
DHANALAKSHMI COLLEGE OF ENGINEERING, CHENNAI 

DEPARTMENT OF ELECTRICAL AND ELECTRONICS ENGINEERING 

EE 6401 ELECTRICAL MACHINES – I 

UNIT – I : MAGNETIC CIRCUITS AND MAGNETIC MATERIALS 

Part – A (2 Marks) 

 

1. List out the types of basic rotating machines.                                                                                                (A-11, A-13) 
    The types of basic rotating machines are 

i. DC machine 
ii. Synchronous machine 
iii. Induction machine 

 

2. Define – Statically InducedEMF and Dynamically Induced EMF  
i. Thecoil remains stationary with respect to flux, but flux through it changes with time. The induced is known as 

statically induced EMF. 
ii. The flux density distribution remains constant and stationary but the coil moves relative to it. The EMF induced is     

     known as dynamically induced EMF. 

 

3.  What is hysteresis loss? Also mention a method to minimize the loss.                                                       (N-11, N-12)
  

The net energy unrecovered from the magnetic material during process of magnetization is called hysteresis loss. By 
selecting the good material, which has low characteristic constant, the hysteresis loss can be minimized. 

 

4. Define – Torque 
    The torque is defined as the twisting force acts on the circular body. 

 

5. Define – Magnetic Flux                                                                                                                                            (N-12) 
The magnetic flux line is defined as the force of line produced by the flow of current in a electrical conductor or by 
permanent magnet. The unit is Webers. 

 

6. A coil of 1500 turns carrying a current of 5 A produces a flux of 2.5 mWb. Find self inductance of the coil.          (N-12) 

    Solution: 

    
  

 
   = 

            

 
  = 0.75 = 750 m H. 

 

7. Define – EMF and MMF                                                                                                                                           (A-12) 

     Electro Motive Force: 
 When unit current is flowing in a circuit, the rate at which electrical energy is drawn from the source and dissipated 

in the circuit is called the Electro Motive Force. 

Magneto motive force: 
 The product of the total induction or magnetic flux and the magnetic resistance is called the Magneto Motive Force. 
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8.  What are the core losses? Also write the method to minimize the losses.  
      The core losses are 

i. Eddy current loss (Can be minimized by laminated stamping of the core ) 
ii. Hysteresis loss (Can be minimized by selecting good magnetic material) 

 

9. Distinguish between statically and dynamically induced EMF.                                                         (N-10, N-11, A-12) 

Sl. No. Dynamically induced EMF Statically induced EMF 

1 
Inductance of the medium varies with 
respect to time. 

Inductance does not vary with respect to time. 

2 
The flux density in the machine is constant 
throughout the operation. 

The flux density in the machine varies with 
respect to time. 

 

10. List out the examples for single excited system.  
      The examples for singly excited system are 

i. Reluctance motor 
ii. Single phase transformer 
iii. Relay coil 
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PART – B (16 Marks) 

 

1. Explain in detail, the magnetic circuits and the electrical analog of magnetic circuit.                                    (A-11, N-11) 

2. Explain in detail, the power losses that occur in a magnetic material.                                                           (A-11, N-12) 

3. The total core loss of a specimen of silicon steel is found to be 1500 W at 50 Hz. Keeping the flux density constant      

the loss becomes 3000 W when the frequency is raised to 75 Hz. Calculate separately the hysteresis and eddy-current 

loss at each of those frequencies.                                                                                                                               (A-11) 

4. Compare electric circuits with magnetic circuits by their similarities and dissimilarities.            

5. A ring composed of three sections. The cross section area is 0.001 m2 for each section. The mean arc length are Ia = 

0.3 m, Ib =0.2 m, Ic = 0.1 m. an air gap length of 0.1 mm is cut in the ring, µr for sections a, b and c are 5000, 1000 and 

10000 respectively. Flux in the air gap is 7.5 × 10 – 4Wb. Find the MMF and the exciting current if the coil has 100 turns 

and reluctance of the sections.                                                                                                                                    (N-11) 

