78ET-1


Sr. No. 4

[image: image1.png]


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
1. PART A
2. 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. 

3. A six-pole, 50Hz, three-phase, wound-rotor induction motor running on full load develops a useful torque of 162.7Nm. A moving-coil ammeter in the rotor circuit fluctuates at 90 complete “beats” per minute. The mechanical torque lost in friction is 13.56Nm and the stator losses total 750W. Calculate, 

A. speed of motor, 

B. brake power input, 

C. rotor copper loss (watts), 

D. motor input watts, 

E. motor efficiency. 

4. Two alternators A and B operate in parallel. When tested individually, the frequency of machine A falls from 50 to 48.5Hz when the load is 150kW and that of machine B falls from 50 to 48.5Hz when the load is 220kW. If the total load is 200kW, find the frequency of the paralleled system and the load on each machine. 

5. For a common-emitter transistor, the transfer characteristic is given by the values 

	Ib (( microamperes)
	20
	40
	60
	80
	100
	120

	Ic (mA)
	1.4
	2.5
	3.6
	4.7
	5.8
	6.9


Find the current gain.

6. Describe the construction of a semi-conductor rectifier indicating the materials used. Sketch the output voltage wave of the bridge rectifier circuit shown below. If a capacitor was connected across the output terminals, what effect will it have on the waveform? 
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7. The bow docking-propeller of a large liner is driven by a 600kW, 3.3kV, three-phase, 60Hz   induction motor which is delta-connected. The motor is supplied from the ship’s 440V auxiliary power mains through a step-up transformer unit, connected in delta, on the L.T. side. Assuming a full-load efficiency and power factor of 85 per cent and 0.8 (lagging) respectively for the motor and an efficiency of 98 per cent for the transformer, find the motor phase and line currents and also the phase and line currents taken by the primary winding of the transformer. If the secondary is in star, find the turns ratio and the transformation ratio. 

PART B

8. A single-phase synchronous motor operates on 500 volts. Its synchronous reactance is 0.6 ohm, and its resistance is 0.2 ohm. What is the back e.m.f. of the motor when operating on 0.8 power-factor lagging, the armature current being 80 amperes? 

9. What is meant by ‘reverse current’ and ‘reverse power’? Describe' a relay that will operate under these conditions.

10. Compare critically the rotating field and the rotating armature types of alternator, and explain the reasons that have led to the adoption of the former as the standard type. 

11. With respect to an emergency standby lead acid battery:

A. Describe the safety aspects considered in the design and construction. 

B. State, with reasons, two causes of short circuit. 

C. State, with reasons, five causes of fall off in rated capacity.
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Answers

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 (e.m.f.) = 2 ( 20 ( cos15 = 2 ( 20 ( 0.9659 

= 4 ( 9.659 = 38.64V. 

Answer for Question No. 2

(a) Ans.

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

           P              6 

Rotor frequency f2' = sf = 90 = 1.5Hz

                 60 

Thus s =   f2 = 1.5 = 0.03 

   f        50 

Rotor speed N2 = N1 - sN1 = 1000 - 0.03 ( 1000 

           = 1000 - 30 = 970 rev/min

(c) Power output = 2 ( N T = 2 ( 3.14 ( 970 ( 162.7 watts 

         60                        60 

(d)  = 16.518W 

(e)  Rotor copper loss =    s    =  0.03  = 0.03 

(f)      Rotor output        1 - s   1 - 0.03   0.97 

( Rotor output = 2 ( 3.14 ( 970 ( (162.7 + 13.56) watts

                        


60              

            = 6.28 ( 97 ( 176.26 watts

6 

            = 609 ( 29.38 = 17892.4W 

Rotor copper loss = 17892 ( 3 = 184.46 ( 3 97 = 553.4W 



         97
                


(g) Motor input = rotor output (electrical) + rotor copper loss + stator loss 

(h)              = (17892.4) + 553.4 + 750 = 19195.8W = 19.20kW 

(i) Motor Efficiency = 16.52 = 0.86 = 86 per cent.

           19.20 

Answer for Question No. 3

Ans. 
Machine A drop l.5 Hz for l50kW i.e. 0.01Hz per kW 

Machine B drops 1.5 Hz for 220 kW i.e 0.0068 Hz per kW

Let the load on machine A be x kilowatts. 

Then load on Machine B is (200 - x) kilowatts 

When the machines are in parallel and of common frequency then 

50 - 0.01x = 50 - 0.0068 (200 - x) 

or 0.01 x = (0.0068 ( 200) - 0.0068x 

Thus machine A supplies 81kW and machine B supplies (200 - 81) = 119kW 

The drop in frequency for machine A = 0.01 ( 81 = 0.81 Hz 

( Frequency of the paralleled system = 50 - 0.81 = 49.19 Hz. 

Answer for Question No. 4

Ans.
The transfer characteristic is obtained by plotting the given values and its slope will give the current gain. 

Thus ( or (' = (Ic  = (5.8 - 2.5)10-3 = 3.3 ( 103 = 

          (Ib     (100 - 40)10-6        60 


                = 330 = 55


       5
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Answer for Question No. 6

Ans.
Output power of motor = 600kW 

Input power to motor =  600 ( 100 = 705.8

                                        85 

Apparent power input to motor = 705.8 = 882kVA

              


             0.8 

Motor current =   882000    = 8820 = 154A

                          (3 ( 3300      57.2 

Power output from transformer = 705.8kW 

Power input = 705.8 ( 100 = 720kW 

                         98 

Apparent power input to transformer = 720 = 900kVA 

      



               0.8 

Mains current = 900,000   = 90,000  = 1181A

 
          (3 ( 440         440              

Motor line current = 154A

Phase current = 88.9A

Primary line current =1181A
Phase current = 682A 

The current ratio is given by 682/154. Note these are the transformer phase currents. 

The turns ratio is in inverse proportion to the currents i.e. 154 =   1   i.e. 1: 4.43







                    682    4.43

The transformation ratio is   440   =    4   =  1   i.e. 1: 7.5




         3300       30     7.5

PART B

Answer for Question No. 7

Ans. 460 volts
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