of the mentioned 

10. Starting methods applicable to both squirrel-cage and slip ring induction motors is/are 

A. DOL starting 

B. Auto transformer starting 

C. Rotor resistance starting 

a) A, B 

b) A, B, C 



             

c) B, C 

d) A, C 

 
 

Fill In The Blanks 
 

1. Rotor resistance method can only be used with ______induction motor. 
2. External methods like auto transformer are used to mainly ___________. 
3.  Core loss does not depend on the supply _________and __________. 
4. Torque-slip characteristic of an induction motor is linear in the smaller slip values, 

because effective rotor resistance is ___________ compared to _______. 
5. For 3-phase induction motor, as load increases from no load towards the full load, torque 

increases in proportion to _________. 
6.  As a 3-phase induction motor, as load increases from no load towards the full load,  

_________________________. 
7. Wound rotor induction motor is most appropriate for the applications requiring 

___________. 
8.  Speed can be adjusted for a induction motor while it cannot be altered for a _________. 

operating at normal speed. 
9. If number of poles increases, speed decreases, slip increases, reactance decreases, power 

factor angle decreases and so the power factor __________. 
10. Single phase induction motor is not a _____________. 

 

 

MCQ Answers: 

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 
a a d a a a a a a a 

Fill in the blank Answers: 

1. Slip ring                           
 

2. Reduce 
voltage   

 
 

 

 
  

 
 



             

UNIT -IV  

ALTERNATORS  

2-Marks Question and answers 

 

1. Why a 3-phase synchronous motor will always run at synchronous speed? 
 

Because of the magnetic coupling between the stator poles and rotor poles the motor runs exactly 
at synchronous speed. 
 
2. What are the two classification synchronous machines? 

 
The classification synchronous machines are: 
i. Cylindrical rotor type 
 ii. Salient pole rotor type 
 
3. What are the essential features of synchronous machine? 

 
i. The rotor speed is synchronous with stator rotating field. ii. Varying its field current can easily 
vary the speed. 
iii. It is used for constant speed operation. 
 
4. Mention the methods of starting of 3-phase synchronous motor. 

 
 a. A D.C motor coupled to the synchronous motor shaft. 
b. A small induction motor coupled to its shaft.(pony method) 
c. Using damper windings started as a squirrel cage induction motor. 
 
5. What are the principal advantages of rotating field system type of construction of 

synchronous machines? 
 

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. 
 



             

3-Marks Question and answers 

 
 

1. Write down the equation for frequency of emf induced in an alternator. 
 

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

2. What are the advantages of salient pole type of construction used for synchronous 
machines? 

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

3. Why do cylindrical rotor alternators operate with steam turbines? 
 

Steam turbines are found to operate at fairly good efficiency only at high speeds. The high-speed 
operation of rotor tends to increase mechanical losses, so the rotors should havesmooth external 
surface. Hence smooth cylindrical type rotors with less diameter and large axial length are used 
for synchronous generators driven by steam turbines with either 2 or 4 poles. 
 

4. Which type of synchronous generators are used in Hydroelectric plants and why? 
 

As the speed of operation is low, for hydro turbines used in hydroelectric plants, salient pole type 
synchronous generators are used. These allow better ventilation and also have other advantages 
over smooth cylindrical type rotor. 
 

5. What is the relation between electrical degree and mechanical degree? 
 

the electrical machine has, as given by the following equation. 
 

 

 

 



             

5 Marks questions and answers 

Alternators  

 Explain in detail about constructional features of synchronous generators? 
Constructional details of Synchronous Machines: 

                Construction wise, an alternator generally consists of field poles placed on the rotating 

fixture of the machine i.e. rotor as shown in the figure above. Once the rotor or the field poles are 

made to rotate in the presence of armature conductors housed on the stator, an alternating 

 voltage 

dern day electrical power generating stations use this 

 synchronous 

generator has become a subject of great importance and interest for power engineers. 

An alternator is basically a type of AC generator which is also known as synchronous generator, 

for the simple reason that the field poles are made to rotate at synchronous speedNs =120f/P  

Where, f signifies the alternating current frequency and the P represent the number of poles. 

 

 

                In most practical , it is installed with a stationary armature 

winding and a rotating field unlike in the case of DC generator where the arrangement is exactly 

opposite. This modification is made to cope with the very high power of the order of few 100 



             

Mega watts produced in an AC generator contrary to that of a DC generator. To accommodate 

such high power the conductor weigh and dimension naturally has to be increased for optimum 

performance. And for this reason is it beneficial to replace these high power armature 

windings by low power field windings, which is also consequently of much lighter weight, thus 

reducing the centrifugal force required to turn the rotor and permitting higher speed limits. 

There are mainly two types of rotor used in construction of alternator, 

 Salient pole type. 

 Cylindrical rotor type. 

Salient Pole Type 

The term salient means protruding or projecting. The salient pole type of rotor is generally used 

for slow speed machines having large diameters and relatively small axial lengths. The pole in 

this case are made of thick laminated steel sections riveted together and attached to a rotor with 

An alternator as mentioned earlier is mostly responsible for generation of very high electrical 

power. To enable that, the mechanical input given to the machine in terms of rotating torque 

must also be very high. This high torque value results in oscillation or hunting effect of the 

alternator or synchronous generator. To prevent these oscillations from going beyond bounds the 

damper winding is provided in the pole faces as shown in the figure. The damper windings are 

basically copper bars short circuited at both ends are placed in the holes made in the pole axis's. 