6.   Explain in detail, the following: 

(i) B-H relationship 

(ii) Leakage flux 

(iii) Fringing    

7.   Derive an expression for energy density in the magnetic field.                                                                             (A-14) 

8.   A single phase, 50 Hz, 100 kVA transformer for 12000 / 240 V ratio has a maximum flux density of 1.2 Wb / m2 and 

an effective core section of 300 cm2, the magnetizing current(RMS) is 0.2 A. Estimate the inductance of each wire on 

open circuit.                                                                                                                                                                 (A-12) 

9.   A 50 Hz synchronous salient pole generator is driven at 125 rpm. There are 576 stator slots with two conductors per 

slot. Air gap diameter is 6.1 m and stator length is 1.2 m. Sinusoidal flux density has a peak of 1.4 T. Calculate the line 

voltage induced for star connection.                    

10. Explain in detail, the relation between field energy and the mechanical force developed in the field. 
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UNIT – II : TRANSFORMERS 

PART – A (2 Marks) 
 

1.  Define – All Day Efficiency                                                                                                                                     (N-12) 
     All day efficiency is defined as the ratio of output in kWh to input in kWh of a transformer over a period of 24 hours. 

  ηall day = 
                       

                     
 

 

2. State the advantages of auto transformer.                                                                                                            (N-12) 
    The advantages of auto transformer are 

i. Efficiency is high 
ii. Smaller in size 
iii. Low exciting current 
iv. Lower cost due to reduced copper 
v. Better voltage regulation 

 

3. Which equivalent circuit parameters can be determined from the open circuit test and short circuit on transformer?
                                                                                                (A-11) 

 The magnetizing current, Iµ and working component current, IW of equivalent circuit parameters can be determined 
from the open circuit test and short circuit test on transformer. 

 

4. The EMF per turn for a single phase 2200 / 220 V, 50 Hz, transformer is 11 V. Calculate the number of primary and 
secondary turns.                                                                                                          (A-11) 

         V1 = 2200 V and V2 = 220 V  

         EMF per turn = 11 V     N1  =
               

            
     N2  = 

                 

            
 

         and  N1 = 2200 / 11 = 200 turns and N2 = 220 / 11  = 20 turns 

 

5. Why is a transformer rated in kVA?                                                                (N-11) 
 The copper loss and depends on current and iron loss depends on voltage. The total loss on the transformers 

depends on voltage and current (VA) and not depend on the power factor. So the transformer rating is specified in 
kVA and not in kW.   

 

6. Compare two winding transformer and auto transformer.                 (N-11)
    

Sl. No. Auto transformer Two – winding transformer 

1 Higher efficiency Comparatively low 

2 Smaller in size Size is large 

3 Smaller exciting current Comparatively high in size 

4 Requires less copper  Requires higher copper comparatively 

 

7. State the principle of operation of transformer.   
    The transformer operates on the principle of electromagnetic induction. 

 

8. List out the condition for parallel operation of transformers.                   (N-10) 
    The conditions for parallel operation of transformers are, 

i. The voltage ratings of both primary and secondary must be the same. 
ii. The polarities of the transformer must be connected properly 
iii. The ratio of the equivalent resistance to equivalent reactance of the transformers should be equal 
iv. The equivalent impedances should be inversely proportional to the respective kVA ratings of the 

transformer.  
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9.   Write the uses of an auto transformer.    
       The uses of an auto transformer are, 

i. It is used to start the induction motor and synchronous motor. 
ii. Used in the electrical testing laboratories. 
iii. It is used as boosters to increase the voltage in AC feeders. 

