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1.a)
Explain field energy and co-energy in the linear case.

b)
A rectangular electromagnetic relay has two coils. L11 = k1/x, L12 = k2/x and L22 = k3/x where x is the air gap at each end of the armature, which is free at both ends. Find expression for force on the armature if i1 = I1 sin ω1t, i2 = I2 sin ω2t. Write an expression for the average force. For what relationship between ω1 and ω2 is the average force (i) maximum and (ii) minimum?

2.
Draw up the winding table for 4-pole wave connected armature having 30 coil sides and give a developed diagram of the winding showing the polarity and position of brushes, the main poles and the direction of motion for a D.C motor.

3.
A 500 Volts, 4-pole, wave wound, 750-rpm D.C. shunt generator supplies a load of 195 A. The armature has 720 conductors and shunt field resistance is 100 (. Find the demagnetizing ampere turns per pole, if the brushes are given an actual lead of 100 at this load. Also calculate the extra shunt field turns required to neutralize the demagnetization.






4.
The load characteristics of two shunt generators are as follows:

	Machine: I

Armature current

in amperes
	0
	283
	566
	850

	Machine: II

Armature current

In amperes
	0
	200
	400
	600

	Terminal voltage
	500
	490
	480
	470


If the above machine works in parallel to supply a total load of 400 KW, determine (a) the load taken by each machine and  (b) the amount by which the open circuit emf of the machine must be raised by field regulation so that the two machines share the 400 KW load equally?




5.a)
Explain clearly how the direction of rotation of a DC motor can be reversed. 

   b)
What are the various power stages of D.C.Motor?





   c)
One of the two-similar 500-V shunt machines A&B running light and takes 3A.  When A is mechanically coupled to B, the input to A is 3.5 A with B unexcited and 4.5 A.  When B is seperately excited to generate 500 V,  calculate the friction and windage loss and core loss of each machine.
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6.a)
What are the various methods of speed control of dc series motors?


b)
A 480V, 20KW shunt motor took 2.5A when running light. Taking                      Ra = 0.6( and Rf  = 800( and brush drop of 2V, find the full load efficiency. 
7.a)
A 250V DC shunt motor has a rated current of 120A and an armature resistance of 0.08(. It is to accelerate a load whose torque is constant and of rated value. The peak current is not to exceed twice the rated value. Calculate the value of starting resistance and the manner in which it is divided among several sections. 









   b)
Explain the design of a starter for a dc shunt motor. 




8.a)
Outline the steps to estimate the efficiency of given two D.C. machines by            conducting Hopkinson’s test.  Draw schematic diagram to illustrate the method. 

b)
In a Hopkinson’s test on a pair of 500V, 100KW shunt generators, the following data was obtained. Auxiliary supply 30A at 500V.  Generator output Current 200 A. Field currents 3.5 A and 1.8A. Armature circuit resistances of each machine
0.075 ( Voltage drop at brushes  (each machine): 2V Calculate the efficiency of each machine acting as a generator.
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1.a)
Derive the force in a doubly excited system in the linear case.

   b)
In a rectangular electromagnetic relay, the exciting coil has 1500 turns of resistance 1 ohm. Cross-sectional area of the core is A = 5cm × 5cm. Neglect the reluctance of the magnetic circuit and fringing effects. If the coil is excited with an ac voltage of 50 Hz frequencies, having a peak-to-peak value of       100 V, and the armature is held at a fixed distance of 1cm, find the average force on the armature.

 2.
Draw the developed armature-winding diagram of a D.C.. machine (showing commutator segments and position of brushes) with the following particulars: No.of slots = 13, no.of poles = 4, no. of conductors per slot  = 2, type of winding  simplex wave winding.







3.a)
What is the purpose of commutator in a d.c. Machine?  Explain briefly.

   b)
Explain how commutation is improved by use of interpoles.




4.
What is the procedure to connect two series generators parallel?



5.a)
Discuss the applications of shunt and series motors. 





b)
A 500 V-D.C. shunt motor takes a current of 5A on no-load. The resistances of the armature and field circuit are 0.22 ohms and 250 ohms respectively.  Find (i) the efficiency when loaded and taking a current of 100A.  (ii) The percentage change of speed.  State precisely the assumptions made.




6.a)
Draw the Speed-Torque characteristics of  D.C. shunt and Series Motors. 

   b)
A shunt motor operating on 230V takes an armature current of 6A at no load and runs at 1200 rpm. Take Ra = 0.25(. Find the speed and electromagnetic torque when the armature takes 36A with the same flux. 




7.a)
Explain the various losses occurring in a DC machine. 

   b)
Derive the conditions for maximum efficiency of a DC motor.

