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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. Find the no-load terminal voltage of a four-pole, star- connected, marine, turbo-alternator from the following data: Flux per pole (assumed sinusoidally distributed) 0.12 Wb; slots per pole per phase 4, conductors per slot 4, coil-span 150O, connection-star, speed 1500 rev/min. 

2. A 75kW, 440V, three-phase, wound-rotor induction motor has a rotor resistance and standstill reactance of 0.02 and 0.27(/ph respectively. The stator to rotor phase turns ratio is 3.1 and the stator windings are connected in delta. If the motor is started by means of a resistance starter having a resistance of 0.25 52/ph, calculate the current taken by the motor from the supply, 

(a) at starting, 

(b) under full-load running conditions if the full-load slip is 4 per cent. 

What would be the current taken from the supply if the motor was accidentally started with the starting resistance in the “run” position? Neglect the no-load current and the resistance and reactance of the stator windings. Assume the rotor to be star-connected. 

3. A 14.92kW, 440V, three-phase star-connected synchronous motor has an armature of which the effective resistance per phase is 0.4(. It is giving its full-load output at a leading power factor of 0.9. If the iron and friction losses amount to 500W, find the armature current. 

4. From the output characteristic shown in figure given below, deduce the transfer characteristic, and hence find the current gain for the transistor when connected in the common or grounded-emitter mode. 
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5. A coil of unknown inductance and resistance is connected in series with a 25(, non-inductive resistor across 250V, 50Hz mains. The p.d. across the resistor is found to be 150V and across the coil 180V. Calculate the value of coil resistance and induc- tance. Find also the power factor of the coil. 

6. A single-phase synchronous motor generates a back e.m.f. of 250 volts, lagging by 210O behind the applied e.m.f. of 200 volts. The armature synchronous reactance is 2.5 times its resistance. What power-factor is the motor operating on, and does the current lag or lead? 

Part B

7. Write notes on the following: 

(i) transistors, 

(ii) capacitors, 
(iii) inductors.
8. Why is plain overload protection insufficient in the case of large alternator?

9. Explain what steps are taken to ensure that an alternator shall generate an e.m.f., the wave form of which shall be a close approximation to a sine wave. 

10. (a) Sketch a direct on line starter suitable for a three phase a.c. induction motor.

(b) Explain the limitations of the direct on line starter with respect to length of starting time and repeated successive starts. 
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Answers

Answer for Question No. 1

Ans.
Distribution Factor KD =    sin n(/2




              n sin (/2




=   sin  4 ( 15/2




      4 sin 15/2 


Note ( =    180   =   180    = 15O

   
   3 ( n       3 ( 4   

So KD = sin 30  =          0.5       =      0.5     = 0.958 

             4 sin 7.5    4 ( 0.1305       0.522 

Pitch Factor KS = cos (/2 where ( = 180 - 150 = 30O 

or KS = cos 30/2  = cos 15 = 0.966

Generated Voltage per phase or Eph = 2.22 KDKSZph(f 

Here f  = 4 ( 1500 = 50Hz

                   120 

(Eph = 2.22 ( 0.958 ( 0.966 ( (4 ( 4 ( 4) ( 0.12 ( 50

         = 2.22 ( 0.958 ( 0.966 ( 64 ( 6 = 789V 

Terminal Voltage = (3 ( 789 = 1367V or 1.367kV. 

Answer for Question No. 2

Ans.

(a) Stator phase voltage = 440V 

Due to transformer action, the rotor-phase voltage = 440 = 146V


 




3

At standstill rotor resistance per phase = 0.02( and the starter resistance per phase = 0.25(
Total rotor standstill resistance per phase = 0.02 + 0.25 = 0.27(
Rotor standstill reactance per phase = 0.27( 

Total rotor circuit standstill impedance = (272 + (272 = (0.1458 = 0.382( 

Rotor current per phase at standstill =146.7 = 384 A 

   0.382 

By transformer action, stator current per phase = 384 = 128A

         3 

(Line current taken from the supply at starting = (3 ( 128 = 229A 

(b) Under running conditions, the starting resistance is cut out and the slip is 4 per cent. 