When the alternator is driven at a steady speed, the relative velocity of the damping winding with 

respect to main field will be zero. But as soon as it departs from the synchronous speed there will 

be relative motion between the damper winding and the main field which is always rotating at 

synchronous speed. This relative difference will induce current in them which will exert a torque 

on the field poles in such a way as to bring the alternator back to synchronous speed operation. 

The salient features of pole field structure has the following special feature- 

13. They have a large horizontal diameter compared to a shorter axial length. 

14. The pole shoes covers only about 2/3rd of pole pitch. 

15. Poles are laminated to reduce eddy current loss. 

16. The salient pole type motor is generally used for low speed operations of around 100 to 400 

rpm, and they are used in power stations with hydraulic turbines or diesel engines. 

Salient pole alternators driven by water turbines are called hydro-alternators or hydro generators. 



             

 

Cylindrical Rotor Type  

 

The cylindrical rotor is generally used for very high speed operation and employed 

in steam turbine driven alternators like turbo generators. The machines are built in a number of 

ratings from 10 MVA to over 1500 MVA. The cylindrical rotor type machine has uniform length 

in all directions, giving a cylindrical shape to the rotor thus providing uniform flux cutting in all 

directions. The rotor in this case consists of a smooth solid steel cylinder, having a number of 

slots along its outer periphery for hosing the field coils. 

The cylindrical rotor alternators are generally designed for 2-pole type giving very high speed of

Or 4-pole type running at a speed of

Where, f is the frequency of 50 Hz. 

The cylindrical rotor synchronous generator does not have any projections coming out from the 

surface of the rotor, rather central polar area are provided with slots for housing the field 

windings as we can see from the diagram above. The field coils are so arranged around these 

poles that flux density is maximum on the polar central line and gradually falls away as we move 

out towards the periphery. The cylindrical rotor type machine gives better balance and quieter-

operation along with lesser windage losses. 



             

The electrical machine can be defined as a device that converts electrical energy into mechanical 

energy or mechanical energy into electrical energy. An electrical generator can be defined as an 

electrical machine that converts mechanical energy into electrical energy. An electrical generator 

typically consists of two parts; stator and rotor. There are various types of electrical generators 

such as direct current generators, alternating current generators, vehicular generators, human 

powered electrical generators, and so on. In this article, let us discuss about synchronous 

generator working principle. 

2.Explain the working principle and operation of an alternator? 

Working principle of Synchronous Generator: 

The rotating and stationary parts of an electrical machine can be called as rotor and stator 

respectively. The rotor or stator of electrical machines acts as a power-producing component and 

is called as an armature. The electromagnets or permanent magnets mounted on the stator or 

rotor are used to provide magnetic field of an electrical machine. The generator in which 

permanent magnet is used instead of coil to provide excitation field is termed as permanent 

magnet synchronous generator or also simply called as synchronous generator. 

Construction of Synchronous Generator 

In general, synchronous generator consists of two parts rotor and stator. The rotor part consists of 

field poles and stator part consists of armature conductors. The rotation of field poles in the 

presence of armature conductors induces an alternating voltage which results in electrical power 

generation. 

Construction of Synchronous Generator 



             

The speed of field poles is synchronous speed and is given by 

 

 

Synchronous Generator Working Principle 

The principle of operation of synchronous generator is electromagnetic induction. If there exits a 

relative motion between the flux and conductors, then an emf is induced in the conductors. To 

understand the synchronous generator working principle, let us consider two opposite magnetic 

poles in between them a rectangular coil or turn is placed as shown in the below figure. 

 

 

Rectangular Conductor placed in between two opposite Magnetic Poles 

If the rectangular turn rotates in clockwise direction against axis a-b as shown in the below 

figure, then after completing 90 degrees rotation the conductor sides AB and CD comes in front 

of the S-pole and N-pole respectively. Thus, now we can say that the conductor tangential 

motion is perpendicular to magnetic flux lines from north to south  pole. 



             

 

 

Direction of Rotation of Conductor perpendicular to Magnetic Flux 

So, here rate of flux cutting by the conductor is maximum and induces current in the conductor, 

the direction of the induced current can be determined using . Thus, we 

can say that current will pass from A to B and from C to D. If the conductor is rotated in a 

clockwise direction for another 90 degrees, then it will come to a vertical position as shown in 

the below figure. 

Now, the position of conductor and magnetic flux lines are parallel to each other and thus, no 

flux is cutting and no current will be induced in the conductor. Then, while the conductor rotates 

from clockwise for another 90 degrees, then rectangular turn comes to a horizontal position as 

shown in the below figure. Such that, the conductors AB and CD are under the N-pole and S-

pole respectively. By 

point B to A and current induces in a conductor CD from point D to C. 