8.a)
Describe a suitable method for determining the efficiency of a DC compound motor?


b)
In a retardation test on DC separately excited motor the induced e.m.f in the armature falls from 220V to 190V in 30 seconds disconnecting the armature from the supply. The same fall takes place in 20 seconds if immediately after disconnection armature is connected to a resistance, which takes 10A (average) during this fall. Find the stray losses of motor.
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1.a)
Show how mechanical energy output can be determined in the multiply excited non-linear system.


   b)
In a rectangular electromagnetic relay, the exciting coil has 1300 turns. Cross- sectional area of the core is A = 5cm × 5cm. Neglect the reluctance of the magnetic circuit and fringing effects. Find the mechanical energy output when the armature moves such that the air-gap decreases from 1cm to 0.5 cm with flux linkages kept constant at the value corresponding to a coil current of 2 A.

2.
Give the relevant details for developing lap winding for a d. c. machine, with 4-poles, 22 slot and 6 coil sides per slot. Draw developed diagram showing brushes?

3.
A 4-pole d. c. shunt generator supply a current of 143 A. It has 492 conductors on the armature lap connected while delivering full load; the brushes are given in actual lead of 100.  Calculate the magnetizing ampere turns per pole. The field winding is shunt connected and takes 10 A. Find the number of extra shunt field turns necessary to neutralize demagnetization.




4.
Two D.C. Compound generators, A and B with an equilising bar, supply a total load of 500A. The data relating to the machine are as follows.


Armature resistance, RA = 0.05 ohm,  RB = 0.03 ohm


Series field winding RSA = 0.02 ohm, RSB = 0.01 ohm


Generated emf EA = 463V, EB = 470X.


Calculate (a) The current in each armature.



    (b) The current in each series winding.



    (c) The current in the equilising bar and



    (d) The bus-bar voltage.


Neglect the shunt currents and state the necessary assumptions made, if any

5.a)
What are the applications of DC compound motors. 


   b)   
Draw the speed characteristics of  different types of D.C. motors. 
6.a)
Derive the standard torque equation of a D.C motor from first principles. 

b)
A 200V DC shunt motor with a constant main field drives a load, the torque of which varies as the square of the speed. When running at 600 rpm it takes 30A.  Find the speed at which it will run and the current it will draw if a 20( resistor is connected in series with armature. Neglect motor losses. 
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7.a)  
Explain why Swinburne’s test cannot be used to determine the efficiency of D.C. series machines.







   

   b)  
Explain how a Swinburne’s test can be used to predetermine the efficiency of a D.C. Machine, when used as  (i) a generator   & (ii) as a motor
 


   c)
Write a note on Constant and Variable losses.





8.a)
Describe any one laboratory test procedure to separate the losses in a DC machine?

   b)
In a DC machine the total iron loss at the rated speed and excitation is 9KW on keeping excitation unaltered but reducing speed by 30%, the total iron loss was found to be 5KW. Calculate hysterisis and eddy current losses at i) full speed; and ii) half the rated speed with the same excitation.
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1.a)
Show how torque can be determined in the multiply excited non-linear system.

   b)
 In a rectangular electromagnetic relay, the exciting coil has 1000 turns. Cross- sectional area of the core is A = 5cm × 5cm. Neglect the reluctance of the magnetic circuit and fringing effects. Calculate maximum force on armature if saturation flux density in the iron part is 1.8 T.

2.a) 
Distinguish between lap and wave windings.






   b)
Derive the E. M. F. equation of a d. c. generator.



 

3.a)
Explain the effects of armature reaction in a d. c. generator and discuss briefly     the methods to minimize these effects.




   b)
With a neat sketch explain the function of commutator in a D.C. machine. 

4.a)
How the emf is generated in a shunt generator.





b)
The open-circuit characteristic of a D.C shunt generator for a speed of 1000 rpm is given by the following table:

	
Field current If(A)
	2
	3
	4
	5
	6
	7

	Generated emf (V)
	102
	150
	185
	215
	232
	245


The shunt circuit has resistance of 37 ohms. Find the speed at which the excitation may be expected to build up. The armature resistance is 0.04 ohm. Neglecting the effect of brush drop and armature reaction, estimate the terminal voltage when the speed is 1000 rpm and the armature delivers a current of 100 A.



5.a)
Derive an expression for the torque of a DC motor. 




   b)
Explain the armature reaction in dc motors. 






6.a)
Explain about series-parallel method of Speed Control of D.C. Series Motors.      

b)
A 500V, D.C. shunt motor takes a current of 5 A on no-load.  The resistances of the armature and the field circuits are 0.22 ohm and 250 ohm respectively.

Find (i) the efficiency when loaded and taking a current of 100A.

 
        (ii) The percentage change of speed. 

        
State precisely the assumptions made.




7.
Why is a starter necessary for a DC motor? Explain the working of a three-point starter with the help of a neat diagram. What are the additional features incorporated in a four-point starter?
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8.a)
How are large series machines tested, explain?

b)
The Hopkinson’s test on two DC shunt machines gave the following results for full load. Line voltage 250V, line current 45A excluding field currents; motor armature current 385A; field current 5A and 4A. Calculate the efficiency of each machine. Armature resistance of each machine is 0.015 (.
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