 

10. Distinguish between core type and shell type transformers.                (A-14) 
 

Sl. No. Core type transformer Shell type transformer 

1 Winding surrounds considerable part of core.  Core surrounds considerable part of winding. 

2 
It has two limbs to carry primary and secondary 
winding. 

Primary and secondary windings are carried 
by central limb. 
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PART – B (16 Marks) 

 

1. Derive the EMF equation of transformer.            (A-12, N-12, A-14) 

2. Explain in detail, the step by step the procedure to draw the equivalent circuit of transformer. (N-11, N-12) 

3. The voltage per turn of a single phase transformer is 1.1 V when the primary winding is connected to a 220 V, 

50 Hz AC supply, the secondary voltage is found to be 550 V. Find the primary and secondary turns and core 

area if maximum flux density is 1.1 Tesla.                                                     (N-12) 

4. In a 25 kVA, 2000 / 200 V transformer, the constant and variable losses are 350 Watts and 400 Watts 

respectively. Calculate the efficiency on unity power factor at full load and half the full load. 

5. Draw the equivalent circuit of single phase transformer and draw the necessary phasor diagram underdifferent 

types of load. (i) Resistive, (ii) Inductive and (iii) Capacitive.                                   (A-14) 

6. Explain in detail, the different types of three phase transformer connection.   

7. Explain in detail, the tests required to obtain the equivalent circuit parameters of transformer.                    (A-12) 

8. In a 25 kVA, 2000 / 200 V, single phase transformer, the iron losses and full load copper losses are 350 and 

400 W respectively. Calculate the efficiency at unity power factor on (i) full load and (ii) half full load.  

9. A 5000 kVA, 3 phase transformer, 6.6 kV Δ / Υ has no load losses of 15 kW and a full load loss of 50 kW. The 

impedance drop at full load is 7 %. Calculate the primary voltage when a load of 3200 kW at 0.8 p. f. is 

delivered at 33 kV.                                                                                               

10. A load of 500 kVA at 0.8 p. f. lagging is to be shared by two three phase transformers A and B of equal ratings. 

If the equivalent delta impedances as referred to secondary are (2 + j6) Ω for A and (2 + j5) Ω for B. calculate 

the load supplied by each transformer.                                                   
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UNIT – III : ELECTROMECHANICAL ENERGY CONVERSION  AND CONCEPTS IN ROTATING MACHINES 

PART – A (2 Marks) 

 

1. Define – Co-energy                (A-12, A-13, A-14) 
     The co-energy is defined as the measure of other energy conversions which take place in a coil than magnetic energy 

storage. 

 

2. List out the requirements for the excitation systems.                  (A-12) 
    The requirements for the excitation systems are 

i. Magnetic core 
ii. Exciting coil 
iii. Electrical source 

 

3. List out the causes for irrecoverable energy loss when the flux in the magnetic circuit undergoes a cycle. 
    The causes for irrecoverable energy loss when the flux in the magnetic circuit undergoes a cycle are 

i. Hysteresis loss occurs due to the  saturation property of the magnetic material 
ii. Eddy-current loss occurs due to circulating currents developed in all possible directions where the 

magnetic flux flows. 
 

4. Write the expression for energy stored in the magnetic field.  
    The expression for energy stored in the magnetic field is, 
     

                    Energy stored =  
 

 
L i2 

5. List out the advantages of analyzing energy conversion devices by field energy concept.                                     (N-11) 
    The advantages of analyzing energy conversion devices by field energy concept are 

i. Electro mechanical energy conversion devices are built with air gaps in the magnetic circuit which serve 
to separate the stationary and moving members. 

ii. The i-λ relationship of the magnetic circuit is almost linear. 
iii. The losses of magnetic origin are separately accounted by semi-empirical methods. 
iv. With the linearity assumption the analysis is greatly simplified. 