So, the direction of current can be indicated as A  D  C  B and direction of current for the 

previous horizontal position of rectangular turn is A  B  C  D. If the turn is again rotated 

towards vertical position, then the induced current again reduces to zero. Thus, for one complete 

revolution of rectangular turn the current in the conductor reaches to maximum & reduces to 

zero and then in the opposite direction it reaches to maximum & again reaches to zero. Hence, 

one complete revolution of rectangular turn produces one full sine wave of current induced in the 

conductor which can be termed as the generation of alternating current by rotating a turn inside a 

magnetic field. 



             

Now, if we consider a practical synchronous generator, then field magnets rotate between the 

stationary armature conductors. The synchronous generator rotor and shaft or turbine blades are 

mechanically coupled to each other and rotates at synchronous speed. Thus, the magnetic 

flux cutting produces an induced emf which causes the current flow in armature conductors. 

Thus, for each winding the current flows in one direction for the first half cycle and current flows 

in the other direction for the second half cycle with a time lag of 120 degrees (as they displaced 

by 120 degrees). Hence, the output power of synchronous generator can be shown as below 

figure. 

 

Do you want to know more about synchronous generators and are you interested in 

designing electronics projects? Feel free to share your views, ideas, suggestions, queries, and 

comments in the comment section below. 

3.Derive the EMF equation of Synchronous Generator? 

EMF EQUATION  

Let, 

P= No. of poles 

Z= No. of Conductors or Coil sides in series/phase i.e. Z=  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 e.m.f in Hz 

 = Flux per pole (Weber) 

N = rotor speed (RPM) 

Kd=Distribution factor=Kc or KP = Cos  

If induced e.m.f 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   



             

Webers.   and also dt= secionds60/N 

then induced e.m.f per conductor ( average) =  dt=  =P N  

But We know that f = PN/120 or N= 120f/P 

Putting the value of N in Equation  We get the average value of e.m.f per conductor is 

=  x 120 f/P = 2f  Volts. {N= 120f/P} 

If there are Z conductors in series per phase, 

 then average e.m.f per phase =  Volts= Volts {Z=2T}  

Also we know that Form factor= RMS Value/AverageValue   

= RMS value= Form factor x Average Value, 

= 1.11 x  =  Volts. ( Note that is exactly the same equation as the e.m.f equation 

 of the transformer) 

And the actually available voltage per phase = 4 Kc Kd  =4 KfKc Kd  Volts. 

Note: If alternator or AC Generator is Star Connected as usually the case, then the 

 Line Voltage is  times the phase voltage. 

17. Calculate the effiency of  aan alternator by using open circuited test? 

 EMF method for calculating the regulation: 

The method is also called E.M.F. method of determining the voltage regulation. The method 

requires following data to calculate the regulation. 

1. The armature resistance per phase (Ra). 

2. Open circuit characteristics which is the graph of open circuit voltage against the field 

current. This is possible by conducting open circuit test on the alternator. 

3. Short circuit characteristics which is the graph of short circuit current against field current. 

This is possible by conducting short circuit test on the alternator. 

       Let us see, the circuit diagram to perform open circuit as well as short circuit test on the 

alternator. The alternator is coupled to a prime mover capable of driving the alternator at its 

synchronous speed. The armature is connected to the terminals of a switch. The other terminals 

of the switch are short circuited through an ammeter. The voltmeter is connected across the lines 

to measure the open circuit voltage of the alternator. 



             

       The field winding is connected to a suitable d.c. supply with rheostat connected in series. 

The field excitation i.e. field current can be varied with the help of this rheostat. The circuit 

diagram is shown in the Fig. 

 

Fig. 1  Circuit diagram for open circuit and short circuit test on alternator  

1.O.C. Test: 

 Procedure: 

i) Start the prime mover and adjust the speed to the synchronous speed of the alternator. 

ii) Keeping rheostat in the field circuit maximum, switch on the d.c. supply. 

iii) The T.P.S.T switch in the armature circuit is kept open. 

iv) With the help of rheostat, field current is varied from its minimum value to the rated value. 

Due to this, flux increasing the induced e.m.f. Hence voltmeter reading, which is measuring line 

value of open circuit voltage increases. For various values of field current, voltmeter readings are 

observed. 

Observation table for open circuit test : 



             

 

       From the above table, graph of (Voc)ph against If is plotted. 

Note : This is called open circuit characteristics of the alternator, called O.C.C. This is shown in 

the Fig. 

 

Fig. 2  O.C.C. and S.C.C. of an alternator  

2. S.C.Test 

       After completing the open circuit test observation, the field rheostat is brought to maximum 

position, reducing field current to a minimum value. The T.P.S.T switch is closed. As ammeter 

has negligible resistance, the armature gets short circuited. Then the field excitation is gradually 

increased till full load current is obtained through armature winding. This can be observed on the 

ammeter connected in the armature circuit. The graph of short circuit armature current against 



             

field current is plotted from the observation table of short circuit test. This graph is called short 

circuit characteristics, S.C.C. This is also shown in the Fig. 2. 

Observation table for short circuit test : 

 

The S.C.C. is a straight line graph passing through the origin while O.C.C. resembles B-H curve 

of a magnetic material. 

Note : As S.C.C. is straight line graph, only one reading corresponding to full load armature 

current along with the origin is sufficient to draw the straight line. 

