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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. A four-pole alternator, on open circuit, generates 200V at 50Hz, when its field current is 4A. Determine the generated e.m.f. at a speed of 1200 rev/min and a field current of 3A, neglecting saturation of the iron parts. 

2. Full-load torque is obtained with a 440V, twelve-pole, 60Hz, three-phase, delta-connected induction motor, when driving a main circulating water pump at a speed of 576 rev/min. The slip-ring rotor has a resistance of 0.02(/ph and a standstill reactance of 0.27(/ph. Calculate, 

(a) the ratio of maximum to full-load torque, 

(b) the speed at maximum torque. 

3. A 220V, single-phase, synchronous motor has a synchronous impedance of 5( and an effective armature resistance of 0.5(. Calculate - 

(a) the minimum armature current, 

(b) the generated e.m.f., 

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

Collector  Voltage VC (volts)
	Collector Current Ic (milliamperes)


	
	Emitter Current 

Ie = 0mA
	Emitter Current 

Ie = 2mA
	Emitter Current 

Ie = 4mA
	Emitter Current 

Ie = 6mA
	Emitter Current 

Ie = 8mA


	- 5
	0
	- 9
	- 3.7
	- 5.7
	- 7.6


	- 30
	- 0.1
	- 2.0
	- 3.8
	- 5.8
	- 7.7


	- 55
	- 0.2
	- 2.1
	- 3.9
	- 5.9
	- 7.8



Draw the collector-current/collector-voltage characteristic for the various values of emitter current and calculate the resistance of the transistor. 

5. A replacement relay coil for an alarm circuit is obtainable but is rated to operate correctly from a 120V, 50Hz supply. It is also stamped 1050(, 1.5H. The coil is required to replace a burnt-out unit from a 220V, 60Hz circuit and, in order to put the coil into operation, it is decided to use a capacitor as a voltage-dropping device. A range of capacitors is available as ship's “radio spares”. Estimate the size of capacitors, which should prove suitable. 
(a) A three-phase, 500 volts, star-connected A. C. generator supplies a three-phase 74.6 kW mesh connected induction motor, the efficiency being 90 percent and the P.F. 0.85. Find the current in –

(b) in each motor phase, 

(c) in each generator phase. 

Find also in each case the active and reactive components.

PART B

7. Differentiate with the aid of simple sketches between two of the following types of electronic circuits 
(i) rectifier circuit, 

(ii) amplifier circuit, 

(iii) oscillator circuit. 

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?
Write an account of the methods employed, for ventilating large turbo-alternators. 

8. What is armature reaction? How does it effect the working of D.C. Generators? What are the various ways of reducing the effect of armature reaction?
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Part A
Answers

Answer for Question No. 1

Ans. 
This problem has been introduced to provide revision of basics. 

The original speed of the alternator is given by f =  PN

          120 

or N1 =  f 120 = 5 ( 120 = 1500 rev/min

P               4 

Now generated e.m.f. E  ( (N and assuming  ( is proportional to the exciting current If then 

( IfN or we can write  E2  =  kIf2N2
                                        E1,     klf1N1 


And E2 = E1If2N2  =  200 ( 3 ( 1200  =  200 ( 3 ( 4



    If2N1              4 ( 15

4 ( 5


Thus generated e.m.f. = 40 ( 3 = 120V.

Answer for Question No. 2

Ans. 
Since N1 = 120f then N1 = 120 ( 60 = 600 rev/min.

  P

        12


Slip s = 600 - 576 = 24  = 0.04


From torque expression as deduced 

If T is the full-load torque, then T = K4402sR2 

      R22 + (sX2)2 

= K ( 4402 ( 0.04 ( 0.02  =   K ( 4.42 ( 8

   (0.02)2 + (0.04 ( 0.27)2       0.000517

Again maximum torque Tm occurs when R2 = sm ( X2 

Or 0.02  = sm ( 0.27 ( sm = 0.02 = 0.074 

   0.27 

And Tm = K ( 4402 ( 0.074 ( 0.02  = K ( 4.42 ( 14.8 

    0.022 + (0.074 ( 0.27)2    0.0004 + 0.0004

= K ( 4.42 ( 14.8 

           0.0008 

Tm = K ( 4.42 ( 14.8 ( 0.000517

         0.0008           K ( 4.42 ( 8 

( 5.17 = 76.4 = 1.195 or 1.2 to 1 

( 8          64         1 

At maximum torque sm = 0.074 
( 0.074 = 600 - N2 


and 0.074 ( 600 = 600 - N2 

( Rotor speed N2 = 600 - 44.4 = 555.6 rev/min. 