 
6. Draw the general block diagram of electro mechanical energy conversion device.                                      (N-11, N-12) 
 
 
 
       

Net electrical input        Gross mechanical output                                                                              
                                          Electrical losses                                                     Mechanical losses            

 
 

 

 

    

Gross electrical input    Net mechanical output 

 

 

Electrical 
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7. In a linear system, prove that field energy and co-energy are equal.                                                                   (N-12)
  

     Field energy, Wf = ∫     
 

 
 

    = 
 

 
 HB  

       = 
 

 
  

  

 
  

     Co-energy, Wf
1 =∫     

 

 
 

      =  
 

 
  µ H2 

      = 
 

 
  

  

 
 

      Wf = Wf
1 

 

8. Write the balance equation for motor.           (N-10, A-11) 
 
 
 

                                    =                                    +                                      +  

 

 

 

9. List out the three basic principles for the electro mechanical energy conversion.     (A-11, A-14) 
    The three principles for the electromechanical energy conversion are 

i. Devices for measurement and control operate under linear input-output condition with relatively small 
signal. 

ii. Devices encompass force producing devices. 
iii. Continuous energy-conversion equipment such as motors and generators. 

 
 

10. List out the conditions to achieve linear i-λ relationships. 
      The conditions to achieve linear i-λ relationships are 

i. Air gap between the moving part and magnetic circuit should be smooth and uniform. 
ii. Magnetic core should have non-saturated material 
iii. Losses due to non-linearity are negligible. 
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PART – B (16 Marks) 

 

1. Deduce an expression for the mechanical force of field origin in a typical attracted type armature relay. 

    (N-11, A-12, A-14) 

2. Derive an expression for the magnetic force developed in a multiply excited magnetic field system.                  

(A-12, A-13) 

3. Derive an expression for energy and force in doubly excited magnetic field system.        (N-11, N-12) 

4. Two coupled coils have self and mutual inductance of L11 = 2 + 
 

  
 ; L22 = 2 + 

 

  
 ; L12 = L21 = 

 

  
 over a certain 

range of linear displacement of  . The first coil is excited by a constant current of 20 A and the second by 

constant current of -10 A. Find mechanical work done if   changes from 0.5 to 1 m and also the energy 

supplied by each electrical source.                  

5. Two coupled coils have self and mutual inductance of L11 = 2 + 
 

  
 ; L22 = 2 + 

 

  
 ; L12 = L21 = 

 

  
 over a certain 

range of linear displacement of  . The first coil is excited by a constant current of 20 A and the second by 

constant current of -10 A. Find change in field energy.                                         (N-12) 

6. Explain in detail, the energy stored in the magnetic system.                         

7. Explain in detail, the singly-excited electric field system.                              

8. The magnetic flux density on the surface of an iron face is 1.6 T which is a typical saturation level value for 

ferromagnetic material. Find the source density on the iron face.                                          (A-11) 

9. Find an expression for the force per unit area between the plates of a parallel plate condenser in terms of the 

electric field intensity. Use both energy and co-energy methods. Find the value of the force per unit area when 

E = 3 × 106 V / m the break down strength of air.                                            (N-12) 
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UNIT – IV : DC GENERATORS 

PART – A (2 Marks) 

 

1. Define – Reactance Voltage                    (N-12) 
Reactance voltage is defined as the self-induced voltage of the commutated coil and the voltage of mutual induction 
from other coils undergoing commutation at the same time oppose changes in current in the commutated coil. Sum 
of these two voltages defined as reactance voltage. 

 

2. Why fractional pitch winding is preferred over full pitched winding?      (A-12, A-13)              
    The fractional pitch winding is preferred over the full pitched winding for the following reasons: 

i. Fractional pitch winding helps in elimination of any particular harmonic content of the induced voltage 
ii. The short pitched coils have shorter end connections. Thus there is a saving in copper per coil. 

 

3. Define – Pitch Factor and Winding Factor        (N-11, N-12)  
    The pitch factor is defined as the ratio of resultant EMF of a chorded coil to the resultant EMF had the same coil been     
     full pitched. 

 Pitch factor, kP = 
                               

                                    
 

The winding factor is defined as the product of distribution factor, kd and pitch factor, kPWinding factor, kW =   kd × kP 

 

 4. What is meant by mechanical angle?          (N-10, N-12) 
 One revolution of 360   mechanical degrees is equivalent to P / 2 cycles of EMF generated in one revolution, where 

P is number of poles. 