 Impedance from O.C.C. and S.C.C. 

       The synchronous impedance of the alternator changes as load condition changes. O.C.C. and 

S.C.C. can be used to determine Zs for any load and load p.f. conditions. 

       In short circuit test, external load impedance is zero. The short circuit armature current is 

circulated against the impedance of the armature winding which is Zs. The voltage responsible 

for driving this short circuit current is internally induced e.m.f. This can be shown in the 

equivalent circuit drawn in the Fig. 

 

Fig. 3  Equivalent circuit on short circuit  

 From the equivalent circuit we can write, 

Zs = Eph/ Iasc  

This is what we are interested in obtaining to calculate value of Zs. So expression for Zs can be 

modified as 

                                                                              

                



             

So O.C.C. and S.C.C. can be effectively to calculate Zs. 

4. Regulation Calculations: 

From O.C.C. and S.C.C., Zs can be determined for any load condition. 

The armature resistance per phase (Ra) can be measured by different methods. One of the method 

is applying d.c. known voltage across the two terminals and measuring current. So value of 

Ra per phase is known. 

 

So synchronous reactance per phase can be determined. 

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

derived earlier. 

                        

where     Vph = Phase value of rated voltage 

Ia = Phase value of current depending on the load condition 

 

        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, 

                                             

 

 

 

 



             

Objective Type Questions 

1. In an alternator, voltage drops occurs in 

(A) armature resistance only 

(B) armature resistance and leakage reactance 

(C) armature resistance, leakage reactance and armature reaction 

(D) armature resistance, leakage reactance, armature reaction and earth connections. 

  

2. The magnitude of various voltage drops that occur in an alternator, depends on 

(A) power factor of the load 

(B) load current 

(C) power factor x load current 

(D) power factor x (load current)2. 

3. In an alternator, at lagging power factor, the generated voltage per phase, as compared to that 
at unity power factor 

(A) must be same as terminal voltage 

(B) must be less than the terminal voltage 

(C) must be more than the terminal voltage 

(D) must be 1.41 time the terminal voltage. 

4. The power factor of an alternator depends on 

(A) Load 

(B) Speed of rotor 

(C) Core losses 

(D) Armature losses. 

 

5. Which kind of rotor is most suitable for turbo alternators which arc designed to run at high 
speed ? 

(A) Salient pole type 

(B) Non-salient pole type 

(C) Both (A) and (B) above 

(D) None of the above. 



             

 

6. Salient poles are generally used on 

(A) high speed prime movers only 

(B) medium speed prime movers only 

(C) low speed prime movers only 

( D) low and medium speed prime movers. 

 

7. The frequency of voltage generated in an alternator depends on 

(A) number of poles 

(B) rotative speed 

(C) number of poles and rotative speed 

(D) number of poles, rotative speed and type of winding. 

8. The frequency of voltage generated by an alternator having 8 poles and rotating at 250 rpm is 

(A) 60 Hz 

(B) 50 Hz 

(C) 25 Hz 

(D) 16 2/3 Hz. 

  

9. An alternator is generating power at 210 V per phase while running at 1500 rpm. If the need of 
the alternator drops to 1000 rpm, the generated voltage per phase will be 

(A) 180 V 

(B) 150 V 

(C) 140 V 

(D) 105 V 

10. The number of electrical degrees passed through in one revolution of a six pole synchronous 
alternator is 

(A)360 

(B)720 

(C) 1080 

(D)2160  



             

 

Fill In The Blanks  
1. Frequency of Synchronous Generator f= _______________ 
2. If the field poles are ahead of resultant mmf, then the 3-phase synchronous machine is 

operating as a____________   
3. Where Tem is developed electromagnetic torque developed in the machine and Tpm 

is_______________ 
4. Reactive power depends on the __________ of the synchronous machine. 
5. The resultant flux will be leading in nature, so after loading it from loading it from floating, 

alternator will operate at __________ 
6. All the alternatives are same, varying the _____________ matters at the end to change the 

reactive power in a synchronous machine. 
7. If the 3-phase alternator has 4 poles and has synchronous speed of 120 rad/s. 

Then the mechanical speed in rad/sec is ______ 
8. A synchronous motor is used at ____________ 
9. To start the synchronous motor, it is first run as field excitation as zero, so we 

_____________ them. 
10. A poly phase synchronous motor will be used for the load of _____________ over poly 

phase induction motor. 

  

MCQ Answers: 

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 
c b c a b d c d c c 

Fill in the blank Answers: 

1. NP/120   2. Generator 3. The prime 
mover torque, 
excitation   

4. Leading p.f. 5. Field flux

6 .60 7. Low 
speed   

8. Short circuit      9. 600 kW 500 rpm   
10. 600 kW 500 
rpm 

 

 



             

UNIT -V 

Special Motors and Electrical instruments 

2-Marks Question and answers 

1. What is a synchronous reluctance motor? 
 
A reluctance motor that utilizes an ac rotating field, which allows for the possibility of extremely 
smooth torque and good operation to low speed 
 
2. What are the types of rotor in synchronous reluctance motor? 

 
1: Salient rotor 2. Radially laminated rotor 3. Axially laminated rotor  
 
3. Mention some applications of synchronous reluctance motor. 

 
1. Fiber-spinning mills2. Industrial process equipment3. Metering pumps4. Wrapping and 

folding machines 
 

4. What are the advantages of increasing LdILq ratio in synchronous reluctancemotor? 
 

1. Motor power factor increases. 
2. 12R losses reduced. 
3. Reduced volt-ampere ratings of the inverter driving the machine 
 
5. Define Instrument. 

 
Instrument is defined as a device for determining the value or magnitude of a 
quantity or variable. 