Answer for Question No. 3

Ans.
Armature current is a minimum when the motor power factor is unity. 

Thus here cos ( = 1 and P = VI - I2R 

      Hence 5000 = 220 I - 0.5 I2 

or I2  - 440 I + 10000 = 0 

Solving I2 - 440 I + 2202 = - 10000 + 2202 

I - 220)2 = ( -10000 + 48400  = (38400 

( I - 220 =  ± 195.96 = 24.04A 

From Figure given below E22 or here E2 = (V cos ( - IR)2 + (V sin ( - IXS)2
XS = (52 - 0.52  = (24.75 = 4.975(
( E2 = {(220 ( 1) - (24.04 ( 0.5)}2 + {(220 ( 0) - (24.04 ( 4.97 5)}2 

= (220 - 12.02)2 + (0 - 119.6)2 

or E = (207.982 + 119.62 = 102(2.082 + 1.22 

2(4.32 + 1.44 = 102(5.76 = 240V 

The angle of retard (() can be obtained from the Sine Rule (see figure given below), but note that since the power factor is unity, IR is in phase with V and the angle between OV and ER can be obtained from the impedance triangle. 


Thus cosine of this angle = R = 0.5 = 0.1

        ZS      5 

Angle between OV and ER = 84.3O and   ER  =       E2 





        sin (   sin 84.3

Here E2 is E = 240V and ER = 24.04 ( 5 

 sin ( = ER ( sin 84.3 = 120.2 ( 0.9951

            

E2                    240 

= 11.96 = 0.498 and ( = 29O52'. 

      24 

Answer for Question No. 4

Ans.
The collector-current / collector-voltage or "output" characteristic is shown by the graphs below and the output resistance. 

r0 can be obtained from (Vc. Here, if the 6mA graph is considered, then r0 = (Vc
      (Ic 




                           (Ic    


=       55 - 5        = 50 ( 103 = 250 ( 103 ohms

( 10-3       0.2

Thus r0 = 250 k(
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Answer for Question No. 5

Ans.
Reactance of new coil on 50Hz = 3.14 ( 100 ( 1.5 

        = 3.14 ( 150 = 471( 

(10502 + 47l2 

         
`

         = 100 (10.52 + 4.712
        


         =100(111 + 22.2

         = 100(133.2 = 1155( 


                                         1155.5 

Required impedance on 220V circuit =   220    = 2120(
              0.104 

The reactance of the 220V circuit would be 

21202 - 10502   =  100(21.22 – 10.52  = 100(450 - 111 

    

            =100(339  = 1840( 

Reactance of new coil on 50Hz is 471( 

On 60Hz it is 471 ( 6/5 = 565.2(
Now the reactance of the required capacitor arrangement must cancel this inductive reactance and provide the additional reactance for the 220V circuit, i.e. it must be 1840 + 565.2 = 2405.2(. The catch in the problem is involved with this point. Note it. 

The required value of capacitance is given by XC = 106
                         2(fC 

or C =  106    =    

106               =            102 

2(fXC        2 ( 3.14 ( 60 ( 2405       6.28 ( 6 ( 2.405 

 100   = 1(F

90.62 

This could be made up from capacitors of 1(F and 0.1(F in parallel. 

Answer for Question No. 6







 
    






      500 V
  500 C

                           500V



For motor power input =       74.6      =    82.88 kW

 


    0.9

Or 82880 = 500 ( (3 ( IL Cos (

  = 500 ( (3 ( IL ( 0.85

( IL    =              82880      
=   112.7 amp 


 500 ( (3 ( IL ( 0.85 


(Current is each motor phase  =   112.7    =  65.1 amp






(3

Current in each generator phase  =  112.7 amps ((3 65.1)

Motor 
(Line current with motor =  Phase current/Line current star generator)

For each phase, active component


= 65.1 Cos ( = 65.1 ( 0.85 = 55.3 amps

For each phase, reactive component


= 65.1 Sin ( = 65.1 ( 0.527 = 34.3 amps

Generator

 For each phase active component,


= 112.7 Cos ( = 112.7 ( 0.85 = 95.8 amps

For each generator phase, reactive component,

6. 
= 112.7 Sin ( = 112.7 ( 0.527 = 59.4 amps.
