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EXAMINATION OF MARINE ENGINEER OFFICER

ELECTRO TECHNOLOGY

CLASS I

(Time allowed - 3 hours)

INDIA (2001)                                                            Morning Paper
                  Total Marks  100

                         N.B. -        (1) Attempt  SIX questions only with minimum of TWO question from each part.

                                           (2) All questions carry equal marks.

                                           (3) Neatness in handwriting and clarity in expression carries weightage

PART – A

1. Find the no-load terminal voltage of a three-phase, four- pole a.c. generator from the following data. Flux per pole (assumed sinusoidally distributed) = 0.14 webers. Slots per pole per phase = 2. Conductors per slot = 2. Assume a Distribution Factor of 0.966. The machine is driven at 1500 rev/min and is star connected. 

2. A 500V, six-pole, 50Hz, three-phase induction motor develops 20kW inclusive of mechanical losses, when running at 990 rev/min, the power factor being 0.85 (lagging). Calculate, 

(a) The percentage slip, 

(b) The frequency of the rotor e.m.f., 

(c) The rotor copper loss, 

(d) The input to the motor if the stator loss is 2.5 kW, 

(e) The line currents. 

3. Two 3.3kV, star-connected alternators when operating in parallel supply the following loads; 

(a) 800kW at unity power factor, 

(b) 600kW at a power factor of 0.707 (lagging). The current of one machine is 150A at a power factor of 0.85 (lagging). Find the current, output and power factor of the other machine. 

4. In a certain transistor, a change in emitter current of 1mA produced a change in base current of 0.1mA. Calculate the common-emitter and common-base short-circuit current gains. 

5. A 660/220V, single-phase transformer has a primary resistance of 0.29( and a secondary resistance of 0.025(. The corresponding reactance values are 0.44( and 0.04(. Estimate the percentage regulation for a secondary load current of 50A at a power-factor of 0.8 (lagging). 

PART – B

6. Draw a typical open-circuit magnetisation curve for a turbo-alternator, and explain how the zero power-factor characteristic can be obtained, if the only loading apparatus available consists of a large oil-immersed, iron-cored reactor of fixed inductance. Show how the effects of armature reaction and armature reactance can be separated, using the two graphs already mentioned. In what units are armature reaction and armature reactance measured in practice?

7. Explain what is meant by, and the significance of, four of the following terms 

(i) voltage stabilisation, 

(ii) filter choke, 

(iii) impedance, 

(iv) rectification, 

(v) grid bias voltage. 

8. Describe in detail the operations for starting a large sixteen-pole, 50-c/s, three-phase synchronous motor using an auxiliary starting motor. 

9. Why is plain overload protection insufficient in the case of large alternator?

10. (a) With reference to limiting voltage dip and response time under impact loading: 

(i)State the effect of suddenly connecting a large increasing load across a ship's electrical power system, 

(ii) State the problems associated in obviating this effect,

(b) Sketch a simple arrangement of a brushless alternator with an automatic voltage regulator in the circuit.
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Answers

PART – A

Answer for Question No. 1

Ans.
Here f =  PN    =   4 ( 1500   = 50Hz

120            120 

( Eph = 2.22 KDZph(f volts

=  2.22 ( 0.966 ( (4 ( 2 ( 2) ( 14 ( 10-2 ( 50 

=  2.22 ( 0.966 ( 16 ( 14 ( 10-2 ( 50 

=  2.22 ( 0.966 ( 8 ( 14

=  240.19 volts/phase 

Terminal voltage = (3 ( 240.19 = 1.732 ( 240.19 = 416V. 

Answer for Question No. 2

Ans.

(a) Synchronous speed N1 = 120f = 120 ( 50   = 1000 rev/min.

                       P          6 

Actual speed N2 = 990 rev/min. 

( Slip speed = 1000 - 990 = 10 rev/min.

or  Slip = 10 ( 100 = 1 percent. 

               100 

(b) Frequency of rotor e.m.f. = slip ( supply frequency 

     = s ( f  = 0.01 ( 50 = 0.5Hz. 

(c) Rotor copper loss = slip ( rotor input power 

But rotor input = rotor output + rotor losses 

   = (rotor output + rotor mechanical loss) + rotor copper loss 

   =  20000 + x 

   where x = rotor copper loss 

Note. 25kW includes the mechanical loss. 

Thus rotor copper loss = 0.01 (20 + x) So x = 0.2 + 0.01x 

     and 0.99 x = 0.2  ( x = 0.202kW or 202W 

(d) Input to motor = 20 + 0.202 + 2.5 = 22.7kW 

(e) Also 22.7 = (3VI cos (
   1000 

and I = 22.7 ( 1000  = 30.84A

          (3 ( 500 ( 0.85 

Answer for Question No. 3

Ans.


	Load
	KVA
	KW
	KVAr
	cos (
	Sin ( 

	(a)
	800
	800
	0
	1
	0

	(b)
	750
	600
	- 450
	0.8
	0.6

	(c)
	566
	400
	- 400
	0.707
	0.707

	
	
	1800
	- 850
	
	


 
Apparent power of No. 1 machine = (3 ( 3300 ( 150 

           1000 

= 1.732 ( 33 ( 15 = 857.34kVA 

Active power of No. 1 machine = 857.34 ( 0.85 = 728.74kW 

cos (1 = 0.85
(1 = 31O47'
sin (1 = 0.5267 

Reactive power of No. 1 machine = 857.34 ( 0.527 = 452kVAr 

Thus active power output of machine No. 2 = 1800 - 729 = 1071kW 

Reactive power of machine No. 2 = - 850 - (- 452) = - 398kVAr 

Apparent power of machine No. 2 = 

= (10712 + 3982  = 102(102712 + 3.982 

= 102(114.7 + 15.84 = 102(130.54 

= 103(1.305 = 103 ( 1.142 = 1142kVA 

Current of No. 2 machine = 1142 ( 1000 

    (3 ( 3300 

=      1142       

   1.732 ( 3.3  

= 1142 = 200A

   5.716

Power factor = 1071 = 0.94 (lagging) 

          1142 

Answer for Question No. 4

Ans.
(Ib = 0.1mA (Ic = 1mA
( (Ic = 0.9mA 

Thus ( = (Ic  = 0.9 = 9

 (Ib     0.1 

( = (Ic = 0.9 = 0.9 

       (Ie    1.0


or ( =   (    =    0.9   = 0.9 = 9


          1 - (    1 - 0.9     0.1

Answer for Question No. 5

Ans.
Turns ratio = 3/1


And R1 +R2 (N1)2 = 0.29 + (0.025 ( 9) 

       (N2) 
= 0.29 + 0.225 = 0.515( 


Also X1 = X1 + X2 (N1)2  = 0.44 + (0.04 ( 9) 

               (N2) 
= 0.44 + 0.36 = 0.8 2 

Primary current would be 50/3 = 16.67A Cos ( = 0.8 (lagging) 


Voltage regulation = 16.67 {(0.515 ( 0.8) + (0.8 ( 0.6)}  ( 100 

            660 


  =  16.67 (0.412 + 0.48) ( 100 

                    660 



= 16.67 ( 0.892 = 14.87 = 2.25 per cent. 

                         6.6                6.6 

This is the same value as that obtained by applying the formula to the secondary side. 