 
6. List the types of instruments. 

 
· The 3 types of instruments are 
· Mechanical Instruments 
· Electrical Instruments and 
· Electronic Instruments. 

  
 
 
 
 
 



             

 
3- Marks Question and answers 

 
1. What is stepper motor? 
 
A stepper motor is a digital actuator whose input is in the form of programmed energization of 
the stator windings and whose output is in the form of discrete angular rotation 
 
2. What are the advantages and disadvantages of stepper motor?  

 
Advantages1. It can driven open loop without feedback. 
2. Responds directly to digital control signals, so stepper motors are natural choice for digital 
computer controls. 
 3. It is mechanically simple. 
4 .It requires little or no maintenance. 
 
Disadvantages1. Low efficiency with ordinary controller 
2. Fixed step angle. 
3. Limited ability to handle large inertia load 
4. Limited power output and sizes available 
 
3. What are the different types of stepper motor? 
 
1. Variable reluctance stepper motor  
2. Permanent magnet stepper motor  
3. Hybrid stepper motor  
 
4. What are the different modes of excitation in a stepper motor? 

 
1. 1 - Phase on or full - step operation 
2. 2-phaseonmode 
3. Half- step operation (Alternate 1-phase on and 2-phase on mode) 
4. Micro stepping operation 
 
5. What is meant by full-step operation? 
 
It is the one-phase on mode operation. It means, at that time only one winding is energized.By 
energizing one stator winding, the rotor rotates some angle. It is the full-step operation. 



             

5 Marks questions and answers 

1. Explain about shaded pole motor? 
 

Shaded pole motor is a split phase type single phase induction motor. The shaded pole motor is 
very popular for ratings below 0.05 HP (~ 40 W) because of its extremely simple construction.  

 
 

It has salient poles on the stator 
excited by single-phase supply and a squirrel cage rotor. A portion of each pole is surrounded by 
a short-circuited turn of copper strip called shading coil.  
 
A shaded pole  motor and its schematic diagram are shown in the figures above. 

Construction of Shaded Pole Induction Motor 

A shaded pole motor may be 2 pole or 4 pole. Here we are considering a 2 pole shaded pole 
motor. The pictures in this article also shows a 2 pole motor. 



             

Stator 

 

The stator has salient poles. Usually 2 to 4 poles are used. Each of the poles has its own exciting 
coil. A part of each pole is wrapped by a copper coil. The copper coil forms a closed loop across 
each pole. This loop is known as the shading coil. 

The poles are laminated. A slot is cut across the lamination of the pole. The slot is approximately 
one third distance from the edge of the pole. The short circuited copper coil described above is 
placed in this slot. So we can call this part as the shaded part and other part of the pole as 
unshaded part. 

Selecting a 2 poled stator gives a synchronous speed of 3000 rpm while a 4 poled stator speed 
will  be 1500rpm for 50Hz supply. 

Rotor 

The rotor of shaded pole induction motors is Squirrel Cage type rotor. The rotor bars are 
provided with a 60 degree skew. This is to obtain an optimum starting torque and for limiting the 
torque dip during run up. 

 
 



             

Parts of a Shaded Pole Induction Motor 

Airgap length between stator and  rotor is of the order 0.25 to 0.5 mm. Too short air-gap may 
result in starting-torque variations due to rotor slotting. 
 
 

Shaded pole induction motor has no commutator, brushes, collector rings, contactors, capacitors 
or moving switch parts, so it is relatively cheaper, simpler and extremely rugged in construction 



             

and reliable. Absence of centrifugal switch eliminates the possibility of motor failure due to 
faulty centrifugal switch mechanisms. 

Working of Shaded Pole Induction Motor 

The operation of the motor can be understood by referring to figure which shows one pole of the 
motor with a shading coil. Considering a cycle of alternating current (fig 1) applied to the stator 
winding we will  explain the working of shaded pole motor. 

 

 During the portion OA 
During the portion OA of the alternating-current cycle [Fig 1], the flux begins to increase and an 
e.m.f. is induced in the shading coil. The resulting current in the shading coil will  be in such a 
direction  law) so as to oppose the change in flux. Thus the flux in the shaded portion of 
the pole is weakened while that in the unshaded portion is strengthened as shown in figure 2. 

 During the portion AB 



             

During the portion AB of the alternating-current cycle, the flux has reached almost maximum 
value and is not changing. Consequently, the flux distribution across the pole is uniform [See Fig 
3] since no current is flowing in the shading coil.  

 During the portion BC 
As the flux decreases (portion BC of the alternating current cycle), current is induced in the 
shading coil so as to oppose the decrease in current. Thus the flux in the shaded portion of the 
pole is strengthened while that in the unshaded portion is weakened as shown in Fig 4. 

