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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 questions from each part.

                                           (2) All questions carry equal marks.

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

PART – A

1. The e.m.f. generated in a coil on an alternator is 20V. Calculate the e.m.f. between the ends of two such coils, connected in series, if they are separated on the alternator core by 30 electrical degrees. 

2. A four-pole, three-phase, 60Hz, induction motor is rated at 15kW. Its full-load slip is 4 per cent. The stator loss is measured as 950W and the mechanical losses of the rotor as 830W. Find the rotor copper loss and the efficiency of the machine. 

3. The supplies are from a ship's electrical system, which has two identical three-phase, star-connected alternators operating in parallel. The machines share a total load of 1000kW at 440V, 0.8 (lagging) power factor. If the kW loading of the two machines are equal and one machine supplies a lagging current of 1000 A, find - 

(a) the current supplied by the second machine, 

(b) the power factor of each machine, 

(c) the reactive current circulating between two machines. 

4. A certain transistor has a common-emitter short-circuit current gain ( or ( = 50. Calculate the common-base short- circuit current gain. 

5. A 20KVA, 2000/200V, single-phase transformer has a primary resistance of 2.1( and a secondary resistance of 0.026 (. The corresponding leakage reactance are 2.5( and 0.03 (. Estimate the regulation at full load under power-factor condition of 

(a) unity

(b) 0.5(lagging) and

(c) 0.5 (Leading)

6. A single-phase alternator has a resistance voltage drop of 3 per cent and a leakage reactance voltage drop of 20 per cent on full load. The armature reaction ampere-turns are 40 per cent of the resultant field ampere-turns. Determine the regulation at full-load current and –

(a) Unity power-factor and 

(b) A power-factor of 0.8 lagging. 

Magnetisation curve: 

	Volts

	4000
	5000
	6000
	7000
	8000
	8500

	Amperes
	23
	32
	48
	72
	102
	124



Normal voltage = 6600 volts.

PART B

7. Define the term "valence electron" and explain, in terms of electronic structure, why some substances are better conductors of electricity than others. 

8. Describe the principle of operation of the synchronous induction motor. Explain in detail what occurs when the motor is started up and pulls into synchronism. 

9. Draw a skeleton diagram of connections showing how to protect an alternator against overload, leakage and internal short circuit.
10. With reference to electrical switch gear explain the purpose of each of the following: 

(a) Preferential tripping, 

(b) Dash pots. 

(c) Reverse power tripping; 

(d) Under voltage tripping.
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PART – A

Answer for Question No. 1

Ans.
The solution is made by reference to the diagrams of Figure given below. Since the voltages of two coils are out of phase by 30O then the resultant is given by 2V cos (/2. Here ( is the external angle of an isosceles triangle = twice the internal angle. 
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Resultant voltage = 2 ( 20 ( cos15 = 2 ( 20 ( 0.9659 

= 4 ( 9.659 = 38.64V. 

Answer for Question No. 2

Ans.
Rotor copper loss  =    s    =     0.04   = 0.04  =  1 

     Rotor output         1- s      1 - 0.04     0.96    24 

Rotor output (mechanical) = 15kW 

Rotor output (electrical) = 15 + 0.83 = 15.83kW  

Rotor copper loss = 15.83 = 0.66kW 

                                   24 

Input to rotor = 15.83 + 0.66 = 16.49kW 

Output of stator = 16.49 

Input to stator = 16.49 + 0.95 = 17.44 kW 

Overall Efficiency =    15   ( 100 = 86 percent. 

     17.44 

Answer for Question No. 3

Ans.
Total load current I = 1000 ( 103 = 1640A

        (3 ( 440 ( 0.8 

Load per machine, or P1 = P2 = 1000/2 = 500kW

Current of No. 2 machine is given as 1000A 

( Power factor of No. 2 or cos (1 =       500 ( 103     = 0.658 (lagging) 

           (3 ( 440 ( 1000 

Power factor of total load or cos ( = 0.8 
( sin ( = 0.6 

Also cos (2 = 0.658
( sin (2 = 0.753 

Thus the active current component of No. 1 machine = 1640 ( 0.8 - 1000 ( 0.658 

             = 1312 - 658 = 654A 

Also the reactive current component of No. 1 machine = 1640 ( 0.8 - 1000 ( 0.753 

 = 984 - 753 = 231A 

Thus current supplied by No. 1 machine 

or I1 = (6542 + 2312  = 102(6.542 + 2.312 = 694A 

Power factor of No. 1 machine, 

cos (1 = 654 = 0.942 (lagging)

              694 

The circulating current is found thus: 

Since both machines supply equal power, then for No. 2 

Active current = 1000 ( 0.658 = 658A

Active current = 694 ( 0.942 = 654A or both currents are "in phase" and very nearly equal. 

The circulating current is a watt-less or reactive current obtained thus, 

The load reactive current = 1640 ( 0.6 = 984A 

This should be supplied by two machines or 984/2 = 492Afrom each machine 

But No. 2 machine supplies a reactive current of 1000 ( 0.753 = 753A 

( 753 - 492 = 261A must be passed to No. 1 

This goes to make up the 492A for the load i.e. 231 + 261 

Circulating current = 261A. 

Answer for Question No. 4

Ans.
(' or ( =   (   or (' - ('( = ( Thus (' = ( + ('(

  1 - (
giving (' = ( (1 + (') or ( =  (     or    ( 

                      1 + ('       1 + ( 

Here (' or ( = 50
        ( ( = 50 = 0.98.

                                    51 

 Answer for Question No. 5

Ans. 
Turns ratio = 2000  = 9.09 

          220         1 

Full-load secondary current I2 = 20000 = 90.9A




                 220

R2 = R2 + R1 (N1)2 or R2 = 0.026 + 2.1    (1)2

      (N2)

( 9.09)

          = 0.026 + 0.0255 = 0.0515( 

X2 = X2 + X1   (N2)2 or X2 = 0.03 + 2.5  (1)2

     
       (N1) 

 (9.09) 


           = 0.03 + 0.0302 = 0.0602( 

(a) Voltage regulation at unity power factor 

= I2 (R2 cos(2 + X2 sin (2) ( 100 

                      V2  

=  90.9{(0.0515 ( 1) + (0.0602 ( 0)} (100 

220 

=  90.9 ( 0.0515 ( 100 = 2.12 per cent (down).



           220 

(b) Regulation at a power factor of 0.5 (lagging)

= 90.9 {(0.0515 ( 0.5) + (0.0602 ( 0.866) ( 100

220 

=  90.9 (0.02575 + 0.0523) ( 100 

220 

=  90.9 ( 0.078 ( 100 = 3.23 percent (down).

 220 

(c) Regulation at a power factor of 0.5 (leading) 

= 90.9 {(0.0515 ( 0.5) - (0.0602 ( 0.866) ( 100 

     220 

       = 90.9 (0.02575 - 0.0523) ( 100 

220 

       = 90.9 ( -0.02655 ( 100  = 241.34 

          220                       220 

       = -1.09 per cent or 1.09 per cent (Up). 

Answer for Question No. 6

Ans. 10.5 per cent on unity power-factor

         24.2 per cent on 0.8 power-factor
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