 

5. What is back EMF in a DC motor?                                                                                                                          (N-11) 
In a motor, the generated EMF is in direction opposite to the flow of conductor current. Since, this generated EMF 
opposes the flow of current, it is called counter electromotive force or counter EMF or back EMF.  

  

6. What are the basic magnetic field effects that result in the production of mechanical forces? 
    The basic magnetic field effects that result in the production of mechanical forces are, 

i. Should have two interacting magnetic fields 
ii. The two fields must be relatively stationary 
iii. The two fields must be in phase quadrature or orthogonal 

 

7. What are the assumptions made to determine the distribution of coil MMF? 
    The assumptions made to determine the distribution of coils MMF are, 

i. The permeability of stator and rotor iron is much greater than that of the air. 
ii. The magnetic flux lines are assumed to cross the air gap radically. 

 

8. What is meant by magnetic leakage flux?                                                                                                               (N-11) 
The fluxes do not take part in the production of torque is called as magnetic leakage flux.  

 

9. Why is the efficiency of a three phase induction motor less than that of a three phase transformer?  
     The efficiency of a three phase induction motor less than that of a three phase transformer is the transformer does 

not have rotating part. So, the mechanical losses are absent. 
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10. What is the relation between electrical and mechanical degrees? 
       The relation between electrical and mechanical degrees is 

        θe =  
 

 
 θm 

          Where,θe - Electrical degrees 
 θA- Mechanical degrees  and P- Number of poles 
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PART – B (16 Marks) 

 

1. Explain in detail, the construction and principle of operation of synchronous machines.             (A-13) 

2. A 2000 V, three phase star connected synchronous motor has an effective resistance and synchronous reactance of 

0.2 Ω and 2.2 Ω per phase respectively. The input is 800 kW at normal voltage and the induced line emf is 2500 V. 

Calculate the line current and power factor.                     (A-12) 

3.   Explain in detail, the concept of rotating MMF waves in AC machine.                  (N-12) 

4.   A three phase, 50 Hz star connected alternator with two layer winding is running at 600 rpm. It has 12 turns / coil, 4 

slots / pole / phase and a coil pitch of 10 slots. If the flux per pole is 0.035 Wbsinusoidally distributed find the phase and 

line EMF induced. Assume that the total turns per phase are series connected.         (A-11, N-11, N-12, A-13) 

5.  Explain in detail, the basic concept of a synchronous generator with a neat sketch and necessary space wave form.                                                                               

          (N-12) 

6.   Explain in detail, the concept of distributed winding and short pitched coils of an armature.      

7.   A 2 pole, 3 phase, 50 Hz, 2300 V synchronous machine has 42 slots. Each slot has two conductors in a double layer 

winding. The coil pitch is 17 slots. Each phase winding has two parallel paths. Calculate flux / pole required to generate 

a phase voltage of 2300 / √   V.                                     

8.   Explain the concept of rotating magnetic field in the armature of a three phase machine.                          (A-14) 

9.   A 50 Hz, 400 V, 4-pole cylindrical rotor synchronous generator has 36 slots, two layer winding with full pitch coils of 

8 turns each. The mean air-gap diameter is 0.16 m, axial length 0.12 m and a uniform air-gap of 2 mm. Calculate the 

value of the resultant AT / pole and the peak air – gap flux density. The machine is developing an electromagnetic 

torque of 60 N-m as a generator at a torque angle of 26  . What should be the rotor AT / pole? What is the stator AT and 

the angle it makes with the resultant AT? Also find the stator current.                                                           

10. Explain the basic concept of EMF generation in a DC machine.               (N-11) 
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UNIT – V : DC MOTORS 

PART – A (16 Marks) 

 

1. Define –Commutation           (A-12, N-12) 
The armature current in all conductors under North Pole are in one direction and the currents in all conductors 
under South Pole are in opposite direction. The magnetic field of the armature current is stationary in space, in spite 
of the rotation of the armature. During this time when the brushes are simultaneously in contact with two adjacent 
commutator segments are short circuited by the brushes and are temporarily removed from the main circuits 
through the winding. The directions of the currents in the coils are reversed. The process of reversal of currents is 
known as commutator. 

