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 PART A - (5 X 2 = 10 marks) 

Q.No Question M CO BL 

1.  

State the purpose of yoke in a DC machine. 

 Mechanical support :The yoke provides mechanical support for the poles and protects 

the entire machine from dust and moisture. 

 Magnetic flux :The yoke carries the magnetic flux produced by the poles and acts as a 

return path for the pole flux. 

2 CO-1 L -1 

2.  

What do you mean by armature reaction in a DC machine? Mention its effects. 

Armature reaction in a DC machine is the impact of the armature's magnetic field on the 

main field, caused by the interaction between the armature flux and the main magnetic 

field. It can lead to several operational issues, including:  

 Reduced efficiency: Armature reaction can reduce the efficiency of the machine.  

 Distorted flux patterns: Armature reaction can distort the flux patterns within the 

machine.  

 Potential damage: If not managed properly, armature reaction can potentially damage the 

machine.  

 Reduced voltage: In a DC generator, armature reaction can reduce the generated voltage.  

2 CO-1 L -2 

3.  

What is the significance of back emf in a DC motor? 

Back electromotive force (EMF) is important in a DC motor because it regulates the 

motor's speed, protects it from damage, and improves its efficiency 

2 CO-2 L -2 

4.  

Plot the electrical and mechanical characteristics of DC compound motor. 

 

2 CO-2 L -1 

5.  

Mention the advantages and disadvantages of Hopkinson's test. 

 Advantages. The various advantages of Hopkinson's test are, The power required for 

conducting the test is small compared to full load powers of the two machines. 

 Disadvantages. The various disadvantages of Hopkinson's test are, There is difficulty in 

availability of two identical machines. 

2 CO-3 L -1 
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6.  

Summarize the applications of various types of DC motors. 

 

2 CO-3 L -2 

7.  

In a single-phase transformer, the number of turns in the primary and secondary are 250 

and 1050 respectively. The primary side voltage is 400 V. Calculate the secondary side 

voltage of the transformer. 

 

2 CO-4 L -2 

8.  

List the characteristics of an ideal transformer. 

 Zero winding resistance: The primary and secondary windings have zero resistance.  

 Infinite core permeability: The core of an ideal transformer has infinite permeability, so 

no magnetizing current is required to magnetize it.  

 No leakage flux: The entire flux from the primary winding links with the secondary.  

 100% efficiency: An ideal transformer has no losses, so the output power is exactly equal 

to the input.  

2 CO-4 L -2 

9.  

Discuss the reasons why the transformers are rated in KVA. 

Transformers are rated in KVA (kilo-volt-amperes) because their internal losses, 

primarily copper losses (dependent on current) and iron losses (dependent on voltage), are 

primarily determined by the apparent power (kVA) and not the power factor of the 

connected load, meaning their capacity is best described by this combined value 

regardless of the type of load connected to it 

2 CO-5 L -2 

10.  

Define all-day efficiency. 

All-day efficiency is a term used in electrical engineering to describe the overall 

efficiency of a transformer over a 24-hour period.

 

2 CO-5 L -2 

 



PART B - (2 X 13 = 26 marks) 

11. (a) (i) Illustrate the construction of a DC Machine with a neat diagram. 

An electromechanical device which can convert direct current (dc) electricity into mechanical 

energy or mechanical energy into direct current (dc) electricity is known as a DC machine. 

If the DC machine converts DC electrical energy into mechanical energy, it is known as DC 

motor. If the machine converts mechanical energy into DC electrical energy, then it is known 

as a DC generator. Both DC motor and DC generator have the similar construction. 

A typical DC machine consists of the following major parts − 

 Yoke or Frame 

 Armature 

 Field System 

 Commutator 

 Brushes 

 Bearings 

The schematic diagram of a DC machine is shown below − 

 

Yoke or Frame 

The yoke is the outer frame of the DC machine. It is made up of such materials that have high 

permeability and high mechanical strength. In practice, the yoke of DC machine is made up of 

cast steel. 

The yoke or frame of the DC machine serves the following main purposes − 

 It protects the internal machine parts like armature, windings, field poles, etc. against 

mechanical damages. 

 The yoke houses the magnetic field system. 

 It provides a low reluctance path to the working magnetic flux. 

 It supports the rotor or armature through bearings. 

Armature 

In DC machines (motor or generator), armature is a system of conductors or coils that can 

rotate freely on the supporting bearings. The working torque and EMF are developed in coils 

of the armature. The armature consists of two main parts namely, armature 

core and armature winding. 

The armature core is a solid cylindrical structure, made up of high permeability thin silicon 

steel laminations. On the outer periphery of the core slots are cut to carry the armature 

winding. 

Field System 

Field system is the part of a DC machine which produces the working magnetic flux in the 

machine. It is basically a system of electromagnets which is excited by a DC supply. In case 

8 CO-1 L-2 



of DC machine, the field system is a stationary part of the machine and it is bolted to the yoke 

or frame of the machine. There are three main parts of a field system in dc machines 

namely pole core, pole shoes, and field coils. 

Commutator 

The commutator is one of the important parts of the DC machine. It is basically mechanical 

rectifier. It is a cylindrical shaped device and is made up of copper. The outer periphery of the 

commutator has V-shaped slots to carry commutator segments. Where, the commutator 

segments are copper bars inserted in the slots. These segments are insulated from each other 

by mica. The commutator is mounted on the shaft of the DC machine on one side of the 

armature. The armature conductors are connected to the commutator segments with the help 

of copper lugs. 

 

The commutator performs the following two major functions − 

 In a DC generator, it collects the current from the armature conductor. In a DC motor, it 

supplies the current to the armature conductors. 

 It converts the alternating current of the armature into unidirectional current in the external 

circuit with the help of brushes, and vice-versa. 