The effect of the shading coil is to cause the field flux to shift across the pole face from the 
unshaded to the shaded portion. This shifting flux is like a rotating weak field moving in the 
direction from unshaded portion to the shaded portion of the pole. 

The rotor is of the squirrel-cage type and is under the influence of this moving field. 
Consequently, a small starting torque is developed. As soon as this torque starts to revolve the 
rotor, additional torque is produced by single-phase induction-motor action. The motor 
accelerates to a speed slightly below the synchronous speed and runs as a single-phase induction 
motor. 

Important Characteristics of Shaded Pole Motors 

Some of the important characteristics of shaded pole induction motors are given below. The 
details of characteristics of shaded pole motor will  be discussed later.  

2. The salient features of this motor are extremely simple construction and absence of 
centrifugal switch. 

3. Since starting torque, efficiency and power factor are very low, these motors are only 
suitable for low power applications e.g., to drive: (a) small fans (b) toys (c) hair driers (d) 
desk fans etc. 

 
 Draw and explain the capacitor start motor?

Capacitor Motor:  

A capacitor C is connected in series with the starting winding through a centrifugal switch as 



             

 

shown in figure. The value of capacitor is so chosen that  the current Is in the auxiliary coil leads 
current Im in main coil by about 80° (i.e.,  ~ 80°) which is considerably greater than 25° found 
in split phase motor. This becomes a balanced 2 phase motor if the magnitude of Is and Im are 
equal and are displaced in time phase by 90° electrical degrees. 

Consequently, starting torque (Ts = ) is much more than that of a split-phase motor. 
The starting winding is opened by the centrifugal switch when the motor attains about 75% of 
synchronous speed. The motor then operates as a single-phase induction motor and continues to 
accelerate till  it reaches the normal speed. 

The motor will  start without any humming noise. However, after the auxiliary winding is 
disconnected, there will  be some humming noise. 

Since the auxiliary winding and capacitor are to he used intermittently, these can be designed for 
minimum cost. However, it is found that the best compromise among the factors of starting 
torque, starting current and costs results with a phase angle somewhat less than 
90° between Im and Is. 

Characteristics of Capacitor Start 1  Induction Motor  

Some of the characteristics of Capacitor start single phase induction motor are given below 

 Although starting characteristics of a capacitor-start motor are better than those of a split-
phase motor, both machines possess the same running characteristics because the main 
windings are identical. 

 The phase angle between the two currents is about 80° compared to about 25° in a split-
phase motor. Consequently, for the same starting torque, the current in the starting winding 
is only about half that in a split-phase motor. Therefore, the starting winding of a capacitor 



             

start motor heats up less quickly and is well suited to applications involving either frequent 
or prolonged starting periods 

 Capacitor start motors are used where high starting torque is required and where the starting 
period may be long e.g., to drive: (a) compressors (b) large fans (c) pumps (d) high inertia 
loads 

  

 

The power rating of such motors lies between 120 W and 7-5 kW. 

Applications of Capacitor Start Motor 

Capacitors in induction run motors enable them to handle heavier start loads by strengthening the 
magnetic field of the start windings. These loads might include refrigerators, compressors, 
elevators, and augers.  

The size of capacitors used in these types of applications ranges from 1/6 to 10 horsepower. High 
starting torque designs also require high starting currents and high breakdown torque. 

 
4. Describe the AC servo motor? 
  

AC Servo Motor 
Based on the construction there are two distinct types of AC servo motors, they are synchronous 
type AC servo motor and induction type AC servo motor. 

Synchronous-type AC servo motor consist of stator and rotor. The stator consists of a 
cylindrical frame and stator core. The armature coil wound around the stator core and the coil 
end is connected to with a lead wire through which current is provided to the motor. 

The rotor consists of a permanent magnet and hence they do not rely on AC induction type rotor 
that has current induced into it. And hence these are also called as brushless servo motors 
because of structural characteristics. 



             

 

Synchronous-type AC servo motor 
When the stator field is excited, the rotor follows the rotating magnetic field of the stator at the 
synchronous speed. If the stator field stops, the rotor also stops. With this permanent magnet 
rotor, no rotor current is needed and hence less heat is produced. 

Also, these motors have high efficiency due to the absence of rotor current. In order to know the 
position of rotor with respect to stator, an encoder is placed on the rotor and it acts as a feedback 
to the motor controller. 

The induction-type AC servo motor structure is identical with that of general motor. In this 
motor, stator consists of stator core, armature winding and lead wire, while rotor consists of shaft 
and the rotor core that built with a conductor as similar to squirrel cage rotor. 



             

 

induction-type AC servo motor 
The working principle of this servo motor is similar to the normal induction motor. Again the 
controller must know the exact position of the rotor using encoder for precise speed and position 
control. 

Working Principle of AC Servo Motor 

The schematic diagram of servo system for AC two-phase induction motor is shown in the figure 
below. In this, the reference input at which the motor shaft has to maintain at a certain position is 
given to the rotor of synchro generator as mechanical input theta. This rotor is connected to the 
electrical input at rated voltage at a fixed frequency. 

