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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 a 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 terminal voltage of a three-phase alternator is set at 440V, by adjusting the field excitation when the speed is correct and when the full-load current is supplied at a power factor of 0.8 (lagging). When the machine circuit breaker is opened and the load thrown-off, the terminal voltage is seen to rise to 506V. Estimate the voltage regulation. 

2. A 37kW, twelve-pole, three-phase, 50Hz squirrel-cage induction motor as used aboard a tank-ship for driving a main circulating water pump, gave the following test results 

No load Test. 

Applied voltage 440V. Line current 19A. Input power 2.17kW 

Locked-rotor Test. 

Applied voltage 100V. Line current 70A. Input power 3.88kW. 

The ratio stator/rotor copper loss is 4: 5. Construct a circle diagram and find for full-load conditions 

(a) Input line-current and power factor, 

(b) percentage slip, 

(c) percentage efficiency. 

3. Find the ratio of starting to full-load current for a 15kW, 415V, three-phase, induction motor with a star-delta starter, given that the full-load efficiency is 85 per cent, the full-load power factor is 0.8 (lagging), the short-circuit current is 60A at 220V and the magnetising current is negligible. 

4. The data given in the table refers to a p-n-p transistor in the common-emitter configuration. 

	Collector  Voltage VC (volts)
	Collector Current IC (milli-amperes)

	
	Base

Current 

Ib = -20mA
	Base

Current 

Ib = -40mA
	Base

Current 

Ib = -60mA
	Base

Current 

Ib = -80mA

	- 3
	- 0.91
	- 1.6
	- 2.3
	- 3.0

	- 5
	- 0.93
	- 1.7
	- 2.5
	- 3.25

	- 7
	- 0.97
	- 1.85
	- 2.7
	- 3.55

	- 9
	- 1.0
	- 2.05
	- 3.0
	- 4.05


Plot the collector current/collector voltage characteristic for base currents of -20, -40, -60 and –80 (A and using these determine 

(a) the output resistance of the transistor for the Ib = -60(A condition, and 

(b) the current gain when the collector voltage is -6V. 

5. With reference to "p" and "n" type germanium crystals explain the meaning of three of the following terms 

(i) donorion, 

(ii) acceptor ion, 

(iii) valency electrons, 

(iv) co-valent bonds. 

6. Whilst in port a tank-ship obtained its “shore-main” supply from a three-phase, 3300/440V, delta-star transformer. For fighting purposes on board ship the voltage is stepped down by three, 440/110V, single-phase transformers connected in delta/delta. If the total lighting load, comprised of tungsten filament and fluorescent lamps, is balanced to 15kW at a power factor of 0.85 (lagging), calculate the currents in the respective connecting cables and the phase currents of the transformer windings. What would be the kVA supplied from the high-voltage supply? It is assumed that the transformer losses are negligible and only the lighting is being supplied. 

PART  B

7. (a) Describe fully one method of determining the efficiency of a large turbo-alternator. 
(b) Why is plain overload protection insufficient in the case of large alternator?

8. Draw the equivalent circuits for a single-phase transformer, explaining the significance of each portion of the circuits. Construct a vector diagram, comparing it step by step with the equivalent circuits diagram.
9. 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.

10. With the aid of sketches, describe operation of - 

(a) a thermal type single phasing preventer for a three phase induction motor; and

(b) A magnetic overload element, incorporating a time delay device. 
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Part A

Answers

Answer for Question No. 1

Ans. 
Voltage regulation = 506 – 440   ( 100

          440 


=   66   (   100 =   66    =   6

                  440                    4.4       0.4   

= 15 per cent (up). 

Answer for Question No. 2

Ans.
Power factor of no-load current =       2170        = 0.13

                (3 ( 440 ( 19 

With full voltage applied to results of locked rotor test, 

Standstill current =440 ( 70 = 308A

      100 

Power factor of this S.C. current =        3880      = 0.32 (lagging)    

                  (3 ( 100 ( 70 

Current scale - 10mm = 20A (This was for the original diagram before photographic reduction.) 

( Length of no-load current phasor = 9.5 mm 

Length of standstill current phasor = 154 mm 

Power component of output = 50 ( 746 = 49A

                                  (3 ( 440 

This is represented by a vertical phasor from the output line 

= 49 = 24.5 mm 

   20 
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On the circle diagram shown, line XY is drawn parallel to the output line BAS, spaced 24.5 cm The point of intersection with the circle is A. ( Input line current OA = 31mm = 62A. Power factor = 0.89 (from the power-factor quadrant). 

Efficiency = Output = AK (mm) = 25 = 0.8928 = 89.3 per cent.

          Input      AL (mm)    28 

Note. The copper losses have been divided in the ratio 4: 5 by the simple geometrical construction shows that DW is divided into nine parts and the appropriate parallel drawn to give point C.


Slip = KJ  =  10 mm    = 0.0385 = 3.85 per cent.


          AJ      260 mm

Answer for Question No. 3

Ans.
Full-load current of motor =
15000                   = 30.5A 

    (3 ( 415 ( 0.8 ( 0.85 

With the starter in "star" position, the voltage per phase = 415 = 240V

                 (3 

With the motor connected in "delta" and an applied voltage of 220V, 

the current per phase = 60 amperes 



            (3

The current under starting conditions, with 415 volts applied across each phase, 





                 (3


would be 60 ( 415  (   1   =  6 ( 415 = 415 = 37.7A


 (3     (3        220        3 ( 22       11

Ratio of starting current to fuU4oad current is given by Starting current   = 37.7 = 1.24

                            Full-load current      30.5        

Answer for Question No. 4

Ans.
Overleaf is shown the required output characteristic of a transistor connected in the common-emitter mode. 
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Then (a) Output Resistance r0 = (Vc
 


         (Ic  


Considering the 60(A characteristic we have 

(Vc =      (7 - 5)      = 2 ( 103
(Ic      (2.7 - 2.5)10-3      0.2 

Thus r0' = 10000 ohms or 10k(
Also (b) Current Gain ( = (Ic
                  (Ib 

For a collector voltage of - 6V 

(Ic = AB = (3.4 - 0-95)10-3 = 2.45 ( 10-3 amperes 

(Ib = 80 - 20 = 60 ( 10-6 = 60 ( 10-6 amperes 

So ( = (Ic = 2.45 ( 10-3 = 2.45 ( 103 = 245 = 40.8

           (Ib       60 ( 10-6
      60           6          

Thus ( = 41. 

The current gain value can also be obtained from the transfer characteristic, which can be deduced as shown below. The 3, 5 and 7 V graphs are drawn and the 6V line deduced-shown dotted. 

Then ( = (Ic  = (3 - 1) 10-3 =        2       = 2000 = 40. 

 (Ib      (70-20)10-6    50 ( 10-3      50
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Answer for Question No. 6

Ans. 
lighting transformer. 

Secondary line current =           15000          = 93A

(3 ( 110 ( 0.85 

Secondary phase current =  93   = 54A




 (3

Primary phase current = 54 ( 110 = 13.5A 

     440 

Primary line current = 13.5 ( (3 = 23.3A

Supply transformer. 

Secondary line current = 23.3A 

Secondary phase current = 23.3A (since the windings are connected in star) 

Primary phase current = 23.3 ( 440/(3 = 1.76A 

          3300 

Primary line current = 1.8 ( (3 = 3.1A 

Assuming no losses 

kVA input from supply = kVA output from lighting transformer 

=   kW    =   15   = 17.65kVA. 

     cos (      0.85 