Brushes 

Brushes are used to make an electrical connection with the rotating commutator. These collect 

(or supply) current from (or to) the moving commutator. Brushes are usually made up of 

carbon. They are housed in brush holders and are in contact with the commutator surface with 

the help of spring pressure. 

 

  (ii) Compute the emf generated by an 8 Pole, wave connected armature that has 625 

conductors and driven at 625 rpm. The fulx per pole is 20 mWb. 

 

5 CO-1 L-3 

OR 

 (b) (i) Derive the emf equation of a DC generator. 8 CO-1 L-2 



 

 

 (ii) A DC generator is connected to a load of 60 Ω and delivers a current of 8 A. If 

the armature resistance is 152, determine (a) the terminal voltage (b) the generated 

emf.. 

 

5 CO-1 L-3 

 

12. (a) 

Outline the various methods of speed control employed for DC shunt motors. 

Back emf Eb of a DC motor is nothing but the induced emf in armature conductors due to 

rotation of the armature in magnetic field. Thus, the magnitude of Eb can be given by EMF 

equation of a DC generator. 

 

Eb = PØNZ/60A 

 

(where, P = no. of poles, Ø = flux/pole, N = speed in rpm, Z = no. of armature conductors, A 

= parallel paths) 

 

Eb can also be given as, 

13 

CO-2 L-2 



Eb = V- IaRa 

 

thus, from the above equations 

N = Eb
 60A/PØZ 

 

but, for a DC motor A, P and Z are constants 

 

Therefore, N ∝ K Eb/Ø          (where, K=constant) 

 

This shows the speed of a dc motor is directly proportional to the back emf and inversely 

proportional to the flux per pole. 

Flux control method 

 

 Armature control method 

 

Voltage Control Method 

a) Multiple voltage control 

b) Ward-Leonard System 

Speed control of series motor 

 
 

OR 

 
(b) Examine the electrical, mechanical and other major characteristics of D.C. Series 

motors. Draw the performance curve of D.C. Series Motor. 

13 CO-2 L-2 



 

 

 
 

13 (a) 
Illustrate the Swinburne's test on a D.C. Motor. What are its advantages and 

disadvantages? 

13 CO-3 L-2 



Swinburne’s Test is an indirect method of testing of DC machines. In this method, the losses 

are measured separately and the efficiency at any desired load is predetermined. Machines are 

tested for finding out losses, efficiency and temperature rise. 

For small machines direct loading test is performed. For large shunt machines, indirect 

methods are used like Swinburne’s or Hopkinson’s test. The machine is running as a motor at 

rated voltage and speed. The connection diagram for DC shunt machine is shown in the figure 

below: 

 
 
Advantages of Swinburne’s Test 
The main advantages of Swinburne’s test are as follows: 

 The power required to test a large machine is small. Thus, this method is an economical 

and convenient method of testing of DC machines. 

 As the constant loss is known the efficiency can be predetermined at any load. 

Disadvantages of Swinburne’s Test 

 Change in iron loss is not considered at full load from no load. Due to armature reaction 

flux is distorted at full load and, as a result, the iron loss is increased. 

 As the Swinburne’s test is performed at no load. Commutation on full load cannot be 

determined whether it is satisfactory or not and whether the temperature rise is within 

the specified limits or not. 

OR 

 

(b) Hopkinson's test on two machines gave the following results for full load; line voltage 250V, 

line current excluding field current 50A, motor armature current 380A, field currents 5 and 

4.2A. Calculate the efficiency of each machine. The armature resistance of each machine is 

0.02 Ω. State the assumptions made. 

13 CO-3 L-3 



 
 

14 (a) 

(i) Derive an expression for the e.m.f. equation of a single-phase transformer. 

 

8 CO-4 L-2 



 

 

  

(ii) A single-phase transformer with a ratio of 440/110V takes a no-load current is 5A at a p.f. 

of 0.2 lag. If the second. Supplies a current of 120A at 0.8pf lag, calculate the total current 

taken by the primary. 

 
 

5 CO-4 L-3 

OR 



 

(b) Draw the complete phasor diagram of a single-phase transformer on load at leading, 

lagging and unity power factors. Indicate the various quantities. 

 
 

 
 

 
 

13 CO-4 L-2 

 

15 
(a) In a 25kVA, 1000/400V single-phase transformer, the iron and copper losses at full load are 

300W and 400W respectively. Calculate the load (in kVA) for maximum efficiency. 
13 CO-5 L-2 



 
OR 

 

(b) Illustrate with the help of relevant diagrams, the Scott connection of single-phase 

transformers. 

The Scott-T Connection is the method of connecting two single phase transformer to 

perform the 3-phase to 2-phase conversion and vice-versa. The two transformers are 

connected electrically but not magnetically.One of the transformers is called the main 

transformer, and the other is called the auxiliary or teaser transformer. 

 

 

13 CO-5 L-2 

                                                    



PART C - (1 X 15 = 15 marks) 

16. (a) A single phase, 50kVA, 2200V/400V, 50Hz transformer is tested for open and short circuit 

test with the following test details. 

O.C: Vo=400V, Io= 1.2A, Woc=240 W (HV open circuited) 

S.C: Vsc 100V, Isc= rated current, Wsc = 280W(LV short circuited) Calculated the full load 

efficiency of the transformer at 0.8 pf (lead) and 0.8 pf (lagging). Comment on the results. 

 

 

 

15 CO-5 L-4 

OR 

 

(b) A compound generator devices a load current of 50A at 500V. The resistance are Ra=0.05 2, 

Rse = 0.03 2, Rsh = 250 2. Find the induced emf if contact drop is 1V/brush. Neglect armature 

reaction. Assume (a) Long shunt (b) short shunt connection. 

15 CO-1 L-3 



 

 
 

 