 

The three stator terminals of a synchro generator are connected correspondingly to the terminals 
of control transformer. The angular position of the two-phase motor is transmitted to the rotor of 
control transformer through gear train arrangement and it represents the control condition alpha. 



             

Initially, there exist a difference between the synchro generator shaft position and control 
transformer shaft position. This error is reflected as the voltage across the control transformer. 
This error voltage is applied to the servo amplifier and then to the control phase of the motor. 

With the control voltage, the rotor of the motor rotates in required direction till the error becomes 
zero. This is how the desired shaft position is ensured in AC servo motors. 

Alternatively, modern AC servo drives are embedded controllers like PLCs, microprocessors and 
microcontrollers to achieve variable frequency and variable voltage in order to drive the motor. 

Mostly, pulse width modulation and Proportional-Integral-Derivative (PID) techniques are used 
to control the desired frequency and voltage. The block diagram of AC servo motor system using 
programmable logic controllers, position and servo controllers is given below. 

5.  Draw and explain about ac voltage controller? 

AC Tachometers: 

Synchros: 
Synchro systems were first used in the control system of the Panama Canal in the early 1900s to 
transmit lock gate and valve stem positions, and water levels, to the control desks. 



             

 

View onto the connection description of a synchro transmitter 

 synchro (also known as Selsyn and by other brand names) is, in effect, a transformer whose 
primary-to-secondary coupling may be varied by physically changing the relative orientation of 
the two windings. Synchros are often used for measuring the angle of a rotating machine such as 
an antenna platform. In its general physical construction, it is much like an electric motor. The 
primary winding of the transformer, fixed to the rotor, is excited by an alternating current, which 
by electromagnetic induction, causes currents to flow in three Y-connected secondary windings 
fixed at 120 degrees to each other on the stator. The relative magnitudes of secondary currents 
are measured and used to determine the angle of the rotor relative to the stator, or the currents 
can be used to directly drive a receiver synchro that will rotate in unison with the synchro 
transmitter. In the latter case, the whole device may be called 
a selsyn (a portmanteau of self and synchronizing). 

Fire-control system designs developed during World War II used synchros extensively, to 
transmit angular information from guns and sights to an analog fire control computer, and to 
transmit the desired gun position back to the gun location. Early systems just moved indicator 
dials, but with the advent of the amplidyne, as well as motor-driven high-powered hydraulic 
servos, the fire control system could directly control the positions of heavy guns. 

Smaller synchros are still used to remotely drive indicator gauges and as rotary position sensors 
for aircraft control surfaces, where the reliability of these rugged devices is needed. Digital 
devices such as the rotary encoder have replaced synchros in most other applications. 

Selsyn motors were widely used in motion picture equipment to synchronize movie 
cameras and sound recording equipment, before the advent of crystal 
oscillators and microelectronics. 

Large synchros were used on naval warships, such as destroyers, to operate the steering gear 
from the wheel on the bridge 

2. Draw and explain the operation and principle of PMMC Instrument? 

The permanent magnet moving coil instrument or PMMC type instrument uses two permanent 
magnets in order to create stationary magnetic field. These types of instruments are only used for 
measuring the DC quantities as if we apply AC current to these type of instruments the direction 
of current will be reversed during negative half cycle and hence the direction of torque will also 
be reversed which gives average value of torque zero. The pointer will not deflect due to high 
frequency from its mean position showing zero reading. However it can measure the direct 
current very accurately. 



             

 

 Stationary Part or Magnet System: In the present time we use magnets of high field 
intensities, high coercive force instead of using U shaped permanent magnet having soft iron 
pole pieces. The magnets which we are using nowadays are made up of materials like 
alcomax and alnico which provide high field strength. 

 Moving Coil: The moving coil can freely moves between the two permanent magnets as 
shown in the figure given below. The coil is wound with many turns of copper wire and is 
placed on rectangular aluminium which is pivoted on jeweled bearings. 

 Control System: The spring generally acts as control system for . The 
spring also serves another important function by providing the path to lead current in and out 
of the coil. 

 Damping System: The damping force hence torque is provided by movement of aluminium 
former in the magnetic field created by the permanent magnets. 

 Meter: Meter of these instruments consists of light weight pointer to have free movement and 
scale which is linear or uniform and varies with angle. 

Let us derive a general expression for torque in permanent magnet moving coil instruments or 
. We know that in moving coil instruments the deflecting torque is given by 

the expression: Td = NBldI where N is number of turns, B is magnetic flux density in air gap, l is 
the length of moving coil, d is the width of the moving coil, And I is the electric current. Now for 
a moving coil instruments deflecting torque should be proportional to current, mathematically we 
can write Td = GI. Thus on comparing we say G = NBIdl. At steady state we have both the 
controlling and deflecting torques are equal. Tc is controlling torque, on equating controlling 



             

torque with deflection torque we have GI = K.x where x is deflection thus current is given by 

Since the deflection is directly proportional to the current therefore we need a 
uniform scale on the meter for measurement of current. Now we are going to discuss about the 
basic circuit diagram of the ammeter. Let us consider a circuit as shown below: 

 

The current I is shown which breaks into two components at the point A. The two components 
are Is and Im. Before I comment on the magnitude values of these currents, let us know more 
about the construction of shunt resistance. The basic properties of shunt resistance are written 
below, The electrical resistance of these shunts should not differ at higher temperature, it they 
should posses very low value of temperature coefficient. Also the resistance should be time 
independent. Last and the most important property they should posses is that they should be able 
to carry high value of current without much rise in temperature. Usually manganin is used for 
making DC resistance. Thus we can say that the value of Is much greater than the value of Im as 
resistance of shunt is low. From the we have, Where, Rs is resistance of 
shunt and Rm is the electrical resistance of the coil. From the above two 

equations we can write, Where, m is the magnifying power of the 
shunt. 