      

2. Why is DC series motor is not suitable for belt driven load?                (A-12) 
The belt will cause the motor to run on no load due to heavy centrifugal force set up in the rotating parts. If a series 
motor runs on no load, it will run at very high speed and motor may get damaged. 

 

3.   Write the methods of speed control in DC series motor.                (N-12) 
      The methods of speed control in DC series motor are 

i. Variable resistance in series with motor 
ii. Flux control method 
iii. Field diverter method 
iv. Armature diverter method 

 
 

4. Define – Armature Reaction in DC machine         (N-11, A-13) 
The armature reaction is defined as the interaction between MMF set by armature and MMF set by field. 

 

5. Why is Swinburne’s test not be performed on a DC series motor?                (N-11) 
 The Swinburne test is related to no load test. The DC series motor cannot be operated on no load. So, the 

Swinburne’s test cannot be performed on DC series motor. 

 

6. What are methods of speed control in DC series motor? 
     The methods of speed control in DC shunt motor are, 

i. Field control method 
ii. Armature control method 

 

7. Draw the circuit model of a DC shunt motor.                  (A-11) 
 
 
 
                 +  

                         F1                   A1 

 

     _            F2                   A2  

 

 
 

M 
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8. What is the function of no-volt coil in a three point starter?                 (A-11) 
The function of no-volt coil in a three point starter is to release the starter handle from run position to off position 
when supply goes off. 

 

9. List out the types of DC starters.  
     The types of DC starter are  

i. Four point starter 
ii. Three point starter 
iii. Two point starter 

 

10. Write the purpose of the starter. 
      The purpose of starter is to minimize the starting current or in-rush current.   
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PART – B (16 Marks) 

 

1. Explain the different methods of excitation and characteristics of a DC generator with diagram.  (N-10, A-13) 

2.   Explain in detail, the methods of speed control of a DC shunt motor.      (A-12, A-13) 

3.   Explain the working of four point starter.         (N-10, N-12) 

4.   Explain in detail, the process of commutation and methods of commutation.               (N-12) 

5.   Explain in detail, the different methods of excitation and characteristics of a DC motors with suitable diagram.                                                                                                    

(N-11, A-12) 

6.  Explain in detail, the Ward-Leonard system of controlling the speed of a DC shunt motor with the help of a neat      

     diagram.             (N-11, A-14) 

7.   A 250 V, DC shunt motor has Rf= 150 Ω and Ra = 0.6 Ω. The motor operates on no load with a full field flux at its  

      base speed of 1000 rpm with Ia = 5 A. If the machine drives a load requiring a torque of 100 Nm, calculate armature      

     reaction and speed of the motor. If the motor is required to develop 10 kW at 1200 rpm. What is the required value of  

     the external series resistance in the field circuit? Assume linear magnetization. Neglect the saturation and armature  

     reaction.                       (A-11) 

8.   A 220 V shunt motor has an armature resistance of 0.2 Ω and field resistance of 110 Ω. The motor draws 5 A at     

     1500 rpm at no load. Calculate the speed and shaft torque if the motor draws 52 A at rated voltage.                                                                                                                                             

9.   A DC series motor drives a load, the torque of which varies as the square of the speed. Assuming the magnetic     

     circuit to remain unsaturated and the motor resistance to be negligible. Estimate the percentage reduction in the     

     motor terminal voltage which will reduce the motor speed to half the value it has on full voltage. What is the  

     percentage fall in the motor current and efficiency? Stray losses of the motor may be ignored.                                                                                              

10. Explain in detail, the armature reaction and commutation.                                                             
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