( Rotor-phase voltage = slip ( standstill phase voltage = 0.04 ( 146.7 = 5.87V

Rotor reactance per phase = slip ( sstandstill reactance = 0.04 ( 0.27 = 0.0108( 

Rotor impedance pet phase = (0.022 + 0.01082  = (0.0004 + 0.000117 

  = (0.000517 = 0.0227 2 

Rotor current per phase = 5.87 = 259A

 

           0.0227



By transformer action, stator currents per phase = 259 = 86.6A

 




          3



Line current taken from the supply = (3 ( 86.3 = 149.5A 

At starting, with resistance cut out, rotor impedance per phase = (0.022 + 0.0729

= (0.0004 + 0.0729

= (0.0733 = 0.271( 

Rotor current per phase = 146.7 = 541A 

             0.271 

By transformer action, the stator currents per phase = 541    = 180.3A

  3 

and the line current taken from the supply = (3 ( 180.3 = 1.732 ( 180.3 = 312A 

Note. The power rating given in the question is superfluous information.

Answer for Question No. 3

Ans.
Electrical output of motor = (20 ( 746) + 500 = 14920 + 500 = 15420W 

Also since output P = (3 VI cos ( - 3 I2Rph 

we have 3 I2 Rph - (3 VI cos ( + P = 0 

or I = (3 V cos ( ( (((3 V cos ()2 - (4 ( 3 Rph P) 





2 ( 3 Rph
= (3 ( 440 ( 0.9 ± (3(440 ( 0.9)2 - (12 ( 0.4 ( 15420) 


6 ( 0.4 

= (3 ( 396 ±  (3 ( 3962 - (12 ( 6168)

 2.4 

= 686  ± (470448 - 74016 = 686  ± (396432

       2.4                            2.4 

= 686 ± 102(39.64 = 686 ± (102 ( 6.3)

 2.4                         2.4 

= 686  - 630 = 56 = 23.3A.

2.4 2.4 

Answer for Question No. 4

Ans.
For a constant Vc of -4.5 volts, the following values can be read off from figure given above.

	Ib (microamperes)
	20
	40
	60
	80
	100
	120
	140

	Ic (milliamperes)
	1.2
	2.3
	3.4
	4.5
	5.6
	6.7
	8
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When the above results are plotted the following can be deduced from the transfer characteristic. 

( = (Ic = (5.6 - 2.3)10-3  = 3.3 ( 103 = 330 

       (Ib    (100 - 40)10-6          60           6 

Thus current gain = 55.

Answer for Question No. 5

Ans.
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From the diagram of the following mathematical solution is possible.


Let x = the resistive voltage drop of the coil


      y = the reactive voltage drop of the coil  

Then x2 + y2 = 1802 -------- (a)

And (x + 150)2 + y2 -------- (b) 

Or, on further simplification and rearranging of (b) and (a), we have 


x2 + 300x + 1502 + y2 = 2502 and x2 + y2 = 1802  

Then by subtraction 300x + 1502 = 2502 – 1802
or 300x = (250 + 180) (250 - 180) – 1502
giving 300x = 430 ( 70 – 1502 = 7600 or x = 76/3 = 25.33V

Then y2 = 1802 - 25.332 = 32400 – 641.6 = 31758.4 

Or  y = 102(3.176 = 178.2V The circuit current = 150/25 = 6A

Resistance of coil = 25.33/6 = 4.221(
Reactance of coil = 178.2/6 = 29.7

Inductance of coil = 29.7/2 ( 3.14 ( 50 = 0.0945H

Power factor of coil cos (L = 25.33/180 = 0. 141 (lagging). 

Answer for Question No. 6

Ans. 0.88pf leading

_998299144.doc
[image: image1.png]00000
pa

150V —=t=—180V -—-‘

s
25

250V,
Fig. 1082