Errors in Permanent Magnet Moving Coil Instruments 
There are three main types of errors:  



             

4.  Due to temperature effects and aging of the magnets the 
magnet may lose their magnetism to some extent. The magnets are generally aged by the heat 
and vibration treatment. 

5. Error may appear in PMMC Instrument due to the aging of the spring. However the error 
caused by the aging of the spring and the errors caused due to permanent magnet are opposite 
to each other, hence both the errors are compensated with each other. 

6.  Generally the 
temperature coefficients of the value of coefficient of copper wire in moving coil is 0.04 per 
degree celsius rise in temperature. Due to lower value of temperature coefficient the 
temperature rises at faster rate and hence the resistance increases. Due to this significant 
amount of error is caused. 

Advantages of Permanent Magnet Moving Coil Instruments 
5. The scale is uniformly divided as the current is directly proportional to deflection of the 

pointer. Hence it is very easy to measure quantities from these instruments. 
6. Power consumption is also very low in these types of instruments. 
7. Higher value of torque is to weight ratio. 
8. These are having multiple advantages, a single instrument can be used for measuring various 

quantities by using different values of shunts and multipliers. 
Instead of various advantages the permanent magnet moving coil instruments or 

 posses few disadvantages. 

Disadvantages of Permanent Magnet Moving Coil Instruments 
6. These instruments cannot measure ac quantities. 
Cost of these instruments is high as compared to moving iron instruments 

 

 

 

 

 

 

 

 

 



             

Objective Type Questions 

1. In BLDC motor field winding is kept on _______________ 

a) Stator 

b) Rotor 

c) Can be placed anywhere 

d) Absent 

View Answer 

2. What is the angle between stator direct axis and quadrature axis ? 

a) 90° 

b) 0° 

c) 45° 

d) any of the mentioned 

 
3. The spit phase induction motor has 
a) Low starting current and high starting torque 
b) Moderate starting current and moderate starting torque 
c) Low starting current and moderate starting torque 
d) Moderate starting current and low starting torque 
 
4. In washing machines, most commonly used motors are 
a) Split phase induction motors 
b) Slip ring induction motors 
c) Capacitor start induction motors 
d) Shaded pole induction motors 
 
 
5. In capacitor start capacitor run induction motor, the capacitor 
 
a) Only at start 
b) Only during running condition 
c) At start as well as during running condition 
d) None of these 
 
6.  The capacitor connected permanently in capacitor run motor 
a) Improves power factor 
b) Lowers power factor 
c) Does not affect power factor 
d) None of these 



             

 
7. In refrigerators the commonly used motors are 
a) Split phase induction motors 
b) Capacitor induction motors 
c) Shaded pole induction motors 
d) None of these 
 
8. In shaded pole induction motor, the direction of rotation of magnetic field is from  
 
a)  Shaded pole to non-shaded pole 
b) Non-shaded pole to shaded pole 
c)  Doesn't depend on the poles 
d)None of these 
 
9. Which of the following meter is an integrating type instrument? 
(a) Ammeter. 
(b) Voltmeter. 
(c) Wattmeter. 
(d) Energy metre. 
 
10. Creeping in energy metre implies 
(a) Slow rotation of rotor with only voltage coil excited. 
(b) Slow rotation of rotor with only current coil excited. 
(c) Fast rotation of rotor with only voltage coil excited. 
(d) Fast rotation of rotor with only current coil excited. 
 
 
Fill In The Blanks 
 
1. PMMC type instrument uses                           permanent magnets in order to create stationary 

magnetic field 
2. Moving iron type instruments are of mainly two types those are--------------------- 
3. Stepper Motor gives the variation of an electromagnetic torque as a function of stepping rate 

in-----------------------------     
4. which by electromagnetic induction, causes currents to flow in three Y-connected secondary 

windings fixed at                       to each other on the stator 
5. Basically these types of tachometers have small                               which translate the 

rotational speed into voltage. 
6. This rotor is connected to the electrical input at rated voltage at a                    . 
7. Synchronous-type AC servo motor consist of-------------------            



             

8. The motor will  start without any humming noise. However, after the auxiliary winding is 
disconnected, there will  be some                        . 

9. The phase angle between the two currents is about           compared to about            in a split-
phase motor. 

10. The rotor of shaded pole induction motors is                       . 

MCQ Answers: 

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 
b a c a c a b b d a 

Fill in the blank Answers: 

1. Two 2. Attractive  
and repulsive    

 

   
 

10. Squirrel  Cage 
type rotor.  

 

 

 

 

 

 

 

 

 

 

 


